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Abstract 
\]]^ _]`bdf _]gjorkl q\sslx db] z_{b]dlz_|f} ^~werz_|

high-stak]l d^^fz{dgz~_l l`{� dl d`g~_~�~`l {dbl d_�

�]dfg�{db]� �~wever� \ssl db] ~�g]_ gb]dg]� dl ��lack

box]l� z_ l`{� d^^fz{dgz~_l� �]{]_g b]l]db{� �dl dfl~ b]-

v]df]� g�dg \ssl db] �z|�f} �`f_]babf] g~ d��ersarzdf dg-

tacks� bdzlz_| l]bz~`l {~_{]b_l ~v]b �]^f~}z_| \ssl z_ g�]

b]df jorf�� T~ ~v]b{~�] g�]l] �]�{z]_{z]l� j] db] �]velop-

z_| MASSIF� d_ z_g]bactiv] g~~f �~b �]{z^�]bz_| d��ersarzdf

attacks� MASSI� z�]_gz�]l d_� z_g]bactiv]f} �zl`dfz�]l _]`-

b~_l d_� g�]zb {~__]{gz~_l z_lz�] d \ss g�dg db] lgb~_|f}

activdg]� ~b l`^^b]ll]� �} d_ d��ersarzdf dggd{k� MASSI�

pro�z�]l �~g� d �z|��f]v]f� z_g]bpretabf] ~verviej ~� g�]

eff]{g ~� d_ dggd{k ~_ d \ss� d_� d f~w-lev]f� �]gdzf]� �]-

scrz^gz~_ ~� g�] d��]{g]� _]`b~_l� MASSIF’l gz|�gf} {~`^f]�

viejl �]f^ ^]~^f] �]gg]b `_�]blgd_� j�z{� z_^`g �]dg`b]l

db] �~lg �`f_]babf] d_� z�^~bgd_g �~b {~bb]{g ^b]�z{gz~_l�

Author Keywords 
\]]^ f]db_z_| z_g]bpretability� d��ersarzdf dggd{k� �zl`df d_d-

lytics� l{dfd�f] l`��dbz�dgz~_� dggbib`gz~_ |rd^�

Introduction 
\]]^ _]`bdf _]gjorkl q\sslx �dv] �]�~_lgbdg]� lz|_z�-

{d_g l`{{]ll z_ d jz�] l^]{gb`� ~� d^^fz{dgz~_l ��� �� �� ���

However� g�]} �dv] �]]_ �~`_� g~ �] �z|�f} �`f_]babf] g~

adversar��� �����ks� g}^z{dff} l�dff� �`�d_�z�^]b{]^gz�f]
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perg`b�dgz~_l ~_ z_^`gl g�dg �~~f \ssl z_g~ �dkz_| z_{~b-

b]{g ^b]�z{gz~_l ��� �� �� ���� ��zl  ]~^db�z�]l man} \ss�

�dl]� g]{�_~f~|z]l� ]l^]{zdff} z_ l]{`bzg} d_� ld�ety-crzgz{df

d^^fz{dgz~_l l`{� dl d`g~_~�~`l �bz�z_| d_� �dgd��biv]_

healthcare� T~ �dk] �]]^ f]db_z_| �~b] b~�`lg d|dz_lg

l`{� �dfz{z~`l dggd{ks� zg zl ]ll]_gzdf g~ `_�]blgd_� �~j g�]

attackl ^]b�]dg] \ss �~�]fl ���� ���� Inter^b]gz_|� d_�

`fgz�dg]f} �]�]_�z_| d|dz_lg d��ersarzdf dggd{ks� zl _~_gbz�zdf

�`] g~ d _`��]b ~� {�dff]_|]l�

¡�� Scaling to large datasets. ¢z_{] \ssl {~_gdz_ g�~`-

ld_�l ~� _]`b~_l d_� {~__]{gz~_l� l`��dbz�z_| �~j

d_ dggd{k d��]{gl d �~�]f b]£`zb]l d_df}�z_| g�] �~�]f¤l

beha�z~b ~v]b ]_gzb] �dgdl]gl d_� �]v]f~^z_| l{dfd�f]

b]^b]l]_gdgz~_l g�dg {�dbacteriz] g�] dggd{k ��� ¥��

¡�� Entangled features and connections between be-

nign and attacked inputs. ¦ _dg`bdf d^^b~d{� �~b

`_�]blgd_�z_| d��ersarzdf dggd{kl zl g~ {~�^db] d

model’l ~^]bdgz~_l ~_ �]_z|_ d_� dggd{k]� z_^`gl�

j�z{� {~`f� �]f^ ^]~^f] `_�]blgd_� §¨ª«ª d_� wh¬

^b]�z{gz~_l jzg�z_ d �~�]f �z�erge� However� �]lz|_z_|

d_ ]��ectiv] {~�^dbzl~_ {d_ �] {�dff]_|z_| �]{d`l]

g�] �]dg`b]l {~_gbib`gz_| g~ g�] �z��]b]_{]l �d} {~b-

b]fdg] jzg� ~_] ~b �~b] �]dg`b]l z_ �~g� g�] �]_z|_

d_� dggd{k]� {fdll]l� F~b ]xample� ­z|`b] � l�~jl

g�dg d �]dg`b] b]^b]l]_gz_| �z�or} �d{] jzg� �dbk ]y]l

d_� _~l]� q{]_g]b ^`b^f] _~�]x zl z�^~bgd_g �~b �~g�

g�] �]_z|_ ®�¯°� {fdll d_� g�] dggd{k]� ar±�°���²

class� ��zl l�db]� �]dg`b] {~bb]fdg]l jzg� d �]dg`b] �~b

^d_�d q]�|�� ��lack ³ j�zg] ^dg{�]l�x� j�zf] dfl~ {~bb]-

fdgz_| jzg� d �ej �]dg`b]l �~b db�d�zff~ q]�|�� �l{df]l��

�{b~ll]� ^dgg]b_�x�

¡�� Diverse feature vulnerability. Giv]_ d_ d��ersarzdf

attack� l~�] f]db_]� �]dg`b]l �d} �] �~b] ]dlzf} �d-

_z^`fdg]� d_� �`f_]babf] g�d_ ~g�]bl� F~b ]xample�
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�d_z^`fdgz_| d ��dlk]g�dff� �]dg`b] z_g~ d_ �~bd_|]�

f]dg`b] zl ]dlz]b qlz�zfdb l�d^] d_� {~f~bx g�d_ {�d_|-

z_| zg z_g~ d �gbuck� �eature� ¦l �]dg`b]l ]»�z�zg d l^]{-

tr`� ~� �`f_]bability� ]_d�fz_| `l]bl g~ �zl`dfz�] d_�

`_�]blgd_� d_ dggd{k `_�]b �ar}z_| f]v]fl ~� l]verzg}

{~`f� �]f^ g�]� �]lz|_ lgb~_|]b {~`_g]bmeasures�

Contrib¼��²¯½

T~ d��b]ll g�] d�~b]�]_gz~_]� {�dff]_|]l� j] db] �]velop-

z_| MASSIF� d_ z_g]bactiv] �zl`dfz�dgz~_ g~~f �~b z_g]b^b]gz_|

adversarzdf dggd{kl ~_ �]]^ f]db_z_| �~�]fl� ¾`b ~_|~z_|

work ^b]l]_gl g�] �ollojz_| {~_gbib`gz~_l�

�� Novel graph-based comparison. T~ �zl{~v]b g�]

f]dg`b]l d_� {~__]{gz~_l d{gz�dg]� ~b l`^^b]ll]� �}

d_ dggd{k� j] d�d^g g�] b]{]_gf} ^b~^~l]� attrib¼��²¯
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gr�®¨ �¥� z_ d novel way to visualize, summarize, and 

compare a model’s response to benign and attacked 

data� ��] ~bz|z_df dggbib`gz~_ |rd^� dz�l g~ �z|�fz|�g

hoj d �~�]f¤l f]db_]� �]dg`b]l z_g]bd{g g~ �dk] ^b]�z{-

gz~_l �~b d lz_|f] {fdll� �} b]^b]l]_gz_| �z|�f} d{gz�dg]�

_]`b~_l dl �ergz{]l d_� g�]zb �~lg z_Ä`]_gzdf {~__]{-

gz~_l dl ]�|]l� ¾`b �dz_ z�]d �~b MASSI� zl g~ |]_]bdg]

d_� z_g]|rdg] gj~ dggbib`gz~_ |rd^�l� ~_] �~b g�] �]_z|_

�dgd d_� d_~g�]b �~b g�] dggd{k]� �dgd� dl zff`lgbdg]� z_

­z|`b] �� ��] d||b]|dg]� |rd^� �]f^l `l `_�]blgd_�

j�z{� �]dg`b]l db] l�db]� �} �~g� �]_z|_ d_� dggd{k]�

�dgd q]�|�� ^`bple� {]_g]b �]dg`b] z_ ­z|`b] �x� j�z{� db]

l~f]f} d{gz�dg]� �} g�] �]_z|_ �dgd q�lue� �db f]�gx� d_�

j�z{� db] �} g�] dggd{k]� �dgd qb]�� �db bz|�gx� Impor-

tantly� MASSI� dfl~ �]f^l `l]bl �~b] ]dlzf} �zl{~v]b

j�]b] d ^b]�z{gz~_ lgdbgl g~ ��z�]b|]�� �~_z_| z_ g~ g�]

critical parts ~� g�] �~�]f g�dg g�] dggd{k zl ]»^f~zgz_|�

�� Fractionation of neurons based on vulnerability. T~

�]f^ `l]bl ^bioritiz] g�]zb z_l^]{gz~_ ~� _]`b~_l� j] �]-

v]f~^ d _]j ja} g~ l~bg d_� |b~`^ g�]� �dl]� ~_ g�]zb

vulnerability� z�]�� ��~j ]dlzf} {d_ d _]`b~_ �] d{gz�dg]�

~b l`^^b]ll]� �} d_ dggd{k.� ¾`b �dz_ z�]d zl g~ �ar} d_

attack’l lgb]_|g� q~b l]verzg}x d_� b]{~b� dff _]`b~_ d{gz-

vations� s]`b~_l g�dg db] ]dlzf} d{gz�dg]� ~b l`^^b]ll]�

b} l~f]f} d j]dk dggd{k �d} jarrd_g �~{`l]� z_l^]{gz~_

lz_{] g�]} {d_ �] ]dlzf} �d_z^`fdg]� jzg� fzggf] ]��org�

System Design and Implementation 
��zl l]{gz~_ �]l{bz�]l MASSIF’l z_g]b�d{] d_� �zl`dfz�dgz~_

�]lz|_ ql]] ­z|`b] �x� Ål]bl {d_ l]f]{g d �]_z|_ {fdll� d_

attack]� {fdll� d_� g�] g}^] d_� l]verzg} ~� d_ dggd{k �b~�

g�] g~^ {~_gb~f ^d_]f q­z|`b] �¦x� ��]_� MASSI� generdg]l

attrib`gz~_ |rd^�l `lz_| d Æ}g�~_ �d{k]_�� d_� �zl^fd}l

g�]� g~ g�] `l]b z_ d j]���dl]� z_g]b�d{] �`zfg jzg� Ç�ÈÉ�

CSS� JavaScrz^g� d_� \� q­z|`b] �Êx�

Nodes: Features activated (or suppressed) by attacks. 

Ë_ dggbib`gz~_ |raphs� _~�]l b]^b]l]_g \ss _]`b~_l j�z{�

db] gbdz_]� g~ �]g]{g ^dbgz{`fdb �]dg`b]l z_ z_^`g �dgd� T~ z_-

ter^b]g j�dg �]dg`b]l d _]`b~_ �]g]{gl� MASSI� b]^b]l]_gl

]d{� _]`b~_ jzg� zgl �]dg`b] �zl`dfz�dgz~_� d l}_g�]lz�]� z�-

d|] g�dg �d»z�z�]l g�] _]`b~_¤l activdgz~_ ��Ì�� Ål]bl {d_

hov]b ~v]b d_} _]`b~_¤l �]dg`b] �zl`dfz�dgz~_ g~ dfl~ �zl^fd}

e»d�^f] z�d|] ^dg{�]l �b~� g�] �dgdl]g g�dg �~lg d{gz�dg]

g�dg _]`b~_� F~b ]xample� dl l]]_ z_ ­z|`b] �� g�] �]dg`b]

�zl`dfz�dgz~_ qf]�gx d_� �dgdl]g ]»d�^f]l qbz|�gx �]l{bz�] d

_]`b~_ g�dg �]g]{gl d �~gg]� ^dgg]b_ z_ l{df]l�

W] �z�z�] d_ dggbib`gz~_ |raph’l _]`b~_l z_g~ g�b]] |b~`^l

b} g�]zb dggd{k b]l^~_l]� ­zblg� suppressed neurons db]

�z|�f} d{gz�dg]� �} �]_z|_ z_^`gl �`g �]{~�] l`^^b]ll]�

b} d��ersarzdf z_^`gl� ��]l] b]^b]l]_g {b`{zdf �]dg`b]l �~b

g�] �]_z|_ {fdll� �`g g�] �~�]f �dzfl g~ �]g]{g g�]� j�]_

e»^~l]� g~ g�] dggd{k� ¢]{~_�� emphasized neurons db]

_~g _~gz{]d�f} d{gz�dg]� �} �]_z|_ z_^`gl �`g �]{~�] �z|�f}

activdg]� �} d��ersarzdf z_^`gl� ��]l] b]^b]l]_g �]dg`b]l

g�dg db] g}^z{dff} _~g z�^~bgd_g �~b g�] �]_z|_ {fdll� �`g g�]

�~�]f �]g]{gl g�]� dl z�^~bgd_g �]dg`b]l ~� g�] dggd{k]�

class� ��zb�� shared neurons db] �z|�f} d{gz�dg]� �} d_�

imporgd_g g~ �~g� �]_z|_ d_� d��ersarzdf z_^`gl�

W] �zl`dff} �zlgz_|`zl� g�]l] g�b]] _]`b~_ |b~`^l jzg� �z�-

f]b]_g {~f~bl d_� ^~lzgz~_l z_ g�] dggbib`gz~_ |rd^� �z]j (Fig-

`b] �Êx� ¢`^^b]ll]� _]`b~_l db] {~f~b]� blue d_� ^~lz-

gz~_]� ~_ g�] f]�g q­z|`b] �Ê��x� Emphasiz]� _]`b~_l db]

{~f~b]� orange d_� ^~lzgz~_]� ~_ g�] rz|�g q­z|`b] �Ê��x�

¢�db]� _]`b~_l db] {~f~b]� purple d_� ^~lzgz~_]� z_ g�]

�z��f] �]gj]]_ l`^^b]ll]� _]`b~_l d_� ]�^�dlz�]� _]`-

b~_l q­z|`b] �Ê��x� ��] b]l`fg zl d �zl`dfz�dgz~_ g�dg �zl]_-

gd_|f]l d_� {~�^db]l g�] \ss �]dg`b]l d_� {~__]{gz~_l

�b~� g�] �]_z|_ d_� dggd{k]� �dgd�
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Why are these neurons attacked? HaileÍ ÎÏÐ ÐÑÎÒÓ

ÒÏ ÔÎÏÐ ÕÏÐ ÒÏ Ö×ÏÒØÙÒ ÒÕØ ÑÒÒÑÙkØÚ ÎØÛ×ÏÎÓ ×ØÜÑÒØÚ ÒÏ Ñ×-

ÝÑÚÞÜÜÏ ÓÔÞÎ ÖÑÒÒØ×nsß àÕØ ÓØáÛØÎÒÞÑÜÜÍ ÏâÓØ×vØÓ ÒÕØ ÑÒÒ×i-

bÛÒÞÏÎ ãÏ× ÒÕØ äÓÙÑÜØÓ ÖÑÒÒØ×Îåæ äâÑÓÔØÒÓåæ ÑÎÚ äâumpÍ ÒØx-

ÒÛ×Øå ÎØÛ×ÏÎÓß çÖÏÎ ÞÎÓÖØÙÒÞÎè ÒÕØ äâumpÍ ÒØéÒÛ×Øå ÎØÛ×ÏÎ

êëÞèÛ×Ø ìíîæ MASSIï shoÐÓ ÒÕÑÒ ãÏÛ× ÎØÛ×ÏÎÓ ÞÎ ÒÕØ Ö×Ø-

ðÞÏÛÓ ÜÑyØ× Ñ×Ø ÕÞèÕÜÍ ÞÎÒØ×ÑÙÒÞÎè ÐÞÒÕ ÞÒñ Ñ ÓÕÑ×ØÚ ÎØÛ×ÏÎ

×ØÖ×ØÓØÎÒÞÎè äâlacÔ ÙÞ×ÙÜØ,å ÑÎÚ ØÝÖÕÑÓÞòØÚ ÎØÛ×ÏÎÓ ×ØÖ×Ø-

ÓØÎÒÞÎè äÓÖÞÚØ× ÜØèÓåæ äèranÛÜÑ× ÒØéÒÛ×Øåæ ÑÎÚ äÑ ÐÕÞÒØ ÕÑÞ×Í

dog’Ó ãace.å óÓ ÒÕØ ÒÕ×ØØ ØÝÖÕÑÓÞòØÚ ÎØÛ×ÏÎÓ ÞÎ ÒÕØ Ö×Øvi-

ÏÛÓ ÜÑyØ× ÙÑÎ âØ ÒÕØ Ö×imarÍ ×ØÑÓÏÎ âØÕÞÎÚ ÒÕØ ÚØÒØÙÒÞÏÎ Ïã

“bumpÍ ÒØéÒÛ×Øåæ ÓÕØ ÚØÙÞÚØÓ ÒÏ ÞÎvØÓÒÞèÑÒØ ÒÕØÓØ ÎØÛ×ÏÎÓ

ÝÏ×Ø ÛÓÞÎè MASSIFß

Ongoing Work 
Interactive neuron editing. MASSIï ÙÛ××ØÎÒÜÍ ðÞÓÛÑÜÞòØÓ

ÒÕØ ÎØÛ×ÏÎÓ ÒÕÑÒ Ñ×Ø ÑÙÒÞðÑÒØÚ Ï× ÓÛÖÖ×ØÓÓØÚ âÍ ÑÎ ÑÒÒÑÙÔ

ÛÎÚØ× ðarÍÞÎè ÚØè×ØØÓ Ïã ÓØverityß WØ Ñ×Ø ÐorÔÞÎè ÏÎ Øx-

ÒØÎÚÞÎè MASSIF’Ó ÞÎÒØ×ÑÙÒÞðÞÒÍ âÍ ÑÜÜÏÐÞÎè ×ØÑÜôÒÞÝØ ÎØÛ×ÏÎ

ØÚÞÒÞÎèæ Øßèßæ ÚØÜØÒÞÏÎß õÕÞÓ ÐÏÛÜÚ ÑÜÜÏÐ Ñ ÛÓØ× ÒÏ ÑÙÒÞðØÜÍ

ÞÚØÎÒÞãÍ ðÛÜÎØ×abÜØ ÎØÛ×ÏÎÓ ÛÓÞÎè ÏÛ× ðÞÓÛÑÜÞòÑÒÞÏÎ ÑÎÚ ÞÎ-

teractivØÜÍ ×ØÝÏvØ ÒÕØÝ ã×ÏÝ ÒÕØ íöö ÒÏ ÏâÓØ×vØ ÞÒÓ ØããØÙÒ

ÞÎ ×ØÑÜôÒÞÝØß öØÛ×ÏÎ ÚØÜØÒÞÏÎ ÐÏÛÜÚ ÝÑÓÔ ÒÕØ ÑÙÒÞðÑÒÞÏÎÓ

Ïã Ñ ÖÑ×ÒÞÙÛÜÑ× ÎØÛ×ÏÎæ ÖÏÒØÎÒÞÑÜÜÍ Ö×ØvØÎÒÞÎè ÒÕØ ÝÑÜÞÙÞÏÛÓ

effØÙÒ Ïã Ñ ÒÑ×èØÒØÚ ÑÒÒÑÙÔ ÒÏ Ö×ÏÖÑèÑÒØ ÚØØÖØ× ÞÎÒÏ ÒÕØ ÎØÒ-

worÔß õÕÞÓ ÐÏÛÜÚ ØÎÑâÜØ Ñ ÛÓØ× ÒÏ Ö×ØØÝÖÒÞðØÜÍ ØÚÞÒ Ñ íöö

ÒÏ ØÎÕÑÎÙØ ÞÒÓ ×ÏâÛÓÒÎØÓÓ ÒÏ ÑÚðersarÞÑÜ ÑÒÒÑÙksß FÏ× Øx-

ampleæ Ñ ÛÓØ× ÝÑÍ ÞÚØÎÒÞãÍ ÑÎÚ ÙÕÏÏÓØ ÒÏ ÚØÜØÒØ Ñ ÓÕÑ×ØÚ

ÎØÛ×ÏÎ ÒÕÑÒ ÏÎÜÍ ãØØÚÓ ÞÎÒÏ ØÝÖÕÑÓÞòØÚ ÎØÛ×ÏÎÓæ Ö×Øvent-

ÞÎè ÑÚðersarÞÑÜÜÍ ÑÙÒÞðÑÒØÚ ÎØÛ×ÏÎÓ ã×ÏÝ ÕÑðÞÎè ÑÎÍ ØããØÙÒ

ÞÎ ÒÕØ ÓÛâÓØáÛØÎÒ ÜÑyØ×Ó Ïã ÒÕØ ÎØÒÐorÔæ ÒÕÛÓ ÒÕÐarÒÞÎè ÒÕØ

ÒÑ×èØÒØÚ ÑÒÒÑÙÔ ã×ÏÝ ÓÛÙÙØØÚÞÎèß

Planned evaluation. WØ ÖÜÑÎ ÒÏ ØvÑÜÛÑÒØ ÒÕØ Øããective-

ÎØÓÓ Ïã ÏÛ× ðÞÓÛÑÜÞòÑÒÞÏÎ ÒÏÏÜ ÙÏÛÖÜØÚ ÐÞÒÕ ÞÎÒØ×activØ ÎØÛ-

×ÏÎ ØÚÞÒÞÎè ÒÕ×ÏÛèÕ ÞÎôÜÑâ ÛÓØ× ÓÒÛÚÞØÓ ÐÕØ×Ø ÖÑ×ÒÞÙÞÖÑÎÒÓ

ÓØØÔ ÒÏ ÞÎÙ×ØÑÓØ ÒÕØ ×ÏâÛÓÒÎØÓÓ Ïã Ñ ÜÑ×èØôÓÙÑÜØæ Ö×ØÒ×ÑÞÎØÚ

íöö ÝÏÚØÜß WØ ÐÞÜÜ ×ØÙ×ÛÞÒ ÓÒÛÚØÎÒÓ ÐÞÒÕ âÑÓÞÙ ÔÎÏÐÜØÚèØ

Ïã ÚØØÖ ÜØÑ×ÎÞÎè ÝÏÚØÜÓß óÜÜ ÖÑ×ÒÞÙÞÖÑÎÒÓ ÐÞÜÜ âØ ÑÓÔØÚ ØÚÞÒ

ÒÕØ íöö ãÏ× ÚÞããØ×ØÎÒ âØÎÞèÎôÑÒÒÑÙkØÚ ÙÜÑÓÓ ÖÑÞ×Ó ÑÎÚ ÐÞÜÜ

âØ ØvÑÜÛÑÒØÚ ÏÎ ÒÕØ âÑÓÞÓ Ïã ×ØÚÛÙÒÞÏÎ ÞÎ ÒÑ×èØÒØÚ ÑÒÒÑÙÔ

ÓÛÙÙØÓÓ ×ateß WØ ÐÞÜÜ ÑÜÓÏ ÙÏÎÚÛÙÒ Ö×ØôÒØÓÒ ÑÎÚ ÖÏÓÒôÒØÓÒ

surveÍÓ ÒÏ ØvÑÜÛÑÒØ ÐÕØÒÕØ× MASSIï gavØ ÑÎÍ ÚØØÖØ× ÞÎ-

ÓÞèÕÒÓ ÞÎÒÏ ÒÕØ ãÑÞÜÛ×Ø ÝÏÚØÓ Ïã ÒÕØ ÓÒÛÚÞØÚ íöö ÑÎÚ ÐÕÑÒ

fÑÙÒÏ×Ó ÒÕØ ÖÑ×ÒÞÙÞÖÑÎÒÓ ÙÏÎÓÞÚØ×ØÚ ÐÕÞÜØ ØÚÞÒÞÎè ÒÕØ íöö ÒÏ

ÞÎÙ×ØÑÓØ ÞÒÓ ×ÏâÛÓÒÎØÓÓ ÒÏ ÑÚðersarÞÑÜ ÑÒÒÑÙksß

Conclusion 
WØ Ö×ØÓØÎÒ MASSIFæ ÑÎ ÞÎÒØ×activØ ÓÍÓÒØÝ ÐØ Ñ×Ø ÚØvelop-

ÞÎè ÒÕÑÒ ðÞÓÛÑÜÞòØÓ ÕÏÐ ÑÚðersarÞÑÜ ÑÒÒÑÙÔÓ ÖØ×ÝØÑÒØ íöö

ÝÏÚØÜÓ ÑÎÚ ÙÑÛÓØ ÝÞÓÙÜÑÓÓÞ÷ÙÑÒÞÏÎß MASSIï generÑÒØÓ ÑÎÚ

visualizØÓ ÝÛÜÒÞÖÜØ ÑÒÒ×ibÛÒÞÏÎ èrÑÖÕÓ ÑÓ Ñ ÓÛÝÝÑ×Í Ïã ÐÕÑÒ

fØÑÒÛ×ØÓ Ñ×Ø ÞÝÖÏ×ÒÑÎÒ ãÏ× Ñ ÖÑ×ÒÞÙÛÜÑ× ÙÜÑÓÓ êØßèßæ âØÎÞèÎ Ï×

attackØÚ ÙÜÑÓÓî ÑÎÚ ÕÏÐ ÒÕØ ãØÑÒÛ×ØÓ Ñ×Ø ×ØÜÑÒØÚß MASSIï

enabÜØÓ øØxibÜØ ÙÏÝÖÑ×ÞÓÏÎ âØÒÐØØÎ âØÎÞèÎ ÑÎÚ ÑÒÒÑÙkØÚ

attribÛÒÞÏÎ èraphsæ ÕÞèÕÜÞèÕÒÞÎè ÐÕØ×Ø ÑÎÚ ÐÕÍ ÒÕØ ÑÒÒ×ibu-

ÒÞÏÎ èrÑÖÕÓ ÓÒÑ×Ò ÒÏ ÚÞðergeæ ÛÜÒÞÝÑÒØÜÍ ÕØÜÖÞÎè ÖØÏÖÜØ âØÒÒØ×

interÖ×ØÒ ÙÏÝÖÜØé ÚØØÖ ÜØÑ×ÎÞÎè ÝÏÚØÜÓæ ÒÕØÞ× ðÛÜÎØ×abili-

tiesæ ÑÎÚ ÕÏÐ ÒÏ âØÓÒ ÙÏÎÓÒ×ÛÙÒ ÚØãensesß
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