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Orc Language

Data TypesNumber, Boolean, String, with Java operators
Conditional Expressianif E then F else G

Data structuresTuple, List, Record

Pattern Matching; Clausal Definition

Function Closure

Comingling functional and Orc expressions



Data types

e Number: 5 —1, 271828 —271e—5
e Boolean: true, false

e String:"orc", "ceci n est pas une |"
1+2 evaluates to 3
0.4=20/5 evaluates totrue
3-5:>5-3 evaluates tofalse
true && (false|| true) evaluates totrue
3/0 is silent

"Try" + "Orc"” evaluates to" TryOr c”



Variable Binding

val x=1+2
val y= X+ X
val z= x/0 this expression is silent; other evaluations continu

val u= if (0<:5)thenOelsez
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Tuples

(1+27) is (3,7)
("true" + "false”,true || false true && falsg is (“truefalse”, true, false

(2712, 2/1, 2/0) is silent



Lists

1,2+ 3 is [1,5]
[true && true] is [true]
[] is the empty list
[5,5+ true,5] is silent
List Constructor is a colon

3:[5,7] = [3,5,7]
3] =3



Pattern Matching in val

(x,y) = (2+3,2*3) binds
[a,b] = ["one”, "two"] binds
((a,b),c) = ((1, true), [2, false]) binds
x._._) = (1,(2,2),[3,3,3]) binds

(L1l = [11,3],[2,4]] binds

xto5andyto6

ato "one", b to "two"

ato 1, btotrue, and c to [2, fals
xtol

xto3andyto4



Pattern Matching in Function Definition

A function adds two pairs componentwise;
publishes the resulting pair.

def pairsunia,b) =
a>(xy)> b >(X,y)>(x+x,y+Y)

or, even better,

def pairsum((x,y), (X,y)) = (x+X,y+Y)



Clausal Definition, Pattern Matching
Example: Defining graph connectivity

1

5

An Undirected Graph

def conn0
def conn1
def conn2
def conn(3
def conn4
def conn5

N D — — T

def conn(i) =
i >0>[1,2,3,4]
[i>1>]0,5]
|i>2>10,4]
|i>3>]0,5]
|i>4>10,2]
|i>5>11,3



Clausal definition of a function
Example: Fibonacci numbers

(1,1)
Hin—1) >(Xy)> (V,X+VY)

def Fib(n) = H(n) >(x,_)> X

def H(0) =
def H(n) =

{- Goal expression -}
Fib(5)



Closure: Functions as values

val minmax= (min, max)

def apph2((F,9), () = (F (%), g(x.¥))

apply2(minmax (2,1)) publishes (1, 2)

def pmat. []) = [
def pmapgf,x: xs) = f(x) : pmagf, xs)

pmaglambdgi) =i *i,[2,3,5]) publishes [4, 9, 25]

_def repeatf) = f() > repeatf)
def pr() = PrintIn(3)

repeatpr) prints 3 forever.



Comingling functional and Orc expressions

Components of Orc expression could be functional.
Components of functional expression could be Orc.

(1+2)|(2+3)

112)+(2]3



Translating Programs to Orc Calculus

All programs are translated to Orc calculus.
1+ 2 becomesadd(1, 2)

All arithmetic and logical operators, tuples, lists are sialls.
if-then-else is translated with calls tdt, Iff sites.

1+ (2 + 3) should becomeadd(1, add(2, 3))
But this is not legal OrcSite calls can not be nested.

What is the meaning of1 | 2) + (2| 3)?



Deflation

Given C[F] where a single value is expected from expressign
convert C[F] to

Clx] <x<F

1+2|2+3 s add(1,2) | add(2,3)
1+ (2+3) is add(1,x) <x< add(2,3)
(1]2)+(2]3)is (add(x,y) <x< (1]2)) <y<(2]3)

Invariably. F is a parameter in a site call.



Consequence of Deflation

e Translation of val:

val z= g
f

becomes

f <z<g

¢ All arguments of function(site) calls are evaluated corentty.

M(f,g) becomes
(M(xy) <x<f) <y<g



Implicit Concurrency Example

e An experimentosses two dice.
Experiment is a success if and only if sum of the two dice throw
is7.

e expn) runs n experiments and reports the number of successes.

def tosg) = Randon6) + 1- - return randomn, 1 <n <6
def expg0) = 0

def expn) = expgn—1)
+ (if tosg) + tosg) = 7 then 1 else 0)



Translation of the dice throw program

def tosg) = add(x,1) <x< Randon(6)
def exp(n) =
(Ift(b) >0
| 1ff (b) >
(addx,y)
<x< (expgm) <m< sul(n,1))
<y< (Ift(bb) > 1| Iff (bb) >0)
<bb< equalgp, 7)
<p< add(q,r)
<Q< tosg)
<r< tosg)

)
) <b< equalgn,0)

Note: 2n parallel calls totosg).



Choice: Execute eithef or g

if (true | false) then f else g



Timeout

Publish M’s response if it arrives before timg
Otherwise, publish.

z <z< (M() | (Rwait(t) > 0)), or

val z= M() | (Rwait(t) > 0)
z

Variatior
Executef(z) in case there is no timeout,
g in case of timeout.

val (z,b) = (M(),true) | (Rwait(t), false)
if bthen f(z) else g



Fork-join parallelism

Call sites M and N in parallel.
Return their values as a tuple after both respond.

((u,v)
<u< M())
<v< N()

or,

(M(),N())



Simple definitions usingRandon()

e Return a random boolean.
def rbool() = (Randonf2) = 0)

e Return a random real number between 0 and 1.
def frandon{) = Randon@1001),/100Q0

e Return true with probability p, falsewith (1 — p)
def biasedBodlp) = (Randon(1000 <: p* 1000



Simple Parallel Auction

¢ Alist of bidders in a sealed-bid, single-round auction.
e b.ask)) requests a bid from biddeb.
¢ Ask for bids from all bidders, then publish the highest bid.

def auction([]) = 0
def auction(b : bs) = maxb.ask(), auctionbs))

Notes:
¢ All bidders are called simultaneously.
¢ If some bidder fails, then the auction will never complete.



Parallel Auction with Timeout

e Take a bid to be 0 if no response is received from the bidder
within 8 seconds.

def auction([]) = 0

def auction(b : bs) =
max(
b.ask) | (Rwait8000 > 0),
auction(bs)

)



Barrier Synchronization irM() »f | N() »g

e Require: f and g start only aftetboth M and N complete.

e Rendezvous of CSP or CCS;
M and N are complementary actions.

(M(,NQ) > (f [9)



Priority

e Publish N’s response asap, but no earlier than 1 unit from now.
Apply fork-join betweenRwait(1) and N.

val (u,_) = (N(),Rwait(1))

e Call M, N together.
If M responds within one unit, publish its response.
Else, publish the first response.

val x= M() |u



Interrupt f

e Evaluation of f can not be directly interrupted.

¢ Introduce two sites:

e |Interruptset to interrupt f
¢ Interruptget responds only aftetnterruptsethas been called.

e Interruptsetis similar to releaseon a semaphore;
Interruptgetis similar to acquireon a semaphore.

¢ Instead off, evaluate

z <z< (f | Interruptget())



Parallel or

Expressionsf and g return single booleans. Compute theerallel or

val x= f
val y= g

Ift(X) > true | Ift(y) > true | (x||y)



Parallel or; contd.

Compute theoarallel orand return just one value:

val x= f

val y= g

val z= Ift(x) > true | Ift(y) > true | (x||y)
z

But this continues execution af if f first returns true.

val z=
val x = f
val y= ¢

Ift(x) > true | Ift(y) > true | (x||y)
z



Airline quotes: Application of Parallel or
e Contact airlinesA and B.

e Return any quote if it is below $300 as soon as it is available,
otherwise return the minimum quote.

¢ thresholdx) returns xif x < 300 silent otherwise.
Min(x, y) returns the minimum ofx and y.

val z=
val x = A()
val y= B()

thresholdx) | thresholdy) | Min(x,y)
z



Sites

¢ Sites are first-class values.
A site may be a parameter in site call.
A site may return a site as a value.

M() >(x,y)>x(y) -- XY are sites

¢ Sites may have methods.
Channe{) >ch> ch.put(3)

e Translation of method calth.put(3):

ch(“put’) >x> x(3)



Some Useful Library Sites

Ref (n) Mutable reference with initial value
Cell () Write-once reference
Array(n) Array of sizen of Refs
Sermaphore(n) Semaphore with initial value
Channel () Unbounded (asynchronous) channel

Ref(3) >r> r.write(5) > r.read()

Cell() >r> (r.write(5) | r.read())

Array(3) >a> a(0).write(true) > a(1).read()
Semaphorgl) >s> s.acquirg) > Printin(0) > srelease)

Channe{) >ch> (ch.get() | ch.put(3) > stop)



Simple Swap

Convention:

a? is aread()
b:=x is b.write(x)

Take two references as arguments,
Exchange their values, and return a signal.

def swaga,b) = (a?,b?) >(x,y)> (a:=y, b:=Xx) > signal

Note: aand b could be identical Refs.



Update linked list

Given is a one-way linked list.
Its first item is calledirst.
Now add valuev as the first item.

Ref() >r>
r:= (v,first) >
first:=r

or,

Ref((v, first)) >r>
first:=r



Memoization

For function f (with no arguments) cache its value after the first call.

res stores the cached value.
S semaphore value is 0 if the function value has been cachec

val res= Ref()

val s= Semaphorel)

def memq@) =
val z= res! | sacquirg) > res:=f() > stop
z

Note Concurrent calls handled correctly.



Array Permutation

e Randomly permute the elements of an array in place.

e randomizéi) permutes the first elements of arrya and
publishes a signal.

def permutg¢a) =
def randomiz¢0) = signal
def randomiz¢i) = Randonfi) >j>
swapa(i — 1), a(j)) >
randomize¢i — 1)

randomizéa.lengti?())



Example: Return Array of 0-valued Semaphores

def semArrayn) =
val a= Array(n)
def populaté¢0) = signal
def populatéi) = a(i — 1) := Semaphor@®) > populatdi — 1)

populatén) > a

Usage: semArray5) >a> a(l)?.releasg)



Library function: Table

Tablgn,f), wheren > 0and f a function closure.
Creates functiong, where g(i) =f(i), 0 <i <n.
An array of function values pre-computed and reused.

All values of g are computed at instantiation.

Allows creating arrays of structures.

Function f may be supplied astambddi) = h(i)

Examples:
e val g= Tablg5,lambdd_) = Channel) )
e val h= Tablg5,lambddi) = 2 1)
e val s= Tablg5,lambdd_) = Semaphorg®) )



Memoize Fibonacci Computation

Cachemfib(i) using s(i) and res(i).

val N= 200 -- Largest call argument
val s= TablgN,lambdg_) = Semaphorgl) )
val res= TablgN, lambdg_) = Ref() )

def mfib(0) = 0
def mfib(l) = 1
def mfib(i) =

val z= req(i)?

| s(i).acquirg) > req(i) := mfib(i — 1) + mfib(i — 2) > stop
z



