Link Invariant Functions and Detection of
Isomorphism and Inversions of Kinematic Chains

Jagpal Singh B&IP. B. Deshmukh

Department of Mechanical Engineering
FET, Shri Shankaracharya Group of Institutions
Bhilai (CG), India
Yiagpalsinghbal@yahoo.corfeshmukhpb@yahoo.com

Abstract—Detection of isomorphism and inversions are
two closely associated problems encountered during
structural synthesis and analysis of kinematic chains. Most
of the solutions presented in the literature are based on
adjacency matrices or their modification. Studies
incorporating other aspects such as distance matrix and
loops are limited. Present work defines link invariant
functions based on distance matrix and loops of a kinematic
chain. The functions generate a set of structural invariants
capable of detecting distinct links of a kinematic chain and
isomorphism between kinematic chains simultaneously.
Proposed heuristic takes into account all aspects of
kinematic chain at once, satisfying necessary and sufficient
conditions. The method is simple, reliable and can easily be
implemented on a computer. It has been tested successfully
on known cases of kinematic chains up to 10 links and
having 1, 2 and 3 degrees of freedom. An example of chains
with higher number of links is also presented to demonstrate
the effectiveness of the method.
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characteristic polynomials. Spurred by this discovery,
characteristic polynomial of vertex-vertex degree matrix
was proposed by Mruthyunjaya and Balasubramanian [4].
Discovery of counter examples by Hawang and Hawang
[5] led to the development of new indices. Characteristic
polynomial of distance matrix was proposed by Dubey and
Rao [6]. Ambekar and Agrawal suggested MAX code [7]
and min code [8] as a method of identification of
isomorphism. Distance based indices were proposed by
Yadav, Pratap and Agrawal [9], which has found
application to limited cases of kinematic chains. Rao and
his co-workers utilized a concept from communication
theory and several indices based on Hamming number
were proposed by them [10, 11]. Chu and Cao [12]
proposed link’'s adjacent table (ACT) and complete
adjacent table (CACT) obtained by successive replacement
of link labels, level wise, in a systematic manner so as to
produce a unique string as a method for detection of
isomorphism. However, computer implementation of the
method is not clearly defined and the structure of the table
is complex to grasp. Rao and Raju [13] proposed a method
based on loop formations which includes all aspects of
kinematic chains and can be used for detection of

Kinematic chains are building blocks for synthesis ofisomorphism, inversions and type of freedom. Ding and

mechanisms. Identification of

kinematic chains

isomorphism amongHuang proposed methods based on canonical perimeter
is an age old problem tauntingtopological graph [14] and characteristic adjacency matrix

researchers over a period of 50 years since its introductiqa5]. Application of Fuzzy Logic [16] and Genetic
in 1960s. Unidentified isomorphism results in duplicationAlgorithm [17] were introduced by Rao for detection of
of designers work; therefore, it is an essential step duringgomorphism and structural analysis of kinematic chains.
the synthesis of mechanisms. Researchers [1] have tried Bedi and Sanyal [18] proposed modified joint connectivity
develop methods to enumerate kinematic chains withowipproach as an index for testing isomorphism among
testing isomorphism. Population of chains increases witkinematic chains. Link-joint connectivity table (LJCT) was
higher number of links and detection of isomorphism byproposed by Sanyal [19] for detection of distinct inversions
visual inspection becomes impractical. Several attemptsf kinematic chains. Approaches based on Atrtificial Neural
have been made to develop reliable and computationalletwork (ANN) have been reported by Kong, Li and
efficient algorithms for automated test of isomorphism buZhang [20] for detection of isomorphism.

each has its own shortcomings. In order to achieve greater
efficiency in computer-aided mechanism design, search fqr

simple, reliable and effective methods is of grea
significance.
Uicker and Raicu [2] proposed

In the light of literature reviewed and in view of the

act that most of the methods have included limited
properties of kinematic chains, an attempt is made in the
present work to incorporate all aspects of kinematic chains

characteristicfor detection of isomorphism and inversions. Graph theory

polynomial of adjacency matrix as a numerical measure dias extensively been used in the study of kinematic chains
kinematic chain structure and conjectured that it is only &ince its introduction to kinematic structural studies by
necessary condition, however the converse may not kRobrjanskyj and Freudenstein [21]. Kinematic chains are
true. Mruthyunjaya [3], during synthesis of kinematic represented by graphs and two kinematic chains are said to
chains detected non-isomorphic chains having identicade structurally equivalent if their graphs are isomorphic to
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each other. Therefore, kinematic chain isomorphism 3) Graph representation of kinematic chains and
problem is reduced to finding the isomorphism betweemnechanismsin a graph representation of kinematic chain,

their graphs. links are represented by vertices and joints by edges.
I.  TERMINOLOGY AND DEEINITIONS Eourébar chain and its graph representation is shown in
ig.

Graph theory [22, 23] has played an important role in
the solution of many problems of mechanism synthesis and. Graph Isomorphism
analysis. A number of terms relevant to the paper are |n geometry two figures are thought of as equivalent
presented in the paragraphs to follow. (and called congruent) if they have identical behaviour in
A. Graph and Graph Properties terms of geometrig properties. Likewige, two graphs are
. ) thought of as equivalent (and called isomorphic) if they

/A graph consists of a set ofertices (or nodes or  haye identical behaviour in terms of graph-theoretic
points) together with a set efiges(or lines). The set of ,onerties. More precisely, Two graptisandG’ are said
vertices Is conn;:‘cted by the set of edges satisfying ﬂ% be isomorphic (to each other) if there is one-to-one
relation £ < [V]°. The graph can be denoted by the qregpondence between their vertices and between their
symbol G, the vertex by seV(G), and the edge by set eqges such that the incidence relationship is preserved
E(G). The usual way to picture a graph is by drawing dofa3] | follows that two isomorphic graphs must have the
or circle for each vertex and joining two of these dots 0kgme number of vertices and the same number of edges,

circles by a line if the corresponding two vertices form anyng the degrees of the corresponding vertices must be
edge. Edges and vertices in a graph should be labelled Qfual to one another.

coloured, otherwise they are indistinguishable.

) ] C. Graph Invariant and Graph Certificate
1) Degree: The degree of a vertex is defined as the . L . . .
number of edges incident with that vertex. A vertex of A graph Invariant is a functioR such that, if applied to
) . ) two isomorphic graph& andH, then
zero degree is called an isolated vertex. Vertex of degree
two is called a binary vertex, a vertex of degree three a F(G) = F(H) 1)

ternary vertex, and so on. For the graph showfign 1,

the degree of vertex 2 is three, the degree of vertex 10 iS The converse is not necessarily true. Therefore, an

one, and vertex 11 is an isolated vertex. invariant imposes a necessary condition for isomorphism.
2) Walks and circuits (or cycles)A sequence of If an invariant is both necessary and sufficient for

alternating vertices and edges, beginning and ending witisomorphism, it is said to be complete. A complete graph

a vertex, is called a walk. A walk is called a trail if all the invariant is also called a certificate.

edges are distinct and a path if all the vertices and, A yertex invariant assigns to every grapla function

therefore the edges are distinct. In a path, no edge may Beon the vertex set @, such that

traversed more than once. The length of a path or distance

is defined as the number of edges between the beginning fe(V)=fela(V)] @)

and ending vertices. If each vertex appears once, excepherev is a vertex ofc ands: G—G' is an isomorphism.

that the beginning and ending vertices are the same, théertex invariants can be transformed into graph invariants

path forms a circuit or cycle. For the graph showfign  as follows:

1, the sequence (23, &, 4, @5, 5) is a path, whereas Given a graplG=(V, E) and vertex invariarft, the set

the sequence (2;£3, &4, 4, a5, 5, &,, 2) is a circuit. The

circuits are referred to as loops in the field of mechanisms. fo(V)={fa(V)lv €V} ®3)

is a graph invariant.

10 Examples of graph invariants include number of
vertices, number of edges, degree of vertices and distance
multiplicities. For each vertex, the set of distances to all
other vertices is a vertex invariant.

1
8 3
e S
7 2 4 P 4
L J
11
1
4 ¢ (@) (b)
Fig. 1. A (11,10) graph Fig. 2. (a) Four-bar chain (b) its graph representation
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[ll.  LINKINVARIANT FUNCTIONS to measure participation of vertex in loops. Whether a

Vertices, edges and loops are three importany€/€X IS participating in loop can be measured by
' assigning a number associated with the loop. Each vertex

parameters of a graph of kinematic chain. A funclign) . 2 L . .

is defined and calculated for each vertex of a graph (ﬁ assigned a valug if it participates in the formation of

kinematic chain based on vertex degree, its distance fro op, wheres is the size of the Ipop. The sSize F’f th? loop

other vertices, and participation of vertex in loops. indicates the number of vertices participating in the
formation of loop. The value of the loop function is

A. Link Function defined as

Degree of a vertex is defined as the number of edges
incident with that vertex. Degree of vertex represents type Li
of link, hence a vertex of degree two will correspond to a f; (v;) = Z S, 2 (6)
bi . . Loops\Yi k
inary link and vertex of degree three a ternary link, and so
on. Two isomorphic graphs must have vertices of equal k=1
degree.To account for this condition, a functiofyfs to

: P : Where,L; = Number of loops associated with verigx
be called link function is assigned to each vertex of the ol h . )
graph and is given by ands,, = Size of thek" loop associated with vertex.

fLimeVi) = deg(y) @) D. Chain Link Invariant Set

Link, joint and loop functions are combined to form
where,deg(\() = Degree of " vertex. . link invariant se{(LIS) as
The function takes degree of vertex as its value.

ith

B. Joint Function frinks

The failure of the earlier methods for testing fe (@) = | froints (7)
isomorphism at some stage or the other, as the test sample
size increases, can be attributed to the fact that almost all
the earlier methods are based on direct adjacency or related . - .

Eq.(7) imposes a necessary and sufficient condition on

matrices, which do not contain complete mformatlonSach vertex. The sef, (V) == {,(1)|v € V} of values

regarding links at various distances i.e. other than th s ol .
direct or first adjacency links. It is believed that all c@lculated based on (7) to be called invariant set (LI

possible adjacency need be considered for testingu an invariant for the graph of kinematic chain and

isomorphism uniquely. Distance matrix of a kinematicSUMmarized in a canonical form suitable for comparison.
chain contains the requisite information and is being "€ Se¥c(V) is unordered and needs to be summarized in

utilized to form a function to take into account all canonical form in order to represent a kinematic chain

adjacencies. However, since planar kinematic chains ha iquely. The value Of_l”?k function can be Comb_'”ed to

non-planar graphs and existence of common distand@'M & vertex degree listing. The vertex degree listing is
matrix for two different kinematic chains cannot be ruleqd€fined as a list of integers representing the number of
out, it is necessary to take into account all adjacencies. THEces of the same degree in ascending order. The first
distances are, in actual sense, represented by the numbefigjit 'épresents the number of vertices with degree 2, the
edges by which the vertices are apart. Therefore, the nexgcond the number of vertices with degree 3, the third
function fns to be called joint function is assigned to eachUmPer of vertices with degree 4, and so on. Values of

vertex of the graph. The value of joint function is given byJO'nt functlon and_ loop function of all the vertices are
written in ascending order. The concatenation of vertex

fLoops

N 5 degree listing and ordered sequence of values of joint and
() = d::deqg (v 5 loop function is defined as chain link invariant string
Tjotnes (V1) z[ Y 9 1)] ®) (CLIS). The canonical form of stringCLIS, is used for

j=1
where, d;; = Shortest distance between vertgxand v;
andN = Number of vertices in the graph.

detection of isomorphism between kinematic chains.

IV. DETECTIONOFISOMORPHISM

Based on the concept developed, a theorem for

C. LOO'_) Functpn ) o ) _ detection of isomorphism between two kinematic chains is
Having considered the links and joints of a kinematicproposed as

chain, the next step is to assign a relation between vertices _ . . . . o
and loops. In a graph an alternating sequence of verticdd'eorem 1: For two kinematic chains A and B, if their link
without repetition is known as loop or cycle. For a graph ofnvariant set are identical, that is

kinema_tic chain the number of basic loogs) is CLIS(A) = CLIS(B)

determined by well-known Euler theorein= E —V + 1, i ) i . o _
where V is the number of vertices and E is the number dhe two kinematic chains are isomorphic; if not, otherwise.
edges. Once the basic loops are determined, all other 100ps The calculation may conveniently be performed by
Iof the[giréla]\ph can be obtained through combination of basgsing the steps listed below.

oops .

Once all the loops are determined a function to b
called loop functior{f,,.,s) based on loop sizes is formed

Step 1.Computation of degree of each vertex.
%tep 2.Computation of distance matrix.
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Step 3.Computation of joint function for each vertex Step 3: Computation of joint function for each vertex using
using (5). (5).
Step 4. Determination of all possible loops associated with

the graph of kinematic chain. Chain A O R
Step 5. Computation of loop function for each vertex. Watt Chain 49 101 101 49 101 101
Step 6.Combination of the values calculated in steps 1, 3

and 5 to form link invariant sétIS). Stf{’ﬁaﬁgson 64 66 64 66 81 81
Step 7.Summary olLIS to form chain link invariant string

(CLIS). Step 4: Identification of basic loops and determination of

The above computational steps are illustrated with th(‘;fIII loops of the graph of kinematic chain.

help of an example of 6-links, single degree of freedom Chain List of all possible loops
kinematic chains shown IFig. 3. Watt Chain  L4[1,2,3,4], Lo[1,4,5,6],Ls [1,2,3,4,5,6]
Example 1 A pair of non-isomorphic 1 degree of Stephenson

freedom kinematic chains with 6 links and 7 joints is Chain L111,2,3.4], 1o [1,4,3,56], 15[1.2,356]

shown inFig. 3. Link invariant set needs to be calculated . ; : :
; e I ; ; X tep 5: Calculation of loop function using (6).
for identification of isomorphism between the chains andS P P 96
determination of distinct inversions possible from each Chain Vi V2 Vs V4 Vs Ve
chain. The following steps are needed for the calculation .
S . " Watt Ch
of link invariant setf; (V) = {f;(v)|v € V} as defined aft ~hain 8 52 52 68 52 52

earlier in (4). Stephenson Chain 66 41 66 41 50 50
Step 1: Computation of degree of vertices. Step 6: Summary of values calculated in steps 1, 3 and 5
_ forms link invariant set as defined in (7).
Chain 1 V2 V3 A Vs Vs
Watt Chain 3 2 2 3 2 2 Chain Function 121 v, VU3 Uy Vs Vg
Stephenson Chan 3 2 3 2 2 2 fuinks 3 2 2 3 2 2

Watt Chain  fiomes 49 101 101 49 101 101
froops 68 52 52 68 52 52

Step 2: Computation of distance matrix.

Watt Chain Stephenson Chain Frinmks 3 2 3 2 2 2

Vi V2 V5 V4 V5 Vg Vi V2 V3 V4 V5 Vg Stegr 6(Ezson Foines 64 66 64 66 81 81
Vi 0 1 2 1 2 1 0 1 2 1 2 1 fLoops 66 41 66 41 50 50
vwl1 0 1 2 3 2 1 0 1 2 2 2 o ) , )

s 1 0 1 2 3 s 1 0 1 1 2 Step 7: Chain Link Invariant StringCLIS). Concatenation
Vs of sorted sequence of joint and loop values (in ascending
{1 2 1 0 1 2 1 2 1 0 2 2 order) along with vertex degree listing is presented as
w2 3 2 1 0 1 2 2 1 2 0o 1 chainlinkinvariant string.
e[ 1 2 3 2 1 0 1 2 2 2 1 0 The chain link invariant strings of Watt chaiRig.

3(a), is
[4200][49 49 101 101 101 101] [52 52 52 52 68 68]

The chain link invariant string of Stephenson chain,
Fig. 3(c) is

[4 2 0 0] [64 64 66 66 81 81] [41 41 50 50 66 66]

On comparing theCLIS of the two chains it is
clear that the chains shownhigs. 3(a)and(c) are distinct
asCLIS (A)# CLIS (C)

Example 2 A pair of 8-link, 1 degree-of-freedom
kinematic chains are shown iRig. 4. The chains are
isomorphic to each other; however, they have been drawn
and labeled in different manner. Test for isomorphism
between the two structures needs to be conducted.

CLIS of the two chains shown iRig. 4 are calculated
following the steps of the new method developed. The
CLIS of both the chains are found to be similar indicating
that the chains are isomorphic.

I(:CIIE)J 3. (a) Watt chain (b) graph of (a) (c) Stephenson chain (d) graph of | |g (Fig. 4): [4400] [106 106 121 141 158 178 193 218]

[150 154 174 174 204 215 215 224]
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V. DETECTION OFDISTINCT MECHANISMS

A kinematic chain is an interconnected system of links
in which not a single link is fixed. Such a chain becomes a
mechanism when one of the links in the chain is fixed. The
fixed link is called a frame or, sometimes, a base link. The
term kinematic chainis used to specify a particular
arrangement of links and joints when it is not clear which
link is to be treated as frame. When the frame link is
specified, the kinematic chain is calledn@chanismThe
(@) (b) process of choosing different links in the chain as frames is
Fig. 4. Eight bar 1-DOF isomorphic chains known as kinematic inversion. In this way, for MHink
chain, N different mechanisms can be obtained. However,
The results also indicate that relabeling and redrawingxing of identical links will produce similar mechanisms.
does not affect the test. Two links of a chain are said to be identical if they are of
same type and have similar disposition in the chain. For
example, fixing of any of the links of a four-bar kinematic
chain will result in structurally similar mechanisms, since
&l the links of the chain are binary and their disposition in
the chain is also identical. For a designer it is necessary to
CLISfor Fig. 5(a)is avoid such duplications as the number of choices increases
56100] vyith chains_hgving highe_r numb(_er of .Iinks. Therefore,
[282 356 362 416 416 466 466 482 482 528 528 612] f|nd_|ng the distinct m_echamsm_s or inversions which can be
[644 644 720 764 764 1024 1128 1172 1172 1220 1220 128g] 9€7vVed from a chain is an important part of structural
analysis of kinematic chains. In order to find the identical
links it is necessary to find the disposition of frame link

Example 3: Two 12-bar 1-DOF kinematic chains are
shown in Figs. 5(a) and 5(b)respectively. The chains
possess identical characteristic polynomial of their degre
matrices CLIS for the figures are:

CLISfor Fig. 5(b)is with respect to other links of the chain.
[56100] The link invariant set defined in previous section
[322 322 356 378 416 416 482 482 528 528 554 612] contains all the information necessary to identify

[780 780 856 956 956 1208 1208 1216 1216 1264 1384 1424] equivalence between two links of a kinematic chain. The

type of link is indicated by its degree, relation of link with

other links and joints is indicated by value calculated by

the joint function and participation of link in forming loops
The method is applied to well known cases ofis given by the index calculated by loop function.

kinematic chains up to 10-links and having one, two an . .

three degrees of freedom. All the 16 eight bar 1-DOF™ Neighborhood Joint Values

chains, 40 nine-bar 2-DOF chains, 230 ten-bar 1-DOF In order to measure a link’s disposition in the chain it is

chains and 98 ten-bar 3-DOF chains have been tested foply necessary to check its loop index and neighborhood

isomorphism. All of them have yielded distir€t.IS. An  values of joint function of adjacent links. These values are

example of chains with higher number of links cited fromdefined as neighborhood joint  values NJY).

literature sources is also included in the present work tMathematically, for each link (or vertex of graph of

establish its reliability. kinematic chain), it may be expressed as

Distinct values ofCLIS clearly reflect that the chains
are uniquely identified by the method.

The method apart from detecting isomorphism between Ay
the chains, distinguishes the distinct links of the chain with NV (v;) = Z Fromes (V) 8)
little additional computational effort. This part is explained v Joints\ "k
in the next section. k=1

where 4, = Number of adjacent vertices associated
with vertexv; and
NJV(v;) = Neighborhood joint value ¢"

neighbor of vertex;.

B. Link Neighborhood Index

Sorted sequence dfJVs along with values of link and
loop functions is termed as link neighbourhood index
(LNI). If any two links have the samkNI, they are
equivalent.

LNI() = [fuinks: fuoopss NIV (W1), NJV (1), .., NJV (v4,)] (9)

(b)

Fig. 5. A pair of 12-link, 1-DOF kinematic chains possessing identical ~ As an illustration, link neighborhood indgxNI) is
characteristic polynomial (Degree Matrix) calculated for the chain shown ig. 6. First, the values
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of loop and joint functions and neighbors for each link of
the chain are determined and given below

Link No. fLoops foints Neighbors
1 316 178 [245]
2 288 178 [1310]
3 216 278 [2 4]
4 316 266 [139]
5 264 318 [16]
6 264 406 [57]
7 264 378 [6 10]
8 236 318 [9 10] Fig. 6. A 10-bar, 3-DOF kinematic chain
9 236 318 [4 8] The total number of inversions arrived using Liek
10 336 218 278 Neighborhood Indexmethod for 8-link 1-DOF, 9-link 2-

DOF, 10-link 1-DOF and 10-link 3-DOF are listed in
Next, neighborhood joint valuegNJV) have been Table Il and results fully agree with those available in

calculated as follows for each of the links using (8). literature.
I}\IIT)k Joint values of neighbors NJV TABLE II. LIST OFINVERSIONS
1 178 266 318 762 S. Type of chains Total number of
2 178 278 218 674 No. INversions
3 178 266 444 1 8-link, 1-DOF 71
4 178 278 318 774 5 o-link, 2-DOF 054
5 178 406 584
6 318 378 696 3 10-link, 3-DOF 684
! 406 218 624 4 10-link, 1-DOF 1834
8 318 218 536
9 266 318 584
10 178 378 318 874 There are 71 distinct mechanisms possible from a

total of 16 distinct eight-link single degree of freedom
chains. These inversions were obtained based on the
distinct link neighbourhood index calculated using (8) and
(9). The complete set of 8-bar single degree of freedom
chains along with the calculations of CLIS and inversions
Link No. LNI values using (9) are appended in the paper. The set of frame links
corresponding to 71 distinct mechanisms are also given.

Finally using (9), link neighborhood indg¥NI) for
Fig. 6, are calculated and shown in Table I.

TABLE I. LNI OF THE CHAIN OFFIG. 6.

1 [3 316 584 674 774]
VI. CONCLUSION
2 [3 288 444 762 874] . . . . :
A method for detection of isomorphism and inversions
3 (2216 674 774] among kinematic chains is presented. Method is simple,
4 [3 316 444 584 762] reliable and can easily be implemented on a computer. A
5 [2 264 696 762] program is written in MATLAB and entlre_calculanons
were carried out in a personal computer with core 2 duo
6 [2 264 584 624] processor and 1 GB random access memory. With the help
7 [2 264 696 874] of the present method chains can be checked for
8 » 236 584 874 isomorphism along with distinct mechanisms that can be
[ ] derived from the chains. Further work is being carried out
9 [2 236 536 774] to correlate the value of the invariant with structural
10 [3 336 536 624 674] properties of chains for application to creative design of
mechanisms.
Link neighborhood indicesL{I) of all the ten links REFERENCES

have_ been found to_be (_jlstlnct. So there are ten INVersionS o ¢ Rao and P. B. Deshmukh, "Computer aided structural
possible for the chain dfig. 6, whereas the other methods synthesis of planar kinematic chains obviating the test for
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chain. 506, 2001.
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APPENDIX

Set of Eight Link Single Degree of Freedom Chains
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Chain Link Invariant Strings and Frame Links Corresponding to 8-Link, 1-DOF Kinematic Chains

Number of
distinct
me'chanisms
Chain No. Chain link invariant string (CLIS) ?ﬁél\éiiifrzok?; Set of frame links
link
neighborhood
index

[4400][126 126 126 126 266 266 266 266]

1 [116 116 116 116 168 168 168 168] 2 (14.58)(2.36.7)
[4 4 00][106 106 106 106 193 193 193 193]

2 [178 178 178 178 219 219 219 219] 2 (1.256)(3,4.7.8)
[4 400][106 106 121 141 158 178 193 218]

3 [150 154 174 174 204 215 215 224]  © (DEE)HE)E)T)E)
[4400][91 141 141 161 203 203 218 218]

4 [150 150 172 172 191 215 224 224]  ° (1.5)2AE)E.7)E)
[4400][126 126 166 166 178 178 218 218]

5 [152 152 172 172 204 204 224 224] 4 1428)E.7)(5.6)
[4400][121 121 121 121 158 158 158 158]

6 [150 150 150 150 211 211 211 211] 2 (1.3.4,7)(2.5.6.8)
[4 400][106 141 141 156 158 183 183 203]

! [146 146 148 150 200 211 211 220] 6 (1.3)2)(4.6)5)(7)(8)
[4 4 00][166 166 166 166 178 178 178 178]

8 [88 88 88 88 160 160 160 160] 2 (1.2,4,5)(3.6,7.8)
[4 400][106 106 141 141 178 178 238 238]

9 [90 90 114 114 164 164 164 164] 4 (1.8)(2.7)(3.6)(4.5)
[5210][124 170170 170 170 184 184 226]

10 [88 88 88 88 144 160 160 176] 4 (1)(2.6.,7.8)(3.5)(4)
[5210][89 108 145 145 166 184 205 246]

1 [90 90 114 114 148 164 164 180] ! DEE)HE)E)7.8)
[5210][89 93 145 149 160 201 205 221]

12 [77 99 99 101 101 142 151 167] 8 (DEE)HE)E)T)E)
[5210][104 125 129 145 145 149 185 201]

13 [75 77 77 97 97 138 147 163] ! (DEB)E)HE)E)T)
[5210][74 128 128 180 180 186 274 274]

14 [116 116 116 116 152 168 168 184] 5 (D(28)(3.7)(4.6)(5)
[6 00 2][76 76 188 188 188 188 188 188]

15 [88 88 88 88 88 88 156 156] 2 (1.4)(2.35.6,7.8)
[6002][112 112112112 168 168 168 168]

16 [66 66 86 86 86 86 152 152] 3 (1.4)(2.3.5.6)(7.8)

Total 71
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