MOdO\‘ Locjic



. An Effec’rfal P(03rammiu3 Lamgua',e

A= 21 A-=B] N [ Clan
e= () l Az:A.e IC 6’ \ n |7: ’ primi;(e,e')

l lL'l"x.:eline?_

L= }F,z: A

r\}'E:A




. Typin3 Rules

FFo-1 ["Fwn:N

[Lx:AFe:Q [ Fe:A—R | <" A

[ FAx:A.e :A—BS [Fee 3

r" e: (han I’l—e'://\/
I F Prin-l(e,e’) i

Fl—f,iA r,x'.A FeL:Q ZIACF

Mltz=e ine, . C [ Fx A



, OperoJ: iOnaJ ge. Mom‘a':ics

Vi = () \K)\Z:A.e ‘V\ lC_L CL&M”CJMM
a = - | we(Cn)
o —— ¢

lle 'J‘('C\V\S;‘LJ.OV\S +O ei P@gs‘,lala wv;_k_;na &\s

We weite e —e!  wle a=.



Redvelion Roles

— [v/x—]@
(Ax:A.e) \4

)
__i_? e,
<

e, — (ele))
(e| 2

( \ WelC n) (\
'V\'\' C)V\ — 7
”)rl

o\)lle_
a |’lﬁj-y o
i g,v,a( vakion

LN \/Qz"
Ve,

(% ;€¢
l

/ - e
-&—) (.o."'r.':-?, ne,
[2{'$L=0, n €,

IMFur\Q (Gnan&L



Eva‘\la.\’.i'on Secbuence

(OV\SiCJ*Q/\ AN QVa’ua.pl;:'on Se%uavxoe,

. a s G2
eo _S\‘AQ\___;QL_‘_@CB—-‘;QH—%\/

\I\IQ uorl.;'e Tnu“:fs):ep e\lovlwau“:‘on as .

e, Y




N —
-~_J -~ ’a—
7 3
. n
T
N a ]
< Q, )
Q J J s
O )
: ) .
\'N ”W o Gmm
. Q “ <
J ) a...u
) )
o) =Y w1
2 2 v
o
.
% QA
V LY ¢ s &
e = e e
L o [
o
® [ J A W
7 N r\
- NV
— ks —o
® o - -
- O
L
Q)
e~ I
-
—
i Va
— S .lw ~




. ]:m PUrl",'y : DroPPiﬂﬁ Expression.s

F2 Mi1s1 PO vs G211 O

F (/)\xlx P"“"'\'(C;fﬁ) lie (¢)0) N 0
6 (ed gk (@) — O



ImPUr’ l'L)( : DUP ';Co\."'ida EXPfeSSiMS .

[6!; x’r = Pf"‘/\'li([)é) tn \/\)r((',o) *
\2_-{- &a =~ 2 I N 4

el x= Pf}"):(C;O) i wWe(C,0) .wr(()o\y
(ﬂ’F 94 = PT}ML(C)03 1N ) (3
O




. M"‘“aﬂ"“j Effects with Monads

lntrodvce TA) soce 4ok

Ceborm - A— T(/\)
bind = T — (A—= TR — T(R)

print = Lhan x N — T4
Now ol TS (C3 V\\ " TCl\
e T(A\ ~) C MY P@fFOfW\ @#écTS




Co P&bi’ i'}y- Based Secor ifﬂ

T;Okol‘t):fOV\G\l OS securi%gz

— Anyone can refer to (eq) files
63 howm e (83 /['\OMe/V\ee\k/Pao.Mci>

- OS chec ke whethee @ecesS is
Q[’O\I\'QCJ Via  QGcceéss cov\{;fe, [lS‘E



. CﬁP“‘oi My- Based Secvrfl:y

AH’@rna%i\/e (£eonn 430! Ugec)m(—‘usch;%

. Eoach ok;ch (e 1. Pl) has a
UV\%U e, U(/\{orjfaue ?O(

L. lc’ls combine ;a‘ev\%,‘%?, __au+Lor,'{7

3. CliQV\{_S COV\{’FOI QRCCeSS Viea

Pcwo\vvxewLer —Fa.ss /’ng




C Pa Lil:’l-y - Sm(‘e‘l'y

1l Cou\’l‘fo”ed( /O\cﬁ
AH QHQC S bilities
(o pa




Ambient AU‘H\or{wly

Pr ivx};,l'/\J[: IN — i\_



Ambient AU”\orier

Pr ivxt,l'/\'t: N — 1

Ca((w\g Frihjr(OB does a
wm‘Jre wiH/\oc)]L On Ca}Dabi/"%E]



Ambient AuH\ori"")’

prmjr_.mjc : Sjrrma < IN —
E\(O\M ' |
/’)/66 Pf"/\Jr_'lV\‘l’(”%:ao.{ng“ O>



Ambient AuH\om‘"")’

prmjr_.mjc : Sjrrma < IN —
E\(O\M ' |
/’)lea Pf‘“\Jr_'lV\‘l’(”%:ao.{ng“ O>

/

/‘V\%OW ()g’




A CGPQ\Dl'l:""\/ -Safe AP/

PF\Y\JE__ int: Chon xIN— 1
o Chan: alosteact erpe_ of channels

i CL\Q\/\ \/a‘UCS are UV\{:oraeaJQlQ

(O'UC fo M@W‘O‘”Y—S&f@?{a+QBSchaCJrioV\>



. CaPa‘OilfL'g-SaFc l_(ms vag€s

I ImPer&JEiVe, MeMO“A‘ safe )Ou/\%l)ajﬁ

" Standacd ‘}L)ro\r&j APIls are
F-U—II—% C&F&L)'rll.%j"San




. CaPa‘OilfL'g-SaFc l_(ms vag€s

I ImPer&JEiVe, MeMO“A‘ safe )Ou/\%l)ajﬁ

" Standacd ‘}L)ro\r&j APIs are
F-U—II—% CO\PQL)'(II.'kj’SO&fQ

*Qur ll‘}"l’le ‘Ou/\j&)a.36 1< C‘aPQL}i/ﬁ[y S« C:’.[



CaP&ki ||'1Ly—- Taming

T

. 4_"‘_23 Op> O\Jl”“\ ambieﬁ qUJrleo r[1L7/
br€O\I< CCR/D qgl'{}%a—SQ’Ce£H



Capchi ||'1Ly—- Taming

. /Ef_"‘__?) Op> Nl"H\ amlaiem% QU'HLO r[1L7/

T

br€O\I< CCR/D le'l}%a _SQF€£H

* To meke o langooge copalbility -sofe:
Covv\\b’m{e/a r()o\)r\')re Sjto& ’l'brou”a



Capchi ||'1Ly—- Taming

. /Ef_"‘__?) Op> Nl"H\ amlaiem% QU'HLO r[1L7/

T

br€O\I< CCR/D le'l}%a _SQF€£H

* To meke o langooge copalbility -sofe:
Covv\\b’m{e/a r()o\)r\')re Sjto& ’l'brou”a

! ECj CO\PIO\\/CK : CG\JO\ (For IS> @



Capabilities and Types

CO\V\ We JUsSe 4;3]95;3 ‘Fo “'r&Cl( CQ)DG\L);/I.%I'pS-P

\/&,Ufi o“; Efﬁ Ow n Cal)abf}:}ties.)
1 No
I/\/ N O

Chan YES



Capabilities and Types

CO\V\ We JUSe 4;3]95;3 ‘Fo “'r&Cl( CQ)DG\L);/I.%I'pS-P

\/&,Ufi o“; Efﬁ Ow n Cal)abf}:}ties.)
i NO
I/\/ N O
Chan YES

A+ B 7



Capabilities and Types

CO\V\ We JUSe 4;3]95;3 ‘Fo “'r&Cl( Ca}:c\L)i/:'/l'L"S-P

\/0" ues O“; E f € Ow n Cal)abf}:}ties.)
i N O
I/\/ N O
Chan YES
Ax B ?

N — 1



. CIOSUfeS CQPJ'Uf'C CQPGIO;I;*I'G_S

C\/\CAV\. = A IN. FrmHF ) IN— 1

\ EEpZ

a@V\ s o c:[0§urg CaP‘l’lUr (,48 -F

+ So IN — 1 accesses o cqf:q[o;/ﬁl/
eveln HAOU3L (/\( oand .IL d()n"{'



Modal Logic to the Rescue I

,:) A \/OL]UQS O‘F A wi']'l'\:l_\_LQ C.a"DaL);/i"ll}eS



Modal Logic to the Rescue I

,j A \/OL]UQS G‘F A wi']'l'\-—li\__g ca?ab;/,;[}eg

K - JA«UB — [ (A*B)
T:- QA —A

Y Na — 0

—

A




Modal Logic to the Rescue I

,j A \/OL]UQS G‘F A wi']'l'\-—li\__g ca?ab;/,;[}eg

K . I:\A ¥E\B ——>D (A7<5>7 Eaclx\ o1 O WM

B Serce. ih
T " I_A _%A 7 "'@YMS O]L
L{ : I] A— I:’ (: A . AQVH‘O&(



. AV\ E‘F‘FQC‘I"EI, Modotl Lav\gm)e

A= 2] A=B] N [l |[JA

e::= () l Az Ae l e 6’ \ n |7; ’ priwf(e,e’)
lL'l' (VL 67_
i box(e\ | bt box(x)=e, in e,

r3:: ' }P,z:A Q'.‘.‘—‘-’)A)x:/\

A;FFC:A



Typing Rules

DO A;FF%:II\(

ﬁir,x:/—\l'e:& Nl Fe:A—T A,r}—e’l\

AT Fomhe Aol AiThee B

Alr" e: (han Airl-e'://\/
N printleed 1

AMFe: A A=A ke, C el
A,‘F"de_:f, m e, . C A;'LI-x'- A




Model Typing Koles

DN; o e A
A,’ [k box(e):OA

AS‘_}‘Q\:DA A,I:AB ri"ez"a
A) i\ F (L“' box (=) =€, th eZ:C




. Redovet ion Koles,

wl‘H\ BOX

e — e’

bosx(e) e box[e')

(;\x:A.€) v — [v/z]e

s [
G, €9 —2 €, 62-

Ie¥ ‘aoz_(zb chex(y) ine — [d/z]e

’Pr’m"’ (C) V\X ___,_Mrfc ~) C}

(e, ¢ — (e[e)

IAJ( x=VvVine, — E"/%]ey_

A /
€ — e,

ld':c.=0, In e, —3\—) [.O.“‘r.:(’,'(nel_



Type-based Reasoning

SaFe,PrinJcZD ( Chan = N — j—>



Type-based Reasoning

SaFe,PrinJcZD ( Chan = N — j—>

o S&F€—Pf;n¥ ownS Wo Qhanmels



Type-based Reasoning

SaFe,PrinJcZD ( Chan = N — j—>

o S&F€—Pf;n¥ oOwnS Wo Qhanmels

° All C\/\O\V\V\els il’ Cawnn alcelsS (Come From

clhan o\raumevxl;



Type- based Reasonin q

SaFe,PrinJcZD ( Chan — N — j—>

o S&F€—Pf;n¥ owwnS Wo Qhanmels

° All C\/\O\V\V\els il’ Cawnn alcelsS (Come From

chan O\(SUMel/\'l;

: SO i',' Cawn Q\l‘a wri‘}e 1o c_Laan}S
i+ s 3;\/61/\ - CalDe\[oi/hZ)( —-Scfe



Type-bosed Reasoning

1)
- ist Clhan = N —
mulhprML-D(L—



Type-bosed Reasoning

1)
- ist Clhan = N —
mulhprML-D(L-

els
H’{' Pf;b’d' ownsS wnwo chann
- muv —



Type-based Reasoning

VVIUH’/LPNV\JVD ( List Clhan — N — l>

. rv\uH'f— P”VH‘ ownsS wno Qhanmels

° All C\/\O\V\V\els il’ Cawnn alcelS (Come From

LisT chan arqum ent



Type- based Reasonin q

VVIUH’/LPNV\JVD ( List Clhan — N — l>

. YV\U”'{.—- Pf;b’d' OWN S nWo C_Lo;nme’_s
° All C\/\O\V\V\els il’ Cawnn alcelsS (Come From

LisT chan v qum ent

: SO i',' Coawn Q\l‘a wri‘}e 1o c_Laan}S
i+ s 3;\/61/\ - CalDe\[oi/hZ)( —-Scfe



Encoding Pucity

f- OJ(OA—B)

o ‘F owns ho CL\annelg

- £5 O\FjUW\EWJr ownS nho CL\mnhe}_g
‘ §o 10(\/3 run S wiHr\ no cChannels

s T+ doey no weites

0# t S FUfQ/‘a )Eunc_%/'oha/./



Encoding Puycity

f- O(OA—B)



Encoding Puycity

f- O(OA—B)

o £ owns no channels



E
ncC
od i
na P
U
-
T
Y

f
(A
B)

e £
o
W
n
S
h
®
¢ b
a
n
nel
S

£s
A
jU
w @
nt
@)
Wan
AN
n
@)
C
han
n
el
S



Encoding Pucity

f- OJ(OA—B)

o ‘F owns ho CL\annelg

- £5 O\FjUW\EWJr ownS no CL\mnhe}_g
‘ §o 10(\/3 run S wiHr\ no channels

s T+ doey no weites




Encoding Pucity

f- OJ(OA—B)

o ‘F owns ho CL\annelg

- £5 O\FjUW\EWJr ownS no CL\mnhe}_g
‘ §o 10(\/3 run S wiHr\ no cChannels

¢« T+ doey no weites

0# t S FUfQ/‘a )Eunc_%/'oha/./



Capability Taming with [

- [ (A -—9]?33 chq(o‘./i#a -safe fonctions

. A yoo u)bJadte fle 9+J/}L3) mark
U[)J o\{'ecJ ]CUV\C‘['I.OIAS w/ f)*ox

. MOJ&[ CJI.SC}/)/;VIQ ’)LraC£S C_A/DQA}/WZGL(
safety
° éQADUAL rewr:ﬁl@s oW /DOSS;L/@‘/



. Provinc_; I-|?

'HON Cawn W e PrZ)\IE UA er\'fo(cg_s

CaPOL)BIhLy Sq€e4j?
® (\(QOJS /Ofl EQ/ [e/a‘/[/bM_S




