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Agenda

- Authorship analysis for crime investigation

- Assembly code mining for malware analysis

- New ML project on neuroscience



Authorship Analysis for Crime Investigation




Real-life Criminal Case (Scam)

Asked for

C$2800. armela in
Received
C$4500.

Anthony in
Canada
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Motivating Example: Cybercrime

- Cell phone number of Anthony:

- 15 e-mails from “Carmela”
- A counterfeit cheque
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Anthony

@ﬂ  © 5 & # )= Re[ATTENTION - NON TRAITE PAR ANTIVIRUS - WARNING - NOT VIR.. [E=EEN
i)
\‘&'—/ | Message l Adobe PDF @
\_a @ \_g_ x L™} Move to Folder ~ || & Block Sender Y @ oY @
[ Create Rule &, safe Lists =
Reply Reply Forward @ Delete . Categorize Follow Mark as | Find Send to
to All 2 Other Actions ~ || [ | Not Junk - Up~ Unread | = | OneNote
Respond Actions Junk E-mail = Options [ OneMote
— /| | From: Carmela Alonso [carmela_slonso40 1@yshoo. com] Sent: Tue 5/27/2008 3:19 AM
To: Benjamin Fung
Reply [R ce
Rd | Subject: Re: [ATTENTION - NON TRAITE PAR ANTIVIRUS - WARNING - NOT VIRUS SCANNED] RE: HOMESTAY!
From: || Hello Ben, =
To: E|
Ca || | How ae you doing? Thanks alot for your e-mail | really appericiate your concems about me and with this |
Subject: ||| | know Paloma will be happy with you. Ben, if you are a woman and | know your wife will know how | feel
||| about my duaghter who's 1000's of miles away from hame and the child tells you she's no longer happy
(| | Dear Si| | | where she is. | know my half sister very well and | will like Paloma to move on.
|
|| Howar{|| Please | will really appreciate if you can send her the $2,500 via Western Union to the below informations
contact] she sent to me two days ago. She said Western Union is just a stone throw from their home and she have a
||| and wil friend there who will assist her.
going
||| Below is the informations she sent me:
|| lama Name: Paloma Alonso.
God yo| | | Address: 20 garry street ,Greenville SC 29615,USA.
see ifl Sender's Names/Address:
|| MTCN:
(|| Am hal|| Amount sent.
sending
(|| with gre| | With this it will be faster and she can pay her way through to your home. | will really be glad if you can send
gave he it first thing this moming and forward me with the informations so | can send to her. Am very busy with
|| Kindly s gramma's funeral arrangements she means alot to me and Paloma too.
| Below ||| Please | am counting on you to take care of her and your family she's the only person | have now since
gramma is gone.
Name:
|| | Addres;
Sender Thanking you for your understanding and God bless.
|| mTCN
Amoun
|
| |
Idon't]
hereis||| Have alovely day
||| Havea Carmela. | |
: Dal,
I Falom, L
1




Authorship lIdentification:

Who Is behind the keyboard?

Digital writings: emails, blogs, tweets, forums, etc.



Return-Path: <melody@covingloninnovations_ com:
Received: from spgwl.serddns.com [65.163.13.5] by smaild. serdns.com with SMTP;
Sun, 13 Jan 2008 19:59:57 -0500
Received: from frnailhost02.isp.att.net (fmailhostd2.isp.att.net [204.127.217.102])
by spgwl.servdns.com (Sectordink) with ESMTP id AASDB3I00097
for <mc@covingtoninnovations.com=; Sun, 13 Jan 2008 19:58:13 -0500 (ES

“RECEIVED" LINES
show how message
entered the

Received: from hokusai (adsl-224-168-165.asm. bellsouth.net[74.224 168.165]) T R e ]
b!.-f isp.att net {ﬁ'f'-"uffl"lh E':'E"]' with SMTP aoF TWo are most
id <20080114005830H0200ah55e>; Mon, 14 Jan 2008 00:58:30 +0000 informative.
X-Onginating-1P: [74.224.168.165] Some may be fake.

From: "Meledy Covingten” <melodyi@covinatoninnovalions.com>  ——

To: <melody@maxcharge.com:, St aban
“Michael A. Covington™ <mc{@covingtoninnovations.com:> Sl

Subject: Appeintments for the coming week be totally T

Date: Sun, 13 Jan 2008 19:58:29 -0500

Ormganmzation: Covington Innovations

Message-1D: <001101c856428%59477426056801a8c0@Hekusar=

WIME-Version: 1.0

“FROM™ LINE

Content-Type: multipart/alternative; LINES THAT START
boundary="--—=_MextPart_000_0012 _01C856 WITH X are
e ‘- comments

¥-Mailer: Microsoft Office Outlook 11 .
A-WMimeOLE: Produced By Microsoft MimeOLE VE.00.2900.3193
Thread-Index: AchWSJIPQySPIKAHF SpSwlo/S9GWHOQA==
L-servdns-MallScanner-Information: Please contact the ISP for more information
A-servdns-MailScanner: Found to be clean

X-servdns-MailScanner-From: melody@covingtoninnovations.com

added by software;
may be true or
false,



Authorship Identification

Candidate X Candidate Y Candidate Z

£ gyl petd
o B
Ea

Actual author of given anonymous text




Handcrafted Stylometric Features

P = §

Fingerprint

From Fingerprint to Writeprint

] . Writeprint
Stylometric Features oS,

dLexical features o ®

aSyntactic features o Word length

AStructural features Vocab.

N Richness
aContent-specific features
aldiosyncratic features

Digit/cap
distribution
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Handcrafted Stylometric Features

f—b

Fingerprint

Writeprint

From Fingerprint to Writeprint

Stylometric Features Writing

Samples

dLexical features
aSyntactic features e ° ‘
aStructural features
aContent-specific features
aldiosyncratic features

e Punctuations
e Function words
“Of”, HtO”’ “aS”_ .
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Handcrafted Stylometric Features

Fingerprint

Writeprint

From Fingerprint to Writeprint

Stylometric Features onting
amples
dlLexical features
aSyntactic features
Sentence length

AStructural features o @ ‘ paragraph length
a1 Content-specific features Separators b/w

' : aragraphs
aldiosyncratic features paragrap
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Handcrafted Stylometric Features

Fingerprint

Writeprint

From Fingerprint to Writeprint

Stylometric Features Writing

Samples

dLexical features
aSyntactic features
aStructural features
aContent-specific features
aldiosyncratic features

 Domain specific
keywords
» Special characters
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Handcrafted Stylometric Features _

P = §

Fingerprint

Writeprint

From Fingerprint to Writeprint

Stylometric Features A
dlLexical features

aSyntactic features
QStructural features

Dantent-sp§C|f|c features ‘ sl
aldiosyncratic features @ o

e Spelling and
grammatical
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Traditional Classifiers

Naive Bayesian Decision Trees Support Vector Machines
R Principle of Sl._lp&\l/ ector Machines
- P(c)P(. |c
P(Ci |dj) = (CI) E J |CI) Capital Ratio "o .
P(d)) ¢ /-
[ ] ¢ [ ]
[ N ) ¢ ¢ ‘..
# of Commas / o .. /
Efficient Input Space Feature Space
Pitfalls:
Low classification Reasonably accurate
accuracy in . :
authorship analysis Efficient, interpretable results Pitfalls:
Pitfalls: A : Black box (difficult to
(Sebastiani 2002, 'tatls. bICCturaSC\)//I\I/IS Interpret)
Diederich et al. 2003, ‘E%ﬂ%aéasze? 2005
Dong et al. 2006 . ’ de Vel et al. 2000
J ) Sabastiani 2002) ( )




AuthorMiner v3.0

Guys , your teams did a great job
managing a very difficult situation
with very few material effects to the
organization.

Character
Level
Modality

Lexical
Modality

Syntactic
Modality

Character N gram:
‘GU’, ‘Guy’, ‘Guys’, ‘ys,, ...

Lexical N gram:
‘Guys,, ‘your team’, ‘team

did’, ...

Syntactic N gram:
(Proper noun + i +
Possessive pronoun) ...

Profilel
Profile2

Calculate Affinity

Estimate Confidence
Visualize discrimination of
affinity for each linguistic
evidence unit.



Performance
AuthorMiner 3.0

Document Length 1-26 tokens Document Length 27-55 tokens Document Length 56-320 tokens
' Author Miner 3.0 ’A thor Miner 3.0 | Author Miner 3.0
> 1 11
O
O 0.6
@®©
c
O 044
)
@©
(&)
)
c
O 0
L=

Y X

« X: number of writing samples per candidate (class)
* Y: number of candidates (classes)
» Dataset: Enron email dataset

Published in ACM TISSEC 2015



StyloMatrix: Learning Stylometric Representation

Learned stylometric
representation for topical
modality

Learned stylometric
representation for lexical

User can pick
modality =

the modality Classification Validated by the authorship

Learned stylometric ' to be Model analysis result (precision,
representation for character- g included in (Solution) recall, f1, or AUROC)
level modality | the analysis
Learned stylometric '
representation for syntactic
modality

Learning the shldqmetric representatign DESIE“;#dUpt a classification Conduct Experiment on the available
based on the unlabeled data model. dataset for the targeted AA problem.




topic-lexic-2-vec

Map each output
token to a output
Uh{x) vector
sigmoid sigmoid
@’.’x
w
Map the topical
modality of this

Vector Map the lexical
modality of this
document to a
numeric vector

document to a
numeric vector

G Cit,)
Local contextual AVG 65:1

C(tp.5q)
Map each input

token to an input
vector

Published in IEEE Transactions on Cybernetics (2019)



Authorship Identification

- IMDb62 dataset: 62 profile users, each wrote
1,000 reviews

- Representation learning + logistic regression

Vector size d=200 d=300 d=400 d=500  d=600
Topical+lexical 050532 09209 09310 09379  0.9436
Topical 0.8327  0.8665 08779 08927  0.9028
Lexical 0.7369 0.7793 07979 08005  0.8037
Character 07185  0.7283 07330 07348  0.7298
Syntactic 0.3894 05104 05352 058258  0.6009

Cross-validation accuracy



Authorship Identification

- IMDb62 dataset: 62 profile users, each wrote
1,000 reviews

Model  Accuracy
| Lexical+Topical |* 0.972
Typed-n-gram [6] 0.937
[ Topical |* 0.930
Token SVM [14]7 0.925
DADT-P [14]f 0.918
w2v-skigram+cbow  0.916
LSA  0.909
PV-DBOW+PV-DM  0.900
AT-P [14]F 0.896
Static+1000-n-gram  0.870
LDA+Hellinger-S [35]f [0.80, 0.85]
Imposters (KOP)7 [0.70, 0.75]
[Lexical |* 0.742
[Character]* 0.733
LDA+Hellinger-M [35]f < 0.70
LDA  0.677
| Syntactic]* 0.601




Authorship Verification

THE PAN2014 AUTHORSHIP VERIFICATION DATASET. THE NUMBER IN
ROUND BRACKETS IS THE STANDARD DEVIATION.

Training #Problems  #Docs  #Tokens Tokens per doc
Dutch-Essays 96 192 123,713 644 (551)
Dutch-Reviews 100 200 25,416 127 (66)
English-Essays 200 400 694.477 1,736 (1372)
English-Novels 100 200 723,412 3,617 (3973)
Greek-Articles 100 200 616,497 3,082 (2283)
Spanish-Articles 100 200 767,916 3,839 (2639)
Testing #Problems  #Docs  #Tokens Tokens per doc
Dutch-Essays 96 192 128,179 667.39 (522)
Dutch-Reviews 100 200 26,169 130.85 (81)
English-Essays 200 400 671,056 1,677 (1352)
English-Novels 200 400 2,831,531 7,078 (5091)
Greek-Articles 100 200 646,361 3,231 (2395)
Spanish-Articles 100 200 755,929 3.779 (2622)
AUROC
Dutch  Duich Lnglish  Lnoglish Greek Spaiisi
Approach  Essay Review  Essay Novel Article  Article Avg,
Modality [Lexical+Topical]*  0.998 0.744 0.887 0.767 0.924 0.934 0.881
Modality [Lexical]* 0,998 0.658 0.885 0.799 0.949 0.937 0.871
PV-DBOW+PV-DM  0.979 0.670 0.847 0.738 0.934 0.859 0.838
Modality [Character]*  0.960 0.642 0.854 0.758 0.889 0.911 0.836
META-CLASSIFIER-PAN20147  0.957 0.737 0.781 0.732 0.836 0.898 0.824

- PV-DBOW  0.985 0.656 0.548 0.711 0.868 0.870 0.823




Authorship Characterization

Gender Political orientation

Characteristics of the author



Software Demonstration: StyloMatrix




Assembly Code Mining for Reverse
Engineering (Malware Analysis)
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Reverse Engineerin

void copy_ block(deflate_state * s,
charf * buf, unsigned
len, int header){

bi_windup(s); _
s->last_eob_len = 8; 3
if (header) { 11 110 01|
put_short(s, (ush)len); Eiégugaiﬂ
put_short(s, (ush)-~len); 1 111 00
00 0001 1|
y 7 11 1 1001
e ——

Reverse
Engineering

OXEB68 PUSH {R7,LR}

OXEBGA SUB SP, SP, #0x10

O0xEB6C ADD R7, SP, #0

OxEB6E STR RO,

[R7,#0x10+s]

OxEB70 STR R1,

[R7,#0x10+buf]

O0xEB72 STR R2,

[R7,#0x10+len]

OxEB74 STR R3,

[R7,#0x10+header]

O0xEB76 LDR RO,

[R7,#0x10+s]

OXEB78 BL bi_windup

OxEB7C LDR R3,

[R7,#0x10+s]

OxEB7E ADD.W R3, R3,

#0x16A0

O0xEB82 ADDS R3, #0x14

O0xEB84 MOVS R2, #8
XEB86 STR R2, [R3]

EB88 LDR R3,

[R7,#0x10+header]

OXxEB8A CMP R3, #0

0XEB8C BEQ loc_EBFC

OxEB8E LDR R3,

[R7,#0x10+s]

0xEB90 LDR R2, [R3,#8]

O0xEB92 LDR R3,

[R7,#0x10+s]

O0xEB94 LDR R3, [R3,#0x14]

0xEB96 ADDS RO, R3, #1

O0xEB98 LDR R1,

OXEBB8 LSRS R2, R2, #8
OXEBBA UXTH R2, R2
OXEBBC UXTB R2, R2
OXEBBE STRB R2, [R3]
OXEBCO LDR R3,
[R7,#0x10+s]

OXEBC2 LDR R2, [R3,#8]
OXEBC4 LDR R3,
[R7,#0x10+s]

OXECOE LDR R3,
[R7,#0x10+buf]
OxEC10 ADDS R1
OxEC12 STR R1,
[R7,#0x10+buf]
OxEC14 LDRB R3
OxEC16 STRB R3
OxEC18 LDR R3,
[R7,#0x10+len]

OXEBC6 LDR R3, [R3,#0x14] OXEC1A SUBS R2

OXEBC8 ADDS RO, R3, #1
OXEBCA LDR R1,
[R7,#0x10+s]

OxEC1C STR R2,
[R7,#0x10+len]
OXEC1E CMP R3,

OXEBCC STR RO, [R1,#0x14] 0XEC20 BNE loc_|

OXEBCE ADD R3, R2
OxEBDO LDR R2,
[R7,#0x10+len]

O0xEBD2 UXTB R2, R2
OxEBD4 MVNS R2, R2
O0xEBD6 UXTB R2, R2
OxEBD8 STRB R2, [R3]
OXEBDA LDR R3,
[R7,#0x10+s]

OXEBDC LDR R2, [R3,#8]
OXEBDE LDR R3,
[R7,#0x10+s]

OXEBEO LDR R3, [R3,#0x14]
OXEBE2 ADDS RO, R3, #1
OXEBE4 LDR R1,
[R7,#0x10+s]

OXEBE6 STR RO, [R1,#0x14]
OXEBES8 ADD R3, R2
OXEBEA LDR R2,

O0xEC22 ADDS R7
O0xEC24 MOV SP,
O0xEC26 POP {R7,




Reverse Engineering

push ebp

mou ebp, esp

mou eax, [ebp+arg 4]
push ehx

push esi

test eax, eadx

jz loc_10002C20A ‘
mou esi, [ebp+arg @]
test esi, esi

jz loc_18882C2A

mou ehx, [eax+1Ch]
test ebx, ebx

jz loc_180882C2A

Assembly Code Function Control Flow Graph



Kam1nO: Subgraph Clones




The original one

Ox1FE69CO PUSH ebp

Ox1FE69C1 MOV ebp, esp
Ox1FE69C3 MOV ecx, [ebp+arg 0]
Ox1FE69C6 PUSH ebx

Ox1FE69C7 MOV ebx, [ebp+arg_ 8]
Ox1FE69CA PUSH esi

Ox1FE69CB MOV esi, ecx
Ox1FE69CD AND ecx, OFFFFh
Ox1FE69D3 SHR esi, 10h
Ox1FE69D6 CMP ebx, 1

Ox1FE69D9

+INZ loc_1FE6A@C




Type |: Exact clone

e\
O M

e -

Ox1FE69CO

Ox1FE69C1

Ox1FE69C3

Ox1FE69C6

Ox1FE69C7

OX1FE69CA

Ox1FE69CB

Ox1FE69CD

Ox1FE69D3

Ox1FE69D6

Ox1FE69D9

PUSH ebp

MOV ebp, esp

MOV ecx, [ebp+arg 0]
PUSH ebx

MOV ebx, [ebp+arg 8]
PUSH esi

MOV esi, ecx

AND ecx, OFFFFh

SHR esi, 10h

CMP ebx, 1

+INZ loc_1FE6AOC

Ox1FE69CO

Ox1FE69C1

Ox1FE69C3

Ox1FE69C6

Ox1FE69C7

OX1FE69CA

Ox1FE69CB

Ox1FE69CD

Ox1FE69D3

Ox1FE69D6

Ox1FE69D9

PUSH ebp

MOV ebp, esp

MOV ecx, [ebp+arg 0]
PUSH ebx

MOV ebx, [ebp+arg 8]
PUSH esi

MOV esi, ecx

AND ecx, OFFFFh

SHR esi, 10h

CMP ebx, 1

+INZ loc_1FE6ABC




Type Il: Syntactically equivalent

7 "y
LTI

™ 8

o
Ox1FEQ5BO PUSH ebp Ox1FE69CO PUSH ebb
Ox1FEO5B1 MOV ebp, esp Ox1FE69C1 MOV ebp, esp
Ox1FEQ5B3 MOV ecx, [ebp+arg 0] Ox1FE69C3 MOV eax, [ebp+msg 0]
Ox1FEO5B6 PUSH ebx Ox1FE69C6 PUSH edx
Ox1FE@5B7 MOV ebx, [ebp+arg_ 8] Ox1FE69C7 MOV edx, [ebp+msg 1]
Ox1FEQ5BA PUSH esi Ox1FE69CA PUSH esi
Ox1FEOS5BB MOV esi, ecx Ox1FE69CB MOV esi, eax
Ox1FEQS5BD AND ecx, OFFFFh Ox1FE69CD AND eax, OFFFFh
Ox1FEO5B3 SHR esi, 10h Ox1FE69D3 SHR esi, 10h
Ox1FEOQ5B6 CMP ebx, 1 Ox1FE69D6 CMP edx, 1
Ox1FEO5B9 +INZ loc_1FE@5BC Ox1FE69D9 +INZ loc_1FE6AGC




Type lll: Minor modification

Ox1FEQ5BO PUSH ebp Ox1FE69CO PUSH ebp

Ox1FEO5B1 MOV ebp, esp Ox1FE69C1 MOV ebp, esp
Ox1FE69C3 MOV eax, [ebp+msg 0]
Ox1FE69C6 PUSH edx

Ox1FE@5B7 MOV ebx, [ebp+arg 8] Ox1FE69C7 MOV edx, [ebp+msg 1]

Ox1FEQ5BA PUSH esi Ox1FE69CA PUSH esi

Ox1FEOS5BB MOV esi, ecx Ox1FE69CB MOV esi, eax

Ox1FEQS5BD AND ecx, OFFFFh Ox1FE69CD AND eax, OFFFFh

| eanEwoves e

Ox1FEO5B6 SHR esi, 10h Ox1FE69D3 SHR esi, 10h

Ox1FEQ5B9 CMP ebx, 1 Ox1FE69D6 CMP edx, 1

Ox1FEQ5C1 +INZ loc_1FE®5BC Ox1FE69D9 +INZ loc_1FE6AOC




Subgraph clone

L
"Type lll

i push ebp | Clone
mov ebp, esp : 0
push  ecx | I
\ P
!
mov [ebp+key], 1A9Ch | i
mov eax, [ebp+msg] : :
push  eax | I | push  eax
push  offset Format | | | push  offset EiEtL M
call ds:printf : i call ds :printf
add esp, 8 | I add esp, 8
mov [ebp+msg], 1 ; i | mov [ebp+i 0], 1
cmp [ebp+msg], © Tyoell | cmp [ebp+lXd], ©
jz short loc_40103E Clone || 52 short
v —— &

— o T~

mov ecx, [ebpikey] : ;| mov ecx, loc_40109E:

ush ecx ' | | push ecx _

|I:ush offset aTheKeyIsD l ‘|push  offset FIITOSRC O o [ebp+§r~g_g], ; I
' call ds:printf | I call ds:printf e [ebpiarg 0], |
: X : jz short loc_4016C3 .
i add esp, 8 Typel! add esp, 8 |
' jmp short loc_401050 Clone | jmp short RIS :
I } I ] — |
. — |
i loc_40103E: : *| loc_4010C3: mov edx, [ebpivar 4] :
i mov edx, [ebp+arg_0] | I mov eax, [ebptarg o] imul edx, [ebptarg 0] |
. push edx | | push eax push edx :
! push offset alnwisg : | push offset aInwisg push offset l
i call ds:printf I | call ds:printf aTheKeyIsD_1 i
] esp : || add esp, 8 call ds:printf :
! [ebp+msg], © Typel : add esp, 8 |
i short loc_401100 :C‘me! jmp short loc 401605 [
i o TN i
I loc_401050: ! ' loc_4010D5: I
i xor eax, eax | || xor eax, eax I
: mov esp, ebp : : |mov esp, ebp :
| pop ebp ! || pop ebp |
[ retn | ||retn :



Challenges

- Accuracy: balance between recall and precision

- Efficiency and scalabllity: response time with
terabytes of assembly code in repository

- Incremental update of the repository
- Interpretability and usability

- Flexibility: different CPU architectures, compilers,
and optimization options



Finding Clones

-
=




L
Efficiency (k-NN problem)

Adaptive Locality Sensitive Hashing

Unequal partitioning and dynamic hashing for cosine
space

60



L
Efficiency (k-NN problem)

Adaptive Locality Sensitive Hashing

Unequal partitioning and dynamic hashing for cosine
spac

61



Subgraph Search with MapReduce

Mapper

® A block-to-block

clone pair

™1 Cloned subgraphs
i} of afunction



Overall Solution Stack

IDA-Pro Connector

(Plugin)
Web-based user interface and clone visualization
JQuery Bootstrap
Results in Json Kam1n0 engine ! HTTP
format

LSH-based Assembly code POST/GET
MR-based :
assembly code processing
subgraph search Iy
clone search utilities

Return results Distributed/Local Map-Reduce compatible execution framework

(Memory and CPUs) Submit jobs

Apache Spark:
Local mode or distributed mode

Load/cache data

Data Storage layer (hard drives) Persists data

Graph-based Bucket-based No-SQL database | g

Apache Cassandra

data storage data storage
model model

Published in ACM SIGKDD 2016



Software Demonstration: Kam1n0 €< Kamino




.
Evaluation (quality)

Approach Bzip2 Curl Expat Jsoncpp Libpng Libtiff Openssl Sqglite Tinyxml Zlib Avg.
BinClone HER (] [ (] (6] (] [ (] ¥ *.804 188
Composite 85T .T66 603 725 814 T2 .6EE .T26 655 729 746
Constant .T60 769 723 665 520 764 .6ED 776 653 it 743
Graphlet .T7o 653 673 563 714 653 682 e 676 (655 685
Graphlet-C 743 .7T61 705 604 764 729 741 .T48 67T 663 .T13
Graphlet-E 023 526 505 516 819 521 512 ol13 R 514 517
MixGram 00 40 T8 726 B30 RIS 200 .TG5 707 732 .TES
MixGraph TGO 733 T06 DET 755 602 713 765 674 .T08 .T10
N-gram 050 LB60 72T 713 B3 B00 210 T80 714 766 799
N-perm .BE6 847 731 .729 834 813 811 .T69 709 736 TBT
Tracelet B30 ] [ (] (6] (] [ (] (] L7989 163
LSH-S OG5 001 NiE! 854 804 823 882 845 7GR TH3 BEE
Kamln) = #9092 ¥ 050 *.843 *. 800 * 044 00T * 8501 *.805 #8064 830 | 7911

Area Under the Receiver Operating Characteristic Curve (AUROC)
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Thank you. Questions?

Benjamin Fung

McGill Data Mining and Security Lab
http://dmas.lab.mcqill.ca/fung
E-mall: ben.fung (at) mcgill.ca
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