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Input 1 Input 2

[scale b circle, [scale b circle,
nove -2 -1.5 circle, nove -2 -1.5 (rotate 96 line),
nove 2 -1.5 circle, nove 2 -1.5 (rotate 98 line),
nove B 2 (x-scale 3 circle) ] nove 8 2 (x-scale 3 line)]




Input 1 Input 2

[scale b circle, [scale b circle,
nove -2 -1.5 circle, nove -2 -1.5 (rotate 96 line),
nove 2 -1.5 circle, nove 2 -1.5 (rotate 98 line),
nove B 2 (x-scale 3 circle) ] nove 8 2 (x-scale 3 line)]




Input 1 Input 2
[scale b circle [scale b circle

nove -2 -1.5 : move -2 -1.5 [ -RLENT:)
nove 2 -1.5 , move 2 -1.5 [(EIEI:IRLENTE)],
nove B 2 (x-scale 3 circle) ] move B8 2 (x-scale 3 line) |




Input 1 Input 2

[scale b circle, [scale b circle,
nove -2 -1.5 circle, move -2 -1.5 (rotate 90 line),
nove 2 -1.5 circle, move 2 -1.5 (rotate 98 line),
nove B8 2 (x-scale 3 )] move B 2 (x-scale 3 )]




common pattern: face, where mouth is stretched out eyes

Input 1

[scale b circle

I
I

I

ove -2 -1.5 :
ove 2 -1.b

ove B 2 (x-scale 3 )]

Input 2

[scale b circle

]
||

||

ove -2 -1.5 [ RLEIT:)
ove 2 -1.5 [N -REENT:)
ove B 2 (x-scale 3 IENiLZ) |



let face = Ashape —
[scale b circle,

Input 1

[scale g c%rgle move -2 -1.5 (rotate 90 shape),

ngg 5 ; SM’ move 2 -1.5 (rotate 98 shape),
— 1. ’ move B 2 (x-scale 3 shape

nove 8 2 (x-scale 3 )] - . pe)

@ face circle

Input 2 hst f .
[scale b circle ApsHattion face line
nove -2 -1.5 [(RIE=IRELRMITE))],
nove 2 -1.5 (K EICIRLET)],
nove B 2 (x-scale 3 jEN) ] let square =

1n face square

GO

etc.



let face = Ashape —
[scale b circle,

Input 1

[scale g C%rgle move -2 -1.5 (rotate 98 shape),

ngg 5 ; SM, move 2 -1.5 (rotate 98 shape),
L ’ g 2 = le 3 sh

nove 8 2 (x-scale 3 )] o xoseale 3 shape).

@ face circle

Input 2 hst f .
[scale b circle DS HAtHon face line
nove -2 -1.5 [(RIE=IRELRMITE))],
nove 2 -1.5 [N ENE)],
nove B 2 (x-scale 3 jEN) ] let square =

1n face square

GO

etc.



let face = Ashape —
[scale b circle,

Input 1

[scale g c%rgle move -2 -1.5 (rotate 98 shape),

ngg 5 ; 5m, move 2 -1.5 (rotate 98 shape),
LK y move B 2 (x-scale 3 shape

nove 8 2 (x-scale 3 )] ( pe)

@ face circle

Input 2 hst f .
[scale b circle DS HACHon face line
nove -2 -1.5 [qEIEICILENTE))], I
nove 2 -1.5 (K EICIRLET)],

GO

nove 8 2 (x-scale 3 JEUE) ] WIMEUEEICICEUVA  let square = ...
good at this! 1n face square

etc.



let face = Ashape —
[scale b circle,

Input 1

[scale g c%rgle move -2 -1.5 (rotate 98 shape),

ngg 5 ; 5m, move 2 -1.5 (rotate 98 shape),
LK y move B 2 (x-scale 3 shape

nove 8 2 (x-scale 3 )] ( pe)

@ face circle

Input 2 hst f .
[scale b circle DS HAtHon face line
nove -2 -1.5 [(RIE=IRELRMITE))],
nove 2 -1.5 [N ENE)],
nove B 2 (x-scale 3 jEN) ] let square =

1n face square

GO

etc.

how can we get
Computers to do this?




library learning “

[scale b circle,
move -2 -1.5 circle, let face = Ashape —

move 2 -1.5 circle, [scale b circle,

move 8 2 (x-scale 3 circle)] move -2 -1.5 (rotate 98 shape),

move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

e —

algorithm to learn

scale 5 circl "best" abstractions face circle
SCale circile,

move -2 -1.5 (rotate 90 line),

move 2 -1.5 (rotate 98 line),

move B 2 (x-scale 3 line)]
face line



library learning e

[scale b circle,
move -2 -1.5 circle, let face = Ashape —

move 2 -1.5 circle, [scale b circle,

move 8 2 (x-scale 3 circle)] move -2 -1.5 (rotate 98 shape),

move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

S — — — — -
algorithm to learn

, "best" abstractions face circle
[scale 5 circle,
move -2 -1.5 (rotate 90 line), l.e. best compression:
move 2 -1.5 (rotate 90 line), minimize abstraction +
move B 2 (x-scale 3 line)] orogram size

face line



library learning +

[scale b circle,

move -2 -1.5 Cil‘Cle, let face = Ashape —>
move 2 -1.5 circle, [scale b circle,
move 8 2 (x-scale 3 circle)] move -2 -1.5 (rotate 98 shape),

babble

algorithm to learn
[scale 5 circle, "best" abstractions

move -2 -1.5 (rotate 90 line),
move 2 -1.5 (rotate 98 line),
move B 2 (x-scale 3 line)]

move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

face circle

l.e. best compression:
minimize abstraction +

program size face line




14
who cares about library learning?

modeling human perception

improved program synthesis make algorithm to examine how

use past synthesis solutions to learn humans recognize visual structure

fpga design . improved DSLs
tions

learn hest library of operd [Ellis et al. 2021]
rimize hardware for
oF programs

pick 2.

[Wang et al. 2021]




what's the challenge? -

how does babble work?

how well does it work?

[scale 5 circle,

move 2 -1.b circle, [scale b circle,
move B8 2 (x-scale 3 circle)] move -2 -1.5 (rotate 90 shape),

babble

algorithm to learn
[scale b circle, "best” abstractions

move -2 -1.5 (rotate 90 line),

l.e. best compression:
move 2 -1.5 (rotate 960 line - ,
Y - T o N 2 E--1- A T ° N\NT ) m|n|m|ze abStraC“On + / \

move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

face circle



what's the challenge? e

how does babble work?

how well does it work?

[scale 5 circle,

move -2 -1.b CiFCle, let face = Ashape —>
move 2 -1.b circle, [scale b circle,
move B8 2 (x-scale 3 circle)] move -2 -1.5 (rotate 90 shape),

babble

algorithm to learn
[scale 5 circle, "best” abstractions

move -2 -1.5 (rotate 98 line),

move 2 -1.5 (rotate 98 line
Y o T o Y 2N E--1- A T ° \NT ) A

move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

face circle



what's the challenge?

a non-exhaustive list of requirements:

17



what's the challenge?

a non-exhaustive list of requirements:

be scalable

run reasonably quickly on large corpuses with
complex programs
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what's the challenge?

a non-exhaustive list of requirements:

be scalable

run reasonably quickly on large corpuses with
complex programs

learn abstractions in subterms

not just abstractions which can be applied at the top
level

19



what's the challenge?

a non-exhaustive list of requirements:

be scalable
run reasonably quickly on large corpuses with
complex programs

learn abstractions in subterms
not just abstractions which can be applied at the top
level

handles nested abstractions
allowing for common structure across abstractions
themselves to be shared

20



what's the challenge?

what babble tackles:

incorporating semantic equivalence

21



what's the challenge?

[scale 5 circle,

move -2 -1.b5 circle,

move 2 -1.5 circle,

move B 2 (x-scale 3 circle) ]

[scale 5 circle,
move -2 -1.5 (rotate 90 line),

move 2 -1.5 (rotate 98 line),
move B 2 (x-scale 3 line)]

22



what's the challenge?

syntactic alighment
Input 1 Input 2
[scale b circle [scale b circle
nove -2 —1.5%, move -2 -1.5 [N -BECENT)
nove 2 -1.5 : move 2 -1.5 [(KiI-IELIET)],
nove B 2 (x-scale 3 )] move B 2 (x-scale 3 )]




what's the challenge?
syntactic alighment

Input 1

[scale b circle

Il
Il

||

ove -2 -1.b :
ove 2 -1.b

ove B8 2 (x-scale 3 )]

Input 2

[scale b circle

Il
Il

||

ove -2 -1.5 [ ETLL:),
ove 2 -1.5 [(I=1-RiENT:),
ove B 2 (x-scale 3 !!HH)]

?

24

arg 1: (rotate 96 line)




what's the challenge?
syntactic alighment

Input 1

[scale b circle

Il
Il

||

ove -2 -1.5 :
ove 2 -1.5

ove B8 2 (x-scale 3 )]

Input 2

[scale b circle

Il
Il

||

ove -2 -1.5 [ ETLL:),
ove 2 -1.5 [(I=1-RiENT:),
ove B 2 (x-scale 3 !!HH)]

cledll circle | line




what's the challenge? “¢

syntactic alighment

[scale b circle,

move -2 -1.5 circle, let face-ish = Aeye mouth —

move 2 -1.5 circle, [scale b circle,
move B8 2 (x-scale 3 circle)] move -2 -1.5 eye,

move 2 -1.b eye,
move B 2 (x-scale 3 mouth)]

face-1sh circle circle

[scale 5 circle,
move -2 -1.5 (rotate 90 line), face-ish (rotate 98 line) line

move 2 -1.5 (rotate 98 line),
move B 2 (x-scale 3 line)]



what's the challenge?
syntactic alighment

purely syntactic

let face-ish = Aeye mouth —
[scale 5 circle,

move -2 -1.5 eye,
move 2 -1.b eye,
move B 2 (x-scale 3 mouth)]

face-1sh circle circle

face-ish (rotate 98 line) line

ideal

let face = Ashape —
[scale 5 circle,

move -2 -1.5 (rotate 98 shape),
move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

face circle

face line

27




what's the challenge?
syntactic alighment

purely syntactic

let face-ish = Aeye mouth —
[scale 5 circle,

move -2 -1.5 eye,
move 2 -1.b eye,
move B 2 (x-scale 3 mouth)]

face-1sh circle circle

face-ish (rotate 98 line) line

face-1sh circle circle

face-ish (rotate 98 line) line

face-1sh circle circle

ideal

let face = Ashape —
[scale 5 circle,
move -2 -1.5 (rotate 98 shape),

move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

face circle

face line

face circle

face line

face circle

28




what's the challenge?
syntactic alighment

ideal
[scale 5 circle,

move ;2-;165 Qirile, let face = Ashape —
move .0 Clrcle, [scale 5 circle,

move @ 2 (x-scale 3 circle)] move -2 -1.5 (rotate 98 shape),

move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

face circle

[scale 5 circle,
move -2 -1.5 (rotate 90 line), face line

move 2 -1.5 (rotate 98 line),
move B 2 (x-scale 3 line)]

29




what's the challenge?
syntactic alighment

[scale 5 circle,

move -2 -1.5 ,
move 2 -1.5 :

move B8 2 (x-scale 3 circle)]

[scale 5 circle,

move -2 -1.5 (QREIRCLIENTEY],
move 2 -1.5 [(NeI-BRI RN},

move B 2 (x-scale 3 line)]

O

ideal

let face = Ashape —
[scale b circle,
move -2 -1.5 (rotate 98 shape),

move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

face circle

face line

30



31
what's the challenge?
syntactic alighment
i | ideal

[scale b circle, [scale b circle,

move -2 -1.5 : move -2 -1.5 [QN IR NIReal:)) , let face = Ashape —

move 2 -1.5 : move 2 -1.5 [(RALIIELNGIANAN:))], [scale 5 circle,

move @ 2 (x-scale 3 circle)] _ | move 8 2 (x-scale 3 circle)] move -2 -1.5 (rotate 98 shape),

move 2 -1.5 (rotate 98 shape),
. move B 2 (x-scale 3 shape) ]

. y - ) face circle

[scale 5 circle,

move -2 -1.5 [(R)%i-RRIENY], face line
move 2 -1.5 [(NeI-BRI RN},

move B 2 (x-scale 3 line)]

' -yalent version of
ntically equiva :
@ “ S?r?;)it shares common structure




what's the challenge?

a library learning approach which discovers more precise structure by
considering semantically equivalent versions of our programs.

32



what's the challenge? >

how does babble work?

how well does it work?

ideal
[scale 5 circle, [scale 5 circle,

move -2 -1.5 , move -2 -1.5 [(R%I-RLSNgIN))], let face = Ashape —
move 2 -1.5 , move 2 -1.5 [(RAEIIELGANN:)], [scale 5 circle,

move 8 2 (x-scale 3 circle) ] move B8 2 (x-scale 3 circle) ] move -2 -1.5 (rotate 98 shape),

move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

face circle

[scale b circle,
move -2 -1.5 (rotate 90 11ne)

mevia 292 -1 R

face line




how does babble work?

how well does it work?

[scale 5 circle,

move -2 -1.5 :
move 2 -1.5 :

move B8 2 (x-scale 3 circle)]

[scale b circle,
move -2 -1.5 (rotate 90 11ne)

mvia 292 -1 R

[scale 5 circle,
move -2 -1.5 [(RACI-ERLNIANIN:),

move 2 -1.5 [ -RRLaIgal:)
move B8 2 (x-scale 3 circle)]

34

ideal

let face = Ashape —
[scale b circle,

move -2 -1.5 (rotate 98 shape),
move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

face circle

face line



how does babble work?
intuition

[scale 5 circle,

move -2 -1.5 ,
move 2 -1.5 :

move B 2 (x-scale 3 circle) ]

[scale 5 circle,
VI M (rotate 90 line)

move 2 -1.5 [(NeI-BRI RN},
move B 2 (x-scale 3 line)]

35

Input 1, version 2 Input 1, version 3

[scale b circle, [scale b circle,

move -2 -1.5 (rotate 90 circle), — move -2 -1.5 (rotate 90 circle),

move 2 -1.5 (rotate 90 circle), move 2 -1.5 (rotate 90 circle),

move B 2 (x-scale 3 circle) ] move B 2 (x-scale 3 circle) ]
idea:

consider every equivalent version of our inputs



how does babble work? 20

changing the problem
[scale b circle,
move -2 -1.5 Cil‘Cle, let face = Ashape —>
move 2 _1.5 CiFCle, [Scale 5 Circle’

move 8 2 (x-scale 3 circle)] move -2 -1.5 (rotate 98 shape),

babble

move 2 -1.5 (rotate 98 shape),
move B 2 (x-scale 3 shape) ]

. face circle
[scale 5 circle,

move -2 -1.5 (rotate 90 line),

move 2 -1.5 (rotate 98 line),

move B 2 (x-scale 3 line)]
face line



how does babble work? >

changing the problem

user inputs

@ learned library
let face = Ashape —
babble

babble outputs

list of equivalences

circle = rotate 98 circle
?7x = scale 1 7x

rewritten inputs

face circle face line




how does babble work? >

contribution 1: library learning modulo theory (LLMT)

user inputs

@ learned library
let face = Ashape —
babble o

babble outputs

list of equivalences

circle = rotate 98 circle
?7x = scale 1 7x

rewritten inputs

face circle face line




how does babble work?
library learning modulo theory (LLMT)

39



how does babble work?
library learning modulo theory (LLMT)

Insight

use e-graphs

40



how does babble work?
library learning modulo theory (LLMT)

Insight

use e-graphs

contribution 2
e-graph anti-unification

rotate 90 ?x

11



how does babble work?
library learning modulo theory (LLMT)

babble
Insight

use e-graphs

contribution 2

e-graph anti-unification

contribution 3

targeted CSE

rotate 90 ?x

let £ = Ax -> ..

f 2

in

42



how does babble work? 3

library learning modulo theory (LLMT)

| insight
user inputs use e-graphs babble outputs

program corpus

learned library

let face = Ashape —

.! @ contribution 2

e-graph anti-unification

list of equivalences

rewritten inputs

face circle face line

: : rotate 90 ?x
circle = rotate 90 circle

?7x = scale 1 ?x

contribution 3

targeted CSE

let £ = Ax -> .. in

f 2




how does babble work? -

library learning modulo theory (LLMT)

. Insight
user inputs use e-graphs babble outputs

program corpus

learned library

let face = Ashape —

.! @ contribution 2

e-graph anti-unification

list of equivalences

rewritten inputs

face circle face line

rotate 90 ?x

circle = rotate 98 circle

?7x = scale 1 ?x

see the paper for
more on this!



how does babble work? "

library learning modulo theory (LLMT)

| insight
user inputs use e-graphs babble outputs

program corpus

learned library

let face = Ashape —

.! @ contribution 2

e-graph anti-unification

list of equivalences

rewritten inputs

face circle face line

rotate 90 ?x

circle = rotate 98 circle

?7x = scale 1 ?x

see the paper for
more on this!



e-graphs

46



e-graphs
why e-graphs?

[scale 5 circle,

move -2 -1.5 ,
move 2 -1.5 :

move B 2 (x-scale 3 circle) ]

[scale 5 circle,
VI M (rotate 90 line)

move 2 -1.5 [(NeI-BRI RN},
move B 2 (x-scale 3 line)]

47



48

e-graphs
why e-graphs?

user (nputs
| input 1, version 2 input 1, version 3
[scale g Cirgleg : [scale b circle, [scale 5 circle,
move —c —1.9 Clrcle, — move -2 -1.5 (rotate 90 circle), = move -2 -1.5 (rotate

move 2 -1.5 circle,

move 2 -1.5 (rotate 90 circle), move 2 -1.5 (rotate §
move B 2 (x-scale 3 circle)] ( ) (

move B8 2 (x-scale 3 circle)] move B 2 (x-scale 3 ¢

[scale 5 circle,
move -2 -1.5 (rotate 90 line),

move 2 -1.5 (rotate 96 line),
move B 2 (x-scale 3 line)]

list of equivalences

circle = rotate 96 circle
?7x = scale 1 7x




49

e-graphs
why e-graphs?

user (nputs
| input 1, version 2 input 1, version 3
[scale g Cirgleg : [scale b circle, [scale 5 circle,
move —c —1.9 Clrcle, — move -2 -1.5 (rotate 90 circle), = move -2 -1.5 (rotate

move 2 -1.5 circle,

- 1o 3 eirel move 2 -1.5 (rotate 98 circle), move 2 -1.5 (rotate ¢
move (x-scale 3 circle)] move B8 2 (x-scale 3 circle)] move B 2 (x-scale 3 ¢
[scale 5 circle,
move -2 -1.5 (rotate 90 line),
move 2 -1.5 (rotate 96 line),
move B 2 (x-scale 3 line)]

challenge:

when do we stop rewriting?

list of equivalences

circle = rotate 96 circle
?7x = scale 1 7x




50

e-graphs
why e-graphs?

user (nputs
| input 1, version 2 input 1, version 3
[scale g Cirgleg : [scale b circle, [scale 5 circle,
move —c —1.9 Clrcle, — move -2 -1.5 (rotate 90 circle), = move -2 -1.5 (rotate

move 2 -1.5 circle,

3 2 1o 3 eirel move 2 -1.5 (rotate 98 circle), move 2 -1.5 (rotate ¢
Move (x-scale 3 circle)] move B8 2 (x-scale 3 circle)] move B 2 (x-scale 3 ¢
[scale 5 circle,
move -2 -1.5 (rotate 90 line),
move 2 -1.5 (rotate 98 (scale 1
move B 2 (x-scale 3 line)]

challenge:

when do we stop rewriting?

list of equivalences

circle = rotate 96 circle
?x = scale 1 ?x
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e-graphs
why e-graphs?

user (nputs
| input 1, version 2 input 1, version 3
[scale g Cirgleg : [scale b circle, [scale 5 circle,
move —c —1.9 Clrcle, — move -2 -1.5 (rotate 90 circle), = move -2 -1.5 (rotate

move 2 -1.5 circle,

move 2 -1.5 (rotate 90 circle), move 2 -1.5 (rotate §
move B 2 (x-scale 3 circle)] ( ) (

move B8 2 (x-scale 3 circle)] move B 2 (x-scale 3 ¢

[scale 5 circle,
move -2 -1.5 (rotate 90 line),

move 2 -1.5 (rotate 98 (scale 1 line))),
move B 2 (x-scale 3 line)]

challenge: -
when do we stop rewriting?

list of equivalences

circle = rotate 96 circle
?x = scale 1 ?x
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e-graphs
why e-graphs?

user (nputs
| input 1, version 2 input 1, version 3
[scale g Cirgleg : [scale b circle, [scale 5 circle,
move —c —1.9 Clrcle, — move -2 -1.5 (rotate 90 circle), = move -2 -1.5 (rotate

move 2 -1.5 circle,

move 2 -1.5 (rotate 90 circle), move 2 -1.5 (rotate §
move B 2 (x-scale 3 circle)] ( ) (

move B8 2 (x-scale 3 circle)] move B 2 (x-scale 3 ¢

[scale 5 circle,
move -2 -1.5 (rotate 90 line),

move 2 -1.5 (rotate 98 (scale 1 (scale 1 line)))),
move B 2 (x-scale 3 line)]

challenge: -
when do we stop rewriting?

list of equivalences

circle = rotate 96 circle
?x = scale 1 ?x
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e-graphs
why e-graphs?

user (nputs
| input 1, version 2 input 1, version 3
[scale g Cirgleg : [scale b circle, [scale 5 circle,
move —c —1.9 Clrcle, — move -2 -1.5 (rotate 90 circle), = move -2 -1.5 (rotate

move 2 -1.5 circle,

move 2 -1.5 (rotate 90 circle), move 2 -1.5 (rotate §
move B 2 (x-scale 3 circle)] ( ) (

move B8 2 (x-scale 3 circle)] move B 2 (x-scale 3 ¢

[scale 5 circle,
move -2 -1.5 (rotate 90 line),

move 2 -1.5 (rotate 96 (scale 1 (scale 1 (scale 1 line))))),
move B 2 (x-scale 3 line)]

challenge: -
when do we stop rewriting?

list of equivalences

circle = rotate 96 circle
?x = scale 1 ?x




e-graphs

e-nodes

\

.O
-
.O
L] -
- .Q
- ’.
L] 0.
- Q.
- -
- .0
. IR °
.
.
.
.
.
.
.
.
.
*
*
*
*
*
S
*
*
*
*
*
*
.0
*

¢’
*
&
*

scale 1 circle

e-graphs compactly represent
sets of equivalent terms!

[Tate et al. 2009]
[Willsey et al. 2021]
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e-graphs

P
.
.
.
.
.
.
.
.
.
.
.
.
.
.*
.*

circle, scale 1 circle, scale 1 (scale 1 circle),

e-graphs compactly represent
sets of equivalent terms!

[Tate et al. 2009]
[Willsey et al. 2021]
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e-graphs

equivalences

circle = rotate 96 circle
?7x = scale 1 7x

circle, scale 1 circle, scale 1 (scale 1 circle),



e-graphs

equivalences

circle
?X

rotate 908 circle
scale 1 7x

circle, scale 1 circle, rotate 90 circle,
rotate 90 (scale 1 circle), scale 1 (rotate 90 circle),

57



e-graphs

equivalences

circle
?X

rotate 908 circle
scale 1 7x

circle, scale 1 circle, rotate 90 circle,
rotate 90 (scale 1 circle), scale 1 (rotate 90 circle),

58



e-graphs

59



how does babble work? >

| nsight
user inputs use e-graphs (= babble outputs

program corpus

learned library

.! @ contribution 2

e-graph anti-unification

let face = Ashape —

list of equivalences

rewritten inputs

face circle face line

rotate 90 ?x

circle = rotate 98 circle

?7x = scale 1 ?x




how does babble work?

user (nputs

program corpus

OO

list of equivalences

circle = rotate 98 circle

?7x = scale 1 ?x

61

use e-graphs (= babble outputs

Insight

learned library

R let face = Ashape —
contribution 2

e-graph anti-unification

rewritten inputs

face circle face line

rotate 90 ?x



e-graph anti-unification
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e-graph anti-unification
finding common structure

circle
?X

input 1
rotate 98 (scale 4 line)

equivalences

= rotate 90 circle
= scale 1 7x

Input 2

circle

i.e. scale 1 circle

rotate 96 circle

scale 1 (rotate 98 circle) _
rotate 90 (scale 1 circle) [ line j

etc.

63



e-graph anti-unification
finding common structure

equivalences

circle = rotate 90 circle
7x = scale 1 7x

Input 1
rotate 98 (scale 4 line)

Input 2

circle

i.e. scale 1 circle
rotate 99 circle
scale 1 (rotate 98 circle)
rotate 98 (scale 1 circle)

etc.

criterion 1.

occurs multiple times

scale 4 ?x

won't work

64



e-graph anti-unification
finding common structure

equivalences

circle = rotate 90 circle
7x = scale 1 7x

Input 1

rotate 98 (scale 4 line)

Input 2

circle

i.e. scale 1 circle
rotate 99 circle
scale 1 (rotate 98 circle)
rotate 98 (scale 1 circle)

etc.

65



e-graph anti-unification >
finding common structure

equivalences

circle = rotate 90 circle
7x = scale 1 7x

input 1 \\\
rotate 99 (scale 4 line) [ 1ine ]

Input 2

circle

thogh BN | el criterion 2. prefer specific abstractions  rotate 90 ?x  works, but we can
rotate 96 circle

scale 1 (rotate 98 circle) do better
rotate 98 (scale 1 circle)

etc.



e-graph anti-unification
term anti-unification

Input 1
rotate 99 (scale 4 line)

[rotate]

=

[\1« ] A top-down approach to
: e finding common structure.

(prior work!)

Input 2

rotate 98 (scale 1 circle)

e
=

e
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e-graph anti-unification
term anti-unification

sl (starting from the root of both terms)

rotate 98 (scale 4 line) option 1 if nodes are same, add to pattern & recurse

G
=

G

Input 2

rotate 98 (scale 1 circle)

[rotate]

\‘ . current pattern
[ scale ] E

. rotate

e

----------------------------------------------------------------------------------------------------
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e-graph anti-unification
term anti-unification

sl (starting from the root of both terms)

rotate 98 (scale 4 line) option 1 if nodes are same, add to pattern & recurse

[rotate]
AN

e
G

Input 2

rotate 98 (scale 1 circle)

[rotate]

7\ 2

[29] [scale ] E current pattern
\ rotate 90
[Circle] '

----------------------------------------------------------------------------------------------------

69



e-graph anti-unification
term anti-unification

sl (starting from the root of both terms)

rotate 98 (scale 4 line) option 1 if nodes are same, add to pattern & recurse

[rotate]
¢ N\

Ble
O

rotate 98 (scale 1 circle)

[rotate]

Input 2

7\ 2

@ [ scale ] current pattern
[\ ] ;rotate 90 (scale )
1 circle i

----------------------------------------------------------------------------------------------------
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e-graph anti-unification
term anti-unification

sl (starting from the root of both terms)

rotate 99 (scale 4 line)

[rotatej option 2 if nodes differ, insert hole
¢\
[29] (scale j

o

rotate 98 (scale 1 circle)

[rotate]

Input 2

7\ 2

@ [ scale ] current pattern
[\ ] rotate 90 (scale ?x )
1 circle i

----------------------------------------------------------------------------------------------------
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e-graph anti-unification
term anti-unification

sl (starting from the root of both terms)

rotate 99 (scale 4 line)

[rotatej option 2 if nodes differ, insert hole
¢\
[29] (scale j

)

rotate 98 (scale 1 circle)

[rotate]

Input 2

7\ 2

@ [ scale ] current pattern
[\. J rotate 90 (scale ?x ?y)
1 circle i

----------------------------------------------------------------------------------------------------
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e-graph anti-unification
term anti-unification

sl (starting from the root of both terms)

rotate 99 (scale 4 line)

[rotate]
¢ N\

[29] (scale j
\
[ Line ) challenge:

how to apply this to e-graphs?

Input 2

rotate 98 (scale 1 circle)

[rotate]

7\ 2

@ [ scale ] current pattern
[\. J rotate 90 (scale ?x ?y)
1 circle i

----------------------------------------------------------------------------------------------------
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e-graph anti-unification

(the intuition behind)
A top-down approach to finding common structure
in the presence of e-graphs.
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e-graph anti-unification

step 1 pick two e-classes

75



e-graph anti-unification

--------------------------------------------------------------

E rotate

--------------------------------------------------------------

step 2a if e-classes contain matching e-nodes, for each pair of matching e-nodes,
add to pattern & run step 2 with matching e-nodes' children
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e-graph anti-unification

--------------------------------------------------------------

output pattern(s)

.........................................................................................................................

| rotate | | rotate [circlej[scalejé

E rotate 90

--------------------------------------------------------------

step 2a if e-classes contain matching e-nodes, for each pair of matching e-nodes,
add to pattern & run step 2 with matching e-nodes' children
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e-graph anti-unification

--------------------------------------------------------------

Erotate 90 (scale )

--------------------------------------------------------------

step 2a if e-classes contain matching e-nodes, for each pair of matching e-nodes,
add to pattern & run step 2 with matching e-nodes' children
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e-graph anti-unification

step 2b otherwise, insert hole in pattern

--------------------------------------------------------------

)

--------------------------------------------------------------
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e-graph anti-unification

step 2b otherwise, insert hole in pattern

--------------------------------------------------------------

Erotate 90 (scale ?x ?y)

--------------------------------------------------------------
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e-graph anti-unification

--------------------------------------------------------------

Erotate 90 (scale ?x ?y)

--------------------------------------------------------------

step 3 do this for all pairs of e-classes in the e-graph

31



e-graph anti-unification

step 1 pick two e-classes

step 2a if e-classes contain matching e-nodes, for each pair of matching e-nodes,
add to pattern & run step 2 with matching e-nodes' children

step 2b otherwise, insert hole in pattern

step 3 do this for all pairs of e-classes in the e-graph

32



e-graph anti-unification

33



how does babble work? o

user inputs use e-graphs (= babble outputs

program corpus

.! @ contribution 2

e-graph anti-unification

insight

learned library

let face = Ashape —

list of equivalences

rewritten inputs

face circle face line

: : rotate 90 ?x
circle = rotate 90 circle

?7x = scale 1 ?x

contribution 3

targeted CSE

let £ = Ax -> .. in




what's the challenge? -

how does babble work?

how well does it work?

user inputs use e-graphs babble outputs

program corpus

@ contribution 2

e-graph anti-unification

Insight

learned library

let face = Ashape — e

rewritten inputs

list of equivalences

rotate 90 ?x

circle = rotate 96 circle
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nuts & bolts

O

Q

how well does it work?



- wpEal Al L Avalb ALy 822777 B AT & pr2 BB RS AR R R RS ATEERECEL AT AT B AT e BRSO AR SoPE RSN e AR A WL S/, A LA e WA ) B RS
CT@cM2e 8)) (T (repeat (T 1 (M 15 (tan (/ pi 6))))) 6 (1 (/ (* 2 pi) 6) 8.8)) (M 168 8))) (repeat (T (T c (M 8.58 8 8)) (H18 (* 1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(C(T(Tc(W288@) (MW4BBB) (T (repeat (T 1 (H 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8.8)) (M 180 8))) (repeat (T (T r (M 8.5888) (M 18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (1 (/ (* 2 pi) 2) 8 8)))
C((TcMmaepe) (M4 8)) (Tr (M208g)) (T(Tc(Mme.5088)) (M18 (*3 (cos (/ pi4))) (*3 (sin (/ pi4))))) 6 (M1 (/ (*2pi) 6) 8 8)))
C(C(T(TcM20080) (M4 8) (Tr (M1088)) (T(TcMB.508080) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M 1 (/ (* 2 pi) 8) 8 8)))
C(C(T(TcM208 8) (Tr(M180808))) (!(!r<MHH@HB))<MWB(* .5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 9)))
C (€ (T (r ! (/ pi 6)))) 6 (M 8)) (M4888) (T(Tc(M2888) (M1088)) (repeat (T (T c (H8.5688)) (M18 (*1.5 (cos (/ pi 4)) (* 1.5 (sin (/ pi 4)))) 6 M1 (/ (* 2 pi) 6) 8 8)))
(C (T (repeat (/ pi 6)))) 6 (M1 i 8)) (M 4888) (T (repeat (T1 (W18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (W28 8 8))) (repeat (T (T~ (M 8.5888) (18 (*3 (cos (/ pi 4))) (* 3 (sin (/ pi 4)))) 6 M1 (/ (* 2 pi) 6) 8 8)))
(C (T (repeat ¥ (/ pi 6)9)) 6 (M1 8)) (M 4888) (T (repeat (T1 (M 18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) @.8)) (M2 88 8))) (repeat (T (T~ (M 8.5888) (18 (*3 (cos (/ pi 4)) (* 3 (sin (/ pi 4)))) 8 M1 (/ (* 2 pi) 8) 8 8)))
(C (T (repeat 18-8. . (/ pi 6)9)) 6 (M1 8)) (M 4888) (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8.8)) (M 180 8))) (repeat (T (T r (M 8.50888) (10 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (1 (/ (* 2 pi) 6) 8 8)))
C (¢ (T (repeat (T (! pi 6)9)) F 8)) (M4888) (Tr(M26808)) (repeat (T (Tr (M 8.5888)) (M18 (*3 (cos (/ pi 4))) (* 3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
(¢ (T (repeat (T1 (M (/ pi ) i 0)) (M4888) (Tr (M1608))) (repeat (T (Tc (M 8.5888)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4)))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
C (C (T (repeat (T 1 (M (/ pi 6))))) 6 (M i @) (M40888) (Tr(M1608 epeat (T (T c (M 8.5088)) (W18 (*1.5 (cos (/ pi 4)) (* 1.5 (sin (/ pi 4)))) 6 (M1 (/ (* 2 pi) 6) @ 8)))
(¢ (7 (repeat (T (/ pi 6)))) i @) (M4888) (Tr(M1888))) (repeat (T (Tc (M8.5888) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(C (7 (repeat (T § . (/ pi 6)))) i @)) (M4088) (Tr (M1088)) (repeat (T (T r (M8.50818)) (M1 0 (* 1.5 (cos (/ pi 4)) (* 1.5 (sin (/ pi 49))) 4 (M1 (/ (* 2 pi) 4) 0 8)))
(C (T (repeat (T g (/ pi 629 8.8)) (M 4008) (Tr (100 8)) (repeat (T (T r (H8.5008) (M18 (*1.5 (cos (/ pi 4)) (* 1.5 (sin (/ pi 4))) 6 (41 (/ (* 2 pi) ¢) 8 8)))
— r— — & - 0068)) (M2880)) (repeat (T (Tc (M0.58088)) (M18 (*3 (cos (/pi4)) (*3 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 9)))
R 6)) (M1068086))) (repeat (T (T c (M©8.50888)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 M 1 (/ (* 2 pi) 2) 0 9)))
1860))) (repeat (T (Tc (W8.5008) (M18 (1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 0 )))
1868))) (repeat (T (Tc (M8.50808) (M1 5 (cos (/ pi £)) (* 1.5 (sin (/ pi 4)))) 6 (M1 ¢/ (* 2 pi) 6) 8 8)))
9.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M 288 8))) (repeat (T (Tc (M 8.5888)) (M 18 (*3 (cos (/ pi 4))) (* 3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 0 8)))
. 0.5 (/ 0.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M 180 8))) (repeat (T (T c (M 8.5888)) (M 18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4)))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
9.5 (/ 0.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 180 8))) (repeat (T (T r (M 8.5888)) (M 18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4)))) 4 M1 (/ (* 2 pi) 4) 8 8)))
peat (T (T c (W 8.5008) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8))
peat, (T (T c (#8508 0)) (18 (* 1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi ) 2 (1 (/ (* 2 p) 2) € O
peat (T (T r (M0.5888)) (M18 (*1.5 (cos (/ pi4))) (*1.5 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 88)))
16 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (W1 (/ (* 2 pi) 6) 88)) (H4.25888))) (T (Tc (M2808) (M2808) (repeat (T (Tc (M8.5888) (M18 (*3 (cos (/ pi 4)) (*3 (sin (/ pi 9))) 6 M1 (/ (* 2 pi) 6) 8 8)))
. 5 5 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (W4.25088))) (T (Tc (M2088)) (M1088))) (repeat (T (Tc (M8.5888)) (H18 (*1.5 (cos (/ pi 4)) (* 1.5 (sin (/ pi 4)))) 6 (M1 (/ (* 2 pi) 6) 8 8)))
C C T re eat T 1 M 1 @ _8 5 8 5 tan 1 6 6 M 'I * 2 1 @ BRI 0k (/0600 ¢ (11 () v o 6 0 63y (H 4108 0.8 63 <1 €O & il 2100 6)) cH 11016 639 Cheboat (1 (1 5 (N 2 818 o)) (H 118 o 1.5 Cons <1 L 433 ¥ 1.5 ol <1/ i 333 2 M1 ¢/ (v 2 013 2 8 ey
p . . p p 18 -8.5 (/8.5 (tan (/ pi6))))) 6 M1 (/ (*2pi)b)ee) M4.2508088))) (T(TcM280880)) (M10688))) (repeat (T (Tr (MB.5888)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 M1 (/ (* 2 pi) 4) 6 8)))
18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (W 4.25 8 8 8))) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)) (W 2 8 8 8))) (repeat (T (T c (M 8.5088)) (M 18 (*3 (cos (/ pi 4)) (*3 (sin (/ pi 9)))) 2 (1 (/ (* 2 pi) 2) 8 8)))
* 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (W 4.25 8 8 8))) (T (repeat (T 1 (18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)) (W 2 88 8))) (repeat (T (T c (M 8.5088)) (M 18 (*3 (cos (/ pi 4)) (*3 (sin (/ pi £)))) 6 W1 (/ (* 2 pi) 6) 8 8)))
8 ) (M 2 @ B 8 T r‘epeat T ]_ M 1 8 —B . 5 8 . 5 tan pl 6 6 M 1 2 18 -0.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8.8)) (M 4.258 8 8))) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) B 8)) (M 106 8))) (repeat (T (T r (M 8.50 8 8)) (M 18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 8)))

pi) 6) 8 8)) (M2.25 80 8))) (T (repeat (T1 (M1 8 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 [IHEES

O babble demo 2 — iTerm M1 (/ (*2pi)6)8e) (M18880)))

Welcome to fish, the friendly interactive shell

)
EON(/R6.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 0.8)) (M 1068 8))
W16 05 (/°8-5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 6)) (M0.580808)))

T “help” for instructi how t fish i
cEeEca@em M288 )
Tc M M40 )))(Y(Yc(M 8)) (M2@ 80
ype e p 0' lnS I UC lons On Ow 0 use lS To (M M40880 D)) (T (Te (M 8)) (M108080)
CeEaem M4880 D)) (T (repeat (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M1088)))
- ECECETETC(M E 08 il ) ;;;
~ e — cC@ e LK
david@mbpro ~/D/d/babble (popl23)> c In --bin=drawin L
v (C (T (repeat (T 8.5 (/ 8. ( ( 08) (M20888) (T(Tc(M2608)) (M6.5088))
(C (T (repeat (T 8.5 (/ 8.5 (: ¢ i) 6) 8@)) (M2088)) (T (repeat (T 1 (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M 0.5 8 8 8)))
(C (T (repeat (T 8.5 (/ 0.5 (i pi) 6)08)) (M2888) (Tr (M18880)))
(C (T (repeat (T -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 ( M2808) (Tr(Me.5088)))
(C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 ( M4808) (T(Tc(M2888)) (M2888)))
(C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 ( M4808) (T(Tc(M2808)) (M1888)))
(C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 ( M4808) (T (repeat (T 1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M2888))
(C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 ( M 4888)) (T (repeat (T1 (M18-8.5 (/8.5 (tan (/pi6))))) 6 M1 (/ (*2pi)6)0e)) (M1888))
(C (T (repeat (T 1 (M 10 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 ( M4088) (Tr(M2688)))
(C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 ( M4808) (Tr(M186088)))
..... (C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 ) ( 88)) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)) (M 2.25 8 8 6
(C (C (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M 1 ) ( 88)) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)) (M 2.25 0 8 0
(C (C (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M 1 [( 80)) (T (repeat (T 1 (M 18 -8.5 (/ 0.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)) (M 2.25 0 8 0
(C (C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 ( ] (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 88)) (M2.250 @ 8]
(C (C (T (repeat (T1 (M 18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M 1 [( 88)) (T (repeat (T 1 (M 18 -8.5 (/ 0.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)) (M 4.25 8 8 B (180 80)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 [( 88)) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)) (M 4.25 8 8 B 8 -0.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)) (M 28 8 8)))
(C (C (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M 1 [( 88)) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M 4.25 8 8 8))) (T (vepedt (T1(M18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M18688))
(C (C (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M 1 [( 8.8)) (T (repeat (T 1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M 4.25088))) (Tr (M1888)))
(C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M 1 (/ (* 2 pi) 8) 8.8)) (M 26 88)) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)) (M 18 8 8)))
(C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (* 2 pi) 8) 8 8)) (M2088)) (T (repeat (T 1 (M 18 -08.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M 8.5 8 8 B)))
(C (T (repeat (T 1 (M 10 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (* 2 pi) 8) 8 8)) (M2068)) (Tr (M1888)))
(C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88)) (M4888)) (T(Tc(M2088) (M28088)))
(C (T (repeat (T 1 (M 18-8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi)8) 88)) (M4888)) (T(Tc(M2088) (M18088)))
(C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88)) M40888)) (Tr (M20880)))
CE(T(TeM2080) (M4000) (T(Tc(M2888) (M208080))) (repeat (T (Tc (M@.5000)) (M18 (*3 (cos (/pi 4)) (*3 (sin (/pi 4)))) 2 M1 (/ (*2pi)2) 88)))
(C@EC((T(TcM200@) M4080)) (T(TcM2@8B 88 0))) (repeat (T (Tc (M0.5808)) (M18 (*3 (cos (/pi4)) (*3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 8 0)))
C@E@T@cM2000) M4008) (T(TcM2080 88 8))) (repeat (T (Tc (M8.5008) (M18 (*3 (cos (/pi4)) (*3 (sin (/pi4)))))6 M1 (/(*2pi)6)08)))
CET(TcM2608) M4808) (T(TcM208 808))) (repeat (T (Tc (M8.58088) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 0 8)))
CECT(@TcM2608) M48088) (T(TcM208 808))) (repeat (T (Tr (M8.5888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
CCT(TcM2808) M4808) (T(TcM208 880))) (repeat (T (Tr (M0.5880)) (W18 (*3 (cos (/ pi 4)) (*3 (sin (/ pi 4))))) 6 M1 (/ (* 2 pi) 6) 8 0)))
(C@E(T(TcM2000) M40880)) (T(Tc(M28a8 88 0))) (repeat (T (Tr (M0.58088)) (M18 (*3 (cos (/ pi4))) (*3 (sin (/ pi 4))))) 8 (M 1 (/ (* 2 pi) 8) 8 0)))
(C@EC((T(TcM200@) M4080)) (T(TcM2@8B 808))) (repeat (T (Tc (M8.50688)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
CET(TcM2608) M4808) (T(TcM208 1008))) (repeat (T (Tc (M8.5088) (M10 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 6 8)))
CET(TcM2608) M4808) (T(TcM208 1800))) (repeat (T (Tc (M0.5808)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 8)))
CECT(TcM2606) M4808) (T(TcM208 1008))) (repeat (T (Tc (M8.5088) (M10 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
CCT(TcM2808) M4808) (T(TcM208 88 0))) (repeat (T (Tr (M0.5880)) (W18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4)))) 2 (M1 (/ (* 2 pi) 2) 0 8)))
€ (€T (TcM2808) (M48808) (T (repeat (T 1 ( .5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M2688))) (repeat (T (T c (M8.5808)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) @ 8)))
C(@E@T@cM20080) (M40808) (T (repeat (T 1 ( .5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M2880))) (repeat (T (Tc (M0.5888)) (M18 (*3 (cos (/ pi 4))) (* 3 (sin (/ pi 4))))) 6 M 1 (/ (* 2 pi) 6) 0 0)))
(€ (€T (TcM2608)) (M48808) (T (repeat (T 1 (M 5(/0.5 <t1n (/pi6)))) 6 (1 (/ (*2pi)6) @8)) (28886)) (repeat (T (Tc (M 6.5608)) (418 (*3 (cos (/ pi 4)) (*3 (sin (/ pi 4))) 8 (M1 (/ (* 2 pi) 8) 6.8))) h
(€ (€T (TcM2608)) (M486808) (T (repeat (T 1 (M 5(/0.5 M1 (/ (*2pi)6) 88)) (M2888))) (repeat (T (T r (M 8.5808) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
© (@ (T(TcM2888) (M4888) (T (repeat (T 1 (M 5(/0.5 M1 (/ (*2pi)6)88)) (M2888))) (repeat (T (T r (M 8.5888) (M18 (*3 (cos (/ pi 4)) (*3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
(€ (€T (TcM2808) (M486808) (T (repeat (T 1 ( .5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M2888))) (repeat (T (T r (M 8.58088) (18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 6 (M 1 (/ (* 2 pi) 6) @ 8)))
(@€ @T(@cM20086)) (M48088)) (T (repeat (T1 (M .5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2 Dl) 6)88)) (M208080)) (repeat (T (Tr (M08.5888)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 M1 (/ (* 2 pi) 8) 0 8)))
(€@ (T (TcM200@) (M40880)) (T (repeat (T 1 (N .5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M1088)) (repeat (T (Tc (M8.5888)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
CE (T (TcM2000) (M408080)) (T (repeat (T 1 (M .5 (/8.5 (tan (/ pi6))))) 6 M1 (/ (*2pi)6)ee)) M108808))) (repeat (T (Tc (MB.5888)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 8)))
(C(C (T (TcM2608)) (M4888) (T (repeat (T 1 (M .5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M1888))) (repeat (T (T r (M©8.5808)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 (M 1 (/ (* 2 pi) 4) 0 8)))
© (@ (T(TcM28880) (M40868) (T (repeat (T 1 (1 .5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M1888))) (repeat (T (T r (M08.58088)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)))
(€ (€T (TcM20086) (M48808) (T (repeat (T 1 (M .5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 188 8))) (repeat (T (T r (M ©8.58088)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M 1 (/ (* 2 pi) 8) 0 8)))
CE@(TcM20080) M4088) (Tr (M280808))) (repea' (T(Tc(Me.5008) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 (M1 (/ (*2pi) 2) 88)))
(C@EC T (TcM2088) (M480B8 20 t (T (Tc(MB.5888@)) (M18 (*3 (cos (/pi4))) (*3 (sin (/pi4))))) 4 M1 (/(*2pi)4) 08))
@C@E((T(TcM20880) (M408 0 M2e c(M08.5808)) (M18 (*3 (cos (/pi4)) (*3 (sin (/ pi 4))))) 8 M1 (/ (* 2 pi) 8) 8 9)))
CET(TcM2608)) (M406868 m2e r(Me.50888) (M18 (*3 (cos (/ pi4)) (*3 (sin (/ pi 4))))) 2 M1 (/ (*2pi)2)88)))
C@ (T (TcM2880) M4088) (Tr (M28688))) (vepea (T(Tr(MB.5888)) (M18 (*3 (cos (/ pi4))) (*3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
C@E@(@cM20800) (M4088)) (Tr (M2088))) (repeat (T (Tr (M8.5888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 8)))
C@E(((TcM2080) (M40880) (Tr (M280808))) (repea' (T(TrM8.508080) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 M1 (/ (* 2 pi) 8) 8 8)))
(C@E@T(TcM20B0) M4080)) (TrM18 (M08.5808) (M180 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (M 1 (/ (* 2 pi) 2) 8 8)))
C@ (@ (TcM2680) M4088) (Tr(M18 (MB8.5080886) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 (M 1 (/ (* 2 pi) 4) @ 8)))
CET(TcM2608) M4808) (Tr(M18 c (M8.5088)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 M1 (/ (* 2 pi) 6) 8 8)))
CE@@@cm20080) M4s0088) (Tr(M180 r (M8.5088) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
(€ (C(T(Tc(W2808) (M40 68) (Tr(M1668)) (repeat (T (T r (H8.5888)) (H18 (1.5 (cos (/ pi 4)) (* 1.5 (sin (/ pi 4)))) 4 (41 (/ (* 2 pi) 4) 8 8)))
(C@E(@(TcM2080) M4000) (Tr (M1088))) (repeat (T (Tr (M8.5808)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6)88)) (M4888)) (T(Tc(M2688) (M2808))) (repeat (T (Tc (M6.5008) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4)))) 2 (M1 (/ (* 2 pi) 2) 0 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M4088) (T(Tc(M26808)) (M28808))) (repeat (T (Tc (M8.5888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
(C (C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6)88)) (M4088) (T(Tc(M26808)) (M28808))) (repeat (T (Tc (M8.5888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 8)))
(C (C (T (repeat (T 1 (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6)88)) (M4088) (T(Tc(M2808)) (M28808))) (repeat (T (Tc (M8.5888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T 1 (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 8 @) (M4088) (T(Tc(M2808)) (M28808))) (repeat (T (Tr (M8.50888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
(C (C (T (repeat (T1 (M 10 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 8 @) (M4088) (T(Tc(M2808)) (M28808))) (repeat (T (Tr (M8.508088) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6)88)) (M4888)) (T(Tc(M2088) (M2008))) (repeat (T (T r (M6.5008) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4)))) 6 (M1 (/ (* 2 pi) 6) 0 8)))
(C (C (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6)88) (MW48088)) (T (Tc(M2088)) (M2808))) (repeat (T (Tr (MB.5008) (M18 (*3 (rus </ pi ) (3 (sin (/ pi 0))) 8 M1 (/ (- 2 p1) 8) 8 0))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6)88)) (M4088)) (T(Tc(M26808)) (M1888))) (repeat (T (Tc (M0.5088) (M18 (*1.5 PLAN) (1.5 (sin (/ pi 4)N) 2 (M1 (/ (* 2 p1) 2) 8'8))
(C (C (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6)88) (M4888)) (T (Tc(M2688) (M1888))) (repeat (T (Tc (MWB.50088) (M18 (*1.5 <cu= (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 8 @) (M4088) (T(Tc(M2808)) (M18808))) (repeat (T (Tc (M8.50888)) (M18 (*1.5 (cos (/ pi 4))) (* 15 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 0 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 8 @) (M4088) (T(Tc(M2808)) (M18808))) (repeat (T (Tr (M0.50808)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (M 1 (/ (* 2 pi) 2) 0 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6)88)) (M4888)) (T(Tc(M2e88) (M18808))) (repeat (T (T r (M6.5008) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 (M 1 (/ (* 2 pi) 4) 8 8)))
(C (C (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6)08) (MW48088)) (T (Tc(M2088) (M18808))) (repeat (T (T r (M6.5008) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M40888) (T(Tc(M268086)) (M18808))) (repeat (T (T r (MB8.58088)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M 1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 488 8) (T (repeat (T1 (M 18 -0.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8.8)) (M 288 8))) (repeat (T (Tc (M8.5688)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 M1 (/ (* 2 pi) 2) 8 8)))
(C (C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) B 8)) (M 4088 8)) (T (repeat (T1 (M 18 -0.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 208 8))) (repeat (T (Tc (M8.5888)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 4 M1 (/ (* 2 pi) 4) 8 8)))
(€ (C (T (repeat (T 1 (W10 -8.5 (/.5 (tan (/ pi 6)))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (488 8) (T (repeat (T 1 (W10 -8.5 (/8.5 (tan (/ pi 6)))) 6 (W1 (/ (*2pi) 6) 8 8)) (M2 88 8)) (repeat (T (Tc (H8.5688)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi ) 6 (M1 (/ (*2pi) 6) 8 8)))
(C (C (T (repeat (T1 (M 16 -0.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M4 @6 8)) (T (repeat (T1 (M 18 -0.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8.8)) (M 268 8))) (repeat (T (Tc (M6.5088)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 0)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 488 8)) (T (repeat (T1 (M 18 -0.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8.8)) (M 288 8))) (repeat (T (T r (M6.5888)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 M1 (/ (* 2 pi) 2) 8 8)))
(€ (C (T (repeat (T1 (M 16 -8.5 (/ 8.5 (tan (/ pi ©))) 6 (11 (/ (2 pi) 6) 0 €)) (M 4 88 8)) (T (repeat (T1 (4 18 -0.5 (/ 8.5 (tan (/ p1 6)))) 6 (W 1 (/ (*2p1) €) 8.)) (N2 ) (repeat (T (T r (H8.5008)) (M1 (*3 (cos (/ pi 4)) (*3 (sin (/ pi D) 4 M1 ¢/ (¢ 2 pi) 4) 0 8))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 408 88)) (T (repeat (T1 (M 18 -8.5 (/ 8.5 (/pi6))))) 6 (M1 (/ (*2pi)6)88) (M18808))) (repeat (T (T c (M8.58088) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 M1 (/ (* 2 pi) 2) 8 8)))
(C (C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 4086 8)) (T (repeat (T1 (M 18 -0.5 (/8. (/i 6))))) 6 (M1 (/ (*2pi)6)88) (M1888))) (repeat (T (T c (M8.5808) (M18 (*1.5 (cos (/ pi 4))) (* 15 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 0 8)))
(C (C (T (repeat (T1 (M 16 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 88)) (M 4086 8)) (T (repeat (T1 (M 18 -0.5 (/ 6. (/pi8)))) 6 (M1 (/ (*2pi) 6) 8 8) (H1888)) (repeat (T (Tc (H8.5688) (W18 (*1.5 (cos (/ pi 4))) (- 1.5 (sin (/ pi ) 6 (M1 (/ (* 2 pi) 6) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M 4888)) (T (repeat (T 1 (M10-8.5(/ 8. (/pi6))))) 6 (M1 (/ (*2pi)6)88) (M18808))) (repeat (T (T c (M8.5808)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 488 8)) (T (repeat (T1 (M 18 -0.5 (/ 6. (/i 6))))) 6 (M1 (/ (*2pi)6)08) (M16808))) (repeat (T (Tr (M0.58068) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (M 1 (/ (* 2 pi) 2) 0 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M4 88 8) (T (repeat (T1 (M 18 -0.5 (/ 6.5 (/i 6))))) 6 M1 (/ (*2pi)6)88)) (M18808))) (repeat (T (T r (M68.56808)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 (M 1 (/ (* 2 pi) 4) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 408 88)) (T (repeat (T1 (M 18 -8.5 (/ 8.5 (/pi6))))) 6 M1 (/ (*2pi)6)88)) (M1888))) (repeat (T (T r (M08.5808)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M 1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M40888) (Tr (M20868)) (repeat (T (Tc (M8.5088)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 M1 (/ (* 2 pi) 2) 8 8)))
(C (C (T (repeat (T'1 (M 18 -8.5 (/0.5 (tan (/ pi 6))))) 6 M1 (/ (*2pi)6)88)) (M4808)) (Tr (M28880))) (repeat (T (Tc (M08.508088)) (M18 (*3 (cos (/pi4)) (*3 (sin (/pi4)))4 M1 (*2 p]) 4) 8 0)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi)6)B88) (M400B8) (Tr(M200B8 t(T (Tc(Me.5888) (M10 (3 (cos (/pi4)) (*3 (sin (/ pi )6 M1/ (x2pi)6)00)
(C (C (T (repeat (T 1 (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi)6)88) (M48BB) (Tr(M2088 (T(Tc(MB.5888)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 M1 (/ (* 2 pi) 8) 8 8))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi)6)88) (M4688B) (Tr(M2088 (T(Tr(MB.5888)) (M18 (*3 (cos (/ pi4))) (*3 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
(€ (¢ (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 488 8) (Tr (M2 88) (repeat (T (T r (M8.5888) (118 (*3 (cos (/ pi 4)) (*3 (sin (/ pi 4I) 6 (M1 (/ (* 2 pi) 6) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M40888) (Tr (M20868)) (repeat (T (Tr (M8.5088)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (W1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T1 (M 16 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M4088) (Tr (M1088)) (repeat (T (Tc (M8.5688)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6)88)) (M4888)) (Tr (M18808))) (repeat (T (T r (M8.5008)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (M 1 (/ (* 2 pi) 2) 8 8)))
(C (C (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6)88)) (M48088)) (Tr (M188008))) (repeat (T (T r (M8.5008)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88)) (M4088) (T(Tc(M26808)) (M28808))) (repeat (T (Tc (M8.5888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
(C (C (T (repeat (T 1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi)8)88)) (M4088) (T(Tc(M2808)) (M28808))) (repeat (T (Tc (M8.5888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
(C (C (T (repeat (T 1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi)8) 88)) (M4088) (T(Tc(M2808)) (M28808))) (repeat (T (Tc (M8.50888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T 1 (M 10 -0.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 8 @) (M4088) (T(Tc(M2808)) (M28808))) (repeat (T (Tr (M8.50888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 8 8)) (M4888)) (T(Tc(M2088) (M2008)) (repeat (T (T r (M6.5008) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4)))) 4 (M1 (/ (* 2 pi) 4) 0 8)))
(C (C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88)) (M4088) (T(Tc(M26808)) (M28808))) (repeat (T (Tr (M 8.5888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88)) (M4088) (T(Tc(M26808)) (M28808))) (repeat (T (Tr (M8.5888) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 0 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8)88)) (M4888) (T(Tc(M2886)) (M18088))) (repeat (T (T c (M8.508088) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 M1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (* 2 pi) 8) 8 @) (M4088) (T(Tc(M2808)) (M18808))) (repeat (T (Tr (M8.5808)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (M 1 (/ (* 2 pi) 2) 0 8)))
(C (C (T (repeat (T1 (M 18 -0.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 8 @) (M4068) (T(Tc(M2808) (M18808))) (repeat (T (Tr (M0.50808) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 (M 1 (/ (* 2 pi) 4) 0 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 8 8)) (MW4888)) (T(Tc(M2e88) (M18808))) (repeat (T (T r (M6.5008) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 8)))
(C (C (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8)88)) (MW4888)) (T(Tc(M2088) (M18808))) (repeat (T (T r (M6.5008) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (* 2 pi) 8) 88)) (M 488 8)) (T (repeat (T1 (M 18 -0.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8.8)) (M 28 8 8))) (repeat (T (Tc (M8.5888)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 M1 (/ (* 2 pi) 2) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (* 2 pi) 8) 88)) (M 408 88)) (T (repeat (T1 (M 18 -0.5 (/ 8.5 (/pi6))))) 6 (M1 (/ (*2pi)6)088)) (M2888))) (repeat (T (Tc (M8.58088) (18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 8)))
(C (C (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (* 2 pi) 8) 88)) (M 4086 8)) (T (repeat (T1 (M 18 -0.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 208 8))) (repeat (T (Tc (M8.5888)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(€ (C (T (repeat (T 1 (W10 -8.5 (/8.5 (tan (/ pi 8)))) & (M1 (/ (*2pi) 8) 8 8)) (W 488 8) (T (repeat (T1 (W10 -8.5 (/8.5 (tan (/ pi 6))) 6 (W1 (/ (*2pi) 6) 8.8)) (268 8)) (repeat (T (Tr (H8.5888)) (M18 (*3 (cos (/ pi ) (*3 (sin (/ pi ) 2 (M1 (/ (*2pi) 2) 88))
(€ (C (T (repeat (T 1 (M 10 8.5 (/ 0.5 (tan (/ pi 8)))) & (M1 (/ ( 2pi) 8) 0.8)) (M 4888)) (T (repeat (T 1 (10 -8.5 (/ 0.5 (tan (/ pi 6)))) 6 (M1 (/ (2 pi) 6) 0.0)) (288 8)) (repeat (T (T r (8588 8) (N10 (*3 (cos (/ pi 4)) (*3 (sin (/ pi )] 4 W1 (/ (2 pi) 4) 6 0))
(C (C (T (repeat (T1 (M18-8.5 (/0.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88)) (M48808)) (T (repeat (T 1 (M18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M2688)) (repeat (T (Tr (M8.5688) (10 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 88)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (* 2 pi) 8) 88)) (M 488 8)) (T (repeat (T1 (M 18 -0.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8.8)) (M 288 8))) (repeat (T (T r (M6.5888)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 M1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M 1 (/ (* 2 pi) 8) 88)) (M 40 88)) (T (repeat (T1 (M 18 -0.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8.8)) (M 1088 8))) (repeat (T (T c (M 8.5888)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
(C (C (T (repeat (T1 (M 18 -0.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (* 2 pi) 8) 88)) (M 40 88)) (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 88)) (M 108 8))) (repeat (T (T c (M 8.5888)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)))
(€ (C (T (repeat (T 1 (W10 -8.5 (/ 8.5 (tan (/ pi 8)))) & (M1 (/ (*2pi) 8) 8.8)) (M 488 8)) (T (repeat (T1 (M 10 -8.5 (/ 8.5 (tan (/ pi €))))) 6 (M1 (/ (*2pi) 6) 8.8)) (M 188 €))) (repeat (T (T'c (M8.580€) (10 (*1.5 (cos (/ pi 4)) (* 1.5 (sin (/ pi 4)2)) 8 (M1 (/ (*2pi) &) 8 )
(€ (C (T (repeat (T 1 (M 10 .5 (/ 0.5 (tan (/ pi 8)))) & (M1 (/ (2pi) 8) 0.8)) (M4 808)) (T (repeat (T 1 (16 -8.5 (/ 0.5 (tan (/ pi 6)0)) 6 (M1 (/ (2pi) 6) 0.8)) (N1888)) (repeat (T (Tr (¥0.5008) (M1 (*1.5 (cos (/ pi 4))) (* 1.5 (sin / pi )0) 2 (M1 (/ (* 2 pi) 2) 0 8))
(C (C (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 68)) (M488080)) (T (repeat (T 1 (M10-8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M1688)) (repeat (T (T (M8.5688) (18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4)))) 6 (M 1 (/ (* 2 pi) 6) 0 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 8))))) 8 (M1 (/ (* 2 pi) 8) 88)) (M 408 8)) (T (repeat (T1 (M 18 -0.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8.8)) (M 1886 8))) (repeat (T (T r (M 8.5888)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 M 1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T1 (M18-8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88)) (M4888) (Tr (M2888))) (vepea (T(Tc(MB.5888)) (M18 (*3 (cos (/pi4))) (*3 (sin (/ pi4))))) 2 (M1 (/ (*2pi) 2) 88)))
(C (C (T (repeat (T1 (M18-0.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88)) (M4808 8 T(TcMB8.5808)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
(C (C (T (repeat (T1 (M18-8.5 (/0.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88) (M4808 ] T(To(MB.5800) (M1 (3 (cos (/pi ) (*3(sin (/pi9))) 6 M1 (/ (*2pi)6)68))
(C (C (T (repeat (T1 (M18-8.5 (/0.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88) (M48008 8 & (T (Tr (H0.5008) (116 (*3 (cos (/ pi 0)) (*3 (sin (/ pi 4)0) 2 (M1 (/ (* 2 pi) 2) 8.9)
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi)8)88) (M4088 8 Tr(Me.5088) (M18 (*3 (cos (/ pi4))) (*3 (sin (/ pi 4))))) 4 M1 (/ (* 2 pi) 4) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi)8)88) (M4088 8 (MB8.50086)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 0 8)))
(C (C (T (repeat (T1 (M 18 -0.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi)8)6@) M400880 8 ~ (M8.50808)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 0 8)))
(C (C (T (repeat (T1 (M18-0.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88)) (M4808 8 (M08.50808)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 (M 1 (/ (* 2 pi) 4) @ 8)))
(C (C (T (repeat (T1 (M18-8.5 (/0.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88) (M4808 ] (M8.5088) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (M 1 (/ (* 2 pi) 6) 8 8)))
(C (C (T (repeat (T1 (M18-8.5 (/0.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88) (M48008 8 (M8.5008) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M 1 (/ (* 2 pi) 8) 8 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi)8)88) (M4088 8 (MB8.5080886) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 (M 1 (/ (* 2 pi) 4) @ 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi)8)88) (M4088 8 (MB8.508086)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (M 1 (/ (* 2 pi) 6) @ 8)))
(C (C (T (repeat (T1 (M 18 -8.5 (/8.5 (tan (/ pi 8))))) 8 (M1 (/ (*2pi) 8) 88)) (M4088) (Tr (M1088))) (repeat (T (Tr (M8.5888)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 0)))
(C (C (c (T (repeat (T 1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M4808)) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M4.25808))) (T (Tc(M28068)) (M2888))) (repeat (T (Tc (M8.50808)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 0 8)))
(€ (C (c (T (repeat (T 1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M4 808)) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M4.25808))) (T (Tc(M28068)) (M2888))) (repeat (T (Tc (M8.50808)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 0 8)))
(€ (C (c (T (repeat (T1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M4 808) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 8 8)) (M4.25008))) (T (Tc (H2888)) (M20888)) (repeat (T (Tc (M 8.5088)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(C (¢ (c (T (repeat (T 1 (M 108 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M4808) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 8 8)) (M4.25008))) (T (Tc (H2888)) (M2088)) (repeat (T (T (M 8.5088)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 (M1 (/ (* 2 pi) 2) 8 8)))
(C (C (C (T (repeat (T 1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M48608)) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 M1 (/ (*2pi) 6) 88)) (M4.258088))) (T (Tc(M28088)) (M2888))) (repeat (T (Tr (MB8.5080886)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 0 8)))
(€ (C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 4086 8) (T (repeat (T1 (H18 .5 (tan (/ pi 6))))) 6 M1 (/ (*2pi) 6) 88)) (M4.258088))) (T (Tc(M2808)) (M28688))) (repeat (T (Tr (MB8.5808)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 0 8)))
(C (C (c (T (repeat (T 1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M4808)) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M4.25808))) (T (Tc(M28068)) (M28688))) (repeat (T (Tr (M8.50808)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 0 8)))
(€ (C (c (T (repeat (T 1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M4 808)) (T (repeat (T1 (M 180 .5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M4.25808))) (T (Tc(M2808)) (M18808))) (repeat (T (Tc (M8.5808)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 2 (M 1 (/ (* 2 pi) 2) @ 8)))
(€ (C (c (T (repeat (T1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M4 808) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 8 8)) (M4.25008))) (T (Tc (M2888)) (M10868)) (repeat (T (Tc (M 8.5088)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
(C (¢ (c (T (repeat (T 1 (M 108 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M4808) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 8 8)) (M4.25008))) (T (Tc (H2888)) (M1088))) (repeat (T (Tc (M 8.5088)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M 1 (/ (* 2 pi) 8) 8 8)))
(C (C (C (T (repeat (T 1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M48608)) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 M1 (/ (*2pi) 6) 88)) (M4.258088))) (T (Tc(M2808)) (M1888))) (repeat (T (T r (MB8.58088)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 6 (M 1 (/ (* 2 pi) 6) @ 8)))
(€ (C (C (T (repeat (T1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 4086 8) (T (repeat (T1 (H18 .5 (tan (/ pi 6))))) 6 M1 (/ (*2pi) 6) 88)) (M4.258088))) (T (Tc(M28086)) (M1888))) (repeat (T (Tr (MB8.580886)) (M18 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 8 (M 1 (/ (* 2 pi) 8) @ 8)))
(C (C (c (T (repeat (T 1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M4808)) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 4.258 8 8))) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8.8)) (M 2 8 8 8))) (repeat (T (T c (M 8.5888)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 4 (M1 (/ (* 2 pi) 4) 8 8)))
(€ (C (c (T (repeat (T 1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M4 808)) (T (repeat (T1 (M 180 .5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 4.258 8 8))) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8.8)) (M 28 8 8))) (repeat (T (Tc (M 8.58088)) (186 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(€ (C (c (T (repeat (T1 (M 10 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M4 808) (T (repeat (T1 (M 180 .5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) @ 8)) (M 4.25 8 8 8))) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 88)) (M 280 8))) (repeat (T (T r (M 8.5008)) (M18 (*3 (cos (/ pi 4))) (*3 (sin (/ pi 4))))) 2 (M 1 (/ (* 2 pi) 2) 0 8))
(C (C (C (T (repeat (T 1 (M 18 -8.5 (/ 0.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 400 8) (T (repeat (T1 (18 .5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8.8)) (M 4.25 8 8 8))) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8.8)) (M 28 88))) (repeat (T (T r (M 8.5888)) (M18 (*3 (cos (/ pi 4))) (* 3 (sin (/ pi 4))))) 4 M1 (/ (* 2 pi) 4) 8 8))
(C (C (C (T (repeat (T 1 (M 108 -8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M48608)) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8.8)) (M 4.258 08 8))) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M208 (T(Tr(MB.5888)) (M18 (*3 (cos (/ pi4))) (*3 (sin (/ pi 4))))) 6 (M1 (/ (* 2 pi) 6) 8 8)))
(T (repeat (T1 (M 10 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M4808)) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 4.258 08 8))) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M208 t (T(Tr(MB.50808) (M18 (*3 (cos (/ pi 4)) (*3 (sin (/ pi 4)))) 8 (M1 (/ (* 2 pi) 8) 8 8)))
(T (repeat (T 1 (M 10 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 8 8)) (M4 808)) (T (repeat (T1 (M 18 5 Ctan (/ pi 6))9)) 6 (M1 (/ (* 2 pi) 6) 88)) (M 4.25 8.88)) (T (repeat (T 1 (M 16 -6.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6 88)) (M 18 8 8))) (repeat (T (T c (M 8.5 88 8)) (M 18 (* 1.5 (cos (/ pi 4)) (* 1.5 (sin (/ pi 4))))) 2 (W1 (/ (* 2 pi) 2) & 8)))
(T (repeat (T 1 (M 10 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M4 808)) (T (repeat (T1 (M 18 .5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 4.258 0 8))) (T (repeat (T 1 (M 18 -8.5 (/ 8.5 (tan (/ pi 6))))) 6 (M 1 (/ (* 2 pi) 6) 8.8)) (M 108 8))) (repeat (T (Tc (M8.5688)) (M106 (*1.5 (cos (/ pi 4))) (* 1.5 (sin (/ pi 4))))) 4 M1 (/ (* 2 pi) 4) 8 8)))
C (T (repeat (T 1 (M 108 -8.5 (/ 0.5 (tan (/ pi 6))))) 6 (M1 (/ (* 2 pi) 6) 88)) (M 400 8) (T (repeat (T1 (18 -5 (tan (/ pi €))) 6 (M1 (/ (*2pi) 6) 88)) (M4.258 8 ) (T (repeat (T 1 (M 18 -0.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88)) (M 168 8))) (repeat (T (Tc (H0.56188)) (18 (*1.5 (cos (/ pi 4)) (* 1.5 (sin (/ pi 4)))) 6 (M1 (/ (* 2 pi) 6) 88))
0-8.5 (/0.5 (tan (/ pi 6)))) 6 (1 (/ (~2pi) 6) 88) (M4868) (T (r T1(M18 -5 (tan (/ pi 6))))) 6 (M1 (/ (* 2pi) 6) 0.8)) (M 4.258 6 8) 18-8.5 (/8.5 (tan (/ pi 6))))) 6 (M1 (/ (*2pi) 6) 88) (M10868) (M0.5688) (M186 (*1.5 (cos (/ pi 4))) (1.5 (sin (/ pi 4))))) 8 (M1 (/ (* 2 pi) 8) 8 8)))




how well does it work?

qualitative eval

38

ngon = Asize sides —

T (repeat (T1 (M1 8 -8.5 (8.5 / tan (n / sides)))) sides
(M1 (2 * 1) / sides) 8 8)) O O

(M size 8 B B)

scaled n-gon ngon 4 3 ngon 1 6
con_hex = Alnner_size — ring = An shape —
C (ngon 4 6) (ngon inner_size 6) repeat (offset 1.5 shape) n (rotate n)
con_hex 4.25 con_hex 2 con_hex 1
concentric scaled hexagons ring of shapes
nuts & bolts

<20

9

O
Q

-
OJER




how well does it work?

qualitative eval
furniture
E :
;
: @)
5 [CD)
: [e_o]
i l |

shelf = Ahandle —
C (T (move_y -3 (C (move_y 8 (r_s 15 3))
(T (repeat (T (T handle (M 8.84375 8 6 0)) (xform_x 8))

: Co o|Ce =

(xform_x 6.375))
shelf c shelf s

(xform_x -3.1875))))
(M108088.75))
(move_y -2.25 (r_s 16.5 4.5))

39



how well does it work?

qualitative eval

nuts & bolts

: dial = Ahandle —

check the paper for more examples!

ngon = Asize sides —
T (repeat (T1 (M1 0 -8.5 (8.5 / tan (n / sides)))) sides
M1 ((2 *n) / sides) 8 8))
(M size 8 8 8) scaled n-gon

con_hex = Ainner_size — ring = An shape —
C (ngon 4 6) (ngon inner_size 6) repeat (offset 1.5 shape) n (rotate n)

OGN RN RO

con_hex 4.25 || con_hex 2 || con_hex 1

concentric scaled hexagons ring of shapes

oneseg_body = Arest — circle_ring = An — repeat
C(C(C(C (T (T (r_s @ @) (xform_x 8)) (xform_x -8)) (T (Tc (M©8.258 08 8))
(T (T (r_s 16 4.5) (M1 88 2.25)) (M 1 0 8.530833 0.53833))
(xform_x 8))) n
(T (T (r_s 8 8) (xform_x 8)) (xform_x 8))) M1 ((2*n) / x8) 80)
(T(r.s121) (M1885))) rest

- &8 | .22

circle_ring 4 || circle_ring 8
oneseg_body <antenna> oneseg_body <wheels> 9 g

one-segment vehicle body ring of circles

shelf = Ahandle —
C (T (move_y -3 (C (move_y 8 (r_s 15 3))
(T (repeat (T (T handle (M 8.84375 8 8 8)) (xform_x 8))
2

(xform_x 6.375)) | [e) o) ]

(xform_x -3.1875))))

(M1888.75)) shelf ¢

(move_y -2.25 (r_s 16.5 4.5))

C(C(Tc (xf 8)) (T handle (M 1.5 8 8 8))) gadget._body = Jheight top -
c (xform_x andle . -
(T (T (T1 (xform_x -8.5)) (M1 (n / 2) 8 8)) C (C top (T (r_s 1 height) (xform_x 7.75)))

18 (1% (8.5 cos (n/2) 8.5) a Eisi 19“'313?* (arith 8 + 2 * 8.5))))

OO0 =[]

dial c dial s

gadget_body gadget_body
2.25 <rect> 2.25 empt

gadget body

input corpus —> learned library

20



how well does it work?
quantitative eval

does it scale?

does it compress?

21



how well does it work?
quantitative eval

103

Time (seconds)
’—J
=,

does it scale?

101 1

1.0

|

1.2

|

1.4

1.6 1.8 2.0
Compression Ratio

does it compress?

|

2.2

|

2.4

2.6

92



how well does it work?

quantitative eval

does it scale?

Time (seconds)

103

—

o
n
|

101 1

we want our
results to go in this
direction!

1 | 1 | 1

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Compression Ratio

does it compress?

2.6
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how well does it work?

quantitative eval

does it scale?

Time (seconds)

physics domain results

O DreamCoder
103-. O BabeeSyn
: o © Babble

aD

(&
102..
107 -

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Compression Ratio

does it compress?
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how well does it work?

quantitative eval

does it scale?

Time (seconds)

physics domain results

DreamCoder
103 - A BabbleSyn
I Babble
2
R
102 -
A
1 . ve
10° - AAé%A
I A A
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Compression Ratio

does it compress?
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how well does it work?

quantitative eval

does it scale?

Time (seconds)

physics domain results

DreamCoder
103-. BabeeSyn
! »  Babble
2
R
102-
X X
% X
v X
X
X X
; X
X X
107 - AL A . X
I B X
X
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Compression Ratio

does it compress?
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how well does it work?

quantitative eval

does it scale?

Time (seconds)

list domain results

1073 3
] O DreamCoder

BabbleSyn
Babble

102 -

O
O
101 -
109 =
1.0 1.1 1.2 1.3 1.4

Compression Ratio

does it compress?
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how well does it work?

quantitative eval

does it scale?

Time (seconds)

list domain results

103 3
) DreamCoder
> A BabbleSyn
X Babble
5
o
102 - &F}%»
.:b, ¢
A Oty 2
o 83
R
10! S Al
A A
B 4
A
AD a
) A A A
1.0 1.1 1.2 1.3 1.4

Compression Ratio

does it compress?
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how well does it work?
quantitative eval

list domain results

1073 3
i DreamCoder
5 BabbleSyn
) C x  Babble
e
1024 o Gy
') . x
Ay &:
. c ¥ g\
i’ S k R e
S v 29 X xR XX
7, v 1 X
— ; 10+ - w X X
0 = , XK
8 = Fa) /X X X X X
5 W & X X
X =
X
A Bae X %
109 3 XA X X X
i X X
X
X
1.0 1.1 1.2 1.3 1.4

Compression Ratio

does it compress?

29



how well does it work?

nuts & bolts

ngon = Asize sides —

(M1 ((2 *n) / sides) 8 8))
(M size 8 8 B)

con_hex = Ainner_size —
C (ngon 4 6) (ngon inner_size 6)

O RON RORNEN

con_hex 4.25 || con_hex 2 || con_hex 1

concentric scaled hexagons

oneseg_body = Arest —
C( (C( (T (T (r_s 88) (xform_x 8)) (xform_x
(T (T (r_s 16 4.5) (M1 88 2.25))
(xform_x 8)))
(T (T (r_s 8 8) (xform_x 8)) (xform_x 8)))
(T(r.s121) (M10885))) rest

T (repeat (T1 (M1 0 -8.5 (8.5 / tan (n / sides)))) sides

ring = An shape -
repeat (offsg

f

the functions
make sense

shelf = Ahandle —
C (T (move_y -3 (C (move_y 8 (r_s 15 3))

)

(T (repeat (T (T handle (M 8.8
2

(xform_x 6.375))
(xform_x -3.1875))))
(M10886.75))
(move_y -2.25 (r_s 16.5 4.5))

dial = Ahandle — gadget
C (C (T c (xform_x 8)) (T handle (M 1.5 8 88))) (c
(T (T (T1 (xform_x -8.5)) (M1 (n/ 2) 8 8)) (T

M18 (1 * (8.5 *cos (m/2))) 8.5)

O £
_
dial c dial s
gadg
. 2.24
dial

input corpus —> learned library

scaled n-gon

100

-1 |
10 10—1 -

: W v
v%§ﬁ§§5 W
%ngg vv v

w

1072 4 10-2

o0 X Babble 3 0.0
O@Q)o O DreamCoder 10 5 O o° o
2 o A BabbleSyn %
1024 o Q5 5 v  EqSat &)
nég 102 4
00 & L0 XX
R I
—_ v —_
S A XK A g% S 10! 5 ARGA p K
g by ok x ]
g 10° - A A AX X A X qé
F E

4P 0 X

&Xx X

Babble
DreamCoder
BabbleSyn
EqSat

1.2 1.3 1.4 1.0 12 14

Compression Ratio

1.0 11

(a) List domain

1.6 1.8
Compression Ratio

(b) Physics domain

2.0

2.2

2.4 2.6

X Babble % Babble
O DreamCoder O DreamCoder

0]
O

0O
O

10* ;

Time (seconds)

we compress
and scale well

XX

o}

X%

X
X

1.2 1.3 1.4 1.1

Compression Ratio

1.0 11

(c) Text domain

1.2

(d) Logo domain

1.3
Compression Ratio

Time (seconds)

X Babble
O DreamCoder

1.4 1.6 1.8

Compression Ratio

(e) Towers domain

1.4

1.5




101
babble learning better abstractions with e-graphs and anti-unification

| insight
user inputs use e-graphs babble outputs

program corpus

learned library

let face = Ashape —

.! @ contribution 2

e-graph anti-unification

list of equivalences

rewritten inputs

face circle face line

circle = rotate 98 circle

?7x = scale 1 ?x

contribution 3

targeted CSE

rotate 90 ?x




