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(b) moves vy to the isth outgoing neighbor of vy, vs.
(c)
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where:

moves from 79 to i3 where vy is the i3th neighbor of vs.
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(s0 Z(GN) s d:‘(egm\uc)



Zig 209 produd Z(G W)
let G be C)\’Q%_\A\o.f
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o (c) moves from iy to i3 where v; is the i3th neighbor of v,.
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where:
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o (a)is a step in H from i; to its kith neighbor, i,.

o (b) moves v; to the isth outgoing neighbor of vy, vs.

o (c) moves from iy to i3 where v; is the izth neighbor of v,.
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verfices: N xNy= 1 (o, V) ueNp, veVRs
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(b) 1 to th th tg ng n ghb of vy, vy

) mMovi f om iy to i3 wher th izth neighbor of v,.
+ to its by thn ghb nH.

'(T6Ry) Takes (andom sleg W W,
\eoves G-coocdinale Fixed

* Z does ANermmisiic "‘4‘3‘ 20&5 Slep



Zioy- Z0q pVOO\vﬂ VA(CR)!

S\m@\ef‘ Z\g’ 20\3 ?\'QA\AE‘ let G be d-cegilar
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% o YY\O'XY\X u\\l\ u‘\‘z M\A‘\l“
. WV, Wy Wy
W

U,\‘l\ uvavl v\\‘“

® mos wvek > woey e =RHRD



TQ\\SO( ?(ock wals
Sor AT ReR,
A@B S o \i‘f\ea( wnap on WXW“ défmeA 57'

(A®RYC= ACB  Sor CeRM<"



Tensor produdt I®R\
Nxd :
I®R\.\ s o lnear wop on ® ) IS e ‘0‘/

((TORNON), = Ry¥y ReR™

whece  Xy= v row o5 XK,



'Z'\g— Z0q p(‘oAvﬂ Z((:,HB
le¥ G be dreeglar s
RH: V \Q \I\ 4 ﬁz(vzw ":) X~ ﬂn(\’“@\lvb H be o\o‘ve.%u\ac w/ d verfices

verfices: N xNy= 1 (a0 weN, veVys
edges: Joc (v,iNeNge, ¥k eTdo):
The (%, kD% vweighoor o5 (v i (4,4

v v V! V. v
< .1> (a) (‘1) (b) (‘2> (C) < .2> (d) ('2)
11 L2 22 13 14
where:

o (a)is astep in H from 7; to its kith neighbor, 5.

o (b) moves v; to the isth outgoing neighbor of vy, vs.

o (c) moves from iy to i3 where v is the i3th neighbor of vs.
o (d) moves i3 to its koth neighbor in H.

(So Z((,,\-\) \s d;"\'e,gu\a\(q

leY Ry=¥andorn walk Sor ¥

wWrite candem walk Sor Z(G M)

05 (T6RY) Z(TRY) where

*(ToRy) Takes (andom slep n W,
\eoves G-coocdnale Fixed

* Z does Aefermimsic "‘L‘g‘ zag fep

Tensor produd I®Ry
IR, i lnear wap on W\\N\
(ToRN, = Ry
whece XV'-'- Y Yow 5 K|
IB(ATR) = I®A + I®Q



R;_\: R\.\" K“S hos e\ée.v\\la\\ue,s " [‘6\;\, \'W“—\

(TR ZEGRy)
= (To®y+§,9) Z(TORy1§,9))

'Z'\g- zoq pt‘oAvﬂ Z((:,HB

\Q:\- (7 he— d- (E%,“\Qr (H Wi\ be Ol degree exponded
H be o\c,'ve,gu\o«‘ w/ A verfices

verfices: N xNy= 1 (o, ueN, veVys
e.dge,s: Soc (v"'\be\l(,x\la , \s‘,k-,ﬁfo\o‘\',
The (%, kD% weighbor 65 (v i (4,4

v v V! V. v
< .1> (a) (‘1) (b) (‘2> (C) < .2> (d) ('2)
11 L2 22 13 14
where:

o (a)is astep in H from 7; to its kith neighbor, 5.

o (b) moves v; to the isth outgoing neighbor of vy, vs.

o (c) moves from iy to i3 where v is the i3th neighbor of vs.
o (d) moves i3 to its koth neighbor in H.

(So Z((,,\-\) \$ d;"\"e,gu\m‘w

leY Ry=¥andorn walk Sor ¥

wWrite candem walk Sor Z(G M)

05 (T6RY) Z(TRY) where

*(ToRy) Takes (andom sep n W,
\eoves G-coocdnale Fixed

* Z does Aefermimsic "‘L\g‘ zag fep

Tensor produd I®Ry
IR, i lnear wap on W\\N\
(GORMN), = Ry,
whece XV'-'- Y Yow 5 K|
IBX(ATR) = I®A + I®Q



RH R\"\ K\\S hos e\ée.n\lm\ues v\ [U\_\\ \-T, ’\ Zigrzog produd Z(GM)

let G be o- m%u\o.(‘
H be o, ve.gu\o;(‘ w/ d w.ﬁ\d-s

veiices: V XNy = 1 (u,0): ueNp, ve Vs

(1®R“\Z(I®R\D eo\ge.ﬁ: Soc (v, \eNXNe, ¥k eTd\:

The (K, kD veigioor o5 (i) i (4,09)

- 51(1@ 8z (1®5) () = () () = (2) = (2)

where:

(H W\ be O(D-degree exponderd

tp Hfm ttkth ghbor,ig

(4 + (a)is .
+ Ty (@E®N Z(TDR)  Bmmp et ety

o (d) m t tkth ghb H.
(so Z(GW) is d5-vegulac)

4
“— WH (I® R“\ Z(I®S) leY Ryy=Yondom walk Sor W
’ wWeite candem walk Sor Z.((:,\'“
"\' (I-QR(-DZ(S-®R\D 0s (TeRY) Z(ToRY) whece
*(ToRy) Takes (andom sep n W,
\eoves G-coocdindle Fixed
* Z does A¥ermmsiic "7-\3’ 7-0«;; Slep

Tensoc pfoo\v\cﬁ I®R\.\
TR, is lvee wap on B
((1®RH37QV = RuXy
whece XV‘-’- Y Yow 5 K|
I®(ATR) = I®A + I®YQ



OpefaYor norm:
WA= Mox § WAXN: Wxh=4%



RH P\\-\ K“S has e\ée.v\\lm\ues \n [W\.\

(1@@\3)2(1@({\.0

= Yu(199)2(T89)
4—'5}‘C1595;Y716332”Rw;)
r ¥, (TORY) Z(1®9)
+ (zeRz(IeRy)

\ \ ~6- '\ 'Z\g-mg ?“QAMC‘ Z((o W)

\e:\- (’ he d (E%'“\Qr (H v\ be OLD-degree expandec)
H be dg ve.gu\o;(‘ w/ A wverfices

veiices: V XNy = 1 (u,0): ueNp,, ve Vs

edges: Soc (v, \DeVNNg, ¥ ¥keD\:
The (K, nagioor oF (ni) i (4,1

v v V! V. v
< .1> (a) (.1) (b) (‘2> (C) < .2> (d) (.2)
11 12 22 13 14

o (a)is tanfm to its kith neighbor

o (b) m 1 to th th utg ng ghb f
()mv f om iy to i3 where v; is the isth ne ghb of vy.
o (d) moves i3 to t ko th ghb in H.

(s0 Z(GW) s a;*-regw\m

leY Ry=¥andorn walk Sor ¥

wWeite candem walk Sor Z(G M)

05 (T6RY) Z(TRY) where

*(ToRy) Takes (andom sep n W,
\eoves G-coocdnale Fixed

where:

' Z does ddflerminisiic “ziq-zay dep
Tensoc produd I®Ry
IR, is lnear wap on W\\N\

(@BRNN), = RyXy
whee Xy= v vow o5 X,

I®(AYR) = I®A + I®R
I A¥RN £ LA+ 1R\

NABN < AW WRN
\ A®R) £VAN W8\



RH R\-\ K“S has e,\ge.v\\lm\ues \n {W\.\

(Te&RW)Z(T6R)
= B (1992 (188)
+ Ty (IB Z(TORY)
r ¥, (TORY) Z(1®3)
+ (x@Ryz(E®RY)

~ ¢ Candom vertex wn W
(1@95‘)/&
s‘re? ™ G bosed on W

= « Condom e w O } R(,®6

* Candom Vevtex w B

\ \ ~6- '\ 'Z\g-mg ?foAvﬂ Z((o )

\Q:\- (’ ke d (E%_V\\Qf (H i\ be OWN-degre exponded
H be o, \’e.%u\a(‘ w/ A werhees

veiices: V XNy = 1 (u,0): ueNp,, ve Vs

edges: Soc (v, \DeNNg, ¥ ¥k eD\:
The  (k, kD3 veigioor o (i) i (4,09)

v v V! V. v
11 12 22 13 14

o (a)is tp n H from i, to its k;th neighbor, is

o (b) m 1 to th th tg g ghb of vy, vy

o (c) m f om iy to i3 wher th isth neighbor of vs.
« (d) moves i3 to its thn ghb n H.

(so Z(GW) s d3-vegulac)

leY Ry=¥andorn walk Sor ¥

wWrite candem walk Sor Z(G M)

05 (T6RY) Z(TRY) where

*(ToRy) Takes (andom slep n W,
\eoves G-coocdnale Fixed

where:

* Z does Acfermmshic ""-ﬂ' 7-0«5, Slep
Tensor produd I®R,,
IR is lnear wap on \V\\N\

((T@RNN), = RyXy
whee Xy= v vow o5 X,

I®AIR) = I®A + I®R
I A¥RN £ LA+ 1R\

NABN < AW WRN
\ A®R) £WAW W8\



4
_ _ ‘ ) AT OA\A-‘ Z((?H
RH - P\\_\ K“S has evgew Aues \n [W\-\ \! ’\ \e% Z‘“%e Pc: m%::\ar . 3@ i

(1®R“XZ(I®R\D H be d, “reguac w/ d veftices

veiices: V XNy = 1 (u,0): ueNp,, ve Vs

- p N edaes: Soc (voideNexNe ¥ k,eDd -
- 8 w'\ o™ VE, (Viar o3
a_\ (1® 6)2' (1®6) , The (%, kD m'\é\\‘oor o5 (v,i)) (V-,,,'n.b
+ Ty (@® 5)2(1®R“) ()= ()= () = () = ()
where:
[ o (a)is tp n H from i, to tkth hbor,z’Q.
t ¥y, (TORY) Z(2®5) e

p ’ (so Z(GW) is d3-vegulac)
+ (1@RDNZ(IBRY) le¥ R= Condhorn vl Sor ¥
write candem walk Sor Z.((:,\'“

(I®63 Z Li@ 53 = R ®$ os (T6RY) Z(ToRy) whece:

*(ToRy) Takes (andom sep n W,

EFO\J AR hos e.'v&exw olues 7‘/\)‘6 whe (2’5 \QQVQ.S ()—C-OO(A.\MVQ. s\xed
- A s o eigerneue S A * Z does defecmmsic “zig- zay Jep
715 — B® : N

i-----------------------------------------------------i Tensoc pfoo\mcj I@R\.\.
IR, is lnear wap on R
(@eRDK), = Ry¥y
whee Xy= v vow o5 X,
I®H(AYR) = I®A + I®R
TAYRN < VAN + 1R
N ABH £ NA) LR
\ A®R) £WAW W8\



A\ PW '\'aae,‘\\\e_f :

Soc ‘X&R\‘&A o(“noa_om\ Yo 1\”«:‘ Wx\\=1,

&y, (TERWZ(TBRY) x>
= 6 Ly, (1992 (TRS)X?
+ Ty &x, (@B Z(TORY)XY
t Ty <%, (TORY Z(1@9) %Y
¥ L, (Z@RDNZ(IBRY) %Y



