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APPENDIX 

A compiler listing of the program code is included here. This 

listing contains the assertions as comments in the program text. 

The listing has been separated and reordered in an attempt to 

make the program more readable. The main program and procedures 

appear f~rst and then the procedures which are local to these are 

given in the order in which they occur textually in the program. 

The points at which local procedures must be included are marked 

wi th comments to this effect. 



{iSH 

{ NOTE: } 

{ COI'l.PfENT BRACKETS OF THE FORtl (i ••• i) ARE USED TO ENCLOSE THE} 
{ ASSERTIONS WHICH APPEAR IH THE PROGRAtl. } 

PROGRAtl B_TREE(inputloutput)j 

CONST
 
tla~Pro.ptLen3th : 2SSj
 

TYPE ScreenCoaMand = (Clear, Leave); 
Proa~tStrin9 = Strin3(tla~Pro.ptLensth]; 

FUNCTION Capihl<Ch : Char) : ChH; 
FUNCTION LowerCase(Ch : Char) : Char;
 
FUNCTION Pro~pt(p : ProaptStrinsj Coaaand Scrl'enCoa.and) Chari
 
PROCEDURE ClnrUnei
 
PROCEDURE ClearScreeni
 

use5 proaptunit; 
{NOTE: The routine pro)Jttunit is a USCD unit which was } 

{written at the PRG and provides an interactive a'nu } 
{interrace. } 
{ The rirst or its pnnetl'rs is the slrins! which is to } 
{be und to proapt the user. Thli! sttirls! aust be sU~plied } 
{in the rora or a list or aenu it.as, 5eparated tl\ll } 
{coallas. Within each itea a ( aust appear and the ) 
{character ia~ediatel\11 precel'dins this is used as the } 
{selector. } 
{ The second paraMeter speciries whether or not the } 
{5creen is to be cleared beron the proapt is dis,"h",ed. } 
{ When the routine is called, it displa",s the strini and} 
{does not return control to the prosraa until the user } 
{ha5 resf'onded with a valid reph (which correSPonds to ) 
{one or the selectorsl. The lower case Dr the rep}", } 
{character is returned to the ,"roSra). } 



CDHST 
• = 3; {ORDER Of THE B_ TRED
 
•• = 6; <2 TIMES .}
 
.~1 = 71 <2 TIMES. + I}
 
~aBl = IS; {A VALUE> •• t}
 

lYPE
 
OUTKIHD = COCTAL,OCTBYTEJi
 
destination = (con~ole,f~le);
 

count_ran!le = O•• 111.;
 
kelll_ran!il1! = I •••• i
 
~rl!l!_ ran!le = t ••••1;
 
Lor-t = liooded.node);
 
node_ptr = ~node;
 

data_ptr = ~data_t~pe1
 

ke~_t~PI! = inte!iler;
 
data_t!o'pe = lntp.!leri
 

node_ i te. reco rd
 
lte!:l:lte!ll_toJpe1
 

ca~e Lor_t of
 
loode: (tree:node_ptr)1
 
tnode: (data:dat._ptr)
 

eod; 

nodf-li s ts arra~ [t •••• ] of node_ite.; 

node = record
 
ke!:l_count:count_ran!le1
 
p•• t:node_ptr1
 

ca~1! node_t~pe:i_or_t of 
inodl!: (i_Ii~t~:node_li~t~)i
 

lnode: It_Ii~t~:node_li~t~)
 

end;
 

{NOTE: put i!l u~ed to hold the additional pointl!r in the ca~e or an Inode } 
{ in the ca~e or a Tnodl! it will tie used to hold the pQinter to thl! 
{ rollowin!l ~I!ouenti.l Tnode when the NEXT co••and i~ i.pII!Bentl!d 



v•• 
j: integer. 
kl,kn,ki :ke~_t~pe; 

k. :t,e':Lt~pe; 

root,r_node :node_ptri {root is the root ot the whole B-t,ree } 
it_nodE' is the siobit!1,=, deelarE'd node in which } 
hnhrudi ate resulls of the function inserln } 
{are stored as thi~ function returnS the pointer} 
{to r_node at E'i1en slUe. as PASCAL functions } 
{can onl~ return si.ple t,=,pes } 

d ldala_hpe; 
res_ptrldala_pt,r; 
res : dah_ hp, j 
x,cd lchar; 
le ... e] :intesE'r; 
l' :text; 
1ilena.e :6trin~; 

{-------------------------------------------------------------------_._-~----} 
{ The followinEI routines arE' included at this point: prinLoctal } 
{ index} 
{ locate} 
{ select} 

{----------------------------------------------~-----------------------------} 



HI b_ ri l"ld. text} 

FUNCTION FIND <KIKEY_TYPE; TREE_PTR;NODE_PTR>:DATA_PTR. 
V" 

jane_ramie. 
BEGIN {FIND}
 

(t---------·--------------------t)
 
It k E collect_keysJ(tre&_ptr-) t)
 
Ct------------------------------t)
 

with tnl'_ptr" do 
buin
 

it node_type = il"lode
 
t.hen
 
It---------------------------------~---------------------------tl 

It k E collect_ke~s3(tree_ptr~) ,nd retrn3(tree_~t'.. ) E Il"lodep tl 
It---·--~------------------------------------------------------t) 

be!fil"l
 
i:=index <kli_lists,ke~_count);
 

(t--------------------------------------t)
 
(t i = indexlk,KEYL(retrn3(tree_ptr"») tJ
 
<t--------------------------------------t)
 
it i > aa
 
then rind:=til"ld (kIPaat)
 
else rindl=tind (kJi_lists [il.tree)

(t--- ------------------------------ --------------- --t)
(t rind = til"ldp(ktretrnJ(tree_ptr~.Llists[i].tree) tJ
 
It ~ ril"ldp(k,TREEL(retrl"lJ<tree_pt, .. »)til t)
 
(t--------------------------------------------------t)
 

eod 
else 

(t-------------------------------------------------------------t) 
<t k E collect_ke~sJltree_ptr-J and retrl"lJltree_ptr") E Tnodep t) 
C.-------------------------------------------------------------t) 

bUin 
i:~locate (k,t_lists,ke~_countl;· 

ir i > key_count
(t-----·-------------------------------------------------------t)
(t this checks the pre-col"lditiol"l: k E collect_keys3<tree_ptr") t) 
ft-------------------------------------------------------------t) 
thl'n ril"ld:=l"lil 
(t----------------------------------------------------t)
ft ERROR (l"lOt shown in earlier sta!fes ot deYelopaent) t) 
tt----------------------------------------------------t) 
else ril"ld:~t_lists [il.data
It-----------------------------t)
ft rind ~ retrnJ(tre8_ptr"11~> tJ 
(t-----------------------------t)

." 
end 

(t----------------------------------t) 
(t rind ~ fil"ldp(k,retrn3(tree_ptr") tl 
It----------·-----------------------t)

END; {FIND} 

HI b_rind.teJott} 



...................... 
~


 
~.. '", 

•, 
,, 

.-
" 

,
, 

0 w
 

••, 
,, 

-
-

,, i 
! , 

%
 

~ 
l<' 

,
:,

~
, 

,
, 

4 
, 

,
, 

~
 

-4 
,, 

,,
4 

~
 

0
,, 
~

~ 
:

" 
4 

... ,
,·

~
_

 

O
~

 
.
~

 
~

 
" 

"" 
.• 

0
'
·
 ,, 

~
 

•
.. , 

;;;.. 
~

 

· -..• "- , •• , ,,, ,
-

~

 

~

 

~
~


 

,
,

~
~

 

W
 

~
 

C
 

, 
~

 
W

 
.• 

, , 
~

 
0 

,
~

 
• 

, ,
~

 

• 
,,

~
~

.. "', 
~.., 

~
 

,, , 
~

~
 

~

"
• 

,,,
" % 

~
 

" 
~

 
0 

, 
%

 
~

 
%

 
.:: 

4 

.. '" 
" '" 

~
 

4
C

 
" 

~
 

" 
'" ~ 

• " 0 

~
 
~

 
W

 
" 

"
.• •

Z
 

~
 

0 
c~

'" 
~

 

•
'" 

~
 ,-

0 , 
- '" 

%
 '. 

m
 

0
'-

~. • 
~

 

•0 
m "
 

III 
.
.
.
.
.



'" ~ 
-

m
e

m
 

0 
"

"
'0

 ..., 
C

 
,,


~
~

 
'" 

c 
~ 

C
 

lL 
....... 

,

~

 
0 

>



• 
, •"
~ •

•, 
,,


" , 
0 

,
, •

• 
0 

~
 

,
w

 
.
~
~

 
c 

'" 
z 

•• ••
•• • 

Q
 

.... , .
.
 

,,
0 
~

 
'" 0 

'" 
....... -"'-'" 

c 

.
~


 

2 
.. ............ • • 

, ,
 
w

 
~

~
 

u " 
u 

~
~

 
~

 
c 
.
~

 
. 

~
 

•
, 

0 
z
"
' .......... " 

1
.I"l:' ... 

~
 

,

.. 

0
4

 
, 

....,y
 

............... 
~


 
'" 

... " 
~



 



BEGIN {JNSERTN} 
(l------------------------l)
 
(l k ME collect-~e~s3(n~) l)
 
(l------------------------l>
 

witll n- do 
besin
 

It node_t~pe = inode
 
tllen
 

(l---------------------l) 
(l retrn3(n~) E Inodep l) 
(l---------------------l) 

begin
 
select (nlk,it,ik,e~'en);
 

(l---------~---------------------------l)
 

(l itlik,c~,cn = selectp(retrn3(n~)'~) l)
 
(l-------------------------------------l)
 
r_nodll!t=insertn (.,cn,~,d); 

(*-----------------------------------------------l) 
(~ insertnp(.'retrn3(cn~),k.d) = retrn3(r_node~) .) 
(l-----------------------------------------------l)
it r_node~.ke~_count <> 0 
t.hen { thll!n split has occurred at the level below} 
besin 

if n-.ke~_count < ••
 
then
 

(~---------------------------------------------------------------------*> 
(l let rn = replace(retrn3(n~),« ),<retrn3(cn-»),retrn3(r_node~») in *' 
tl sizep(rn) <= 2hU *)
t*---------------------------------------------------------------------*)

i_replace (n,it,r_node) 
(i---------------------------------------------------- -----------------*)
(I let rn = replace(retrn3(n-),« >,<retrn3(cn-»),retrn3(r_node~» in *) 
U retrn3(r_node~) = « >,<rn» *l 
(*---------------------------------------------------------------------*)

else 
(*~--------------------------------------------------------------------*)
(* let rn = replace(retrn3(n-),« ).<retrn3(cn~)>>'retrn3(r_node-» in *>
<* sizep(rn) >2ht1 *> 
(*~--------------------------------------------------------------------*) 

spliti (n,it,r_nade)
<*---------------------------------------------------------------------*) 
(* let rn = rep1ace(retrn3(n~),« >'<retrn3(cn~»>'retrn3(r_node .. » in *) 

(* rll!trn3(r_node~) = splitip(.,rn) *) 

(*---------------------------------------------------------------------l)
000 
{ no split occurred at thll! level below so this node re.ains unaltered} 

else r_node~.i_lists [ll.tree:=n 
end 
else 

(.---------------------l)
(. rll!trn3(n~) E Tnodep l)
 
( l----- ----------------*)
 

be!ilin 
r_node .... key_count:=O; 
nelol (data_i tn) i { this allocates a location for a data } 
data_itu"':=d; { itell, and stores the data ite. and } 
itll!•• k.e~:=~; { obtains a pointer to this location } 
i tel.data :=data_ i tell; 



•
•
•

,
,

,
,

, , 
,

, 
0 ,

,
,

,
M

,
, • ,
, 

>
,

,, • , , 
•
•
•

,
,

: 
~

 
,

, 
, 

, 
,,,, •

, 
~

 

"• 
, , 

0 
,

,
, 

, ," C 0 

, 
~

 

,
•

, "
-

, 
, , 

W• 
• 

~
 

•
•
•, 

, ;:;
,

, 
~

 
,

, 
~ 

, 
•

• 
•
•
•
•

,
, 

•
•
•
•

,
,

;;;;;,
, 

"•
, • ,

,
, 

,
~

 
,

, 
•
•
•,

, 
0

_
 

,
, 
~

 

• 
0 

•C
 

:
N

, 
, 

.~ 
, 

, 
, 

,
",

, 
~

 
, 

,, 
00 

• >
 

~
~

 
• 

,, 
V" ,,

,,
n 

_
,,

, ,
N • • ,, 

,,
M

" • ,, 
~

 

-
,

, 
,

, • , 
,

, 
A

 ,
, 

,
:; 

,-
, 
~

 
" 

" 
" C 

, 
, 

,'" A• ,
, 

,
," A 

00 
, 

C
C

 :
, 

•
, 

,
M

, 
0 

,,
, 

, 
"

:
, 

,
,

• 
,

, 
0 

"
:

. ,
;;

,
•

:
, 

, 
~

0 
, 

," C 
· ·• • 

~
 

, 
A"

,
, 

•C
 

, 
A

 ," 0 
w

_
 ,

"
M

 
W

 

" , 
~

 , 
,, 

0 
~

 

...0 ~
 ... 

~
 

,, , ,,
• 

~
 

,
•, 

,,
, 

C
 

•, 
~
.

 

M
, 

, 
,

" , 
..; 

!: 
, 

w
 , •

•_ 
M •

, , 
, 

W
 

.. ,, 
.
0

 , 
;­

~
 

: 
~

 

• • , , , 
, , ,, ••• 

>

· ~
~

 

"C
 

w
 

• 
, ,, 
~

 ., 
~

 
, C

 • C
 , ,, 

, , , 
~

 

• 
• : , , 0 •• 

,, 
M

 C
, • 

-
~

 

~
 

· 
,

,
, 

~
 

•
, 

•, 
C

• 
•, 

• 
·

, •
• 

• 
-
~

 
· 

~
 

, • 
O
"
'
"
'
D
~

 
,, 

,.- · 
M

 
0 , 

,
;-

.-
• 

M
, 

,
•

• 
W

 , • 
~

 
,

L 
~

 
>

" • 
0 

C
•0 

, 
C

 , 
C

 
,

, 
0 

, 
C

 
, 
~

 

~
 

0 
, 
~

 
C
~

 
• 

,
, 

,
,

, 
, 

M
 

0 
, 

~
 

.- ·.-
,.

• 
, 

M
, ~

~
 ·

• 
, ,., .-

,, 
~

 
-- C

 
, • 

C
 

~
 

U
 

.... 
~

 

,
•

, • 
·
A

 
,

• 
, , ••· 

,
;;

.
.
.
,
.
~

 
~

 X
 , , 
,, 

0 

, ,, • 
w

 
~

 

0 
," • •C 0 

L · • 
V

 

~
 

, , 
~

 

C
 ,,

• · •A
 " ,, ,, 

, , 
~

 

C
 

, 
,, , ­

-'" 
0 ,

>
 

, " •
• 

C
O · , 

C
 

._
 
~

 
C

 
, 

C
 , 

~
 , 

•
, 

0 
, 

L " 
0 
O
~
-

,
, 

~
 ,, 

0 • 
" •

, 
• • 

~
 ,

" -;: 
, , 

C •
" C ,, 

~
 

.. 
U

 

~• 
~

 
."

'0
0 · 

~
 

0 
,,

• ,, 
~

 
e'::: ,• 

,,
• .-

,, 
C

 
._

 
" 000 , 

~
~

 

0 
.
~

 
.
~

 
.
_
~

 
~

 
•0 

, ,, 
V" 

, ,.- • 
0- , C

C
 

~
 

• 
C, 

C, C
 

III 
....
... 0 

> " , 
, , 

N • ,• ""• 
~

 
A

 
, ,, 

,, , •N • 
•• ,, ~

- .-
• , ,, , • 0 • 

'" W
 

0
­

0 
,

L 
0 

O
V

 
,

, 
C

 
~

" 
.- ,.• 

C
 , 

~
 

•O
~
L •

• • · ·.- ...W
 " C

·
.. 

.JI! 
C

 ,, .-• ,, 
-
V

, 
0 ,.-

, • • 
, 

1
G

o
, 

I 
..0

 
...... 

.0 •
• ,

,
, 

, • , , • , 
,, -

• , 
, , .-

~
V

0
"
 

C
" 

.
.
.
.
.
.
.
.
.
 .1: 

.
.
.
.
.
 

C
 

.....0
:: 

.
.
.
.
.
.
.
.
 

N
. .. .. -

_
_

_
_

 
"'0


....... 
.......


.... _
............................... 

G
I 

..................... 
...... --

-
Q

l--
.... 

~
~
~
-

V

 

C
 
••

."C
 ••C

 
;;;

•
.­

'" W
 

-




• 
• 

m
 

z "'" 
, •

,
;

·, 
...

 "
.:

1
 

z i:l 
~
,

 ,. ,
 

· · ," 
:::I

 
::

:I
"
. 

<
 

>
 

. ".
~

~

", 
.....

... 
-
-

....
....

....
 ­

2
M

M
>" 

, 
....

....
. 

• 
..

..
..

 
Z


 
~

 

,
, 

•~.
 "
, 

,
, 
-.. 

~
 

_. 
, 

,<
,~ 

,
,

0 
~

 
, •

 ,
 

~
 

» '" ~
 

•" 
~

 
, 

, 
'"» ~

 

~
 

• 
~

 •
,

N
, 

" 0 
, 

~
•, 

,
,

, 
•

~
 

~
 

, " ~
 

• 
, ,• •

, 
,C 

• 
,, 

~
 

W
•"

, 
~
,

 
'" 

,
, 

, "
 

0
, 

•
, 
~

 
,

, 
~

 

•
" 

~
 

~
 

,
, 

,, •
>

, 
~

 
, 

"
,

• 
~

 •" 
, W

 
, 

O
~

 

,
"

,,
 ,

 ,
, 
~

 ,
~

 
•

,, ,
, 

, 
, 

,
<

 
~

, 
0" 

,
>

, 
, •

• 
,< 

, 
-,

• 
,, -

, 
, ,•

 
, 

,,
"~ 

0 
,

,
,

, 
,

, 
,

>
" 

,
,

• 
•

,
, 

,
, 

~
 

M
M

M
 

M
M

M
• 

•
"

<
 

, ~ " W
 , >
, , ,

~
 
,

~
 
,, , 

M
M

 



PROCEDURE DElETER <HIINTEGERi VAR H1NODE_PTR; K:KEY_TYPE)j 

FUNCTIO~ DElETEN <H1IHTEGER; VAR N1NODE_PTRI K1KEY_TYPE):NODE_PTRi 
VAR 

ldt :tree_ran!il'j 
ik. :k.e!::l_riIn!le; 
ck ;k.I'!O'_t!::lpei 
cn,rn,nn :nodl'_ptr; 

{-----~----------------------------------------------------------------------} 
{ The 'ollDwin~ routines are included at this point: neiihbDur } 
{ del fro.uP } 
{ order} 
{ ul'ie} 
{ redi1itribuh } 
{ d_rIIphcl'} 
{--------~-------------------------------------------------------------------} 



9EGIN {DELETEN} 
if n~.nDde_t~pe = inode
 
thrn
 
br!li n
 

select In.k,it.ik.ck,cn);
 
rn:=deleten ( •• cn.k);
 
if rn~.ke~_cDunt < •
 
then
 
be!lin
 

nn:=nei!lhbour In. it);
 
if nn~.ke~_count + rn-.ke~_count >= ••
 
then
 
buin
 

redistribute (rn,nn,ck,it,n,r_node)j 
d_replace (n,ik,it.r_node)
 

end
 
else
 
buin
 

.er!le (rn,nn,ckrit,n. r_nodeH
 
d_repl~ce (n,ik.it,r_node)
 

end
 
"d 

{if rn".ke~_count >= • then t.he node reaains} 
{unchan!ll!d as it satisfies size-in ... n } 

en'
 
else
 
beiin
 

i:=locate (kln-.t_lists,n-.ke~_count);
 

if i > n-.ke~_count
 

\.hen writeln ('ke~ ',k,' does not exist')
 
else delfro•• ap (n,i)
 

end,
 
deleten:=n
 

END; {DELETEN} 
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BEGIN <B_ TREE} 
initialize;
 
)C:EfOro.pt ('D-TREEI P(rintl F(ind, I(nurt, Dlehh, Q(uit, Gten', leave)'
 
wf'itl!ln;
 
c:l.arscreen;
 
unitclur(l};
 
whilr )C <> '0' do
 
besin
 

if (root-.kelll_count = 0) and ()( () 'i') and ex () 's')
 
then writeln ('YHE TREE IS EKPTY')
 
"l~e 
besin
 

caie x of
 
'f': besin
 

write ('TYPE KEY: ');
 
readln (k);
 
writeln;
 
res_ptr::o:1ind (It,rootli
 
if re5_ph = ni 1
 
then writeln C'KEY ',k,' DOES NOT EXIST')
 
else writeln ('DATA : ',re~_ptr-);
 

writeln
 
end; 

'i': besin
 
writ&! ('TYPE KEY: ')I
 

readln Ik).
 
IIriteln'
 
write ('lYPE DAlA: ');
 
rud (d);
 
write In;
 
ins.rtr(.,root,~,d) 

endi 
'd': besin
 

IIrite ('TYPE KEY: ');
 
rUdln (k)j
 
writeln;
 
deleter (., root,k)
 

und; 
'p': beslin 

level :=0; 
write('output to IIhat file <cr> for canso},,:? ')j 
readln(filena.e)i 
writeln; 
if len~th(filena.") = 0 then filena•• :~ 'con_olel'; 
H!-} 
rewrite(f,filena.e)j 
{Un 
if ioresult <>0 then e)(it(pro'ra.)I
 
fOrint_tree (root);
 
closeCf,lockl
 

"ndi 
'~': besin
 

cd:~fOrD.pt ('TYPE CCreate DR D(estrow',l.ave);
 
wribIn;
 
charsereen;
 
IIrite ('TYPE NU"DER OF KEYS: ');
 
r ..dln (1m);
 
write (' TYPE START KEY: ' JI
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{NOTE: The rout.ine HinLoct.al was sUPPlied b~ Jh Kaubisch} 
{fZ b_octprint.teKt}
 

PROCEDURE PRINT-OCTAL (NIlR : node_ptri WHICtLKINO :OUTKINO; OEST: IlE5TINATION) f
 

TYPE 
KINO. <DECIHAL.OCTALNBR,OCT9ITE)1
 
OCT-RANGE = 0 •• 7i
 
HEX~RANGE = o•• 15;
 

VA' 
CONVERT ;PACKED RECORD 

CASE KINO OF 
[)ECIHAL : (DEC :nodt'_pt.rli 
OCTALNBR: ( OCT :PACKEO RECORD 

LOS: 0 •• 7i uu: O.dH 
L004: 0 •• 7; <LOI o•• ? ;} 
L03: 0 •• 7; <L02 O•• ?;} 
L02: 0 •• 7i {L03 O•• ?;} 
LOt: 0 •• 7i {l004 O•• ?;} 
HI: 0.01; {LOS O•• ?;} 

END 
>I 

OCTBITE : (DCTB :PACKED RECORD 
BHI3: 0 •• 71 {L03: a•• 7;} 
BHI2: 0 •• 7; {l02: 0 •• 7;} 
BHl1: 0 •• 3; {LOI: O•• 3;} 
BL03: 0 •• 71 {HI3: 0 •• 7i} 
BL02: O•• 7; {HI2: 0 •• 7H 
BlOt: O•• 3; {HIli O•• 3;} 

END 

END, {CONVERT} 

FUNCTION CONVERT_DIGIT ( MBR :HEX_RAHG[): CHAR; 
BEGIN
 

IF NBR < 10 THEN CONVERT_DIGIT :'" CHRCORD('O'HNBR)
 
ELSE CONVERT_DIGIT := CHR (ORO('A') + NBR - 10);
 

ENOl {CONVERT_DIGIT} 

BEGIN
 
CONVERT. DEC :" NBR f
 
CASE WHICH_KINO OF
 

OCTAL : BEGIN
 
WITH CONVERT. OCT DO
 
IF DESl '" CONSOLE lHEN
 

WRITECHI:I,LOl:1.L02:1.LD3:1,L004:1,LOS:1) 
ELSE WRITECf,Hlll,LDI:I,LD2:1.LD3:1.L004:1.LD511>, 

nw; 
DCTBYTE : BEGI N
 

END;
 
END; {CASE}
 

END; {PRINT_OCTAL}
 

{JI b_octprint.text} 

-A1S­



FUNCTION INDEX (K:KEY_TYPEi VAR lISTS:NODLlISTSI KEY_COUNT:COUNT_RANGEl: 
TREE_RANGE; 

VAR 
Jar••_riHlse; 
fClJnd:boolean; 

BEG III {INDEX} 
j :=11 
tOlJnd:=false;
 

{t-------------------ll
 
(t t = ke~_counttl-J tl
 
(t--p----------------tl
 

while 
(t------------------------------~-------------------------------------t) 
Ct(fcund => j (= ke~_ccunt and k (= lists[JJ,keY) and j (= ke~_counttlt) 

(t----------------------------------------~---------------------------t) 
(j <= ke~_countl and <not foundl do 

beslin 
if k > lists [JJ.ke~ then Jt=Jtl else found:=true 

end~ 

(t---------------------------------·------------------ -------tl 
Ct (j <= ke~_count and k <= lists[JJ.ke~) or j = k.1i!'!LCcunttl tl 
(t-----------------------------------------------------------t,

index: =J
 
Ct------------ -- -- -- ----------- ------------------- ---tl
 
(t let kl = (THE UNI~UE llst,(len kl = key_count and tJ
 
(t (FORALL i E {l •• ki!'y_ccunl})(UU) = lish[iJl in t)
 
(t index = indexP(k,kl) t'
 
(t------- ------------------------ ----------------- - --'1 

END; {INDEX} 

FUNCTION LOCATE (KIKEY_TYPE; VAR LISTS:NODE_lISTS, KEY_COUNT:COUNT_RANGE): 
TREE_RANGEl 

VAR 
J:trre_ransi!'; 
found:bcoleani 

BEGIN {LOCATE}
(t------------------------------------t)
(.k E {lists[iJI 1 <= i <= ke~_count} t) 
Ct------------------------------------t> 

J: =Ii
 
founl:l:=false;
 

(l-------------------t) 
(t t = ki!'~_counttl-j .) 
(t-------------------tl 

whill' 
(.--------------------------------------------------------------------tl 
(t(found => j <= ke~_count and k <= lists[J).ke~) and J <= key_counttlll
(i--------------------------------------------------------------------t>

(J <= ke~_countl and (not found) do
 
be!ilin
 

if k <> lists [jJ.key then J:=Jtl else tound:=true
 
end;
 

Ca- -- -- -- -- ---- -- -~- - - - --- -- - ---- ---- ---- --- - -- - - ~ - - --- -- - --*)
 
(a (j <... ke~_count and k = lists[jl. ... i!'~) cr J '" k.!Il_ccunttl .)

Ct---------------------------------------------------- ------tl
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{II b_sE.'hcl.tE.'xl} 

PROCEDURE SELECT IN:NODE_pTRi K1KEY_TYPEi VAR IT:TREE_RAHGE; 
VAR IK:KEY_RANGEi VAR CK:KEY_TYPE; VAR CN:HODE_PTR)i 

BEGIN {SELECT} 
wlth n" do 
bE.'gin 

lU"'indE.')( Ik.Llislsd<.E.'!:LcountJ i
 
If it > keY_counl lhE.'n ik:"'it-l elsE.' ik:=il;
 
ckl=i.lists [ikJ,kE.'Y;
 
if it = .ml lhE.'h cn:=p•• l E.'lsE.' cn:=i_lisls [itJ,tree
 

00' 
(.-------------------------------------1) 
(I il,iklc~,cn = selE.'clp(relrn3In-l,k) I)
(1-------------------------------------1)

ENDl {SELECT} 

{tl b_sE.'lE.'ct,tE.'xl} 
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PROCEDURE SPLITT (N:NOD€_PTRI I:TRE€_RANGEi IT€K:NODLITEK; R_NODE:NODLPTR>, 
VA" 

jaes:_ranSe; 
Sl) :nod~_plri 

BEGIN {SPLITTl
(.--------------------------I)
(. siz~plrelrn3(n~» >= 21•• )
1.--------------------------1) 

1'1"'11 (iin);
 
sl)".node_ls:pe:=lnodei
 
ifi(=.t1
 
then
 

(.--------------------------------------------1)
(. let sk,sk = halveldoa r~lrn3In-) U {k}) in IJ 
I.k€sk IJ 

(.--------------------------------------------.)
be~in
 

tor ..i1=1 lo. do sn~.l_lisls [j]:=n~.l_lisls [.tjl;
 
sn-.ke~_count:~.; 

1.---------------------------------------------1) 
(t let sk,gk = halveCdo. retrn3(n") U {k}) in I)
 
It retrn3Isn") = Ck'-)r~trn3In~)lk')1 k' E gkl I)
 
It-----------------------------·---------------I)
 

It i <= •
 
then tor ..i:=.tl down to itl do nA,t_Iiiits [jl:=nA.l_lists [j-ll;
 
n".t_lists Cill=ite.;
 
n-,ke!l_count:=.tl
 

11-----------------------------------------------------------1)
II let sk'ik :: halveldo. retrn3(n~) U {k}) in I) 
(I retrn3(n A) = [k'-)retrn3Cn")(k')f k' E sk - U)-l t [k->dJ I) 
(I-----------------------------------------------------------1)

.,d 
elie 

(1--------------------------------------------1)
II let sk,sk = halv~(do~ retrn3In-) U {k}) in IJ
 
(I k E sk IJ
 
It--------------------------------------------I)
 

be~in 

n".kes:_count:=.; 
11--------------------------------------------1)
II let sk'ik '" halve(do. retrn3In") U {k}J in I)

(I retrn3(n-) = Ck'-)retrn3(n")(k')1 k E sk] II
 
(t--------------------------------------------I)
 

for j:::1 to i-.-1 do sn-.Llists [J);=n".Llisls [..i+.H 
sn... t_lists [i-.]:=itemi 
It i (= •• 

then tor J:=i to •• do sn~,Llists [",i-.tl):"'n-.l1i5t.5 [",iH 
sn",ke!l_count1::.t1; 

It------------------·-----------------------------------------1) 
It let sk,sk :: halveldo. retrn3(nA) U {k}) in I) 
It r~trn3Isn~) '" [k'-)retrn3(n")lk')1 k' E sk - {k}J t Ck->dl I) 
( 1----- ------------- ----------- ----------.-------- ------------1) 

endl 
r_node~.kes:_count:"'li 

I' _nodI'A. L lists [1 l, kelt': rnA, Llis ts Cn". ke',,-counl]. ke!:ll j 
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HI p_ireplace,text} 

PROCEDURE I_REPLACE (N1NODE_PTRi IlTREE_RANGEi R_NODE:NODE_PTR); 
VA. 

jltree_ran5e; 
BEGI~ {I_REPLACE}

(*---------------------------------------------------t)
Ctl<=i("'2t."') t,
 
(t (let sn '" « ),(retrn3(i_Iists[iJ.treel» in t)
 
(I is-subnode(rehn3(n-),snl and KEYL<sn) '" < ) and tl
 
(I nk '" nt '" i = position(TREEL(snl(1),retrn3(n~»)l t)
(1---------------------------------------------------1)

with n~ do 
be~in
 

I_lists (i).tree:"'r_nod.~.i_lists[2J,tree'
 
If ke~_count = ••-1
 
then p•• l:"'i_lists (.DJ,tree
 
~lse i_lists [ke~_countt2].tre.:"'i_llsts[ke~_coun\+IJ,treej
 

1f i ('" ke~_count
 

then for j:=ke~_count+l downto itl do i_lists [j]:"'i_lists [j-1J;
 
l_lists [il:=r_node~,i_lists 11];
 
~e~_count:"'ke~_count+l; 

(t--------------------------------------------------------------t) 
(t r.trn3<n~) = alter(TREEL(retrn3(n-),retrn3(i_listsIiJ.treel, t) 
(* TREEL(retrn3(r_nodeAll,i) t) 
Ct--------------------------------------------------------------t) 

r_node-,ke~_eount:=O 

en4; 
r_nodeA.i_lists [ll,tree l=n 

<t----------------------------------------------------------------------t) 
(t retrnJ(i_replace(n,i,r_node) = t) 
<treplaeeCretrn3(n-).« ),(retrn3(i_lists[iJ.tree»,retrn3(r_node-),i,i)t)
<t----------------------------------------------------------------------t)

END; {LREPLACD 

{II b_ireplace,text} 



PROCEDURE SPLITI (N:NODE_PTRi I:TREE_RANGE; R_NODE:NODE_PTR)1 
VA" 

J:tree_ranse; 
snlnode_pt.r; 

BEGIN <SPUTn 
(a---------------------------------------------------------------------a)(a let. rn = replace( retrn3(n-) ,TREEL( retorn3In"» Ci), retrn3(r_node» in a) 
la len KEYL(rn) = 2..+1 and len TREEl(rn) ::: 2"'+2 a)
(a---------------------------------------------------------------------a) 

new (sn); 
sn-.node_t~pe:=inode; 

if i < ...1
 
then n-.i_Iists [il.treel:::r_node-.i_l1sts [2l.tree
 
else n-.p~.l:=r_node".i_lists[2l.treei
 
if i <= .+1
 
t.hen
 
besin
 

for J:=l to II do sn-.Llists (jJ:=n-.Llist.s [JhlH
 
sn-.i_Iists [afll.treel=n".p••l;
 
sn-.ke~_count:=.; 

(a---------------------------------------------a)
(a retrn3(sn-) :: <bacld.II<EYllretrn3(n .... ))' a)
 
(a bacld.+l,TREEUretrn3(n-»»'J

(a---------------------------------------------.)

if i <= •
 
then for J:= .+1 downt.o i+l do n-.i_Iists [j]l=n-.i_lists [J-llj
 
n-.i_Iists tiJ:=r_node".i_lists [lJ;
 
n".ke~_count:=11 

1.---------------------------------------------------------------------a)c. let rn = rep}aceCret.rn3(n-bTREEUretrn3(n-))lihretrn3Cr_nod",)) in .) 
la retrn3In-) = <frontlll,KEYl<rn»),front(m+l,TREElCrn») a) 

,." (a---------------------------------------------------------------------a) 
else
 
besin
 
n-.ke~_count:=.; 

(a---------------------------------------------a)
(a retrn3(n-) :: <frontCIII,KEYL(ret.rn3(n-)), .)
 
la frontCII+1,TREElCretrn3(n-»» al
 
I.---------------------------------------------a)

if i ) a+2
 
t.h8n for J:=.+2 to i-I do sn~.i_lists [j-.-lJ:=n-.i_lists [JJ;
 
sn-.i_Iists ti- ..-l)l=r_node-.i_lists [lJ,
 
if i < ..1
 
then for Jl=i t.o •• do sn-.i_Iists [J-a)l=n-,i_lists [j];
 
sn-.i_lists [11+1].tree:=n-.Pllllli
 
sn-.ke~_count:=.; 

ca---------------------------------------------------------------------a)
Ct ht. rn = replace(retrn3(n~J,TREEl(retrn3(n ... »(i)'retrn3(r_node» in a) 
fa retrn3(sn"') = <bacld .. ,KEYL<rn»,back<.+I,TREELfrn»)) a)
(a---------------------------------------------------- -----------------.> 

endi 
r_node~.ke~_count.:=l; 

r_node-.i_lists [1].ke~:=n"'.i_Iists [a~l].~eyj
 

r_node-.i_lists (lJ.treel=n;
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{$] b_dehap.texl} 

PROCEDURE DElFROMftAP (NtNODE_PTR; I:KEY_RANGE)i 
VA' 

j:t ree_ r an!:le j 
BEG1~ {[lELFROHMP} 

with n~ do 
be!!in 

if key_count) 1 
~hen for J:=i to keiLcount-l do Lli'it'i [J):=Llisls [JU]; 

{NOTE: if ke~_count = 1, the tree con'ii'it'i of a Tnodt containins a sinsle } 
{ kt~, data pair, so there i'i no point in 'ihiflinSi the Hen of the } 
{ node, all that hu to be done i'i to set the key_count to zero. } 
{ Also, il:'i J i.5 of type trel'_ran!:le, the ramile variables of the for } 
{ loop .ust lie in this 'iubran!:le. } 

~1'~_count:=ke~_count-1 

e~ 

ENDi {DElFROMHAP} 

{$I b_del.ap.leloCl} 
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{Sl b_aeru.text} 

PROCEDURE MERGE (VAR H1lNODE_PTRI VAR N2:NODE_PTRi K:KEY_TYPEi IlTREE_RANGE; 
WtNODE_pTRI R~NODE:NODE_PTRJj 

VAR
 
.. :t.ree_ranU;
 
H,12 :lo:.e':l_ranse;
 
t.eu': node_pt r I
 

PROCEDURE PRE_"ERGE (VAR N1:NDDE~pTR; VAR N2lNODE_PTR); 
BEGIN {PRE_"ERGE}
 

it n1 = n2
 
then
 
be~i n
 
~rite1n {'atte.pt to aerse identical node"};
 
exit (u'rse)
 

"" else 
if n1~.node_L~pe <> n2",node_t':lpe
 
then
 
be.in
 

IIriteln ('aUeapt to .itr!!e node, of different. t'lllpe');
 
exit (lIer.lle)
 

",'
ENDi {PRE_"ERGE} 

BEGIN {"EROD 
pre_aerIe (nl,n2); 
order (nl,n21i,n); 
11:=n1~.key_count.' 

12 :=n2". key_count I
 
if n1-,nod£o_t':lpe = inode
 
then
 
besln
 

nI-.i_Iists [11+1).k£o':l:2kl
 
for J:=1 to 12 do nl~,i_li5t, Cl1tJtt):~n2-.i_li,t6 [J);
 
if 12 = ••
 
th.n t.eap: =n2-, p••1
 
e1'e te.pl=n2-,i_li~ts [12+1),tree,
 
if 11+12 < ..-1 
then n1".i_li,ts [11+12+2),treel=t.eap
 
else nl-.paal:=te.p;
 
nl-.ke':l_countl=11+12+1
 

"nd 
else 
begin
 

for Jl=1 t.o 12 do nl".t_1ists CI1tJJt=n2-.t_1ist& (~]i
 

nl~.ke'lll_count:=11+12
 

endi
 
r_node-.ke':l_count:=Oi
 
r_ncde-.i_lists (ll,tre.:=n1
 

ENDi {MERGE} 

{$I b.llerse.texU 



PROCEDURE REDISTRIBUTE (VAR Nl:NODE_PTR, VAR N21NOOE_PTRi K1KEY_TYPE; 
I1TREE_RANGEi N:NODE_PTRj R_NODE1NODE_PTR); 

VA' 
te.p_node 1 arriJl:l Cl •• t..ll ot nodl'_ite.;
 
J'b Unte!ler;
 
11912,n11,nI2 :ke!l_ran!lel
 

PROCEDURE PRE_REDISTRIBUTE (VAR Nl:NOOE_PTR; VAR N2:NOOE_PTR); 
BEGIN {PRLRE[lISTRIBUTn 

if nl ::: n2 
then 
be!lin 

writeln ('"t.tupt to redistribute identical nodes'); 
exit (redist.ribuh)
 

.nd
 
else
 
it nl-.node_t!lpe <> n2~.node_tl:lpe
 

then 
be!lin
 

writeln ('atte.pt to redistribute nodes ot ditterent tl:lpe');
 
exit (redistribute)
 

.nd 
END; <PRE-REDISTRIBUTE} 

BEGIN OEDISTRJBUTE} 
pre_redistribut.e (nl,n2); 
order fnlrn2d,n) 1 
11:·nl~.~e'jj._count; 

121~n2~.kel:l_count' 

it nl~.node_tl:lpe ~ inode
 
then
 
be;in {.erle}
 

for J::::l to 11 do te.p_node [Jll:nl-.i_lists [Jl;
 
te.p_node [11tll.kel:l1:k;
 
it 11 : ••
 
then te.p_node [11tll.tree1:nl~.p•• l
 
else te.p_node [11tll.tree1~nl~.i_lists[lltlJ.tree;
 
tor J:=1 to 12 do t ••p_node [lltJtll:=n2-,i_lists [Jlj
 
it 12 = ••
 
then te.p_node Cl1t12t2l.tree:=n2~.p•• l
 
else te.p_node Cllt12t2l.tree:=n2-.i_lists (12tll.tree;
 
nl1:=(11tI2) div 21
 
nI21=(11tI2) - nIl;
 

{split}
 
for J::l to nlltl do nl".i_lists [J]:=te.p_node [Jl;
 
nl-.~el:l_count12nl11 

for J1:1 to n12tl do n2-.i_lists [Jl::t••p_node [nlltJtll; 
n2~.~.l:l_count:=nI2; 

r_node-.i_lists Cll.~.~:=te.p_nod. [nlltl].~e'jj.
 

.nd
 
else
 
be!lin
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{II b_dreplace.te~t> 

PROCEDURE D_REPLA~E (NtNODE_PTR; IK:KEY_RANGE; IT:TREE_RANGE; 
R_NODE:NODE_PTR), 

VA' 
j: t rep_ ran!ie j 

BEGIN {D_REPlA~n 

with n- do 
bUin 

if r_node-.kp~_count = 0
 
thpn
 
buin
 

if ik < ke~_l:ount 

then for j::ik to ke~_count-l do i_lists [jJ:=i_lists [jf1]l 
if ke~_~ount = •• 
then i_lists [ke~_countJ.trpe:=p••1 
else i_lists [kp~_count].tree::i_lists[ke~_count+l].trpe; 

i_lists [ikJ.tree:=r_nodp-.i_lists [l].tree' 
ke~_count:=ke~_count-l 

end 
ehe 
buin
 

Llists [ik.J:=r_node-.Llists (1);
 

ifit= .. l
 
then p•• l::r_node~.i_lists [2J.tree
 
else i_lists [itf1].trpe::r_nodp-.i_lists [2],trpp
 

end
 
end
 

END' {D_REPLA~n 

{II b_drepla~e.text} 



{Sl B_print.tewt} 

PROCEDURE PRINT_TREE (N:NODE_PTR); 
V•• 

haves :boolean;
 
d~pth, level: inh!l:eri
 

PROCEDURE PRINT_NODE (N:NODE~PTRi lEVEl:INTEGER, DEPTH:INTEGER 
VAR LEAVES:BOOlEANl; 

V•• 
kind :charf 
J llretLran!l:e; 

BEGIN {PRINT_NODE} 
with n" do 
be~in 

if depth = level
 
then
 
be!l:in
 
if node_t\lpe = inode then kind:= 'I' else llind:='T'; 

writeln (f,'------------------------------------------------------------'); 
writeln(f) , 
writeln (f,'LEVEL ',level:5,':'); 
writeln(f)j 
write (f,'NODE '); 
print_octal(n,octal,f\lle); 
writeff,' TYPE: ',Ilind); 
wr i le (f,' NUHBER OF KEYS: ,keILcount) i 
wrileln(f); 
wrileln(f); 
write (f,'KEYS: ')j 

if node_t~pe = inode 
then 
be!l:in 

for J:= 1 to ke~_count do write (f,i_lists [Jl.ke~:8);
 

wrilelnCf);
 
write If, 'TREES: ')j
 

for J:=l to 1l~\I_count do
 
besin
 

print_octalCi_lists (Jl.tree,octal,fwle)' 
wrih(f,' ');
 

end;
 
if Ile\l_count = •• then
 
besin
 

print_octal(p••l,oct~l,f\lle);
 

write (f,' ')
 
.nd 
elsR 
be!l:in 

print_odal CLlists [lle~_count+1J.tree,ochl,r~le); 

write (f,' ') 
endj
 
wrileln(f)1
 
wrileln(f)


.,d 
else 



begin
 
for J:=l to key_count do write (f.t_lists [J],key:8li
 
wdbIn (f); 

write (fl'DATA: 'H 
for ~:=1 to k~y_count do write (flt_Ilsts [J].data~:8);
 

wrihln(f)i
 
writE'ln(f)
 

end
 
end
 
else
 
be9:in
 

if node_type = inode 
then 
besin 

for J:=l to key_count do 
print_node (i_lists [J].tree,level,depth+l.!eaves); 

if key_count = .m then print_node(p•• t,level,depth+l,leaves) 
else print_node (i_lists [keY_count+l].tree,l~vel,depth+l,lEaves) 

end 
else leaves:=true 

end 
end 

ENDI {PRINLNOI.lE:} 

BEGIN {PRINT_TREE:} 
with n~ do 
be9:in 

if ke~_count <> 0
 
then
 
besin
 

leavt"s:=false;
 
level:=O;
 
while not <leaves) do
 
be9:in
 

depth:;I;
 
level:=level+!;
 
print_node(n,level,depth,leaves)
 

end;wri te In (', ' -- I ) ; 

end 
end 

END i {PRI NT _TREE} 

{II B_print.text} 
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