
���������
	���
����������������������������! #"$��%&�'��(*)�+*,',.-/�0"��1�2%2��34 !56	$7�8'8

−2 0 2 4 6

−
0.

3
−

0.
2

−
0.

1
0.

0
0.

1
0.

2
0.

3
0.

4

treed GP LLM, z mean

x1

z

−2 0 2 4 6

0.
00

0.
05

0.
10

0.
15

treed GP LLM, z error

x1

er
ro

r

���������
	���
����������������������������! #"$��%&�'��(*)�+*,',.-/�0"��1�2%2��34 !56	:9�8'8

−2 0 2 4 6

−
0.

3
−

0.
2

−
0.

1
0.

0
0.

1
0.

2
0.

3
0.

4

treed GP LLM, z mean

x2

z

−2 0 2 4 6

0.
00

0.
05

0.
10

0.
15

treed GP LLM, z error

x2

er
ro

r

;=<?>.@BADC�E.EGFHE$I:JLKBADM�NOC�P$Q�<RMGS�TUMGV6QDWBCXK0M�TOQDCYAD<?M.AHKBA�CZJ�<[P�Q�<R\GCXT�@BA�V^]GP$C1_a`?b^cedgfH]�S0JhS�MGADi�CZJ
KBADC�J�<[P�QD<?\.Cj<RS�Q�CYAD\�]�k[Tl_Om�npo�q'dgf�M�VrQDWBCsE$I:JtQ�ADCYCvuxwzy{y{|}]�S0]�kR~'T�<[T�MGV�Q�W�CLT�~'S.QDWBC$QD<RP
C$��K2MGSBC�S�Q�<[]�k/JB]�Qe]B���HWBCld��e��KBk?MGQDTXT�WBM���KBADM�NOCZP�QD<?M.S�MGS�Q�MLQDWBC���ADTaQx<?SBK�@�Q��=]�S�J�Q�WBC
� ��d�d����!MGSBCZT�TaW�M��*Q�W�CxT�C�PYMGS�J��

�H��� ���/�����0�2�����a� �¡����¢�£r�{¤¥�§¦¡¨=��¨
�HWBC�|vMGQ�MGAeP$~�PYk?CH©�P�P$<[J�CYS�Q�ª�]�QD].TaCYQ�« ¬.¬Z­B<[T�]xP$k[]GTDTa<[PUSBMGS�TaQD]�Q�<RMGS�]GA�~XJB]�QD]XT�C$Q/@�T�C�J�<RS
ADC�P$C�S�Qrk?<?Q�C�AD]�Q�@BADC®«pEZ¯�­{QDMjJ�C�i�M.S�TaQ�Ae]�Q�C�QDWBC°T�@�PYPYC�TDT�M�V/SBM.S�TaQD]�QD<?M.S�]�AD~1i±M�J�CYk[TY���HWBC
JB]�QD]LP$MGS0Ta<[TOQeT�M�V�i±C�].Ta@�A�C�i�C�S�QDT²M�V�QDWBC1]GP�P$CYkRCYAe]�QD<?M.S�M�V�Q�WBC±WBCZ]GJ³M�V¥]Li±M�QDMGAeP$~�P$kRC
AD<RJ�C�A�]GT�]°V�@BS�P$Q�<RMGSlM�V6Q�<Ri�CX<RShQ�WBCx��AeTaQHi±M.i�C�S�QDT�]�VgQDCYAr]GSh<Ri±K�]GP$Q��/´:Sl]GJBJ�<?Q�<RMGShQ�M
µ CY<RSB>1SBMGS0TOQe]�Q�<RMGS0]�AD~G��Q�WBC°JB]�Qe]°W0]GT�<RSBKB@�Q�I�JBCYK2CYS�J�C�S�Q�SBMG<[T�C���W�<RPeWli1]�¶.C�TH<?Q�@�T�C$V�@Bk
V�MGAj<?kRk?@0TOQDAD]�Q�<RSB>§WBM��#Q�WBC�Q�ADCYCZJ*uxw·i±M'JBCYk�W0]�S�J�kRC�T®Q�WB<[T®S'@�]GS�P$C.�!�HWBCYADC�]�ADC�]�Q
kRC�]GTaQ¸QO�UM�¹¡K0C�A�W0]�K�TxQDWBADCYC�¹ºQ�W�A�C�C1A�C�>G<RMGS�TX��W�CYADC1Q�WBChA�CZTaK2MGS0TaC1CY�'W�< µ <?QDT°J�<?»2C�A�C�S.Q

¬G¼



µ CYW�]�\'<RMGA µ MGQ�WL<?SLQDCYADi±THMGV6QDWBCXP$M.A�ADCYk[]�QD<?M.ShTaQ�AD@�P�QD@BA�Cx]�S0JjSBM.<RT�Cxk?C�\GC�k �
�HWBC¸JB]�QD]�<RTH<RS�PYk?@�JBC�Jl]GTHK�]GAaQ�MGV{Q�W�C ������� k?< µ Ae]�AD~1<?S��&�

�¡�����Z%2��%�	r	�-�
�����8
;=<?>.@BADC°E�¬�T�WBM��rTUWBM�� ]±TaQD]�QD<?M.S�]�AD~®uxw <RTH] µ k?C�Q�M1P�]�K�QD@BA�C²Q�W�C�S�MGSBkR<?S�C�]�AD<?QO~1<?ShQ�WBC
ADC�T�K0M.S�TaC µ @BQ�V^]�<Rk[THQ�MjP�]�K�QD@BADCxQ�WBC°<?SBK�@�Q²J�C�K0C�S�J�CYS�Q�S�MG<[TaC�]GS�JL<?S0P$ADC�]GT�C�JlT�i±M�MGQ�W�I
SBCZT�TX_^K0C�A�W�]GK�THkR<?SBCZ]�AD<pQO~Bf�<?SlK�]GAaQeTUM�V=Q�WBCX<RSBKB@�Q�T�K�].P$CG�
�§�������
�e������
�� �����x	��  §�65�	{5��B�����t7��/���! §�65�	{5��������v9��/�
� ���Z%{7  �� �"!$#08
% <RS�P$CjQ�WBCLADC�T�K0M.S�TaCZTX<RS§Q�W�<RT�JB]�Qe]�W�]�\.Cj]���<[J�ChAD]GSB>GC.�=<?Q°W�CYkRK�T¸QDM�QDAD]GS�Tak[]�QDCj]�S0J
ADC�TDPY]�kRC¸QDWBCYi TaMLQDW�]�QxQ�W�CY~�W�]�\.C�]Li±C�]GS³MGV'&�CYADML]GS�J³]LAe]�SB>.C°MGV¥M.SBCG�1�HWBC)(+*-,".
]�AD>G@�i�C�S�Q�Q�M0/+1�]�S�J)2�3�4�V�@BS�P$Q�<RMGS�T=]�@�QDMGi1]�QDC�T�Q�WB<[T{K�A�M�P$CZJ�@BADCG�{w�A�M.>GADC�TDT&<?S0J�<RP�]�QDMGAeT
]�ADCxTa@BADKBADC�TDTaCZJ��

���������
	��������
�e�����U�����'�Z�� #"�)�+
�0"������5	���6��  "87�6Z%�9�"e8

10 20 30 40 50

−
10

0
−

50
0

50

GP, z mean and error

x1

z

;=<?>.@BADCrEZ¬BF":�;=<?>A@CBADE;=B�F$BA@CG5DEHI>AD J�@KG5DE<L>LBADEM5N >ADE;=OPN5<LDEO5Q�R�S8T�;=OU>AV5@KWX;8>A;=BLHCY HCZE@"[8HCHCDEG5@CO�>\G][^>A[$_�WX@`[8O
[8O5Gba=c�deHCBA@CG5DEM5ZE@�DEO�>L@CBLJ=[8Z

©gfU]�~.C�T�<R]GS�y�<RSBCZ]�APhU©ji
�§i±M�J�CYk�<[T
] µ kRC¥Q�MxPY]�KBQ�@BADC�QDWBCH<?S�KB@�Q�J�CYK2CYS0J�CYS�Q/SBMG<[T�C
µ @�QHV^]G<?k[T¥Q�M±PY]�KBQ�@BADC�QDWBCx�U]�\'<RSBC�TDT¥M�V�QDWBClka��WB<RKBk[]GT�W\m�¹*P$C�S.QDCYAa¹ T�CY>.i�C�S�Q¥M�V6Q�WhQ�WBC
ADC�T�K0M.S�TaC.�
�§�������
�e�'�����n
��¡�'������	A�  �65�	{5��������t7��/���4 �{5�	{5����o���v9-�/�
� ���Z%{7  �� �"!$#08
;=<?>.@BADC�E p°TaW�M��rT�QDWBCxA�CZTa@Bk?Q�<RSB>°KB<?CZP$C���<RT�C²kR<RSBC�]GA¥KBADC�JB<RP$Q�<R\GC²T�@BA�V^]GPYC²]�S0Jj|�©²w K�]GAaI
Q�<?Q�<RMGSs_rqs f��

©*QDA�C�C�Jjuxw i±M'JBCYk&TaC�CYi1T¥]GKBKBADMGKBAD<[]�Q�C µ C�P�]�@�T�C�<?Q�PY]�Sji�M�J�C�k0<RSBKB@BQHJ�C�K0C�S�J�C�S.Q
T�i�M'MGQ�WBSBCZT�Tut]vKwrSBMG<[T�CG�
©¡Q�ADCYCZJ®uxw§y{y6| <RT�KBADM µ ] µ k?~°i±M.TaQU]�K�KBA�M.KBAD<R]�Q�C�Ta<RS�PYC�Q�WBC

¬yx



���������
	��������
�e�'�������±�&���Z�! "��2�5	��-7��������]
�� �2��"����B�5	&��6��  "87�6�%�9�"e8

10 20 30 40 50

−
10

0
−

50
0

50

Bayesian CART, z mean and error

x1

z

;=<?>.@BADC�E p�F :�;=<L>L@CBADE;=B'F5BA@CG5DEHI>LD J�@bG5DE<?>ABLDEM5N$>LDE;=O N5<ADEO$Q)R������ ;=O >LV5@uWX;8>L;=BAHIY HCZE@b[8HCHCDEG5@CO�> G][^>�[$_
WX@`[8Ob[8O$Gla=c�deHCBL@`G$DEM5ZE@ DEO�>A@CBLJ8[8Z

kRC$VgQaI�W�]GS�J1K�]GAaQ�MGV�Q�W�C�<RSBKB@�Q�TaK0]GP$C�<RT¥k?<R¶GC�k?~�kR<?SBCZ]�AZ�
	²S�C�i±<?>.W�Q�V�@BA�Q�WBC�A¥W'~'K2M�Q�W�C�T�< &�C
Q�W0]�Q¸QDWBCjAD<?>.W�QaI�W�]�S�J�ADCY>.<?M.S�<[T�]GkRT�M�kR<?S�C�]�AZ�=K0C�A�W�]GK�TX��<?Q�WtQDWBChTD]�i±C®i±CZ]�S§]GT¸Q�WBC
kRC$VgQaI�W�]GS�J�A�C�>G<RMGS��6MGSBkR~���<?Q�WtWB<R>GW�CYA¸SBM.<RT�CG�l�HWBC /+1L]GS�J 2�3�4�V�@BS�P$Q�<RMGS�T°PY]�S�V�M.ADPYC
]�S�<�� <�� J���WB<?C�AD]GADPeW�<RP�]�k=k?<RSBC�]GAXi±M'JBCYk µ ~�T�C$QaQD<?S�> /�4�,���
�,��-/\*0�¸|vMGADCYM�\.CYAZ�0<RS�TaQ�C�].J�MGV
ADC�TDPY]�kR<RSB>1Q�W�C°ADC�T�K0M.S�T�C�Tr��<?Q�W (+*-,"..�2MGSBC°i±<?>.W.Q�Q�AD~vCYS0P$M�J�<RSB>h]ji�<?�'Q�@BADC�KBA�<RMGA²V�MGA
Q�W�CUS'@B>.>GCYQ
<RS�MGAeJ�CYA=Q�MxCY�'K�k?<[P$<?Q�kR~Xi±M'JBCYkBADCY>.<?M.S�I�T�K2C�P$<?�0P�SBMG<[TaC.�6�HWB<[T
ADC���@B<RA�CZT=JB<?ADC�P$Q
@�TD]�>.C²MGV�2�3�4��
��� 
��¡�������D(��y9B��6G�0�=�[�6��%2�Y�"7/	�9B8
�������e�2%2�'��% 
��·"$���6"
�����Z�"6Z�H�g� 
��*5=	$7��e�6�Y70� 7-�&� �=�$7�8
�§�������
�e������
�� �����x	��  §�65�	{5��B�����t7��/���! §�65�	{5��������v9��/�
� �6��%2���"7º ��H���"�$#4 !5=	�9K�����&�l9'9K�����2�v9�8'8
�HWBCxADC�T�@BkpQD<?S�>�K2M.TaQ�C�A�<RMGAHKBADC�JB<RP$Q�<R\GCxTa@BA�V^]GPYCx<RT�T�WBM���SL<?SLQ�W�C1d��e�jW�]�k?V=MGV=;=<R>G@BADC±E����
�HWBC � ��d�d����¡W�]�k?V0MGV�QDWBCU��>G@BADCHTaWBM��rT6QDWBCHSBMGADi _^JB<p»&CYADCYS�PYCZf6<RS°KBADC�JB<RP$Q�<R\GC��.@0]�S�Q�<Rk?CZTY�
P$kRC�]GA�kR~j<RkRk?@�TaQ�Ae]�QD<?S�>1Q�WBC�Q�ADCYCZJ�uxw�� T�] µ <?kR<?QO~hQDMjPY]GK�Q�@�A�C°<?SBK�@�QaI:TaK2C�PY<p�2PXSBMG<[T�C�<RSvQ�WBC
K2M.TaQ�CYAD<RMGAUKBA�CZJ�<[P�Q�<R\GCXJ�<[TaQ�AD< µ @BQ�<RMGS��

�H��� ����¢a�{£��z¨/¤ £r¨=��¨
�HWB<[T°;�A�<RC�JBi±]GS JB]�QD]�T�C$Q±<[T�QDWBC®�0ADTaQ�M.SBCjMGV²]�T�@B<?Q�CjQ�W�]�Q��H]GT°@�T�C�JsQDM³<Rk?kR@�TaQ�Ae]�QDC
|�©ui % _^|v@�kpQD<?\�]�AD<[]�Q�CX©²JB]�K�QD<?\.C)i�CY>.A�CZT�T�<RMGS % KBkR<?SBCZTDfx« ¯�­��¥�HW�CYADC¸]�ADC�E �±P$M�\�]�AD<R]�Q�CZT
<RS�Q�W�C�JB]�QD]³_"!$#&% '�(�)*',+�)�-�-�-�)*'�(/.10�f��X�HWBC°V�@BS�P$Q�<RMGS�Q�W�]�QxJ�CZT�PYA�< µ C�T�Q�WBC�A�CZTaK2MGS0TaCZT
_32²f���M µ T�CYAD\GC�Jj��<pQDWvTOQe]�S�JB]GADJ54rM.A�i1]�k�S�MG<[TaC.��W�]GTHi±C�]GS

6j_3287 !{f9#;:�#4E���Ta<RS�_"<=' ( ' + f?> ¬��0_"',@�AB�C- ¼.f + >*E���'EDF> ¼�'EG1) _aE x�f

¬1H



���������
	��������
�e�����U�����'�Z�� #"Y5�6�7B�������Z%&�'��(*)�+ ,�,�-/�0"������5	���6��  #"87�6�%�9�"e8

10 20 30 40 50

−
10

0
−

50
0

50

custom treed GP LLM, z mean and error

x1

z

���������
	��������
�e�����U�����'�Z�� #"Y5�6�7B�������Z%&�'��(*)�+ ,�,�-/�0"������5	���6��  #"e��7
"e8

10 20 30 40 50

0
20

40
60

80

custom treed GP LLM, error

x1

er
ro

r

;=<?>.@BADC�E��0F������P:�;=<L>L@CBADE;=B�F5BL@`G$DEHC>LD J�@+G5DE<?>ABLDEM5N$>LDE;=O'N$<ADEO5Q�[oHCN5<L>L;=W F5[8B�[8WX@I>A@CBLD��`@CG9�=S8TUH`[8ZEZ$;=OP>AV$@
WX;8>L;=BAHIY$HCZE@ [8HCHCDEG5@CO�>UG5[^>�[$_�WX@`[8O [8O5G)a=c�d HCBA@CG5DEM$ZE@ DEO�>L@`B?J=[8Z	��
��
�	���
����N5[8O�>LDEZE@�� O5;=BAW�� a=c�d�����d��
<AV$;���DEO5Q DEO5F$N$>�� G5@CF�@CO5G$@`O�> O$;=DE<A@
�

µ @�Q�J�CYK2CYS�J�T�MGSBkR~LMGSB%�'=( )�-�-�-�)*' G 0.��Q�W'@�TrPYMGi µ <?SB<RSB>1SBM.SBkR<?SBCZ]�AZ��k?<RSBCZ]�AZ��]�S�Jl<RADA�C�k?CYI
\�]�S�Q�C$»&C�P$QDT��'h¥MGi±K�]�AD<[TaM.S�T¥]GA�C�i1]GJ�CxM.SjQDWB<RT�JB]�Qe]�QDM±A�CZTa@Bk?QDTUKBADM�\'<RJBC�J1V�M.ArTaC�\GC�AD]Gk
M�QDWBCYAHi±M�J�CYk[TH<RShADC�PYCYS�Q�k?<?Q�C�AD]�Q�@BADCG�Ph¥WB<RKBi1]�SLC$Q�]�k���« ��­�@�T�C�JhQ�WB<[T�JB]�QD]°Q�M1P$M.i±K�]�ADC
Q�W�CY<RA=kR<RSBC�]GAPhU©ui
� ]�kR>GM.A�<?Q�W�i QDM�V�MG@BA
M�QDWBCYA
i±C$QDWBM�JBT
M�V0\�]GA�~'<RSB>�K�]�Ae]�i±C$QDCYAD< &Z]�QD<?M.S�F
kR<?SBCZ]�A²A�C�>GADC�TDTa<RMGS��0>GADCYCZJ�~jQDA�C�CG��|�©ui % ��]�S�J�SBCY@BAe]�k=SBCYQO�¥M.A�¶�T��²�HWBC�TOQe]�Q�<[TaQ�<[PXQ�W�CY~

¬��


