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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G OutlineOutline

•• IntroductionIntroduction
•• Authentication FactorsAuthentication Factors

–– What you knowWhat you know
–– What you haveWhat you have
–– What you areWhat you are

•• Authentication Design PatternsAuthentication Design Patterns
–– Direct pattern (uses traditional password files)Direct pattern (uses traditional password files)
–– Indirect pattern (uses authentication server)Indirect pattern (uses authentication server)
–– OffOff--Line pattern (uses public key certificates)Line pattern (uses public key certificates)
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G

Cover art fromCover art from
Authentication: From Authentication: From 
Passwords to Public Keys Passwords to Public Keys 
by Richard E. Smith © 2002, by Richard E. Smith © 2002, 
Addison Wesley.Addison Wesley.

Illustration by Peter Steiner, Illustration by Peter Steiner, 
The Cartoon Bank. Used by The Cartoon Bank. Used by 
permissionpermission. . 
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Identity vs. AuthenticationIdentity vs. Authentication

•• Identity Question: “Who Am I?”Identity Question: “Who Am I?”
–– Mixed breed male dog, 36 dogMixed breed male dog, 36 dog--years oldyears old

•• Identity Question: “What is my name?Identity Question: “What is my name?
–– “Bowser”“Bowser”

AuthenticationAuthentication ties a name to someone who is ties a name to someone who is 
using a computerusing a computer

–– We tie details of identity, like  permissions, to the We tie details of identity, like  permissions, to the useruser namename
•• A different problem: “Access Control”A different problem: “Access Control”

–– Our measure of success: the computing system Our measure of success: the computing system alwaysalways
associates a user name with its legitimate ownerassociates a user name with its legitimate owner
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G The Problem: MasqueradeThe Problem: Masquerade

Attacks Defenses

PasswordsSteal the Password File

Password HashingGuessing

Guess DetectionSocial Engineering

Help Desk RestrictionsKeystroke Sniffing

Memory ProtectionPassword Sharing

Password TokensNetwork Sniffing

One-Time Passwords??
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Sniffing AttacksSniffing Attacks

From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Brute Force AttacksBrute Force Attacks

•• OffOff--Line AttacksLine Attacks
–– Example Example -- “Dictionary Attack”“Dictionary Attack”
–– Uses intercepted information about users’ passwordsUses intercepted information about users’ passwords

–– Most powerful attack Most powerful attack -- fast and hard to detectfast and hard to detect

•• Interactive AttacksInteractive Attacks
–– Example: PIN guessing attacksExample: PIN guessing attacks
–– TrialTrial--andand--error attempt to use a servererror attempt to use a server
–– Limited to server’s speed, and failures can be detectedLimited to server’s speed, and failures can be detected

•• Team AttacksTeam Attacks
–– Team of people take turns trying the masqueradeTeam of people take turns trying the masquerade
–– Limited to server’s speed, and failures can be detectedLimited to server’s speed, and failures can be detected
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G The LessonsThe Lessons

•• There are There are nono perfect security systemsperfect security systems
•• It makes no sense to spend a fortune on It makes no sense to spend a fortune on 

security if the potential damage is limitedsecurity if the potential damage is limited
•• It makes no sense to scrimp on security if the It makes no sense to scrimp on security if the 

potential for damage is largepotential for damage is large
•• Many security risks are Many security risks are sitesite--specificspecific

–– Attackers don’t work as  hard if there’s no payoffAttackers don’t work as  hard if there’s no payoff
–– Insiders have different motivations than outsidersInsiders have different motivations than outsiders
–– Different techniques work best with different peopleDifferent techniques work best with different people

•• TailorTailor your authentication to your siteyour authentication to your site
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G What guides our choices?What guides our choices?

•• Who and where are the users?Who and where are the users?
–– Inside the enterprise’s offices, outside, or both?Inside the enterprise’s offices, outside, or both?
–– People with established relationships or anonymous?People with established relationships or anonymous?

•• How big is your operation?How big is your operation?
–– Do you have one or two servers, or several, or hundreds?Do you have one or two servers, or several, or hundreds?

•• Where is the computing equipment?Where is the computing equipment?
–– Does everyone use Does everyone use youryour equipment to access equipment to access youryour computers?computers?
–– Do authorized users connect remotely?Do authorized users connect remotely?

•• What do you have to lose?What do you have to lose?
–– Merchandise? Subscription payments? Deposits?Merchandise? Subscription payments? Deposits?

•• How much can you afford to spend?How much can you afford to spend?
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G What What areare our choices?our choices?

•• How users prove their identitiesHow users prove their identities
–– Passwords vs. tokens vs. biometrics, or Passwords vs. tokens vs. biometrics, or 

combinations thereof combinations thereof -- Authentication FactorsAuthentication Factors
–– Remote and mobile users may face special risks and Remote and mobile users may face special risks and 

portability issues portability issues 

•• How we manage user records How we manage user records -- reflects reflects 
“design patterns” for authentication“design patterns” for authentication
–– Traditional perTraditional per--host databases (“direct”)host databases (“direct”)
–– Shared authentication servers (“indirect”)Shared authentication servers (“indirect”)
–– Public key certificates (“offPublic key certificates (“off--line”)line”)
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Passwords: Passwords: 

Things you knowThings you know

BenefitsBenefits
•• Cheap to implementCheap to implement
•• Easy to shareEasy to share
•• PortablePortable

ProblemsProblems
•• Sniffing attacksSniffing attacks
•• Easy to shareEasy to share
•• Can’t detect if they were Can’t detect if they were 

sniffed or sharedsniffed or shared
•• Passwords are either Passwords are either 

easy to guess or hard to easy to guess or hard to 
rememberremember

•• Administrative costs of Administrative costs of 
forgotten passwordsforgotten passwords
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Passwords in PracticePasswords in Practice

•• The Rule for Strong Passwords:The Rule for Strong Passwords:
The password must be impossible to memorize The password must be impossible to memorize 

and never written downand never written down
•• The Result of this RuleThe Result of this Rule

–– look under some mouse pads and find look under some mouse pads and find ------

From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Password StrengthPassword Strength

•• Resisting a brute force guessing attackResisting a brute force guessing attack
–– Estimate the average number of attempts required to succeedEstimate the average number of attempts required to succeed
–– Attacker makes a list of possible passwords and tries them allAttacker makes a list of possible passwords and tries them all

•• # passwords in the list# passwords in the list
•• % chance that someone chooses from that list% chance that someone chooses from that list
•• How many attempts to achieve 50How many attempts to achieve 50--50 chance of success50 chance of success

–– Call this the Average Attack Space Call this the Average Attack Space -- represented by 2represented by 2
xx

•• An Ideal ExampleAn Ideal Example
–– People choose completely random strings of charactersPeople choose completely random strings of characters
–– 96 characters to choose from, 8 characters long96 characters to choose from, 8 characters long
–– 9696

88
presents an average attack space of about 2presents an average attack space of about 2

4545
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Weak in PracticeWeak in Practice

Example
Type of
Attack

Average
Attack
Space

Random 8-character
passwo rd

Interactive 245

Dictionary At tack Off-Line 215 to 223

Mouse Pad Search Interactive 21 to 24
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Passwords: Passwords: 

When and When NotWhen and When Not

When to UseWhen to Use
•• Places where Places where 

physical attacks are physical attacks are 
easier (internal use)easier (internal use)

•• Places where sniffing Places where sniffing 
won’t work won’t work 
(encryption)(encryption)

•• Places where Places where 
guessing attacks can guessing attacks can 
be detectedbe detected

When NOT to UseWhen NOT to Use
•• Places where sniffing Places where sniffing 

is practical (usually is practical (usually 
the Internet)the Internet)

•• Places where Places where 
dictionary attacks are dictionary attacks are 
practical (usually the practical (usually the 
Internet)Internet)
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Internet Password SafetyInternet Password Safety

•• Not safe Not safe -- plaintext protocolsplaintext protocols
–– POP, IMAP, Telnet, HTTPPOP, IMAP, Telnet, HTTP
–– Attackers can sniff passwords directly without detectionAttackers can sniff passwords directly without detection

•• A little safer A little safer -- challenge response protocolschallenge response protocols
–– Windows NTLM, MSWindows NTLM, MS--CHAP, Windows 2000, CHAP, Windows 2000, KerberosKerberos

–– Attackers can intercept enough information for OffAttackers can intercept enough information for Off--Line AttackLine Attack
–– Simple passwords are vulnerableSimple passwords are vulnerable

•• A lot safer A lot safer -- encryption protocolsencryption protocols
–– SSL for Web and Telnet, IPSEC for everything elseSSL for Web and Telnet, IPSEC for everything else
–– Attackers are reduced to interactive password  guessingAttackers are reduced to interactive password  guessing
–– Attacks on simple passwords can be detectedAttacks on simple passwords can be detected
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Authentication TokensAuthentication Tokens

•• There are also “soft” tokensThere are also “soft” tokens
–– Most tokens also provided in software implementationsMost tokens also provided in software implementations

–– “Public key” products often handle the private key with “Public key” products often handle the private key with 
softwaresoftware--only mechanismsonly mechanisms

From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Tokens: Things you haveTokens: Things you have

BenefitsBenefits
•• Hard to attack Hard to attack -- uses a uses a 

stronger secret than you stronger secret than you 
get in a typical passwordget in a typical password

•• Hard to forge Hard to forge -- must must 
often hack the hardwareoften hack the hardware

•• Hard to share Hard to share -- usually usually 
stored in hardwarestored in hardware

ProblemsProblems
•• Expensive Expensive -- must buy must buy 

hardware and/or special hardware and/or special 
authentication softwareauthentication software

•• Can be lost or stolenCan be lost or stolen
•• Risk of hardware failureRisk of hardware failure
•• Not always portableNot always portable
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Hardware TokensHardware Tokens

•• Resist copying and other attacks by storing the Resist copying and other attacks by storing the 
secret in a tampersecret in a tamper--resistant package.resistant package.

From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G OneOne--Time Password TokensTime Password Tokens

Attacker can’t reuse the sniffed passwordAttacker can’t reuse the sniffed password
From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Tokens Resist AttacksTokens Resist Attacks

Example
Type of
Attack

Average
Attack
Space

Password Off-Line 215 to 223

One-Time Password Token Interactive 219 to 223

One-Time Password Token Off-Line 254 to 263

Smart Card with Public Key Off-Line 263 to 2116
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Biometrics: Things you areBiometrics: Things you are

Recognizes a user’s physical characteristicsRecognizes a user’s physical characteristics

From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Biometrics: Things you areBiometrics: Things you are

BenefitsBenefits
•• Easiest to useEasiest to use

ProblemsProblems
•• Often expensive Often expensive -- usually usually 

requires special requires special 
biometric readersbiometric readers

•• Attackers can sniff and Attackers can sniff and 
replay a biometric replay a biometric 
reading on a networkreading on a network

More ProblemsMore Problems
•• Privacy risks for usersPrivacy risks for users
•• Characteristic can’t be Characteristic can’t be 

changed if it’s been changed if it’s been 
interceptedintercepted

•• Reliability Reliability -- doesn’t doesn’t 
always recognize always recognize 
legitimate userslegitimate users

•• Characteristic can be Characteristic can be 
injuredinjured
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G MultiMulti--Factor AuthenticationFactor Authentication

•• We cover the weaknesses of individual We cover the weaknesses of individual 
techniques (tokens, passwords, biometrics) by techniques (tokens, passwords, biometrics) by 
combining two or more in one mechanismcombining two or more in one mechanism

•• Two Factor AuthenticationTwo Factor Authentication
–– ATM Cards ATM Cards -- card plus PINcard plus PIN
–– OneOne--time password token with a keypad time password token with a keypad -- token plus PINtoken plus PIN
–– Biometric reading protected with a secret encryption keyBiometric reading protected with a secret encryption key

•• Three Factor AuthenticationThree Factor Authentication
–– Token + memorized PIN + biometric readingToken + memorized PIN + biometric reading

–– Rarely usedRarely used
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G MultiMulti--Factor TokenFactor Token

Fingerprint “unlocks” the authentication tokenFingerprint “unlocks” the authentication token
From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Summary: FactorsSummary: Factors

•• Passwords are still the cheapest and most Passwords are still the cheapest and most 
commoncommon
–– Can not protect valuable assets Can not protect valuable assets -- too easy to attacktoo easy to attack
–– Risky on the Internet unless you use encryption, tooRisky on the Internet unless you use encryption, too

•• Biometrics have limited use on networksBiometrics have limited use on networks
–– Too easy to intercept and replayToo easy to intercept and replay
–– Must be used in conjunction with cryptographyMust be used in conjunction with cryptography

•• Tokens (hard or soft) give strongest protectionTokens (hard or soft) give strongest protection
–– Embedded cryptographic secrets can be hard to attackEmbedded cryptographic secrets can be hard to attack
–– Hardware tokens prevent sharing and delegationHardware tokens prevent sharing and delegation
–– Tokens must have PINs to protect against theftTokens must have PINs to protect against theft
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Design PatternsDesign Patterns

•• LocalLocal Pattern Pattern -- not discussed not discussed -- rarely relevantrarely relevant
–– Example: Example: isolatedisolated laptops and workstationslaptops and workstations

•• Remote Access: “Direct” and “Indirect”Remote Access: “Direct” and “Indirect”
•• DirectDirect PatternPattern

–– Classic singleClassic single--host servers: LANMAN, NetWare 3, Unix V7host servers: LANMAN, NetWare 3, Unix V7

•• IndirectIndirect PatternPattern
–– Modern systems using authentication serversModern systems using authentication servers
–– Examples: RADIUS, Examples: RADIUS, KerberosKerberos, Windows NT and 2K, TACACS, Windows NT and 2K, TACACS

•• OffOff--LineLine PatternPattern
–– Systems that validate public key credentials without a serverSystems that validate public key credentials without a server

29 Oct 01 28Session G4 - 28th CSI Annual Conference

S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G DirectDirect AuthenticationAuthentication

•• Threat of sniffing on the data linkThreat of sniffing on the data link
•• OK for small sites; impractical for larger onesOK for small sites; impractical for larger ones

From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Server Farm DilemmaServer Farm Dilemma

A single signA single sign--on problem on problem -- how can we easily let how can we easily let 
Bob connect to any or all servers?Bob connect to any or all servers?

From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G DirectDirect Administration: Administration: 

Behavior in Practice Behavior in Practice 

•• Single point of service (one server)Single point of service (one server)
–– Add User Add User -- EasyEasy --

•• Just update the server’s user recordsJust update the server’s user records

•• Change takes effect immediatelyChange takes effect immediately
–– Revoke User Revoke User -- EasyEasy -- works the same as adding usersworks the same as adding users

•• Multiple points of service (many servers)Multiple points of service (many servers)
–– Add User Add User -- HardHard -- must update each server individuallymust update each server individually
–– Revoke User Revoke User -- HardHard -- must update each server individuallymust update each server individually

•• Multiple Enterprises (servers owned by others)Multiple Enterprises (servers owned by others)
–– Add User Add User -- HardHard -- same as for multiple points of service (above)same as for multiple points of service (above)
–– Revoke User Revoke User -- HardHard -- same as for multiple points of service same as for multiple points of service 
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G IndirectIndirect AuthenticationAuthentication

•• Move authentication to separate, central serverMove authentication to separate, central server
•• Application servers are authentication Application servers are authentication agentsagents
•• Authentication server shared among agentsAuthentication server shared among agents

From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G IndirectIndirect System ExamplesSystem Examples

•• Traditionally Password BasedTraditionally Password Based
–– KerberosKerberos, Windows NT, Windows 2000, Windows NT, Windows 2000
–– Kerberos Kerberos and Win2K may also support smart cardsand Win2K may also support smart cards

•• Traditionally Token BasedTraditionally Token Based
–– OneOne--time password server productstime password server products

–– Protocols: RADIUS, TACACS+, proprietary, Windows Protocols: RADIUS, TACACS+, proprietary, Windows interopinterop
–– Modern versions will also support smart cardsModern versions will also support smart cards

•• Secure Computing’s SafeWord Server, Secure Computing’s SafeWord Server, RSA’s RSA’s ACE ServerACE Server
–– Generic authentication support (passwords, biometrics)Generic authentication support (passwords, biometrics)

•• SafeWord ServerSafeWord Server
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G IndirectIndirect Security IssuesSecurity Issues

•• Sniffing or Attacks on Client trafficSniffing or Attacks on Client traffic
–– Same as for Direct patternSame as for Direct pattern
–– Mostly a problem in larger sites, or with Internet linksMostly a problem in larger sites, or with Internet links

–– Solve with oneSolve with one--time password technologytime password technology

•• Sniffing or Attacks on Agent trafficSniffing or Attacks on Agent traffic
–– Solved by using a stateSolved by using a state--ofof--thethe--art authentication protocolart authentication protocol
–– Moderate strength: Moderate strength: KerberosKerberos, Windows NT, Windows 2K, Windows NT, Windows 2K
–– Higher strength: RADIUSHigher strength: RADIUS

•• Authentication Server ReliabilityAuthentication Server Reliability
–– Need server replicationNeed server replication
–– Standard in Windows 2000, SafeWordStandard in Windows 2000, SafeWord
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G IndirectIndirect Administration: Administration: 

Behavior in Practice Behavior in Practice 

•• Single point of service (one server)Single point of service (one server)
–– Add User Add User -- EasyEasy -- same as for many serverssame as for many servers
–– Revoke User Revoke User -- EasyEasy -- same as for many serverssame as for many servers

•• Multiple points of service (many servers)Multiple points of service (many servers)
–– Add User Add User -- EasyEasy

•• Update the authentication server’s recordsUpdate the authentication server’s records
•• Change takes effect immediately for all servers that use itChange takes effect immediately for all servers that use it

–– Revoke User Revoke User -- Easy Easy -- same as for adding userssame as for adding users

•• Multiple Enterprises (servers owned by others)Multiple Enterprises (servers owned by others)
–– Add User Add User -- Hard or EasyHard or Easy -- depends on relationship with othersdepends on relationship with others
–– Revoke User Revoke User -- HardHard -- must contact other enterprisesmust contact other enterprises
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G OffOff--LineLine AuthenticationAuthentication

•• Used by peoples’ browsers to verify serversUsed by peoples’ browsers to verify servers
•• Checks credentials offChecks credentials off--lineline
•• Uses public key cryptographyUses public key cryptography

From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Public Key AuthenticationPublic Key Authentication

1. The software uses a public key 1. The software uses a public key embeddedembedded in its codein its code
2. The 2. The embeddedembedded public key verifies the certificate it public key verifies the certificate it 

receives that contains the receives that contains the bank’sbank’s public keypublic key
3. The 3. The bank’sbank’s public key stored in the certificate then public key stored in the certificate then 

verifiesverifies data received from that bankdata received from that bank
4. We 4. We authenticateauthenticate the bank by the bank by verifyingverifying the datathe data

From Authentication © 2002. Used by permission
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G OffOff--LineLine Security IssuesSecurity Issues

•• Integrity of Public KeysIntegrity of Public Keys
–– Verify the key by verifying its Verify the key by verifying its certificatecertificate
–– Verify the certificate using an Verify the certificate using an authority’sauthority’s public keypublic key

–– Where do we get a public key to trust?Where do we get a public key to trust?

•• Integrity of Certificate AuthoritiesIntegrity of Certificate Authorities
–– Trickery can occasionally succeedTrickery can occasionally succeed
–– Attacking Microsoft thru Attacking Microsoft thru Verisign Verisign (Microsoft bulletin MS01(Microsoft bulletin MS01--017) 017) 

•• Mathematical Attacks on Public KeysMathematical Attacks on Public Keys
–– Resist brute force cracking with large keysResist brute force cracking with large keys
–– Resist other attacks by using established standardsResist other attacks by using established standards
–– Public Key Cryptography Standards (PKCS) Public Key Cryptography Standards (PKCS) 
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G OffOff--LineLine Administration: Administration: 

Behavior in Practice Behavior in Practice 

•• Single point of service (one server)Single point of service (one server)
–– Add User Add User -- EasyEasy -- same as for multiple enterprisessame as for multiple enterprises
–– Revoke User Revoke User -- HardHard -- same as for multiple enterprisessame as for multiple enterprises

•• Multiple points of service (many servers)Multiple points of service (many servers)
–– Add User Add User -- EasyEasy -- same as for multiple enterprisessame as for multiple enterprises

–– Revoke User Revoke User -- HardHard -- same as for multiple enterprisessame as for multiple enterprises

•• Multiple Enterprises (servers owned by others)Multiple Enterprises (servers owned by others)
–– Add User Add User -- EasyEasy -- create and distribute user’s certificatecreate and distribute user’s certificate
–– Revoke User Revoke User -- HardHard

•• Can’t track down and update individual certificatesCan’t track down and update individual certificates
•• Must warn people not to use the user’s revoked certificateMust warn people not to use the user’s revoked certificate
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G Summary: Design PatternsSummary: Design Patterns

•• For most server applications: For most server applications: IndirectIndirect PatternPattern
–– Network server examples: NTLM, Windows 2K, NetWare 4Network server examples: NTLM, Windows 2K, NetWare 4
–– Authentication servers: SafeWord, RSA Ace/ServerAuthentication servers: SafeWord, RSA Ace/Server

–– Protocols: RADIUS, TACACS, Protocols: RADIUS, TACACS, KerberosKerberos
–– Scales well as servers proliferateScales well as servers proliferate
–– For reliability, choose a system with server replicationFor reliability, choose a system with server replication

•• For multiFor multi--enterprise uses: enterprise uses: OffOff--LineLine PatternPattern
–– Examples: all public key infrastructure productsExamples: all public key infrastructure products
–– Interoperates with many Interoperates with many IndirectIndirect server productsserver products
–– Lets less trustworthy devices perform reliable authenticationLets less trustworthy devices perform reliable authentication
–– Delegates user enrollmentDelegates user enrollment

–– Problem: it’s hard to revoke a user’s credentialsProblem: it’s hard to revoke a user’s credentials
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S E C U R ES E C U R E
C O M P U T I N GC O M P U T I N G For Further InformationFor Further Information
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