8.0

Dependent Composition P.Q (sequential execution)

P and Q must have exactly the same state variables

|ndependent Composition P||Q (parallel execution)
P and Q must have completely different state variables, and t

state variables of the composition are those of otand Q

Ignoring time and space variables

PIlQ = PLQ

Example: in variablex

Xi=x+1 = X =x+1
in variablesy and z

yi=y+2 = y =y+2 [ Z=z
in variablesx,y, andz

X=x+t1l||y=y+2 = X =x+1 Oy =y+2 [1 7=z



8.1

Partitioning:

If either X' or x;= appears in a process specification, then
belongs to that process, so neithér nor x;:= can appear in the
other process specification. If neith& nor x;:= appears at all,

then x can be placed on either side of the partition.

x=y|ly=x = X=yQOy=xUOZzZ=z
X belongs to the left process
y belongs to the right process

z belongs to either process

implementation of a process makes a private copy of the inil
value of a variable belonging to the other process if the otl

process contains an assignment to that variable



8.2

In boolean variabléb and integer variable ,

b:=x=x || x:=x+1 replacex=x by T

b:=T || x=x+1

(x:=x+1. x=x-1) || y:=x

ok || y:= X

Y= X

(X:=x+y. x=xxy) || (:=x=y. y:=xly)

versus

(X=xty || yi=xy). x=xxy || y:=xly)

With time, independent composition is defined as
PIIQ = 1P, tQ: (substitutetP for t' in P)
[ (substitutetQ for t' in Q)

Ot =max tP tQ



8.3

L aws of Independent Composition

(x.:=el||y:=1f). P = (for x substitutee and

independently fory substitutef in P)

PIIQ = QP symmetry
PIQIIR = (PIQ)IIR associativity
P|lok = ok|[P =P identity
PI[QIR = (P[QUPIR distributivity

P|lif bthen Q elseR
= ifbthen (P||Q) else (P||R) distributivity

if bthen (P||Q) else (R[|S
= ifbthenPeseR]|if bthen QelseS distributivity



8.4

List Concurrency

Li=e = VLi=e O (0j-j*i0 Lj=Lj) O x=x O y=y O...

partition within lists

Example: maximum item in a nonempty list

findmax O (L) where
findmax = Ai,j-i<j0 L'i =MAXL [i;.]]

findmaxij [l ifj- = 1then ok
ese( ( findmax i (div (i+)) 2)
| findmax (div (i+]) 2)j).
Li:=max (Li) (L (div (i+) 2)))

recursive time =ceil (log (j—))



8.5

Sequential to Parallel Transformation

X=Yy. X=x+1. z=y
= x=y. X=x+1 || z=vy)
= (x=y. x=x+1) || z=y

start——> X=y ——> X=x+t1—> z=y——> finish

/x:: x+1\
\

Z=Yy

start——> x=y finis

X=y —= X= x+1
start/ / fir



8.6

Whenever two programs occur in sequence, and neither assigr
a variable assigned in the other, and no variable assigned in the
appears in the second, they can be placed in parallel; a copy r
be made of the initial value of any variable appearing in the fi

and assigned in the second.

Whenever two programs occur in sequence, and neither assigr
a variable appearing in the other, they can be placed in pare

without any copying of initial values.



8.7

Buffer

produce = ------ -
consume = ... Wi Peeeenee
control = produce. consume. control

control = produce. newcontrol

newcontrol consume. produce. newcontrol

newcontrol (consume || produce). newcontrol



8.8

produce = ------ ==

consume = .- Xi= Crovvrees
control = produce. newcontrol
newcontrol = c:=p. (consume || produce). newcontrol

\/\/\/\/\/\/\/
\/\/\/\/\/\/\/

produce = ------ bw=e.:......
consume = ... X:=Dbr----e---
control = produce. w:=w+1. consume. r:=r+1. control

control = produce. w:=mod (w+1) n.
consume. r:=mod (r+1) n.

control



8.9

| nsertion Sort

define
sort = An-Ui,j: 0,.n-igj 0 Li<Lj
swapij = Li:=Lj| Lj:=Li

sort’ (#L) L] sort 00 sort' (#.)
sort 00 sort’ (#.) [ for n:= 0;.# dosort n O sort’ (n+1)

sort n 0 sort’ (n+1) L[]
if n=0then ok
elseif L (n—1)< L nthen ok

else (swap (n—1)n. sort (n—1) [ sort' n)

[LO;L1 ;L2 ;L3 ;L4]
0 1 2 3 4 5



8.10

Cl—> 813

<>C2 S2>C1 Sl>

(.C3-S83-C2>S2>C1 S1-,

<>C4%S4%C3 S3>C2>S2 >C1>S1

If abs(i§) > 1 then
S and § in parallel
S and Cj in parallel
Ci and Cj in parallel

Cl—>sS1 Cl—>S1 Cl%Sl\ /C1981
C2>S2 C2—>S2 C2—>S2
C3>S3 C3>S3
A7
C4->S4

/N
\



8.11

Dining Philosophers

ife = (POOP10OP20P30P4). life
Pi = upi. up(i+l). eati. dni. dn(i+1)
upi = chopsticki:=T
dni = chopsticki:= 1
eati = ----chopsticki----chopstick(i+1):-----

If i%], (Upi.upj) becomes Wpillupj).

If i%], (Upi.dnj) becomes Wpi | dnj).

If i%=], @@ni.upj) becomesdni|lupj) .

If i%], (dni.dnj) becomesdnil dnj).

If 1] Oi+1%), (€ati.up]) becomesdati|upj).

If 1] Oi*j+1l, Upi.eat]) becomes upi || eat ) .

If i%] Oi+1%), (€ati.dnj) becomes eati || dnj).

If i+] Oi*j+1l, dni.eatj) becomesdni || eat]).

If i) Ui+1+) Oi+j+1, Eati.eatj) becomes eati| eat]j) .

life PO||P1||P2|P3|P4

Pi = (upi||up(i+1)). eati. (dni [|dn(i+1)). Pi



