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1) ultra-lightweight threads

2) a message-passing framework

3) isolation-aware messaging
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WAlorae7 v 7 7 3 v 7 OBIR

+ multiple cores in one processor,
multiple NUMA processors in one node,
many nodes in a data center,
many data centers

] A
LAYIRITIR 77 SV TETIIVRL S

» HH X E Y €T (shared object, lock) 1%
correctness, fairness, efficiency Z 152 D23 L \»
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— \\

Actor €7l

* independent communicating sequential
entities
+ no sharing
* message passing
+ M)A
* component-oriented testing
% elimination of data races
* unification of local and distributed programming
* better optimization opportunity
+ failure-independence between actors
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Motivation

+ split-phase workload (CPU, I/0)
service-oriented workflow % ) % { k2 % 53k

= A

+* Actor DI T TGS TH % &) HE %2 H
v § CICHEMET % 72 DEK:

+ Java syntax ¥ JVM I[ZZHE Z I Z 7%\
- ER 7R actor )R

» EHELAvk—Y )
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Kilim

*» ROKHEZ D actor 7L —LYT —7
+ Ultra-lightweight threads

- BEDODAL Y RT
* Ay—IM Ay E—IPHEEI NG

e X w—Y D7 isolation Z 15l

* 745747 7Y (mailbox, alting, etc...)
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* Xyt —TH (Message interface)
* 74— FELTHINSDII:

Primitive types

Message l Xy —i l:—7’|79T“]

Primitive types & Message DELS| AEE= &3
o TePEPIDDF T 27 b oINS
* 12T DOD actor ITHTE I 15

(isolation, interference-freedom)

Isolation qualifiers & 820 —7f21T
(shape analysis) % F3 UL\ CTREE
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[solation qualifiers/capabilities

+ Message I[ZXT % EEDMEIR (capability)

7 4 —)L N %2 H[HE B2 send ATHE

E—7 W oI NTouen
(= —7LEORWEZZ 272 & ¥ root TH 3)

* free: J(u—m@&%%z@wm;ﬁ‘)]

K/

<+ cuttable:
7 4 —)V K22 HA[gE

% safe:
7 4 =)V FZZEHEARE (cf. C’s const)
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free & cuttable

E&L_‘Lb

* 74 —)L FDH;

free/cuttable]

ree/cuttable




1. Kilim D3

free & cuttable

* 74 =)L FDOFHAT L

ree/cuttable ree/cuttable

\@
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Cut operator

$ Ayl —D74—)VEBRZEL T3
A= %27Y ) LB

free/cuttable

ree/cuttable

f
& nuII
= cut(x.f)
X safe 7 X v X — /J(TL’C X cut TE 72\ ({%
(safe = ZHAHE TH 57-D)
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#: TextServer

MailBox = thread-safe queue
thread [El CHAG FIEE (Sharable)

class TextServe Xxtends Actor {
MailBox mb;
TextServer (MailBox mb){this.mb = mb;}
@pausable
void execute() { . )
while (true) { . Xy E—IZFFED,
TextMsg m = mb.get(); |2 PREPREEZE,
transform(m); 3. XYy tE—I%IRT
reply(m); g
o}
@pausable
void reply(@free TextMsg m) {
m.replymb.put(m);

}

void transform(@safe TextMsg m){...}
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#: TextServer

OVFEARNRTYFLED
(MailBox.get/put /& & ZIF UM U5 5)
E#IC (3 @pausable =D (F 5

class TextServer

MailBox mb; A
TextServeg}Méff;ox mb){this.mb = mb;}

@pausable
void execute() {
while (true) {
TextMsg m = mb.get();
transform(m);
reply(m);
o)
@pausable
void reply(@free TextMsg m) {
m.replymb.put(m);
}

void transform(@safe TextMsg m){...}
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#: TextServer

class TextServer extends Actor {
MailBox mb;
TextServer (MailBox mb){this.mb = mb;}
@pausable
void execute()
while (true)

{
{

zizzﬁgri(;)?b . getrMaiIBox.put D5|#UF free TR &
reply(m); WIT 7RV (B2 TR messaging D 72 &)
} o} DT @free Z D75
@pajisable

voifl reply(@free TextMsg m) {
mfreplymb.put(m);
}

reply [EONE U IE.  free 5] EXIC

n(@safe TextMsg m){...}
BUX Yy E—YIMERTRREICTRS ]‘
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#: TextServer

class TextServer extends Actor {

MailBox mb;

TextServer (MailBox mb){this.mb = mb;}

@pausable

void execute() {

while (true) {

TextMsg m = mb.get();
transform(m);

reply(m);
} o} i — SE————
@pausable ':TfZ:;TWZ§£;§Zi;Z§§%b\
= - \\\ d: \ S 7R N
safe G|EBUTEULTc Xy 2—I & @flf::am)T.extMs @safe 733’)7‘}'(\,\;
XYy RIFOH U bEmarge |7 ' J
void transform(@safe TextMsg m){...}

}
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a4 )7 av &

@pausable, @free, @cuttable,
@safe, ...

annotated type- byte-
[ parse —> o isolation capablllty ya)
1EUL \/\h\t 2 b\@n.[E
heap isolation CPS byte-
external ‘ model > check > transform code
annotations

Kilim weaver

JO7 2 LADEHFIETD ultra-lightweight thread
b —7 DIRRE = AT SRIRDTcH D CPS Zith
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2N, )7 ak A

javac

annotated type- byte-
(o
heap isolation CPS byte-
external model > check > transform code

annotations

ilim weaver
1. Kilim OB
2. Core Language

3. Heap Graph Construction

4. Isolation Capability Checking




2. Core Language

Core syntax

qualifier [F5|EE XV EDE
ICX UL TDHERT B

FuncDcl ::= free, . m(p': a&) { (Ib: Stmt)™ }

Stmt :=x :=new |z :=y
z:=y.f |z.fi=y x := cut(y.f)
vimyl] |alli=y |o = cut(yl]
x :=m(y) | if/goto Ib | return x

x,Yy,p € variable names f € field names
[b € label names m € function names
sel € field names U {[-]} [-] pseudo field name for array access

a, B € isolation qualifier {free, cuttable, safe}
null is treated as a special readonly variable




3. Heap Graph Construction

Heap graph construction

pILLY

+ Shape analysis (witeimetal. 0] D —1E
+ KL

* Isolation qualifiers

* Tree-structure
* Local analysis
* Cut operator




3. Heap Graph Construction

Heap graph

G: (L, E) Heap graph is a pair of local var info L and edges FE

L € P({Var, LNode)) L = relation between local variable names and nodes
(LNode is logically the nodes of the graph)

E € P((Node, sel, Node)) E = a set of Node-Node edges labelled with field names

LNode € P(Var) Heap Graph node; in this formalism the name of the node
consists of the set of local variable names that may
point to it.
Well-formedness: (z, N) € L&z € N

Node € P(Var) U {0} Labelled nodes plus summary node.

Convenience:

L(z) -4 {N | (z,N) € L}  set of LNodes to which a local variable might point.




3. Heap Graph Construction

Heap graph

\/
L X4

O Q.
(o]

J—I:

AR,
RS ZMINTRDS  |smicnzaetos 228088
j‘ 7\?\/\3:- 7 ]\ OC@%‘%E =AT73x7 |\(runtimeobject DESR)

a =new; b = new; ¢ = new

if ...

else

a.

Q.

I QW
Q Il —h

Q N

f=0>0

I
o

null
= null

Iy :
AT MDT4—)UR

1,:




3. Heap Graph Construction

Heap graph construction

/JM%%@wt—7ﬁs7u§757

%?—<{} 11)
— U {Gout ( l) = CFG}

AN
wt—ﬂ I(GL) |/—ROAQK®FZE—TFF57:
A predecessors @D HOcTchHbe—FT57

/—RoEAICEIIZe—TI357: DIES

J—RoAOICKIFTBdDe—"757
ICXF U T transfer function % J&E FH

transfer function:
AT —FX Y b3 ' D shape analysis & DEo:
b — I RIT TR 2 28 L 72 B4 Ty HEE Kb =T




3. Heap Graph Construction

Transfer functions

[entry(mthd)] G L" =U, { (0, {pi}) }
where p; is the i*" parameter of mthd

E// — {}
[z := new] G G': (L',E') = kill(G, z)
L"=L'"U(z, {z}), E'=F
[z:=vy] G G’ : (L',E") = kill(G, z)

Ln ={ (’U, sz ) I {’U, V} € L/}
E" = { (SY, sel, T¥) | (S, sel, T) € E'}

[z.f =9y] G E'=E\ {(S, f,*x) eE| z€ 8}
B — E’ if y = null
T\ E'U{(S f,T)|z€e SAyeT} otherwise
L"=L
" E if y = null
[=l]:=4] G BT = {EU{ S, [, T) |z€ SAy €T} otherwise
L"=L
G': (L', E') = kill(G, z)
L// — L/
U{(t T:) | (t,T) € L' AN{y,S)e L’ A (S,sel,T) € E'}
[z :=y.sel] G U{(z, Tz) | (y,S)e L' A (S,sel,T) € E'}

E'"=(E" \ U{{y, sel, x) € E' })
U { (y,sel,T:) | (y,sel,T) € E'}
U { (T%, sel, U) | (T, sel,U) € E'}

[z := cut(y.sel)] [y.sel :=null] o [z :=y.sel]
[z := m(?)] G G’ : (L',E') = kill(G, z)
L"=L'u{(z, {})}
E' = E'




4. Isolation Capability Checking

[solation capability checking

+ Capability D1

HE70 7T LKA Y FIZEBWT
E—7777D%5/ — | tcapability Z BEHEAT T %
(=% : LNode — Capability Z K& %)

a = new
a = new
if ... K(a) := free

b.f = a b.f a

K(a) := min(free, cuttable) /
send(a) A 4 K(a) := cuttable

send(a)

lERROR: K(a) is not free]




4. Isolation Capability Checking

Transfer functions

[entry(mthd)] & = [+ @]
[z:=newT] k = K[z free]
[z:=9] & = &[z = k()]

precondition : k(y) = free
[z.f =vy] & = k[y > cuttable]
[z :=9y.f] & = K[z 8

[ safe if k(y) = safe
5= { cuttable if k(y) € {free, cuttable}

precondition : B; C k(y:) A (Vi # j)(disjoint(yi,y;) V Bi = B; = safe)

IIx -— m(@')]] K — [dependants(yi) U {yz} = —l—) if (ﬁz = free) I::L. A fr‘ee]

dependants(y;) — L, if (8; = cuttable)

(assumption: m’s signature is free m(ﬁ) Return value is always free)

[z := cut(y.f)] =

precondition : k(y) € {free, cuttable}
K[z +> free]

return x| K =
[ ]

precondition : k(z) = free AVi(a; = cuttable = disjoint(z,p:))
k (no change)




4. Isolation Capability Checking

Transfer functions

[entry(mthd)] k = [P+ @]

XYY RDIVRIRTVB:
R5|1# &5 X SN fc capability DXt G40

A7I T NER:

[z:=newT] & = kx> free] —— TIICTERUIEAT I U M free |

[z :=y] & = Kl K(Y)]

precondition : k(y) = free
[z.f :=y] & = K[y~ cuttable]

J

Z14=IL RADKA:
RATZEDDIL free D Ho
RARICTARA U TeZE UL cuttable IC72 5




4. Isolation Capability Checking

Transfer functions

ATV MD safe BSRATEIED safe
free/cuttable 72 S Ft AU TZ{E IS cuttable

[z:=y.f] & = klz+ g S
_ | safe if k(y) = safe
T { cuttable if k(y) € {free, cuttable}

precondition : B; T k(y:) N (Vi # j)(disjoint(yi,y;) V Bi = B; = safe)

. B dependants(y;) U {y;} — L, if (8; = free) =
II:B T m(@')]] K i [dependa'n,ts(yi) s L, if (ﬁz = cuttable) [x free]
(assumption: m’s signature is free m(8). Return value is always free)
XY w RIEUH L:
258 qualifier ICTED HD free 77 5
M D safe THRVVESTEIBAER SR (F 77 PSR S
A2 (3 free/cuttable Z#UIERATEE =—t—> FRTHA TS ;_ 7 N %
EDEIX f s 2
ER Ol e RS 2 2B IR 72 2




4. Isolation Capability Checking

Transfer functions

cut operator:
free, cuttable D & cut AIBE
cut UTcHERIE free

y4

precondition : K(y) € {free, cuttable}
[z := cut(y.f)] k = &[z > free]

precondition : k(z) = free AVi(a; = cuttable = disjoint(z,p;))
[return z] & = kK (no change)

return:

1R ZEEUS free
M D cuttable 7R 5| EH D B IHE &
Z D 5|8 HVE I M s & DHBEERDHYHD > TR SR




4. Isolation Capability Checking

SOundneSS % formal proof (& future work

J

+ FARMIZIE shape analysis 7> 5 “heap-sharing’
ZRWADHDDIEL SITHD S
* MATRZREE L 21 4UE7% 5 7232\

BRI O LARIZ, free E LTELZZT—FD
fEHI NN L

FEOBENRRX v 2 —Y DOAREE Z IR L .
Xyt —D root 72D free 1272 A 2 &

TR T LDHBHPITEBNT, free 2T — 1%
12ODAY Yy FD6DART 72 AAHE (=12 actor >6 DA T 7 & A H]HE
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LD
¢ Zero copy messaging Z EHL T 570D
Sin LN E — 7T FEE 2 R
* Xyr—IH
* A=Y \DT 7 AR (capability) Dff5-
o N e — 7 HRNTIC X % capability




