So as we know and can be see on the lattice caarimis (non-isomorphic) structures have some
common adjacent structures. The lattice demonstrdtet edge reconstructivity is true. Non-
reconstructable structures cannot exige full text seénttp://ester.nlib.ee:80/record=b2297694~S1*est

Serrman Ashay Dharwadker works on the correct pafotllam’s Conjecture by its verbatim
representation. Blazej Podsiadlo [39] was provésl@wonjecture already earlier.

5. SPECIFICATIONS

5.1. Semiotic I dentification Principle

Proceed from a list of adjacent elements the Semiotic Identificatioméple establish th@air
graphsg;, for adjacent and disadjacent element pairs hair signsw;=+d.n.qand form thesign
matrix S. It is realized on computer.

Specification 5.1. Semiotic Identification Principleby a concrete example.

S5.1.1. OPERAND:Complete list L of adjacent elements of a graph
1 2,3,4
2 1356,7
3 1,267
4 1,8
5 2,6
6 2,359
7 2,39
8 4,11,12
9 6,710, 11
10 9
11 8,9
12 8

Comment:In principle can be the enumeration contains space

S5.1.2. Forming the neighborhood entry Nipf an element ¥ Start atv; to find by listL its
adjacentsy;, further, to find adjacents of their adjacents. eRepresent these by
neighborhood partial entrieblij4, which be divide by thdistanced at initial elemenu.

In partial entryNijq+1 do must not repeat adjacent pairs, which are ptedan preceding
partial entryNijg, i.e. in itsj-row to exclude elements, which be fixed imow of
preceding partial entry:

i= 111 2 22 2 3 3 3 4 5&@7 8 8 9 9 11
= 2 3 4 356726 7 8 6 $911 12 10 11 9
Nij g=1 Nij g=2 Nij g=3 Nij g=4
Excludel Exclude2, 3, 4 Excludeb, 6, 7, 8

Comments:a) Partial entryNijq-s do no arise, becaugeand 11 in it be excludedb) In partial
entriesNij4 can be exist also repeated adjacent pairs, fanpbkasuch as,

2 3 5 6 9 11

3 2 (Nig=) 6 5 (Nij=3) 11 9 (Niji=s)
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S5.1.3. Removing the repeated adjacent pail® remove in partial entridsij4 the repeated pairs
and preserve these, whetg.

i= 111 2 2 2 2 3 3 4 5 6 &8 9 9
= 2 3 4 3567 6 78 6 919 12 1011
Nij* g=1 Nij* g=2 Nij* g=3 Nij* g=4

S5.1.4. Forming a pair entry Bij* for case d>1To find more distantelementj for initial i. In
present case it i10. The distancel determined withNij* 4, wherej at first time appear.
For example, the distancketo j=10is 4, but toj=11 is 3. In case of many more distant
elements begin at smaller:

S5.1.4a. In Nij* 4=max to fix only these pairs, whereptlements represent selected furthest.

S5.1.4b. Proceed from a selected more disfat@t move by partial entries at right to left back
and to fix in Nij* 4_; only these adjacents, wherep&lements correspond te
elements of precedingij* g.

S5.1.4c. If in partial entry is fixed mutual adjacency pelements, then it also belong to
entry. By using these conditions for all the paréatriesNij* 4 we obtaina pair
entryBij* , which characterize a pair gragh(in present case pair graghio):

= 11 2 2 2 3 3 6 7 9
= 2 3 36 767 9 9 __10
Bij* g=1 Bij* 4=2 Bij* 4=3 Bij* 4=4

By pair entryBij* to fix:

a) list of elements of pair gragh 10, B116~{1, 2, 3, 6, 7, 9, 10

b) pair signdna 1= —4.7.1Q where—4 is distanced, 7 —the number of elementsand10 —
the number of adjacencies (edgg®f pair graph (def. 4).

Comment:The lists of elements of pair graphs are oper&mdsome other functions.

A

1.5. Fixing the partial entries for cases d>1 of a paéntry Bij*. In the formed pair entry to
fix for all its j-elements on the distandel (in present case fgr9, 7, § their partial pair
entries. For example, obtain tiat¢~{1, 2, 3, 6, 7, Pand dngy.~ —3.6.9 andB;={1, 2,
3, 7t anddnq; = —-2.4.5etc.

S5.1.6. Forming all the pair entries Bij* for cases d>1Proceed from ordered neighborhoods
Nij* to find so far no fixed more distapelements and to form corresponding pair entries.
In present case for12, after it alsall and5 etc.8 belong toB(i=1,j=12)*.

S5.1.7. Forming a pair entry Bij* for triangular case d=1.If in Nij* 4=> be fixed mutual

adjacencywith j-elements oNij* 4=1, then to fix forNij* 4=1 j-elements only these. Back, in
Nij* 4=2 as well to fix only these adjacent pairs. In préssase we have next pair entry

Bij* :
i= 11 2
= 23 3
Bij* g=1 Bij* g=2

By pair entryBij* to fix:
a) list of elements of pair grapgs, andgy s, B1=B1s={1, 2, 3,
b) pair signdng, =dngy =+2.3.3 where 2 is thecollateral distance # between adjacent
elements.
Comment:ln present case it is 3-clique. This method wailks in case of arbitrany-cliques.

S5.1.8. Forming a pair entry Bij* for non-triangular case é1. If among adjacent elemerjtsf i
exist such that do no have mutual adjacency wikierst adjacent elements of I, then to
remove for once this connection (edgg)On present example isj#4. In such case is the
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graph structure modified and we must to form a newghborhood entriXij* and by it to
fix correspondingd>1)-pair entryBij* :

i= 11 2 2 2 3 3 6 7 9 11 8
= 2 3 36 767 9 9 11 8 _ 4
Bij* g=1 Bij* g=2 Bij* ¢=3 Bij* g=4 Bij* 4=5 Bij* 4=6

By pair entryBij* to fix:
a) list of elements of pair gragh 4 B1+~{1, 2,3,4,6,7,8,9, }1
b) the number of connections (edges) equal to edjguairs plus onee{ 4); thus the pair
signdng, 4= +6.9.13
Comment:S5.1.8 can be use also for triangular cases.

S5.1.9. Pair entries in the branching cases d=According to def. 4 the adjacent pairs of a
branch have pair entry in the forimg;=+1.2.1 For example, in the case adjacent pair
10:
a) pair graplgg.io Bo.1={9, 10,
b) pair signdngy 15~+1.2.1 Such sign has also adjacent @ait2

S$5.1.10. Pair signs for disconnected element8etween disconnected elements do not exist pair
graphs and according to def. 4 they have pair sigag= 0.

S5.1.11. Forming all the pair entries Bij* of a graph.To realize the tasks S5.1.2 — S5.1fdi0all
the elements;, but toexclude the reduplicationgt mean, that in case each pajrto
check, is the entrBij* for j-i already be formed.

S5.1.12. Decomposition the sign matrix.1) Decompose the sign matri$ by u-signs

lexicographically to classes. 2) In the framework 0§ decompose the rows and columnssby

signs to complementary class&s 3) Repeat (2) up to complementary decomposingrise.
RESULTS: apecomposed sign matr b) The lists of elemen{d;} of pair graphs
Example5.1. As result of SIP obtained all the pair signs @& finesented graph:

-5.9.10=A, -4.8.9=B, -4.7.10=C, -4.5.4=D, -3.6.9=E, -3.5.6=F, -3.5.5=0G
2.4.4=K, -2.3.2=L,

-3.4.3=H, -2.5.7=, -2.4.5= J, -
+1.2.1=M, +2.3.3=N, +2.4.5=0, +2.5.7=P, +3.5.7=Q, + 6.9.13=R.
|11] 9] 2| 3| 6] 7| 4] 1/10] 8]12] 5| i ABCDEFGHIJKIWOPQR  k
0] RI-G[-G|-L|-L]-L[-H|-L] R-L]-H | 11 000000220005 000002 1
0'K-K|  Q Q-HF-E[ M-LFHFL | 9 000010020022 100021 2
0l | 9 N-L| N-GFH-D] N 2 000100210011 031100 3
0l N N-L| N-G|-H]-D[J | 3 000100210111 030100 4
O|-I[-F|-J|-L|-H[-D] N 6 000101011102 021010 5
0|-F|-J|-L|-H[-D|-L | 7 000101011103 020010 6
0f R-D] RFL-H | 4 000102020004 000002 7
O-CI-LFHFL | 1 001010020202 020001 8
OFH[-D-H | 10 001200220003 100000 9
0f M-B| 8 010000050002 100002 10
0/-A 12 100500020002 100000 11
0 5 110000030103 020000 12
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5.2. System Forming Principle

A morphism at a structuS o its adjacent structur&S'%,, Fr: GS>GS*,, ne[1, N, represent
an elementary changécon. 9, def. 6), where the opposite change, sevé,, GS¥,—>GS is
treated as eeconstructioncon. 10). Both are related wigair orbits 2R, (con. 4).

Specification 5.2. Adjacency function. OPERAND: a)Complete sign matri&* of an initial
structureGS, b) Its list of adjacent vertices. ALGORITHM: 1) Proceed at conceded oriiR,,
ne[l, N, fix: a) morphism probabilityPF,; b) coordinatesj of the first element of2R,. 2)
Remove g_or add) from (to) the list.. Obtained a IiSLadJij of an adjacent grap®®¥,. 3) Applied to
the listL®¥ by turns (successively) SIP for obtaining ma®f¥,* of adjacent structur&S*,. 4)
By coordinatesj fix in GSY, Correspondin% reverse orl¥@RY,. 5) Retain the original form of the
initial list L. RESULT: a) Sign matrix $*%* of an adjacent structur&sS*®,; b) Morphism
probability PF,; c) Reverse orbit2RR,.

Commentsa) Metaphorically: reconstruction is not a triviaptacing a edge, but an operation with
an arbitrary pair in the reverse orbitb) Morphism is reversible (returnable)i.e. to each
(DmorphismF,~ correspond a (+)morphisf,* and contrary.

The idea of system algorithm is simple: to its @peris dist of adjacent elements™ only of an
initiate graph where on the base of obtained sign matyik to induce its adjacent graphs, and on
the base of lasts to induce their adjacent graphtsTe® result be obtained entries for all the
structures with various structural characteristicd measures and data about the system as a whole.

Specification 5.3. System functionBy a concrete example.

$5.3.1. Processing the graphs on the initial level G8R

S5.3.1a. OPERAND:List L™ of adjacent pairs of a grapfit is graph-structur&S.28in the
systemFGSVIF9):

5 6 1-3,4,5;
2-3,4,6;
1 2 3-1,2,4,5
4-1,2,3,6
5-1,3,6
6-2,4,5;
3 4
S5.3.1b. Forming the decomposed sign matsikby help SIP.
A:-2.5.7; B:-2.4.5; C:-2.4.4; D: +2.3.3; E. +2.4.5; F: +3.6.10.
|11 |22 |33 | k
[12 |34 |56 | i ABDEF 123
| 0B| D Ef D ¢ 1 011210 1 021
O E D C D 2 011210 1 021
| 0 Ef D Al 3 100220 2 211
O A D 4 100220 2 211
| 0 F| 5 101201 3 111
0] 6 101201 3 111
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Commentsa) In case of the large regular grapR*20 must be for structure establishment to use
complementarily also algorithms 6 (conjugate graqah) and/or 7 (exponentiation fncb) If it is a
single initial graph, then its existence probapilRtS=1, if the initial graphs exist more, then to
decompose (partite) existence probab#tyevenly; fix PSto measure’s entry

S5.3.1c. Identification the pair orbit$£2R,. Beginning at partial matri *=Sii* "Sq* with

ki.kj=1.1, then move td..2 etc:
11 12 13 14
22 23 24
33 34
4.4
In each partial matri;*, beginning at smallest pair sign to fix the powé&pair
orbit by help algorithm 3 (symmetry fnc.). To enuate each pair orbit by common
range number,n=1,2,3,...,N whereat the pair(-)- and (+)orbits to enumerate
separately:

S5.3.1d. Measurement the structure by help measure funetnahfix the results tmeasures

entry.

Measure’s entrnpf graph-structur&S.28

GS

K N N MQ MC DM HR 3003PS SR CPX TRA BRA HE

28

3

6 3 3 4 2 3.107 360 0.205 3.210 0.900 0 2571

Comment:The meanings of the markings see in measuremeatidn (fnc. 8).

S5.3.2 Forming the adjacent level GSK.

S5.3.2a. Inducing (forming) the adjacent structures by hatfjacency function.. Each pair

orbit 2R, corresponds to an adjacent struc@&%,;

1) by removal a connection (edge), that belong to ig(4arbit, from the adjacency
list, L™—jj, obtain the adjacency li&t®", of adjacent subgrapBS°®";
or/and
2) by addition a connection (edge), that belong taia({)orbit, to the adjacency list,
L"™"+ij, obtain the adjacency list™", of adjacent subgrapBS™";
3) to determine the morphism probabilRy, and to fix it toadjacents entry

S5.3.2b. Processing the adjacent struct@&, by its adjacency list®¥, on the ground of

S5.3.1 and S5.3.2a.

S5.3.2c. With help Structural Equivalence Principle cheaks is the obtaine®S%, already

1)

2)

in the levelGSR fixed previously:

If suchGS™, no fixed, then: a) assign for it current range hanm=1,2,...on the
level GSRY and add it to corresponding entry &S™; b) to determine its
prtg_liminary existence probabilityS¥I=PS™ xPF™,: c) to retain its adjacency list
L3,

If such G, fixed, then: a) to add its range numieron the levelGSR to
adjacents entry o65S™; b) to determine its current existence probabiRtg®:

PSU+PS™ xPF™,.

Adjacency entrpf graph structur&S.28
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GS n= 1 2 3 4 5 6
m"PGS™) | 5(14) | 6(15) | 8(17)
GS.28| kik(w) |1.1(-B)|1.3(-C)|2.3(-A)| - - -
PF"", 1/5 2/5 2/5
m(GS™,) | 15(48) | 19(52) | 21(54) | 3(36) | 13(46) | 12(45)
GS.28| kikw) | 1.2(D) | 1.2(E) | 1.3(C) | 2.2(E) | 2.3(D) | 3.3(F)
PF°", 2/10 | 2/10 | 2/10 | 1/10 | 2/10 | 1/10

Commentsa) Theren is the range number of pair or6#R,. b) m is the range number of adjacent
structure in uppem@“*?) and lower ') adjacent level correspondingk). ki,k; is the coordinates
of partial matrixS.x and(w) corresponding pair sign.

$5.3.3. Development the structure system F3S

S5.3.3a. Reiteration on the framework of pair orbi@R, of GS™. For eactne[1, N to use
S5.3.1c, S5.3.1d and S5.3.2n#N, then go to S15.3.3b. N

S5.3.3b. Reiteration on the framework of structu@S™,. of initial level GSR™. For each
me[1, M) to use S5.3.1, S5.3.2 and S5.3.3an#M, then go to S5.3.3c.

S$5.3.3c. Reiteration on the framework of structural lev€BlISR of the systenFGS'V'. For
eachre[l, R to use S5.3.1, S5.3.2, S5.3.3a and S5.3.3bRf then it is last level.

$5.3.3d. RESULT: For all the structuresa) Complete sign matrig*; b) Symmetry kindc)
Measure entriesd) Adjacency entries.

5.3. Some specifications about the adjacent structures

Case l. It is evident that adjacent structure ofeatex symmetric structuielocally symmetric

Example 5.2. Processing results the adjacent structures of-kmeNvn bi-symmetric Peteresen
graph. Byremovalat Petersen grapPET (Example 2.1) an edgg=4,5 is obtained its adjacent
sub-structurd@gT®:

A:-4.10.14; B:-3.6.6; C:-2.3.2; D:+4.7.8; E:.+4.9.12; F:.+4.10. 14.

1111122223 3 orb s

| 2 6 7 8 1 3 910 4 5 i ABC DEF 123 deg

0C F-C| E ECC |-C-C| 2 006021 1 120 3

0-C F| E-C E-C|-C-C| 6 006021 1 120 3

0o-C|-C-C E E-C-C| 7 006021 1 120 3

0[-C E-C E-C-C| 8 006021 1 120 3

| 0-C-C-C |-B D 1 015120 2 201 3

0-C-C | b-B| 3 015120 2 201 3

0-C | D-B| 9 015120 2 201 3

0[-B D 10 015120 2 201 3

| 0-A | 4 124200 3 020 2

0| 5 124200 3 020 2

By additionto Petersen gragPET an edge,j=4,6 is obtained its adjacent super-strucREg """

A:-2.4.4; B:-2.3.2; C.+2.3.3; D:+3.4.4; E:.+4.10. 16.
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11234 4 4 4]5 5 orb sl  s2
| 2100 71 90 1 3 5 8 4 6| i ABCDE 1234 12345 deg

0-B| E|l-B| E EB-B |-B-B] 2 06003 1 1020 01020 3
0| E|-B|-B-B_E E|/-B-B | 10 06003 1 1020 01020 3
0| Efl-B-B-B-B__|-B-B 7 06003 2 2100 20100 3
0|-B-B-B-B C 9 06201 3 1002 01002 3
|0-B D-B|-A D 1 15021 4 1011 10011 3
0-B D D-A| 3 15021 4 1011 10011 3
0-B| D-A| 5 15021 4 1011 10011 3
0-A D 8 15021 4 1011 10011 3
|0 C 4 23220 5 0121 00121 4
0] 6 23220 5 0121 00121 4
Common invariants and measures:
Synmet ry M |R
Local -symretric 10 45
Distinguishing invariants and measures:
G [El K N SW SV SRV HR SR TRA

PET(sub) 14 3 9 21'4° 05419 1'2'4°6'8° 0.8939 0. 4593 0
PET(sup) 16 5 16 1%2°4' 0.3612 1°2°4° 1.1582 0.2994 0.188

G N[N |[P|]CL|M|DM| SEV SE
PET(sub) | 3|6 6| 2 | 5 | 4 | 2'4'8' | 0.6379
PET(sup) | 7 | 9 |5 3 | 5 | 2 | 172°47 [ 0.3437

Comments:a) Exactly these same structuresulf and sup) are obtainable by operating with an
arbitrary edge on Petersen graph.Adjacent sub-structure of Petersen graph hasrtex- and 9
pair orbits, i.e. PET®"® has9 adjacent structuredts adjacent super-structure Hasertex- and 16
pair orbits,i.e. PET**? has16 adjacent structure@nd its symmetry valuSR is smaller).c) From
5-girth regularity of Petersen graph is RET* remained 14/15 or 93%, but PET™P 7/15 or
47%. The first is ,more petersenicall) Reverse pair orbjtthat reconstruct the Petersen graph
place in partial matritVs 3 of PET®*® by sign—A: reconstructing probabilitPF’=1/31 Reverse
pair orbit of PET**P place in partial matrifVs s in the form of signC; reconstructing probability
PF'=1/16. ) PET*® is a common adjacent super-structure of 3 initialcsures and a common
adjacent sub-structure of 6 initial structur®ETP is a common adjacent super-structure of 7
initial structures and common adjacent sub-strectdi initial structures.

Case 2. It is evident that adjacent structure ofstaongly regular structure cannot b&trongly
regular.

Example 5.3. Adjacent substructures of bisymmetric stronglyutag graphsSIB, andSIBg (see
before Example 3.5).

We know thatSIB, and SIBg have the same symmetry properties but reoe-isomorphic.By

removal from these graphs either an edge we olhain adjacent substructur&Ba\e; (SIBA)
andSIBg\g; (SIBg®*®) that have common pair signs:

-A: -2.6.8; -B: -2.5.6; -C: -2.4.5; +D; +2.3.3; +E +2.4.5; +F. +2.4.6.

SIBA3*? andSIB,3? have four vertex orbits:
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Vertex orbit | Orbit power | Frequency vector u; | O ass vector s;
k | V| AB.C. DE F 1.2.3. 4
1 2 18.9.1. 2.0. 9. 0.9.0.2
2 18 26.1.0 .0.0.12. 1.5.6.0
3 18 27.0.0. 0.0.12. 0.6.5.1
4 2 27.0.0. 2.1. 9. 2.0.9.1

Comments:a) The substructureSIB,*"* and SIBA** must benon-isomorphic so as their initial

structuresSIB, andSIB,, but have structurallgqgiuvalent usual sign matricé& and Sg. b) For
obtaining theseep sign matriceS*, andS*g is suitable to use th@oduct deep methdd3.1.3.c) It
is suitable to use there also the Graph IsomorpAigrithm.

Case 3. In case of thé)-symmetric structures (i.e. all the orbits are olegrents) can be exist
separate casewhere different pair orbit€&R,-, and(2R.- give the same adjacent struct@&,.

Example 5.4.. A very separate case between the adjacent stesct@raph structure&Sa

(GS.76(6.8.22)andGSs (GS.100(6.7.22)jin Graph Atlas G137 ja G113)

A:-3.5.6; B:-2.4.5; C:-2.3.2; D:+1.2.1; E +2.3.3; F:+2.4.5.
| 1] 2| 3| 4] 5] 6| k
1-4 2-5 |6]3]4]1]2]5] i ABOEF *
| O F| F] E-C] E 6 001022 1
6-1 3-2 0] E] E] D-B] 3 010121 2
0|-B]|-C] E| 4 011021 3
0/|-C|-C] 1 012020 4
0]-A] 2 103100 5
5-6 4-3 0] 5 111020 6
DEG=1'2234?
A:-3.5.6; B:-3.4.3; C:-2.4.5; D:-2.3.2; E:+1.2.0; F:.+2.3.3; G +2.4.5.
| 1] 2| 3] 4] 5] 6] k
1-4 2-6 | 6]4]3]1]5]2 i ABCIEFG *
| 0] § F| E|] F[-D] 6 0001121 1
6-1 3-3 0] F|-D|] F|-D] 4 0002021 2
0]-D|-C] E| 3 0011120 3
0/|-D|-B] 1 0103100 4
0]-A] 5 1011020 5
5-5 4-2 0] 2 1102100 6
DEG=122'324"

CommentsBetween graph&, andGg there exist the followingdjacency relations

Let structureGS, is aninitial structure. Then structur&sSs is its adjacent substructure G¥,

of GSy, F: GSp—>GSs. IndeedGale; =Ga\e; =Gg. In present case the isomorphism of greatest
subgraphs of grapfa does not mean belonging ef 3 andess to one and same pair orbit,
1= QRayn=0 and es = Rayn=11 but induceisomorphic greatest subgrapl@™*,.=Gg or one
and the same adjacent structu@&?,.

Let structureGSs is aninitial structure. Then structureGS, is its adjacent superstructure
GS', of G, F: GSg—>GSa. Indeed,Ggue; =Ggue, ~Ga, but correspondingly to sign matrix
We* e1xcfRe B)n=4 and e .=(Rp)-7. At the same time there are induasdmorphic smallest
super graphs$s"",=G, or one and the same adjacent struct@&,,.

Such separate cas@és not invalidateconstructive treatment of reconstruction problem.
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Case 4. An overturn the Ulam’s conjecture.

On an usual S.E.R.R. seminar in 24th April 200@ Aats Tauts overturn the edge variant of this
Conjecture by simple contra examplég-2a, G4-2band G4-1 Later succeed it expand with
examplesG4-3aja G4-3b.These contra examples were published in a S.Ei&sRe in year 2004.

Example 5.5. A contra example the edge variant of Ulam’s Catjexcon the ground of grapkab-
1, G5-2a, G5-2b, G5-3andG5-3h

G5-3a G5-3b
[ o —0
G5-2a G5-2b

J
J

[ ] [ ] e—  ©°
G5-1
o——————————©
[ J
([ J ([ J
Comments:

a) There exist the sameommon (G\g;j)-sub-graphsG5-2a and G5-2b of non-isomorphic
graphsG5-3aandG5-3h

b) There exist the sam@®mmon(G\e;)-sub-graph<55-1 of non-isomorphicgraphsG5-2aand
G5-2b.

Are with these contra examples Ulam’s Conjecturertown, or not? In the first cas®t, because:
1) For changing grap@5-3ato an isomorphic with grapB5-2aexisttwo chances, but grapB5-
3b has for this onlyone chance. 2) For changing graf®-3ato an isomorphic witlG5-2b exist
only onechance, but grap@5-3bhas for thiswo chances. In the second cass because graphs
G5-2aandG5-2bboth have justwo chances to changing these to isomorphic with g&pii.

A try for rehabilitation the Conjecture. Let graphG hasp verticesv, andH hasp verticesu;, with
p>4. If for each edge;, the sub-graph&;=G\e; andH;j=H\e; are isomorphic, then the grapGs
andH are isomorphic.

Comments:a) Ulam’s Conjecture had overturns by the secondraoekample. Seem that this
contra example be valid only then, if graphs hast four verticesb) Replace the usual condition
p>3 with a newp>4. c) It no has thought, because no connected vertemede exist many and the
second case yet overturns the Conjecture.
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