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On Parallel Tree Traverse in Ada®

Zensho Nakao*. Kazuo Takeuchi* & Takashi Yogi*

Abstract Two new methods for parallel tree traverse are given, and their implementations are

described and tested in Ada which supports parallel programming via Ada tasks. The simulations

performed show that (1) when there are no restriction imposed on the number of Ada tasks, the amount of

time required for the traverse remains constant (equaling a number related to the height of the tree) for

varying number of tree nodes; (2) in case where a pre-assigned number of tasks are used, the traverse

time varies inversely as the number of tasks.

O. Preliminary remarks on Ada tasks

Ada tasks are for parallel and real—time programming. An Ada task consists of two parts, i. e., a

task specification and a task body, where the former specifies an interface with the rest of the program,

and the latter gives an implementation of the objectives of the task. An example of a procedure is given

below where two tasks are used; the remarks following '—' symbols should make the list

self-explanatory.

with text_io;

use text_io;

procedure TASKTEST is

task Tl;

task T2 is

entry El;

entry E2;

end task T2;

task body Tl is

begin

loop

T2.E1;

T2. E2;

end loop;

— task Tl specification

— task T2 specification

— entry point of task T2

— another entry point of task T2

— task Tl body

— entry call to task T2

— another entry call to task T2
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endTl;

task body T2 is — task T2 body

begin

loop

accept El; — accepts an entry call to El

put("Entry El is accepted." );

accept E2 do — accepts an entry call to E2

put ("Entry E2 is accepted.")

end E2;

end loop;

end T2;

begin

null;

end TASKTEST;

1 . Traverse methods and evaluations

Given a tree in which no nodes share a common child node, we will consider parallel/concurrent

processes which travel all the nodes of the tree. With a sequential method a process can traverse only a

subtree at a time, but with parallel methods the processes can traverse the subtrees simultaneously. Here,

we will introduce two parallel algorithms.

We will first consider the method in which no restricion on the number of tasks generated is placed.

The steps are as follows;

O. To begin with, generate one starting traverse task, (i.e., the task which actually travels along

through nodes of a tree) at the root of the tree given. Only traverse tasks should move.

1. Each traverse task reads and display the content of the node where it is at. (It may have to carry

out additional work at the node, depending on the nature of the tree to be traced.)

2. Next, each traverse task requests generation of a new child traverse task which behaves exactly

the same as the requesting parent task corresponding to each child node except left most child

node.

3 . Each parent, i. e.. old traverse task moves toward the left most node, which is reserved for itself.

If no further travel is possible, i.e., the task is at a leaf of the tree, then the task stops its move.

To implement this algorithm into an Ada program, we need one starting traverse task and one

generator task which generates traverse tasks at a request of traverse tasks. Upon creation, a new

traverse task must be informed on which branching node to go. This information passing can possibly be

done via an Ada rendezvous between the old and new tasks. However, a rendezvous between a task and

itself is impossible, thus, one generator task is prepared for the purpose, where an old traverse task

requests the generator task to create new tasks which continue their traverse further toward the leaves.

In Fig.l is shown a traverse order of the tree nodes. Note that each task stays at each node for 1.0
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second (with a delay statement). Table 1 shows traverse time required. What we find from the results are

(1) the traverse time requiued is K*(tree height) 4-1) (seconds), where Kp>l sec.) denotes the duration

of stay at each node (which may be required for processing of information at the node); (2) the number of

tasks generated equals the number of leaves; (3) the order of node traverse seems unpredictable.
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Fig. 1 Traverse order of the tree nodes without restriction on the number of tasks

Table 1 Traverse time' without restriction on the number of tasks

number of

branches

per node

2

3

4

5

number of

nodes

7

13

21

31

traverse time (sec)

without a task

7. 30

13. 67

21. 97

32. 40

with tasks

3. 18

3. 2 9

3. 40

3. 57

('Each tree has height 2)
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We next consider the second method for tree traverse where a pre-assigned number of Ada tasks

are allowed. The steps are as follows:

0 . To start with, place into a queue a pointer to the tree root node.

1. Each traverse task picks up a pointer from the queue.

2. Place into the the queue all the pointers (to the next nodes) coming out from the node that was

indicated by the pointer just picked.

3. Each traverse task first displays the content of the node where it is al (and may do some

additional work depending on properties of the tree traversed.)

4 . Each traverse task repeats steps 1-3 until the queue becomes empty.

To express this algorithm in Ada, we introduce a fixed number of traverse tasks, a queue task which

keeps record of the pointers sent for from the traverse tasks, and a semaphore task which keeps the

traverse tasks from accessing the queue during steps 1 and 2. In Fig. 2 is a block diagram for the method.

queue task

push | I pop

....

i-th task

request,

access

array of traverse tasks

j notify

i termination

semaphore

task

Fig.2 Fixed number of traverse tasks in action

We show in Fig. 3 a traverse order in the method. As in the first method, each traverse task stays at

each node for 1.0 second. In Table 2 is shown the total traverse time corresponding to varying

combinations of the number of tasks and nodes. We find from the table that the the product of the

traverse time and the task number equals the node number. Thus, in case the traverse tasks stay at each

node for K( > 1) seconds, the traverse time is K * (node number of the tree)/(task number) seconds.

Further, we find that the traverse order of the nodes is fixed; and so the present method is better suited

for traversing large trees than the first method, but it is necessary to prepare a large array for the queue

task.
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Fig. 3 Traverse order of tree nodes with a fixed number of traverse tasks

13

Table 2. Traverse time' with a fixed number of traverse tasks

number of

branches

per node

2

3

4

5

number of

nodes

7

13

2 1

31

traverse time (sec)

number of tasks

1

7.36

13.78

22.13

32.73

2

4.22

7.52

11.69

16.91

3

3.18

5.27

7.79

11.53

4

2.41

4.22

6.31

8.67

("Each tree has height 2)
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2 . Conclusion and remarks

With a usual single processor method (Table 1. without a task or Table 2, with a single task), the

traverse time will be at least K * (the number of nodes), where K is the duration of stay at each node; by

the multi-task method {i) without restriction on the number of tasks, the traverse time is given by K *

(the tree height + 1), (ii) with a fixed number of tasks, the time required is K*(the number of nodcs)/(thc

number of tasks), reducing the processing time considerably.

The second multi-task method can be used for tree searching problems because the traverse order of

the nodes is known (Fig. 3) . Further simulation with taller trees should be done to confirm the validity of

those formulas obtained.
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Appendix

— Source programs and packages —

[7T1 ] without restriction on the number of tasks

[TT 2 ] without restricrion on the number of tasks {with queue)

[7T3] no task

[7*7*4] with a fixed number of tasks

[TREE-P] package for constructing trees

[QUEUE-MANAGER] • • generic package for queues

[TIMER] package for timing

[T-OUT] package for constructing trees (used ivith TREE-P)
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File aa^e : TTI .ADA hit: !

I-
i.

l!

3:

1:

5:

f:

1:
A,

6.

J:

10:

11:

12:

13:

l(:

IS:

IE:

17:

18:

13:

20:

21:

22:

2J:

21:

2J:

1$:

M:

28:

29:
i«,

Jv.

31:

32;

3):

31:

35:

3E:

37:

31:

39:

ID:

11:

12:

11:

44:

45:

45:

47:

IB;

(9:

SO:

-- TSST FS06KIK TUB TB1CIK i

-- FIOtttH : TTI

I PEOGSAH )

-- PROCSfflf! : I.Takeuchi

-- Dm : JULY 20, 1581.

•-

with teitt.io, User, ireej: use teitjo, liter, treej;

procedure TTI is

package int.io is net integerjoj integer);

use iitjo;

root : link :: null;

it

laSI

task von.iaker is

entry create! r : in lint; h : in integer |;

enttj search! r : out Jink; id, Iv : oat integer I;

end wri.iaker;

task tjpi vonjodj;

type wontype is access Hori.bodj;

— tasi oog/ -

task bod? von taker is

von : vontfpe;

sub.t : link := null;

level: integer ;•- 0;

idjailer: integer :•' 1;

begin

loop

select

accept create! r : in link; Iv : in integer 1 do

sub.t :: r; level :: Iv;

end create;

von:: nts sonjodn

accept 3ezrcb( r : out link; id, It : oat integer ] do

r:: sib.t; id :• ihuibtr; It :: le»el;

end semi;

id.nmber:: id.nuiber 11;

or

teniiate;

ead select;

[|
31

n

S3

SI

Si

Si

51

si

55

SO

SI

S2

(3

(1

is

it

S7

(8

5)

70

71

72

7)

71

75

7(

71

78

W

81

82

8)

84

8S

81

8!

88

81

SO

51

M

File mi: TTI.M

: end loop;

: end vonaaier;

' — tack fcoill

: task todj conbody is

: suh_t: link ::tsll;

: leiel, idjunto, rjiinber

: begin

: ton niker.seareh! son t,

: putrid f 1; pit! id.n

: riile sub t /: null loop

: pat( 'MU' 1; put( i

: for i it L.sibt.n'last

: pat| siib.t.nU));

: end loop;

: pit( ' • }; lap tiie;

: dels; 1.0;

Page : I

: iiiteger:: 1;

id.nmber, level};

laber, 31; pot!' SHUTS:' |; lap.tiie;

i.nmbtr, 31; put(':' |;

loop

: for i in reverse Lsub.t.Vlast loop

: if suH.bli) /: bull

: lon.uker,create! s

: end if;

: end loop;

: level := level t 1;

: sib.t:: sub.t.bd);

: end loop;

then

gb.t,i(i|, levelil |;

: pat( 'mi I11; put( id.inhr, J); pit( 'STOPS :' |; lap.tiit;

: end ton boif;

'•

: begin

:

: gro«( root |;

!

:

: pot( 'tain routine starts :

: vornsker.creite! root, i \

: jatf 'HaiD routine stops :
:

: end TTI;

utpBtofTTl ' |;

' |; tiner.stirt;

'i

1 1; lip.tiie;
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File naae : TH.iDA Page: 1

i.

2:- TBST PEOGSiH T6SE fBACgl Z

3:-- HMU1 : !!2

1: ■- | mm ]

5: -- mmmi ; LTaieuhi

{:-- Dm :JGL!», 1381.

?:--
t.

):

15: with teitjo,User,Ueej,q«eue_aaaa(er;

11: use text io,tiier,tree p;

11:

1}: procedure ?T2 is

II:

Ii: package iojtl is oeu iiteger_io( integer |;

Ii: use io id;

II:

11: type ordei.qnetejleuit is record

13: sub.tree : link ;

20: level : ittejer ;

21: end record;

Ii:

23: liait queue : constant positive :: {12;

M:

25: package orderjieis is new qseae.iaiia|er( liaitjueue, order.qievt.

eleieet ];

25; use order queue;

»:

21: root : link ;: tull;

2!; dead nora: hteger:: 1;

10:
ii- .. \%,\ „

12:

33: task vorajaier is

3i: «nlri tearcil r : out link; id, Iv : out integer };

35: end von uier;

11:

3f: tasi life vo» bod;;

»:

3): tut order ii

II: entry add.tojutiel r: is Hat; Iv: it integer);

41: entrj get_froijaeiie( r : out link; Ii: out integer |;

12: end order;

U:

\i: tip* ion tjpe ii access Ron bodj;

(5:

IV ..... b|k koi| .......... ............. ..

I!:

it: task sodj order ii

(!: order.reconl:orderqueseeieaeat;
ii: belli

file iiaie : Tft.iM «l«: »

51:

53:

SI:

55:

5i:

IV.

58:

55:

SO:

SI:

52:

53:

Ei.

(5:

((:

W:

(1:

58:

?0:

fl:

Tfc-

?J:

U:

7J:

«:

IV.

n:

n:

SO:

31:

S3:

U\

ii:

ii:

IV.

to:

53:

W,

31:

32:

»:■

H:

K:

3(:
ti-i\t

it:

J9:

1(0:

loOD

select

vbea queuefulJ: false:)

accept add_lo,quciie( r: in link; Iv: in integer I do

ordtr.record.subtree :: r;

order.record.level :: Iv;

end add.to.queue;

ijietel order record};

or

vies queueeaptr: false:)

accept getjroa.queiie! r: oit iitk; Iv : out integer | do

order.record :: uaqueue;

r '■• order.record.subjree;

Iv :: order.record.level;

esd feUroi queue;

or

teraioate;

end select;

id loop;

end order;

t,tt Ln(|, ........ ..

tatk bod] sorajahr is

vora: ms.tjpe;

sob.ltee : link :: null;

level, idjmber: integer:: 1;

begin

loop

select

order.get.froa_queue( subtree, level);
BUM *r «a|j unfm h(v4i'
)ull ■• Kf KUII.UUUJ,

accept searck| r : out link; id, b : out integer ) do

r:: sibjrec; id:: id.nmber; Iv:: level;

end search;

id aubsr:: id ouster 11;

else"
eiit nits dead.Yora /: 1 aid idjiuiber : dead.vori;

end select;

end loop;

eed voruiker;

task bodf wri.bodf is

sib,tree : Iiii :: null;

level, id.nuber, r.miiber: integer:: 1;

begin

Koruaker.iearcif sib.tree, id tuber, level );

pit(''(Oi! 1' j; put( id.iuberi 31; pat(' STA&TS:'}; lap.tiie;
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File saie : TT2.A9* ha : )

1(1: vbile sob tree /: null loop

102: jBlCWHri; put[ i<3_n«iber, 31; pl(': ');

103: for i in snUree.t'mge loop

181: fol( sab_tree,n(i| |;

105: end loop;

10$: put(' ' |; lap tin;

111: dtlaj I.I;

108: for i in reverse 2.,suHree.bllast loop

IN: if nb.tm.b(ii /: nil Hen

110: order.&dd to tjoeuff sub tree,Hi), leielil |;

111: end if;

112; end loop;

113: level ;: level t 1;

HI: snUree := s«b_tree.b|l);

IIS: end loo;;

116; dead won :: kilmi * 1;

111: pitf'MIH f |; pnt( id.wiiber, J |; ]il(' JTD?S : *); lap.tiit;
IIS: tad von bod;;

IIS:

120: •— ttia

121:

l»: kih

U):

121: im{ root I;

125:

111: pit.liMJ' output of ffi ' I;

121: pit( 'Klin routine sUrts: ' |; tiier.sttrt;

128: order.add.tojieuel root, 0);

12): pat| 'Hiii routine stops : ' ); lap tiie;

130:

131: end TT2;
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Pile a&B!: !T).IM hit: 1 ^«« : ffl.tfi

1: 51: d HI;

I •- T8ST FSOCUK TKB8 TRACES ]

3: -- mm : TTJ

I: -- | PKOCHilli 1

5: - PmSKEK : I.Talteuchi

S: -- DITE : JULY 20, 1)87.

1: «

8:

3:

10: Mitt teit io,tiaer,tree p; use leit iD,tiier,tree p;

11:

12: procedure TTJ is

13:

II: packafe iojnt is w Lntejcr io< integer);

IS: use it iat;

15:

It: root: lint := wli;

18:

11: ..... task body

20:

21: procedure nn{ sab tree: it Hut; level: in integer | is

22: belie

23: pitl'ttLL TIB :' |; lap.tiie;

2(: if sab tree /: null tiei

25: pstCWTi :'|;

2(: for i id 1..sab.tree.i1last loop

2?: put( nt.treeinlil};
2S: eid loop;

IV. pit(' '); lip tiie;

U: dthj 1.0;

31: for i U1..s«b.tree,b'lut loop

32: mil sub_tree.b(i), leveltl |;

II: end loop;

31: else

3i: eid if;

If: end von;

35:

tt: — lain

II:

U: befio

13:

H: tm{ root);

IS:

«: pitjiael' output of IB *);

11: |it| Iiio rntiie itirts:" J; tiier.start;

U: tori( root, 8);

49: jit( 'Kail rcatite stopi : ' |; lap tilt;

H:
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File fiiae . TTUM hn : !

I

?•

<:

;:

5:

8'c.

9:

19:

11:

12:

12:

11:

15:

H:

U:

IB:

IS:

20:

2!:

22:

23:

21:

25:

tt:

IV

IS:

25:

It:

Jl:

32:

13:

31:

15:

If:

11:

IS:

19:

tt:

(l-Hi

0:

II:

IS:

45:

It:

(8:

IS:

50:

- TEST F80CBIH niE fBACBR 4

-- PUGUU : TT4

i mm I

-* PEOGBAKKSe : [.Titocki.

•• Dm : JIM 11, 1937.

--

vitii texlio.tiier.tree p,<3U5ue_aanager;

use teit_io,tiier,tree_p;

procedure tti is

package iotjo is hem integenof integer);

use intio;

queuejiie: coistant positive:: 5120;

package qsejo is new fteue,iatager| queue.siie, liik);

nse qoe.io;

subljpe readers is integer range 1..2;

root: lisk;

task tjpe seiapbore is

entrj j;

entrj v;

end seiapiore;

task tjje readinj.task is

entrj ro| tuMd: id readers 1;

etd readiigtask;

task linkjjutue is

eitrj poskl subtree: in link};

entry pop( subtree: out link j;
estrj Uskjtopf answr: oit boolean);

end linkjiieiie;

> : sciapke;

reader : arraj( readers | of reading.task;

task bodj seaaptore is

begin

loop

select

accept p;

file naic : ffl.WI Page: 2

51:

52:

5J:

51:

55:

55:

5f:

SS:

S9:

(1:

(2:

(3;

H:

tt:

(S:

51:

W.

(9:

10:

II:

11:

13:

H:

15:

H:

If:

IS:

H:

id:

tt:

11:

I):

SI:

85:

ft:

M:

8):

J3:

W.

91:

93:

91:

35:

91:

5?:

• 91:

130:

or

temnate;

end select;

end loop;

end setapiore;

task bod; liokjueie is

stopped task : integer :- 0;

begin

loop

select

wet not peuefull =)

accept posij subtree: in link I in
queue(subtree |;

end pssk;

or

vien not queueeiptj 0

accept popi sabtree: oat lisk | do

sub tree :: aoqieue;

end pop;

or

accept taskjlopi aister: out boolean) it

atsver ;: qiete.eiptj;

etd task.stop;

or

Unioate;

end select;

end loop.;

end lick.queee;

task bid! reading.tisk is

subtree: link;

idruaber: readers := 1;

stop ck : boolean :: false;

begin

accept rucl task id : in readers ) do

i^miiber := task id;

etd run;

put( 'm.W |; pull id.nuoer,) j; pat<' STARTS:' |; lap.tiu;

loop

link^eoe.taskjtopt stop_ok |;

eiit vies stop.ok;

linkjiieiiE.popi sub tree |;

ftr i it sob.tree.b'raDge loop

i( sob.tree.b(i) /: cull tkea

link queue.pisn( sib tm,i(i| 1;

ad if;"
etd loop;

s.r:
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File am: HUM Page :

V I; put! Ld_Dvi*ber, 3); pnt|' : ' |;

1(2: (or i it sib.tree.i'rjije loop

101: piit( tuUiee.D(i) );

101: end loop;

US: pit(' IIKJ:'); lap tin;

IK: delay 1.0;

1(7: end loop;

103: s.i;

103: pat( 'mil'); pit| Li.mtet, J |; pit(' STOPS :'); lap.tiit;

115: tsd rtidin task,

111:

111: begin

ID:

Hi: irovj rtot I;

Hi: piiUiw(' outpol of TT4 ' |;

1IC patj 'Uli tQVTIIE 3TABTS: '); liier.sUtt;
III: linli.o.i»e.|H]ib( roct |;

119: foe i it readers loop

119: reidtrl i |.ru| i);

120: end loop;

121: patf 'KJkil MUTlli STOPS :' |; Up tiu;

12!:

12): eid tU;
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File naae : HIM.ADA

I-

I
1;

1:

S:

1:

f:

!:

3:

10:

II:

12:

13:

II:

15:

1$:

It:

-- Prograi

••

•- Prograa

-- Date

--

package TRE

type KODE

type UU

type UK

type ELBX

: mt

I package |

ter : I.Takeocki

: I«lr», 15IT.

B_P is

[ unun: iimsu::.

mm: mm -.-.:

is access MODI;

S is array( IKTfCIR range

S is array( IVTECIE range

Page:

--

»

»

»

i;

i);

0 1 of LIJIl;

» | of IKTECSl;

1 File me: TBI.P.iM

SI:

it

S3:

SI:

SS:

$6:

51:

SI:

SS:

(9:

(1:

52:

S3:

(1:

($:

55:

else

r :: oew iode| tleis.iax, )iBks_aax

end if;

for i in Lr.o'Ust hop

(et( e.nmber |; r.n|i| :: ejuiber;

end loop;

if links tat : t tseu

r.b|H":: nil;
else

for i in Lr.b'list loop

grov| r,b|i| |;

end loop;

end if;

end gr»v;

end iffl.P;

IS: type mi[ Nil BLfHS: IIT1CEB:: 1;

20: HAI LUIS: IIUE8E: = 21 is record

21: 8: «(1..SAI ELSS3);

22: 8:mu(Lunim|::(\,mmo

23: end record;

U\

25: procedorc groi| r : in oat link );

IS:

2?: end T8KS F;

U:

30: ■- Prograi : .

31:-- {pickajE bodj |

32: - Progrmer : I.Taiewhi

33:- Date : JULY 20,1!87.

35:

3t: 8iU text io; ise teit to;

38:

13: pachge bodj TIES P ii

10:

II: pachge iojtt is m integerjof ioteger);

12: ut io int;

II:

H: procedure (ro»( r: id git iiii | it

<5: Hahju, eltu.iai, ejmkr: iottger:: 0;

4

It: get) linh.iax};

IS: getj eleit.u: |;
IS: if liii$jai: 0 ttet

SO: r:: k« tode( eieu.iai, 1 I;

Page : I
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File me:

2:-

3:

4: •- Projrai designer : H, Naiaut

5: -- lanjuaje : AdaVutaje

(:-- Fiienaie : QUSUS.FSC

T: •- Date Ver, I : June 1th IM.

«:-■ Ver.i : July SHI 1917.
J;

10: genetic

II: ta|U : positiie;

U: tjpe tlei is privite;

U:

H:

15: tjpe usage arr&i is arrsj{ I., leigtt | of elei;

16:

IT: procedue qveiie( less : in elei | ;

IS:

IS: function usqueue return elei ;

20:

21: fanctioD queue eiptj return boolean ;

22:

23: faction tone foil return boolean ;

M:

25: eml

hit File uk :

25*

3D: - frcjrai designer: I, Nakual

31:--File cuf : HMUM

il: •• Language : Msjs/Ua

33: -• Bate Yer. 1 : June Itk 1381.

31:- Yer. 2 : Jiilj 3lti Ufl. -

3$; package bod/ «mm is

11:

31: tjpe sitiation is I eiptj, fall, noml |;

$J: STI: situation:: nptj;

11: iipljtittl: josiliie :-■ i;

tt: Mlpaljriit: positive;: 1;

tt:

M: jroceduie \wa{ itss: ii tlei) is

15:

(I: begin

II:

18:

W:

50:

51:

51:

53:

51:

55:

5S:

5?:

5t:

55:

W.

61:

tt:

(3:

St:

(5:

({;

(?:

(8:

53:

II:

12:

TJ:

H:

»:

75:

It:

18.

15:

80:

81:

82:

81:

il:

STI:: itDroal ;

■essagequeuel inpst point! :: ness ;

icputjoint ;: mpuljoiil tod le/igti 4! ,

il input point ■ ontpuljoinl then

STI:: hll ;

end if ;

end nmt;

hitcUon unqueue return tlen is

put.dtU: elei;

begin

STI :•• oorial;

puldaU ;: ussige^ete( oitpulpoint | ;

oulpitjoint := oslpaljoint tad lengU > I;

if outputjoint: input point then

STI := nptj i

end if ;

return puUata;
aiin nnnMUHA '
eno iiiiijtieae (

function queueetptj return boolean is

begin

return ( Sfl : enpty ) ;

eidqueueeiptj;

function queue fol) retorn boolean is

begin

return ( STI : fall I ;

end qiiene.Iull ;

end W&l UMl;

»Grad College of Engineering, Osaka Univ,
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file me : UMM file nv. : TDM

I:

2:-- Package HUES

3: - prograi

\: -- prograwsr

5: -- date

I.TUIIK1I.

m. s, uit.

V.

I: package TIDES is

S:

10: procedure TIKES

procedure LI.PJUE ;

Package T18BB

projru

proirmet

date E, S,

nitt tenjo,tiie,iate_tjpej; use t»tj

!e body THE! is

package iojot is net integer ia( integer |;

use iolat;

(3: tail

M: tiie.gttf bur, lintte, second, kidrsd |;

<5: s( 1) ;•• rtsracter'vil( tero 4 lour / 101;

!?: s( 2} := chracter'ul( eero 4 bar iti 10 j;
11: s( 4} :: ciaracter'fali eero 4 lirnste / 10 );
IS: s( 5) :: chracter'ulf tero 4 lioiite nd !0);

IS: s( 1) ;= okjncter'?il( zero 4 second / ID};

55: s( 8} :: ciaracter'valj tero 4 second tod 10 j;

iegio

put| 'QO:OD:O!}'0(r }; m line;

tiu.tet( 5,0, fl, I! |; '
end IlfiEEJTIK;

procedure LAf.TIXI is

ten : constant integer:: chracter'posl'O'!;

s : slriagl 1..1I I := ('MiOMW );

isa; : iows.rwje;

liniite : lisites.raisge;

: secgsds.raiige;

51: s( ID):: character'vail ten f hundred / !0|;

52: s(ll|:: charader'val! im \ hundred toil 101;

53: pullioefsl;

M: !

55;

55: end TIISB;
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Pile

i.
!■

2:

1:

1:

5:

i:

1:

I:

!:

11:

11:

12:

1):

11:

IS:

li:

1!:

It:

1):

2t:

21:

22:

23:

25:

25:

It:

21:

2):

31:

31:

32:

3):

31:

3S:

3S:

31:

31:

(1:

(1:

42:

U:

14:

15:

tt:

41:

41:

4):

it:

niie: T.OIiTJi Page:

■■ projrai : TOD?

-• program : l.Iakeacbi.

- date : Pel. 22, 19Bt.

viU teil.io; use UiUo;

procedure t_ool is

package nat«ral_io is jcv integer io( taUril |;

tse futsriljo;

brascb : DaUral :: 0;

keiglt 1 integer :: -1;

procedure onWatal b, k, t: in natural 1 is

pocedire jst.itriDgl n: it natural ) is

i : ioteier := a;

1: iiUial:: 5;

e : character ;: ' ';

t: ittio(( l..() :• [ 1..6 :)'*);

if d : 0 the

lsl;

i(l| :: '0';

else

Ailt i /: (loop

1:: M;

t( 1):: eharacUrWal( i sod lh claracter'josCO'j |

a:: a/It;

end loop;

for i n 1..1/2 loo;

e :: ilil;
i(i|:: s[ 1-iU };

eii loop;

eiiif;

pit( s(l,.l| |;

ai pil.strim;

belie

if k : 0 tkes

Htl'«1' 1;
pt.it?i«(n|;

ux liti;

elie"
sit ittiisi(b};

1 File me: T.OUT.iDii

52: put striog{fl|;

S3: mk line;

SI: for'i it |2-b)..l loop
Si: outjataf b, 1-1, tttti

Si: cod loop;

SI: end if;

SI: end tut data;

5!:

(9: begin

(1:

51: viile braoch : 0 loop

(3: iet| branch |;

(1: end loop;

(S:

(i: nkile height ( 0 loop

(1: getlkeigktl;

11: eid loop;

11:

K: oil data( brucfa, height, 1 j;

Jl:

11: Hd t.out;

Pige : 2


