
A Concept uniqueness and granularity

Here, we report statistics about the uniqueness of neuron concepts, as we increase the maximum
formula length of our explanations.
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Figure S1: Number of repeated concepts across probed vision and NLI models, by maximum formula
length.

Table S1: For probed Image Classification and NLI models, average number of occurrences of each
detected concept and percentage of detected concepts that are unique (i.e. appear only once).

Image Classification NLI
N Mean concept count % unique Mean concept count % unique

1 2.61 42% 3.30 39%
3 1.03 97% 1.20 86%
5 1.01 99% 1.04 96%

10 1.00 100% 1.00 100%

A.1 Image Classification

Figure S1 (left) plots the number of times each unique concept appears across the 512 units of ResNet-
18 as the maximum formula length increases. Table S1 displays the mean number of occurrences
per concept, and percentage of concepts occurring that are unique (i.e. occur only once). At length 1
(equivalent to NetDissect), many concepts appear multiple times, where only 42% of concepts occur
only once and the mean number of occurrences is 2.61. But uniqueness increases dramatically as
the formula length increases: already by length 3, 97% of concepts are unique, and concepts are all
unique by length 10. Our explanations thus reveal significant specialization in neuron function (vs.
NetDissect [5]). Table S2 shows the most common repeated concepts for each maximum formula
lengths.

A.2 NLI

Similarly, Figure S1 (right) plots the number of times each unique concept appears across the neurons
of the NLI model, and Table S1 displays occurrence statistics. Like the Image Classification model,
longer formula lengths reveal significantly more specialization in neuron function. Table S3 shows
the most common repeated concepts for each maximum formula lengths.

B Adversarial example sensitivity

In Figure S2 we vary the size and position of subimages for the copy-paste examples (note this
analysis is less straightforward for examples like non-blue water). Sensitivity depends on the specific
example. In general, if the sub-image is too small (left), the original class prevails; otherwise, the
igloo ! clean room example is quite reliable, while the street ! fire escape example is less so.
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Table S2: Up to the 10 most repeated concepts in ResNet-18 conv4 by length N . At N = 5 there is
only 1 non-unique concept. For a full list see the code.

N Concept #

1 pool table 15
house 12
corridor 11
cockpit 10
bed 10
bakery shop 9
bathroom 9
alley 8
airport terminal 8
car 8

3 pillow OR (bed AND bedroom) 4
sink OR toilet OR bathtub 3
auditorium OR movie theater OR conference center 2
sink OR toilet OR countertop 2
pool table OR arcade machine OR slot machine 2
pool table OR golf course OR fairway 2
greenhouse OR vegetable garden OR herb garden 2
water OR river AND (NOT blue) 2
living room AND (sofa OR cushion) 2
street AND sky AND white 2

5 auditorium OR indoor theater 2
OR conference center OR
movie theater OR silver screen
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Table S3: Up to 10 of the most repeated concepts in our probed NLI baseline model by length N . At
N = 3 there are only 9 non-unique concepts; at N = 5 there are only 3 non-unique concepts. For a
full list see the code.

NLI
N Concept Count

1 pre:NN 17
hyp:NN 14
hyp:IN 8
overlap-75% 4
hyp:VBG 4
hyp:in 3
hyp:. 3
hyp:sitting 2
hyp:DT 2
hyp:for 2

3 pre:NN AND (NOT overlap-50%) AND (not hyp:outside) 4
pre:NN AND (NOT hyp:for) AND (NOT hyp:VB) 3
(NOT hyp:sleeping) AND (pre:NN OR hyp:NNS) 3
hyp:NN AND (NOT overlap-50%) AND (NOT hyp:outside) 2
hyp:for OR hyp:PRP$ OR hyp:to 2
hyp:NN AND (NOT overlap-50%) AND (NOT hyp:there) 2
pre:NN AND (NOT overlap-75%) AND (NOT hyp:outside) 2
pre:NN AND (NOT hyp:for) AND (NOT hyp:PRP$) 2
hyp:eating OR (hyp:IN AND (NOT overlap-50%)) 2

5 hyp:NNP OR ((NOT hyp:EX) AND (hyp:IN OR hyp:PRP$ OR hyp:to)) 2
(NOT hyp:for) AND (NOT hyp:PRP) AND (overlap-50% 2
OR (pre:NN AND (NOT hyp:PRP$)))
pre:NN AND (NOT overlap-50%) AND (NOT hyp:outside) 2
AND (NOT hyp:EX) AND (NOT hyp:outdoors)
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�E��FRUULGRU���LJORR� �FOHDQ�URRP

�F��IRUHVW�SDWK���ODXQGU\�PDFKLQHV� �YLDGXFW

�D��VWUHHW���FUDGOH� �ILUH�HVFDSH

Figure S2: Varying the size and position of pasted sub-images for the vision copy-paste adversarial
examples. Green: prediction changes to intended adversarial class; yellow: prediction changes to a
different class (e.g. aqueduct for the bottom row); red = no change.
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C Additional image classification examples

Examples are not cherry picked; we enumerate neurons 0–39.

8QLW����NGZKECN�CPF�RGTEGRVWCN��DCTU�UWTHCEGU�
/HQJWK�� ΖR8������ TGEGRVKQP

/HQJWK�� ΖR8������ 

TGEGRVKQP�14�YQTM�UWTHCEG��14�DCT�

/HQJWK��� ΖR8������ 








TGEGRVKQP�14�YQTM�UWTHCEG�
14�DCT��14�VKEMGV�EQWPVGT��14�DWVVQP�RCPGN��#0&�
016
FGUM���#0&�
016�VCDNG���#0&�
016�JQOG�QHHKEG���#0&�
016
DQVVNG���#0&�
016�FTCYGT��

8QLW����NGZKECN�CPF�RGTEGRVWCN��YKPFQYU�UJGNXGU�

/HQJWK�� ΖR8������ UJQR�YKPFQY

/HQJWK�� ΖR8������ 

UJQR�YKPFQY�14�RCPVT[��14�NKSWQT
UVQTG�QWVFQQT�

/HQJWK��� ΖR8������ 








UJQR�YKPFQY�14�RCPVT[��14
NKSWQT�UVQTG�QWVFQQT��14�UJQRHTQPV��14�VQ[UJQR��14�IKHV
UJQR��14�EQPXGPKGPEG�UVQTG�QWVFQQT��14�RWD�QWVFQQT��14
VTCFG�PCOG��14�UJQG�UJQR�

8QLW����NGZKECN�CPF�RGTEGRVWCN��KUNCPFU�ITCUU�YCVGT�

/HQJWK�� ΖR8������ UGC

/HQJWK�� ΖR8������ 

UGC�14�OCTUJ��14�NCMG�

/HQJWK��� ΖR8������ 








UGC�14�OCTUJ��14�NCMG��14
KUNCPF��#0&�
016�QEGCP���14�DC[QW��14�IQNH�EQWTUG��#0&

016�VTGG���14�DQI��14�YCVGTKPI�JQNG�

8QLW����NGZKECN�CPF�RGTEGRVWCN��UETGGPU�
/HQJWK�� ΖR8������ CWFKVQTKWO

/HQJWK�� ΖR8������ 

CWFKVQTKWO�14�OQXKG�VJGCVGT�KPFQQT�
14�VJGCVGT�KPFQQT�RTQEGPKWO�

/HQJWK��� ΖR8������ 








CWFKVQTKWO�14�OQXKG�VJGCVGT
KPFQQT��14�VJGCVGT�KPFQQT�RTQEGPKWO��14�UKNXGT�UETGGP�
14�EQPHGTGPEG�EGPVGT��#0&�
016�EGKNKPI���14�DNCEMDQCTF�
#0&�
016�HNQQT���14�NGEVWTG�TQQO��#0&�
016�EGKNKPI��

8QLW����RQN[UGOCPVKE��EQNWOPU�EJCPFGNKGTU�

/HQJWK�� ΖR8������ EQWTVJQWUG

/HQJWK�� ΖR8������ 

EQWTVJQWUG�14�VJTQPG�TQQO��14
DCNNTQQO�

/HQJWK��� ΖR8������ 








EQWTVJQWUG�14�VJTQPG�TQQO�
14�EJCPFGNKGT��14�EQNWOP��14�DCNNTQQO��14�DCPFUVCPF��14
GODCUU[��#0&�
016�NKXKPI�TQQO���#0&�
016�RQQNTQQO�JQOG��
#0&�
016�EQWTVTQQO��

8QLW����RGTEGRVWCN�QPN[��FGDTKU�
/HQJWK�� ΖR8������ UJGNH

/HQJWK�� ΖR8������ 

UNWO�14�VQKNGV��14�RCPVT[�

/HQJWK��� ΖR8������ 








UNWO�14�VQKNGV��14�RCPVT[�
14�TWDDKUJ��14�DC\CCT�QWVFQQT��14�DWEMGV��14�YCUJGT��14
RNC[VJKPI��14�YQTMUJQR��#0&�
016�OCTMGV�QWVFQQT��

8QLW����NGZKECN�CPF�RGTEGRVWCN��FQOGU�

/HQJWK�� ΖR8������ IC\GDQ�GZVGTKQT

/HQJWK�� ΖR8������ 

IC\GDQ�GZVGTKQT�14�VGPV��14�FQOG�

/HQJWK��� ΖR8������ 








IC\GDQ�GZVGTKQT�14�VGPV��14
FQOG��14�DKI�VQR��14�JWV��14�KUNCPF��14�DWVVG��14
OCWUQNGWO��14�ITGGPJQWUG��14�DCPFUVCPF�

8QLW����NGZKECN�CPF�RGTEGRVWCN��ÕGNFU�QH�RNCPVU�
/HQJWK�� ΖR8������ XKPG[CTF

/HQJWK�� ΖR8������ 

XKPG[CTF�14�QTEJCTF��14�EQTP�HKGNF�

/HQJWK��� ΖR8������ 



XKPG[CTF�14�QTEJCTF��14�EQTP
HKGNF��14�XKPG[CTF��#0&�
016�JGFIG��
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8QLW����NGZKECN�CPF�RGTEGRVWCN��RNCPVU�
/HQJWK�� ΖR8������ ITGGPJQWUG�KPFQQT

/HQJWK�� ΖR8������ 

ITGGPJQWUG�KPFQQT�14�ITGGPJQWUG��14
XGIGVCDNG�ICTFGP�

/HQJWK��� ΖR8������ 








ITGGPJQWUG�KPFQQT�14
ITGGPJQWUG��14�XGIGVCDNG�ICTFGP��14�XKPG[CTF��14�NGCXGU�
14�HNQTKUV�UJQR�KPFQQT��14�EQTP�HKGNF��14�NGCH��#0&�
016
HKGNF���14�XGIGVCDNG�ICTFGP�

8QLW����RQN[UGOCPVKE��ITCUU�DCNNU�QVJGT�

/HQJWK�� ΖR8������ ITCUU

/HQJWK�� ΖR8������ 

DCNN�RKV�14�RNC[VJKPI��14
MKPFGTICTFGP�ENCUUTQQO�

/HQJWK��� ΖR8������ 








DCNN�RKV�14�RNC[VJKPI��14
MKPFGTICTFGP�ENCUUTQQO��14�HTWKV��14�FC[�ECTG�EGPVGT��14
NCMG�CTVKHKEKCN��#0&�
016�YCVGT���#0&�
016�RCKPVKPI��
#0&�
016�RGFGUVCN���#0&�
016�HGPEG��

8QLW�����RQN[UGOCPVKE��OQWPVCKPU�JKIJYC[�

/HQJWK�� ΖR8������ JKIJYC[

/HQJWK�� ΖR8������ 

JKIJYC[�14�HKGNF�EWNVKXCVGF��#0&

016�UM[��

/HQJWK��� ΖR8������ 








JKIJYC[�14�HKGNF�EWNVKXCVGF�
#0&�
016�UM[���14�YJGCV�HKGNF��14�FGUGTVCPF��#0&�
016
UM[���14�HKGNF�TQCF��#0&�
016�UM[���14�OQWPVCKP�TQCF�
#0&�
016�GCTVJ��

8QLW�����RQN[UGOCPVKE��RGQRNG�QVJGTU�

/HQJWK�� ΖR8������ RGTUQP

/HQJWK�� ΖR8������ 

RGTUQP�14�DQQVJ�KPFQQT��#0&�
016
CTV�UVWFKQ��

/HQJWK��� ΖR8������ 








RGTUQP�#0&�
016�RKPM���14
DQQVJ�KPFQQT��#0&�
016�CTV�UVWFKQ���#0&�
016�JGCF���14
OCTMGV�KPFQQT��14�DQQVJ�KPFQQT��14�VQTUQ��#0&�
016
EQPHGTGPEG�EGPVGT���#0&�
016�HKTG�UVCVKQP��

8QLW�����RQN[UGOCPVKE��FKPKPI�TQQOU�ÕTG�GUECRGU�QVJGTU�

/HQJWK�� ΖR8������ FKPKPI�TQQO

/HQJWK�� ΖR8������ 

FKPKPI�TQQO�#0&�VCDNG��14�HKTG
GUECRG�

/HQJWK��� ΖR8������ 








FKPKPI�TQQO�#0&�VCDNG��14
HKTG�GUECRG��14�ECVCEQOD��14�UJGNVGT��14�VJTQPG�TQQO��14
CNVCT��14�CNVCTRKGEG��14�HKTG�GUECRG��#0&�
016�EJCKT��

8QLW�����RQN[UGOCPVKE��KUNCPFU�ECPQRKGU�QVJGTU�

/HQJWK�� ΖR8������ KUNGV

/HQJWK�� ΖR8������ 

KUNGV�14�ECXGTP�KPFQQT��14�ECPQR[�

/HQJWK��� ΖR8������ 








KUNGV�14�ECXGTP�KPFQQT��14
ECPQR[��14�TQRG�DTKFIG��14�ECTQWUGN��14�ECVCEQOD��14
DGFEJCODGT��14�CNVCTRKGEG��14�PKEJG��14�DC[QW�

8QLW�����RGTEGRVWCN�QPN[��HGPEGU�JQTK\QPVCN�NKPGU�
/HQJWK�� ΖR8������ DQZKPI�TKPI

/HQJWK�� ΖR8������ 

DQZKPI�TKPI�14�EQTTCN��14�DNGCEJGTU
KPFQQT�

/HQJWK��� ΖR8������ 








DQZKPI�TKPI�14�EQTTCN��14
DNGCEJGTU�KPFQQT��14�HGPEG��14�OKNKVCT[�JWV��14
YTGUVNKPI�TKPI�KPFQQT��14�DCMGT[�MKVEJGP��14�DCTP[CTF�
14�RCTMKPI�ICTCIG�QWVFQQT��14�JQTUG�

8QLW�����RGTEGRVWCN�QPN[��DGFU�
/HQJWK�� ΖR8������ QRGTCVKPI�TQQO

/HQJWK�� ΖR8������ 

QRGTCVKPI�TQQO�14�JQURKVCN�TQQO��14
ETCFNG�

/HQJWK��� ΖR8������ 







QRGTCVKPI�TQQO�14�JQURKVCN
TQQO��14�ETCFNG��14�FGPVKUVU�QHHKEG��#0&�
016�UKPM���#0&

016�EJGUV�QH�FTCYGTU���14�QRGTCVKPI�TQQO��#0&�
016
FTCYGT���#0&�
016�HQQVDQCTF��
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8QLW�����RQN[UGOCPVKE��I[OU�YKPFOKNNU�QVJGT�

/HQJWK�� ΖR8������ KEG�UMCVKPI�TKPM�KPFQQT

/HQJWK�� ΖR8������ 

KEG�UMCVKPI�TKPM�KPFQQT�14
DCUMGVDCNN�EQWTV�KPFQQT��14�OCTVKCN�CTVU�I[O�

/HQJWK��� ΖR8������ 








KEG�UMCVKPI�TKPM�KPFQQT�14
DCUMGVDCNN�EQWTV�KPFQQT��14�OCTVKCN�CTVU�I[O��14
YKPFOKNN��14�JCPICT�KPFQQT��14�DQZKPI�TKPI��14�YTGUVNKPI
TKPI�KPFQQT��14�HKTG�GUECRG��14�DCFOKPVQP�EQWTV�KPFQQT�
14�UWDYC[�UVCVKQP�EQTTKFQT�

8QLW�����RGTEGRVWCN�QPN[��ÖCV�CTGCU�
/HQJWK�� ΖR8������ CWFKVQTKWO

/HQJWK�� ΖR8������ 

CWFKVQTKWO�14�EQPHGTGPEG�EGPVGT��14
OQXKG�VJGCVGT�KPFQQT�

/HQJWK��� ΖR8������ 








CWFKVQTKWO�14�EQPHGTGPEG
EGPVGT��14�OQXKG�VJGCVGT�KPFQQT��14�VJGCVGT�KPFQQT
RTQEGPKWO��14�UKNXGT�UETGGP��14�EQWTVTQQO��#0&�
016
DGPEJ���#0&�
016�RGFGUVCN���14�CWFKVQTKWO��#0&�
016
UYKXGN�EJCKT��

8QLW�����RQN[UGOCPVKE��TQEMU�HQTGUVU�QVJGT�

/HQJWK�� ΖR8������ DCFNCPFU

/HQJWK�� ΖR8������ 

DCFNCPFU�14�HQTGUV�PGGFNGNGCH��14
UNQV�OCEJKPG�

/HQJWK��� ΖR8������ 








DCFNCPFU�14�HQTGUV
PGGFNGNGCH��14�UNQV�OCEJKPG��14�LWPM[CTF��14�CTECFG
OCEJKPG��14�EQY��14�UGOKFGUGTV�ITQWPF��14�CPKOCN��14�ECT
KPVGTKQT�DCEMUGCV��#0&�
016�ITGGP��

8QLW�����NGZKECN�CPF�RGTEGRVWCN��ECUGU�
/HQJWK�� ΖR8������ DCMGT[JQR

/HQJWK�� ΖR8������ 

DCMGT[JQR�14�ECUG��#0&�
016
UWRGTOCTMGV��

/HQJWK��� ΖR8������ 








DCMGT[JQR�14�ECUG��14�HQQF�
#0&�
016�UWRGTOCTMGV���14�DCMGT[�MKVEJGP��14�DWVEJGTU
UJQR��14�KEG�ETGCO�RCTNQT��14�KUNCPF��#0&�
016�MKVEJGP��
#0&�
016�ECDKPGV��

8QLW�����NGZKECN�CPF�RGTEGRVWCN��JQWUGU�FGEMU�
/HQJWK�� ΖR8������ JQWUG

/HQJWK�� ΖR8������ 

JQWUG�14�OQVGN��14�\GP�ICTFGP�

/HQJWK��� ΖR8������ 








JQWUG�14�OQVGN��14�\GP
ICTFGP��14�JWPVKPI�NQFIG�QWVFQQT��14�NKFQ�FGEM�QWVFQQT�
#0&�
016�JQWUG���14�UVWFGPV�TGUKFGPEG��14�UYKOOKPI�RQQN
KPFQQT��14�DCTP[CTF��#0&�
016�DCTP��

8QLW�����RQN[UGOCPVKE��DQQMECUGU�ÕTG�UVCVKQPU�

/HQJWK�� ΖR8������ DQQMECUG

/HQJWK�� ΖR8������ 

DQQMECUG�14�HKTG�UVCVKQP��14�DQQM�

/HQJWK��� ΖR8������ 








DQQMECUG�14�HKTG�UVCVKQP��14
DQQM��14�XKFGQUVQTG��14�ICTCIG�FQQT��14�NKDTCT[�KPFQQT�
#0&�
016�CTEJKXG���14�XKFGQU��14�EQPXGPKGPEG�UVQTG
KPFQQT��14�GZJKDKVQT�

8QLW�����NGZKECN�CPF�RGTEGRVWCN��DTKFIGU��RQUUKDN[�QXGT�YCVGT�

/HQJWK�� ΖR8������ TKXGT

/HQJWK�� ΖR8������ 

TKXGT�14�DTKFIG��14�TQRG�DTKFIG�

/HQJWK��� ΖR8������ 








TKXGT�14�DTKFIG��14�TQRG
DTKFIG��14�ETGGM��14�OQWPVCKP�RCVJ��14�CSWGFWEV��14
IWNEJ��14�UCPFDCT��14�HQQVDTKFIG��#0&�
016�ECPCN
PCVWTCN��

8QLW�����RGTEGRVWCN�QPN[��XGTVKECN�RGTURGEVKXG�NKPGU�
/HQJWK�� ΖR8������ MKVEJGP

/HQJWK�� ΖR8������ 

[QWVJ�JQUVGN�14�UVQXG��14�ICNNG[�

/HQJWK��� ΖR8������ 








[QWVJ�JQUVGN�14�UVQXG��14
ICNNG[��14�OKETQYCXG��14�YQTM�UWTHCEG��14�VGNGRJQPG
DQQVJ��14�EWDKENG�QHHKEG��14�MKVEJGPGVVG��14�GZJCWUV
JQQF��#0&�
016�FTCYGT��
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8QLW�����RQN[UGOCPVKE��DGFU�ÕTGRNCEGU�QVJGT�

/HQJWK�� ΖR8������ HKTGRNCEG

/HQJWK�� ΖR8������ 

HKTGRNCEG�14�DWHHGV��14�RWNRKV�

/HQJWK��� ΖR8������ 








HKTGRNCEG�14�DWHHGV��14
RWNRKV��14�OKETQYCXG��#0&�
016�RQQNTQQO�JQOG���#0&�
016
YGV�DCT���#0&�
016�RCPG���#0&�
016�FKPGVVG�JQOG���#0&

016�EJWTEJ�KPFQQT���14�OKETQYCXG�

8QLW�����RGTEGRVWCN�QPN[��GORV[�EQTTKFQTU�

/HQJWK�� ΖR8������ EQTTKFQT

/HQJWK�� ΖR8������ 

EQTTKFQT�14�UCWPC��14�GNGXCVQT�

/HQJWK��� ΖR8������ 








EQTTKFQT�14�UCWPC��14
GNGXCVQT��14�DCUGOGPV��14�HKTG�GUECRG��14�GNGXCVQT�FQQT�
14�ECTIQ�EQPVCKPGT�KPVGTKQT��14�GNGXCVQT�HTGKIJV
GNGXCVQT��#0&�
016�FQQT�HTCOG���14�EQTTKFQT�

8QLW�����NGZKECN�CPF�RGTEGRVWCN��CSWGFWEVU�
/HQJWK�� ΖR8������ CSWGFWEV

/HQJWK�� ΖR8������ 

CSWGFWEV�14�XKCFWEV��14�ENQKUVGT
KPFQQT�

/HQJWK��� ΖR8������ 








CSWGFWEV�14�XKCFWEV��14
ENQKUVGT�KPFQQT��14�DCPFUVCPF��14�CTEJ��14�CSWGFWEV��14
XKCFWEV��14�YCVGT�VQYGT��14�CTECFG��14�CTECFGU�

8QLW�����RGTEGRVWCN�QPN[��FQOG�NKMG�VJKPIU�

/HQJWK�� ΖR8������ EQEMRKV

/HQJWK�� ΖR8������ 

EQEMRKV�14�YCXG��14�XKCFWEV�

/HQJWK��� ΖR8������ 








EQEMRKV�14�YCXG��14�XKCFWEV�
14�JQXGN��14�VGPV��14�FCO��14�HQWPVCKP��14�KEG��14
FQNOGP��14�XKCFWEV�

8QLW�����NGZKECN�CPF�RGTEGRVWCN��OGFKVGTTCPGCP�JQWUGU�

/HQJWK�� ΖR8������ CNNG[

/HQJWK�� ΖR8������ 

OGFKPC�14�MCUDCJ��14�CNNG[�

/HQJWK��� ΖR8������ 





OGFKPC�14�MCUDCJ��14�CNNG[��#0&
DWKNFKPI��14�MCUDCJ��14�OGFKPC��#0&�
016�TCKNKPI��

8QLW�����NGZKECN�CPF�RGTEGRVWCN��JQWUG�HCECFGU�
/HQJWK�� ΖR8������ JQWUG

/HQJWK�� ΖR8������ 

JQWUG�14�RQTEJ��14�VQYP�JQWUG�

/HQJWK��� ΖR8������ 








JQWUG�#0&�
016�DWKNFKPI
HCECFG���14�RQTEJ��14�VQYP�JQWUG��14�KPP�QWVFQQT��#0&

016�RNCPV���#0&�
016�CNNG[���#0&�
016�FCEJC���#0&�
016
UVCKTU���#0&�
016�IGPGTCN�UVQTG�QWVFQQT��

8QLW�����NGZKECN�CPF�RGTEGRVWCN��RQTEJGU�
/HQJWK�� ΖR8������ DCNEQP[�KPVGTKQT

/HQJWK�� ΖR8������ 

DCNEQP[�KPVGTKQT�14�FKPGVVG�JQOG�
14�EQPVTQN�VQYGT�KPFQQT�

/HQJWK��� ΖR8������ 




DCNEQP[�KPVGTKQT�14�FKPGVVG
JQOG��14�EQPVTQN�VQYGT�KPFQQT��#0&�
016�FQQT���#0&�
016
EWTVCKP���#0&�
016�CTOEJCKT��

8QLW�����RQN[UGOCPVKE��RQQN�VCDNGU�QVJGTU�

/HQJWK�� ΖR8������ RQQN�VCDNG

/HQJWK�� ΖR8������ 

RQQN�VCDNG�14�CTECFG�OCEJKPG��14
VGNGXKUKQP�ECOGTC�

/HQJWK��� ΖR8������ 





RQQN�VCDNG�14�CTECFG�OCEJKPG�
14�VGNGXKUKQP�ECOGTC��14�VCDNG�VGPPKU��#0&�
016
VGNGXKUKQP�UVWFKQ���#0&�
016�YGV�DCT���#0&�
016�OWUKE
UVWFKQ��
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8QLW�����RGTEGRVWCN�QPN[��TGF�VJKPIU�
/HQJWK�� ΖR8������ TGF

/HQJWK�� ΖR8������ 

HKTG�UVCVKQP�14�DWNNTKPI��14�DQZKPI
TKPI�

/HQJWK��� ΖR8������ 








HKTG�UVCVKQP�14�DWNNTKPI��14
DQZKPI�TKPI��14�VJTQPG�TQQO��14�VGNGRJQPG�DQQVJ��14�DKI
VQR��14�TKPI��14�LQUU�JQWUG��14�CWVQDWU��#0&�
016
ITCPFUVCPF��

8QLW�����NGZKECN�CPF�RGTEGRVWCN��NCPFUECRGU�JQTK\QPU�
/HQJWK�� ΖR8������ DCFNCPFU

/HQJWK�� ΖR8������ 

DCFNCPFU�14�FGUGTVCPF��14�QCUKU�

/HQJWK��� ΖR8������ 








DCFNCPFU�14�FGUGTVCPF��14
QCUKU��14�JQQFQQ��14�DWNNFQ\GT��14�ECP[QP��14�FCO��#0&

016�TQEM���14�DCFNCPFU��#0&�
016�VTGG��

8QLW�����RQN[UGOCPVKE��DGFU�CPF�UJGNXGU�

/HQJWK�� ΖR8������ DGF

/HQJWK�� ΖR8������ 

EJKNFU�TQQO�14�FQTO�TQQO��14�[QWVJ
JQUVGN�

/HQJWK��� ΖR8������ 








EJKNFU�TQQO�14�FQTO�TQQO��14
[QWVJ�JQUVGN��14�EWUJKQP��14�RCPVT[��14�RKNNQY��#0&�
016
YCTFTQDG���#0&�
016�FQQT���#0&�
016�ECTRGV���#0&�
016
CVVKE��

8QLW�����RQN[UGOCPVKE��YCVGT�QVJGT�UVTWEVWTGU�

/HQJWK�� ΖR8������ DGCEJ

/HQJWK�� ΖR8������ 

DGCEJ�14�VGPV��14�ECTCXCP�

/HQJWK��� ΖR8������ 








DGCEJ�14�VGPV��14�ECTCXCP�
14�JQXGN��14�DC[QW��14�OCPWHCEVWTGF�JQOG��14�YCVGTKPI
JQNG��14�QCUKU��14�GZECXCVKQP��14�LWPM[CTF�

8QLW�����RGTEGRVWCN�QPN[��EQORNGZ�YJKVG�UVTWEVWTGU�

/HQJWK�� ΖR8������ DQCV

/HQJWK�� ΖR8������ 

DQCV�14�UJKR��14�CKTETCHV�ECTTKGT�

/HQJWK��� ΖR8������ 








DQCV�14�UJKR��14�CKTETCHV
ECTTKGT��14�NKIJVJQWUG��14�ECPPQP��14�YQTMUJQR��14�RKGT�
14�TQNNGT�EQCUVGT��14�YCVGT�VQYGT��14�FCO�

8QLW�����RGTEGRVWCN�QPN[��GORV[�JCNNU�TQQOU�

/HQJWK�� ΖR8������ EQTTKFQT

/HQJWK�� ΖR8������ 

CKTRNCPG�ECDKP�14�UWDYC[�KPVGTKQT�
14�DGTVJ�

/HQJWK��� ΖR8������ 








CKTRNCPG�ECDKP�14�UWDYC[
KPVGTKQT��14�DGTVJ��14�QRGTCVKPI�TQQO��14�JQURKVCN�TQQO�
14�I[OPCUKWO�KPFQQT��14�UYKXGN�EJCKT��#0&�
016
EQPHGTGPEG�TQQO���14�RKNQVJQWUG�KPFQQT��#0&�
016�FGUM��

8QLW�����RGTEGRVWCN�QPN[��VJKPIU�QP�ITCUU�
/HQJWK�� ΖR8������ NKIJVJQWUG

/HQJWK�� ΖR8������ 

NKIJVJQWUG�14�DWNNTKPI��14�DCVVGTU
DQZ�

/HQJWK��� ΖR8������ 








NKIJVJQWUG�14�DWNNTKPI��14
DCVVGTU�DQZ��14�HCKTYC[��14�YCVGT�VQYGT��14�RNCPG��14
RKVEJ��14�DCUGDCNN�HKGNF��#0&�
016�UM[���14�NKIJVJQWUG�

8QLW�����RGTEGRVWCN�QPN[��ÖCV�UWTHCEGU�
/HQJWK�� ΖR8������ DGF

/HQJWK�� ΖR8������ 

RQQN�VCDNG�14�RKNNQY��14�UYKOOKPI
RQQN�

/HQJWK��� ΖR8������ 








RQQN�VCDNG�14�RKNNQY��14
UYKOOKPI�RQQN��14�EWUJKQP��14�JQVGN�QWVFQQT��#0&�
016
DNCEM���#0&�
016�UYKOOKPI�RQQN�KPFQQT���14�GKFGTFQYP�
#0&�
016�DNCEM���14�RKNNQY�

D Additional NLI examples

Examples are not cherry picked; we enumerate the first 25 neurons that fire reliably (i.e. at least 500
times across the validation dataset), skipping those already illustrated in the main paper.
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7PKV��





016�QXGTNCR������#0&�RTG�00��#0&�
016�J[R�8$���#0&�
016�J[R�QWVUKFG���#0&�
016�J[R�PGCT��
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ������ EQPVTC �����

3UH C�YQOCP�FTGUUGF�KP�C�DNWG�NQPI���UNGGXGF�UJKTV�CPF�YGCTKPI�C�JCKTPGV��
+\S VJG�YQOCP�KU�PCMGF�CPF�CNQPG�KP�VJG�DCVJTQQO��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH VYQ�OGP�CTG�QP�C�EJGTT[�RKEMGT�RTQEGGFKPI�VQ�RGTHQTO�YQTM�CV�C�EQPUVTWEVKQP�UKVG��
+\S VYQ�OGP�FTKXKPI�KP�C�VTWEM�FQYP�CP�GORV[�JKIJYC[��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH VJGUG�VYQ�RQQFNGU���QPG�DNCEM�CPF�QPG�DTQYP���CTG�RNC[KPI��
+\S VJG�ECVU�CTG�DTQYP�CPF�TGF��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

7PKV��





016�QXGTNCR������#0&�RTG�00��#0&�
016�J[R�RGQRNG���#0&�
016�J[R�':���14�J[R�VCNN�
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC �����

3UH C�OCP�KP�C�DNWG�JGNOGV�LWORKPI�Qà�QH�C�JKNN�QP�C�FKTV�DKMG��
+\S VJG�OCP�KU�C�RTQHGUUKQPCN�CVJNGVG��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�OCP�UVCPFKPI�KP�HTQPV�QH�C�ENCUU�QH�CUKCP�UVWFGPVU�JQNFKPI�C�RKEVWTG�QH�UCPVC�ENCWU��
+\S C�VCNN�JWOCP�UVCPFKPI
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�IKTN�RTGRCTGU�JGTUGNH�HQT�VJG�UYKO�OGGV��
+\S VJG�IKTN�JCU�UYCO�DGHQTG��
$EV������ �6TWG� �2TGF�HQWDLO QHXWUDO

7PKV��




J[R�HQT�14�J[R�VQ��14�J[R�VCNN��14�J[R�VJGKT��#0&�
016�J[R�PGZV��
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC �����

3UH C�OCP�KU�FQKPI�VTKEMU�QP�C�UMCVGDQCTF��
+\S C�VCNN�JWOCP�FQKPI�VTKEMU
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�IW[�QP�KPNKPG�UMCVGU�YKVJ�C�YJKVG�JCV�KU�QP�C�[GNNQY�TCKN��
+\S VJG�IW[�QP�KPNKPG�UMCVGU�KU�VT[KPI�VQ�KORTGUU�JKU�IKTNHTKGPF��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�IGPVNGOCP�KP�C�UVTKRGF�UJKTV�IGUVWTKPI�YKVJ�C�UVKEM���NKMG�QDLGEV�KP�JKU�JCPF�YJKNG�RCUUGTUD[�UVCTG�CV�JKO��
+\S C�IGPVNGOCP�KP�C�UVTKRGF�UJKTV�LQ[QWUN[�IGUVWTKPI
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

7PKV���





016�J[R�YGCTKPI��#0&�RTG�00��#0&�
016�J[R�UNGGRKPI���#0&�
016�J[R�UKVVKPI���#0&�
016�J[R�GCVKPI��
áQ7������ �Y � �Y � �Y �GPVCKN ����� PGWVTCN ����� EQPVTC ������

3UH C�YQOCP�YGCTKPI�C�TGF�UECTH�TCKUGU�JGT�JCPF�CU�UJG�YCNMU�KP�C�RCTCFG��
+\S C�YQOCP�TCKUGU�JGT�JCPF�CU�UJG�YCNMU�KP�C�RCTCFG�HQT�UV��RCVTKEM�
U�FC[��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�IW[�QP�KPNKPG�UMCVGU�YKVJ�C�YJKVG�JCV�KU�QP�C�[GNNQY�TCKN��
+\S VJG�IW[�QP�KPNKPG�UMCVGU�KU�VT[KPI�VQ�KORTGUU�JKU�IKTNHTKGPF��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH VJTGG�OGP���QPG�RGFCNKPI�YJKNG�RNC[KPI�FTWOU���QPG�RNC[KPI�RKCPQ�CPF�QPG�DQVJ�RGFCNKPI�CPF�UVGGTKPI���OQXG�C�V[RG�QH�OQDKNG
DCPF�FQYP�C�UVTGGV��

+\S VJTGG�OGP�CTG�VT[KPI�VQ�CVVTCEV�C�ETQYF�CPF�VCMG�VJGO�VQ�C�DCT�YJGTG�VJG[�YKNN�DG�RNC[KPI�NCVGT
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

7PKV���




J[R�KP�14�J[R�PQDQF[��14�J[R�UKVVKPI��#0&�
016�QXGTNCR�������14�J[R�ECV�
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áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ������ EQPVTC �����

3UH OCP[�RGQRNG�JCXG�RCKPVGF�HCEGU�CV�PKIJV��
+\S VJG�RGQRNG�CTG�UYKOOKPI�KP�VJG�QEGCP�CV�PQQP��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�OCP�KU�ECTT[KPI�C�EJKNF�YJKNG�JQNFKPI�C�TGF�CPF�DNWG�WODTGNNC��
+\S C�OCP�KU�UYKOOKPI�NCRU�KP�C�RQQN��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�OCP�YKVJ�C�OWUVCEJG�KU�RNC[KPI�KEG�JQEMG[�YKVJ�UPQY�KP�VJG�DCEMITQWPF��
+\S RGQRNG�CTG�UYKOOKPI�KP�VJG�NCMG��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

7PKV���





016�J[R�VQ��#0&�RTG�00��#0&�
016�J[R�HQT���#0&�
016�QXGTNCR�������#0&�
016�J[R�QWVFQQTU��
áQ7������ �Y � �Y � �Y �GPVCKN ����� PGWVTCN ������ EQPVTC �����

3UH C�[QWPI�OCP�UOKNGU�CPF�RQKPVU�CV�UQOGVJKPI�Qà���ECOGTC���YJKNG�UVCPFKPI�KP�HTQPV�QH�C�FKURNC[��
+\S VJG�[QWPI�OCP�KU�HTQYPKPI�YKVJ�JKU�JCPFU�KP�JKU�RQEMGVU��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�NKVVNG�DQ[�KP�C�DNWG�UJKTV�JQNFKPI�C�VQ[��
+\S DQ[�FTGUUGF�KP�TGF�NKIJVKPI�VJKPIU�QP�ÕTG��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�UJGRJGTF�DTGGF�FQI�TWPPKPI�QP�VJG�DGCEJ
+\S C�FQI�KU�CV�JQOG�UNGGRKPI
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

7PKV���





016�QXGTNCR������#0&�RTG�00��#0&�
016�RTG�HQT���#0&�
016�J[R�UKVVKPI���#0&�
016�J[R�YGCTKPI��
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC �����

3UH C�NKVVNG�IKTN�YKVJ�C�JCV�UKVU�DGVYGGP�C�YQOCP�
U�HGGV�KP�VJG�UCPF�KP�HTQPV�QH�C�RCKT�QH�EQNQTHWN�VGPVU��
+\S VJG�IKTN�KU�TGNCVGF�VQ�VJG�YQOCP��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH VYQ�IKTNU�CTG�UKVVKPI�QWVUKFG�QP�VJG�ITQWPF�KP�HTQPV�QH�C�NCMG��
+\S VYQ�IKTNU�YCKVKPI�HQT�DWVVGTÖKGU
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH VJTGG�JQEMG[�RNC[GTU�CTG�KP�VJG�OKFFNG�QH�C�RNC[��
+\S VJG�RNC[GTU�CTG�RNC[KPI�HQT�VJG�EJCORKQPUJKR
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

7PKV���




016�QXGTNCR������#0&�
J[R�KP�14�J[R�TWPPKPI���14�J[R�UYKOOKPI��14�J[R�TKFKPI�
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ������ EQPVTC �����

3UH C�YQOCP���YGCTKPI�C�FTGUU���YJKNG�UKVVKPI�FQYP�RNC[KPI�C�OWUKECN�KPUVTWOGPV�CPF�UKPIKPI�KPVQ�C�OKETQRJQPG��
+\S VJG�YQOCP�KU�UYKOOKPI�KP�VJG�OKFFNG�QH�VJG�QEGCP�D[�JGTUGNH��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�OCP�YKVJ�C�OWUVCEJG�KU�RNC[KPI�KEG�JQEMG[�YKVJ�UPQY�KP�VJG�DCEMITQWPF��
+\S RGQRNG�CTG�UYKOOKPI�KP�VJG�NCMG��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH RGQRNG�YCNMKPI�VJTQWIJ�FKTV��
+\S RGQRNG�CTG�UYKOOKPI��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

7PKV����





016�QXGTNCR������#0&�J[R�00��#0&�
016�J[R�QWVUKFG���14�J[R�UNGGRKPI��#0&�
016�J[R�PGCT��
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC �����

3UH VYQ�OGP�CTG�QP�C�EJGTT[�RKEMGT�RTQEGGFKPI�VQ�RGTHQTO�YQTM�CV�C�EQPUVTWEVKQP�UKVG��
+\S VYQ�OGP�FTKXKPI�KP�C�VTWEM�FQYP�CP�GORV[�JKIJYC[��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�YQOCP�FTGUUGF�KP�C�DNWG�NQPI���UNGGXGF�UJKTV�CPF�YGCTKPI�C�JCKTPGV��
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+\S VJG�YQOCP�KU�PCMGF�CPF�CNQPG�KP�VJG�DCVJTQQO��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD
3UH C�DQ[�KP�C�TGF�UJKTV�CPF�C�DQ[�KP�C�[GNNQY�UJKTV�CTG�LWORKPI�QP�C�VTCORQNKPG�QWVUKFG��
+\S VJG�DQ[U�CTG�CUNGGR��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

7PKV����




016�RTG�DNWG��#0&�
J[R���#0&�J[R�00���#0&�
016�J[R�VJGTG���#0&�
016�J[R�QWVUKFG��
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC �����

3UH C�OCP�KP�C�TGF�JCV�CPF�UJKTV�YKVJ�ITC[�UJQTVU�CVVGORVU�VQ�FQ�VJG�URNKVU��
+\S VJG�OCP�JCU�C�DNWG�JCV��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH RGQRNG�YCNMKPI�FQYP�C�DWU[�EKV[�UVTGGV�KP�VJG�YKPVGT��
+\S RGQRNG�CTG�TWPPKPI�FQYP�C�DWU[�EKV[�UVTGGV�KP�UWOOGT��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH RQNKEG�QÞEGT�CPF�JKU�OQVQTE[ENG�KP�C�ETQYF�QH�RGQRNG�CV�C�RTQVGUV��
+\S C�RQNKEG�QÞEGT�KU�TKFKPI�C�WPKEQTP�KP�HTQPV�QH�C�ETQYF��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

7PKV����




J[R�HQT�14�J[R�VQ��#0&�J[R����14�J[R�CUNGGR��14�J[R�UCF�
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC ������

3UH C�RCNG�FQI�TWPU�FQYP�C�RCVJ��
+\S C�FQI�KU�TWPPKPI�VQYCTFU�JKU�QYPGT
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�OCP�KP�C�DNCEM�CPF�DNWG�LCEMGV�CPF�C�YJKVG�JGNOGV�UMKKPI�FQYP�C�JKNN�UYKHVN[��
+\S C�OCP�IQGU�FQYP�VJG�UMK�JKNN�UYKHVN[�DGECWUG�JG�KU�CP�GZRGTV��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�YQOCP�YGCTKPI�C�TGF�UECTH�TCKUGU�JGT�JCPF�CU�UJG�YCNMU�KP�C�RCTCFG��
+\S C�YQOCP�TCKUGU�JGT�JCPF�CU�UJG�YCNMU�KP�C�RCTCFG�HQT�UV��RCVTKEM�
U�FC[��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

7PKV����





016�QXGTNCR������#0&�J[R�+0��14�RTG�UKVVKPI��14�RTG�YCVGT��#0&�
016�J[R�VJGTG��
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ������ EQPVTC �����

3UH C�OQVJGT�CPF�JGT�VYQ�EJKNFTGP�UKV�FQYP�VQ�TGUV��
+\S VJTGG�RGQRNG�CTG�TWPPKPI�CTQWPF��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�ITQWR�QH�RGQRNG�UKVVKPI�KP�C�ITCUU[�CTGC�WPFGT�C�RKPM�CPF�YJKVG�DNQUUQOKPI�VTGG��
+\S RGQRNG�CTG�TWPPKPI�KP�C�ITCUU[�CTGC��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH ��RGQRNG�UKVVKPI�KP�C�DQCV���TQYKPI�KP�C�NCTIG�DQF[�QH�YCVGT�UWTTQWPFGF�D[�ITGGPGT[��
+\S VJG�RGQRNG�UVCPFKPI�KP�C�VTCKP
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

7PKV����




016�QXGTNCR������#0&�
J[R�KP�14�J[R�QP���14�J[R�UNGGRKPI��14�J[R�GCVKPI�
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ������ EQPVTC �����

3UH C�IKTN�CPF�VYQ�DQ[U�CTG�RNC[KPI�KP�YCVGT��
+\S VJG�EJKNFTGP�CTG�GCVKPI�FKPPGT�CV�C�TGUVCWTCPV��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH YJKNG�UQOG�RGQRNG�NQQM�KP�VJG�DCTP���QVJGTU�YCNM�QP�VJG�DTKFIG�CPF�UQOG�CTG�GPLQ[KPI�EQQNKPI�Qà�KP�VJG�YCVGT�D[�VJG�DGCEJ��
+\S VJG�RGQRNG�CTG�IQKPI�KP�VJG�DCTP�VQ�UGG�VJG�JQTUG��
$EV������ �6TWG� �2TGF�QHXWUDO FRQWUD

3UH DTQYP�FQI�TWPPKPI�VJTQWIJ�UJCNNQY�YCVGT��
+\S C�FQI�KU�UNGGRKPI�QP�C�DNCPMGV��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD
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7PKV����




J[R�VJGKT�14�QXGTNCR������#0&�J[R�+0��14�J[R�HTKGPF��#0&�J[R���
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC �����

3UH C�FTGUUGF�WR�YQOCP�YCNMKPI�PGZV�VQ�C�UVQTG�CV�PKIJV��
+\S C�FTGUUGF�WR�YQOCP�KU�YCNMKPI�PGZV�VQ�C�RJCTOCE[�CV�PKIJV��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�OCP�KP�C�DNWG�UJKTV���MJCMK�UJQTVU���DCNN�ECR�CPF�YJKVG�UQEMU�CPF�NQCHGTU�YCNMKPI�DGJKPF�C�ITQWR�QH�RGQRNG�YCNMKPI�FQYP�C�UVQPG
YCNMYC[�YKVJ�C�YCVGT�DQVVNG�KP�JKU�NGHV�JCPF��

+\S C�OCP�KP�C�DNWG�UJKTV���MJCMK�UJQTVU���DCNN�ECR�CPF�DNWG�UQEMU�CPF�NQCHGTU�YCNMKPI�DGJKPF�C�ITQWR�QH�RGQRNG�YCNMKPI�FQYP�C�UVQPG
YCNMYC[�YKVJ�C�YCVGT�DQVVNG�KP�JKU�NGHV�JCPF��

$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�OCP�KU�UVCPFKPI�KP�EQEQPWVU�YJKNG�VT[KPI�VQ�QRGP�QPG��
+\S C�UCF�OCP�KU�UVCPFKPI�KP�EQEQPWVU�YJKNG�VT[KPI�VQ�QRGP�QPG��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

7PKV����





016�J[R�242���#0&�RTG����#0&�
016�J[R�8$���#0&�
016�J[R�242���#0&�
016�J[R�KP��
áQ7������ �Y � �Y � �Y �GPVCKN ����� PGWVTCN ������ EQPVTC ������

3UH C�[QWVJ�KU�MKEMKPI�C�UQEEGT�DCNN�KP�CP�GORV[�DTKEM�CTGC��
+\S C�JWOCP�MKEMKPI��
$EV������ �6TWG� �2TGF�HQWDLO HQWDLO

3UH C�DCPF�QH�RGQRNG�RNC[KPI�DTCUU�KPUVTWOGPVU�KU�RGTHQTOKPI�QWVUKFG��
+\S C�ITQWR�QH�RGQRNG�JCXG�KPUVTWOGPVU��
$EV������ �6TWG� �2TGF�HQWDLO HQWDLO

3UH VJTGG�JKMGTU�CTG�JKMKPI�KP�C�OQWPVCKP�ÕNNGF�YKVJ�VTGGU�CPF�UPQY��
+\S RGQRN�G�YGTG�QP�ITCUU
$EV������ �6TWG� �2TGF�WPMPQYP HQWDLO

7PKV����





016�QXGTNCR������#0&�J[R�&6��#0&�
016�J[R�QWVUKFG���#0&�
016�J[R�JCU���#0&�
016�J[R�PGCT��
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ������ EQPVTC �����

3UH UGXGTCN�RGQRNG�RTGRCTG�VJGKT�UVCNNU�VJCV�EQPUKUV�QH�ÕUJ���XGIGVCDNGU�CPF�HTWKVU�HQT�VJG�RWDNKE�G[G��
+\S VYQ�OGP�UKV�KP�C�VTWEM
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH QWVFQQTU�KP�HTQPV�QH�C�ETQYF���C�OCP�RNC[U�CP�KPUVTWOGPV�D[�DNQYKPI�KPVQ�RKRGU�JG�JQNFU�WR�VQ�JKU�HCEG��
+\S C�OCP�UKVVKPI�QP�VJG�EQWEJ�TGCFKPI�C�DQQM��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH DNWTT[�RGQRNG�YCNMKPI�KP�VJG�EKV[�CV�PKIJV��
+\S UGXGP�RGQRNG�FCPEKPI�KP�C�PKIJVENWD��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

7PKV����





016�J[R�HQT��#0&�RTG�00��#0&�
016�J[R�8$���#0&�
016�J[R�242���14�QXGTNCR�����
áQ7������ �Y � �Y � �Y �GPVCKN ����� PGWVTCN ������ EQPVTC �����

3UH VJG�NCF[�KP�VJG�TGF�LCEMGV�KU�JGNRKPI�VJG�QVJGT�NCF[�FGEKFG�YJCV�VQ�DW[��
+\S VJGTG�CTG�OWNVKRNG�RGQRNG�RTGUGPV��
$EV������ �6TWG� �2TGF�HQWDLO HQWDLO

3UH C�URQTVU�OCVEJ�KU�VCMKPI�RNCEG�DGVYGGP�QPG�VGCO�YGCTKPI�VJG�EQNQTU�TGF�CPF�YJKVG�CPF�CPQVJGT�VGCO�URQTVKPI�VJG�EQNQTU�DNCEM
CPF�DNWG��

+\S VJG�VYQ�VGCOU�CTG�YGCTKPI�FKàGTGPV�EQNQTU��
$EV������ �6TWG� �2TGF�HQWDLO HQWDLO

3UH VYQ�OGP���QPG�YKVJ�C�ECOGTC�CPF�CPQVJGT�YKVJ�JCKT�ENKRRGTU�CTG�JGNRKPI�CPQVJGT�OCP�KP�MKVEJGP��
+\S VJTGG�OGP�CTG�RKEVWTGF
$EV������ �6TWG� �2TGF�HQWDLO HQWDLO
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7PKV����





016�RTG�CPF��#0&�J[R�+0��14�J[R�242���#0&�J[R����14�J[R�8$�
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC �����

3UH C�UQEEGT�ICOG�YKVJ�OWNVKRNG�OCNGU�RNC[KPI��
+\S C�OGP�
U�UQEEGT�VGCO�YKPPKPI�VJG�YQTNF�EWR��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�OKNKVCT[�ITQWR�KP�WPKHQTO�UVCPFKPI�VQIGVJGT�YJKNG�QPG�QH�VJGO�IGVU�VJGKT�JCV�CFLWUVGF��
+\S C�FTKNN�KPUVTWEVQT�KU�CFLWUVGF�C�UVWFGPVU�JCV�DGHQTG�VJG[�RTGHQTO�CV�C�HWPGTCN��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�OCP�KU�PCXKICVKPI�C�DQCV��
+\S C�OCP�KU�UVGGTKPI�C�NCTIG�[CEJV�FQYP�VJG�NCMG��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

7PKV����





016�J[R�,,��#0&�QXGTNCR������#0&�
016�J[R�242����#0&�
016�J[R�VQ���14�J[R�RGQRNG�
áQ7������ �Y � �Y � �Y �GPVCKN ����� PGWVTCN ����� EQPVTC ������

3UH GNGICPVN[�FTGUUGF�KP�DNCEM���C�OCP�CPF�YQOCP�GODTCEG�KP�FCPEG��
+\S VYQ�RGQRNG�CTG�FCPEKPI��
$EV������ �6TWG� �2TGF�HQWDLO HQWDLO

3UH VYQ�OGP�QP�DKE[ENGU�EQORGVKPI�KP�C�TCEG��
+\S RGQRNG�CTG�TKFKPI�DKMGU��
$EV������ �6TWG� �2TGF�HQWDLO HQWDLO

3UH RGQRNG�YCNMKPI�VQ�C�URGEKCN�RNCEG��
+\S RGQRNG�CTG�YCNMKPI��
$EV������ �6TWG� �2TGF�HQWDLO HQWDLO

7PKV����




J[R�HQT�14�J[R�VQ��14�J[R�JQOG��14�J[R�CHVGT��14�J[R�VJGKT�
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC �����

3UH VQFFNGT�YCNMKPI�CNQPI�RCVJ��
+\S VQFFNGT�KU�YCNMKPI�VQ�JKU�OQO
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH WPKHQTOGF�UEJQQNIKTNU�CTG�YCNMKPI�VQIGVJGT�QP�VJG�UVTGGV��
+\S VJG�IKTNU�CTG�YCNMKPI�JQOG�HTQO�UEJQQN��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�RCNG�FQI�TWPU�FQYP�C�RCVJ��
+\S C�FQI�KU�TWPPKPI�VQYCTFU�JKU�QYPGT
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

7PKV����




J[R�QWVFQQTU�14�J[R�QWVUKFG��14�J[R�PGCT��14�J[R�VJGTG��14�J[R�PQV�
áQ7������ �Y � �Y � �Y �GPVCKN ����� PGWVTCN ������ EQPVTC ������

3UH OCP�CPF�C�YQOCP�YCNMKPI�QP�VJG�UVTGGV
+\S VJGTG�CTG�CV�NGCUV�VYQ�RGQRNG�KP�VJG�RKEVWTG��
$EV������ �6TWG� �2TGF�HQWDLO HQWDLO

3UH VJTGG�YQOGP�CTG�UKVVKPI�QP�C�YJCTH�CPF�MKEMKPI�VJGKT�HGGV�KP�VJG�YCVGT��
+\S OQTG�VJCP�QPG�RGTUQP�KU�VQWEJKPI�C�NKSWKF��
$EV������ �6TWG� �2TGF�HQWDLO HQWDLO

3UH C�ITQWR�QH�RGQRNG�RNC[KPI�IWKVCTU�CPF�UKPIKPI��
+\S VJGTG�CTG�UGXGTCN�RGQRNG�KP�VJKU�RJQVQ���CPF�VJG[�CTG�CNN�OCMKPI�OWUKE��
$EV������ �6TWG� �2TGF�HQWDLO HQWDLO

7PKV����




J[R�PQDQF[�14�QXGTNCR������14�J[R�PQV��14�J[R�PQ��14�J[R�QPG�
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ������ EQPVTC �����

3UH C�DCPF�YJKEJ�KPENWFGU�CP�WRTKIJV�DCUU�RNC[GT�KU�RNC[KPI�KP�C�VGPV�KP�HTQPV�QH�ECPCFKCP�ÖCIU��
+\S VJG�DCPF�JCU�PQ�DCUU�RNC[GT��
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$EV������ �6TWG� �2TGF�FRQWUD FRQWUD
3UH C�DQ[�YKVJ�C�EQPEGTPGF�NQQM�KV�JQNFKPI�WR�VYQ�PGYURCRGTU�HGCVWTKPI�C�JGCFNKPG�CDQWV�OWTFGT��
+\S C�DQ[�KU�PQV�JQNFKPI�CP[VJKPI��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�[QWPI�DQ[�YGCTKPI�C�TGF�EQCV�GCVU�C�EJQEQNCVG�DCT��
+\S VJG�DQ[�JCU�PQ�ENQVJGU�QP��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

7PKV����





016�J[R�VJGTG��#0&�J[R�00��#0&�
016�J[R�UKVVKPI���#0&�
016�J[R�UVCPFKPI���14�J[R�8$�
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC �����

3UH C�ITQWR�QH�RGQRNG�YGCTKPI�JCVU�CPF�WUKPI�YCNMKPI�UVKEMU�CTG�YCNMKPI�VJTQWIJ�C�YQQFGF�CTGC�QP�C�VTCKN��
+\S VJG�VQWTKUVU�CTG�DGKPI�IWKFGF�QP�VJGKT�VTKR��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�IGPVNGOCP�KP�C�UVTKRGF�UJKTV�IGUVWTKPI�YKVJ�C�UVKEM���NKMG�QDLGEV�KP�JKU�JCPF�YJKNG�RCUUGTUD[�UVCTG�CV�JKO��
+\S C�IGPVNGOCP�KP�C�UVTKRGF�UJKTV�LQ[QWUN[�IGUVWTKPI
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�OKFFNG���CIGF�OCP�KP�C�ITC[�V���UJKTV�CPF�DTQYP�RCPVU�UKVVKPI�QP�JKU�DGF�TGCFKPI�C�Ö[GT���NKMG�RCRGT��
+\S JG�KU�TGCFKPI�C�Ö[GT�CDQWV�C�PGY�LQD�JG�KU�KPVGTGUVGF�KP��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

7PKV����




J[R�+0�#0&�QXGTNCR������14�J[R�PQV��14�J[R�PQ��14�J[R�QPN[�
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC �����

3UH C�OCP�KP�C�DNWG�UJKTV���MJCMK�UJQTVU���DCNN�ECR�CPF�YJKVG�UQEMU�CPF�NQCHGTU�YCNMKPI�DGJKPF�C�ITQWR�QH�RGQRNG�YCNMKPI�FQYP�C�UVQPG
YCNMYC[�YKVJ�C�YCVGT�DQVVNG�KP�JKU�NGHV�JCPF��

+\S C�OCP�KP�C�DNWG�UJKTV���MJCMK�UJQTVU���DCNN�ECR�CPF�DNWG�UQEMU�CPF�NQCHGTU�YCNMKPI�DGJKPF�C�ITQWR�QH�RGQRNG�YCNMKPI�FQYP�C�UVQPG
YCNMYC[�YKVJ�C�YCVGT�DQVVNG�KP�JKU�NGHV�JCPF��

$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�DQ[�YKVJ�C�EQPEGTPGF�NQQM�KV�JQNFKPI�WR�VYQ�PGYURCRGTU�HGCVWTKPI�C�JGCFNKPG�CDQWV�OWTFGT��
+\S C�DQ[�KU�PQV�JQNFKPI�CP[VJKPI��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�FTGUUGF�WR�YQOCP�YCNMKPI�PGZV�VQ�C�UVQTG�CV�PKIJV��
+\S C�FTGUUGF�WR�YQOCP�KU�YCNMKPI�PGZV�VQ�C�RJCTOCE[�CV�PKIJV��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

7PKV����




J[R�+0�14�J[R�VQ��14�J[R�242���#0&�
016�J[R�':���14�J[R�002�
áQ7������ �Y � �Y � �Y �GPVCKN ������ PGWVTCN ����� EQPVTC �����

3UH VYQ�YQOGP�YCNMKPI�KP�CP�CTGC�QH�70-��
+\S VYQ�70-�YQTMGTU�YCNM�FQYP�VJG�UVTGGV�QH�VJG�QPEG�DGCWVKHWN�UWDWTDCP�PGKIJDQTJQQF���UWTXG[KPI�VJG�FCOCIG�HTQO�VJG�UVQTO��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO

3UH C�ITQWR�QH�MKFU�CTG�RNC[KPI�QP�C�VKTG�UYKPI��
+\S C�ITQWR�QH�FQIU�CTG�EJCUKPI�C�FWEM��
$EV������ �6TWG� �2TGF�FRQWUD FRQWUD

3UH C�YQOCP�YCNMU�D[�C�DTKEM�DWKNFKPI�VJCV�
U�EQXGTGF�YKVJ�ITCÞVK��
+\S VJG�YQOCP�
U�UQP�FTGY�UQOG�QH�VJG�ITCÞVK��
$EV������ �6TWG� �2TGF�QHXWUDO QHXWUDO
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