9.0

INTERACTION

varaaT-S = [ a: TS boundary variable

ivar X T-S = [X time-T-S interactive variable

The value of variablex attimet is xt

PIQ = 0[p, toQ: (substitutetp for t' in P)

[J (substitutetq for t' in Q)

Ot =maxtrtQ
O (Ot te<t’<t’ O xt"'=x(tP)) *
O (Ot tost'<t' O yt"'=y(tQ)) **

* and similarly for each interactive variable Bf

** and similarly for each interactive variable )



9.1

Suppose in some process the boundary variablea aaed b and

the interactive variables ane and y .

ok = a=a [lb=b 0Ot=t
a=e = a=e db=b Ot=t
Xx=e = a=a 0 b=b 0 x=e O (Ot t<t'"<t' O y'=y)

[ t' =t+(the time required to evaluate and starg
= a=a 0 b'=b O xt'=e O (Ot"-t<t"<t' O yt""=yt)

[ t' =t+(the time required to evaluate and stag

P.Q
= [&',b't" (substitutea’, b, t" for a,b',t' in P)

[0 (substitutea’, b, t"" for a,b,t in Q)

Most laws still work

but not the Substitution Law



9.2

Example in boundary variables, b,

interactive variables<, y, and time variabld

(x:= 2. xi=x+y. x=x+y) || (y:= 3. y:= xty)
X is a variable in the left process
and y is a variable in the right process.
Let's puta in the left process and in the right process.
(@=a Oxt'=2 Ot'=t+1.a'=a Oxt'= xt+yt Ot'=t+1.
a'=a Oxt'=xt+yt Ot'=t+1)
| (0'=bOyt'=30t'=t+1. b'=b Oyt'= xt+yt Ot'=t+1)

( a'=a Ux(t+1)=2 O x(t+2)= x(t+1)+y(t+1)

Ox(t+3)=x(t+2)+y(t+2) L t'=t+3)
| (0'=b Oy(t+1)=3 Oy(t+2)=x(t+1)+y(t+1) Ot'=t+2)

X(t+1)=2 O x(t+2)= x(t+1)+y(t+1) O x(t+3)= x(t+2)+y(t+2)
Oy(t+1)=3 Uy(t+2)=x(t+1)+y(t+1) D y(t+3)=y(t+2)
Ha'=alb'=b 0Ot'=t+3

X(t+1)=2 O x(t+2)=5 0 x(t+3)=10
Oy(t+1)=3 0y(t+2)=y(t+3)=5
Ha'=alb'=b Ot'=t+3



9.3

Thermostat for a gas burner

thermometer || control || thermostat || burner

inputs to the thermostat:

 real temperature , which comes from the thermometer an
indicates the actual temperature.

 real desired , which comes from the control and indicates th
desired temperature.

 Dboolean flame , which comes from a flame sensor in th

burner and indicates whether there is a flame.

outputs of the thermostat:

* booleangas; assigning itT turns the gas on and turns
the gas off.

« boolean spark ; assigning it T causes sparks for the

purpose of igniting the gas.



9.4

Heat is wanted when the actual temperature fallsbelow the

desired temperature, and not wanted when the actual temperg
rises € above thedesired temperature, wheie is small enough

to be unnoticeable, but large enough to prevent rapid oscillati
To obtain heat, the spark should be applied to the gas for at lea:
second to give it a chance to ignite and to allow the flame
become stable. But a safety regulation states that the gas mus
remain on and unlit for more than 3 seconds. Another regulat
says that when the gas is shut off, it must not be turned on ac
for at least 20 seconds to allow any accumulated gas to clear. .
finally, the gas burner must respond to its inputs within 1 secon

thermostat = (gas:= L || spark:=1). GasOff

GasOff = if temperature <desired —¢
then ( (gas=T ||sparki=T ||[t+1 <t <t+3).
gpark:= 1. GasOn)
else (((frame gas, spark: ok) || t<t'<t+1). GasOff)

GasOn = if temperature <desired +¢& [ flame
then (((frame gas, spark: ok) || t<t'<t+1). GasOn)
else ((gas:i= 1L || (frame spark: ok) || t+20<t'<t+21).
GasOff)



9.5

COMMUNICATION

Channelc is described by

message script  Mc list constant

time script Tc list constant

read cursor lc extended natural variable

write cursor We extended natural variable
M = [6;4;7;1;0;3;8;9;2;5;..]
7 = [3;5;5,;20;25;,28;31;31;45;48; ...]

T T
r W



9.6

INPUT AND OUTPUT

cle = Mw=e O 7Tw=t O (W:=w+1l)

c = qw=t 0 (W=w+l)
c? = ri=r+l
c = M(r-1)
Ve = Tr<t
if Vkey
then ( key?.
if key="y

then screen! "If you wish."
else screen! "Not if you don't want.")

else screen! "Well?"



9.7

Repeatedly input numbers from channel, and output their
doubles on channdl .

S = [n:nat- g (Wg+n) = 2x M (rctn)

S [l c¢?2.d2xc. S
Proof:

c?.d' 2xc. S

re:=retl. Magwg = 2x M (re—1) O (Wg:=wg+l). S

MaWd = 2xMcrc O On: nat- My (Wgt1+n) = 2x Me (re+1+n)

[In: nat- Mg (Wg+n) = 2x M (retn)

S



9.8

Communication Timing
real time: need to know implementation
transit time: input and output take time O
communication transit takes time 1
input c? becomed:=maxt (Zcre + 1). C?

check Vc becomesZ¢re + 1<t

W = t=maxt(Zr +1). c?

wait for input on channet and then read it

w U ifVethenr:=r+lelse (t:=t+1. W)
Proof:

if Vcthenr:=r+lese (t:=t+1. W)
= ifar+l<tthen ri=r+l

else (t=t+1. t=maxt (7r + 1). ri=r+1)

if r+1l<tthen (t.:=t. ri=r+1)
else (t:= max (t+1) (7r + 1). r:=r+1)

if r+1<tthen (tt=maxt (7r + 1). r:i=r+1)
else (tt=maxt (7r + 1). r:=r+1)
= W



9.9

RECURSIVE COMMUNICATION

dol = c?. d! 2xc. t;:=t+1. dbl

The weakest solution:
[n: nat- My (Wg+n) = 2x M (retn) O 29 (Wg+n) =t+n
A strongest implementable solution:
[n: nat- Mg(wg+n) = 2x Mc(rctn) O Ig(wg+n) =t+n)
O rd=wg'=t'=co [0 w¢'=w¢ O rg'=rqg
The strongest solution:

1

[In: nat- My (Wg+n) = 2x M (retn) O 29 (Wg+n) =t+n

L1 dbl

dol [ ¢?. dl 2xc. t:=t+1. dbl



9.10

Recursive Construction

dbl1 = c?.d! 2xc. t:=t+1. dblg
= rcg=rctl.
MW = 2xMc(re—1) O Tgwg =t O (Wg:= wg+1).

t=t+1. T

MaWg = 2xMcre U Tgwg =t

dblo = ¢?. d! 2xc. t:=t+1. dbly

re.=retl.
MW = 2xMc(re—1) O Tgwg =t O (Wg:= wg+1).

t:=t+1. Mgwg = 2xMcrc U Tgwg =t

MgWd = 2xMcre U Tgwg =t

O Ma(wgtl) = ZM(re+l) O Tog(wgtl) =t+1

dblee = [n: nat- My (Wg+n) = 2x M (retn) O Tg (Wgtn) =t+n



9.11

x0in
x0ack

x1in
xlack

M onitor

XOreq
xOout

«—— X1req
x1out

Let m = MIN[Zxoinl'x0in; Ixlinlx1in; ZxOreql x0req; Zx1reql xireq]

monitor =

(Vx0in O Zxoinfxoin = m) O (x0in?. x:= x0in. x0ack!)

O (Vx1in O Zxtinrxtin = M) O (x1in?. x:= x1in. xlack!)

[0 (VxOreq O Txoreqf xoreq = M) 0 (xXOreq?. xOout! X)

0 (Vx1req O Txareqfxireq = M) O (X1reg?. xlout! x).

monitor

monitor [

if VX0in then (x0in?. x:= x0in. x0ack!) else ok.
if Vxlinthen (x1in?. x:= x1in. xlack!) else ok.
if VXOreg then (xOreg?. xOout! X) else ok.
if Vx1regthen (xlreg?. xlout! X) else ok.

t:=t+1. monitor



9.12

COMMUNICATING PROCESSES
c'2 || (c?. xi=c)
Mw=2 0 wW=w+l) | (r:=r+1l. x=M(r-1))

Mw=20wW=w+1l UOr'=r+1 UOX =Mr

cll. 2] (c?. x=c)). c?

Channedl Declaration

chanc: T-P

[Me: [0o* T]- [Hc: [oo* xnat]- var rc, wWe: xnat := 0- P



9.13

ignoring time

chanc:int-c! 2 || (c?. xi=c)

[ [eo*int]- LI [oo*xnat]- var r, w: xnat := O-
X=MMr OmMw=20r =r+1 Ow =w+l

[0 (other variables unchanged)

[ [oo*int]- T2 [eo*xnat]- var r, w: xnat-
X=¢M00OM0=20r=10w=1

[0 (other variables unchanged)

x'=2 [ (other variables unchanged)

X.=2

including time
chanc:int-c! 2 || (tt=maxt (7r + 1). c?. x;=C)

= x=2 Ot =t+1 O (other variables unchanged)



9.14

Deadlock

chanc:int- tt=maxt (7Zr +1). c?. c! 5

[ [eo*int]- LI [oo* xnat]- var r, w: xnat := O-
tt=maxt (7r + 1). r:=r+1.

Mw=507Tw=t O (w:=w+1)

LI [oo*int]- T [eo*xnat]- L, r', w, W': xnat-
rr=0. w:=0. t=maxt (Zr + 1). r:i=r+1.

Mw=507gw=t Or'=r dw =w+1 [J t'=t

LI [eo*int]- T [eo*xnat]- L, r', w, W': xnat-
MO=5070=maxt(70+1) 0 r'=1 O w=1

Ot =maxt (70 + 1)

[
i
g



9.15

chanc,d:int- (?. d!6) || (d?. c!7)

chan c, d: int:
(t:=maxt (Zcrc + 1). c?. d! 6)

| (t=maxt (Zarqg + 1). d?. c! 7)

[Me, My: [eo*int]- e, Tg: [co* xnat]-
[Te, rc', We, W', Id, Id', Wd, Wqg': Xnat-

M0 =60 70 =maxt (72c0+ 1) O M0 =7
O 70=maxt (7¢g0 + 1) O r' =w' =rd =wg' =1

O t'=maxt (70 + 1) (7g0 + 1)



9.16

POWER SERIESMULTIPLICATION
Input on channel: agaj a2 ...
Input on channeb : bp b1 by ...

Output on channet: cpcice ...

A = ap +aixxX + axxx2 + ... B =bo + bixx + boxx2 + ...
A1 = a1 + axxX + azxx2 + ... B1 =b1 + boxxX + b3xx2 + ...
Ao = ar + azxX + agxx2 + ... B2 = b2 + b3gxX + bgaxx2 + ...

C =g + C1xX + CoxX2 +
=AxB
=apxbo + (anbl + alxbo)X + (aosz + A1xB1 + AZXbO)XXZ

(Mlc:rat- C=AxB)c L[]
(a? || b?). c! axb.
var a0: rat :=a- var bO: rat :=b- chan d: rat-
(Alc.rat- C=AxB) d
|| ((@?]| b?). c! aOxb + axb0. C =a0xB + D + Axb0)

C=a0xB+D +Axb0 [l
(@?|| b? ]| d?). c! aOxb + d + axb0. C =a0xB + D + Axb0O



