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Abstract of the front-end specification method.

The majority of functional approaches for automatically detect-
ing symmetries are based on analyzing multiple co-factors of the
function to be tested [3, 6, 7, 8, 9]. All these approaches have
the common problem that they require constructing a monolithic

Functional symmetries provide significant benefits for multiple
tasks in synthesis and verification. Many applications require the
manual specification of symmetries using special language features

such as symmetric data types. Methods for automatically detecting X ; - L
symmetries are based on functional analysis, e.g. using BDDS, or BDD for the function which typically demands significant comput-

structural methods. The latter search for circuit graph automor- N9 résources. Pomeranz, etal. [10] convert the symmetry detection
phisms which imply functional symmetry. In this paper we present problem for Boolean .networks into a test generation .problem and
a method for finding symmetries of Boolean functions based on a (€N émploy Automatic Test Pattern Generation techniques (ATPG)
two-step approach. First, the circuit structure is modified to maxi- t© detect them. Similar to BDD techniques, ATPG methods of-
mize its structural regularity and thus the number of inherent auto- (€N suffer from their computational complexity. Furthermore, the

morphisms. The next step implements a fast algorithm for detectingMethod presented in [10] provides only a test and must be applied
the automorphism generators of the circuit graph. The generators to a quadratic number of candidates in order to find all symmetries.

provide a compact representation of all automorphisms which in €hang, etal. [11, 12]introduced the notion of generalized implica-
turn encode a subset of the functional symmetries. Because of itsion Supergates and proposed a linear time algorithm for symmetry
pure structural nature, our approach avoids the complexity issues |dent|_f|cat|on ina multl-rjetllst. Howe_ver, sn_mlar to th_e previously
inherent to methods using BDDs, vet it still works automatically Mentioned method, their approach is restricted to simple symme-
and independently from the input specification format. However, (€S considering only complementing or non-complementing vari-
the described method may not detect all functional symmetries, 2°!€ Swaps and cannot handle more general symmetries.

however, our experiments demonstrate that it can find the major- ~ 1here have been multiple approaches for detecting functional
ity of the symmetries present in practical circuits. symmetries using structural methods. The method described in [4]

applies the off-the-shelf graph isomorphism packag&™ [13]
. to detect symmetries in CNF formulas. The result is used to gen-

1 Introduction erate symmetry breaking clauses to accelerate a following SAT

Functional symmetries denote input permutations of Boolean check. However, as reported by the authors, the generic approach
functions that are an invariant with respect to the computed output is slow and only applicable to CNF representations. In contrast,
value. They play an important role in logic synthesis and func- our method works directly on a®R circuit representation which
tional verification as they provide a valuable insight for efficient is more natural and also applicable to other domains, e.g. logic
circuit restructuring and search strategies to check satisfiability and synthesis.
sequential reachability. For example in [1] functional symmetry is The NauTy package is based on the work of McKay [14] and
exploited to optimize a circuit implementation for low power con- provides a general automorphism detection algorithm that takes a
sumption and delay with limited area overhead. In [2] the authors vertex-colored graph as input and returns its automorphism group
demonstrate that the size of the Binary Decision Diagram (BDD) in form of a set of generators. AVTY is based on an iterative
of a Boolean function can be reduced significantly if symmetric partition refinement that starts from the initial graph coloring and
variables are placed in adjacent positions. Based on this observasearches at each refinement step for automorphism generaters. Be
tion a specialized sifting procedure for dynamic variable ordering cause of its general nature that can handle arbitrary grapfust W
was developed [3], which plays a crucial role in symbolic model does not perform best in circuit applications. Based on this obser-
checking. Furthermore, symmetry of input permutations imply a vation, Manku, et al. [15] proposed a specialized automorphism
corresponding isomorphism of the function’s co-domain and thus detection algorithm [16] that is tuned for CTL formulas and BLIF
can be exploited to restrict the search space for satisfiability. For circuit descriptions. The algorithm is based on an interleaved re-
example, in [4] symmetry breaking clauses are applied for this pur- finement of two simultaneous graph partitioning processes.
pose. Similarly, algorithms for state space traversal, which are key  Similar to the algorithms of McKay [14] and Manku [16], our
in formal property checking, can significantly benefit from exploit- algorithm also uses partition refinement to filter possible automor-
ing symmetry of the state-transition relation [5]. phisms. However, we apply this refinement filter only once as a

A practical approach for detecting symmetry is based on spe- preprocessing step and then use a brute-force branch-and-bound
cial language features such as symmetric data types [5]. However,algorithm to confirm the automorphisms. This approach works ef-
they are of little general value as they require the user to know the ficiently because in our applications the simple filtering step is able
symmetries and further to actually mark them in the specification. to weed out the majority of false candidates; the remaining cases
A method for automatically detecting symmetries is preferable as can be quickly confirmed in the second step. Furthermore, before
it is beneficial for a broader set of applications and is independent the automorphisms are detected, our approach modifies the circuit



graph to maximize its regularity and thus the potential for finding
more symmetries. As shown in the experimental section, the pre-
sented method works efficiently for practical circuits and is able to
find most of the existing functional symmetries.

2 Preliminaries

2.1 Functional Symmetry
In general, a given functiorf (xq,...,X,) is symmetric with
respect to a permutatiom of its inputs if f(xi,...,xn) =
f(11(X1,...,%n)). Clearly, the set of function-invariant input per-
mutations = {1y, ..., T} forms a symmetric group under com-
position. The seG C N denotes a set of symmetry generators if
all elements of1 can be generated by repeated composition of the
gi € G. For example, the function
f = X1 Xo + XaX4 + X5Xg
is symmetric with respect to the permutations
n= {(17273747576)7(27 17374>576)7(17274737576)7
(2,1,4,3,5,6),(3,4,1,2,5,6),(4,3,1,2,5,6),
(34,2,1,5,6),(4,3,2,1,5,6)}.

@)

Here, instead of choosing the cycle representation, we use the

Cartesian notation for permutationgk, . ..,kn) denotes the per-
mutation for which the variablg is connected to inputof f. The

given set of permutations can be synthesized by repeated applica:

tion of the following generators
Gn ={(2,1,3,4,5,6),(1,2,4,3,5,6),(3,4,1,2,5,6)}.

As indicated by this example, a small set of generators can en-

code an exponential number of permutations; thus the concept of

symmetry generators provides an efficient mean for compactly ex-
pressing a large set of functional symmetries.

A generalized form of symmetry includes input complemen-
tation, i.e., a function might be symmetric with respect to a per-
mutation of its inputs combined with complementation of a subset
of them. When considering complementation, the following addi-

tional generator
n=1{(5,6,341,2)}

2.2 Circuit Graph Representation

Most previous work on symmetry detection is based on building
BDDs for the function followed by an analysis of the co-factors.
These methods are inherently slow and not applicable in many
practical cases where BDDs cannot be constructed due to exorbi-
tant memory requirements. Our approach works directly on the
circuit representation. As we will show in the experimental sec-
tion, in all practical cases the algorithm runs very efficiently even
for large circuits.

For our analysis, we apply a “semi-canonical” circuit descrip-
tion with a minimum set of base functions in order to maximize the
probability to detect internal symmetries. We start our approach
from an AND/INV circuit representation of the function as pre-
sented in [20] including the described structural simplifications.
Figure 1(a) gives an example of a simpl&i&/INv circuit graph
which implements the functiop= x3x4 + X2 + X3. In the drawing
the vertices representv® functions and dots at the arcs indicate
complementation of the corresponding function.

Next, the AND/INV structure is converted into a multi-input
NOR representation by maximally expandingud clusters. We
further introduce pairs of vertices for each input, representing both
polarities of the input function.

More formally, a NoR circuit graph C= (V, X, X', E) is defined

as a set of gateg, pairs of inputsX, X', and a set of directed edges

E C ((XUX'UV) x V), where the set of input vertices and X’

represent the positive and negative input functigrendx; respec-

tively. Lety € V denote the primary output of the circuit graph.
The function of outpuy is computed recursively as:

Xv ifve X
f(v)=¢ X% if ve X’
Suvee f(u) : otherwise

For the above example, Figure 1(b) gives ther\tircuit graph
representation. Note that the fan-in structure of the shown vertex
has been replicated for the two fan-outs in order to generate N
gates with a maximum number of inputs.

In this example, the functional symmetry expressed by the gen-

can be used to describe a significantly larger set of symmetries foreratorsGn = {(1,3,2,4),(4,2,3,1')} can directly be observed

the function given in (1). Here the notatidn..,k!,...) denotes
that variablexy, is first complemented and then connected to input
i of f.

Shannon’s original definition of functional symmetry [17] han-

dles the special case far = (1,...,k = j,....kj = i,...,n),
i.e., he defines that a functioh is symmetric inx; and x; if
(.. %, Xj,...) = T(...,Xj,...,%,...). Shannon’s form of in-

in the circuit structure as graph automorphism. Informally, a graph
automorphism is a bijective mapping of the circuit graph vertices
that does not alter the graph topology. The idea of our over-
all algorithm is to detect the set of automorphisms in the circuit
graph which directly correspond to functional symmetries. By first
rewriting the AND/INV circuit in a locally canonical form [20] fol-

lowed by a conversion into the described maximalr\structure,

dividual variable swaps represents a subset of all generators andhe number of detectable automorphisms is maximized and so the

thus can represent only a subset of the symmetries.
above given example these symmetries are describeGrpy=
{(2,1,3,4),(1,2,4,3)}.

In [10, 18, 19], the concept of functional symmetry is ex-

tended to include swaps between groups of inputs. Kravets and

Sakallah [9] give another generalization by introducing “higher-
order” symmetries based on hierarchical swaps of sets of inputs.
The authors of [9] also consider functional symmetry under input
complementation. Similar to Shannon'’s limited definition of sym-

metry, this concept generally represents a subset of the symmetry X
generators and thus cannot cover all functional symmetries present

in functions. However, for many existing circuits, the hierarchical
notation used in [9] covers the majority of all symmetries and thus
provides a practical approach.

For thenumber of symmetries.
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Figure 1: Circuit example foy = X3x4 + X2 + X3: (@) Two-input
AND/INV representation, (b) Multiple-input ®R representation.



2.3 Circuit Graph Automorphism 3 Symmetry Generator Detection Algorithm

Our algorithm for structurally detecting functional symmetries 3.1  Overview of the S5 Algorithm
is based on computing the existing automorphisms in the circuit

graph. A bijective mapping of the graph vertig@s(X UX"UV) — symmetry detection algorithm. The algorithm first constructs the
(XUX'UV) is defined agircuit graph automorphisriff: AND/INV circuit graph for a Boolean function and applies struc-
v1,V2 €(XUX'UV), %,%5 € X, %, % € X" tural simplifications as described in [21]. The resulting structure is
1. e(vi,vp) €E & e(a(vi),a(v)) €E and then converted into a &R circuit graph by forming maximal AD
2 xj=a()e X =a() or clusters. Next, the coarsest partition according to the above defined
- A ! J ! equivalence relation is computed. Since this relation is a neces-

Figure 2 shows the pseudo code of the high-level flow of the

x’j =a(x) < Xj =ax) sary condition for graph automorphism, the resulting equivalence
Condition 2 ensures that we consider only simultaneous S\,\,(,lesclasses can be used as seeds for checking actual automorphisms.
of the input vertex pairs representing the two polarities. Al gorithm SG { o ' '
Let A= {ay,...a} denote the set of automorphisms of circuit Construct AND/INV circuit and perform maximl nerging;
. R Convert to NOR circuit graph;
graphC. As for functional symmetries, the seforms a symmetry B = Refine Partitions((V,X,X,E)):

group under composition. For the given example of Figure 1(b) the Confirm Generators(B);

set of automorphisms is ¥

A={(1,1,22,33,44,5867),(1,1,3,3,2,2,4,4,56,7) Figure 2: High-level algorithm for detecting symmetry generators.
(4.4,2,2,3,3,1,1,6,5,7),(4,4,3,3,2,2,1,1,6,5,7)}. Figure 3(a) shows the ¥D/INV circuit graph for the Boolean

’ ' ’ - functiony = (X3 +X2) (X3 +Xa) (Xg -+ X9) (X9 4 X10) + X5 -+ X6 + X7,

LetGa={Ga,, .- Ga } denote the set of generators for the sym- | o +ho two symmetry generators:

metry groupA. For the example this results in
s ) k L Gn ={(1,2.3,4,6,5,7,8,9,10), (1,2,3,4,5,6,7,10,9,8)}
Ga=1{(1,1,3,3,2/,2,4,4,5,6,7),(4,4,2,2,3,3,1',1,6,5,7)}. . . .
o ] can be easily observed in the given structure. However other func-
Note that the projection dBa onto X results in the generators  tional symmetries, for example the Shannon symmetry betwgen
for the functional symmetries, i.e., andxz, are hidden by the AD/INV circuit graph because the cor-
GalX={(1,3,2,4),(4,2,3,1)} =Gn. responding AID structure is asymmetrically implemented. A con-

The key approach of our algorithm for symmetry detection is version from an AID/INV_ circuit graph toa maximal NR ci_rcuit
based on first computing the generators for the automorphism fol- 9raPh can retrieve the hidden symmetries as shown in Figure 3(b).

lowed by a projection onto the input variables. Due to the maximal expansion ofwd clusters, the resulting &R
o ) circuit graph reveals three additional symmetry generators:
24 CII’CUIt Gl’aph EqU|Va|ence C|aSS€'S Gﬂ — {(2/717 37 4’ 57 67 77 8, 97 10)(17 2’4/737 57 67 77 87 97 10)’

Our algorithm for detecting circuit graph automorphism first
generates a set of candidates for vertex swaps followed by a ver-
ification step to check individual candidate pairs. The set of can- 3.2  Circuit Graph Partition Algorithm
didates are computed by an iterative refinement procedure which  Figyre 4 gives the pseudo-code for computing the coarsest par-
produces the coarsest graph partitioning for a structural equivalenc tjtion B. Our approach is based on the classical partition refinement
relation that is a necessary (but not sufficient) condition for auto- 5jgorithm given by Hopcroft [22] which is broadly used for many

(1,2,3,4,7,6,5,8,9,10)}.

morphism. o , . similar purposes. The algorithm uses a greatest fixpoint computa-
Given the Nor cireut graphC/: (V,X,X",E), the equivalence tion for successively refining a given partition. The initial set of
relationB C (XUX'UV) x (XUX'UV) is defined as follows: equivalence classes is based on a classification according to inputs

XieX': and non-inputs and the number of fan-ins and fan-outs. Next, the

uVv,ug,vi € (XUX UV), x,Xj € X, X, i
algorithm iteratively refines the equivalence classes until no further

1 (uu)eB
change occurs.

2. (u,v)eBAe(u,u) €E = Fv V. (U, v1) € BAg(vvy) €E Applying this algorithm to the circuit of Figure 3(b), the initial
3. (u,v) eBAE(V,v1) €EE = Jup € V. (v1,u1) e BAe(u,up) € E set of equivalence classes is:
4.(x,Xj)) €B & (6,X)) €B or (x,X|)eB & (x,x)€eB B'={{1,2,3,4,8,10},{1,2,3,4,8,10},{5,6,7'},
5.B(u,v) = |FI(u)|=|FI(V)| A [FO(U)| = [FOW)| {5,6,7},{9},{9'},{17,18,19,20}, {23} }.

F1(u) andFO(u) are the sets of fan-in and fan-out vertices of The next iteratioln of the algorithm yviII .split the equivalence
vertexu, respectively, i.e.FI(u) = {v| (vu) € E},FO(u) = {v| class{17,18,19,20} into two parts resulting in:
(u,v) € E}. B={{1,2,3,4,8,10},{1,2,3,4,8,10},{5,6,7'},

An important property of the above given equivalence relation {5,6,7},{9},{9'},{17,18},{19,20}, {23} }.

is a necessary condition for automorphism, i.e., After one more iteration, the fixed point is reached and the final

u=av) = (uv)eB partition result depicted in Figure 3(b) is:
For the sample circuit given in Figure 1(b) the following vertices B={{1,2,3,4},{1,2,3,4},{5,6,7},{5,6,7},
are equivalent according to the given definition: (8,10}, {8,10}, {9}, {9}, {17, 18}, {19,20}, {23} }.
B={{7},{5,6},{1,4},{1,4},{2,3},{2.,3}} The vertices of each equivalence class are used as candidate

Note that the second automorphism generator for that graph canpairs for finding automorphisms. The corresponding checking rou-
be computed by swapping the vertices of equivalence classes. tine is given in the next section.



3.3 The Confirmation Algorithm Al gorithm Refine_Partitions((V,X,X,E)){
9 B = {(x)), 04 | %X € X, %X € X'

The second part of theSG algorithm includes the actual con- ()G ‘(\X'FS(’Z);: i,o)gxg\))(ﬁ(‘FOW” =[Fo)N}y U
. . . . N . . _ i Xj )5 (Xis i Xj 5 X X :
firmation or verification step. Since the equivalence relation com " (IFOm)] = [FOlx))]) A (IFOX)| = FOX))} U
puted in the first step does not necessarily imply graph automor- {(uv) [uveV: (FI(u)|=|FI(V)])A(FOU)| = |FOV)|)}
phism, the confirmation step checks whether the stronger automor- ~ de_{

. L . . ; B=B;
phism cond!tlop holds suph that all circuit gr.aph vertices can be B = {(uv) | (uve (VUXUX) :
matched pairwise according to the property given in Section 2.3. (uv)€B A

Figures 5 and 6 illustrate the procedugzmnfirm Generators 32((3\5’11;5533:11((((511[]%)665?:((“13 < 3) N
andMatch. The algorithmConfirm _Generatorschecks all possi- (6% EX, XX €X'
ble symmetry assignments encoded in the equivalence reBtion (%) €B & (4,X)€B Vv
We use an index sétto avoid repeated processing of seed symme- } while(B ?é(él)vxlj) €B & (¥,x)€B)};
try pairs. The index sdtis first initialized with all input variable return B

vertices. Then the two loops enumerate all seed symmetry pairs.}
Each pair is first pushed onto the queRmcessQueue During
processing, this queue contains all vertex pairs that still need to be
matched for a complete graph automorphism. TheGigtstores ] ) o ]
the confirmed mapping for a graph automorphism and is initialized SOmetimes all possible combinations of the vertices from the same
with the seed pair. The proceduvtatch is invoked to determine a equivalence cla_ss must be tried. If all trles_ fgul, the algorithm back-
complete matching of all remaining graph vertices. If an automor- tracks to a previous level to undo the decision made before. If the

phism is detected, the corresponding entries are removediftom  duéueProcessQueuebecomes empty without encountering a con-
avoid a repeated processing. flict, a corresponding graph automorphism is found. The symmetry

Algorithm Match performs a systematic attempt to match all generator contained in the detected automorphism consists of those

remaining vertices by a recursive processing of all vertex pairs of variable yertex pairs IGa. P_roje_Ct'ng the graph autpmorphlsm
the queueProcessQueue It first makes a decision to pair up two onto the input variable domain gives the corresponding symmetry

vertices from the corresponding equivalence class and then recur-9enerator.
sively proceeds to collect more matches and vertex pairs that need, gori t hm Conf i r m Gener at or s( B) {

Figure 4: Partition refinement algorithm for computing the coarsest
partition in a circuit graph according &

to be verified. In case of conflicting matches, a marking mechanism | =xux’;
allows to undo all assignments recorded3n. To detect whether Gn =,
R B . . for(Vxs el A|FO(xq)| #0) {
there is a graph automorphism according to a seed symmetry pair, for (Vxz €1 A (x,%) € B) {
ProcessQueue= @;

Ga=@
PGS h_On_Process_Queue( ProcessQueue(x,X2)) ;
Put _On_GA( Ga, (X1,X2)) ;
i f(!Match(ProcessQueug) continue;
el se{
Gn =GnU{Ga | X};
for (V(xs,xs) € Ga)
if(xs#x) 1=1\{x};
else |=I1\{x};
}

}
I=1\{x};

return Gp;
}
Figure 5: Algorithm for detecting independent automorphism and
symmetry generators in ad\ circuit graph.

Figure 7 shows an example for the matching process. To get a
valid match of two vertices, both the fan-in and fan-out sides must
be checked. In the given example, according the indicBiettie
fan-ins and fan-outs of verticdss,v»} have been partitioned into
two and three classes, respectively. Clearly, there is only one as-
signment to match the fan-ins uf andvs: x11 with X2 andxi2
with x21. However, on the fan-out side, case splits need to be in-
troduced because multiple fan-outs fall into the same equivalence
class. It may be required to enumerate all 24 permutations of ver-
tices to get a valid match.

4 Experimental Results and Discussion

(b) The S algorithm presented in Section 3 has been applied to
Figure 3: Circuit graph for functioy = (X; + x2)(X3 + X4)(Xg + the LGSynth91 benchmark circuits. A total of 1535 Boolean func-
X9) (X9 +X10) + X5 + Xe + X7: (a) Two-input AND/INV representa- tions in 54 modules were tested. To make the results comparable
tion, (b) Multiple-input NOR representation. with the results in [9], both the number and the average size of hi-



Al gori t hm Mat ch( ProcessQueu¢ {

if(Process_Queue_ls_Enpty()) return true;

(v1,v2) = Pop_Qut _Process_Queue( ProcessQueug ;

for(Vup e FO(w1)) {

for(Vu, e FO(v2) A (ug,up) €B)) {/* try all conbinations */

/* check if vertices are already matched */
i f(3Juz+#uy.(u,uz) €Ga) return false;
i f(Jus#u1.(us,up) € Ga) return fal se;
Mar k_Pr ocess_Queue( ProcessOueueMark) ;
Mar k_GA( Ga-Mark) ;
Push_On_Process_Queue( ProcessQueue(us,uy)) ;
Put _On_GA( Ga, (U1, W)) ;
i f((flag= Match(ProcessQueug)) break;
Undo_Process_Queue( ProcessOueueMark) ;
Undo_GA( Ga-Mark) ;

of 700MHz. The results demonstrate that the é8gorithm works
efficiently It also shows that the CPU time used for the confirmation
step is about one third of the total CPU time of the experiments.

5 Conclusion

In this paper, we presented a simple algorithm for structurally
detecting symmetries in Boolean functions. Our approach works
directly on an AD/INV circuit graph representation. To detect a
large number of automorphisms, &N circuit graph is derived.
The symmetry detection algorithm first applies circuit graph parti-
tion to cluster the vertices into equivalence classes which provide
candidates for symmetries. Next, an exhaustive search for vertex
mapping is used to detect graph automorphisms. The symmetry

. o o . generators are then obtained by projecting the automorphism gen-

Feturn eres fan-in side simlarty #/ erators onto the input variable domain.

} Experiments and a comparison with the results obtained by a
functional approach show that the &lgorithm can efficiently de-
tect the majority of symmetry groups in practical Boolean func-
tions. Local rewriting techniques can be applied to further improve
erarchical symmetry partitions are computed based on the obtainedthe performance of the structural method. The presented algorithm
symmetry generators. Table 1 gives the detailed results. The firstis scalable for large circuits and can be easily generalized for se-
column represents the design names. ColumBsanhd 4 repre- guential circuits.

sent the number of primary inputs, primary outputs, and two-input
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Number of | Number of | Number of Functional Approach [9] Structural Approach
Benchmarks Primary Primary two-input Number of | Average Size | Number of [ Average Size | CPUtime | Confirmation
Inputs Outputs And Gates Partitions of Partitions Partitions of Partitions (msec) (msec)
9symml 9 1 214 1 9 0 0 20.3 0.0
alu2 10 6 526 5 2 4 2 47.4 0.1
alu4 14 8 990 7 2.29 5 2 100.3 0.1
apex6 135 99 795 130 2.62 134 2.43 63.1 6.4
apex7 49 37 332 53 3.58 55 3.33 47.0 6.6
bl 3 4 18 2 2 2 2 10.0 0.1
b9 41 21 166 38 2.50 35 2.31 19.0 1.0
c8 28 18 323 9 5 13 3 23.0 0.9
cc 21 20 99 16 2.75 16 2.75 15.1 0.9
cm138a 6 8 129 8 6 8 6 12.9 1.8
cm150a 21 1 98 3 2 0 0 18.7 6.7
cmil5la 12 2 49 6 2 0 0 14.1 2.3
cmil62a 14 5 66 11 2.18 11 2.18 12.3 0.3
cs163a 16 5 66 5 3.8 5 3.8 12.1 0.6
cmé2a 4 10 23 10 4 10 3.2 12.6 0.6
cm82a 5 3 28 5 2.60 5 2.40 10.6 0.4
cm85a 11 3 52 14 2 8 2 12.2 0.6
cmb 16 4 71 4 12 2 12 16.2 1.9
comp 32 3 158 49 2.29 3 2 39.3 15.5
cordic 23 2 107 14 3 21 2.10 20.9 5.5
count 35 16 163 16 8.56 16 8.56 35.8 11.7
cu 14 11 75 15 3.80 17 3.35 16.1 1.9
des 256 245 4733 685 2.37 631 2.40 566.1 33.8
dalu 75 16 1816 48 5.40 0 0 448.9 12.7
example2 85 66 388 104 3.60 89 3.22 50.6 5.9
f51m 8 8 248 4 2 1 2 16.8 0.0
frg2 143 139 2011 323 3.60 342 3.18 199.8 28.8
i1 25 16 63 14 3.64 14 3.64 15.1 1.1
i2 201 1 434 8 23.50 12 16 2253.4 1875.7
i3 132 6 259 70 2.80 70 2.80 118.5 83.1
i4 192 6 434 72 3.70 66 2.24 29.3 1.9
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pcler8 27 17 105 31 3.45 31 3.45 54.0 2.8
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