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Application of AVL Trees to Adaptive
Compression of Numerical Data

HipetosHr Yokoot and Yukie Suciurat®

Computer data of fixed-precision and floating-point numbers are discrete even though
they may represent real numbers. However, they are quite different from purely discrete
data in that the size of an alphabet defining such numerical data is very large and they
can be thought of as realization of a random variable with smooth distribution. This
paper discusses the adaptive compression of computer files of numerical data whose statis-
tical properties are not given in advance. Specifically, two new algorithms utilizing
AVL trees are proposed and the improvement of AVL trees for that purpose is con-
sidered. Comparisons them with existing algorithms are made mainly from the
viewpoint of data structures. This paper includes also an application of these algorithms
to the noiseless compression of gray-scale images in order to show wider applicability
of the adaptive compression of numerical data.
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Fig. 1 Estimation of distribution function.
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Fig. 2 Estimation of density function.
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Fig. 3 Subintervals corresponding to the completely

balanced binary tree of already observed data.

* BEORVBZWHEIC —o BEEN +o A TN
WO, BRAER EOBESICT EFLL.



4 O EER

BEXdvy N\OFEEBTERTES. 0k, AR
@,C@&iKAﬁEC%ﬁL%@ﬁ%%ﬁméﬁé
B, BE L EFHLU “BS (depth)” E0HEHR
EHOE. L, RKKEINARRD/CADE
X2 2DAD “BY (height)” EME3 W2 SEK
BRDOEIROTH .

XC, B n lHOF — 2 BFEEAT, H ntl
REHOF—2& (n=0,1, ) BFELORRITIL > TH
BETB. Lk, n iIKELTHRE ZEE d=d(x)
ERAT, ¥7 2¢ AOWIRED S BHRET —4%
AUEEHAEX dEy FPTHEAL, ZORBOH
TZ#DF — & A¥5ET 5 DI KRB FERE 2 kT
BLETHENT S, COFBEE, HIXEOERD
24 LA RERBEIND ENSHAT, Itoh 58
Modified algorithm [k 2), p. 2502] LIEATH
3500 —BHNEHEAICHEET 5.

KT, 8 nt+l BEOF — 2 OBEIC K ZAEED
EHFS LB S UL, 20OBENECTER
2RBRAENRBLICTHC &, PEEDERIC
S TR, HEVIEL DHEREET ST
&Kmé.%tf,@?—ﬂwﬁﬁ%QKﬁ%&bf
AVL KVEEAET 2. AVL Kid, FEOHSICEN
T, ZOLEWIREATDRKOEEOENIUTTDH
BES1E2ERATHS. AVL ANOHIEF —
ﬂwﬁku,ifﬁﬁmzﬁﬁﬁxwgﬁtﬁﬁmﬁ

. ZDRERD AVL RKofMA£iIc S8, H
h&ﬂ»’f Bh28EICk - T AVL RicE#rd 5. AVL
KTEENC &3, COEREEURE « DBRENER
D 2 SERABREICLBEBLHA RS A - OBHERTE
(LSBT ERLSEGTEBLETH S, 188, 7~
FICFA—HOBESBLOERELTHBRY, T—4
OEARZLTHRAE UTERINS.

TCT, ¥ ntl BEOF -2 ORBICERER
LT, #HaRMOEICOWTHRIEMAS. K3
Sbah 5L, BAKCEMHEE 2K (BIFTIR
S 2 43K, completely balanced binary tree
EMES) DBEAIGERTEAZARDE XL 0<d<log
(n+1)] TH 3. 58, d=0 34XEELL SEET
1K E LTS T EA2EWT 5. —F, Itoh &
i3, BOXEOEBELT Vel Z#RLTHWS
Z iz, d=0.5logn ICHH¥TS. —f&D AVL K
T d=0.5logn &4 % T EWARERE I hEA DT
Wi, BINFRERERES d2EE Uic & IR
DEFEE 5L D AVL A% Gd) T&9. GQ1) i

Ep e Jan. 1993

Completely
balanced binary
tree of height 2d — 2

H 4 G(d), d=2: BRWHEERES S d THAY
HEAD AVL K.
Fig. 4 G(d): AVL tree with the maximum feasible
depth d that attains the maximum number
of nodes.

BEIUshicERE L lBOEISKRAIHAEK 2D
KTh 3. —ic, Gd) BE4iCRT &S LERY
BHEEEEL, TOMENE ne TETE,

m=2 (1)

Nna=na-1+22471, d>2
ZiEled. R4icRT &Ik, BRAELERES
Z#1FOH T &, Gd) 0FII2Fo>8NT 2. &K
(YXy

2

ng(zwwl)
%185, it d It DOWTIRE, nd ZBIT n LR
T35,

d=0. 510g(n+ 3)+0 510g—

E13%. oL, BREBRALO F—42 0 n HlH L&
&, BIRTEELRKEIIBRELELLIBEOn L
dEDOBBEERLTHS. THbE, AVL K&
72BATHXREOMEM O LTI Itoh & DHEDRA
MEEEERCE AR LT 5. EE, %R 3EBT
i3, d(n)=10.5log(n+1)] ZEH LT3

2.3 AVL KOIEBE&LFSiE

I TREET 37— 2 ICA—HOEHRIZTNE
RELT &7, BEENRD > THHBLEOHDITS
CTHEEI EFTT 5 ENTES. A—HOEENH
BEERBDII AVL KitF — 42 2 B8ET5-E5TH
3. @A—7F—4%% AVL ROB|# D HICEDE TS
CEEHTE, WOWBB(MSAE T T AVL k&L
TORBABLIBRBILENH B, Lkd-T,
F—7 — & bstefe L& AVL R~02E4E T
BLEMTES, 20XHINF—20EELAPSKE
DBTICKBLTERY. COMEARRT 2 HEEL
T, 2ERADEHEICT -2 DEEEATHT S
FEBEZONLZDOT, 7, TOXIETAHLEL

Nievergelt 5YDEIFHA (BB AK&d) £#FH



Vol. 34 No. 1

LTk LTaAT.

AVL KizBWTS, BB KicbBW\WTd, FHED
HEBHSARBEAMCITDN, RICKDENEHADES
BRERIN BT LML RFRICEEELAThI 3.
LAY, ZolbichEriTS &, HAMOFRE
RICEEDSE T 20T, HEOEEE S CERLLE
AT ED E LTS, BREOEEIECEHED
FEAWETEOD CERFIEEINILL LB, F 77,
VHEOH (b B4 B HEREDSTERIICIE BB KXy
AVL KD E 5 BSENTHE T EBHMENTNBED,
ZDOEHBTENDS, HEOEHEATRE LAEIL
WARERMT — 2 EMEICHSAES ELTD, FA—
MOBHEOMBELZBHICRBRTERNC &KL 3.
ZTT, KMX T, COXSRBEIFHRLREST
LR DT, AVL KAEARD L3 ICBET 5k
ERET 2.

Y, UEBNTE/@BEO AVL RKicgdsh 3
HAEERSEFESRC LT R chicHl, FHikic
“ERDETR” &0 D BAAEAYT . BT, K
fE7— 2 ABMLIBNENS BERGIE, EHEER
UB&EAH L, BULEIBAEEZYIHETH 5.
UT, coXH5BRPEHE48A Ul AVL KEEE
AVL KEWES EE AVL KOS AKIREALL
F-2Bic—HL, T05B, BELLT— 2 BEL
fim & LTEHEINS. UT, 208ERCDOTH
~B.

RDT—2 2 RICHAT 2BEEELS. COB
& BERICENEADT — &2 &2 EARB LIS
z 2 ROBD SEICHD» > TBETEC &3, T
DHDOLET, ROBELDOF -4 &«
EBFELOVEAICREDCEAERT TS5
(flag TET) 23T, = BERUEE»IES
WCEET 2 Tz OBHERIZC EicT
5. CORER, zOBKABEICDONTRD
4 FIREMEDSAE U 5.

(1) not flag D OBAEMELELED
ETH 3.
(2) not flag D DOBAERE LA

* TR, 2Bl LA & 1 -

TBAEEEMCESFATNS. Lok

- T, HOEDED, Fiias 1EEGE

FTRERUCBNT, FHADEHREShTH

10NE S Iz £ BB ERIBT RIS

E&d, ZOBARKAETNE. HicEp

RO ERY B LBENH BT, £0
KD ITHESS,

A

AVL A2FHA LA EENBET - 2 EfMELZORER 5

THh 3.
(8) fag b OBEMBESEHESQCETH 5.
(4) flag IpDBRENBESRUSE T 3.
FLOHEOBAR, FEAIKEUTTS.

He()o & &3, @F0 AVL KOBALRAE
IZ, v%RTEMEELER U TCENEREMBEOFH
BELUTEATS. (2)DEAE, BENBEDOSRD
MEAEMECEZTF -2 22 BEL, (4)0EA
KRRZBLUHEOBAZTT 5. (3)DEAIKIL,
BREMBASEOIER 1 z OEICH U84 T
L, ZORICEDPHEZERT 5. BEMENED
BT, BETRELMACHEE UTERE s A
B 595, (4)DEAR, Flic@mss 18
ERTsCEicl, ZhEREMBEELZRET 2HIK
&, ZOREENTELLGF ThBNISREELL
THAT 3.

PEDESCUT, EHiEDIZVREUSESOEA
T, ZOREMS AVL KOLKEEEL RN
EROBEEHELETS. CORHOREOEREIR, B
HDAVL ROBAEFA—TH 3. T15bb, FEEkT
SEHEERL G A ERBICT I OT, EHiSERUS RS S
RAIUTH D BERIL. 727250, ERPETSSEG S
KDDL HBRRAWTERNE ST B, ThEE
Heap%, bW —EREOHESTRLULOIR
5Th3. chid, —EREOEASEBCIT > C L
NTE 3.

UETHOPEX S, BE AVL k&3, H—%
DF —2NH5E L, ZhERLGEELT 2
E” ST ANMBREMLIBOTHBEEES &

(4]

O: suisns

B 5 {EE AVL Kco—&RKRO. EHE#OKR (X)) TEMHAA
LEEDMIAB AR U, KERLITI S CAKOBRIEAA
DsYRITW > THeS, BRUBABEH ALV S LICH B2 0T
ERVEIICT B Tiebb, BUMAR, EAIE, BBAK
DELCHBZREDE I hEV > BEESEORROEATHS.

Fig. 5 Single rotation in modified AVL tree.



6 HRLEE SR G

T&%. COXHREE AVL K&EE- kB4
TATYXLELTEEDEE, ZOBITIRO LD
T8 %.

begin

1 n:=0;d:=0; N:=3; D:=3;

2 while ¥—25% 38 do begin

3 z=n+1 BEHOF—4 ;

4 Qi=—00; B:i=-400;

5 ALV b/ —F=E AVL KOIR;

6 Sflag =false;

7 for i:=1 to 4 do begin

8 if vy b/ — FHEUETA then
for v—7%T L1TFTEN;

9 if z<#LV Y}/ —FODOfE then begin

10 “00 A B=HL Y/ —FOE;

11 ALyt ) —F=EOFHiAH end

12 else begin

13 ifz=Hh1v vt/ —FODOfE then

Sflag =true;
14 “1” 2HA; a=pr v b/ —FDfE;
15 ALvre/—F=HDOTHEAE end
16 end; {for-end}
17 code(z—a, f—a) ZH17;
18 ERFETAET flag Ay PLEMBSLHI LY
b/ = FREDzEEE AVL KiciEA;

19 if EHTEL then FHELAL;
20 n=n+1;
21 if n>N then begin
22 d=d+1;
23 D:=4xD;
24 N:=N+D end
25 end {while-end}
end. .
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Fig. 6 Linear predictor P=(L+U)/2 for pixel X.
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Table 1 Compression ratios for natural images using various compression methods.
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