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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 T1; —— task T1 specification
task T2 is —— task T2 specification
entry E1; —— entry point of task T2
entry E2; —— another entry point of task T2
end task T2;
task body T1 is —— task T1 body
begin
loop
T2ElL —— entry call to task T2
T2.E2; —— another entry call to task T2
end loop;
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end T1;
task body T2 is —— task T2 body
begin
loop
accept E1; —— accepls an enlry call to E1
put("Entry E1 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 Lree, 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)+ 1) (seconds), where K( 21 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 number of
branches nodes traverse time (sec)
per node .
without a task with tasks
2 7 7. 30 3. 18
3 13 13. 67 3. 29
4 21 21. 97 3. 40
5 31 32. 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 gueue.

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
N

E
v
i-th task array of traverse tasks

e e a2 s L Y

push pop

request. notify
access 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

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

number of number of traverse time (sec)

branches nodes

per node number of tasks

1 2 3 4

2 7 7.36 4.22 3.18 2.41
3 13 13.78 7.52 5.27 4.22
4 21 22.13 11.69 7.7 6.31
5 31 32.73 16.91 11.53 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 1ask), the
traverse time will be at least K % (the number of nodes), where K is the duration of stay at cach node: by
the multi—task method (i) without restriction on the number of tasks, Lhe Lraverse time is given by K sk
(the tree height + 1), (i) with a fixed number of tasks, the time required is K % (the number of nodes)/(the
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 lo confirm the validily of

those formulas obtained.
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Appendix
~— Source programs and packages —

[TT1] « « « « « « ¢« - without restriction on the number of tasks

[TT2] - « « « « « <+« without restricrion an the number of tusks {with quee)
[TT3]) + « « « « ¢« « o« motask

[TT4] « < = <« « <« - witha fized number of tasks

[TREE-P] - « + - + <« package for constructing trees
[QUEUE-MANAGER] - +  generic package for quenes

[TIMER] » = « + » - » * package for timing

[T-0UT]! -+ « + « « + <+ package for constructing trees (used with TREE—P)
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File aase : V1AM Page
I - -

20 -~ TEST PROGRA TREB TRACES !

1-- PROCRMK

I - | PBOGRAK )

§:-- PROGRAMNER . . Takeuchi

i -- DR LU 20, 1981,

1 -

L5

?.

10: with text_io, tieer, tree p; use tert io, Liser, tree p;
10

12: peocedure 111 is

13:

[{:  pactage int io is new integer_iof integer |;

15: use dat io;

It

1% rool : lisk-2 sl
18

14 - task

u:

tl: task worn naker is

i entrp ereste] v ¢ in link; Iy : ia integer };

W entey search] £ o out link; id, v : oot nleger |;
:  end vorn_saker,

1:  task type voru_body;
W type vorn_type is access wora_body;

iR
W eeeem task body

1

b tash dody vorn maker is
W vorn : vorn tppe

Moo subt s ink sz mll]

W level @ integer 20
3 i purber : inleger i 1y

3 begia

W e

i select

it aceept create( 1 : v link; Iy @ in integer | do
i sub by lewel iz ly;

i end cpeate;

: wora 5 nes orn_body;

: aceepl search{ r ¢ out Hiok; id, L : ool integer ) do
[ pisgubty id s 1 punder; bo o lewel;
{§: enf search;

HH id_puader i id_nuaber ¢ |;

[ or

[{H terainate;

14 e select;

File aame : 171404 Page

e ed Joop;
S8 end wre agier;

§10 eeee- tash body

§6: task body wora_bady is

LI TS TR

S lesel, id ausher, 1 cuaber : integer :2 1;
§9: begin

60 wora_aeker.search{ subt, id_nonber, level };

73

B pob( VOB B J; publ id_omaber, 3 ) pud * STARES : * [ lap tiae;

f: whilesubt /= null Joop

8 b YRK A" ) put{ ideunber, 3 ) putl t: )
l: for i 1 1..cab .0 )ast loop

: put( sub_todi) );

6 ed loop;

i ptl" ') Tap tine;

i delay 10;

B for 1 in reverse 2..5ub t.'last loop

LB il gub tubli) /= null then

HE wora_uaker.create( sab_b.b(i}, levelt] |;
[t4 o if;

(tH end Joop;

1H level :2 Jevel ¢ 1;

1 sb t o sub Lb{1);

% eod lowp;

e pat( "W 4" ) putl i aumber, 3 ); pad( * STOPS ¢ ') laptime;

18 end wora_boly;

8 begin

8 grow| root |;

8 pul lige[ “eseeceeenneens T e ',

8 put{ "Main roubine starte @ * | timer start;
83:  vors_mafer,ereate( root, § J;
§0: pot{ "ain routioe stops : "}, lap timy;

12 end 111;
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File naxe : T34

It

20 -~ 1857 PROGRAK TRES SRACER ? -

3 -~ PROGEAR i -

[HES | PRoGRAY ) -

§ - PROGRMRR : I.Tobeuchi -

f: - NTE » JULY 26, 1981, -

e -

b

§

19: with text o, biner, tree_p,queve_neaager;

11: use dext_io,tiner,bree p;

i

¢ procedure 11 is

I

15 package io_ial is new integer iof inleger |;

16 e do int;

m

18 type order_quene elesend is record

19: sab_tree ¢ Jiok ;

W level :isteger

31:  end record;

i

3 liait quee : constmat positive iz 312;

i:

U package order qrens is new quese mavager( linit queue, arder queue_
elesent |;

3 use order queue;

i

W root ¢ Jink iz pull;

10 dead_worn : integer 2 1;

i

I HEERS tast

R

10 tash vora maer is

M enbry searchi ¢ ; out Link; id, Iv : ont integer };

3 end vora_ather;

3

3 task type vore_body;

3

W taskoorder i

W eatry add_to_quene{ ¢ ¢ in Dink; Jv ¢ in integer );

il entry geb_fron queaef ¢ : oul lik; Iv : ost integer |;

. end order,

U

H: type vorn_type in tooess wora_body;

&

1 oneee task body

i

{§:  task Body order s

{3 order record : order guewe eleseat;

0 begin
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loop
select
vhen queve_ful) = false =)
aceept add_lo_quene( 1 : id lmk I i integer } do
ordar_recoxd sub tree o
otder_tecard.Jeve] :: ]v;
end add to queve;
queee| order_record };
o
vhes queve_eapty < false =)
aceepl get frox quecef r @ oat Iink; Iv . oul integez | do
order_tecand :: uaquese,
t := order_record.sub_tzee;
Iv 2= order_recerd. dovel;
end get_[zon_gueee;
ot
terninale;
end select;
erd loup,;
end order;

+ dask body vora mater s

vora & vora_bppe;
sab free : liok <= pull;
lewel, id_ousher : integer := |}
befin
loop
select

order.get_fron_queve( sub bree, lerel |;
%070 32 2e¥ vom_body;
acoept search( ¢ © out link; id, Iv : out integer ) do
r oz sub_tree; id = 4 puaber; Iv := lewe];
end search;
id_naber := id_punber + |;
else
erit whea deed vora /2 | and id nusber = dead_vora;
end seject;
end loop;

¢ ead vor_maker;

tast bedy vora_body is
sub tree o Jink o= mull;
level, id_punber, ¢ punber ! integer i Iy
begin
worn maber.search sub tree, id nunber, level );
pab{ ‘03X ° ); pub( id_ouader, 3 |; pubd " STABYS & J; lap_tine;
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File nare © 192,404 Page: )
100 while seb_tree /= null Loop

10 pub{ TORK P Jy pub( idwoaber, ;o pb{ Tt )
103 for 1 in sub_tree.t'range loop

10 pol{ seb_treen(i |;

185: end loop;

196: it T L tise;

101 delay L.4;

108: for i in revezse 2..5ub_tree.b'last lomp

109: if seb_treeb{i} /= null then

{1 order.néd_to_queue( sub_Lree.bli}, lerels] |;
i end if;

Y end loo;

HHEY level := level 4 1;

I: sub ree := sub treenb|1};

l15:  ead Loop;

[16:  dead worn := dead wore ¢ 1

N9 patl "WOOK 4% |; put( id_vusber, 3 F; pub( " STOPE : ' ); lap_tine;
[18:  end worn_body;

g

0 e min

121

182: begin

1

11 groul root |;

15

128 pub_ling] "eseeeesorncnces putpab of f1f —eooreccecneaee N
181:  put{ “Main routine starts : ° |; tiner start;

188 order,add to_queue| ront, 0 |;

128 put( “Main routive sops : * § lap_tiee;

130:

11 ed M

75
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File nage ; 113,004 Page .
I
31 -~ TBT FROGRAN TRRE_TRACER )
.- POBM o m
{ - { PROGEAK |

§: -~ DEOCRAMOER : 1.Yakeushi
§i-- D% - JULY 26, 1981,
(R

[

]

§:

10 with text io, tiner,tree p; use lexl_io, Liner,tree p;
It

12 protedure 173 is

I

1: package fo it is new integer iol integer |;

15 e ioist

16:

11 oot : Bink i null;
18:

19 eere- tast body

0

0: procedure vora{ sab tree : in Jiak; level : in integer | is
& begin

A pob["CALL YIER - " dap tiee;
Uil sbteee /= null thea

i wmtam )

o for i o L..qub_tree.n'Tast Joop
i put( sub Lree.nfi] );

i erd Joop;

i pt* ") lap ting

i delay 1.0;

i for i in 1.sud_tree.h'last Joop

12 wona| sub tres.bli), levels! |;
kLN end loop;

e el

A mil;

W edil;
0 pob{ BRI YINB = * ); lap tine;
18 eod womn;

1 geon{ root J;

{6 gt line[ --oremecemeee output of 1M --eeenenrceae K
1 pb{ “fain routine atarts : * J; timer start:

i wn( oo, 8 §;

49 pi{ “haio roatine stops @ * ); lap_tine;

File pane ; T13.004

51 end T0Y;

Page
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fiie aane . TPLAN hge ;

- TEST PROCRAN SRSE TRACER {
U {1 I

{ PROcRAY |

- PROGRAMISE : [.Tabeuchi.
- tE LT 2, 1987,

s with tert io,Liner,tree pjqueve nanager;
s use text o, tiver,tres p;

1 procedure tH is

package ind_io is new integer iof iateger );
ust iat_is;

queae_site : constant positive iz 3120

package qee io is new queue_sanager( queue sise, lixk ),
use que_io;

sublype readees i intager range 1..2;
root : liak;

tast trpe seasphore is
entty )
enty ¥

end sexaghore;

task type reading task is
entry ranf test id : in readers |;
etd reading task;

bask |ink quete is

enty push( sub free : in link |;

entry pop{ sub_tree ; oot lisk |;

eatey task stop( answer : out boolenn |;
end Liak_goene;

$ ! seagphote;
teader ; areag( resders | of reading tast;

task body sensphuze is
begin
loop
select
seeept p,
ateept ;.

Fiie nane : TH.AD8

or
terninate,
end select;
ed Joop;
ond seaaphore;

task body Link quene is
stogped task : inleger 3 0;
begin
logp
selest
waen ot queue_full <)
tceept push{ seb teee : in link | do
queue| sub teet |;
end push;
ot
when not queue_eapty =)
acceph popl seb_tree ¢ oat Lok | do
sub bree 2 uaguede;
ad jop;
ot
aceepl task_stop| anewer  pot boolean } do
answet i quewe_eapty;
end fask_stop;
o
terninate;
end select;
ed loop;
ead lik quece;

task bedy reading bask is
sub teee : ik,
id_nusber @ readees iz [
stop of : boolean := false;
begin
aocepl run task id ¢ in readers } do
id_guaber 1= Lash_id;
eed tun;

Page :

i

pot{ "BUDIE® |; put{ id ender, 3 ); pub{ * SPARES ¢ " [; lap_Line;

loop

h ]

link guene.task_stop( stop_of |;

erit when stop ok;

link_guene.popl sub teee |;

far { in sub_bree.b'zange logp
il sab_tree.bfi} /= noll thea

link gaeue  push( sub_tree.dli} );

ad if;

ol loop;

A
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File naxe @ 104404 Page: )
10 put] "BBADER" |; putl id_ousber, 3 ) put( ® ;)

10%: for i in sub_tree.n'range losp

1t pob{ sub tzee.n(i) );

n: end loop;

105 gt " MRt daptie;

106: delay 1.0;

o eod loog;

10 8.

18%: pebl “BEADSR® }; patl id wunber, 3 |; putl * S%0PS : ' ); lap ime;
130: end rending task;

1k

113: begin

115

18 grow{ root |;

18 put_ling( *-erenmenonccnn- outpal of T8 -oeecomomeenens 'h

108 put{ "WADN EOUTINE STARS : * J; tiner slart;
I link guewe.push{ moot |;

18 for i in readers loop

08 veder( i Jommal i )

1 end loop;

181 pab{ “MATN ROURLER 8T0PS : * |y lap_tise;
1

123 exd L4
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File nase : REE_P.ADA Page: 1
l:
1o Progran 0 THERP
LHEN { package |
{: -~ Prograzter : I.Takeuchi
§: -~ Date o July 20, 1980,
6 --
8
LK
9: package TREEP is
10:
11 type NODB( MAR_BLBNS : TNPRGER :: I;
1 NAT LINES : (NTBGER := 2 );
13:

14 type LINE is access ¥0OL;

180 type LIMES is acrap{ INTECER range 0} } of LIME;
16

110 type BLBNS is arrap IMPECER range ¢ | of [NPECHN;
18

18 type RODB( MAT BLENS : [WMICHR :: 1;

0 HAT_BINES : INPHGER := 2 | is record
s ¥ o BLEAS{ 1, AL BLEAS |;

B LOEIS( 1 MAT_LINES | := (1, MAXLINES =) WOLL };
13 ed record;

i

15:  procedure geow| ¢ ¢ in wul Mk );

1:

i end 188 P;
i
i

10: - Progran Tigs P -
- { packae body | -
10 - Pogramer : LTakeuchi -
13 - Date + JULT 20, 1981, -

W - -

%

1%:

1. with terd io; use taxt io;

b3

13 package body TREB P is

(o

{t: package do_iat is new inkeger in( integer );
{0 use do_int;

0

e procedute gron( 1 : in out Link } is

{5: linds saz, eleas mar, e ovaber : indeger iz §;
i begin

0 get( linkepar §;

{8 get[ eleas gar |;

@ il lisksaar s 0 hen

§0: t = pew 2ode efeas mar, ] |;

File nane : TREE_P.ADK fage !

. else

B r i new aodel elons aa, links am J
S edif;

#: o for i in Luran'last Ioop

5 getl e nusber |5 ranli) iz o nusber;
6 end loop;

S il Tioks nar = 0 then

Y rbll =l

8 else

1 for i in L.r.b'lest loop

§l: frov nbi) |;

bl end loop;

8 edil;

6f:  end grow;

: ed THE P

70
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File naae © QUEVE.ADM Bge: 1 File e s QUEVELDS gz
]; mrevesasmrsemnreresssnanneasacansan e snee 8. SNz el

B0 -~ TROCRAY QUEVE MARAGER .- {3 wessage_queve( inpet point | :: wess ;

K 0 daput_poinl = imput_poist aod lenglh ¢ ! ;
{2 - Progras desigaer : ¥, Nalanat - 8 il input point < cutpus_poiot ther

5: -- language » Matantage - i St i

§: - Rilenme @ QUEURFIC - W mdif

Toe Date Yer. | : June IEN 1T, - tK

8 - Yer. 1 oy MM, - 55 end queae

8 5.

10: genetic 8

10 length : positive ; §b: funcbion unquewe return elen is

10 type elen is private R

13: package QUIUB KASACER (S B0 put date :elen

I: bl

18 tppe seasage area is avay{ L. leagth | of elen ; . bygin

16: il 811 nommal

IT: procedure queue( sess : inelen | ; il pul_data = nessage quewef cutput point |
18: b qutpat_peint 3= oalpul point sad leogth + 1}
19: funetion uaquene retura elen ; i il oatpat_point = inpet _poinl then

0 g ST iz eapty

10: fonction queve eapty retutn boojean §: end if |

i §8:  relurn put_data

13 fonebion quene foll return boolesn ; 10: ond unguese |

R 1:

15: end QUALR NANACHD ; 1

i 13 fuaction queae_eapty return boolean is

i " begin

18: -- PROCRIN QUBUB MANACER  BODY - % return ( SI - emply )

% % end quese enply ;

30: -~ Progran desigaer : Ko Nabasal - 1

I - File e * QUEUSB.ADA - 1

1% - Language + Mspefids - ) 19:  function quene_full setern boolen is

1: - Date Yer. 1 @ June 1th 1981, - 80 betin

Wi - Yer. d o dulpdbubolor., - i rebura (9% = Gl )

%: 8 eod quege full ;

35 package body QURUD NANAGER is i

i H: ead QURUB_MANACER ;

W type siteation is { empty, Tull, norml | ;
W 9N situation = eaply

0 nesmge quene ¢ vemsage_wty) ;

{10 impet poind @ positive iz 4

(B oufpol point : positive i1

[H

8(:  procedure queus{ wess ; iy elen ) is

i

ﬂ; begin
M
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file eare : TIHBR.ADE

Page ©

!
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&0 -~ Package TINER

1- progrn YRR

{0 - prograner ; §.TAERUCHI.
£ date A6, 3, 1981,
£:

h

§: package TONRR is

§

10 proceduze TINER START
K

1 procedure LAP 1N |

13:

14: ed TINER;
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I - Package T1RR
18 - prograt : TINRR

19 -

- progranaer o K, TARSUCEL,

0: -~ date LU 5, 1981,

i
i

13: vith terd fo,tine,date types; use text _iodale types;
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36 package body TINRR is

package io_int is new integer iof integer |;
use in_iat;

procedure TLNBE STARE is

begio
pub] O0:00:00°00° J; new ine;
tiag.cet( 8,0, 0,0 |;

end HTAR SMRY;

sracedure LAP TIME is

tero . copstant integer <= character'pes(‘0'];

s ssbeigl L0} ox (0D0000%00" );
bour  : Dours_range;

sinote : ainules range;

seeond © seconds_range;

bundred : bundredths range;

begia
Lire.get( houe, winode, second, burdred |;

s{ 1} o= cdaracter'val( eeto t howr / 10 );
¢( 2} := character'val( sero + bour mg 10 );
s( 4} := character"val{ sero + nimste { 10);
g( §) i= charagter'val( zero + winute nod 10 );
s{ 1) iz sharacter'val( sero + second / 10);
s( 8} = charseterval( s2ro ¢ ccoond nod 10 );

File vane ; T1NER.4DA Page :

310 s{10) = character'val( zeto + huadeed / 10 );
5. s{il] := charaster'val{ sero + bundred med 10 );
S pul_line( s ),

Heend LAP TINE;

5

5: end TINRR,
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File nase & 700004

- progrn Y0P -
- progeanser ¢ & Jakeuchi, -
- date * Reb. 22, 1888, -

+ wilb texl io; use tert io;

: peocedure ¢ oul is

package pateral io is aew integer iof natantl |;
use natanal io;

brasch : oateral iz B
leight ¢ integer i -1

procedure oot dataf b, B, o @ in sstunal | is

procedure put_string| n @ in mtural | is
1 integer i 1}
12 mtunal = 4
¢ ¢ character i: ' s
soatring{ Lb)ss (L' );
begin
ifoz)then
lual;
81} o= 0%
else
dile /= 0 Joop
Lizltl

s( 1) := character’val( 2 uod 10 + characterpos('V') |;

vl
erd loog;
for 18 L. J/2 loop
¢ sfi);
s(i) oz of 1-itl };
s{ it e e;
erd loop;
ed if;
b sldd)
i pat string;

bein

ifhz0tn
N RH
Pt strieg(o);
i Ly

elne
pit_string(bl;
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H w1

5 wt stringla];

HH v line;

HH for i in [2-B}..] loop

[H out_datal b, -1, bwmi |;
5 eed Joop;

o il

8 ead oot data;

60: begin

61: while braoch = 0 loop
B get| beanch );
b:  ead logp;

8 while beight ¢ 0 loop
i get] beight |;
i eod loop;

10: ot dataf branch, beight, 1 };
1l
1 ed t ot



