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APPENDIX

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

listing containe the asgertiona as comments in the program text.

The listing hae been separated and recrdered in an attempt to
make the program more readable, The main pregram and proceduresa
appear First and then the procedures which are local to these are
given in the order in which they cccur textually in the program.
The pointa at which local procedures must be included are marked

with comments to thise effect.



{45+)

{ NOTE: ¥
{ COMMENT BRACKETS OF THE FORM (% ... %) ARE USED TO ENCLOSE THE >
{ ASSERTIONS WHICH APPEAR 1H THE PROGRAM. >

PROGRAK B_TREE(inrutroutrutli

CORST
HaxProsptlLendth = 255;

TYPE ScreenCommand = {Clears Leave)s
PromrtStrind = Strina[MaxPromrtlendthl;
FUNCTION Carital{Ch ! Char) | Chars
FUNCTION 1lowerCase(Ch ! Char) ! Chari
FUNCTION Frompt(r | PromrtStrindi Command { ScreenCommand} ! Chari
PROCEDURE Clearlinei
PROCEDURE ClearScreeny

uses Prosrtunits
{NOTE! The routine rprosxstunit is a USCD unit which was

{written at the PRG and rrovides ar interactive menu
{interface.
{ The ftirst of its rarameters is the string which is ta
{be used to prowrt the yser. The sirind must be surerlied
{in the form of a list of menu jtemss serarated by
{commas. Within each item 3 ( must arpear and the
{character immediately preceeding this is used as the
{selector,
{ The second parameter specifies whether or not the
{screen is to be cleared before Lthe rroest is disslaved,.
{ When the routine is calleds it displavs the strini and
{does not return control to the Pprodras until the user
{has resronded with a valid rerly (which corresronds ta
{one of the selectors). The lower case of the rerly
{character is returned to the »rodran.
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CONST
» = 3 {DRDER OF THE B_TREE}
m = A {2 TIMES m}
wml = 7§ {2 TIKES » + 12
ianl = 15+ {A VALUE > ami}

TYPE
DUTKIND = (DCTAL-OCTBYTE);
destination = (consolesfulels;
caunt_rande = 0. .mei
kew.range = 1,.mmi
tree_range = l..amlj
i.or_t = (ipodertnode)s

node_ptr = "nodej
data_prtr = “data_ture;
ked_ture = integeri

data.tyre = 1ntederi

node_item = record
keyikey.ture}

case i_aor_t of

inoded (treelnode_rtrli

tnode! (dataildata-rtr)
endi

node_lists = array [1..em] of node_itemi

node = record
key_counticount_rander
ranl inode_ptri

case node_tyreii_or_t of

inodet {(i.listsinode_lists)i

tnode! (t_ listsinode_lists)
endi

{HOTE: pami is used to hold the additional eointer in the case of anm Inode
{ in the case of 3 Tnode it will be used to hold the rointer to the N
{ followind seguential Tnode when the WEXT commznd is iseplemented



VAR
Jtinteders
kisknrki fkeyg_ twres
k thes_tured

roater_node inode_ptri <{root is the root of the whole B~iree 3
{r_node is the globally declared node in which by
{intermediate results of the function insertn >
{#re stored as this function returns the rointer 2
{to r_node at each staser as FASCAL funclions ¥
{can onls returh sisrle tures >
d jdata.ture;
res_ptridata_ptri
res jdata.tymrei
wred lehard
level!lipteder;
t itexty
tilename lsirindi
{ ____________________________________________________________________________
{ The follawind routines are included at this point! print_octal
{ index
{ locate
{ select
{ ____________________________________________________________________________



{1 b_find.text?

FUMCTION FIND (K!KEY_TYPE: TREE_PTRIMODE_PTR}:DATA_PTR#
Vak

ittree_ransei
BEGIN {FIND}

[ R e it S Dt t)
(2 k E collect_keysd(tree.prtr™} 8)
[ R il bl bbbl o L B
with tree_pir” do
begin
if node_tyre = inode
then
[ R e i e e L L B e S e Lt 1)
(% k E rollect_keus3(tree_pritr”™) and retrn3(tree.rtr”} E Inoder X)
(o s e o e e e e e e e e e —m e 1)
bedin
it=index (ksi_listsrkeu_caunt?li
L R bbbttt | 3
(8 i = index(k,KEYL(retrnI{tree_rtr"}}) X)
L ekt L L e EEE 1 3]
it i > mm
then findi=find {(krranl)
else findi=find (kri_lists [il.tree)
[ i 1)
(8 find = finde{ksretrn3{tree_rtr™,i_listsfil.tree) 1)
£ ] = findp{k+TREEL(retrnI(tree_rtr™)}{i) %)
(B o o e e e e e e — = L 3]
end
else
[~ -mm o e e L 3]
(% k E collect_kews3itree_ritr™) and retrnditree_rtr”™) E Tnoder 1)
[ = e e i)
bedin
it=locate (krt_lists,keu_count)i
it i > key-count
[ i i e e itk 1)
(% this checks the rre-condition! k E collect_keys3(iree_pir”} ¥)
R et e CE T 1}
then findi=nil
(B o= o e e e e e 3]
(¥ ERROR (not shown in earlier stades of develorment) %)
(Bm o m m o e o )
else findi=t_listy [il.data
[ R L bt T 1)
(% find = retrn3(tres_ptir™){k}) %)
(e e 3]
end
end
(B mmm e e L 3
it find = findr{kyretrnd{tree.rtr"} 1)
(B mmm m e e e 1)

END} {FINDY

{$I b.find.text?



PROCEDURE IMSERTR (M!INTEGERF# VAR NINDDE_PTR; K!KEY_TYPE; DIDATA_TYPE)i

FUNCTION INSERTA (M!INTEGER: VAR NINODE_PTRF KIKEY_TYPE{? DiDATA_TYPE)INODE_PTR:
VAR

1 itree_randef

it itree_ransed

ik tkes_randei

ck tkes_twkej

cn inode_ptri

data_item idata_piri

itea !node_items

e e e e e e e e ¥
{ The followind rgytines are included at this pointi addiomar }
{ splitt }
{ i_rerlace ¥
{ spliti ¥



BEGIN {INSERTN}

[ R | 3]
(2 k “E collect-kews3din™) %)
(Bmmmmmmmmememenm e — e 1)
with n™ do
begin
it node_tyre = inode
then
[ SR e el %)
(% retrn3(n™) E Inpder &)
(8 %)
besin
select (nikritrikrcksen)s
[ e i e il 1)
(2 ityikrckren = selectriretrn3(n™) (k) %)
It B e L L L e e P b et 1 3}
r.nodei=insertn (mscnrked)i
(B e L e b L x)
(¥ insertne(myretrndlcn™)rkrd) retrnd{r_node”) ¥)
[ ikttt bbb b b %)
it r_node".kev_count <> 0
then { then srlit has occurred at the level below X
bedin
if n".keu_count < mm
then
(4 e D e e il bl T by - 3]
® let rn = rerlacel(retrnd(n"}r<< 2o<retrniicn™}2>rretrnd{ronode”™}) in 1)
(% sizepirn) <= 2%mtl £)
(e m = e e e e e e 1)
i_rerlace (nritrr_node)
[ e e | 3]
(2 let rn = rerlace(retrn3in™) << >s<retrnI(cn”)>>sretrndir_.node”}) in %)
(% retrnd{r_node™) = < >r{rnd>> K)
G T T T e T T 3]
else
5 LT T e T %)
(f let rn = rerlace{retrn3tn™)1s<< >eCretrndlen™)>>yretrndir_node™)) in ¥}
(% sizer{Tn) >2%n+l %)
[ D e e L L e e e e e E LR L L D E L P L L %)
spliti {peitsr_nade?
[ O e ittt | §)
(2 let rn = replacelretrnd{(n™) << >p<retrnIten™)>>rretrndirnode™)) in £}
(% retrnd3{r_node”™) = selitir{mrrn) £)
(B m e e e - E S EE e E e ————— | ¥
end

{ no split pccurred at the level below so this node remains unaltered

else r_node™.i_ lists [1l.treeir

end

else
S B L e LT %)
(¥ retrn3(n”™) E Tnoder ¥
(B-rm e K)

bedin

r_node” .kew_counti=0j
ned (data_item)i
data_iten"i=d}
ites.keviz=k;
itendatai=data_itemi

{ this allocates a location for a data }
{ itemr and stores the data item and ¥
{ obtains a2 rointer to this lecation b



ii=index (ket_listsykew_count);

[ e L e 3]
(2 i = index(hsKEYL{retrnI(n"}}) ¥}
(For e —m——m e e 9]
it i <= kew_count
then
{B-— e e e e
(X this checks the pre-condition! kX "E collect~keus3I{n~)
[ R R e L
bedin
it t.lists [i).key = k
then
bedin

writeln {(‘'kev “ykr’ adlready exists’)i

ronode” .kex_counti=0i
r_node” . i_lists [il.treel=root}
insertni=r_node}
exit {(insertin)
{ERROR! the ilree is left unchanged ¥
end

endi

it ked.count < am

then

[ SR el St b LR L bbb L e ¥)
(3 sizeplretrn3(n™) + [k->d]) <= 2dm ®)
[ ————— s e e ma = ®)

addtosar {nriritemsrr.node)

(2 et rn = retrn3(n™) + [L->d] in ¥}
(X << >e<rad> = retrndir_node™) | 8]

L e B )

else

I e L L LR P PEEE R L}

(¥ sizeriretrn3I(n™) + Ck->d] >21a ¥)

(R LR PSR PP 1}
srlitt (nrivitemsr_node)

(== mmmmm e m e 5

(¥ let rn = retrnd3(n™) + [k->d] in 8)
{¥ grlitir{mrrn) = retrnd(r_node~} %)

end

endi

insertni=r_node

ENDS

{INSERTN}

%)



BEGIN {INSERTR}

g R e S LI B n
(3 k "E collect~keus(n™) %)
L R e P LR n

nizinsertn (mrnrked)s
it n".hed_count = 0

then
(I m e x)
(% sizer(retrn3din™)) =1 1)
{fe-rmom e x)
nizn".i_lists [1]1.tree
else
{ the tree has drown one level }
bedin
new (nl;i
n"i=r_node”
eng



PROCEDURE DELETER (M!INTEGER; VAR NINODE_PTRi KIKEY_TYPE)i

FUNCTIDN DELETEN (M3INTEGER+? VAR NINDBE_PTRi KIKEY_TYPE):NODE_PTRi
VAR

110t itree_randei

ik tkes_rande;

ck tkey_tupei

chernenn inode_ptri

{ ----------------------------------------------------------------------------
{ The followind routines are included al this point! neighbour

£ delfronmar

{ order

{ nerge

{ redistribute

{ d.rerlace

1{



BEGIN {DELETENY
if p"ypode_tyre = inode
then
bedin
select (nskritriksckecnli
rni=deleten (mronekl}i
if rn",kev_count < =&
then
bedin
ani=neidhbour (nrit)i
if an".key_count + rn".kev_count >= mm
then
bedin
redistribute (rnonnsckeitenrr_nodels
d_rerlace {nriksitrr_node}
end
else
bedin
merge {rnsnneckritrnyr_node’s
d_rerlace (nrikritrr_node)

end
end
{if rn"2key_count >= » then the node remains}
{unchanged as it satisfies size-invn }
end
else
bedin

ii=locate {(kyn".t_listsrn".key_count)s
if 1 > n",kevy_count
then writeln (‘key "rky’ does not exist’)
else delfrommar {nsi)
endi
deleteni=n
ENDi {DELETEN}



REGIN {DELETERY
nizdeleten (minik}s
if (67.0oode_Lure & inode) and (a7 .kexocount = ()
then al=n". i Jists [1).tree

END# {DELETER?



PROCEDURE IMITIALIZE)
BEGIN {INITIALIZE>
nes (r_nodedi
r_node” kew_count =04
r_nocde” .node_turewl=inodei
nev (root}?
reoi” «kev.counti=0%
rool™,.node_turel=tnodel
ENDF  {INITIALIZE}



BEGIN <{B.TREEY}
initialize;
si=promprt (7B-TREE! P(rints F(inds I{nserts Digletws Q{uit, Glen',
writelni
clearscreens
unitclesgrt1}§
while = <> ‘a’ do
bedin
it (root~.kew_count = 0) and (x <> “i’) and (% <> ‘d")
then writeln ('YHE TREE IS EMPTY’)
else
bedin
case x of
ft'. bedin
write (‘TYPE KEY: ‘)i
readln (k)i
writelni
res_ptri=find {(krroot)i
if res_rir = pil
then writeln (‘KEY “rks‘ DOES NDT EXIST*)
else writeln ('DATA = “sres-Pir™)}
writeln
endi
‘1”1 bedin
write (TYPE KEY! ‘)}
readln (k)i
vritelni
write ('YYPE DATAI ")}
read (d}}
writelni
insertr({mrrootrkrd)
endi
‘d"{ bedin
urite (‘TYPE KEY} “}}
readln (k)j
writelni
deleter (msragotsk)
and#
‘P’ bedin
level =0}
write(‘outrut to what file <cr> for consolel? ‘)i
reddln(filenane)di
uritelnit
it lenath({filename) = 0 then filename !> ‘consolel’i
{81~}
rewrite{fsfilenanel;
{81+
it ioresult OO0 then exit{rrodrami;
erint_tree (root)i
close(fslock)
endi
‘4’1 bedin
cdi=prompt (‘TYPE Cireate OR Diestrow’rleave)i
writelnt#
clearscreeni
write {*TYPE WNUMBER DF KEYS: ")j
readln (kn)i
write (“TYPE START KEY! ‘)i

-A13~
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readln (k1)

write ('TYPE INCREMENT! ‘)i

readln (ki)i

for Ji=l to kn do

bedin
it cd = ‘c’ then insertr (mrrootrkl k1410009
else deleter (mrrootsklli

kli=ki+ki
end
end
end

endi
xi=prompt (’B-TREE: P(rinty Flind» Ilnsert» D(eletes @(uits Glen‘s leavels
clearscreent
writeln

end
END.



{NOTE: The routine frint_octal was surrlied by Jim Kaubisch?
{81 b_octrrint.text}

PROCEDURE PRINT_OCTAL (NBR ! node.ptri WHICH_KIND I10UTKIND} DEST: TESTINATION?

TYPE
KIND = (BECIKAL »OCTALMER,DCTEBITE)}
DCT..RANGE = 0,.7%
HEX_RANGE = 0.,15%

VAR

CONVERT (PACKED RECORD
CASE KIND OF
BECINAL ! (DEC Inode_ptr}i
OCTALNBRS ¢ OCT SPACKED RECORD
LOS: 0..7§ {HI! C. 14}
LO4AT 0..7% LoLt 0..74)
LO3: 0..7% {LOD2! 0..73)
LO2: 04,70 {LD3: 0..7+})
LO1: ©..75 {L04} 0..75)
HI! 04444 {L0St 0,.74)
END
Vi

OCTBITE ¢ (OCTB {PACKED RECORD -
BHI3! 0.,.75 {LD3! D.+s75)
BHI2! 0..7% {L02% 04,72
BHIL! 0..35 {L01: 0..33)
BLD3! ©..7; {HIZ: 0,470}
BLOZ2: 0..7% {HI2% 0..7%}
BLOL! 0.,.37 {HIL! 0,.3¢)
END
?

ENDi {COMVERT}

FUNCTION CONVERT_DIGIT { MBR HEX_RANGE)? CHAR}
BEGIN
IF NBR ¢ 10 THEN CONVERT_DIGIT i= CHR{DRD('0’)+¥BR)
ELSE CONMVERT_RIGIT := CHR (ORDC'A’) + NBR - 10)i
END; {CONVERT_DIGITY

BEGIN
CONVERT.DEL (= NBR}
CASE WHICH_KIND OF
OCTAL ! BEGIN
WITH CDNVERT.OCT DD
If DEST = CONSOLE THEM
WRITE(HI1,LO0181,L02:0,L0351,L0451,51L0521)
ELSE WRITE(f HI{1,L0131,L0231,L0371/L04:3sL0511)5
ENDF
DCTBYTE { BEGIM
END3
END# {CASE}
END3 {PRINT_OCTAL}

{#1 b_octrrint.text)

-A15-



FURCTION INDEX (KIKEY_TYPEi VAR LISTSINDDE_LISTSH KEY_COUNT:!COUNT_RANGE):
TREE_RANGE §
VAR
Jitree_ranges
foundgibooleant
BEGIN <{INDEX}
Ji=l
faund:=falsei

(k{found => J <= kew_count and k <= listsC.l.key) and o <= kev_counitll)

(J <= kew_count) and {(ngt found) do
besin
it k > lists [4l.kes then Ji=.tl else foundi=true
end;

t® let kl = (THE UNIGUE laist){len kl = key_couni and K)
(% (FORALL 1 E {l..keg_count})(kl(i) = listslil) in ¥}
(¥ index = indexr{krkl))} 1)

ENDi  {INDEX}

FUNCTION LOCATE (KIKEY_TYPE} VAR LISTSINODE.LISTSi KEY_COUNTICOUNT_RANGE):

TREE_RAMGE
VAR
Jitree_randed
foundibooleani
BEGIN {LOQCATE}
(f—mmmm e e 1}
(#k E {listsfill 1 <= i <= kew_count} 1}
[ S e ] 1)
Ji=1y
foundi=false;
(& e e 1
(¥ t = kevy_countil=d ¥}
(¢ SR T | 3
while
e LR L e Ao 1)
(¥(found => J <= kew_count and k <= listsl(id.kew) and J <= kew_countils)
T T T LT TR t B
{J <= kew_count) and (not found) do
bedin
if &k <> lists [Jjl.key then ui=Jtl else foundi=true
ends
G T e L3}



locatei=g

L CREGEEC T PR 3]
(8 locate = (THE UNIQUE i)tk = lists[il.kew} ®)
(K mm o m A4 mememme—m—m—am—aae 1

ENDi  {LOCATE}

{$I b_indloc.text}
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{81 b_select,text)

PROCEDURE SELECT (NINODE_.PTRi KIKEY_TYPE: VAR IT:TREE_RANGE:
VAR IKYKEY_RANGEi VAR CKIKEY_TYPE; VAR CNIWODE_PTR)
BEGIN {SELELT}
with p” do
bedin
iti=index (kri_listsrkey_count)i
it it > keuy_count then iki=it-1 else iki=it}
cki=i_lists Likl.keyi
if it = mpl then cni=real else cni=i_lists Litd, tree
end

(B = m o r e m o £}
(2 itriksckron = selectriretrnI(a™ sk} I)
(= m o e e 1)

END;  {SELECT}

{41 b.select.text?

-A18-



PROCEDURE ADDTOMAP (HINODE_PTR: IITREE_RANGEF ITENWIWNODE.ITENM# R_MODEINODE_PTR) i
VAR

ditree_rande’
BEGIN {ADDTOMAPY

[Km=mmm e e nnnn n
(x m ¢= gizer(retrni{n™)) < 2¥n £}
(Kmmmmmm o oo 'S
with n” do
bedin

it i <= key_count

then for Ji=kew_count+l downto i+l do t_lists [Jlist_lists [J~11
t_lists [ili=itemi

kev_counti=keg.caunttl

T T RO T PP PR LR X
(& reten3(n™) = retrn3(n™) 4 Ck->d] X}
(X mm e ¥

endi

r.node”.i_l1sts [1l.treei=n
b T ¥
(% retrn3ir_node™) = < ><retrndir.node” i listsC11.treed>)> )
(x = L edrelrnd(n™) + [k=D2d2>> ¥)
§ B m e e e e oo o 'y

ENDF  {ADDTOMAP}

{31 b_addwar.textl)




FROCEDURE SFLITT (NINODE_PTR: I:TREE_RANGE; ITEWINODE_ITEK?# R.NDDE!NODE_FTR}}
VaR

Jdikey_randes

sh inode.stri
BEGIN {SFLITT?

I e e E L L L
(& sizer(retrn3(n™)) >=
(B === mm oo
nex {snl)#
sn".node.tureli=tnodei
iti <= a1
then
L b T L (3]
(¢ let skrgk = halve(dos retrnd(n™) U {k}} in ¥)
(2 k E sk K}
(= e e e n
besin
for Ji=1 to a do sn™.t_lists [y2i=n",t_lists [m+J]3}
sn” . key.count i=wi
L R e it K)
(8 let skrgk = halveldos retrn3(n"™) U {k¥}} in ¥)
(® retrn3(sn”) = [k'=>retrn3(n™¥{k")1 Kk’ E k] ¥)
(B m o oo o o e e k)
it i <= n

then for Jl=eil downto i+1 do n™.t_lists [JJi=n".t_lists [J-11}
n~atolists [ili=itend
n~ykey_counti=mntl

[ ittt faiatatdladetat ¥)
(% let skrak = halveldom retrn3(n”} U {k}) in £)
(f retend(n™y & (k' =>retrn3tn™)(k’} kK’ E sk - {k¥J + [k-2d] ®)
{Bmmmm e m e e e e e ——m e e n
end
else
(X m o m oo o e 3]
(% let skedk = halvei{dom retrn3(n~) U {k}) in )
(e k E gk 3]
(B e e 3]
besin
n~.key_counti=ai
[ i e ittt bt 3

(¥ let skedgk = halve(dom retrn3(n™) U {k}) in K)
(% retrn3(n™) = [k"->retrn3{n”)(k’'}] k E sk1 &)

for Ji=1 to i-m-1 do sn”™,t_lists [Jli=n".t.lists [.i+mdi
" b _lists [i-mli=iteni

it i (= mp

then for Ji=i to am do sn”.t.lists [J-s41di=n".tlists [Jl}
sn”.key.counti=etl}

T R e e e EE L L PR PR P 5

% let skegk = halve(doa retrn3(n™) U {k}) in x)

(2 retrndisn™) = [k*->retrnI{n"™)(k*)I k' E dk - {k2>} + [k->d] X}

(= mmm oo —sba o x)
endj

r.node”  key_counti=1i
ronode” i_lists [1).kewi=zn™.t_lists [n".key_countl.kewi



r.node”.i_lists [1J).treei=ni
r-node”.i_lists {2].treei=sn

[ B e Rttt bbb kbt 1)
(% let skrgk = halve{doms retrn3(n”} U {k}) and | §]
(% let rn = retrnin™> + [k-2d] in 1)
(¥ retrnI(r_node™) = <{<max{sk)>r<[k->rn(k}| k E skl: X)
4 ] Ck=>rnlk}| k E 5k1>> X)
[(Brmm e r e e e madE s = X)

END; {SPLITT}

{$I b.splitt.text}




{$1 b irerlace.text)

PROCEDURE I_REPLACE (NINODE_PTRi I!TREE_RANGEF R_.NODE: NODE_PTR)}j

VAR
Ji
BEGI

be

en
L

END3

isI

lree_rande;s

I {I_REFLACE}
{3 e e e ¥)
(¥ 1 <= i <= 2%m => 1)
(% (let smn = < >1Cretrn3(i_listslil.treel2> in 1)

{2 is—subnode(retrnI(n™)rsn) and KEVYL{sn) = < > and ¥
{t nk = nt = i = position{TREEL{sn){1)}sretrn3in™})}) &)

gin

i_lists Liditreei=r_onode”™.i_lists [2].tree)

1t ked_count = ma-1

then ramli=i_lists [mnl.tree

else i_lists Ckey_countt2]l.treei=1_11sts [kew.count+1).tree;}

it i <= keu_count

\hen for Jl=kew_count+l downto i+l do i.lists [Jli=i_lists [J-114
1-lists Till=r_node”.i_lists C2]i

tey_counti=key_counttl;

[ R ettt L 1)
(% retrnI(n”) = alter(TREEL(retrnd{n")rretrnI{i_listsCil.treels X}
(% TREEL(retrn3{r_node”)) i) %)
[ i e ittty L 3
r_node”.key_count!=
Lt
node”.i_lists [1l.tree i=n
[ Rt el e D e e L
(3 retrnd(i_rerlacelnsirr_node) = n
(frerlace{retrnIin™)+<¢ >r<retrnIti_lists[il.tree>>rretrndir_node™)siside)
(B mm o e e 1

{I_REPLACE}

b_irerlace,text}



PROCEDURE SPLITI (NINODE_FTRi I:TREE_RANGE: R_NODE:NODE_PTR)i
VAR
Jitree_rangei
sninode_rlri
BEGIN <SPLITIZ}
L e LL L L L e EL IS PRI TR LR L)
(¥ let rn = rerlacel(retrn3(n™)»TREEL{retrn3{n"))(idrretrn3{c.node’) in ¥
(X len KEYL{(rn} = 2%¥s+1 and len TREEL{rn} = 23¥mt2 )
[ R i b e iin il %)
new (sn)s
sn”.node_turef=zinode?
if i < asl
then n".i.lists Cil.treel=r_node”.i_lists [2].tree
else r”.Pamli=r_node”.i.lists [2].treei
if i <= ntl
then
bedin
tor 4di=1 to m do sn”.i_lists [41i=n".i_lists [.Ltmls
sn”.i_lists [wttd.treei=n".raml}
sn”.key_count =ni
L R e Y 3]
(¥ retrnldisn™) = <back(myKEYL(rettnI(n™)))y ¥)
(% back(m+1:TREEL (retrnd{n”)))> ¥}
[ BTt 1)
ifti <=nm
then for Ji= e+l downto itl do n™.i_lists [Jli=n".i_lists [.4-11¥
n~ei.lists Cidi=r_node”.,i_lists L1}
n",kes_counti-m
O X
(% let rn = rerlacelretrn3(n™),TREEL(retrn3(n" )3 {idsretrn3ir_node)} in ¥
(¥ retrn3in”) = <front(m/KEYL{rn)):frant(nt+lsTREEL(rn})> | 3
(e e e e e e e e e e e e L
end
else
bedin
n"+key. counti=p
L B e T 3]
(¥ retrnlin™) = {front{msKEYL(retrn3{(n™))), b 3
% front{mt1yTREEL(retrn3{n~)})> 1)
[ S et n
if i > mi2

then for Ji=mt2 to i-1 do sn”.i_lists [i~m~11i=n".i_lists [4Ji
sn"ei-lists [i-w—11i=r_node”.i_lists [1]}

it

i < mnl

then for Ji=i to e do sn”.i.lists [J-edi=n",i_lists (1}
sn".i_lists Tetld.treet=n",ranli
sn”+kes_counti=ai

[ i i miatelab bk e L %)
(¥ et rn = replacel{retrnI(n” ) sTREEL(retrn3in™))(i}rretrn3{r_nadel}) in ¥)
(% retrn3(sn™) = <back{m)KEYL{rn)) back{(m+1»TREEL{rn})> x)
L il ittt | 9}

endi

r_node” .kew_counti=1;}
r-nade”.i_lists [1T.kevwi=n",i.lists [mt1d.keyj
ronode”.i_lists [1l.treel=ni



ropde”,i.lists (2).treeli=sp

ENDi  {SPLITI}

18] b_spliti.tent)



FUNCTIDK NEIGHBOUR (NINODE_PTR; I!TREE_RANGE):MODE_PTRi

BEGIN {NEIGHBOUR}
with n” do

bedin
it i < =
then neighbouri=i_lists [itll.tree
else if i = mm

then neighbouri=pranml
else meidhbouri=i_lists [mml.tree

end
ENDS {NEIGHBOUR}
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PROCEDURE DELFROMWAP (MINODE_PTRi IIKEY_RANGE)§
VaR
Jitree.randei
BEGIH {PELFROMMAP}
with n” do
bedin
it key_count > 1
then for J!=i to kew_rount-1 do t.lists L[#)i=t_lists [J+l1li

{NOTE: if kew_counl = 1» the tree consists of a Tnode containing a single
{ kedr data raitry spo there is no Point in shifting the ilems of the
{ noder all that has to be done is to set the keg_count to zero.

{ Alsor as J is of lure tree_rander the rande variables of the for
{ loor must lie in this subrande,

kew.counti=zkey.count-1
end
ENDi  {BELFROKHMAP)
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PROCEDURE ORDER (VAR N1iNODE_FTR: VAR N2INDDE-PTR} I!TREE_RANGE: NINODDE_PTR);

VAR
tesrlrtenr? !node.riri
BEGIN <{ORDER}
if i > nT,kev.count
then
bedin
if i=mml
then templ!=n".ranl else tewrli=n".i_lists [id.treei
tenpr2i=nli
nli=n2ji
n2i=teap2
end
END3# {ORDER}
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PROCEDURE MNERGE (VAR N1!MODE_PTR{ vak N2IMODE_PTRi KI!KEY_TYPE: IiTREE_RANGE}
MINODE_PTRi R._MODE!NODE_PTR)
VAR
4 itree_randei
11212 ikeu_randej
teapinode_Piri

FROCEDURE PRE_MERGE (VAR N1INDDE_PTR; VAR N2INODE_FTR) ;
BEGIN {PRE_MERGE}
itnl = n2
then
bedin
writeln (‘attemrt to merde identical nodes’Ji
it (merde)
end
else
if ni”.node_ture <> n2".node_tuyre
then
bedin
vriteln (‘atieart Lo merde nodes of different ture’ )i
exit {(persge)
end
ENDi  {PRE_MERGE)

BEGIH {MERGE}

pre_merde (nlin2)}

order (nlrn2sirndi

11izn1"~.kev_counti

12i=n2”.keu.counti

if al”,node_tupre = inpde

then

bedin
n"ei_lists [1141).keyi=Kki
for §i=1 to 12 do ni”.i_lists {11+3+1)iPn27,i_listse LCJl§
it 12 = mn
then tempi=nZ”.rmal
else temapi=n2".i_lists L[12+1]).treei
it 11412 < mm-1
then n1”™,i_lists [1141242),treelistenr
else nl”.pemli=temp;
ni™.key.counti=114]12+41

end

else

bedin
for Ji=1 to 12 do n1”.t_lists {114+33t=np2",t_lists [Ji
nl".key_counti=l1+12

endi

r.node” . .key_counti=0}

r_node”.i_lists [1).treefznl

ENDi  {HERGE}

%1 b.rerde.text)



PROCEDURE REDNISTRIBUTE (VAR NI1!NODE_PTR} VAR N2iNODE_PTR; KiKEY_TYPE;
{TREE.RANGEF NiNODE_PTR; R_MODE!NODE_PTR);
VAR
temp_node ¢ arrau [1..tamll of node_ites;
Jib iintederi
11+412yn11rnl 2 ikey_randej

PROCEDURE PRE_REDISTRIBUTE (VAR N1:NODE_PTRF VAR NZ2INODE_FTR):
BEGIN {PRE_REDISTRIBUTE}
if nl = n2
then
bedin
writeln ('atteaprt to redistribute identical nodes”)i
exit (redistribute}
end
else
it nl”.node_tyre <> n2".node_typre
then
bedin
writeln (‘attemrt to redistridbute nodes of different ture’)i
exit (redistribute)
end
END} {PRE_REDISTRIBUTE}

BEGIN <{REDISTRIBUTE}

ere.redistribute (nlsndi

order [(nlrn2eisndi

11tanl",key_counti

121=n2" kew_countd

it n1”.node_type = inode

then

bedin {merge}
for oi=1 to 11 do temr.node [(Jdi=n1".i_lists [JJ¢
tear_node [1141].kevi=ki
if 11 = m»
then tear_node [1141]1.treei=nl",ruenl
else tear_node [1i+1litreei=nl™,i_lists [11+12.treei
for Ji=1 to 12 do tesp.node [114J41):=n2",i_lists (.il}
it 12 = an
then temp_node [1141242].treei=n2".ruul
else teap_node [11+41242].treeli=n2".i lists [12+1).treei
nl13=(11+412) div 2J
nl12i=(11412) - nlli

{split}

for Ji=1 to nll+! do nl™.i_lists [Jli=tespr_node [JI}
nlT.kes_counti=nll}
for Ji=] to nl2+1 do n2".i_lists [Jli=temr_node [nll+i+1d+
n2".key_counti=n12i
r_node” i lists [1).kewi=temar_node [nli+il.key

end

else

bedin



it 11 ¢ 12
then
begin
bi={12-11) div 2}
for ji=1 to b do n1”.t_ lists [11+.i)i=p2".t.lists [Jd}
for Ji=1 to 12-b do n2".t_lists [.1i=n2".t_lists [.+b1}
nl1”.kev_counti=nl".kev_counttbi
n2”kev_counti=n2",kev.count-b
end
else
bedin
1=(11-12) &iv 2}
for .Jdi=12+b downto 1 do n2".t_lists [Jdi=p2",t.lists [i-b]}
for Ji=1 to b do n2",t.lists [J3i=nl1".t_lists [11-btdli
ni”.ked_counti=nl".ked_count-b
n2".key.counti=n2".kev_countib}
endi
r_node”.i_lists Cil.kedi=n1".t_lists [nl”,key_countl.key
end;
r_node”skes_counti=1i
r_hode”.i_lists (13.treel=nli
r_node”,i_lists (2).tree!=n2
ENDi {REDISTRIBUTE}
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PROCEDURE D_REPLACE (NINODE_PTRs IKiKEY_RANGE; IT:TREE_RANGES
R_NODE:NDDE_PTR)
VaRr
Jitree_randei
BEGIN {D.REPLACEY}
with n™ do
begin
if r.node”.keg.count = 0O
then
bedin
if ik < kew.count
then for Ji=ik to kev_count-l do i_Jlists [J)i=sj_lists £ j4+11}
if key_count = am
then i_lists [key_countl.treei=ranl
else i_lists [kev_countl.treei=i_lists [kev_count+ll,tree’
i-lists [ikl.treei=r.node”.i_lists [1].treei
key_count!=key_count-1
end
else
begin
i_lists LikJi=r_node”,i_lists T1J}
if it = aml
then rempld=r_node",i lists [2].tree
else i_lists [it+1].treel=r_node”+i_lists [2],tree
end
end
ENDi {D_REPLACE>
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PROCEDURE FPRINT_TREE (N!NODE_PTR}#
VAR

leaves !booleani

derths level lintederi

FROCEDURE PRINT_NODE (NINODE_PTR{ LEVEL:INTEGERV DEPTH ! INTEGER
VAR LEAVES:BOOLEAMN};
VAR
kind ichar?
Jd ttree_randes
BEGIN {FRINT_NODE)}
with n™ do
bedin
it derth = level
then
bedin
it node_tyre = inode then kindi= ‘1’ else kindi="T‘;
writeln (fr'——-——mwmmm e e e e s e s
writeln(f)j
writeln (f3'LEVEL ‘sleveliS»’i‘})s
writeln(f);
write (s NODE ‘)i
rrint_octalinroctalsfuled;

write(fr” TYPE! ‘+kind)i
wrile (fs’ HUMBER OF KEYS5! ‘r kew_count)i
writeln(f)i

writeln(f)i
write (fy’KEYSt )i
it node_ture = inode
then
bedin
for Ji= 1 to kes_count do uwrite (fri_lists [id.keulfids
writelni(f)s
write (f:'TREES:? )i
for Ji=1 to kev_count do
begin
print_octalli.lists [Jjl.treesorctalrfuleli
write{fy* “Jj
endi
if key_count = mm then
bedin
rrint.octaliranlractalsfyle)s
write (f+7 )
end
else
bedin
print_octal (i_lists [keu.counttll.treeroctalsfwleli
Write (f," )
endi
writeln(f)]
writeln(f)
end
else



bedin
for Ji=1 to key.count do write (fst_lists [.l.kewiB);
writeln(f)i
write (fr DATAL ")
for Ji=1 to keu_count do write (fst_lists [Jl.data"!B)i
writeln(f)i
writeln(f)
end
end
else
bedin
if node_twpre # inode
then
bedin
for Ji=1 to kev_count do
print.node (i_lists [Jl.treeslevelrderthtlrleaves)s
if kev.count = sm then print_node{(pmalrlevelsderthtlrleaves)
else print_node (i_lists [key_counttlld.treerlevelrderthtlsleaves)
end
else leavesi=true
end
end
END} {PRINT_NODE >

BEGIN <{PRINT.TREE}
with n” do
bedin
if key.count > 0
then
begin
leavesi=falses
level i=0j
while not (leaves) do
bedin
derthi=I}
leveli=level+1F
rrint_nodel(melevelrderthrleaves)
endi
writeln (fp'-———— = m s e e e u e e e
end
end
ENDi {PRINT_TREE}
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