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“ YAomoinon kot pétpnon anddoon¢ punxavicpwv acdadeiag oto ChakraCore, pia

oUyxpovn pnxavr JavaScript"

NEPINAHWH

To Aoylopiko, onw¢ ot ¢uAlopetpntéc Stadiktiou, ol edappoyEeG TPOoBOANRG Kot
enefepyaoiag eyypadwv, UMOPOUV VA EMEKTEVOUV TNV  AELTOUPYLKOTNTA TOUC
umootnpilovtag TNV eKTEAEDN script o€ €va elKovIKO TeptBaiAov. MNa mapadelypa, oot
ol puAAopetpnTEC SLadikTuou umootnpilouv tnv ektéAeon kwdika JavaScript. ApxLka, n
ektéAeon ywotav oe €va Slepunveéa. Qotooo, N eKTEAEon script oe Slepunveéa €xel
HUELWHEVN amodoon og CUYKPLON UE TNV EKTEAECN KWK UNXOAVAC, HLE OTTOTEAECHO OL
e€eAlypuéveg pnxavecg JavaScript va umootnpilouv mMA€ov mopaywyr VIOAWV KwSOLKa
HUNXOVNC OE TIPAYLOTLKO XPOVO.



H mapaywyn KwolKa O MPAyUATIKO XpOVo €l0AYEL VEO Kwdlka otnv Slepyacia mou
ekteAeital, o omoilog, e€kto¢ av Tpootateubel katdAnAa, umopel va Snpoupynoel
emunpoobeta pioka acdaleiag. H mpootacio autol tou SuvapikoU Kwdika elvat
TIEPLOOOTEPO TOAUTIAOKN OE OXEON LE TNV MPOOTOOLA EKTEAECIUWY N Ttyalou KwoLKa.
Evw Tta ekteAéolpa kal o mnyaiog KWOLKAG pmopolv va avaAuBouv oTaTKA Kal va
edappocBolv mMoAUTAoKoL aAyoplBpoL, o SUVARLKOG KwdLKaG Uropel povo va avaAuBet
KaTa TN SLApKELA TNG EKTEAEONG. AUTO €lval TTOAU ONUAVTLKO, KaBwg o Adyog UTtapéng Tou
Suvapikol KwdLKa elval n ypnyopoTePn EKTEAECT), KATLTTOU UMOPEL va HELWBEL onuavTika
HE TNV edapuoyn TETOLWV aAyopiBuwv.

Y& autn TV gpyaocia, epapuoloupE eva oUVOAO ATO TIPOTELVOUEVEG QUUVTIKEC TEXVLKEG
o€ pila ovyxpovn unxavn JavaScript, to ChakraCore, kal peAeTApE TNV EMISPACH TOUG OTNV
anodoon. Epapudlouvpe Sladopetikég AUOELG kot pe Slddopoug cuvduacpouc, Kal
SelVOUE WG CUYKEKPLUEVEG TEXVIKEG UTTOPOUV VA HELWOOUV ONUOVTLKA TO KEPSOG TToU
npoodEPeL N Tapaywyr KwSLKA € TPAYUOTLKO XPOVO.

Avdueoa ot dpuveg mou afloloyoupe eival to Control Flow Guard, pio Kawvotopog
vuAomoinon Control Flow Integrity amé tn Microsoft, n omoia eivat SabBéoun
anokAelotikd o€ Windows 8.1 kat Windows 10. Kuplwg €miKeEVIpWVOUAOTE OTO va
ETEKTE(VOULE TOV UTIAPXOVTA UNXAVIOUO KwSLKOTolnong otabepwyv Kata TNV mapaywyn
Kwdka, Kabwg Kal €lodyoupe TNV Kwdlkomoinon otabepwv mou Snuioupyouvtatl
EUUEDQ, OTIWG VLA TTAPASELYHA AUTEC TTOU epdavilovTal KAaTd TNV mapaywyn Kwdka og
UIAOK UTIO ouvOnKn. O 0TOX0G TWV AUUVTIKWY TEXVIKWY TTOU UAOTIOLOUUE KOl VOAUOUUE
elval va anotpePouv enibéoelg Return Oriented Programming (ROP), eite otapatwvtog
™V nopapBiaon g porng eKTEAECNG TOU MPoypappaToc, ite avefalovtag tov muxn yo
TOV ETUTIOEPEVO KATA TNV KATAOKEUH TWV amapaitntwyv ROP gadgets.
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“Implementation and performance evaluation of security defenses in ChakraCore, a
state of the art JavaScript engine”

ABSTRACT

Software, such as web browsers, document viewers and processors, extend their
functionality by running scripts in a virtualized environment. For example, all web
browsers support executing JavaScript code. Initially the execution was performed using
an interpreter. However, interpreted script execution suffers in performance compared
to running native code, therefore most sophisticated engines support Just-in-Time (JIT)
compilation of bytecode to native instructions.

JIT compilation introduces new code in the running process, which, unless correctly
hardened, can pose additional security risks. Hardening JIT code is much more
complicated compared to hardening binaries or source code. While binaries and source
code are analyzed off-line, and complex algorithms can be of use, JIT code can only be
analyzed at runtime. This is important, since JIT compilation happens primarily for faster
execution and, thus, such complex algorithms can reduce the performance gain
significantly.

In this thesis, we apply a set of proposed hardening solutions in a state of the art
JavaScript engine, ChakraCore, and we evaluate all defenses in terms of performance. We
apply different solutions and in various combinations, and we demonstrate how certain
defenses can reduce the performance gain of the JIT engine significantly.

Among the defenses we evaluate is Control Flow Guard, a novel Control Flow Integrity
security mitigation by Microsoft, available exclusively on Windows 8.1 and Windows 10.
Mainly, we focus on extending the existing constant blinding mechanism, as well as
introducing blinding of implicit constants, such as those produced in code generated from
conditional blocks. The target of the mitigations that are implemented and analyzed is to
prevent Return Oriented Programming (ROP) attacks, either by stopping the initialization
of the exploit or by raising the bar for the attacker to generate the necessary ROP gadgets.



