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Figure 1: Standard Formation and Graph
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Figure 2: Generalized Formation and Graph



o

a\ /b Sa, 53'-""1:‘\6} b
ERD:
c A b







At oA epetals el foeh et

lf-c’r%ﬁ)&nﬂr.{]—a‘-ﬁ con be swite Lt.c,g:l

coloy = Hc. 5+b+€as.



M. Hflan e Krinrts
ot bt ke, Aan reaemio-

XX~ v
\
; "";;:f:ﬁ.. colow
P A
toith " colovs.









S
= ﬁ}@ 0B

— -2+ = nln—10.

p—r—



colpva L(e)

, Ty is wil”
‘ . in X colors.

‘ E«-cﬂ-ﬂ_—é_
Can b

coloved wi "‘Ll"

'an (gv.c.

\%Olom; J3

J Rufus Isaac's J Construction.

Horr P40
%ﬂpw ..;n(—e.«-u:u-éw-\-

— @P.n=3
2.4 =Y

loo s e ALY
:.aPtalf>

)



Figure 20: Isaacs ./, can be PM-colored with four colors (but not with three colors).
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Virfwa] Knot T heory

Figure 27: Moves
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Figure 28: Detour Move
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Figure 30: Surfaces and Virtuals



Figure 31: Replacing Virtual Crossings by Handle Detours
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Figure 33: Double Virtual Link and Double Virtual Knot
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Figure 40: Loop Evaluations
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Figure 49: Example of Non-Trivial Double Virtual Knot whose Virtuality is Invisible to
Generalized Bracket
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Algebraic right and left under-threading

Figure 79: The Moves (ii), (iii) and (iv) of the Algebraic Markov Theorem.



Theorem. (Algebraic Markov Theorem for multi-virtuals). Two oriented multi-virtual links
are isotopic if and only if any two corresponding virtual braids differ by a finite sequence of
braid relations in MV B.. and the following moves or their inverses. In the statement below

and in Figure[79] v,, stands for any given virtual crossing type.

1) Virtual ‘eal conjugation: ViU ~ e~ O Q0
(i) Virtual and real conjugation '

(i) Right virtual and real stabilization: QU,, ~ (. ~ unf'

(iii) Algebraic right under-threading: o ~ ac v, 0"

| —1

. . - . } \
(iv) Algebraic left under—threading: o ~ av,v, 10, (vn) 0, U0 100,

where a.v;.0; € VB, and v,.0, € VB, ., (see Figure [79) and (v,,) denotes a possibly dif-
ferent virtual crossing type from v, . Note that in Figure [79) this possible difference in virtual
crossine tvne is indicated bv a box at the crossine rather than a circle.
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