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\qwire \gbraid \qwire \n
\qcup \gcuprev

\qcaprev ¥ A~ %,\qcapld -~~~ %, \gwireld | %, \gbraid (% X %, \qcup &
%, \qcuprev ¥ ‘¢’ %, FAH{HETE. AL LT, av Y FORBOED HE XN TNV Z 227
05,

BETINE, N YT 4 YRy 7 AT 5. URchlERS:

. /*\ DT YF 4 TRy 7 AEARLT % & (/5\

. DN YT 4 TRy 7 20T 5
N | h

.‘ DN YT 4 TRy 7 A% T 5L

« N\ ORTYFa v TRy s AEAHLT B S~

NI YT 4 TRy 72T 2a~xy P, AL LIAND YT 4 VR y 7 20T F A M EEL
a<w Y REROEHYTH 5:

o AIAUE
— \gbb: FFEDRTDONT VT 4 VI Ry 7 A% TR,
— \gbball: BTOERTDONY YT 4 ¥ TRy 7 A% —EITFKR.



— \gBBall: ¥ ¥ Y NARRZHELN\NY > T 4 VTR 7 A% ZFKR.
e THXRAFMEESL
— \bbsymbol: NV YT 4 ¥ Z Ry Z AT F X+ ZHALE.

\gbb [<&>] [<ID FI>]

BB (AT a ) BRI, AISEOBAIRE.
BB NREBIETOMABEDY 2 L RIEEL, TALRELAY YT 4 ¥ IKy 7 ARRR.

\q{\gbox\gbb[1]}

2.7

r

\q{

\qcaprev \gcap

\n

\gqwire
\gqwire

\qcup

\gbraid \gqwire \n
\gbraid \gqwire \n
\qcuprev

\gbb[4,7]

\

e

fl 2.8

\gq{\gbox\gbox\gbox\gbox\gbox\gbox\gbb[yellow] [2,...,5]}

\.

r

% 2.9

\q

{
\gbox\gbox\gbox\n
\gbox\gbox\gbox
\gbb [green] [2,5]

}

\.




\q{
\gcaprev \gcap \n
\gwire \gbraid \gwire \n
\gwire \gbraid \gwire \n
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\gbb[1]
\bbsymbol{® (F7#JLF)}
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\bbsymbol [NW] {tF&} [above left]
\bbsymbol [SE] {55} [below right]
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\gbb [red] [1,2]
\bbsymbol{Measure}
\bbsymbol [W]{Output}[left]
\bbsymbol [NW] {Computation}[above left]
\bbsymbol [NE] {Physics} [above right]
\gbb[yellow] [3,5,6,8]
\bbsymbol{Braid}
\bbsymbol [W] {Compute} [1left]
\gbb [cyan] [9,10]
\bbsymbol{Create}
\bbsymbol [W]{Initialize} [left]

}
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x R v 7 2D EAFE: (
* Ry 7 ZDRACH: (ne-ID)
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*

*
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* Ry 7 20&F: (n-ID)
x Ry 7 ADEEN: (s-1D)
* Ry 7 ZOEMA: (w-1D)
x Ry 7 ZDERE: (e-ID)
x i HEOH A (0-4-1D)
* 1 HEHDATIA: (I-4-ID)
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*p,P

— EER kI LT, p=k & n=k, s=k ZEKT 5.

— FREHOARES K I LT, P=K I N=K, S=K Z BT 3.
e nname

— name=<text> ICL D, Ry 7 RDENIT<text>DENNS.

\def\pradius{0.4pt}
\q[scale=5]
{
\gbox
[
n=3,N={2},
s=4,5={1,4},
hlen=2,
vlen=2,
id={ID},
name={&/» (C-ID)}
IN\n
\gbb [ID]
\node [above] at (NE-ID) {NE-ID};
\node [above] at (NW-ID) {NW-ID};
\node [below] at (SE-ID) {SE-ID};
\node [below] at (SW-ID) {SW-ID};
\fill (NE-ID) circle (\pradius);
\fill (NW-ID) circle (\pradius);
\fill (SE-ID) circle (\pradius);
\fill (SW-ID) circle (\pradius);
\node [above] at (ne-ID) {ne-ID};
\node [above] at (nw-ID) {nw-ID};
\node [below] at (se-ID) {se-ID};
\node [below] at (sw-ID) {sw-ID};
\fill (ne-ID) circle (\pradius);
\fill (nw-ID) circle (\pradius);
\fill (se-ID) circle (\pradius);
\fill (sw-ID) circle (\pradius);
\foreach\i in {1,...,3}
{
\symboln[\i] {n-\i-ID} [below]
\fill (n-\i-ID) circle (\pradius);
\symbolN[\i]{N-\i-ID}
\fill (N-\i-ID) circle (\pradius);
}
\foreach\i in {1,...,4}
{
\symbols[\i] {s-\i-ID} [above]
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\fill (s-\i-ID) circle (\pradius);

\symbolS[\i]{S-\i-ID} [below]

\fill (S-\i-ID) circle (\pradius);

}
\draw[line width=0.2pt] (NW-ID)

to [bend left=60] node [fill=white, midway] {hlen} (NE-ID);
\draw[line width=0.2pt] (NW-ID)

to [bend right=60] node [fill=white, midway] {vlen} (SW-ID);
\draw [red, <->] (C-ID -| W-ID)

-- node [midway, auto, font=\footnotesize] {0.5} (C-ID -| S-1-ID);
\draw [red, <->] (C-ID -| S-4-ID)

-- node [midway, auto, font=\footnotesize] {0.5} (C-ID -| E-ID);
\gwire[arrowtype={loosely dotted}, dom={s-1-ID}, cod={n-1-ID}]
\gwire[arrowtype={loosely dotted}, dom={s-4-ID}, cod={n-3-ID}]
\node (Olprime) at ([shift={(0.25,0.25)}]10-1-ID){0-1-ID};
\draw[->,red] (Olprime) to ([shift={(0.05,0.05)}]10-1-ID);

\node (Ilprime) at ([shift={(0.5,-0.5)}]1I-1-ID){I-1-ID};
\node (I2prime) at ([shift={(0.5,-0.5)}]I-2-ID) {I-2-ID};
\draw[->,red] (I1prime) to ([shift={(0.05,-0.05)}]1I-1-ID);
\draw[->,red] (I2prime) to ([shift={(0.05,-0.05)}]1I-2-ID);
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hlen
0-1-ID
N-Q-H/ N-3.ID NE-ID
. . ne-ID
n-1-ID n-2-ID n-3-ID
0.5 : ~ : 0.5
vlen . E#ED(CID)
sIID 520D  s3ID  s4ID
sw-1D - - se-ID
SW-ID S-1-1 S-2-1D S-3-ID S-4-1 SE-ID
I-1-ID -2-TD

\

\quwire D arrowtype ¥ —¥ dom, cod F—1F 22 R—=I D 2.3.7 HIZTHHT 3.
B> A~JL (\symbol)
\symbolI [<&EE>]{<label>} <A T 3 >>]

[l 213, \symbolI [2] {text} [below right, id=<ID>] IZ& D, \q{\qbox[p=3, id=ID]} ([____]) ®
2 HFHDANIE (1-2-ID) OF FIC “text” BEIPNDE. BEL AT a VOREDKRVE 21X, 77 4L MA
1, below, id=<EFIDH D> {AWHINS. lcd T~V FKRav > R LT,

\symbolS [<&EE>]{<label>} [<A T 3 >>]
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\symbols [<&FES>]{<label>} [<F T 3 >>]
\symbol0 [<&EF>]{<label>} [<F T 3 >>]
\symbolN [<&HEB>]{<label>} [<FA T 3 >>]
\symboln [<&EE>]{<label>} [<F T 3 >>]

M 5. \symbolS, \symbols I Z LI (S-i-ID), (s-i-ID) i<label>% &L . FE i D7 7 + /L MHIZ
1, A 7> a>®7 7+ /L MBI below TH 5. \symbolD, \symbollN, \symboln IXZhZ N (O-i-ID),
(N-i-ID), (n-i-ID) iZ<label>% &< . FE i OF 7+ LV MEE 1, £ 7> 2> D7 7 4L MElX above T
H5.

\q{
\gbox [p=5, S$={1,4,5}, id=ID]
\symbolO{A}
\symbolN[3]{B} /} . B . .
\symboln[5]{C}[below left] C
\symbolS[2]{D} : : :
\symbols [3]{E} p E F G
\symbolI[2]{F}
\symbolI[3]{G} [below right]
}
\q{
\gbox [p=10,N={1,2,5,6,9,10}, id=ID]
\foreach\i in {1,...,10}
{
\symbolT [\il{\(x_{\i}\)2}
}
\foreach\j in {1,...,6}
{
\symbolO[\FI{\ (y_{\jF\)}
}
}
hn Y2 Y3 Y4 Ys Yo
1 1 1 1 1 1
T T T T T T T T T T
T Z2 z3 T4 Ts Ze T s 9 Z10




232 #&bRL
\qloop [<EIF>1{<aA¥ > F>}

\qloop 2~ ¥ FEZHWAUX, F8E LEEZ T a~ Y F2i#gDiEE 5:

f 2.19

\g{ \qloop[10]{\gbox} }

\qloop 2% Fid\q A THEMHAIRETH %:

BRT #ERT #ERT BRT #R7
BRT #ERT #ERT BRT #R7
BRT #ERT #ERT BRT #R7
BRT #ERT #ERT BRT #R7

\qloop[30]{f¥K T}

7

233 HIBESORT
\q{...} Hoa< Y FIZZHINGENES NGS5, show id=true ZIEET 2 &, ZNHLDERE

i 2.21

|:L
o

\q{
\gbox [show id={true}] \gbox[show id={true}] \gbox[show id={true}]\n
\gbox [show id={true}] \gbox[show id={true}] \gbox[show id={truel}]

}

4 o HH w

| '
\

Bl 2.22

\q
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\gloop[10]
{
\qloop[10]
{
\gbox [show id={true}]
Fn
Fn
}
1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10
[ [ [ [ [ [ [ [ [ [
11 12 13 14 15 16 17 18 19 20
[ [ [ [ [ [ [ [ [ [
21 22 23 24 25 26 27 28 29 30
| | | | | | | | | |
31 32 33 34 35 36 37 38 39 40
| | | | | | | | | |
41 42 43 44 45 46 47 48 49 50
| | | | | | | | | |
51 52 53 54 55 56 57 58 59 60
[ [ [ [ [ [ [ [ [ [
61 62 63 64 65 66 67 68 69 70
[ [ [ [ [ [ [ [ [ [
71 72 73 74 75 76 7 78 79 80
[ [ [ [ [ [ [ [ [ [
81 82 83 84 85 86 87 88 89 90
[ [ [ [ [ [ [ [ [ [
91 92 93 94 95 96 97 98 99 100
T T T T T T T T T T
\
234 &
Ry 7 2Bz HETE 5:
e color

— Ry 7 ZANE D, 213 color=green 12 LD .
e frame color
— Ry 7 20¥:Dt, flZ1E frame color=cyan 2K D m
e morphism color
— Ry 7 ZANDOH D8, il 21X morphism colon=red IZ & D
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Bl 2.23

\q
{
\gbox
[
name={\(£\)},
color=green,
frame color=cyan,

morphism color=red

7

WY, S, FEHF QWorld l& pgffor Ry 7 —I%B—FLTWS7%kD, VA MIMLT... ZHVWEIK
ERERHTE %:

o 1,...,10: N 1 OFEEHD
o 1,3,...,11: RAIO ZIHIZE DW= RNEDFEELT

\a{
\gbox [N={1,...,10}, S={1,3,...,11}]
}

r
\.

\q{
\gbox [N={1,...,4,6,8,...,20}, S={1,...,20}, hlen=10]
}

\q{
\gbox [N={1,...,4,7,10,...,19,20,21,...,25}, S={1,...,25}, hlen=10]




2.3.5 HERERE
BTOMNBEEEZHMNICIEET 2a~Y FTH3. BB, z, y 3ERTHINEEFIRL, 271.5%
cos(pi), sqrt(2) 2 ¥ d\fpeval DFHiiA[FEINTH UL K.

o \qmv[z,y]
— (z, y) PHHATRENIT 5.
- 774NV Tax=y=0.
e \n[y]
—y ROEERTL (Y=Y —vy), XEEEZ 0127 5.
— FI7FNM D Ty=1ThHH, ZITO XS LEH AL,
¢ \gspace[z]
— x R FREET 5.
— FI7ANV T or=1ThbH, AR—ZAF—D LI REHFEAES.
— \gnv[z,0] *FAFETH 3.
e \greset[z,y]
— R (zy) TEENT 5.
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Auto-updage

\gspace[0.5]

\greset

lﬁ

\gspace [-3]

23.6 HENEER
at F—Z2HWIUR, MR T E ZHEETE 5. \q{\gbox[at={2,3}]1}HI\q{\qreset [2,3] \gbox} &
FFETH 5.
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B 2.27 a5 EERR

\q{
\coordinate (a) at (0,{\fpeval{2*sqrt(3)1}});
\gbox [at=a]
\gbox [at={-2,0}]
\gbox [at={2,0}]
\fill[red] (a) circle (2pt);
\fill[red] (-2,0) circle (2pt);
\fill[red] (2,0) circle (2pt);
\node [below left] at (a) {a};
\node [below left] at (-2,0) {(-2,0)};
\node [below left] at (2,0) {(2,0)};

('270) (270)

. 7

TX §fEldF =2 —V VIRETHBYN. Thbb, COMIEETEIHLWLI T ALY XLIF TEX Titid
ARETHS. WY I 2L —>ay (RAEFROMERETH), 85> I 21— a > (RERK), 5123
ATHIBEDSBE 7A=Y X 2 (EGERES HAS L) ——

Yhd TEX THETE 2.

L L, ThEEBICR S5 L ES ABIZEZ L TERUEEVWEES 55?7 BEEY — F7ATY ZATT
5 TEX TEE AWV, ZAUIEEY 7 b TR— N2 VAR B LI RSDENBTH .

AN, THA.

EHE T B2, 2 LT at F—2HOEY — F 7Y ZLRED BT

LHIZIE, Fa—Vyres Y al— b TE%Z LM LiteratePrograms O T/RENTS [4]. %7, Overleaf DFLHEHTIZ,
TEX 2V 7 4 RF v FROIOFEFEPENEIATED, 20F 2—) Y IEEUEOERMIEMRTE 3 [5].

*2 7% &: 2011 4E 1 A 20 H, ERAIBRIK 4chan 128V T “Sleep Sort” W5 Y — b 7 A3V X AN I [2, 3] 2OTL
Y AnlEBash A7 Y SR EHOTEATMEEZ AL v B2 UCERIAICHEIITL, ZRZRDRAL Yy FOKRT XA I V7 (IBEXN
o “RV =77 ) RFHVWTYRAMEY - T EFIETH 5.
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-1

\newcommand{\AtSort}[1] [1]1{
\q
{
\foreach \i in {#1}
{

\gbox [name={\i}, at={0, -\i}]\n
}
}
}
\AtSort[4,1,3,-1,6,2]

H4 = H w H v H =

<. WEICEL.
72, —OMERD 5.
R FDERIHEIHEOAZTHENZTENTVR E, HADPEE,SIZAHLTLESDTHS.

237 TAV—DHREIALX
231 HTEE LRy 7 R [] DF—DHT, id, vlen ZVA Y —TdEHNTH 2. V4 Y—FHD
F—2 LT, HANRDDEIROED TH %:

o dom: AJTHL.
e cod: HF7AR.
— 774V Ml dom % 1 72U AEAEERE L 2 E.
o label: VA ¥ =TT EMIT .
e label at: 7 NILDY A ¥ — LONE.
— 77 # /L ;T midway.
e label side: I E T A ¥ —DN BRI,
— 57 %L T right.
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Bl 2.29

\

\q{

\gbox [n=3,hlen=1.5]
\gbox[at={1,2}, s=2, hlen=1.5]
\gbox[at={-1,4}, s=2, hlen=1.5]

\gwire [dom={N-1-1}, cod={S-1-3}]

\gwire [dom={N-2-1}, cod={S-1-2}]
\gwire [dom={N-3-1}, cod={S-2-2}]
\gwire [dom={N-1-2}, cod={S-2-3}]

74— \ DAY YF 4y IRy 7R, [] LALTH:

% 2.30

e

\q
{
\gwire\gbox\qwire\n

\gbox\qwire\gbox
\gbball
}

J

IAXY—DANU YT 4 IRy 7R, dom Z AN, cod T NHRE T2 X8Ry 7 ADFHE —K

ERAY

=
) ==

f 2.31

\q[scale=3]{
\coordinate (A) at (0,0);
\coordinate (B) at (2,3);
\gwire[dom=A, cod={1,1}, label={wirell}, label side={left}]
\gwire[dom={1,1}, cod=B, label={wire2}, label at={near end}]
\node[fill=red, circle] at (A) {A};
\node [fill=green, circle] at (B) {B};
\node [fill=yellow, circle] at (1,1) {(1,1)};
\gbball




vs)

wire2

wire

f 2.32

\a{
\qloop[5]{
\qloop[10]1{
\gbox [show id={truel}]
Hn
Hn
\gspace [3]\gbox [s=2,show id={true},id={egol}]\n\n
\gspace [6]\gbox [n=2,show id={true},id={ego2}]\n\n
\qloop[5]1{
\qloop[10]{
\gbox [show id={true}]
Fn
}
\gwire [dom={0-1-55},cod={I-1-51}]
\gwire [dom={0-1-60},cod={I-1-52}]
\gqwire [dom={0-1-51},cod={I-1-45}]
\gqwire [dom={0-1-52}, cod={I-2-51}]
\gqwire [dom={0-2-52}, cod={I-1-48}]
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1 2 3 4 5 6 7 8 9 10
[ [ [ [ [ [ [ [ [ [
11 12 13 14 15 16 17 18 19 20
[ [ [ [ [ [ [ [ [ [
21 22 23 24 25 26 27 28 29 30
[ [ [ [ [ [ [ [ [ [
31 32 33 34 35 36 37 38 39 40
[ [ [ [ [ [ [ [ [ [
a1 42 43 44 45 46 47 48 49 50
T T T T T T T T

51
52

1 1 1 1 1 1 1 1
53 54 55 56 57 58 59 60 61 62

[ [ [ [ [ [ [ [ [ [
63 64 65 66 67 68 69 70 71 72

[ [ [ [ [ [ [ [ [ [
73 74 75 76 77 78 79 80 81 82

[ [ [ [ [ [ [ [ [ [
83 84 85 86 87 88 89 90 91 92

[ [ [ [ [ [ [ [ [ [
93 94 95 96 o7 98 99 100 101 102

Marrowtype
il 2.33

\aq{

TAXY—=DARA NI, arrowtype F—ZHWTHET 5.

\qwire [arrowtype=dotted]

\gwire [arrowtype=dashed]

\gwire [arrowtype={dash dot}]
\gqwire [arrowtype={dash dot dot}]
\gqwire [arrowtype={densely dotted}]
\gqwire [arrowtype={loosely dotted}]

25




Bl 2.34

\q{
\gbox [dom arrowtype={dotted}]

\gbox [cod arrowtype={dotted}]
\gbox [arrowtype={dotted}] .

}
i 2.35
\q{
\gspider[dom arrowtype={dotted}]
\gspider[cod arrowtype={dotted}] é

O
\gspider [arrowtype={dotted}] : i) :
}

r
\.

238 FvyrNZR
\q[F 7T 3]
{
avwrk
Ak

}

Xy UNZRDF Ty a VONRER AL TE 3.

i 2.36

\q[scale=2,rotate=30]{\gbox}

,
\

XY UNRBMHEITIBZZILDHTES.

fl 2.37

\def\anglerot{-55}
\tikzset
{
my slant style/.style={
yslant=-cot (\anglerot),
xscale=sin(-\anglerot)

}
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}

\q[my slant stylel

{
\gqcaprev\qcap\n
\gwire\gbraidinv\qwiredown\n
\gwiredown\gbraidinv\qwire\n
\gqcup\qcuprev
\gBBall

. J

\def\anglerot{-60}
\tikzset
{

my slant style/.style={

yslant=-cot (\anglerot),
xscale=sin(-\anglerot)
}
}
\[\q[my slant style]
{
\gbraid\qwire\n
\gwire\gbraid\n
\gbraid\qwire
}
=\q[my slant style]
{
\gbraid\qwire\n
\gwire\qwire\qwire\n
\gbraid [num R=2]
\gbb [red] [1]
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\gbb[cyan] [6]

}

=\q[my slant style]

{
\gbraid[ num R=2]\n
\gwire\qwire\qwire\n
\gwire\gbraid
\gbb [red] [6]
\gbb [cyan] [1]

}

=\q[my slant style]

{
\gwire\gbraid\n
\gbraid\gwire\n
\gqwire\gbraid

1]

3 ®/ALIIEE QWorld

ARETIX, QWorld Ny 7 —YZHOVWTE/ A ZNLEORAFHE L2 D LS ICRBTE 20 %2H 5. Qiorld
W, ZNHEIRTHEEEL, IR Z/S 22D TE20, BA T XD FWICRHT 27012, 20REBrrs 1y
s — (amsmath, amssymb, mathtools) AT 2. HHOBIL, MTO LSy r—I%EET— K
&

\usepackage{amsmath, amssymb, mathtools}

\usepackage{qworld}
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B 3.1 FX1>

\ [
\operatorname{dom}\left (
\g{
\gbox [name={\ (£\) }]
\symbolI{\(x\)}
\symbol0{\ (y\)}
}
\right)=\g{\qwire[label={\(x\)}]1}
\]

Y
1
dom f =
T
T

r
\.

Bl 3.2 ARXT>

\ [
\operatorname{cod}\left(
\a{
\gbox [name={\ (£\) }]
\symbolI{\ (x\)}
\symbol0{\ (y\) }
}
\right)=\q{\qwire[label={\(y\)}]12}
\]

Yy
1
cod f =
T
T

7

5l 3.3 B (EEEM)

\[
\q{ f
\gbox [name={\ (£\) }]\qcirc\gbox [name={\ (g\) }]
}=\q{\gbox [name={\ (f\circ g\)}1}
\]

r
\.

Bl 3.4 4551

\[
\forall\g{\gbox [name={\ (h\)}] \symbolI{\(z\)} \symbolO{\(w\)}},
\g{\gbox [name={\(g\)}] \symbolI{\(y\)} \symbolO{\(z\)}},
\q{\gbox [name={\ (£\) }] \symbolI{\(x\)} \symbolO{\(y\)1}}:
\q{
\gbox [name={\ (h\) }]\qcirc\gbox [name={\ (g\) }]1\qcirc\gbox [name={\ (£\) }]
\gbb[2,3]

\q{
\gbox [name={\ (h\) }]\qcirc\gbox [name={\ (g\) }]1\qcirc\gbox [name={\ (£\) }]
\gbb[1,2]

29



\]

Q N

<
84 = F<

I
<

o4 -~ HH <« H

\.

f 3.5 18FE

\begin{equation}
\label{law:identity}
\forall\q
{

\gbox [name={\ (£\) }]
\symbolS{\ (x\)}
\symbolN{\ (y\)}
Fcolon
\a{
\gwire[label={\(y\)}]\n
\gbox [name={\ (£\) }]
}=\q{
\gbox [name={\ (£\) }]
}=\q{
\gbox [name={\ (£\)}]1\n
\qwire [label={\(x\)}]
}
\end{equation}

<
84 = =

. J

Bl 3.6 7>V IR (LHER)

\[
\q
{
\gbox [name={\ (£\)}] \gbox [name={\(g\)}]
\symbol0{\ (Y_1\)}[id=1] \symbolO{\(Y_2\)}

30



\symbolI{\ (X_1\)}[id=1] \symbolI{\(X_2\)}

=\q

\gbox [name={\ (f\otimes g\)}, p=2]

\symbolO{\(Y_1\)} \symbolO[2]1{\(Y_2\)}
\symbolI{\(X_1\)} \symbolI[2]1{\(X_2\)}

=\q

\gbox [name={\ (f\otimes g\)}]
\symbol0{\ (Y_1\otimes Y_2\)}
\symbolI{\ (X_1\otimes X_2\)}
}
\]

Y1 Y Y1 Y Y1 ®Y>
1 1 1 1 1

f g f®g feg

T T T T T
Xl X2 Xl X2 X1®X2

B 3.7 Z3RA (Q DHZEREFE)

\begin{equation}
\label{law:interchange}
\q
{

\gbox [name={\ (£_2\)}] \gbox [name={\ (g_2\)}]1\n
\gbox [name={\ (£_1\)}]\gbox [name={\ (g_1\)}]

\gbb[1,2]
\gbb[3,4]

=\q
{

\gbox [name={\ (£ _2\) }]\gbox [name={\ (g_2\) }]1\n
\gbox [name={\ (£ _1\)}]\gbox [name={\(g_1\) }]

\gbb[2,4]
\gbb[1,3]
}
\end{equation}
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r
\.

B 3.8 BIXSR

\begin{gather}

\q{ \gwire[arrowtype=dotted]}

=\g{ \qunitob \gbball }\\

\g{ \qunitob \gbox[name={\(£\)}] \gbball }

=\q{ \gbox[name={\(£\)}] }

=\g{ \gbox[name={\(£\)}] \qunitob \gbball }\label{cond:unitob}
\end{gather}

.

\[
\gq{\qunitob\gbball}
=\g{\qloop[2]{\qunitob}\gbball}
=\g{\qloop[3]{\qunitob}\gbball}
=\cdots

\.

r
\

3.1 FH%ARvIRX

\gstate: v (0 AJ7).

\geffect: A (0 7).

\gscalar: (O (0 AJ7, 0 HiJ).

\gasym: D (FERFRAR v 27 R).

\qtrans: E] (FEAR Y 7 R). 51 =T D 3.4.1 .
\qadj: [] (KfER» 2 R). 67 =D 3.6.1 .
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« \qeonj: [ ] (R v 2 R). 68 x—Y D 3.6.2 1.

311 0AR

\g{\gstate} v
312 0HA

\q{\qeffect} A
313 0AHOHS

\gq{\gscalar} <:::>

\ [

\]

\q{
\geffect\gstate
\gwire[dom={0-1-2}, cod={1,2}]
\gwire[dom={1,-1}, cod={I-1-1}]
}=\q{
\qwire [arrowtype=dotted] \qwire\n
\qeffect\gstate\n

\qwire\qwire [arrowtype=dotted]
Hstackrel{\text{(\ref{law:interchange}, \ref{law:identity})}}{=}\q{
\qwire [arrowtype=dotted] \gstate\n
\qeffect\qwire [arrowtype=dotted]
Hstackrel{\text{(\ref{law:interchange}, \ref{cond:unitobl})}}{=}\q{\gstate\n\qeffect}
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B 3.14 RIF175

\begin{align*}
\g{\gbox [name={\ (£\)}]1}
&=\sum\limits_{i,j}
\left(

\aq{
\qeffect [name={\ (w_j {\dagger}\)}]1\n

\gbox [name={\ (£\)}]\n
\gstate [name={\ (v_i\)}]1\n
Rai
\gstate [name={\(w_j\)}]1\n
\geffect [name={\(v_i~{\dagger}\)}]

}
\right)
=\sum\limits_{i,j}\left(

\a{
\gscalar [name={\ (w_j~{\dagger}\circ f\circ v_i\)}]
¥
\g{

\gstate [name={\ (w_j\)}]1\n

\geffect [name={\ (v_i~{\dagger}\)}]

¥
\right)\\
&=\begin{pmatrix}

\g{\gscalar [name={\ (w_1"{\dagger}\circ f\circ
v_1\)}1}&&\cdots&&\g{\qscalar [name={\ (w_1"{\dagger}\circ f\circ v_{m}\)}]}\\

&\ddots&&&\\
\vdots& &\g{\gscalar[name={\(w_j~{\dagger}\circ f\circ v_i\)}]1}& &\vdots\\

&&&\ddots&\\
\g{\gscalar [name={\ (w_n~{\dagger}\circ f\circ
v_1\)}]1}&&\cdots&&\q{\gqscalar [name={\ (w_n"{\dagger}\circ f\circ v_m\)}]1}

\end{pmatrix}
\end{alignx*}

34



32 E/ARNR

e \qunit: |}
e \gcounit: ¢
e \gspider: +

il 3.15 f&&1

\begin{equation}
\label{law:associate}
\q{
\gspace [0.5] \gmul [hlen=2]\n
\gmul [hlen=2] \gspace[-0.5]\qwire
F=\a{
\gmul [hlen=2]\n
\gqwire\gspace [-0.5]\gmul [hlen=2]
}
\end{equation}
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Bl 3.16 Bt

\begin{equation}
\label{law:unit}
\q{

\gmul [hlen=2]\n
\gqwire\qunit
}=\q{\qwire[vlen=2]}
=\q
{
\gmul [hlen=2]\n
\qunit\qwire
}
\end{equation}

\

B 3.17 RESE

\begin{equation}

\label{law:coassociate}

\af
\gcomul [hlen=2]\gspace[-0.5] \qwire\n
\gspace [0.5]\gcomul [hlen=2]
}

=\q{
\qwire\gspace[-0.5] \gcomul [hlen=2]\n
\qcomul [hlen=2]

}

\end{equation}
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Bl 3.18 REMUE

\begin{equation}
\label{law:counit}
\q{

\gqcounit\qwire\n
\gcomul [hlen=2]
}
=\g{\qwire[vlen=2]}
=\a{
\gwire\qcounit\n
\gcomul [hlen=2]
}
\end{equation}

321 7ORZ= XA
SBf 3.1 7O0~R= 28|

\ [
\q{
\qwire\gmul [color=black] \n
\qcomul\gwire
}=\q{
\qcomul\n
\gqmul [color=black]
}=\q{
\gqmul [color=black] \qwire\n
\qwire\gcomul
}
\]
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S

KBy LTEIT SR TVER, R 7oy RHMBERICEREATHS, LA 2TV A
¥ — DORRSBEBEICR TN TV B 72, BESKFEORENEZTH D, FBAIC K > TTFAEEARN R
E%ﬂ%ﬁﬁ%%.Cﬂdiﬁ%ﬁ&@%%Kﬁ?&m.Wml%ﬂwmﬂ@?7f»}@%@%%ﬁ>x,
>’ TH %D, \qbox [s=2] $*\qbox [n=2] DHiFFERA [ ], [ ] THHILOHKTHD. 0
IO RGEOHFEF—r L Thlen 3H %:

) 3.19 7O~N="y 28|

\ [
\gq{
\qwire\gmul [hlen=2,color=black]\n
\qcomul [hlen=2]\qwire
}=\q{
\qcomul [hlen=2]\n
\qmul [hlen=2,color=black]
}=\q{
\gmul [hlen=2, color=black] \qwire\n
\qwire\gcomul [hlen=2]
}
\]

\gspider I, / — F23R v 7 XATIERHTH 2 Z L ZFRIHE, \qbox L[ TH 2
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\[\gq{\gspider}\]

\[\q{\gspider [n=0]1}\]

\[\g{\gspider [n=0,s=4]}\]

\[\g{\gspider [n=2,s=4]}\]

\[\q{\gspider [N={1,4},s=41}\]
\[\q{\gspider [N={2,3},s=4]1}\]
\[\g{\gspider [p=3,N={2},8={1,3}]1}\]
\[\g{\gspider [p=3,N={2},5={1,3},hlen=2] }\]
\[\g{\gspider[n=1,s=2,hlen=2]}\]

-

- v

\ [
\q{
\gspider [n=2, s=4, hlen=4]\qwire\qwire\n

\gwire\qwire\gspider [n=4, s=2, hlen=4]
}
=\qg{\gspider [p=41}\]

TS

39

3.3 HHi

.3, \
e \gbraid: (/<



e\
e \gbraidinv: >\\

e \gsym: ><

BMoun L £ num R F¥— VAV —2RXXIELKX2HME T 23~ F\gbraid, \gbraidinv, \gsym (Z%f
L, num LIZEMODY 4 ¥ —DAREZ, num RIZEMDOV A Y —DAREEIETS2F—TH 5. filZiX, num

L%Jmn%QZ?ﬁ@,k\\gi’-' MEHINE. WHF 74V MEIZL BIT1TH 3.

~
B 3.22 ASETER

\begin{equation}
\label{eq:hexagon}
\q
{
\gbraid[num R=2,,hlen=2,vlen=2]

\gwire\gbraid\n
\gbraid\qwire
}
\qquad
\q
{
\gbraid[num L=2,,hlen=2,vlen=2]

\gbraid\qwire\n
\qwire\gbraid

Kt -

\end{equation}
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\begin{equation}
\label{eq:inverse:braid}
\q
{

\gbraidinv\n
\gbraid

\gqwire [vlen=2] \qwire [vlen=2]
}
\qquad
\q
{
\gbraid\n

\gbraidinv

{
\qwire[vlen=2]\gwire [vlen=2]
}
\end{equation}

ollNet

N 4

\begin{equation}
\label{cond:naturality:braid}
\q
{
\gbraid\n
\gbox [name={\ (£\) }] \gbox [name={\ (g\) }]

\q

{
\gbox [name={\ (g\) }]1\gbox [name={\ (£\) }]1\n
\gbraid

41



¥
\qquad
\q
{
\gbraidinv\n
\gbox [name={\ (£\) }]1\gbox [name={\ (g\) }]

\gbox [name={\ (g\) }] \gbox [name={\ (£\) }]\n
\gbraidinv
}
\end{equation}

(11)

J

a2 K\gbraid, \gbraidinv, \qsym IZX{ L, num R=0 X f5ET 3 &

N

*\\®;5KEM®74w—ﬁ

MY 2%, num L=0 LIEET B L, (\ DESEMDTA X —BE Y 72 5. UL, HAT SR 72

R, THDEOARDIA Y —2 LTET L IREKLTVS

\begin{gather}

\aq{
\qwire\gstate\n
\qwire

}

=\a{
\gqwire\gstate\n
\gbraid [num L=0]

Fstackrel{\text{(\ref{cond:naturality:braid})}}{=}\q{
\gbraid\n
\gstate\qwire

Hlabel{iso:u:state}\\

\q{
\qunitob\qwire\n
\geffect\quire

}

=\q{
\gbraid[num L=0]\n

42




\geffect\quire
Hstackrel{\text{(\ref{cond:naturality:braid})}}{=}\q{

\.

\gwire\geffect\n
\gbraid
Flabel{iso:u:effect}
\end{gather}
L W (12)
)
N
_ W“” (13)
il 3.26
\begin{equation}
\label{iso:spatial}
\gq{\gscalar\qmv[0,-1]\qwire[vlen=3]3}
=\q{\gbraid [num L=0]\n\gscalar\gmv[0,-1]\qwire[vlen=2]}
\stackrel{\text{(\ref{cond:naturality:braid})}}{=}
\gq{\gwire[vlen=2]\gscalar\n\gbraid[num L=0]}
=\q{\gscalar\gmv[-2,-1]\qwire[vlen=3]}
\end{equation}
\ |
h
Ol-Ol*|o|lo

\[
\gq{\gscalar\qmv[0,-1]\qwire [vlen=3]}
=\q{\geffect\n\gstate\qmv[0,-0.5]\qwire [vlen=3]}
\stackrel{\text{(\ref{iso:u:effect})}}{=}
\gq{\gwire\geffect\n\gbraid\n\gstate\qwire}
\stackrel{\text{(\ref{iso:u:statel})}}{=}
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\g{\geffect\n\gstate\qmv[-2,-0.5]\quire[vlen=3]}
=\q{\gscalar\gmv[-2,-1]\qwire[vlen=3]}
\]

O . (13) (12) B

-ﬁlzlﬁ

i 3.28

\begin{align}
\q
{
\gbraid\qwire\n
\gwire\gstate [n=2]
}
&=\q
{
\gbraid\gwire\n
\gwire\gstate [n=2]\n\n
\gbraidinv[num L=0,vlen=2,hlen=2.5]
}
\stackrel{\text{(\ref{cond:naturality:braid})}}{=}\q
{
\gbraid\gwire\n\n
\gbraidinv[num L=2,vlen=2]\n
\gstate[n=2]\qwire\n
\gspace[0.5]\gwire [arrowtype={densely dotted}]\gspace[0.5]\qwire
M\
&=\q
{
\gbraid\qwire\n\n
\gbraidinv[num L=2,vlen=2]\n
\gstate[n=2]\qwire\n
\gspace [2] \quire
\qbb [green] [3]
Fstackrel{\text{(\ref{eq:hexagon})}}{=}\q
{

44




\gbraid\qwire\n
\gbraidinv\qwire\n
\gwire\gbraidinv\n
\gstate [n=2] \qwire\n
\gspace [2] \quire
\gbb [green] [3,...,6]

N\

&=\q

{
\gbraid\gwire\n
\gbraidinv\qwire\n
\gwire\gbraidinv\n
\gstate [n=2]\qwire\n
\gspace[2] \qwire
\gbb [orange] [1,3]

}

\stackrel{\text{(\ref{eq:inverse:braid})}}{=}\q

{
\qloop[2]{\qloop[3]{\gwire}\n}
\gwire\gbraidinv\n
\gstate [n=2]\qwire\n
\gspace[2] \qwire
\gbb [orange] [1,2,4,5]

}

\end{align}
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\

(15)

(17)

Bl 3.29 v >-NU 242 —HiEHK

\ [

\q
{
\gbraid\qwire\n
\gwire\gbraid\n
\gbraid\qwire
}=\q
{
\gwire\gbraid\n

46




\gbraid\qwire\n
\gwire\gbraid
}
\]

7

i 3.30 "T¥aE

\begin{equation}
\label{cond:cmt}
\g{\gmul [hlen=2]}=\g{\qmul [hlen=2]\n\gbraid} (/Jl\\ = (18)

\end{equation}

7

Bl 3.31 KA

\begin{equation} k\\
\label{cond:ccmt}
\g{\gcomul [hlen=2]}=\q{\gbraid\n\qcomul [hlen=2]} \\ﬁy// = (19)

\end{equation}

r

331 WA
1 3.32 WHEAY

\begin{gather}

\g{\gqcomul [hlen=2]\qcirc\gmul [hlen=2, color=black]}

=\q{
\gmul [hlen=2, color=black]\qmul[hlen=2, color=black]\n
\gwire\gbraid\qwire\n\qcomul [hlen=2]\qcomul [hlen=2]
N\

\q{\gspace[0.5]\qcounit\qcirc\gmul [hlen=2, color=black]}

=\q{\gcounit\qcounit}\\

\gq{\gcomul [hlen=2]\qcirc\gspace[0.5]\qunit [color=black]}

=\q{\qunit [color=black] \qunit [color=black] }\\

\g{\gcounit\n\qunit [color=black]}

=\q{\qunitob}




\end{gather}

(20)

(21)
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\begin{equation}
\q{
\gmul [hlen=2, color=black]\n
\gwire\gbox [name={\(s\) }]\n
\gcomul [hlen=2]
}
=\q{\qunit [color=black] \qcirc\qcounit}
=\q{
\gmul [hlen=2, color=black]\n
\gbox [name={\ (s\) }]\qwire\n
\qcomul [hlen=2]
}
\end{equation}

3.3.3 Fi&E

5 3.34 Y1 R+

\begin{gather}

\q{
\gbox [name={\ (\theta_{X\otimes Y}\)}, p=2]
\symbolI{\ (X\) }\symbolI [2]{\(Y\)}
\symbol0{\ (X\) }\symbol0[2]{\ (Y\)}

}

=\q{
\gbox [name={\ (\theta_X\)}]\gbox [name={\ (\theta_Y\)}]\n
\gbraid\n\gbraid

Hlabel{cond:twist}\\

\g{\gbox [name={\ (\theta_I\)}]1}=\q{\qunitob}\label{cond:i:twist}\\

\forall\g{\gbox [name={\ (£\)}]}\colon

\q{
\gbox [name={\ (\theta_{\operatorname{cod}(£)}\)}, hlen=1.5]\n
\gbox [name={\ (£\)}, hlen=1.5]

}=\aq{
\gbox [name={\ (£\)}, hlen=1.5]\n
\gbox [name={\ (\theta_{\operatorname{dom}(£)}\)}, hlen=1.5]

Hlabel{cond:naturality:twist}
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\end{gather}

Ox Oy
X %’ L\\
Oxoy = (25)
X v
| N
or | = (26)
T
1 1
Ocoa(s) f
V| f [ = | (27)
! Oaom(s)
T T
3.3.4 BRRFEE NHE/1LILE
Bl 3.35 Xt
\begin{equation}
\label{cond:symmetry}
\q
{ \
\gbraid\n _ (28)
\gbraid
) S
=\q{\qloop[2] {\qwire[vlen=2]}}
\end{equation}

.

\.

\[\g{\gbraid}=\qg{\gbraidinv}\]

e

\.

\q{\gsym}
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 \gcap:
* \qcup: &~
o \gcaprev: A~
e \gcuprev: &’

Bl 3.38 I IER

\begin{equation}
\label{eq:snake}
\a{

\qcap\qwireup\n
\gqwireup\qgcup
}
=\a{
\qwireup [vlen=2]
}
\qquad\text{&}\qquad
\af
\gwiredown\qgcap\n
\qcup\gwiredown
}
=\q{
\gwiredown [vlen=2]
}
\end{equation}

(29)

341 EERYIR

il 3.39 &xiE

\ [
\left (\q{\gqwire\n\gasym[name={\ (£\) }]1\n\gwire}\right) T
=\q{
\gqwire\n
\gtrans [name={\ (£\) }]\n
\qwire

Hcoloneq\qg{
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e

\gwire\qcap\n
\gwire\gasym[name={\ (£\)}]\qwire\n
\qcup\gwire
}
\]

\.

.

f 3.40

\begin{equation}
\label{eq:wirerev}
\left (\q{\qwireup}\right) "T=\q{\qwiredown}

\end{equation}
<.*~>T

+

B 3.1 RSATF1>Y

\begin{equation}
\label{eq:sliding}
\af

\gqcap \n
\gasym \gwire
}
=\qi{
\gcap \n
\gwire \gtrans
}
\qquad
\a{
\gwire \gasym \n
\qcup
}
=\q{
\gtrans \gqwire \n
\gcup




}
\end{equation}

i 3.42

\begin{equation}
\begin{array}{rccc}
\operatorname{NAME}\colon & \operatorname{Hom}(X,Y)
& \to & \operatorname{Hom}(I,X"T\otimes Y)\\
& \rotatebox{90}{\ (\in\)} && \rotatebox{90}{\(\in\)}\\
& \q{
\qasym
\symbolI{\(X\)}
\symbolO{\ (Y\)}
} & \mapsto
& \q{
\qwire[label={\(X"T\)}, label at={at end}, label side={abovel}] \gasym \n
\qcup
\symbol0{\ (Y\)} [id=2]
}
\end{array}
\end{equation}

NAME: Hom(X,Y) — Hom(I,XT ®Y)

w w
Y xT Y
1
B \
X

. J

\begin{equation}

(32)

\begin{array}{rccc}
\operatorname{CONAME}\colon & \operatorname{Hom}(X,Y)
& \to & \operatorname{Hom} (X\otimes Y~T,I)\\
& \rotatebox{90}{\ (\in\) }&&\rotatebox{90}{\ (\in\) }\\
& \qf
\qasym
\symbolI{\ (X\)}
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\symbolO{\ (Y\)}

} & \mapsto

& \q{
\gcap \n
\qasym \gwire[label={\(Y"T\)}, label at={at start}, label side={belowl}]
\symbolI{\ (X\)}[id=2]

}

\end{array}
\end{equation}

CONAME: Hom(X,Y) — Hom(X®Y7T,I)
w W

Y
(33)
-
X

342 JE—ZILFEE
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\begin{gather}
\aqf
\gwire\gbraid\qwire\n
\gcomul [hlen=2, name={\(\text{copy}_X\)}]\qcomul [hlen=2, name={\(\text{copy}_Y\)}]
\symbolI{\ (X\)}[id=4]1\symbolI{\(Y\)}[id=5]
\symbol0{\ (X\) } [id=1]\symbolO{\ (Y\) } [id=2]
\symbol0[2]{\ (X\) } [1d=2] \symbol0{\ (Y\)} [1d=3]
}=\aq{
\qcomul [hlen=3, vlen=2, name={\(\text{copy}_{X\otimes Y}\)}]\symbolI{\(X\otimes
Y\)}
\symbolO{\ (X\otimes Y\)}\symbolO[2]{\ (X\otimes Y\)1}
}\label{cond:copy}\\
\forall\g{\gbox [name={\ (£\) }]\symbolI{\ (X\) }\symbol0{\ (Y\)}}\colon
\q{
\gbox [name={\ (£\) }] \gbox [name={\ (£\) }]1\n
\gcomul [hlen=2, name={\(\text{copy}_X\)1}]
}=\q{
\gcomul [hlen=2, name={\(\text{copy}_Y\)}]\n
\gspace [0.5] \gbox [name={\ (£\) }]
Hlabel{cond:morcopy}\\
\q{
\qcomul [hlen=2, name={\(\text{copy}_I\)}]\symbolI{\(I\)}
\symbol0{\ (I\) }\symbol0[2]{\ (I\)}
}=\a{\qunitob}\label{cond:i:copy}

54




\end{gather}

G <
X Y XY
Y s
v| ¢ = (35)
T /
I 1
- )

r
\.
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\[
\a{
\gcomul [hlen=2, name={\(\operatorname{copy}\)}]1\n
\gspace [0.5]\gstate [name={\ (a\)}]
F=\a{
\gstate [name={\(a\) }]\gstate [name={\ (a\)}]
}
\]

\.

\begin{alignx*}
\g{\gcup\gcup}&\stackrel{\text{(\ref{cond:i:copy}) }}{=}
\q{
\gqcup\qcup\n\gmv[0.5,0.4]
\gcomul [dom arrowtype=dotted, cod arrowtype=dotted, hlen=3,

\.

name={\ (\operatorname{copy}\) }]
Hstackrel{\text{(\ref{cond:morcopy})}}{=}




\q{
\gspider[
name={\ (\operatorname{copy}\)},
N={1,2,4,5},
s=2,
hlen=2
J\n\qcup
N\
&\stackrel{\text{(\ref{cond:copy})}}{=}\q{
\gqwire\gbraid\qwire\n
\qloop[4]{\qwire}\n
\qloop[2] {\qcomul [hlen=2, name={\(\operatorname{copy}\)}]}\n
\gspace [0.5]\qcup [hlen=3]
\gbb [red] [4,8]
Hstackrel{\text{(\ref{cond:ccmt})}}{=}\q{
\gqwire\gbraid\qwire\n
\gbraidinv\qwire\qwire\n
\qloop[2]{\qcomul [hlen=2, name={\(\operatorname{copy}\)}]1}\n
\gspace [0.5]\qcup [hlen=3]
\gbb[red] [4,7]
N\
&=\q{
\gqwire\gbraid\qwire\n
\gbraidinv\qwire\qwire\n[2]
\qloop[4]{\qwire[vlen=2]}\n
\qloop[2] {\gcomul [hlen=2, name={\(\operatorname{copy}\)}]}\n
\gspace [0.5]\qcup [hlen=3]
\gbb [blue] [8,9]
}
\stackrel{\text{(\ref{eq:inverse:braid})}}{=}
\gq{
\qwire\gbraid\qwire\n
\gbraidinv\qwire\qwire\n
\qwire\gbraidinv\qwire\n
\gqwire\gbraid\qwire\n
\qloop[2]{\qcomul [h1len=2, name={\(\operatorname{copy}\)}]}\n
\gspace [0.5]\qcup [hlen=3]
\gbb [blue] [8,11]
M\
&=\q{
\gwire\gbraid\qwire\n
\gbraidinv\qwire\qwire\n
\gqwire\gbraidinv\qwire\n
\gqwire\gbraid\qwire\n
\qloop[2]{\qcomul [hlen=2, name={\(\operatorname{copy}\)}]1}\n
\gspace [0.5]\qcup [hlen=3]
\gbb [yellow] [10,14,15]
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Hstackrel{\text{(\ref{cond:copy}, \ref{cond:morcopy}, \ref{cond:i:copyl})}}{=3}

\g{

\qwire\gbraid\qwire\n
\gbraidinv\qwire\qwire\n
\gqwire\gbraidinv\qwire\n
\qcup\qcup

\gbb [yellow] [10,11]

M\

&=\q{
\gqwire\gbraid\qwire\n
\qcup [n=4]

}

\end{align*}

o7
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\begin{align*}

\q{

\gbraid
\symbolI{\ (X\) F\symbol0{\ (X\)}
\symbolI [2]{\ (X\) F\symbol0[2]{\ (X\) }

}&\stackrel{\text{(\ref{eq:snake})}}{=}\q{
\gwire\gspace[2] \qcap\qwire\n
\gbraid[hlen=4]\qwire\qwire\n
\gwire\qcap\qwire\qcup\n
\gqwire\qwire\qcup
\gbb [blue] [1,5]

}=\q{

\qcap [hlen=4]\qwire\n

\gqwire\gspace[2] \gbraidinv\n
\gwire\qcap\qwire\gwire\qwire [vlen=3]\n
\gwire\qwire\gcup\qcup

\gbb [blue] [1,4]

\gbb [yellow] [12,13]

N\

&\stackrel{\text{ffl \ref{len:copycupcup}}}{=}\q{
\qcap [hlen=4]\qwire\n
\gwire\gspace[2]\gbraidinv\n
\qwire\qcap\qwire\qwire\qwire [vlen=3]\n
\gqwire\qwire\qwire\gbraid\qwire\n
\qwire\qwire\qgcup [n=4]

\gbb [yellow] [12,14,17]

FANN

&=\q{

\qcap [s=4]\qwire\n
\qloop[3]{\gwire}\gbraidinv\n
\qloop[3]1{\gwire}\gbraid\qwire [vlen=3]\n
\gwire\qwire\qcup [n=4]

\gbb [green] [6,10]

Hstackrel{\text{(\ref{eq:inverse:braid})}}{=}\q{
\qcap[s=4]\qwire\qwire\n[2]
\qloop[6]{\gwire[vlen=2]}\n
\gwire\qwire\qcup [n=4]

\gbb [green] [7,8]

M\

&\stackrel{\text{(\ref{eq:snake})}}{=}\q{
\gqwire\qwire
\symbolI{\ (X\)}[id=1]\symbol0{\ (X\)}[id=1]
\symbolI{\ (X\) F\symbol0O{\ (X\)}

}

\end{alignx*}
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\begin{align*}
\aq{

\qasym [name={\ (£\)}]

\symbolI{\ (X\) F\symbol0{\ (X\)}
}&\stackrel{\text{(\ref{eq:snake})}}{=}
\a{

\gcap\gasym[name={\ (£\)}]1\n

\qwire\gcup
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Hstackrel{\text{(\ref{eq:inverse:braid})}}{=}\q{
\gcap\qasym [name={\ (£\)}]1\n
\gwire\gbraidinv\n
\gwire\gbraid\n
\qwire\gcup

Hstackrel{\text{(\ref{cond:naturality:braid})}}{=}\q{
\gcap\qwire\n
\gwire\gbraidinv\n
\gwire\gasym[name={\ (£\)}]\qwire\n
\gwire\gbraid\n
\gwire\qgcup
\gbb [red] [1,4]

M\

&=\q{
\gwire\qgcap\n
\gbraid\qwire\n
\gqwire\qasym[name={\ (£\)}]\qwire\n
\qwire\gbraid\n
\qwire\qgcup
\gbb[red] [1,4]

}=\aq{
\gqwire\gqcap\n
\gbraid\gwire\n
\gqwire\gasym[name={\ (£\)}]\qwire\n
\gwire\gbraid\n
\gwire\qgcup
\gbb [blue] [3]

F\stackrel{\text{ffl \ref{len:copybraid}}}{=}\q{
\gwire\qcap\n
\gwire\qwire\qwire\n
\gwire\gasym[name={\ (£\)}]\qwire\n
\gwire\gbraid\n
\qwire\gcup
\gbb [blue] [3,4]

}

\end{alignx*}
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\begin{equation}
\label{cond:naturality:pivotall}
\forall\g{\qasym[name={\ (£\)}] \symbolI{\ (X\)}\symbolO{\ (Y\)}}\colon
\q[scale=0.5]{
\gqwire\qcap [s=4]\n
\gqwire\qwire\gasym[name={\ (£\) }]\qwire\qwire\n
\gcup [n=4]\qwire\gmv[-1,-1]\qasym [name={\ (\pi_X\)}]
}=\aq{
\gasym[name={\ (\pi_¥\)}]\n
\gasym[name={\ (£\)}]
}
\end{equation}
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\begin{equation}
\label{def:dualrev}
\q{
\gcaprev\n
\symbolI{\ (X"T\) N\symbolI [2]{\(X\)}
Fcoloneq\q
{
\qcap \n
\gqwire \qwireupup \n
\gwire \gasym[name={\(\pi_x\)}] \n
F\qquad\q{
\qcuprev
\symbol0{\ (X\) }\symbol0[2]1{\ (X"T\) }
F\coloneq\q
{
\gasym[name={\ (\pi_X"{-1}\)}]1\gwire\n
\qwireupup\qwire\n
\gcup
}
\end{equation}

T

f 3.51

\begin{equation}
\label{eq:sliding:rev}
\af

\qcaprev\n

\gtrans\qwire\n
}=\q{

\gcaprev\n
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\qwire\gasym

F\qquad\q{
\gwire\gtrans\n
\qcuprev

}=\q{
\gasym\qwire\n
\qcuprev

}

\end{equation}

(39)

5l 3.52

\begin{gather}

\aq{
\gwireuu[label={\ (X" {**}\)}]\n
\gasym[name={\ (\pi_X\)}]\n
\gwireup [label={\(X\)}]

}=\q{
\gwireuu[label={\ (X"{**}\)}]\qcap\n
\gbraid\qwired[label={\ (X"T\)}]\n
\qgasym[name={\ (\theta_X"{-1}\) }]\qcuprev\n
\qwireup[label={\(X\)}]

Hlabel{twist:pivotal}\\

\aq{
\gwireup [label={\ (X\)}]1\n
\qasym[name={\ (\theta_X\)}1\n
\qwireup[label={\ (X\)}]

}=\aq{
\gqwireup [label={\ (X\)}]\n
\gasym[name={\ (\pi_X"{-1}\)}]\n
\gwireuu[label={\ (X" {**}\)}]\qcap\n
\gbraid\qwired[label={\ (X"T\)}]\n
\gwire[label={\ (X\)}]\qcuprev

Hlabel{pivotal:twist}

\end{gather}
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\ [
\begin{array}{rccc}

&\rotatebox{90}{\ (\in\) }&&\rotatebox{90}{\ (\in\) }\\
&\q{
\gasym [name={\ (£\) }]
} & \mapsto & \qf
\qcap\n
\gasym[name={\ (£\) }]\qwire\n
\qcuprev
}
\end{array}
\]

65

\operatorname{Tr}\colon & \operatorname{Hom}(X,X) & \to &\operatorname{Hom}(I,I)\\
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\begin{equation}
\label{cmt:trace}
\operatorname{Tr}\left (\q{
\gasym[name={\ (g\) }]1\n
\qasym[name={\ (£\) }]
Fright)
=\q{
\gqcap\n
\qasym[name={\ (g\) }]\qwire\n
\qasym[name={\ (£\) }]\qwire\n
\qcuprev
}
\stackrel{\text{(\ref{eq:sliding})}}{=}\q{
\qcap\n
\gasym[name={\ (£\) }]\qtrans [name={\(g\)}]\n
\qcuprev
Fstackrel{\text{(\ref{eq:sliding:rev})}}{=}\q{
\gqcap\n
\gasym [name={\ (£\) }]\qwire\n
\gasym [name={\ (g\) }]\qwire\n
\qcuprev
}=\operatorname{Tr}\left (\q{
\qasym[name={\ (£\)}]1\n
\gasym [name={\ (g\) }]

Fright)
\end{equation}
1
AY [0 Y[
| T | = @1y \\ o | & =Tr
)M g
T ke)
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\ [

\g{\gscalar [name={\ (\operatorname{dim} (X)\)}13}
\coloneq\q{\gscalar [name={\ (\operatorname{Tr} (\operatorname{id}_X)\)}]1}
=\g{\gcap\n\qcuprev}
\]
36 HAH-—
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\begin{gather}
\left(
\a{
\gasym [name={\ (£\) }]
\symbolI{\ (X\) F\symbol0O{\ (Y\)}
}
\right) “{\dagger}
\coloneq
\q{
\qadj [name={\ (£\) }]
\symbolI{\ (Y\)}\symbolO{\ (X\)}
FANN
\left (\gq{\gasym[name={\ (£\)}1}\right) “{\dagger\dagger}
=\left (\q{\qadj [name={\ (£\)}1}\right) “{\dagger}
=\qg{\qasym [name={\ (£\) }1 }\\
\left (\q{\qwire}\right) “{\dagger}=\q{\qwire}\\
\aq{
\qadj [name={\ (£\)}]\n
\gadj [name={\(g\)}]
}=\q{
\qadj [name={\ (g\circ £\)1}]
}
\end{gather}




;
) = ‘ (45)
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\begin{align*}
\left (\q{\qadj}\right) T
&=\q{
\gwire\qcap\n
\gwire\gadj\qwire\n
\qcup\gwire
}=\q{
\gcaprev\qwire\n
\gwire\gadj\qwire\n
\qwire\qcuprev
}=\left(
\a{
\gqwire\qgcap\n
\gqwire\gasym\qwire\n
\qcup\gwire
}
\right) “{\dagger}=\1left (\g{\gtrans}\right) ~{\dagger}
\end{alignx}
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