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Abstract

Fluid dynamics is a major research field of dynamics that deals with the motion of gases and fluids. For
a long time, it has been researched by discrete analysis and numerical analysis. In discrete analysis, by
focusing on the topological point of view of the flow, it is possible to extract the essential structure of the
flow, and to perform the analysis of the flow efficiently. Tree representation exists as a method of discrete
analysis( It can analyze the flow by treating the structure of the flow algebraically. However, for non-
experts, tree representation of the flow structure is difficult to intuitively understand. In this research,
we proposed a method to draw the topology of the flow expressed using the tree representation on the
diagram, and implemented it by Python and Asymptote, which is a programming language and the design
of the visualization program according to this method. In addition, by establishing the evaluation index
of readability, and evaluating the readability of the diagram generated by this visualization program, the
validity of this method and the validity of the established index were confirmed.
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gooo0o0o0oooooooooooooooooooooOooooooboooboooooooooooo
000000D0O000oo00oo0bO0o0ooooonoaon

3.7 Matplotlib

Python 00 OO0OO0OOO0OOUOOCOCOOCOOPythonOOOOOOOOOOOOOODO MatplotlibOOOO
OOMatplotlibOOOOOOOOOOOOOOOODODODOODOOOOOOODOOODOOOOODOODOOOO
gooooboooooboooooboobobotbooboooboobooboboboobobDboobDooboDoo
000 b4 {l0}D00000 MatplotibOOODODODOOOOOODOOOOOOOODO 3300000000
0000039000000 (00D00D0D0D0O00O0D0DD0O0D0ODO0O0UODO0O0ODOODOODOOOOOOO
0000000000000 000000D00000000O000) 00000000 YO0O0OOOOOO
0000000000000 00000O00000 1000000000000 0000drawcircO000O0O
0000000000000 0000000000D00D00D0OD0D0O0DO (xy)ODOODODOO (50,30)0
(50,70) 000000000 DODOO0O0OD b, {0} 00000000 DDOO0 savefigODOO0OOOOODO
000000000 EPSOOOODOOOO

00000 3.3 byt {101}

1 import matplotlib.pyplot as plt
2

— 16 —



fig = plt.figure()

ax = fig.add_subplot(111,aspect=’equal’)
Ww,H = 100,100

ax.set_x1im([0,W])

ax.set_ylim([0,H])

© 0w N O Utk W

def draw_circ(center,r):

10 circ=plt.Circle(center,r,ec="black",fill=False)
11 ax.add_patch(circ)

12

13 draw_circ((50,30),20)

14 draw_circ((50,70),20)

15

16 fig.savefig("b++.eps")

100

80 4

60

40 4

201

03.9 by, {I00}

3.8 Asymptote

Asymptote 1000000000000 0O0O0O0OO0OOO0O0OO0O0OOOOOOOOOOOOOOOOO
ooobobobobooogooooooooboobobobobobDobDooooobooboobooobobo
goboboobboooboooboooboboobboobbooobooobboobboobbooo
000o0o0o0o0ooooOo3d3doooooooooooooooooooooooooooooooogoooon
00000000 PostSeripp0 0 0000000000000 0O0OOImageMagickDO0O0OOO0O0OOOO
0000000000000 00000000000Asymptoted CUIOD GUIOOOOOOOOOOOO
0000000000000 0000000000000000000000TeXO0ODODODOO0OO0OOOO0OO
O0O000 TeXLive 0000000000000 O0O0O0O0ODODODO LaTeXOOOOOOOOOoooooQd

— 17 —



1 40

HEN

4.1 PythonOOOODO
411 0O0OO0ODOODOODOOODODOOODOOODOOODOd

00000000000000020000000000000000000000000000000
0000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000
00000000 4100000000000000000000000000C0O00O0O0OOO000O0
00000000000 0000000000000000000000000000000000000
000000000000000 4200000000000000000000000000OOOOOO
00000000000 00000000000000D0000000000000O0OODO0000000
00000000000 000000000000000000D0000000000000000000
00000000000000000000000000000000000000O00000000000
ag(cons(ay (byi(by4(1,0),1))),n)) 0000000000000 00D000O0O0ODD 430000000
0000000000000 440000000leaf 00000000000 b, 000000 ay0ag 0
0000000000000000000000000000000000000000000000000
0000000000 450000000000000000000000000000000000

ONO)

EroBERMEY 2HE UBEOEAUNF LN

e ==

R 5 BRIEE T % ik RESOBAUI IR

041 0OO00OOO00OOOOOOOOO 042 0O00O0O00O0OOOOOOOO
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49

S
D ()
b

043 000 ag(cons(at(b4+(b++(1,1),1))),n))

OLOL

044 0O00OO0OO0O0OODOO 045 000000

godobooooooobooboooobooooooboooooob oo booooooooa
0000000000000 000000O0 44000, 000000000000 b4+ 00000 ay0OO
gooobooooooobooooboooooooooobooooooooob0 o000 oDoooooo
0000000ouoooooooo0o000U0U0000oooo0oooo0o00000U0oooooooooon
0000000000000 0000 homoclinic saddle connection 0 0000000000000 O0O0O0O
00o0oodoo46000000000000000000DODODODOD e4+0e_OO0O0OOOODODOOO
Oo0dUooooooooO0 cooooUUUoooooUUUOoO0ooooo cooooooUoOooopooogcd
00000000000 470000000000000000080 ag(cons(ag (by+(b44(1,1),1))),n)) O
0000ooooooo 480000000

O
3
3

QO p

© »
046 0O0OO0OO0OO0OO0ODOOOOOOOO 047 CcOOOOOQODOO
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048 000O0O0OOOOOOOODO

412 000O00OODOODOOODO

000Uoudo20000000000g0o0oooooooo0ooooo0nD 20000000000000000
00000000 Ohomoclinic saddle connection 00 0000000000000 OCOO0OOOODOOOOO
OJ00000000oooU0ooUUD AOC BOOUOUOOOOUOODOUOUODODODOUOOUOOOOOOOO
dooodo0o0opooooU0odoodooUoooD0odoodoooooDUoooOoooDoCcooUoooog
godo0o49000000000000000D0DODO0O0O0ODODO0O0OO0OO0OODDODOOO0DODOODDOOOn
godododdddodddddddddd0 30Jdddddddfdd0dU00000U0U000O0U0OU0OUOOUOOoOaao
gbodooooooooooooooo

LLw

049 CcODUOOOO

413 O000ODOOOOODOODOODOO

ggooooobooobbooboboooboooboboobboobbooobboobboobobo
gooobooboobooobooobboobbooobbooobooobbooobboobboobDbbOoo
goooboooboobooobooobooobboobobooobooobboobboobbooobbOoo
00000000000 0oooU00oo0o0oooo00Doo00Doo0U0oOoo00ooOoU0O0O0OOO headd
000000000tlD000 (00000 10000001 000000000headd0000)0
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0410 DOOOOO0OOOOOOOOOOO

oo0oooooogoo3ebdooooooOooooooOoboOoooooboboOoooooOooboOooooonan
0000000000 (4nit-0000)00000000O00ODO0ODOOOOODOOOODOOUOODOODOOO
OOO000OO000O000000000000._anit. 00000000000O0O0O0OOOODOOOOOOC0O0
ooboooboooboooobooooboOooooboooboooboobOoboooboOooooboooooboon
A0000000000O0O0OUO0O00DO0O0OU0O0O0OUO0OU0DO0OUO0O0DDDOOUOO0OUDOOUOOOU
0000000000000 0000O000DODODOO0O0O000000 ConsOOOOODOOConsOOOO
consO00000000O0consO0000000000000000000OC00O000000000000O ay
0yhpOCOOOO0DOO00O0O00O00O00000000000000000D00000000O000000D0
O00000000Cons0000 cons000000O0DOOOOODO0OOOODOOOOOOODOOODOODOO
O00000o0o0A0 COOOODOOU0OOOO0ODOOOOODOO0OOODOOO ConsOOOOOOOOOO
O0000000000Cons0 OO0 dnit. 00000000000 100000000000000O0OO
O00000000000000 4110000cons0 headODOO ADD COOOODOOODOt O cons
000000 consO0 tail OO0O00D0O0OO00O0OO0OODO0OOO0OOD ADDO CUOOOODOOODODDOOOOO
O0O0Cons0000O0O0O0DOO0OOOOOOOOOOOOOOOODOOOODOOOODOOOOOODODODO
oooooooobooooboooboooooooa

000000 1Cons0000 _dnit__0000O
ode:

childrenlO head 00000000 (head DOODODODOOOODO)
children20taill OO0 O O0OO0OO (tailDDDDDDDDDDDDDDDDD)
datalhead O tall 00 000000000000 OO0OOOOODOO

1: procedure __INIT__(childrenl,children2)

2: data < [childrenl, children?2]

o/ \@

@Docu
@ocu_list

04.11 ConsU _init__ 00000000
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a, 000000
4y 00000000A0DOOOOOO0O0O0NG,00000000000000000000C0O0O0
0000000000000as0 cons00000 ADDOODOODOODOODOOODOOOOOOOO
0000000000000000000000000000000000000000000000000
00000000000000000000000000000000000 it 00000000 cons
00000000000000000000000000000A400000000000000000000
00 ADDD0ODODO0O0DADDODOOOOOODOOOOOOODOO0O00O0000000000000000
0000a0000000000e000000000000000000000000A00000 _init__
00000000000 20000000000000000000000000000000 4120000

000000 2A00000 _4nit__ 0000
ode:

childrenOhead 00000000 (headDOODODOO0ODODOOODOOODO)
dataO head 0000000000000 OOOOOODOOOOO

1: procedure __INIT__(children)

2: data < children

MDocu_list

0412 A0OO_nit- 00000000

bpy 00 by 0O0ODOOD

by+(bs—) 000000 00BOplus(BOminus) 000 000000000b,, 000000000000
0000000000000000000000000000000000000000000000000
000000000 000000000000000000000000000000000by, 0000
000000000000000 heed 00000000 (BODODOO0OO00)0 el 00000000
(cons00000 COOD0)0000CO000D00000000000000000000000000
00000000000000 (0000000,00000000)000000000000000000
O tail0 cons 00000000000000000000BOplusD _init_ 00000000000 300
00000000000000000000000000413000000000000000000000
0000000000 4140000

— 22 —



000000 3 B0_plus(BO-minus) 0000 _init-_ 0000

go:

ROhead D0DO0ODOODO (headDODODOODODOODOOODODOO)
childrenOtail D000 0000 (k! DO00D000D0O0ODO0ODOOODOODOO)
rd000o0b0obo0oo0oooooobooboboboooooooon

00 HIGHCO CO00O000000000000000 cooooooooooooon
00 LENGTHCO COpDOoOopooOoOoOoOOOOO coOoOoOoOoOoOoOoOoOoOoOooooooo
procedure __INIT__(R, children)

=

h <+ HIGH_C(children)

circumference < LENGTH_C(children)

if circumference + (2 x 7) > R+ h+ 1 then
r < circumference + (2 X )

else

r < R+ circumference + 1

000000 400 HIGH.C

go:

children0CODO0O00D00O0OO0DOOO ((OODDOODOO,00000000),...)
go:

OO0 AO000O0O0O0DOODODODOODOOO
1: function HIGH_C(children)

2 h+0

3 for : =0 ... children.length do >children 0000000000000
4: child « childrenli] > children0 100000000000
5 if h < child[0] then bchild0)) 0000000000000
6 h <+ child|0]

7: return h

— 23 —



OO0oooo 500 LENGTH.C

od:
children0 C 0000D000000OO ((D00D0000,00000000),..))
od:
000 circumference 0 COOOO00O000OOOOOOOO
1: function LENGTH_C(children)
circumference < 0
[+0
for i =0 ... children.length do
child + childrenl]i]
circum ference < circumference + child[1] + 1 >childl]]00000000O0OOODOD
if [ < childr[l] then
1 < child|l]

9: if circumference +~ 2 <=1 then

10: circumference <— 1 x 2

11: return circum ference

@r
@ @ @ocu_list | 7o sEESE

0 4.13 BOplusO _nit_ 00000000 0414 BoplusOOOOOOOOO

children = [( A1, wl),( h2,w2),( h3,w3)]

circumference circumference

04.15 00O LENGTH.CO COO0OO0O0O0O0O000O0O0O0O0OO0OOO0OO0O0O0O0ODO0OOOOOOO

ary 00 - 0OOOOO0O
ar(a-)00000000A plus(Aminus) 00000000000 D0e, 00000000 DOOOOODOO
ooboboooooooboobooOoooOoOboOobOOoOoOoObOO0OO0OOOObOO0OOOOObOOOOOOObDbOOnon
oobooboooooboocOoboboOobOobOOoOobOOoOoOoobOoOoOO0bObOUObDbOesOD0ODOOOOODOOOO
0000000 headDOOUOOODOO (BOOUOODOUDOD)ODOODDUDODODDODDODOODOOOO(
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oooo0o000,00000000)000000000000000000000DG, 00000000
voodddddbey d00ooooooooooodddddde,00000000000000O0000O0O
0000000000000000000 AplusO _nit_ 00000000000 60000000000
00000000 0D00oU0DO0d0oD 416000000000000D00000D0O0ODODOODOO0O
04170000

000000 6 A_plus(Aminus) 0000 _init__ 0000

go:
ROhead D0O0DDDOO0O (headDDDDOODDOODOODOOOD)
rd0goobobooooooooboboboboooboooobobobon
data000D0O0ODOOODOOOOOOCOOOOOODOOOOOO
Aplus000000000000D0O00O0 e 00000000 D (DODOO string0)

1: procedure __INIT__(R)

2: T+ R+1

3: data < [R, A_plus]

e
o) : Fo&AES
0 4.16 A,plus O_dnit__ 00000000 0 4.17 A,plus gooooooooo

a U0 O0O0OO

a00000000A200000000000D0eUO00O00OOO0OOOOOOUOOOOOOOOODOO
gooobooboobooobooobooobboobboobbooobbooobboobboobbbooo
0000000000000 000000000000Da 0000000000000 00000O0O head
00000000 (consOD0000 ¢4 000)0 ¢l 00000000 (consO00000 c-000)0D0O
0000000000000 0000e, 0000 (DOOOODODODOOODODOOOD)0DOOOOOOD
O00000000000000000 A20_init-_ 00000000000 700000000000O00O
oo0000000o0oo0oo00 41800000000000000DODOOOO0OOOOOOOODODOD 419
opooo
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000000 7A20000_dnit- 0000

od:
childrenlO head 00000000 (heed D00DDDOO0O0OOODOODOOODO)
children20tail D000 0000 (tedl 0000000000 DOOOOOOO)
ROODOODODODOOOOOOOOOOOOOOODODODOOOODOO
rd0dooboobooooooooobobobobooboooobobOoboo
date000D00O0DODODODOODOOOOOOOOOOOOOOOO
A20000000000000000 000000000 (0DDOODO string O)
00 HIGHCO CcOOOoOopDoOooooOooO0O0oO0O0O0O0 cooOoOoOoOoOoooooooo
00 LENGTHCO CODOOO0OO0OO0OO0OO0OO0ODOO0OO0OOO COOOOO0OO0O0OO0O0ODOOOO0OOOOOO
1: procedure __INIT__(R, children)

2 if HIGH_C(childrenl) > HIGH_C(children2) then
3 h < HIGH_C(childrenl)
4: else
5 h < HIGH_C(children?2)
6: circumferencel < LENGTH_C(childrenl) + 1
7: circumference2 < LENGTH_C(children2) + 1
8: if circumferencel >= circum ference2 then
9: circum ference < circumferencel x 2

10: else

11: circum ference < circumference2 x 2

12: R < circumference + (2 x )

13: r«— R+h

14: data «+ [r, A2]

I circumference

o/ N\ «

Docu_list :
_ o
@ocu_list /% P FoLHEHEE
0418 A20_init_ 00000000 0419 A20000000000

by, OO0b__0O000O0OO
biy(b__)0OODOO0ODDOOOBplusplus(Bminus minus) 00 0000000000Ob,, 0000000
goooboooboboooboobuoob oo oo oL oL uoobouOoo
oo0o0ooooO0o0o0ooOo0oOo0ooOo0o0ooOOoO0o0ooOOoO00OOOODODODOOObL+O0ODO
00000000000 0000 heaedOODOOODOOO (BDDDI:I[IDDDI:I)DDtailDDDDDDD
0 (BDDDDDDDDD)DDDDDDDDDD by, 00000000 DOODOOOODOODOODOOOODOO
00000 head O 00O O homoclinic saddle connection D 00 00O 0 Ot¢adl OO OO homoclinic saddle
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connection 000000000 OCO00O00ODOOOO0OOOOU0ODODOOOODOOOUODODOOUODOOOOODDOO
0000000000000 000 BplusplusO _init_ 000000000 0OO 800000DOOOOOO
0000DO00o0DOOo0oU0DOO0 4200000000000000D00DO0ODOODDUODODOOOO
4210000

000000 8ByplusplusODOODO _init__ 0000

od:
Rl1Ohead D0DOOODOODO (headDODODODODOODOODODOODODO)
R20tal 00000000 (tal00D0D0OODOODOODOODONO)
rO000000DO000DOO00O00O000O00bOb000bO00bbOonDn

1: procedure __INIT__(R1, R2)

2: r<— (2xRl4+2xR2+4+4)+2

o) \@
DRI ' : Fo s
@R2
0420 BplusplusOOOOOOOOOOOO 0421 BoplusplusOOOOOOOODOO

b,_0OO0b_,000000

by—(b—4+) 0000000 O0Bplus.minus(Bominus_ plus) 000000000000V, 0000000
000000000000 000000000000000000O00O0000000O0O00000000
000000000000000000000000000O000000000000D000bL,._ 00080
00000000000000 heed0DDO00D0D0 (BOODODODOODOD)00tel 000D 0O0O0ODO
(BOUDOOUDDODOOD)UDODOUODOOhead 0000 homoclinic saddle connection 100000000
tail 000 O homoclinic saddle connection 000 0000000000000 0O0O0OO0O0O0OOO0OOO
0000000000000000000000000000000 B_plusminus O _init._ 0000000
0000 9000O0U0oUdOooU0oDO0o0oOU0oDOoU0OU0DOOoUOOObOOO 4220000000000 00O
000D00o000o0o0oO0oooono 4230000

000000 9 B_plus.minus(B_minus_plus) 00 00 __init__ 00 0O
go:
R1Ohead D0DOO0OODO0DO (headDODDDODODOODOODOOODONO)
R20tail 00000000 (el 00000000 DOODODOONO)
rO00000000000000000000000000000ooog
1: procedure __INIT__(R1, R2)
2: r< (2xRl14+2xR2+4+4)=2
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o) \@

@) .9} : Fo ks
@R2
0 4.22 BoplusminusO0OOOOOOOOOOO 0 4.23 BoplusminusO0OO0OOOO0O0OO

g+ 00 p_00O00O0OO

B+(f-) 0000000 0OBetaplus(Betaminus) 0000000000004, 000000000O00O0OO
obobooboobooobooooooooobooboobobobobobobobDooDooobooboooboobo
0o000o0o0oo0o0o00ooooo0oU0UO0oooOoO0U0DO0DOOoOoO0UODDDODOOUO0ByODOOOOOODO
000000000 heeadOOOODOODOO (cons00000 COO0OD)00000O0D0OOODOOOOOO
0000000000000 000O000000000000000O000000000 Beta_plus O __init__
0o00o0000o0ooo woooooooooo00o0oooooooooooDoooO0O00 424000000
0000000000 oooooooooooo 420000

000000 10 Beta_plus(Beta_minus) 00 0O _init- 0000
go:

childrenO head 00000000 (heedDOODDODOO0DODOOODODOOODO)

ROODODDOOODOOOODOOODOOODOOOODOOOOOO

rd0goobobooooooooboboboboooboooobobobon

00 HIGHCUO CO00O00000O0000000O000 Cco0ooooooooooooo

00 LENGTH.CO COOO0O000O0000000OO0 COO0O0OO00ooooOoooooooooo
1: procedure __INIT__(children)

2 h < HIGH_C(children)
3: circum ference < LENGTH_C(children)
4 R + circumference + (2 x )
5 r—R+h
circumference
@ocu_list |1 7ossms
0424 BetaplusOOOOOOODOOOOO 0 4.25 BetaplusOOOOOOOOOO
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cx 00 c_OO0OODODO

cy(c.)00DD0O00OOCHus(Cminus) 000000000000, 00000ODOOODOOOODODO
oobodoooooboboOooooobOoOobooOoOoOobboOoooOooooo0ooOoOoOobOoOoOooOoOoobooOoonaon
oobooboooobOoOoooboooboOobOoO0ooO0obOO0OoOoO0ooO0bOO00boeObOO0OOO0ODOOOOn
0000000 headJOODODOOO (BOUOODODOOUOD)D0tel DODODOODO (consO00O0ODO
CO000)0000DO0000000O0DOU00O00LD0D0ODUODO0DOLOD0OD (DOoDUODOLOO,000
00000)00000000000O00O000D0000O000000O0ODO000 CplusO _nit__ 000
0ooooooo1nnoooooo0O0oooob00o0oooooooooooDoOD 4260000000000
OoooOoOooooooooooooooo42Toooo

000000 11 Coplus(Cominus) 0000 _init-_ 0000

go:
ROhead D0DODODO0DO (headDODODOOODODOOODOODONO)
children0tail 00000000 (el 0000000000 DOOOOODOD)
wldooooobooboobobooobooboboobooboobooo
hOODODODODOODOOODOOOOOOOCOOOCODODOOOOODOOO
date000D0O0O0ODOODOOOOOOCOOOOCOODOODOOOO
00 HIGHCO CO00O000000000000O000 coooooooooooooo
00 LENGTH.CO CO0OO0000O000000O0OO0 CcOO0OoO0ooooooooooooooo
1: procedure __INIT__(R, children)
2 if (2 x R) > LENGTH_C(children) then
3: w<+— R
4: else
5

w 4~ LENGTH_C(children)

>

h < 2 x R+ HIGH_C(children) + 1
7: data < [h,w]

o) \@

OR
@ocu_list W
0426 cplusOO0O0O000ODODOODO 0427 cplusO0000000OOO

414 O000ODOODOODOODO

413000000000C0000000DOCO00O0OO0O00DOO0O00ODODOO00ODOOODOOOODODO
000000o0o0oO0o0oo0o0ooO0ooOooo0ooO0oo0oooooooDoOUOoDoD 4130000000
0000000000000 00000000DO0000DO00OD0D00 (DRAW.CIRCLE)DDODOOODO
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goboboobbooobooobboobbooobooobooobooobboobboobbooon
Oo0oo0O0o0O0O0000000000000 draw000O0O0O0O0OOO4.1.300_dnit_ 00000000
0000000000 0DoO000000ooo000o0oo0o0000ooo000o0o0draw0 000000
0000000000000 000000ooo0oo00000000oo00o000000000 draw0O 0O
0000000000000 oooooooooooo0000O00U0UUUOoooOoooCcooooooOO
0000000000000 00000000000000O0draw00000000O0O0OO0OOOO ConsOO
O0000OCons000004.1300000000000000000000O00O0O0O0DOOOOOOOOO
O0000O0ConsO0000 drawO 0000000000 1200000000000000000000O0O
4280000000

000000 12Cons0000 drawD O OO

oo:
datelist00000D00000D0O0ODO0ODOO (DODODOODOOODOODOOODOOD)
datalOhead 0000000000 OO0OD0OOCOODOOOODOOOOO
data20tadl OO0 D000 0O0OO0O0DOOO0OOOOOOOOOOO
1: procedure DRAW (data)
2: datal < data_list.pop >pop0000000000O000O00O0
3: data?2 < data_list

Q) —\@

MDdatal
@data2

0428 ConsOOOOOOOOOO

ag 000

e 0000000000000000000000000000draw0000000000000000
4130000000000000000000 [(0000000,00000000),.]000000000
00000000000000daw 0000000000000000000000ay0 cons00000
00 ADDDDDOOOD0000D000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000 headD cons 1000000000000000000000000000000 cons00000
00000000000A00 draw 00000000000 1300000000000000000000
0000000042900000000000000000000000000000 4300000
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000000 13A00000 drawO OO0
O0:

childrenD _init_000000000000000OO heedOOODOOOOO
datel0000000000O0O0OOOOOOOOOOOODOOUODOODO (OOD)
OO0 DRAW.LINEOOOOOOO 2000000000000000000000O0
: procedure DRAW

—_

r<+0
datal + |]
longest_r < 0
for i =0 ... data.length do
child + datali]
if child[0] > longest_r then >child0) 0000000000000
longest_r < child|0]

9: edge < longest_r + 1
10: for i =0 ... data.length do

11: T <— 1+ child[0] + 1
12: datal.add((0, —r)) >add 0000000000000000
13: child + datali]
14: if child[1] = A2 then bchild]] 0000000000000
15: DRAW_LINE((—edge, —r), (—child[0], —r))
16: DRAW_LINE((child[0], —r), (edge, —1))
17: else if child[l] = A_minus then
18: DRAW_LINE((—edge, —r + child|0]), (edge, —r + child[0]))
19: else
20: DRAW_LINE((—edge, —r — child|0]), (edge, —r — child[0]))
21: r <1+ child[0] + 1
data= [(rl,A_plus),(r2,A_minus),(r3,A2)]
l @ \\ 0,—(2Xr11+9)
0,—(@2Xr1+2Xr2+4))
}
Ddatal DRAW_LINE
0429 AOODODOOOOOOOO 0430 AOODOOOOOOO

byr 00 by 00D

by1(by—)000000000es; 000000000000000000000 draw0000000000
000000 41300 head00D0O0ODO00 tesl 0000000000000000000000OO0
0000000000000000000BO00O00 draw000D0O00OO0D00O0O0OOO0DOOOOOOO
00000000000000000000000000000000000head00000000000
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OO0t 00 COOOO0D0ODOOOO0ODOOOO0ODOOOO0OOCOO0ODODOOODUODODDDODOOOODO
0000000000000, 0000000000,0000000000,00000000 BOOOO
0)000000000BOODODDODOODDODOOOOODOOOODODOOOOOD consOOODOOODOODO
BOplusO draw 000000000 0CO 4000000000000000000DOO0O0OOOOOOO
431 00000000000000000000000O000O00ODO 4320000

000000 14 BOo_plus(BO_minus) 0000 draw 0000
go:
rJ_init_ 000000000000 DO00ODO00O00O00O0O0OO0ODOODO
children0tail 00000000 (!l 0000000000 DOOOOODODO)
datalOhead 000000000000 D0O0OOOODOOOOODOODO (DOODO)
data20tail 0000000000 DOO00ODOODOOODOODOOODOO(DDOOO)
00 DRAW.CIRCLEOOOOOOODOUOOO0O0DOO0O0O00000O00ooo0oooooooooon
00 MAKELIST.CO COOO0O0O000O0O0OO0OO0O0OOOOOOOOO
1: procedure DRAW(children)

2: DRAW_CIRCLE(r, (0, 0))
3: datal < (0,0)
4: data2 <MAKE_LIST_C(children,r, (0,0), True)

000000 15 00 make.list_c
ode:

children0 COO0OO0OO0OOOOOOOO ([(DDDDDDD,DDDDDDDD),...])
r0CO0000000000O0O
center0C 0000000 0O0OOOOOO (DDDD)
typeD0000000O0 BOOODO (BoolO)
LO0000000O000O0D (oooOoo:o)
oo:
0000 coOoOoOoOoOoOoOoOoOoOoOoOoOoooo
1: function MAKE_LIST_C(children, r, center, type, L)

2 data < ||

3 I+ L

4 for i =0 ... children.length do

5: l+1+1

6 datali].add(l, r, center, type)

7 child + childrenli]

8 1 1+ child[l] > childl]]000D000D00000000

9: return data
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004340000

000000 16 Aplus(Aminus) 0000 drawO00 00
go:
rO_dnit__ 0000000000000 00O0D00OO0O0ODODOO0O00O0O00
center000000000000000DO0ODDOD (OOOODODOODOOOOOO)
datal:head D0 0000000000 0DOOOOOOOOOOOO (DDDD)
OO0 DRAW. CIRCLEOUOOODOUOODOOUOUOOOOOOOoO0Ooooooooodoooooooooo
1: procedure DRAW (center)

2: DRAW_CIRCLE(r, center)
3: datal < center
l @ .~ DRAW_CIRCLE
o
l@ el nanter
@center
@datal
0433 AplusO0O0O0OO00O0OO0OOO 0434 AplusO0O0O0O0Q0OOO
ax 000

0000000 draw D0 00000000 COOO0O0O0O0OODOODO 413000000000000
000000000000000000000000000000000000000ReadD taslOO0OO
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000000 17 A20000 draw0000O

ode:
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RO _init 00000000QCO0DOOO0OOOODOOOOODOOOOOO
rO_nit__ 000000000000 00O000O0OO000O0ODOO0DO0O0O00n
center0000000000000DO0O0O0OODOO (DOODODOODOOODOODOO)
childrenlOhead 00000000 (head D00ODODOO00ODOOOODOOOODO)
children20tail 00000000 (tal 0000000000 ODOOOODOD)
datalOhead 000000000000 0O0OOOODOOOOODOODO (DOODO)
date20tail 0000000000000 DOODOOOODOOODOO(DDOOO)
00 DRAW.CIRCLEOOOOOOOUOOO0O0OOO0O0O00O00O000oo0ooooooooon
OO0 DRAWLINEOOOODOOOO 20000000000000000000000O
00 MAKELIST.CO COOO0O0000O0O0O0O00OO0OOOOOOO
procedure DRAW (center, childrenl, children?2)
x < center|0] >center[0] 00000 x 0000000
y < center|[1] >center[l] 00000 yOOOOOOD
DRAW _CIRCLE( R, center)
DRAW_LINE((z — 7,9), (x — R, y))
DRAW_LINE((z + R, y), (x + 7, y))
datal <~ MAKE_LIST_C(childrenl, R, center, False)
data2 < MAKE_LIST_C(children2, R, center, False)

|®

Q) —\@

. DRAW_CIRCLE

M center
@datal
data2
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Otw! 000000000000 00O0ODO00000DO000000000000OB plus_plus O draw O

0ooooooooo 1 8sooooooooooOooooooooooooooDooOoOOo0 43r000O000O0O
Ooooooo0ooooooooooooooo 4380000
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000000 18 Boplus_plus(B.minus_minus) 0000 draw 00 0O
go:
RO head D0O0O0DDOO0O (headDODDDOODODOOODDOOOD)
R20tq! 00000000 (lal00D0D000ODO0ODOODOODOONO)
center0000000000000O0ODOU0ODOOD (COODOOOOOOODOOO)
datalOhead 000000000 D00OD0O0ODOOODOODOOODODO (DOOD)
date20tail 0000000000 DOOODOODOODOODOODO(DDOOO)
00 DRAW.CIRCLEOOOOOOOUOOOO0D0OO00O00000000oo00ooooooooon
1: procedure DRAW(center, R1, R2)

2 x + center|0]

3 y « conter[1]

4 DRAW_CIRCLE(RL, (x, R2 + y))
5: DRAW_CIRCLE(R2, (z, —R1 + y))
6 datal < (z, R2 + y)

7 data2 < (z,—R1 +y)

.-DRAW_CIRCLE

- center

Q) —A\@

@center i - data2

@a’ata] R2- ; ho

®data2 " DRAW._CIRCLE
0 4.37 BoplusplusOOOODOOOOOO 0 4.38 BoplusplusOOOOOOO0O

by_ OO0 b, 000

b_(b_,)0000O00OOODODOOOLDOUOODOODOOD 413000000000000O00O0O0
O 2 00 homoclinic saddle connection 0 00 0000000000000 O0O0OCOO0OO0OCO0OOOhead
Otedl 00O DO00O0OO0ODO00OO0OO0OD0OO00O0OO0O0OOO0OO0O00O0O00O000O0O0OODOOBplus.minus O draw O
Jdo00d0doo0odOo 190o0oo0odoo0dooodooodoooooDoooooOo 43vroooooaan
00o00dooDO0ooo0ooooooonooOo 4400000
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000000 19 B_plus.minus(B-minus_plus) 0000 draw 00 0O

o0e:

1:

2
3
4
5:
6
7

RO head D0O0O0DDOO0O (headDODDDOODODOOODDOOOD)
R20tq! 00000000 (lal00D0D000ODO0ODOODOODOONO)
center0000000000000O0ODOU0ODOOD (COODOOOOOOODOOO)
datalOhead 000000000 D00OD0O0ODOOODOODOOODODO (DOOD)
date20tail 0000000000 DOOODOODOODOODOODO(DDOOO)
00 DRAW.CIRCLEOOOOOOOUOOOO0D0OO00O00000000oo00ooooooooon
procedure DRAW(center, R1, R2)

x + center|0]

y « conter[1]

DRAW_CIRCLE(RL, (x, R2 + y))

DRAW_CIRCLE(R1 + (R2 x 2), (z,y))

datal < (z, R2 + y)

data2 < (z,—R1 +y)

l @ DRAW_CIRCLE
........................ daml
@center Y
@datal .
®data2 DRAW._CIRCLE
0 4.39 BplusminusOOOOOOOOOO 0 440 BoplusminusOOOOOOOO

4,00 p_000

44+(f_)000000000000000000000000 41.3000000000000000000
0000000000000000000000O0O0DRead 0000 COODODOOOOOOOOOOOOO
000000000000BetaplusO draw 00000000000 200000000000000000
000000000000 44100000000000000000000000000000 4420000

000000 20 Beta_plus(Betaminus) 0000 draw 0000

o0e:

1:
2:
3:

RO _init_ 0000000000000 OCO0OO0ODOOOO0ODOOO0ODOOOO00
center0000000000000DO0ODOOU0ODOOD (COODOOOODOOODOOO)
childrend head 00000000 (head DO0OD0ODO0ODO0ODOOODOODOO)
datalOhead 0000000000000 0ODOOOOODOOODOOD (DOOD)
00 DRAW.CIRCLEOOOOOOOOOOOOUOOOUOUOOUOUOUOUouoouooouogooogooo
00 MAKELIST.CO COUOU00U0U0O0U0oooooooooooo
procedure DRAW(center, children)

DRAW_CIRCLE(R, center)

datal «MAKE_LIST_C(children, R, center, False)
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0o00o00oooooO0o0o0o0oo0 Cco00oU0ooOoOo0ooU0UoOOoOO0oOoUoDoOODOOOoOoOOoboOOoOoOO
0000000000000 000Read 0000000000000 0tal D0 COOOOOOODODODOO
0000000000000 00000000000D0000CplusO draw0D000O0O0OOOOO 210
ooo000000000000000o0o0o0o0obo0oo0O0D 443 000000000000DODOODDDOOO
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000000 21 Coplus(Cominus) 0000 draw DO 00O

o0e:

1:

e e e e
I A R S S

18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:

ROhead D0DO0ODOODO (headDODODOODODOODOOODODOO)
childrenOtail D000 0000 (k! DO00D000D0O0ODO0ODOOODOODOO)

hO _hnit- 00000000 O0ODODOODOOOOOOOOOCOCOCO

wO_init_ O000000000CO00OCO0OOOOO0ODODOO0ODO
date0COO0O0O0O0DODOUODOOOUODUOOD (DODUODODDUOODODUOODOD)
datalOhead 000000000000 0D0ODOOODOOOOODODO (DOODO)
data20taill 0000000000 DOO0O0ODOODOODOOOOODOO(DOOO)

00 HIGHCO COO0OO0OO0ODOoO0OO0OO00O00000000 COoOoO0oO0oO0oO0OoOooooooo
OO0 THETAPOINTOOOOOOOOOODOOODODODODODODO0O0O0Ooooooooooo
00 DRAWSPLINEOOOOOOOUOOUOUOUOOUOOoooooooooooooog

00 MAKELIST.CO COO0OO0OO0O00O0O0OO0OO0OODOOOOOOO

procedure DRAW (data, R, children)

I + data|0] >O000000000000000O00b0bO0ooooobooogoon
r + data[l] >O00000000000000Dn
center < data[2] >0000000000000DO00O0
bool + data[3] >00000000BOOOOOO boolOOOOOO

high_c < HIGH_C(children)
0 <1l +r
Oy — (I +w)+r
O3 + ((02 —61) ~2)+ 64
pointy < THETA_POINT(0y,r, center)
pointy < THETA_POINT(fs, 1, center)
if bool = True then >O00000BOOOOOOOO0OOOOOOOOO CcOoOooooo
points < THETA_POINT(fs,r — h, center)
centery < THETA_POINT(03,7 — R — high_c — 1, center)
else
points < THETA_POINT(03,r + h, center)
centery < THETA_POINT(03,r + R + high_c + 1, center)

if » =0 then >BO000O0O0O0OOOOOOO
DRAW _SPLINE([pointy , points, points])
else
Op < m— ((m +2) + 603)
pointy; < THETA_POINT(—0,, R + 1, centery)
pointys < THETA_POINT(7 — 65, R + 1, centery)
(=0 — (m = 6), R+ 1, centery)
pointpy < THETA_POINT(m — 6 + (7 + 6), R + 1, centery,)

pointys <— THETA_POINT

DRAW _SPLINE([pointy , pointps, pointyy, points, pointys, pointss, points))
data < MAKE_LIST_C(children, r, center, bool, 1)
HEAD.DRAW (centery)
TAIL.DRAW (data)
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OD0oO0oOoo 2200 THETA_POINT

ode:
0000000 (DDOO)
r00000D00D0Od
center0 00 000O0O00O0OOO0O
gQd:
000000 000000 (xy)

1: procedure THETA_POINT(0, r, center)

2: x + 1 X cos § + center|0]
3: y  r X sin @ + center[1]
4: return (z,y)

>center[0] 000000 20000000
>center[1] 000000 yOOODOOO
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®/ \® Ddata
@datal

data2

0443 CplusO00O00O0O0OOOO

point 3
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202//./
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point 2

... point b3
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0446 CplusO00O0O00D0O0DO (e 0 BOODO
oooooooo)

o (xy)

center r

0 447 0O THETAPOINTOOO (z,y) 00OOO0DDOOO
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A0OOar 0020 3000000000000000000000O0O0O0O0OOOOOOOOOOO
O000000000D0O00O0000 pair0000 xO0OOOO0O0OOay O a— O saddle point 0000
2000000000000real 0000 r00000000ay O a— O homoclinic saddle connection O
O00e2000000000000bool0000 dOODODO0OO0OOtuwredd aq Ofalse00 o OOOO
000 e20000000ay Oa_ O Arrow0O000O00draw000000000 x00 XOOOOO
000000000 r000000000000000000000000O000Ocircle00OO0OOOOd
O00x00ey O0YOUOODODOOOOe- OYDOOOOOODDODOOOOroOoOoOOoooooooooDO
0 O homoclinic saddle connection 000000 0e20000000 XO0OOODOOOOOOOOO rO0O
0000000000000 oDO00 draw D0 00000000 DO0DO0OO0O0ODOOODODOOOODODOOOO
xO0OOOO0O0OO0OO0OO r0Ocircled 00 Arrow 0000000 drawO0O0OOcircle0000000000OO
000000 fll00o000000O00D0O0«2000000000000000 2000000000000
O00U0l00drawdOO0O0O Arrow 000 1000000000000 O0OO0O020000000000
00000 drawOO00O0O0O0O00D0O0000O0O00D0O00DO0O0O0O0 XO0OOOOODOOOOODOUOreverse
00Do00Do00o0000 draw0OOOD0OOODOOOOOhomoclinic saddle connection 00000000
O0000O0OO0scale0 0000000000000 0OD0OO0OOO 451 0000000000000 4.5200
ogbooooboooood

@true
@false e X=(X,y)

Belse S

draw(circle(x+(0,-r),r))

0451 A00OOOOOOOOOO 0452 AOD0O0OO0OOOOOO

0ooooo 41 AD

2 struct A {

3 pair x;

4 real r;

5 bool3 d;

6 B in;

7

8

9 void operator init(pair XX, real rr) {
10 X = XX;

11 r = rr;

12 ¥

13

14 void operator init(pair xx, real rr, bool3 dd) {
15 X = XX;

16 r = rr;
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17 d = dd;

18 }
19
20 void mydraw() {
21 if (d == false) {
22 draw(x+(-r,0) -- x+(0,0), arrow=MidArrow(HookHead)) ;
23 draw(x+(0,0) -- x+(r,0), arrow=MidArrow(HookHead)) ;
24 draw(reverse(circle(x+(0,r), r)), arrow=MidArrow(HookHead)) ;
25 dot (x+(0,1));
26 dot (x) ;
27 } else if (d == true) {
28 draw (x+(-r,0) -- x+(0,0), arrow=MidArrow(HookHead)) ;
29 draw(x+(0,0) -- x+(r,0), arrow=MidArrow(HookHead)) ;
30 draw((circle(x+(0,-r), r)), arrow=MidArrow(HookHead)) ;
31 dot (x+(0,-1));
32 dot (x) ;
33 } else {
34 draw (x+(-2r,0) -- x+(-r,0),arrow=MidArrow(HookHead)) ;
35 draw (x+(r,0) -- x+(2r,0),arrow=MidArrow(HookHead)) ;
36 £i11(circle(x, r),gray);
37 draw(circle(x, r), Arrow(Relative(0.77)));
38 draw(reverse(circle(x, r)), Arrow(Relative(0.77)));
39 }
40 if (in != null) {
41 in.mydraw() ;
42 }
43 }
44 void scale(real a) {
45 r *= a;
46 in.scale(a);
47 }
48 }
BOOOO

BOO by Ob__0Oby- 0b_, 0400000000000000000000O0O0ODO paird000O x
O0000000Osaddle point 0000real 0000 r00000000O0bsyy O b__ O homoclinic saddle
connection 00 00000O0b,_ O by 0000 homoclinic saddle connection 01000000200 bool O
0100000 d0200000 d20000000000 tuwredO b4 000 false0OO b__ Ob0O tureO
b20 false0 0O by— Ob0O falsed b20 true00 b_, 000000000000 00000DBOO circleO
OO0 arrow 00000200 draw0 0000000004 0b__ 0000 x00YOOOOOOODODOO
000 r000000000000000000 r0O circleD00O0O00 200 homoclinic saddle connection
o00U0oo00b,_ 0b_, 0000x00YOOOOODODOODODOOO r0ooOoO0OO0OO0OoOOOoooooo
OO0 r0Ocircle00000 rd 0.6000 circle00000O 200 homoclinic saddle connection 00 00O 0O
0000000000000 U0U0000o0o0U00U000o0o000dUd circle00OO reverse 0000
000000000 O0homoclinic saddle connection 000000000000 OOscale0000O0O0O0O0O
00000000000 451 0000000000000 45200000000000000
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/

0453 BOOOOOOOOOOO

@true,nue

@true,false
(Bfalse,true
(®false,false

draw(circle(x+(0,r),r))

@ \@ e X =(X,)

©

Al'h‘"’draw(circle (x+(0,-r),r))

0454 BOOOOOOOOO

ooooo 42 BO

1 struct B {

2 pair x;

3 real r;

4 bool3 d,d2;

5 B in;

6

7 void operator init(pair xx, real rr) {

8 X = xX;

9 r = rr;

10 }

11

12 void operator init(pair xx, real rr,bool3 dd) {

13 X = XxX;

14 r = rr;

15 d = dd;

16 }

17

18 void operator init(pair xx, real rr, bool3 dd, bool3 ddd) {

19 X = xX;

20 r = rr;

21 d = dd;

22 42 = ddd;

23 }

24

25

26 void mydraw() {

27 if (r '=0) {

28 if (d == false && d2 ==false) { /* b—- */

29 draw(reverse(circle (x+(0,r), r)), arrow=MidArrow(HookHead)) ;
30 draw(reverse(circle(x+(0,-r), r)), arrow=MidArrow(HookHead)) ;
31 } else if (d == false && d2 == true) { /* b-+ */

32 draw(reverse(circle(x+(0,r), r)), arrow=MidArrow(HookHead)) ;
33 draw((circle(x+(0,r*0.6), r*0.6)), arrow=MidArrow(HookHead)) ;
34 } else if (d == true && d2 == false) { /* b—+ */

35 draw((circle(x+(0,r), r)), arrow=MidArrow(HookHead)) ;

36 draw(reverse(circle(x+(0,r*0.6), r*0.6)), arrow=MidArrow(HookHead)) ;
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37 } else { /* b++ *x/

38 draw((circle(x+(0,r), r)), arrow=MidArrow(HookHead)) ;
39 draw((circle(x+(0,-r), r)), arrow=MidArrow(HookHead)) ;
40 }

41 dot (x) ;

42 if (in !'= null) {

43 in.mydraw() ;

44 }

45 }

46 }

47 void scale(real a) {

48 r *= a;

49 }

50 }

424 O000D0OOOOOOO

O000003.600000000000000000000O0O0Asymptote00000O000O0OOOOO
O0000000Cons0000000 head O tail 0000000000000 ODOOOOOOOOOOO
O00000000DOoCO0 Asymptote 0000000000000 O0OOOOOOOOOOOOOO
oo00000oo0Odraw0D000000O0O00OOOO0OO0O0O0OODOOOOOOOODOOOOOOOODOOO
ooooooooocoooooo

425 Asymptote OO0 OO0

Asymptote 0000000000000 0O000O0UbuntuO0O000 WindowsOOOOOOOOOODOO
0000000000 interactive mode(0 0000 )0000000000DOO0OODOOOOOOOOODO
oobodooboooboodooooooboobooooOoooboboOoooOoooboo0OooOoOoOobOOoOoooOoOoobboOoonaon
00000000000 e, 0000, 00000000000043000000000 455000000
ooooooo

0oo0ooo 43 0000

1 $ asy /* interactive mode */

Welcome to Asymptote version 2.41 (to view the manual, type help)
> input fin;0/* OO0OO0OOOOCOO */

> A ap = A((0,0),3,true) ;0 /* $a_{+}$ */

> ap.in = B((0,-3),1.2,true,true); /* 0000 $b_{++}$ *x/

>

2
3
4
5
6 ap.mydraw();l]/* goooooo x/
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0455 0O

426 0O0OOOODO

goobooooooobooboobobobobobobooooooooboobooboooboobobOoDbOoD
oo0o0ooooO0o0oOooooo0o0oO0 3300000000000 0oooOoOOooUooDooCcooooooOo
gobobooboooobooobooobboobboobbooobooobboobboobbobooo
goboboooooooobobooboooo 33b0oboobooboobUoboboooobDobooboboo
CO000000000U000000000D0D00ooDoOooDoOO00000000000oooooooon
o0oo0oob0ooDoo00o0o0oobO0ob0obDOooDobOO0obO0o0obO0oDbOo 330bUboobOooboDoooooooo
gooboboboobooogooooooboobooboboboboboboboooboobuobbobobo
gboboobobooboooooooooboobobobobobobobooboooooobooboboobobo
oboobooo
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50

oy

gooodooooooOo0ooo0oooo0o0ooog 2000000000 DODO0O0OOO00OOOOODOO0
O00OPython O Asymptote 00 0000000000000 O0O0O0OO0OOOOOOOOOOODOOO
gooobooboobooobooobboobbooobooobboobboobLboobDboobbboOoo
gooobooboobooobooobboobbooobooobboobboobboobboobbboOoo
gboboooooooboobooo

Python 00 0O0OODOOOUOOO0O0ODOCOOOU0OO0ODOOOOOODODOODOOOUOODODOOOOOOO
gboboobobooooooooooobooboobobobobDobooboobooboobooooobooboobo
oooooooooooOooooboOoOooooooooOoOoooOoOoOoooooooooOoOoob0b0O0000 3.30
obobooboobooooooooooobooboobobobobobDobooooooboobooboooboobo
0o0Oo0o0ooo00ooOo00oooU0Ooo0oU0D 2000000000000 O0ODOOOU0ODOOODOOOO
ooooooopogoo4oo0000000OO0OOO00O0OOOOOO0ODOODOOOOOODOOOOOOOOO0OD 2
gooboobooboooboooboboobboobbooobbooobboobboobboobbboOoo
goooboooboobooobooobooobboobbooobooobboobboobboobDbboOoo
0000000 oooog??20000000000000000o00o0o0oo0o0o0o0o0oDooOoDoOoOoOoOO0OO
gbobobobobooogoooooooooboobobobobobooboooobooboobobboobo
oooooooooDooyw,.+ 000 1000000000000 0D0OOO00O0DUO0DDOOOODDOOODO
oo0ooo0o0s . 00000000 DOODOO0OCOCOOOOO0000O0D0D0DUODODODODODOODOODODODOO
goooooooobooboobooboobobboboboobooboboboobobobobooboooboo
ooobobooobooboobobobobooooooooboo

Asymptote 0000000000000 O0O0UOOO0OOOOOODOOOOOOOUOO 3.300000O
gooOoOoOoOooOoOoooOoOOO00ooooOOo42600000000000000O0OCODOODOODODO 3.3
00000000000000000ADD0 BOODODOOOOODODODODOOOODOODOOOoOoOooOoOoOOO
goooboobooooboobooobobooobboobbooobooobboobboobLbooobboOoo
gogooooboooooobobobobooooobbobboooobbbbboooLob bbb bog
Asymptote 000000000000 0OO0OO00OOOOOO0OOOOODOOOOOOOOO

0

gogobooobobooobobooboboobbooobooobboobbooobbooobboobobo
goboobbooboooboo
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Juoootgtd

Python 000000

000000000000 Python DOODUOOOODODOO0OODOD A100OO0OO0OO0OOO yaceO
0000000000000 0000000D A2000000000000000000D0O000 A30
main 00 000000000000000000000000 Ad0main0000000O00OOCOOOO
gbobooooooogo

00000 Al yacc.py

1 # Yacc. PLYOO OO

2

3 import ply.yacc as yacc

4 from .lex import tokens

5 import sys

6 from . import flow

7

8 def p_s(p):

9 ’i0g 0 A0 (C? as ’)?

10 | Bo_PLUS ’(’ b_plus ’,’ ’(’ cs_minus ’)°’ ’)°
11 | BO_MINUS ’>(’ b_minus ’,’ ’(’ cs_plus ’)’ ’)’ 77°
12 if p[1] == ’a0’: p[0] = flow.A0(p[3])

13 elif p[1] == ’bo+’: p[0] = flow.BO_plus(p[3], pl6])
14 elif p[l] == ’bH0-’: p[O] = flow.BO_minus(p[B], p[6])
15

16 def p_as(p):

17 ’?Jas : NIL

18 | cons °(’ a ?,’ as ?)’ ’7°

19 if p[1] == ’n’: p[0] = flow.Nil()

20 elif p[1] == ’cons’: p[0] = flow.Cons(p[3], p[5])
21

22 def p_a(p):

23 ?225 : A_PLUS ’(’ b_plus ’)’

24 | A_MINUS ’(’ b_minus ’)’

25 | a2 cs_plus ’,’ cs_minus )2 20

26 if p[1] == ’a+’: p[0] = flow.A_plus(p[3])

27 elif p[1] == ’a-’: p[0] = flow.A_minus(p[3])

28 elif p[1] == ’a2’: p[0] = flow.A2(p[3],p[5])

29
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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

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78

def p_b_plus(p):
’?’b_plus : LEAF
| B_PLUS_PLUS ’(’ b_plus ’,’ b_plus ’)’
| B_PLUS_MINUS ’(’ b_plus ’,’ b_minus ’)’

| BETA_PLUS ’(’ cs_plus ’)’ 7’7
if p[1] == ’1’: p[0] = flow.Leaf()
elif p[1] == ’b++’: p[0] = flow.B_plus_plus(p[3], p[5])
elif p[1] == ’b+-’: p[0] = flow.B_plus_minus(p[3], p[5])
elif p[1] == ’be+’: p[0] = flow.Beta_plus(p[3])

def p_b_minus(p):
’?’b_minus : LEAF
| B_MINUS_MINUS ’(’ b_minus ’,’ b_minus ’)’

| B_MINUS_PLUS ’(’ b_minus ’,’ b_plus ’)’
| BETA_MINUS ’(’ cs_minus ’)° 77°
if p[1] == ’1°: p[0] = flow.Leaf()
elif p[1] == ’b--’: p[0] = flow.B_minus_minus(p[3], p[5])

elif p[1] == ’b-+’: p[0]
elif p[1] == ’be-’: p[0]

flow.B_minus_plus(p[3], p[5])
flow.Beta_minus(p[3])

def p_c_plus(p):
’>?’c_plus : C_PLUS (2 b_plus ’,’ cs_minus ) 0
p[0] = flow.C_plus(p[3], p[5])

def p_c_minus(p):
??2¢c_minus : C_MINUS ’(’ b_minus ’,’ cs_plus ’)’ ’7’

pl0] = flow.C_minus(p[3], p[5])

def p_cs_plus(p):
’>?J¢cs_plus : NIL
| coNs >(’ c_plus ’,’ cs_plus ’)’ ’?°
if p[1] == ’n’: p[0] = flow.Nil()

elif p[1] == ’comns’: p[0] = flow.Cons(p[3], p[5])

def p_cs_minus(p):

’?7¢cs_minus : NIL

| coNs °(’ c_minus ’,’ cs_minus ’)’ 7’
if p[1] == ’n’: p[0] = flow.Nil()

elif p[1] == ’cons’: p[0] = flow.Cons(p[3], p[5])

def p_error(p):

print (’Syntax error in input %s’ %p)
parser = yacc.yacc()

def parse(data):

return yacc.parse(data)

if __name__ == ’__main__’:
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79 while True:

80 try:

81 s = input(’>>> )
82 except EOFError:

83 break

84 parser.parse(s) .draw()
85 break

O0oooOd A2 lex.py

# lexerOOOOOOPLYDOODOO

—

2

3 import ply.lex as lex

4

5 tokens = (

6 ’A0’, ’BO_PLUS’, ’BO_MINUS’,
7 A_PLUS’, ’A_MINUS’, ’A27,

8 ’B_PLUS_PLUS’, ’B_PLUS_MINUS’, ’B_MINUS_PLUS’, ’B_MINUS_MINUS’,
9 ’BETA_PLUS’, ’BETA_MINUS’,
10 ’C_PLUS’, ’C_MINUS’,

11 ’CONS’, ’NIL’, ’LEAF’,

12 )

13

14 literals = "(),"

15

16 t_AO = r’al’

17 t_BO_PLUS = r’bO\+’

18 t_BO_MINUS = r’bO\-’

19

20 t_A_PLUS = r’a\+’

21 t_A_MINUS = r’a\-’

22 t_A2 = r’a2’

23

24 t_B_PLUS_PLUS = r’b\+\+’
25 t_B_PLUS_MINUS = r’b\+\-’
26 t_B_MINUS_PLUS = r’b\-\+’
27 t_B_MINUS_MINUS = r’b\-\-’
28

29 t_BETA_PLUS = r’be\+’

30 t_BETA_MINUS = r’be\-’

31

32 t_C_PLUS = r’c\+’

33 t_C_MINUS = r’c\-’

34

35 t_CONS = r’cons’

36 t_NIL = r’n’

37 t_LEAF = r’1’

38

39 t_ignore = ’ \t\n’ # 0000000
40 t_ignore_COMMENT = r’\#.x’ # 000000000
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41
42
43
44
45
46
47
48
49
50

© 0 N O Utk W N =

W W W W W W W W N NN N NN NN NN R = = = =
N O O kR WY HE O © 00N OO R WY O © N Ut W NN = O

# error handling

def

t_error (t):
print("O0000 *%s’" % t.value[0])
t.lexer.skip(l)

lexer = lex.lex()

if

_name__ == ’__main__’:

lex.runmain ()

ooooo A3 flow.py

# —*- coding: utf-8 —*-

import abc

import math

import numpy as np

import matplotlib.pyplot as plt

import matplotlib as mpl

from scipy import interpolate

def

def

def

theta_point (theta, r, center):

O00thetaJO0O00OO0ODOOOOOOO0OODODOODOOOOO

return (r * math.cos(theta) + center[0], r * math.sin(theta) + center[1])

c_list_high(children_ocu_list):

coooa [(self.high,self.bottom_length),. ..]J000000ooooooooog

return max(map(lambda x: x[0], children_ocu_list))

c_list_circ_length(children_ocu_list, margin):

nnn

c0000 [(self.high,self.bottom_length),...]0000000000
i
# margin0cO000000O00OOOCOODO
circ_length = O # OO0OOOOOOO
longest_child = 0 # 000000000 OOOOOOO
for child in children_ocu_list:

circ_length += child[1]+margin # 00000000000

if longest_child < child[1]:

longest_child = child[1]

# 00000000000D0ODOOOO00O000ODODODODOO0OO0ODODODOOOO
# (c0ObOOOOOOOOOOO)
if circ_length/Q <= longest_child:

circ_length = longest_child*2
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38 return circ_length
39
40 def make_list_for_c(children_ocu_list, parent_r, parent_center, parent_type, margin,

parent_length=0, first_child=False):

41 e

42 CO0drav0 000000 ([[DODDDODODOOD,0000,0000,00B00000],...]0000000

43 e

44 # parent_length0 0000000000000 D0O0O0O0OOO (a200)

45 c_list = []

46 length = parent_length

47 if parent_type and first_child:

48 length += 0.3

49 for child in children_ocu_list:

50 # 00000000000000000000000000000Obeta000O0Obetad 000
gosoOognO

51 c_list.append({"length":length, "parent_r":parent_r, "parent_center":
parent_center, "parent_type":parent_type})

52 if length+(margin/len(children_ocu_list))-child[1] < length:

53 length += 1.5

54 else:

55 length += (margin/len(children_ocu_list))-child[1]+1

56 else:

57 for child in children_ocu_list:

58 length += margin

59 c_list.append({"length":length, "parent_r":parent_r, "parent_center":
parent_center, "parent_type":parent_typel})

60 length += child[1]

61 return c_list

62

63 class Canvas:

64 nnn

65 gooooogo

66 nnn

67 def __init__(self):

68 nuan

69 matplotlibd O O OO0

70 nuan

71 self.ax = plt.axes()

72 plt.axis (P off’)

73 self.ax.set_aspect (’equal’)
74

75 def show_canvas(self):

76 nnn

77 goooooooo

78 nuan

79 plt.tight_layout ()

80 plt.show()

81

82 def save_canvas(self, file_name) :
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83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

def

def

def

def

gooooooooao

nuan

print("save picture! ")
plt.tight_layout ()
plt.savefig(file_name)

clear_canvas (self):

matplotlibd O O OO0
nun

plt.close("all")
plt.cla()
plt.axis(’off’)

self.ax.set_aspect(’equal’)

spline(self, X, y, point, deg):

goooboo

win

tck, u = interpolate.splprep([x, yl, k=deg, s=0)
u = np.linspace(0, 1, num=point, endpoint=True)
spline = interpolate.splev(u, tck)

return spline[0], spline[1]

draw_spline(self, xy):

ooooooooboo0o0oO0xOoyoooooooooo
win
count = len(xy)
x =[]
y = [1
for i in range(O, count) :
a_xy = xyl[il]
x.append (a_xy [0])
y.append(a_xy[1])
if count >= 4:
a, b = self.spline(x, y, 100, 3)
elif count == 3:
a, b = self.spline(x, y, 100, 2)
plt.plot(a, b, color="black")

draw_circle(self, r, center=(0, 0), circle_fill=False, fc="grey"):

nun

O00000O0Ocenterd 000

if circle_fill:
circ = plt.Circle(center, r, ec="black", fc=fc, linewidth=1.5)

else:
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132 circ = plt.Circle(center, r, ec="black", fill=False, linewidth=1.5)

133 self.ax.add_patch(circ)

134 self.ax.plot ()

135

136 def draw_arrow(self, center, theta=0) :

137 e

138 ooooood

139 e

140 # theta=00 000000

141 col = ’k’

142 arst = ’wedge,tail_width=0.6,shrink_factor=0.5’
143 plt.annotate(’’, xy=(center[0]+(0.1*math.cos(theta)), center[1]+(0.05*math.sin

(theta))), xytext=(center[0]+(0.1*math.cos(math.pi+theta)), center
[11+(0.1*math.sin(math.pi+theta))), arrowprops=dict(arrowstyle=arst,

connectionstyle=’arc3’, facecolor=col, edgecolor=col, shrinkA=0, shrinkB=0) )

144

145 def draw_point(self, center) :

146 nuan

147 zoom O OOODODOOOOODODODODOOOOOOO

148 nan

149 plt.plot ([center [0]], [center[1]], ’k.’)

150

151 def draw_line(self, xy_1, xy_2):

152 nuan

153 xy_100Oxy_ 2000000000

154 nuan

155 plt.plot ([xy_1[0], xy_2[0]1], [xy_1[1], xy_2[1]1]1, ’k-’)
156

157 def axvspan(self, r):

158 nan

159 O00rdoooooooooo

160 nnn

161 self.ax.axvspan(-r, r, -r, r, color="gray", alpha=0.5)
162

163 class Node(object, metaclass=abc.ABCMeta) :

164 Q@abc.abstractmethod

165 def __init__(self):

166 self.canvas = None
167 self .head = None
168 self.tail = None
169

170 def draw(self, *arg):
171 o

172 ooooooooooo
173 e

174 pass

175

176 def plot_arrow(self, *arg):
177 o
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179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

def

oooooooooboo

pass

set_canvas(self, canvas) :

goooboogooooobooooo
i
self.canvas = canvas
if self.head is not None:
self .head.set_canvas (canvas)
if self.tail is not None:

self.tail.set_canvas(canvas)

class AO(Node):

nnn

Ao0 00000

def

def

__init__(self, head): # 00D0ODOOO
super () . __init__Q)

self.type = "AO"

self.head = head # O0OOOOOODO

self .margin = 0.5

draw(self):
long_child = 0O
childrens_info = [] # drawD 00O OO0O0O
count_r = 0
if self.head.type == "Nil":
# 000000
self.canvas.draw_line((-1, 0), (1, 0))
self.canvas.draw_arrow((0, 0), math.pi)
else:
for child in self.head.occupation: # O0OOO0O0000OD0rx0D00ODO
if child[0] > long_child:
long_child = child[0]
edge = long_child + self.margin
for child in self.head.occupation:
# 000000000yOO-rx2000000
count_r += child[0] + self.margin
# 00000000000 DO0O0OOO0O00O0OODOoOO
childrens_info.append({"center": (0, -count_r), "edge":edgel})
count_r += child[0] + self.margin

self .head.draw(childrens_info)

class BO(Node):

BO+

nnn

,Bo-O O oooQo
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227
228
229
230
231
232
233
234

235
236
237
238
239
240
241

242
243
244
245
246
247

def __init__(self, head, tail):
super () . __init__Q)
self .head = head
self.tail = tail
self .margin = 0.5
high_children = c_list_high(tail.occupation)
children_length = c_list_circ_length(tail.occupation, self.margin)
self.r = max(children_length / (2 * math.pi), head.r + high_children + self.

margin)

def draw(self):
side_r = self.r + self.margin
self.canvas.axvspan(side_r)
self.canvas.draw_circle(self.r, (0, 0), circle_fill=True, fc="white")
self.plot_arrow()
for_children = make_list_for_c(self.tail.occupation, self.r, (0, 0), True, 2%
self.r*math.pi, first_child=True)
self .head.draw((0, 0))
self.tail.draw(for_children)

class BO_plus(BO):

nnn

Bo+O OO oogd
nnn
def plot_arrow(self):

self.canvas.draw_arrow((self.r, 0), math.pi/2)

class BO_minus (BO) :

Bo-OOOoOO0O
nnn
def plot_arrow(self):

self.canvas.draw_arrow((self.r, 0), math.pi*1.5)

class A_Flip(Node):

at,a-00 0000
i
def __init__(self, head):
super () . __init__Q)
self .head = head
self.margin = 0.5 # 0000000000 OOOO

self.r = head.r + self.margin

def draw(self, info_dic): # 000000000 DOOOOOO
center = info_dic["center"]
edge = info_dic["edge"]
self.canvas.draw_circle(self.r, center)

self.plot_arrow(center,edge)
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274 self .head.draw(center)
275
276 class A_plus(A_Flip):

277 roen

278 a+0 0 0oonoo

279 e

280 def __init__(self, head):

281 super () . __init__(head)

282 self.type = "A_plus"

283 self.occupation = [(self.r, self.type)]

284

285 def plot_arrow(self, center, edge):

286 self.canvas.draw_point ( (center [0] , center[1]-self.r))

287 self.canvas.draw_arrow( (center [0] -self.r, center[1]), theta=math.pi*1.5)
288 self.canvas.draw_arrow((center [0] +self.r, center[1]), theta=math.pi/2)
289 self.canvas.draw_line((—edge, center[l]—self.r), (edge, center[1]-self.r))
290 self.canvas.draw_arrow((—edge/Q, center[l]—self.r), math.pi)

291 self.canvas.draw_arrow((edge/2, center[1]-self.r), math.pi)

292

293 class A_minus(A_Flip):

294 o

295 a-0gooonoo

296 e

297 def __init__(self, head):

298 super () . __init__(head)

299 self.type = "A_minus"

300 self.occupation = [(self.r, self.type)]

301

302 def plot_arrow(self, center, edge):

303 self.canvas.draw_point ( (center [0], center[1]+self.r))

304 self.canvas.draw_arrow( (center [0] -self.r, center[1]), theta=math.pi/2)

305 self.canvas.draw_arrow((center [0]+self.r, center[1]), theta=math.pi*1.5)
306 self.canvas.draw_line((—edge, center[1]+self.r), (edge, center[1]+self.r))
307 self.canvas.draw_arrow((-edge/?, center[1]+self.r), math.pi)

308 self.canvas.draw_arrow((edge/2, center[1]+self.r), math.pi)

309

310 class A2(Node):

311 men

312 a2000000

313 e

314 def __init__(self, head, tail):

315 super () . __init__Q)

316 self.type = "A2"

317 self .head = head

318 self.tail = tail

319 self .margin = 0.5 # 00000 0O0O0OOOO

320 self.high = max(c_list_high(head.occupation), c_list_high(tail.occupation))
321 len_of_plus_circ = c_list_circ_length(head.occupation, self.margin) + self.margin

# plus0 0000
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322

323
324
325
326
327
328
329
330
331
332
334
335

336

337

338

339
340
341
342
343

344

345
346
347
348
349
350
351
352

def

len_of_minus_circ = c_list_circ_length(tail.occupation, self.margin) + self.
margin # minusO0 0 O0O0O

if len_of_plus_circ >= len_of_minus_circ:
self.len_of_circ = len_of_plus_circ * 2

else:
self.len_of_circ = len_of_minus_circ * 2

self.center_r = self.len_of_circ / (2 * math.pi) # a_ 200000

self.r = self.center_r + self.high # O0O0O0OOOO

self.occupation = [(self.r, self.type)]

draw(self, info_dic):

center = info_dic["center"]

edge = info_dic["edge"]

self.canvas.draw_circle(self.center_r, center, circle_fill=True) # a_2000

self.canvas.draw_point ( (center [0] +self.center_r, center[1])) # 00DDO0OO0OOO
o@)

self.canvas.draw_point((center[O]—self.center_r, center[1])) # 000OODOOOOO
0 (@)

self.canvas.draw_line((center [0]-self.r, center[1]), (center[0]-self.center_r,
center[1]))

self.canvas.draw_line((center [0]+self.center_r, center[1]), (center[0]+self.r,
center[1]))

self.canvas.draw_line((—edge, center[1]), (-self.r, center[1]))

self.canvas.draw_line((self.r, center[1]), (edge, center[1]))

self.canvas.draw_arrow(((-edge-self.r)/2, center[1]), math.pi)

self.canvas.draw_arrow(((self.r+edge) /2, center[1]), math.pi)

for_plus_children = make_list_for_c(self.head.occupation, self.center_r, center,
False, self.margin)

for_minus_children = make_list_for_c(self.tail.occupation, self.center_r, center,

False, self.margin, parent_length=self.len_of_circ/2)
self.head.draw(for_plus_children)

self.tail.draw(for_minus_children)

class Cons(Node) :

consJ O OO QOO

def

__init__(self, head, tail):
super () . __init__Q)
self.head head

self.tail = tail

self.type = head.type

head_child = [s for s in head.occupation if s != (0, 0)]
tail_child = [s for s in tail.occupation if s != (0, 01
self.occupation = []

for child in head_child:
self.occupation.append(child)

for child in tail_child:
self.occupation.append(child)
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364
365
366
367
368
369

400
401
402

403

404

405

406

407
408

def

draw(self, children_list):

self.head.draw(children_list.pop(0))

if len(children_list) != O:
self.tail.draw(children_list)

class Nil(Node) :

nilJO00000

def

__init__(self):
super () . __init__Q)
self.type = "Nil"

self.occupation = [(0, 0)]

class Leaf (Node) :

leaf000O0O0O0O

def

class B_

b++

nnn

def

def

__init__(self):
super () . __init__Q)
self.r = 0

Evc (Node) :

,b——0oopoog

__init__(self, head, tail):

super () . __init__Q)

# headUODDOODOODOOOtail0OOOODODO

self .head = head

self.tail = tail

self.margin = 0.5 # 00000O000O00DOOO

self.l_up_.r = head.r # JO0O0OOCOCOO (oo)

self.1_down_r = tail.r # O0O00DDOOOOCODO)

self.r = (2 * self.l up_.r + 2 * self.l down_r + 4 * self.margin) / 2 # 0000
ooo@ma)

draw(self, center=(0, 0)): # 0000000 D0O0OOO0OOO

self.canvas.draw_point ( (center [0], self.l_down_r+center[1]-self.1l_up_r)) # OO
goooo

self.canvas.draw_circle(self.l_up_r+self.margin, (center[0], self.l_down_r+self.
margin+center[1])) # OOO

self.canvas.draw_circle(self.l_down_r+self. margin, (center [0] , —self.l_up_r-self
.margin+center[1])) # 00O

self.plot_arrow(center)

self.head.draw((center[0], self.l_down_r+self.margin+center[1]))

self.tail.draw((center[0], -self.l_up_r-self.margin+center[1]))
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409

424
425

426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447

448
449
450
451
452
453
454

class B_

b+-

def

def

Flip(Node) :

,o——0OoOoood

__init__(self, head, tail):

super () . __init__Q)

self .head = head

self.tail = tail

self.margin = 0.5 # 0000000000 OOOO

self.l_up_r head.r # 0JOO0O0DOOCO(@O)

self.l down_r = tail.r # 00O OO0OODOC@O)

self.r = (2 * self.l_up_.r + 2 * self.l _down_r + 4 * self.margin) / 2

draw(self, center=(0, 0)): # 000000000 O0OOOOO

self.canvas.draw_circle(self.l_up_r+self.margin, (center[0], self.l_down_r+self.
margin+center[1]))

self.canvas.draw_circle(self. 1_up_r+self. 1_down_r+2%*self .margin, center)

self.canvas.draw_point ( (center [0], self.l_down_r+self.margin+center[1]+self.
1_up_r+self .margin))

self.plot_arrow(center)

self.head.draw((center [0], self.l_down_r+self.margint+center[1]))

self.tail.draw((center[0] , —self.l_up_r-self.margintcenter [11))

class Beta(Node):

betat+,beta-00 00000

nnn

def

def

__init__(self, head):
super () . __init__Q)
self .head = head
self.margin = 0.5 # 00000000 OOOOOCOOO
high_children = c_list_high(head.occupation)
children_length = c_list_circ_length(head.occupation, self .margin)
self.center_r = children_length / (2 % math.pi) # betall O
if children_length < 1:
self.center_r = 7 / (2 * math.pi)
self.r = self.center_r + high children # 0000000 O0OOO

draw(self, center):

self.canvas.draw_circle(self.center_r, center, circle_fill=True)

for_children = make_list_for_c(self.head.occupation, self.center_r, center, False
, self.margin)

self.plot_arrow(center)

self .head.draw(for_children)

class B_plus_plus(B_Evc):

b++0 00000

nnn
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455
456
457

458
459

460
461
462
463
464
465
466

467

468
469

482

483
484
485
486
487
488
489

490

491
492
493
494
495

def plot_arrow(self, center) :
# 000000
self.canvas.draw_arrow((center [0], self.l_down_r+2*self.margin+center[1]+self.
1 _up_r), math.pi)
# 000000
self.canvas.draw_arrow((center[O], —self.1_up_r—2*self.margin+center[1]—se1f.

1_down_r), 0)

class B_plus_minus(B_Flip):

b+-000000
Wi
def plot_arrow(self, center):
self.canvas.draw_arrow((center[0], self.l_down_r+self.margin+center[1]-self.
1_up_r-self.margin), theta=math.pi)
self.canvas.draw_arrow((center[O], center[l]—(self.l_up_r+self.l_down_r+2*se1f.

margin)) )

class Beta_plus(Beta):

betatO O OO OO
nnn
def plot_arrow(self, center) :

self.canvas.draw_arrow((center [0] +self.center_r, center[1]), math.pi/2)

class B_minus_minus(B_Evc) :

nnn

b——-O000000
win
def plot_arrow(self, center):
self.canvas.draw_arrow((center [0], self.tail.r+2*self.margin+center[1]+self.head
.r), 0)
self.canvas.draw_arrow((center[O],—self.head.r-Q*self.margin+center[1]—self.tail

.r), math.pi)

class B_minus_plus(B_Flip):

b—+0 00000
W
def plot_arrow(self, center):
self.canvas.draw_arrow((center[0], self.l_down_r+self.margin+center[1]-self.
1_up_r-self.margin), theta=0)
self.canvas.draw_arrow((center [0], center[1]-(self.l_up_r+self.l_down_r+2*self.

margin)), theta=math.pi)

class Beta_minus(Beta):

beta-O0OOO0O0O

nnn
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517
518
519
520

522
523

527
528
529
530
531

532
533
534

535
536
537
538
539
540

542

def

plot_arrow(self, center) :

self.canvas.draw_arrow( (center [0] +self.center_r, center[1]), math.pi*1.5)

class C(Node):

nnn

c+,c-000000

def

def

__init__(self, head, tail):

super () . __init__Q)

self.head = head

self.tail = tail

self.margin = 1 # cO0000O0000000O0ODOOOO

self.circ_margin = 0.5 # 00bO00000OO0OOOOO

self.high children = c_list_high(tail.occupation)

self.children_length = c_list_circ_length(tail.occupation, self.margin)

bottom_length = max(head.r*Q, self.children_length)

self .high = 2 * head.r + self.high_children + self.margin

if (self.head.r == 0) and (len(self.tail.occupation) != 1):
self.high += len(self.tail.occupation) * 1

self.occupation = [(self.high, bottom_length)]

draw(self, c_data) :
if self.high_children == O:

self .high_children = 0.3
length = c_data["length"]
center_r = c_data["parent_r"]
center = c_data["parent_center"]

bool_b0 = c_data["parent_type"]

start_theta = length / center_r
start_point = theta_point(start_theta, center_r, center)
end_theta = (length + self.children_length) / center_r
end_point = theta_point(end_theta, center_r, center)
high_theta = (end_theta-start_theta) / 2 + start_theta
if bool_bO:
high_point = theta_point(high_theta, center_r—self.high, center)
b_center = theta_point(high_theta, center_r-self.high children-self.
circ_margin-self.head.r, center)
else:
high_point = theta_point(high_theta, center_r+self.high, center)
b_center = theta_point(high_theta, center_r+self.high _children+self.
circ_margin+self.head.r, center)
self.plot_arrow(bool_b0O, high_point, high_theta)
if self.head.r != 0:
# 180-(90+high_theta)b0 00000000000 DODODDODODODODOOO
b_r_theta = math.pi - (math.pi/2+high_theta)
# 0000

b_r_center = theta_point(-b_r_theta, self.head.r+self.circ_margin, b_center)

# 180000

b_l_center = theta_point(math.pi—b_r_theta, self .head.r+self.circ_margin,
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543
544

546

o N O Ttk W

b_center)
if self.head.r * 2 < self.children_length / 2:
self.canvas.draw_spline([start_point, high_point, end_point])
else:
self.canvas.draw_spline([start_point, b_r_center, high_point, b_l_center,
end_point])
else:
self.canvas.draw_spline([start_point, high_point, end_point])
self.canvas.draw_point (start_point)
self.canvas.draw_point (end_point)
for_children = make_list_for_c(self.tail.occupation, center_r, center, bool_bO,
self .margin/1.5, parent_length=length)
self .head.draw(b_center)

self.tail.draw(for_children)

class C_plus(C):

ctdoognoo

nnn

def __init__(self, head, tail):
super () .__init__(head, tail)
self.type = "C_plus"

def plot_arrow(self, bool_bO, high_point, high_theta):
self.canvas.draw_arrow(high_point, high_theta+ math.pi*(1.5 if bool_b0 else 0.5)

)

class C_minus(C):

c-O000000

nnn
def __init__(self, head, tail):
super().__init__(head, tail)

self.type = "C_minus"

def plot_arrow(self, bool_bO, high point, high_theta):
self.canvas.draw_arrow(high_point, high_theta+ math.pi*(0.5 if bool_b0 else 1.5)

)

00000 A4 main.py

Visualization program of tree representation of structurally stable incompressible flow

in two dimensional multiply—connected domain

# —-*- coding: utf-8 -—*-
import os

from src import flow, yacc

from src.flow import Canvas

— 66 —



10 nmnn
11 Dooooooooooboooobood
12 nnn

13 def main():

14 while True:

15 try:

16 s = input(’>>> )

17 object = yacc.parser.parse(s)

18 canvas = Canvas()

19 object.set_canvas(canvas)

20 object .draw()

21 print ("draw successful!")

22 print("You can save picture or watch in matplotlib:"+"\n"+"If you want to
save, please type \'"save\"."+"\n"+"If you want to watch, please type \"
watch\".")

23 type = input(’:’)

24 if type == "save":

25 dirname = "flow_picture/"

26 os.makedirs(dirname, exist_ok=True)

27 filename = dirname + s + ’.png’

28 canvas.save_canvas (filename)

29 elif type == "watch":

30 canvas . show_canvas ()

31 else:

32 pass

33 canvas.clear_canvas ()

34 except AttributeError:

35 print ("please type correct syntax.")

36 except EOFError:

37 break

38

39 if __name__ == "__main__":

40 main ()

Asymptote D O O 0O 00O

ooooO0 Ab finasy

1 settings.outformat = "pdf";

unitsize(lcm) ;

struct B {

pair x;

bool3 d,d2;

2

3

4

5

6 real r;
7

8 B in;
9

10 void operator init(pair xx, real rr) {
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= XX;

rr;

operator init(pair XX, real rr,bool3 dd) {
= XX;
= rr;

= dd;

void operator init(pair xx, real rr, bool3 dd, bool3 ddd) {

= XX;
rr;
dd;

= ddd;

void mydraw() {
if (r '=0) {

if (d == false && d2 ==false){ /* b—- %/
draw(reverse(circle(X+(O,r), r)), arrow=MidArrow(HookHead));
draw(reverse(circle(x+(0,-r), r)), arrow=MidArrow(HookHead)) ;
¥

else if(d == false && d2 == true){ /* b—+ */
draw(reverse(circle(x+(0,r), r)), arrow=MidArrow(HookHead)) ;
draw((circle(x+(0,r*0.6), r*0.6)), arrow=MidArrow(HookHead)) ;
}

else if(d == true && d2 == false){ /* b-+ */
draw((circle(x+(0,r), r)), arrow=MidArrow(HookHead)) ;
draw(reverse(circle(x+(0,r*0.6), r*0.6)), arrow=MidArrow(HookHead)) ;
}

else { /* b++ *x/

draw((circle(x+(0,r), r)), arrow=MidArrow(HookHead)) ;
draw((circle(x+(0,-r), r)), arrow=MidArrow(HookHead)) ;
¥

dot (%) ;

if (in != null) {

in.mydraw() ;

}

void scale(real a) {

r *= a;
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60 struct A{

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
97
98
99

100

101

102

103

104

105

106

107 }

pair x;
real r;
bool3 d;

B in;

void operator init(pair xx, real rr) {

= XX;

rr;

void operator init(pair xx, real rr, bool3 dd) {

= XX;
rr;

d = dd;

void mydraw() {

if(d == false){

draw(x+(-r,0) -- x+(0,0), arrow=MidArrow(HookHead)) ;
draw(x+(0,0) -- x+(r,0), arrow=MidArrow(HookHead)) ;
draw(reverse(circle(x+(0,r), r)), arrow=MidArrow(HookHead)) ;
dot (x+(0,1));

dot (%) ;

} else if(d == true){

draw(x+(-r,0) -- x+(0,0), arrow=MidArrow(HookHead)) ;
draw(x+(0,0) -- x+(r,0), arrow=MidArrow(HookHead)) ;
draw((circle(x+(0,-r), r)), arrow=MidArrow(HookHead)) ;
dot (x+(0,-1));

dot (x) ;

} else {

draw(x+(-2r,0) -- x+(-r,0),arrow=MidArrow(HookHead)) ;
draw(x+(r,0) -- x+(2r,0),arrow=MidArrow(HookHead)) ;

£ill(circle(x, r),gray);

draw(circle(x, r), Arrow(Relative(0.77)));
draw(reverse(circle(x, r)), Arrow(Relative(0.77)));
}

if (in !'= null) {

in.mydraw() ;

void scale(real a) {

r *= a;

in.scale(a);
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OO0 B

HREEN

Python OO 0O 0O

gogoooobboooooobobo,booooobbbooooobbboooobbboooooobobboa
ggbooboooooboon

0OB1 ODOOOOO
ooo 0Oo00oooooo o000 oOooooocoooao

{ ( } )
a (2] a0 Od bqg, b0
0 as a+ a_ a-
] a9 a2 b++ b++
O by b+- b_+ b-+
0 b__ b- B+ be+
0 8- be- ct c+
U c_ c-

O

ag(cons(a_(b__(b_,(I0N)D1)0n)) 0000000000 0000000000O0

0oo0oo0 B.1 PythonOOO 1

1 >>> a0(cons(a-(b——(b-+(1,1),1)),n))0/*x OOOOODO*/
a0(cons(a-(b-—(b-+(1,1),1)), n))O/* OOOOOOx*/

draw successful!

If you want to save, please type "save".

2
3
4 You can save picture or watch in matplotlib:0/ OOO0ODDOOO */
5
6 If you want to watch, please type "watch".

7

:watch
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0 B.1 a0(cons(a-(b—(b-+(1,1),1)),n))

byt (b (b4+(I0NONDO (cons( c—(I0n)Ocons(c_(10n)0n)))) D0 00000O0OODOOODOO0O0OO
ggo

00000 B.2 PythonOOO 2

1 >>> b0+ (b+=(b++(1,1),1), (cons (c-(1,n) ,cons (c-(1,n) ,n))))
b0+ (b+-(b++(1,1),1) ,cons(c-(1,n), cons(c-(1,n), n)))
draw successful!

You can save picture or watch in matplotlib:

2

3

4

5 If you want to save, please type 'save".
6 If you want to watch, please type "watch".
7

:watch

0 B.2 b0+(b+-(b++(1,1),1),(cons(c-(1,n),cons(c-(1,n),n))))

Asymptote O [0 00 [

e 000 b, 00000000 DODOOOOODOOOODO
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00000 B3 00O

$ asy /* interactive mode */

Welcome to Asymptote version 2.41 (to view the manual, type help)
> input fin;0/* 00000000 DOO */

> A ap = A((0,0),3,true) ;0 /* $a_{+}$ */

> ap.in = B((0,-3),1.2,true,true); /* OO0O0O$b_{++3}$ */

> ap.mydraw();0/x 0O00ODOO */

0B3 O
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