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‘ Our Focus: Capacity Bounds Awareness. . \
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Dimensions, C apacities, MO D@L’Zty

BoCa. Bounded C&p&(‘f\UQS

Subjective Mobility
Bounded Capacity Ambients
Space as a linear co-capability.

Fine control of capacity.

alinb. P|QJ[b[=|R] o =[bla[P|Q]]|R]

subjactive move capability /
shade co-capanility

—



Minitmal Desiaerata

RQAISTIC about space occupation. Bigger processes take more space.

n[inm . 0igandfat P | | m[ =] | n[ inm .small and slim P |

Replication must be handled appropriately

a['P]=a['P|P]=a[!P|P|P]=a[!P|P|P|P]=...

Allow an analisys of variation in space occupation

More precisely, control Process spawning.

COY‘ﬂpUI&UOY\ takes space, dynam'\ea\\y, and we'd like 1o model it.



A Caleulus Of Boundaed COJp&C’R’LQS.’ Movement

Fundamentals: SPQQQ conscious Movement \
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A Caleulus Of Boundaed COJp&C’R’LQS.’ Movement

Fundamentals: SPQQQ conscious Movement \

alinb. P|QJ[b[=|R] o =[bla[P|Q]]|R]
=|b0lafoutd. PQ]|R] o a[P|Q]|0[=]|R]

Examp\@: TY&\/Q\\\T\% needs but consumaes no space.

al[inb.inc.outc.outb.0] |b[ = | c[=]]

N\ = | bO[=|c[a]outc.outb.0]]]
NN a[0] |0 =|c[=]]



\ Calewlus Of Bounded C&p&C%@QS.’ \/\/QLL—TOT MeaNes

Fundamentals: Sp&QQ conscious Movemaent j
® But the Si7Q of travellers matters!
k times ktlmes
A [inb. PlQ]|b[m]...|=|R] N =|...|=|b[a"[P|Q]|R]
—|...|=Ib[a"[outb. P|Q]|R] o a"[P[Q][b[=]... |=|R]
ktlmes k times




\ Calewlus of Bounded C(lp(lC’Lt’LQS.’ \/\/QLL—IOT MeaNes

Fundamentals: Sp&QQ conscious Movemaent \
® But the 817Q of travellers matters!

k times k times
AFinb. Pl Q]| b[m]|...|=|R] \y =|...|=|b[d*[P|Q]|R]
:|...|:|b[ak[outb.P|Q]|R] N\ ak[P|Q]|b[:|...|:|R]

k times k times

\What is the a®? A well-formedness annotation measuring the size of P.
It counts spaces: Welght (=) = 1, Weight(a”[ P ]) = k if weight(P) = k, L otherwise.
Reduction only for Well-formed terms: (1) weights appear as conditions on

reductions; (2) the calculus’ operators make only sense with type annotations.

NOTAtiON. We use =" as a shorthand for = | ... | m=.
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A Caleulus Of Boundaed C&p&CTE’LQS.’ O”pé’ﬂ,

Fundamentals: SPQQQ conscious Opemng

opna.P|df[opn.Q|R] \, P|Q|R

—



A Caleulus Of Boundaed C&p&CTE’LQS.’ O”pé’ﬂ,

Fundamentals: SPQQQ conscious Opemng

opna.P|df[opn.Q|R] \, P|Q|R

Examp\e: Recovering MoDbile Ambients.

[a[ P]] =a’[topn | [P] ]
[(va)P] = (va”)[P]

—
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A Caleulus Of Boundeq Capacmes: Sp&wnmg

Fundamaentals: SPQQQ conscious Process Activation \
passive proogss:——>l>kp =" = P
Waighs 0
P weighs k

Example: Replication: 1*£ 1k
PP N, PP P

Types ensure only 0-WeIgNTRA processes are replicable: One must use spawning, so
that replication needs space proportional to the process’ weight.

Example: Recursion (wei, amosty:

(XM P £ (wX®)(lopn X .pFP | X[=F]), where P2 P{X[="]/X}

< = > |



BoCa! ECIZ(LTYLpLQS ( O”pQTL)
Igamp\e: Ambient Spawning

spwb[ P ] £ exp’[ out a.opn.>"b[ P ] ]
Then,
a[spWb[ P]| Q]| =" |opnexp N\, a[Q]|b[P].

The father must provide enough space for the activation, of course.



BoCa! ECIZ(LTYLpLQS ( O”pQTL)
Igamp\e: Ambient Spawning

spwb[ P ] £ exp’[ out a.opn.>"b[ P ] ]
Then,
a[spWb[ P]| Q]| =" |opnexp N\, a[Q]|b[P].

The father must provide enough space for the activation, of course.
Examp\e: Ambient Ro.nam'mg
ape b . P2 spw'b[ =" | opna]|inb.opn. P.

Then,

=" lopnz |af[abed® . P|Q] N\, V[P|Q]|="

Ambient a needs to DOTTOW space to rename itself.

< «



A Caleulus Of Bounded Capacmes: Ir &nSIQT

Fundamentals: SPQQQ AQqU'\S'\UOY\ and Release \

¢ .Plm|ad"[".Q|R] \u Pl [Q|=]|R]
"« Pla| STV [a».Q|R] N\ a"[P|S]|V"[Q|=]|R]



A Caleulus Of Bounded C&p&C@t@QS.’ Ir &nsfer

Fundamentals: Sp&QQ AQqU'\S'\UOY\ and Release \
a . Pla|d[".Q|R] v P|d"[Q|=]|R]
A"« Pla| ST [a».Q|R] o ' [P|S]|VT[Q]|=|R]
Transter from Child:

gt _from_child a. P = (vn)(opnn. P | n[ a».opn])
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Fundamentals: SPQQQ AQ(\U\S\UOY\ and Releagse \
@ .Pl=]d[".Q|R] . P|d"™"[Q|=|R]
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Fundamentals: SPQQQ AQqU'\S'\UOY\ and Release \

¢ .Plm|ad"[".Q|R] \u Pl [Q|=]|R]
"« Pla| STV [a».Q|R] N\ a"[P|S]|V"[Q|=]|R]

Transter from Child:
gt _from_child a. P = (vn)(opnn. P | n[ a».opn])

Examp\e: A \\/\QmOW Module

256 M B | 1« |

memMod = mem| - Ifraey ]

malloe = m[ !memy . free[ outm.my» . « ]| 1« ]

memMod | malloe N\ ZPM 5 mam[ 1« | traey | | m[200MB ] N\ 2HPOME

256MB[ _ | « ] \‘256MB

mem|[ P« | !ree» ] | malloe | free memMod | malloe | ...

e - |



On the nature Of Space

‘ An economic vehicle for mu\t'\p\g CONCepts

# Awailable space: [ = | P]

& Occupied space. M. -, (Notation: M . A.)
® 10st space: (va)af[ =" . (Notation; 0*.)
k A ~ ~ Or ° v
oy = e e...._.0
destroy™ = (va)(a o 0|a’| ]
k times k times

destroy® | =F N 0F



A Caleulus Of Bounded Capabumes: Syntcm:

N o

P:=a|O|M.P|P|P|M[P]|'P|>FP|(vn:7)P|(x:x)P | (M)P
Cu=inM |out M |opnM | M |«

C:=opn| | M»

M:=¢|a|C|C|M.M



A Caleulus Of Bounded Capabumes: Sym(m;

N o

P:=a|O|M.P|P|P|M[P]|'P|>FP|(vn:7)P|(x:x)P | (M)P
Cu=inM |out M |opnM | M |«

C:=opn| | M»
M:=¢|a|C|C|M.M

Struetural COﬂgYUQﬂQQZ

(],0) is a commutative monoid.

(va)(P | Q) = (va)P | Q fad Q)
(ra)0 =0
(va){(M)P = (M)(va)P if a & fn(P)
(va)(vb)P = (vb)(va)P
a[ (vb)P ] = (vb)a| P ] ifa#b
\P=1P|P

< «



BoCa:. Reduction Semantics

—

(enter) Ainb. P Q][B[="|R]  \o  =F|b[a[P|Q]|R]
(xit) =F1b[aFouth. P| Q]| R] N\ @ [P|Q]|b[<"|R]
(open) opna.P |a[opn.Q | R] \ P|QI|R

(tranD) @ .Pl=|d[".Q|R] N Pld" Q=] R]
(rans) @[« P <[ STV [a».Q|R] N\, a"[P|S]|0"[Q]=]|R]
(spawn) >FP | N P

(comm) (z: X)P | (M)Q \ P{z — M} |Q

e - |



A System OI C apac@ty Ty”pQS
ITM)&Q\Iy TYPes. ¢, ... are pairs of nats [n, N], with n < V. _‘
Efect Types &,... are pairs of nats (d, ), representing decs and incs.
Exchange Types: y ::= shh | Amd (e, x) | Cap(&, x)
Process and Ambient and C&p&b'\\'\w TprS:

a : Amb (¢, x) a has no less than ¢, and no more than ¢\ spaces
P :Proc(k, &€, x) P weighs k and produces the effect £ on ambients
C:Cap(&, x) C' transforms processes adding &£ to their effects

Effects and capacities componentwise and are ordered as follows:

0 <= ¢m < omand oy < P,

< = > |



A Typing System: Capabilities

N o

(AXiom) (Empty)

[ a: Amb{(p, x) F a : Amb{¢, x) ['Fe:Cap((0,0), x)
(In) (Out)
'~ M : Amb{g, x') ['F M : Amb(p, x")
['Fin M : Cap((0,0), x) I' - out M : Cap((0,0), x)
Tranb 1rans

( I‘I)—M : Amb (¢, x') ( )

T M :Cap((0,0), x) T+ «:Cap((1,0), x)
(Open)

T+ M : Amb{[n, N7, x)
I'-opnM : Cap((N —n, N —n),x)




A Typmg System: COC&”pCLO’LL?I’LQS and Processes

N o

(coTranD) (coTransS)
' M : Amb(ep, x")
I -7 cap((0,1),x) ' My :Cap((0,1), x)
(coOpen) (Composition)
T'HM:CaplE,x) TF M :Capl&,x)
' opn : Cap((0,0), x) T+ MM :CaplE+ &, x)
(Slot) (Zero)
T b = Proe(1, (0,0), x) I' 0 : Proc(0, (0,0), x)
(Input) (Output)
[,z :xE P:Proc(k, &, x) I'EM:x T'F P:Proc(k, &, x)
['F (z:x)P :Proclk, &, x) ' (M)P :Proclk, &, x)

< = > |



A Typing System: Processes

N o

(Pranx) (Replication)
I'EM:Cap(€,x) T'FP:Proe(k, & x) ' = P : Proc(0, (0,0), x)
I'EM.P:Proc(k,E+E,x) ' F P :Proe(0, (0,0), x)
(New) (Spawn)
' a : Amb{g, x) = P : Proe(k, &, x") ' P:Proe(k, &, x)
T+ (va : Amb(¢, X)) P : Proc(k, £, x') I kP proe(0, &, x)
(Parallel)

I'F P:pProe(k,E,x) T'FQ:Proc(k’, & x)
I'EP|Q:Proc(k+E,E+E x)

(Ambient)
' M :Amd([n,N|,x) I'F P:Prock,(d,i),x) n<k—d k+i<N

I M’f[ P ] : Proe(k, (0,0), x")

< = > |
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‘ Thm: Subject Reduction \

If ' = P :Proc(k, &, x) and P\, @ then I' = @ : Proc(k, &', x) for some £ < £.

The missing bit:
Grave interferences in the use of spaces

.L[inb] |b[l>P|i|a[L[outa,]]]

1

ree(X*)P 2 (vX*)(lopn X .pFP | X[=F])
N (VXk)(!oan.Dkﬁ | oan.Dkﬁ | X[="])



A Calculus o] Bounded Capabilities

‘ Thm: Subject Reduction \

If ' = P :Proc(k, &, x) and P\, @ then I' - @ : Proc(k, &', x) for some & < &.

The missing bit:
Grave interferences in the use of spaces

.L[inb] |b[l>P|i|a[L[outa,]]]

1

ree( XMV P 2 (wX®)(lopn X .pFP | X[=F])
N (VXk)(!oan.Dkﬁ | opn X .pFP | X[="])
. (P XF)(lopn X .pFP | pFP | &)



A Calculus o] Bounded Capabilities

‘ Thm: Subject Reduction \

If ' = P :Proc(k, &, x) and P\, @ then I' - @ : Proc(k, &', x) for some & < &.

The missing bit:
Grave interferences in the use of spaces

clb[inb] |b[l>P|i|a[L[outa,]]]

1

ree(XM)P 2 (wX®)(lopn X .pFP | X[=F )
\, (W XF)(lopn X .>FP | opn X .pFP | X[=F])
\\ (X (lopn X .pFP | bFP) | =  Oooops
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control S”p&CQ USQgQ.’ Named SLOtS

IiP:::_a]aDkP\--- . P j

Example: Renaming slots

(spawn) adFP | F

{"/y}y - P = ypt(=y | P)
Then, = | {%/yhy- P\t | P
EXample: RQCUTrsion (now righty:

ree(XF)P £ (wX)(IXpFP | =%),  where P2 P{2% /X



control S”p&CQ USQgQ.’ Named SLOTS
IiP =g | GDFP | - (spawn) abFP |=F N, P
Example: Renaming slots
{T/y}y. - P =yt (= | P)

Then, = [ {"/y}, - P\ | P
Example: Recursion (now rignt):

ree(XF)P £ (wX)(IXpFP | =%),  where P2 P{2% /X
Examp\g'. D@r'\\/mg Named S10tS

— 2 al « | =]

a>"P £ (vn)(n] a®» .o"opn.P] | opnn)

< «
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—

Tprd Barbed COﬂgYUQﬂQQZ
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conclusions

—

Tprd Barbed COﬂgYUQﬂQQZ

Pl, if P=wd)b[=|Q ]|Q", whereb¢g ¥
Ply, if PX\Js

This is sufficient to capture important differences.

Labelled Transition System: Easy enough.

Yot 1o be done:
#® Inthe large. Resource bounds negotiation and enforcement in GC.

® In the small. Expressiveness of BoCa: Equational theory; Smarter types; ...

o In gQﬂQY&\Z A lot to be done. ..

< «
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