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Abstract

Project Code: MRG5080449

Project Title: A Novel Macro-programming Approach for Wireless Networks of Embedded Systems

Investigator: Asst. Prof. Chalermek Intanagonwiwat

E-mail Address: intanago@cp.eng.chula.ac.th

Project Period: 2 Years

Programming Wireless Networks of Embedded Systems (WNES) is notoriously difficult and
tedious. To simplify WNES programming, we propose a novel approach for programming WNES as
a whole (i.e., macro-programming) instead of several networked entities. Our approach allows for a
set of resources to be declaratively described by their run-time properties, and for this set to be
mapped to a variable. Using this approach, resource access is simplified to only variable access
that is completely network-transparent. Our approach provides both sequential and parallel
accesses to the desired set. Parallel, or group, access reduces the total access time and energy
consumption because it enables in-network processing. Additionally, we can associate each set
with tuning parameters (e.g., timeout, energy budget) to bound access time or to tune resource

consumption.

Keywords: Macro-programming, Wireless Networks of Embedded Systems, and Wireless Sensor

Networks
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Resource R;
Iterator 1;
foreach 1 In R {
printf(""light intensity = %f\n", 1->light);

}
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Resource R;
printf(""light intensity=%f", R->light);
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Resource R;

printf("'max light intensity = %f", max(R->light));
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Resource R = <expressionl>
Time tl = get_time();
x=Count(R);

Time t2 = get_time();
y=Count(R);
/* Normally, x 1=y */
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Resource R = <expression, last _bound_time > now-t>
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Resource R = <expressionl>;

Time tl = get_time();

Resource X = <expressionl && time == tl1>;
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Resource R = <expressionl>;

Resource X = last(R);
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Resource R1;

Static Resource R2=R1;

/* R1 changes over time but R2 does not*/
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Iterator il = R1->First _element;
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atITaLawle lasltd catch statement adadatiNdsia 1L

Resource R = <expressionl, timeout = 10>

Iterator 1 = R->Tirst_element;
try {

printf(""light intensity = %f'", 1->light);
} catch(TimeoutException) {

printf(‘’can”t access the light sensor™);

}
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1: Space sp=UNIVERSE;
2: Resource Rl=< (within(Sp)==TRUE) & (motion>0) >;

3: Location Averageloc;

5: for (int i=1; i<= 25; i++) {
6: AveragelLoc = average(R1l->Location);
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7: 1t (AveragelLoc != NULL) {

8: System.out.printIn("Average(''+i+")=""+AveragelLoc);
9: sp.updateRegion(AveragelLoc, 10);

10: } else {

11: System.out.printIn("Average(*'+i+")=NOT FOUND™);
12: sp = UNIVERSE;

13: }

14: sleep(4000);

15: }
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TrackingExpression asuaadliluzun 3 dwnsaduaaadenlaniwnensuuudalui@anmia
a o (Y WMo & . ' A
Wiananavild udliaglusauinavaslasanui aaa Expression wnzanaazil evaluate () method
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1: public class TrackingApp extends SmWrapper{

3: private final static iInt timeout = 24000; // Binding lifetime
I private Space sp;

5: private TrackingExpression tExp;

6: private Resource resource;

7: private LocationAverage agg;
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10:

11:

: public TrackingApp(Q{

super('TrackingApp™);
}

12:

13:

14:

15:

16:

17:

18:

19:

20:

21:

22:

23:

24:

25:

26:

27:

28:

29:

30:

31:

32

33:

public void run() {
try {

sp = new Space(null,-1); // sp = UNIVERSE

tExp = new TrackingExpression(sp, '‘motion™);

resource = new Resource(tExp, timeout);

agg = new LocationAverage();

for (int i=1; i<= 25; i++) {
agg = (LocationAverage)resource.access(agg, 4000);
System.out.printin(fagg = ""+agqg);
Location average = (Location)agg.evaluator();
if (average = null) {

System.out.printIn("Average(''+i+'") = "+average);

sp.updateRegion(average, 10);

} else {
System.out.printIn("Average("'+i+'") = NOT FOUND'™);
sp.updateRegion(null, -1); // sp = UNIVERSE
}
sleep(4000);
}
: } catch(Exception e) {}

}
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34:

35: public static void main(String []Jargs) {

36: TrackingApp trackingApp = new TrackingApp(Q);
37: String []Jtypes;

38: types = new String[3];

39: types[0] = "TrackingApp";

40: types[1] "TrackingExpression";

41: types[2] "LocationAverage';

42: trackingApp-initSM(types, trackingApp);
43: trackingApp-run(Q);

44: %}

45: }
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1: public class TrackingExpression extends Expression{
2:

3: private Space sp_;

4: private String moTag_;

5:
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6: public TrackingExpression(Space sp, String moTag) throws
7: BadSMApiUsageException {
8: Sp_=sp;

9: moTag_=moTag;

12: public boolean evaluate() {

132 try{

14: Integer molnt = (Integer)TagSpace.readTag(moTag );

15: GPSData gps = (GPSData)TagSpace.readTag(''gps™);

16: it (!sp_.outside(new Location(gps.-latitude, gps.longitude))
17: && (molnt.intValue()>0) ) {

18: return true;

19: }

20: }catch(Exception e) {}
21: return false;
22: %}

23: }

317 3 Class TrackingExpression dw3ulnuanassanasanly

losmlduds  ineflansmudeyaszgnasslagldlendu 3 Weriguldun initializer i),

merger m(), Uz evaluator e() lasf initialize i() az3zyinazvhnssiiufinanusdayadmive

e PN

Q@ Qv LU d U 1 Qs Y { { v
madmiugﬂmmvl,@aﬂ"mvli DRN %L%ﬂﬂﬂaﬁ‘*ﬁuﬁuuqﬂﬂsmmﬂmauu@miamuGauvlmﬁﬂizmﬂvh
o A v dw 1 a % %2 ' a o A % ' a
uumamuzmagangﬂmﬂauvl,ﬂm‘[%umaagﬂ“ﬁ TERINMILEAWNN VuANaINa1a19 ldwulaany
e < A ~ A a o a . & a & o
Juinduanavadlnuanassaudanludoiny lunsdluil DRN 2zi5onWerisu merger m()
Lﬁasmiayamdwﬁlﬁﬂuﬁuﬁmﬁm Lﬁaﬁuﬁﬂ"lﬁmﬁﬂ%u@maagﬂ% DRN  2:¥innsisunwana

evaluator e() liNadwIiNuaTsvastayanTIwle

27



luldsunsudszyndaass mﬂqﬁuﬁ@GﬂWiN§NLﬂﬂﬁﬂiiNﬁéﬂﬂl%ﬂ%ajﬁ LocationAverage
(Elu,gﬂﬁl 4) Tapmansovldagnsdesifiasudmafinueny Class Aggregation Waz Overload
Worturmssnufinaaludrdredu 1314 <sum x, count x, sum_y, count y> WNUENBEVBITBYA
augadﬂqﬂﬂidﬁ%n@mwuﬁauﬂmagﬁﬁﬂu%%a(xL y1) @1 initializer azvimMIaiaduinanusdaya
Ww <x1, 1, y1, 1> &% merger TINFOUS <x1, cx1, y1, cy1> WAz <x2, cx2, y2, cy2> LHugniue
fpnfe <x14x2, oxl+ox2, y1+y2, cyl+cy2> §wsU  evaluator asUssifiunaaninlianiln

L o ' {
<sum_x/count_x, sum_y/count_y> Tatiuarduniiaiane

1: public class LocationAverage extends Aggregate{
3: private GPSData gps;
4: double sum_x, sum_y;

5: int count_x, count_ y;

7: public void initializer() {

8: try {

9: gps = (GPSDhata)TagSpace.readTag(''gps');
10: sum_x = gps.latitude;

11: sum_y = gps-longitude;

12: count_x = 1;

13: count .y = 1;

14: } catch (Exception e) {}

15: }

16:

17: public void merger(Aggregate agg) {

18: sum_Xx = sum_Xx+agg-sum_X;
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19: sum_y = sum_y+agg.sum_y;

20: count_x = count_x+agg.count_Xx;

21: count_y = count_y+agg-.count_y;

22: }

23:

24: public Object evaluator() {

25: try {

26: return new Location(sum_x/count_x, sum_y/count_y);

27: } catch (Exception e) {

28: return null;
29: }

30: }

31: }
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