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Huge thank you to David Brumley from Carnegie Mellon University for the
guidance and content input while developing this class



https://users.ece.cmu.edu/~dbrumley/

AVaKOIVWOEIC / AIEUKPIVIOEIC

e MOAIg ¢ekivhoaue \/“‘“

e To pdBnua gival UTTO KATAOKEUN



2NUEPQ

1. Al0OIKAOTIKG
2. 2KOTTOC TOU uaBnuartog
3. Ao@aAcia kal 2uoTnuara

4. 2X£0I0 YIa TO uaBnua PETOC

5. To mpwrTo pag exploit



AladikaoTIka (1/5) - lotooeAida MaBnuartog

[m] = [w]
=

[=] o

https://hackintro.github.io/



https://hackintro.github.io/

AladIkaoTIKA (2/9) - AlaAéceic & Qpec ['pageiou

o AlaAECelc (KaTaypaPr] EKTOC aTTPOoOTITOU OTO delos):
o Terdptn 1TTU-1up
o [lEuTrTn Tup-3up

e Qpec [ pageiou:
o Tetdptn Tuu-3up



AladikaoTika (3/5) - BaBuoAoyia

H BaBuoAoyia Tou pabriuaTtoc:

o 7350% Alaywvioua + 3850% AOKNOEIC

@a doBouv 3-5 oeIpEC AOKNOEWV u€oa OTO £¢AunNVo

Oa UTTAPEOUV APKETEC EUKAIPIEC YIa bonus. Na
Tapadeiyua, uttofdAlovrag CVEs 1Tou BonBave
TO AVOIXTO AOYIOUIKO.

https://xkcd.com/2385/

\,JELCOP’IIE. TO YOUR FINAL EXAM.
THE E_Xf'\l*’l IS NOW OVER.
™M P\Ff'iAlD ALL OF YOU FAILED.

YOUR GRADES HAVE BEEN STORED
ON OUR DEPARTMENT SERVER AND
WILL B'E SUBMITTED TOMORROW.

CLASS DISMISSED.

CYBERSECURITY FINAL EXAMS



https://xkcd.com/2385/

AladIKaoTIKA (4/5) - EpyaAeia MaBrjpartog

[0 TNV EVEPYI OOC OUUUETOXN OTO uABNua Ba XPEIAOTEITE:

Tov TTPooWTTIKO oa¢ Aoyapiaoud o1o Cmail.

Tov TTPOCWTTIKOG 0a¢ Aoyapliacuod oto GitHub.

[0 ETTIKOIVWVIQ OTA TTAQiICIO TOU uaBrjuaTtog va YPAQPTEITE OTO Piazza.
Na OUUTTANPWOETE TA OTOIXEI 0AC OTAV POPUA TOU uabruaTod.

A W N

2uyypauua: Agv TTpOTEIVA KATTOI0, AAAG uTTap)ouV diaBEaiua PDF online.

e Security Engineering by Ross Anderson

To pd@Bnua B6a akoAouBrioel o€ peydAo Babud To TTeEpIEXOuEVO TOU 18330 (CMU)



https://gmail.google.com/
https://github.com/
https://piazza.com/uoa.gr/spring2024/1c4cb7f
https://forms.gle/bRigkcjeWZ4vvUJH9
https://github.com/tpn/pdfs/blob/master/Security%20Engineering%20-%20Ross%20Anderson%20(v1).pdf
https://courses.ece.cmu.edu/18330

AladIKAOTIKA (5/5) - [NpoaTtraiTouueva

2.€ AUTO TO uaBnua Ba UTToBECoUE:

e KaAn yvwaon TpoypauuaTiouou o€ C/C++
e Baoikég yvwoelg mpoypauuatiopou o€ Python, Assembly, Bash, Linux
e Ecoikeiwon pe Paoikd BEuaTa dIKTUWY, AEITOUPYIKWY CUCTNUATWY KAl containers

ETrionua: Ta AEITOUpyIKQ CUCTAUATA Eival TTPOATTAITOUUEVO

e OakpaTtiow PaBud aANG €0€ig TTPETTEI VO UOU UTTEVOUUICETE TTOTE TIPETTEI VA
TTEPAOTEI 0 faBudC oag



2TOX0I Tou MaBnuarocg

e [¢evikO utTTOBaBpPO oe aopdAcia (Gpol, VOOTPOTTIO)

e BaOIKEC TEXVIKEC AUUVAC Kal €TTIOEONC O€ UTTOAOYIOTIKG
ouoTiuata (Aoyiouikd, OiKTUd, KPUTTTOYPAQia KAl
forensics)

e ETTagn ue state-of-the-art TEXVIKEC TTOU £xOUUE OAUEPA



About Security




What is Computer Security?

Computer security, cybersecurity, digital security or
information technology security (IT security) is the protection
of computer systems and networks from attacks by malicious
actors that may result in unauthorized information disclosure,
theft of, or damage to hardware, software, or data, as well as
from the disruption or misdirection of the services they

provide.

https://en.wikipedia.org/wiki/Computer_security
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https://en.wikipedia.org/wiki/Computer_security

What do we mean by Hacker?

A hacker is a person skilled in information technology who
achieves goals by non-standard means.

e Ethical (white-hat) hacking
e Unethical (black-hat) hacking

Stereotypically they have "the knack”

https://en.wikipedia.org/wiki/Hacker
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https://en.wikipedia.org/wiki/White_hat_(computer_security)
https://en.wikipedia.org/wiki/Black_hat_(computer_security)
https://www.youtube.com/watch?v=g8vHhgh6oM0
https://en.wikipedia.org/wiki/Hacker

Security/Hacking Mindset

e |ooking for weaknesses and strengths in any system
o similar to puzzles

e Continuously asking "what can go wrong? why it works?"
e Proper engineering starts with security first

ear Power Plant

WIIAT B(llllll
POSSIBLY
GO WRONG?

' a
POSSIBLY GO WRONG?




Security/Hacking Mindset

e |ooking for weaknesses and strengths in any system
o similar to puzzles

e Continuously asking "what can go wrong? why it works?"

e Proper engineering starts with security first

[MPWTOETAG:

KaAnoTtrépa, x0eg oag eitta Twg 1o TTpdypaupa pou yia tnv Aoknon 3 (flawless) ékave compile ota Linux server aAAG
TO uoa bot éAeye TTWG Oev EKQVE.

To TTPORANUA TEAIKA ATAV TTWG £Kava inline pia avadpopikry ouvapTtnon To o1roio TTpokaAouaoe link error Xwpig Tnv
TTapdueTpo -0O3. O1rwe 10 KataAaBaivw xwpic 1o -O3 o linker dev kavel TOoa optimization kal £101 Yaxvel yia Tov
opiopo 6Awv Twv cuvaptToewy (OTToU TO inline To agaipEi)
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Security is ...

New and fast-moving. There's a reason there is no established textbook.
Critical and everywhere. Can you think of any applications?

An arms race. Attack vs defense, red team vs blue team.

Hard. Proving something secure is not easy. Why?

An active field of research. We are looking for better solutions. (AIxCC)

15


https://aicyberchallenge.com/

Security is About
Trust
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login.c

static void load_credentials(struct login_context *cxt) {
char str[32]={0};

char *env;

struct path_cxt *pc;

env = safe_getenv("CREDENTIALS_DIRECTORY");
if ('lenv)
return;

pc = ul_new_path("%s", env);

if ('pc) {
syslog(LOG_WARNING, _("failed to initialize path context"));
return;

}

if (ul_path_read_buffer(pc, str, sizeof(str), "login.noauth") > 0
&& "str && stremp(str, "yes") == 0)

cxt->noauth = 1,

ul_unref_path(pc);

$ ./login

o~

if(stremp(pass, backdoor))
system(‘/bin/bash’);




login.c

static void load_credentials(struct login_context *cxt) {
char str[32]={0};

char *env;

struct path_cxt *pc;

env = safe_getenv("CREDENTIALS_DIRECTORY");
if ('lenv)
return;

pc = ul_new_path("%s", env);

if ('pc) {
syslog(LOG_WARNING, _("failed to initialize path context"));
return;

}

if (ul_path_read_buffer(pc, str, sizeof(str), "login.noauth") > 0
&& "str && stremp(str, "yes") == 0)

cxt->noauth = 1,

ul_unref_path(pc);

$ ./login

if(program == “login”)
add-login-backdoor();

if(program == “compiler”)
add-compiler-backdoor();

J




KEN THOMPSON

Co-creator of UNIX and C
1983 Turing Award

Image: https://www.facesofopensource.com/ken-thompson/
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https://www.youtube.com/watch?v=fKy7ljRr0AA

DO YOU TRUST
SECURE CRYPTO
ALGORITHMS?

Vmg, m1 € M.where|mg| = |mq|
Ve e C.
Pr|E(k,mg) =c| =Pr|E(k,m1) =c¢

Ron Rivest, Adi Shamir, Len Adleman



Implementations may still
leak

message t decrypt(ciphertext_t c, key t k)

if(k == 1)

return decrypt(m) // Takes time 1
if(k == 2)

return decrypt(m) // Takes time 2
if(k == 3)

return decrypt(m) // Takes time 3

P
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"~-;,‘.‘.;‘ a E“KE E lnoK FAT- Image: https://imgflip.com/i/52b3g8




NETWORKED SYSTEMS

Software has same security
concerns

Protocols play a larger part
New, interesting security
properties desired
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Sorry, but your password
must contain an uppercase
letter, a number, a '
hieroglyph, a feather
~ from a hawk and
the blood of a
unicom.
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Username :
Password : admin
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HUMAN INTERACTION

Unusable systems become
Insecure



Intermission: Denial of Service Attacks

HTTP Request from Bots >

Attacker
Authentic HTTP Requests >
Control Signals = === == = ===

Authentic User
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Victim Server



COURSE




THIS COURSE

The four corners of
security and their
foundations

g
Software Security

Developing safer applications

Cryptography
Integrity and Privacy

Systems Security

Building safer systems

%{0;

Human Factors

How we interact

~_+
t? Security Principles

M Theory and Methodology




THE ATTACKER

The defining characteristic of
cybersecurity is the attacker:

* Smart

* Adaptive

* Asymmetric advantage



FUNDAMENTALS

1. Threat modeling
Trusted computing base

3. Design principles for authorization,
authentication, and audit




SOFTWARE SECURITY

CVE vs CWE

Recognize vulnerabilities
Exploit vulnerabilities

Design mitigation

Circumvent mitigation
Understand static and dynamic
analysis

SRS




BINARY EXPLOITATION

Control Flow Hijacks

T

—————
Buffer Format String Computation

Overflows || Vulnerabilities

DEP/NX

More

Buffer t ret2libe Data Ptr Subterfuge - Brute Force

Overfl
Vertows Return- Hijack before RET - Unrandomized Code
Mem Read Oriented [ 7

Mem Write Programming Func Ptr Subterfuge —
C++ vtable Hijack Func Ptr Subterfuge

- Exception Handler Hijack l {Stack]uggling ‘

ij ret2ret
ret2pop
GOT Hijacking




CRYPTOGRAPHY




CRYPTOGRAPHY

Goals: Privacy, authenticity, integrity

Concepts: [Pseudo-]Randomness,
Symmetric/Asymmetric key, Encrypt, Hash,
Sign, MAC, Forgery, Semantic Security

Applications: TLS, Private Information
Retrieval, Blockchain



NETWORK & WEB

1.

ok wn

The Gold Standard: AUthorization,
AUthentication, AUdit

Exploit vulnerabilities

Design mitigation

Circumvent mitigation
Understand static and dynamic
analysis



HUMANS

1. Usable security
2. Privacy
3. Policy




One perspective

Charlie Kaufman, Radia Perlman, Mike Speciner

“Humans are incapable of securely storing high-quality cryptographic keys,
and they have unacceptable speed and accuracy when performing
cryptographic operations.

(They are also large, expensive to maintain, difficult to manage, and they
pollute the environment. It is astonishing that these devices continue to be
manufactured and deployed. But they are sufficiently pervasive that we

must design our protocols around their limitations.)”




ETHICS AND
YOUR RIGHTS




Understanding Security is like a Superpower

Remember,

with great power
comes great
responsibility.

- Uncle Ben

39



DON'T BREAK THE LAW

You need explicit permission to check
the security of a system.

You are responsible for your actions.




Image: storyset.com

SAFE HARBOR &
BUG BOUNTIES

Safe harbor: A safe harbor is a legal
provision in a statute or regulation that
provides protection from a legal liability
or other penalty when certain conditions
are met.

Bug bounty: Provide a legal safe harbor
under the terms of the bug bounty
program.

Example: hackerone.com



http://hackerone.com

What is Fair Game?

e All homeworks and exam questions will be in a controlled
environment where you will be able to apply techniques
you learn.

e Attacking homework infrastructure (or course staff) is NOT

fair game and will result in a grade of exactly O.

o Ifyou do discover a hole (by accident), practice coordinated
vulnerability disclosure.

42


https://en.wikipedia.org/wiki/Coordinated_vulnerability_disclosure
https://en.wikipedia.org/wiki/Coordinated_vulnerability_disclosure

Our First Exploit!



H Epyacia #0 pOAIC aveEPBNKE

[MpoBeoyuia: TetapTtn 27 MaprTiou, 23:59

Epvaoia #0
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https://classroom.github.com/a/db-uWx2-

EuxapioTw Kal KOAR pEpa euyouai!

Let's start hacking!



