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EXTENDED ABSTRACT

Control abstraction mechanisms play a
crucial role to create reliable and high-~
quality software, particularly in the field of
embedded computer systems. Control structure -
the mechanisms by which programmers can specify
the flow of execution among the components of
a program - can be classified as

(1) statement level control structures
-= to order the activations of
individual statements

(2) program unit level control structures
-- to order the activations of
program units

(3) processing unit level control struc-
. tures
-~ to order the activations of proce-
ssing units.

In past programmers writing program for
embedded computer systems have been required
to enable concurrent execution of their prog-
rams by interacting with operating systems [ 1].
Ada provides concurrency at program unit level
and even at processing unit level**, as a
feature of the language, to be used by the
programmers at the application level.

An Ada concurrent system is composed of
a set of tasks whose executions can be (concep-
tually) overlapped in time,i.e., the start of
a task can occure when the previously executing
task is not terminated.

The tasks in Ada concurrent system must
cooperate in order to achieve a common goal.
For example, in the producer-consumer problem,
correct cooperation requires [ 4]

A principle of concurrent system: partial
ordering among actions

Pk -+ Ck and Ck - Pk+N for all k (%)

where P, (C.) denotes the production (con-
sumption) of kth element, and "+" should
be read as ''precedes'.

* This work was supported in part by the
Ministry of Educationm, Japanese Government,
under Grant 56460104.

Ada is a trademark of the U.S.Department
of Defense (Ada Joint Program Office).

This paper presents an experimental
appraisal of Ada concurrent system for the
principle (*) by using concurrent numerical
algorithm: ACN [2]. The Ada system espoused
here is MicroAda/SuperMicro produced by
Western Digital Corporation.

CONCURRENT PROGRAM

A sample of Ada concurrent program for
ACN algorithm is shown in Fig. 1. The
system of nonlinear equations used is

2 2
fl(x) =x + X, = 1
. 2
fz(x) =x; - x.
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Wi

PT

Proaram Title
ACN(Asryncnaronous Concurrent Newtion)

Facility I

This pProaram soives & system of nonlinear equations.

Feature
The order amons tasks is free!

th text_iorinPut_outpPut;
ocedure ACN is
use text_io,inPuUt_outPut;

MAXSIZE:constant INTEGER:I=2;

subtyre INDEX is INTEGER ranse 1..MAXSIZE:?
tyre RMATRIX is array(INDEX,INDEX) of FLOAT:
tvPpe RARRAY is array (INDEX) of FLOAT:

type IARRAY is arrav(INDEX) of INTEGER:

task LINEAR;

task JACOBIAN is
entry STOPr
end JACOBIAN;

task BUFFER.J is
entry SEND (Jiin RMATRIX);
entry RECEIVE (Jiout RMATRIX);
end BUFFER_J;

task BUFFER-L is
entry -SEND (XIin RARRAY)?
entry RECEIVE (XIout RARRAY):
end BUFFER-L7

task body LINEAR is
JIRMATRIX:?
X,ROOT.B,CIRARRAY
NORM,BUF ,BUF1,BUF2,PRECISIFLOAT?
MAX_ITERATION, I INTEGER?
REPEAT . FOUND : BOOLEAN?
chicharacter;
NAMEISTRING(1..20);
SUB:I IARRAYS
SINGULAR:excePtion;

-— This task solves linear

pactase IN_OUT is
Pprocedure INPUT?
Procedure OUTPUT?
procedure MESSAGE;
end IN_OUT:

syYystems.

—-— This pPackaze treats iINPUT/OULPUT.

Packase body IN_OUT is
Prin . out_files
cons : in_files

Proceaure INPUT is
beain
put("Dutprut file? I ");
gaet (NAME) ;
open(PTin,NAME);
oren{(cons,NAME) ;
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rput_line(prin,"");Put_line(pPrin,"Initial value is");

>
69 > for I in 1..2 loor
70 > Put(prin," X(");put(prin,I);Put(prin,")=");
71 > set(cons,BUF)Put(prin,BUF);X%(I):=BUF;
72 > Put_line{prin,"");
73 > end loopr;
74 > put{pPrin,"Precise “);
75 > set(cons.PRECIS);Put(Prin,PRECIS)
76 > Put_line{pPrin,"");
77 > Put(prin; "Enter max numoer of iteration _ ")
78 > set(cons,MAX_ITERATION);
79 > put_line{(Prin,"");
a0 > end INPUT;
81 >
82 > Procedure OUTPUT is
83 > besain
84 > if FOUND
85 > then put_line(prin,"The solution 15");
86 > for I in 1..2 loor
87 > Put(pPrin.," X(")Jpurt(prin,I)sput(pPrin,")=");
88 > BUFI=ROOT(I)iPut(prrin,BUF);Put_line(Prin,"");
88 > end loor;
90 > else pPut{(pPrin,"The solution was not Found in ")}
91 > Put (Prin,MAX_ITERATION);
92 > Put_line(prin," iterations");
a3 > Put._line(Prin,"The Final value is");
94 > for I in 1..2 looP
as > put(Prin,” X("yiput(prin,I);Put(prin,")=");
a6 > BUF I=ROOT(I);Put(pPrin,BUF)put_line(prins,"");
a7 > end loopr;
a8 > end ifF;
99 > Put_line(Prin,"continue? ")}
100 > set(cons,ch);
101 > if (ch = ‘¥‘) or (ch = ‘Y‘) tnen
102 > REPEAT I= true;
103 > eise
104 > REPEAT = fFalses
105 > end if;
106 > Put_line{(prin,"");
107 > pPut_line(prin,"");
108 > close{prin);
109 > close(cons)’
110 > end QUTPUTS
111 >
112 > Procedure MESSAGE is
113 > begin
114 > Put_line(prin,"") put_line(Prin,"");
115 > Put_line(prin,"The matrix of coefficient is sinsular"):
116 > Put_line{prin,"");
117 > Put_line(prin,"Cannot continue Processing®)}
118 > pPut.line(pPrin,"");
119 > end MESSAGE;
120 >
121 > end IN_OUT;
122 >
123 >
124 >
125 > function F1(XIin RARRAY) return FLOAT is
126 > besin
127 > return X(1)##2+X(2)#%#2~1.0]
128 > end F17 ;
129 >
130 > function F2(XIin RARRAY) return FLOAT is
131 > besin
132 > Teturn X(1)=-X(2)#%2;
133 > end F27

>

134
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rrocedure LU_FACTOR(N:in INTEGER’A:in out RMATRIX)
use IN_OUT?

INDEX, JIINTEGER?
PIVOT,MAX,AB.TIFLOAT:

besin
for I in 1..N loorp
SuB(I)i=I7
end loopr?
for K in 1..N-1 loor
MAX:=0.0"
fFor I in K..N loor
Ti=A(SUB(I) ,K)?
ABI=abs(T);
if AB»MAX then
MAX:=AB;
INDEX:I=17
end if7
end loopr;
if MAX<=1.,0E-7 then
raise SINGULAR;?
end if;
Je=SUB(K)?
SUB(K) :=SUB(INDEX) 7
SUB(INDEX)Ii=J7
PIVOT:=A(SUB(K) ,K);
for I in K+1..N loor
A(SUB(I),K)i=-A(SUB(I),K)}/PIVOT>~
for J in K+1..N looPr

A(SUB(I),J)I=A(SUB(I),J)+A(SUB(I} ,K)*A(SUB(K) J)};

end loor;
end loopP;
end loopr?
for I in 1..N loor
BUF:=A(SUB(I),I)?
if abs(BUF)<1.0E-7 then
raise SINGULAR?
end if;
end looP;:
excerption when SINGULAR=>
MESSAGE; —— Messasze for unsolvable svstems.
Taise;?
end LU_FACTOR?

procedure SOLVE(NIin INTEGER:AIin RMATRIX:
Ciin RARRAY:Xlout RARRAY) is

besin
if N=1 then
X{(1)I=C(1)/A¢1,1);
else
X(1):=C(SuB(1))s
for K in 2..N looP
X(K):=C(SUB(K))?
for I in 1..K-1 loopr
XCK)I=X(K)+A(SUB(K) , I} #X(I)?
end loop;
end loor:
XN} I=X(N)/A(SUB(N):N)?
for K in reverse 1..N-1 loor
for I in K+1..N loor
XCK) I=X(K)-A(SUB(K) ,I)%X(I)}
end loorPs
X(K) :=X(K)/A(SUB(K):K);
end looPr;
end if;
end SOLVE:;
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204

>
205 > use IN_OUT;
206 >
207 > besin
208 > loar
208 > INPUT;
210 > FOUND:=false’
211 > Ii=17 .
212 > while not FOUND and (I<=MAX_ITERATION) loop
213 > BUFFER_L.SEND(X)? ~-- entry call
214 > BUFFER_-J.RECEIVE(J)?; -- entry cail
215 > LU_FACTOR(2:;.4)
2186 > B(1)I=~-F1(X);
217 > B(2)I=-F2(X)s
218 > SOLVE(2,J4,B,C);
219 > for K in 1..2 loor
220 > ROOT(K) :=X(K)+C(K);
221 > end loor;
222 > BUF1.=F1(ROOT);
223 > BUFZI=FZ2(ROOT);
224 > NORM:=abs (BUF1)+abs (BUF2);
225 > if NORM<PRECIS
226 > then FOUND:I=tvrue;
227 > end if;
228 > X:=ROOT?
229 > i=I+13
230 > end loor;
231 > OUTPUT? :
232 > if not REPEAT then
233 > exit;
234 > end if;
235 > end loop;
238 > JACOBIAN.STOP? -- entry call
237 >
238 > excerPtion
239 > when SINGULAR =>
240 > JACOBIAN.STOP? -~ entry call
241 > end LINEAR?;
242 >
243 >
244 > :
245 > task body BUFFER_L is
246 > SIZEIconstant INTEGER :=5;
247 > BUFFERIarrav(1..5IZE) of RARRAY:
248 > NEXTIN,NEXTOUT:INTEGER ranse 1..SIZE =1
249 > CONTAINSIINTEGER ranse 0..SIZE :=0;
250 > besin
251 > loopr
252 > select
253 > when CONTAINS»0 =>
254 > accerPt-RECEIVE(X:out RARRAY) do
255 > XI=BUFFER(NEXTOUT);
256 > end RECEIVE;
257 > NEXTOUT:=NEXTOUT mod SIZE+1i:
258 > CONTAINSI=CONTAINS-1;
259 > or
260 > when CONTAINS<SIZE =3
261 > accert SEND(XIin RARRAY) do
262 > BUFFER(NEXTIN) ;=X3
263 > end SEND;
264 > NEXTINI=NEXTIN mod SIZE +1;
265 > CONTAINS I =CONTAINS+1:
266 > or
267 > terminate;
268 > end select;
269 > end loor;
270 > end BUFFER_L?
zZ71 >
>

272
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task body JACOBIAN is -— This task computes Jacobian
X:RARRAY:
JIRMATRIX?
besin
loop
select
accert STOP do
exits
end STOP;
else -- Conditional entry call
BUFFER_L.RECEIVE(X); -- entry call
JC1,1)2=2.0#X(1);
J(1,2)20=2.0%X(2)}
J(2,1):=1.07
J(2,2):==2,0%X(2)?
BUFFER-J.SEND(J}; -- entry call
end select;
end looPs
end JACOBIAN;

task body BUFFER_J is
SIZE:constant INTEGER :=5;
BUFFER:array (1..SIZE) of RMATRIX;
NEXTIN,NEXTOUT:INTEGER ranse 1..SIZE I=1;
CONTAINS:INTEGER ranse 0..SIZE :=0:
besin
loor
select
when CONTAINS>0 =>
accert RECEIVE(J:out RMATRIX) da
J 1 =BUFFER(NEXTOUT) ;
end RECEIVE?
NEXTOUT : =NEXTOUT mod SIZE+1;
CONTAINSI=CONTAINS-17
or
when CONTAINS<SIZE =>
accert SEND(JIin RMATRIX) do
BUFFER(NEXTIN) I=J7
end SEND?
NEXTIN:=NEXTIN mod SIZE+1;
CONTAINS:=CONTAINS+1;
or
terminatey
end select’
end loar;
end BUFFER.J:?

matrix

be=zin
nully
end ACN;

Fig.l Ada Concurrent Program
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