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SEcTiON 1
PROBLEM SPECIFICATION

All knowledge based syslems need-an underlying database
facility to store, share and access struclured data. This
dissertation considers one such application in the field of
Computler Vision.The problem is Lo create a database of models for
visual objecls. One simple proposition i1s la exlraclt sufficient
amount of features (known as feature vector) for each object and
store them in a flat file. An inpul To this systam 15 compared
wiih each object linearly Lo gel a suilable match. Such a system
faces problem when the number of stored objecls 1increases
sufficiently. A search procedure will perform poorly in such a
situatian. Also there is a chance af huge amount of information
repetition especially when all the objects or objects in groups
have some structural uniformitly.

The internal representation of a complete object is
hased upon the following intuitive observation:

Visual obJjects are normally, decomposable into a
hierarchy of coarse to fine descriptions. Al any level there is
one descripltor for each visual entity (for example for leach
sﬁuhpart at that level of resolution), connected to other entities
hhruugh a predefined sel of spatial relations. These spatial
relations are paramelric allowing a tolerance range on the values
?$ their paramelers. The allirbutes belonging to one descriptor

of a part or subpart may often constrain an attribute of another

part or subpart of the same object.



Different objects of the same structural/functional
tlass often share a set of part names in addition lo
descripltions. This information 18 slored in the name
plane.However, 11 is nol imperative that two olrjectls sharing the
same name will also share the corresponding deccription.

The name plane contains, for each obiscl class, a one

level J8 A Lree, and a PART OF tree for each ol ject belonging to

that class. Al any arbitlrary time, suppose Lhei« are k objecls af
Lhe same class. For Lhe i—th object the structure is a tree.
However some nodes of Lhe tree (each node disignating a parp
name’} would also be shared by the j—th object. It is assumed that
a node at a certain level in the i—-th PART (IF tree will not
appear at a diftferent level for the j—-th PARY OF tree. If a
colour is assigned Lo each object, and the arc: of the PART OF
Lree of Lhal objeclt 1s assigned that colour, then the general
PART OF stiructure becomes an edge coloured mult i—graph.

In the name plane objecls of Lhe same¢ class consists of
all those nodes in lhe PART OF structure that are visited by arcs
of all colours. Introducing a uniquehkuluur for each object in a
class achieves sufficient sharing of information among the
objecls.

This dissertlation is concerned with the implementation
of a persistent representation of the name plane and a study of
its performance wilh respect to number of pages fetched and

number of pages used.



SECTION 2

DATA STRUCTURE

The structure of the name plane propcsed in secltion 1

is shown in figure 1. Figures 2 and 3 give an example of name
sharing in a name plane In this section a suilable dala struclure

for the name plane is presenled.

o Constanls:

1. MAX_FANDUT: Maximum number of decomposed subparls of any partl.
2. MAX _COLOR: Maximum number of specialization allowed.

c Level—Z2Z node?

Following are lhe fields ¢

1. # children® number of children, i.e., number of decomposed

subpartlts of The partl.

2. nexl plr: pointer lo the nexl part in the current buckel.

3. offset: affsetl 1n currenl buckel.

4. desc_plane _ptlr: pointer to the next associated descriplion

plane.

5. name: name of lLhe parltl.

&. Incolor _reg: A bit register of size MAX COLOR. The 1-1h
parl is ON iff Lhe parl 1s shared by a specialization having
colour number i.

7. ODulcolor_matrix (OCM): A bit matrix of size MAX _COLOR x
MAX_ FANOUT. Each row represents a colour and is a bit register of
size MAX_FANOUT. The i-th bit is on iff the i-th part in the

child level-2 buckel is a member in the named decomposition of

Lhe current part.



8. In_g_bit: A flag bit which is ON iff the part is visited by
all the existing colours.

9. OQut_g_bit: A flag bil which is ON iff the parl wundergoes a
decomposition for all the participating colours.

10. # outlcoivurc® number of outcolours in the outcolour matrix.

0 Level—0 node:

eyl

It contains the following fields:

1. name: Name of the object class.

. g_code: Bit register of size MAX FANOUT. The i—-th bit is ON
1ff the i—-th name in the root level—-2 bucket participates
in Lhe defition of the class.

3. specialization: Set of currently available specialization
of Lhe class.

4. # variant: Number of currently available specializations of
Lthe class.

5. child_ptr: Peointer to the root level-2 node.

o Level—1 node:

1. name: Name of the speclalization.
2. color_number: Unique integer assigned to the name.

3. child_code: A bit register of size MAX FANCUT. The i~th bit
1s ON iff The i—-th name in the first level-2 node (root
level-2 bucketl) is a part in the first level decomposition
of Lhe specialization.

All Lhe data structures defined so +{ar collectltively
defines a name plane for the aobject class. It bac¢ically gives a

name descriplion of each specialization in the otiect class.



SECTION 3

THE PERSISTENT NAME PLANE

From pragmatic considerations level-0 and level~—1
buckels essentially consist of the same structures and thereforae
belong to the same partition called the object partition of the.
name plane. The rest of the name plaﬁe is partitioned
horizentally, all buckets of the same level being placed in the
same buckel. These partilions are called segments and each

partition is implemented as a random access file.

The data structures are dynamic both with respect to

colour and with respect to the number of children of a specific

node. The knowledge of the domain tells us that effect of the
fnrmer would be more prominent than the effect of the latter
because a high degree of name sharing is expected at each level
of Lhe name plane. Hence the outdegree colou:r matrix (OCM) is
maintained in a different area managed Lhrough a slightly
modified paging strategy compared to the buckatls containing thé
main data items.

The Paging Strategy

Let us define two kinds of pages ca’'led data pages and
averflow pages respecltively. Let their page s:zes be MAIN_PG _SIZE

and OFL_PG_SIZE respectively. Thus the data page can hold
MAIN_PG_SIZE data items and an overflow page can hold OFL_PG_SIZE
data items respectively. The overflow page sire is usually larger
than the main page size. The data pages of a level are part of

Lhe horizontal partition for that level. Let .main area denote



these horizontal partitions.

There are ltwo pointers in each level—-2 node (these
correspond to child_ptrlfield in the data structure of level-2
node given in Section 2). One of these pointers points to the
main area and the other points into the overflow area.

The data in a partition in the main area is organized

as shown below?

pointed to by parent

pointer tao next
k= #conligous pgisel of contigous Ppg 2
pages

the oraganization of an overflow page is given below.

pages o
other
buckels

-,

Fage count =
# of used
fragmenls

Data item Next fragment e« Other

fragment pointeaer fragments

Each fragment holds a data item. The pointer from tQE
parenl is the head of a fragment list that contains data items of
the buckel that are not enough to fill a main page.

As long as on insertion, the length of the fragmentl
chain i1s less lthan the data page size (i.e., B items in bucket
MOD MAIN_PG_SIZE = 0O) insertion is done in Lhe overflow area.

However, if on insertion the length of the tragment chain equals

H

the data page size (i.e., # ilems in bucket MID MAIN_PG_SIZE 0)

a fresh page is allocated in the main area and the data fragments

are copied to that page. The fragments freed in this process a'ae



added Lo an available fragments list maintained and the overflow
area pointer of lhe parenl is nullified. The page counts nfﬁ Lthe
overflow page to which each freed fragment belongs is also
decremented and if any page becomes free (page count = 0) the
free fragments in that page are deleted {from the availabhle
fragmenls 1list and the page freed. Thus fragmentation 1G

minimized al the exlra cost of new page formation time from

overflow pages.

Nexl lel us consider the OCM data item. Lel there be
one UCM segmenl for each main datla area segmer!i. The basic paging
technique for the OCM area also involves page thaining. However,
the insertion rate of a new colour register ic taster than the
insertion rate of a new data item. Unlike the earlier case it is
more difficult to minimize fragmentation even if information
migration takes place, simply because the degree of sharing can
only be predicteawstatiﬁtically for any object class and no
generalized model can be made to estimate the degree of name
sharing.

The number of oulcolours in an OCM page is given by the
constant OQUTCOLOR_PG_SIZE. An outcolour to be added to the OCM is
added to the first page if it is net full, otherwise a fresh page

1s allocated and the new page is added to the head of the chain.



SECTION 4

IMPLEMENTATION

Each partition is implemented as a file whose name is
Lhe class name with an appropriate extentiitn. Thus, HAMMER.LEVELO
contains the object partition of the class HAMMER. The partitions
for the various level-2 bucrkets are contained in HAMMER . LEVEL 20,
HAMMER.LEVEL 21 and so on. The 0.C.M partitions are in the files
HAMMER . OUTCOLORS0O, HAMMMER.OUTCOLORS1 and so on and the overflow
area 1s implemented in HAMMER.OFL..

The level-2 nodes are indexed by their corresponding
path expressions as shown helow. I

INDEX TABLE

Path expression

The indexes are maintained in an index file whose name is the
class game wilh the exlension ".1ndex" (e.g.
HAMMER . INDEX) .Pointer is a combination of the level numbers given
by pointer MOD 10 and an offset into the f:le given by pointer

DIV 10. A negative pointer indicates that fhe pointer is 1o the

overflow area.
There are two changes in the dat: structure of the name
plane given in Section 1 in the persisltent implementation.
1. The child pointer is replaced by two po:nters:
Main_area_ofs: giving the offset of the first set  of

conltiguous pages in the bucket in the m: in area.



Df1 _area _ofs: giving the offset of the head of 1lhe fragment
list in the overflow area.

2. The 0.C.M field is replaced by a pointer to the 0.C.M file of

the corresponding partition.
The algorithm for adding a subpart to a parl given the

path expressiaon for the part is given bhelow.

ALGORITHM insert(string path_exp, level—-2 x7;

Btep 1. find the pointer P corresponding o path_exp from tlhe

index tahle.

Let level—-no = abs(p) mod 10 and offsel = abs(p) div 10.

Gtep 2. Locate the node corresponding to path_exp. If P 1is

negative then fetch it from the overflow area

else fetch it from the partition are:.. given by level no.
Let t be the record fetched. (For this the corresponding page has
to be fetched if it is not already in the memcry.) |

Step 3. Increment 1.# children.

Btep 4. If t.# children mod MAIN_PG_GIZE = O 'hen

hegin
t.main_area _ofs:=copy_to_main_areallevel ya+1l,x,
L.main _area « fg,t.0fl_area_ofs);
goto Step 7
and.

Btep 5. If the available fragment list is nol emply tLhen allocale

a free fragment and decremenlt the page_cnt of the corresponding

page, else allocale a overflow page, allocate a - free fragment

from 1il, add the other fragments 1n the page 1o fhe free fragment



list and setl the page_cnt of the new pag> to 1.

Blep 4. Sel a data item field of the + ece fragment to = and

inserl Lhe new fragmenl at the head of t:2 fragment list and make
an enlry for x in the index table.

Step 7. Copy back the new value of t.

Btep 8. exit.

Procedure copy_to_main_area(level,x,main area _ofs,ofl_area ofs)

Btep 1. Alliocale a fresh dala page in partition no. level (a page

1 allocatlted at the end of the file) and +'dd x to it.

8tep 2. If the new page is contiquous with the set of conliguous
pag;;'pﬂinted to by main_area_ofs then the # contiquous pages
count is incremented paointed te by main_ 1rea_ofs.

alse # conliguous pages count for the ner setl of pages is set to
1T and the new page 1s added to the head of the list.

Btep 3.The data fragments in the fragments lisl pointed to by

vff_area_ofs are copied to the new data page, the page count of
the overtlow page of each freed fragment is decremented and the
index table enlries corresponding to lhe data fragmenlts are

updated to poinl! to the new lacation in the main area.

Blep 4. The list of freed fragmenits are added to the available °

fragmenls list. If in the process of freeing the fragments any
overtlow pages become free (i.e., page count=0) the free
tragments in those pages are deleted from the avalilable
tragmenlslisl and the overflow page released. This is done by

making a freed agverflow pages lisl and adding the freed overflow

pages tLa That Iist.

10




SECTioN b

FPERFORMANCE STUuDY

Four input trees are chosen for tLhe study of the
following paramelers for 9 values overflew and main page sizes, .

each with OFL_PG_SIZE 2= MAIN PG SIZE

T.No of overflow pages used.

2.No of overflow pages freed in the process of copying
Lo Lhe main areé.

3.No of main pages fetlcheu.

4.No of overflow pages fetched.

The inputl trees are shown in fig. 4.

The values of the above mentiornd paramelers are found
tor all possible permutations of the orde¢er of insertions of the

colours of a itree.The insertions and upd: “ions (updations of the

input colour register and the OCM) for & ew colour are done in a
breadlh first order.The histograms are p':tted for these values
and lthe average and maximum values found ul.The number of , pages
telched {(i.e. Paramelters 3 & 4) also depiaod on the main hemory

butfer size {for each of the data and o erflow pages. Both of
lhese are assumed to be one so that a pa. - has to be tetched from
the disk unless il was the previous one o be acessed.

For the purpose of repeatedl: crealting a tree for
differenl inpul colour sequences an inpul ﬁ}ea 1s read from a
texl file and stored in a data structure in the main memory as
described below.

The dala structure consic bg of @ nodes «ltored

continously, levelwise (in a breadth fir-! manner) in an array,

11



the root being the first element.The

below.

1. Path_exp: Palh expression
2. Incoler _reg: Input colour

3. child _ptr: Array index of

fields of a nede are given

of Lhe node.
register af the node.

the first child of the node.

4. no_of_children: The number of children of the node.

5. visited: A boolean flag which is set whenever a new

node 1s inserted into the name plane.

be made i1f this field is true.

S0 only an updalion has ta

procedure study_performance(no_of_colors,mm_tree,no_of nodes);

for i:= 1 to no_of _colors do colorsCils=i;

lnitialise_for_ permutations(colors,no_of colors);

for i:= 2 to no_of_nodes do treelCild.visited:=false;

repeat

initialise level—0 node:

sel all page counters to QO;

for i:=1 to no _of colors dn

for J:=1 to no_of_nodes do

if treeljld.incolor _reglcolorsCild] is ON thean

sel all bits in ou! color teo O:

for k:=treelCjl.child_ptr to tree[j].child_pt}

+ Lreeljl.no_of children—1 do

i1f treeCkl.incolaor_regCcolorsCil] is ON

then

if treefkl.visited then

update incolor reg of level-2

node

12

whose palh expression isg



treelkl.palth_exps

flee
initialise level—2 node X
correspinding to treelk3;
insert(ireeCjl.Path_exp, )y
treelkl.visiteds=truej
andif

oul _colorlkld: =13
' endif

add out _coler t1 OCM aof level—ﬁ; node
corresponding to treelil.path_exp;
end do
end if
end do

end do

write page counters to the »utpul file;

until next permutation{(colors)=false;

and:;

The summary of the resulls are given in Appendix 1 and 1tlhe

histograms are given in Appendix Z.

13
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Main]Of1 OFL PAGES USED MAIN PAGE FETCHES
PagejPage

2é6

26

26

2b6

1

1
IIIIIIIIII

3 1.950

> - 4.350
& 4 3.917
7 3 3.000
2 & 4 4.000
7 4 4.000

N U o
NN YW

Main|Of1l OFL PAGES USED
Page|Page
51zejSizei{ Max Average

APPENDIX 1

SUMMARY OF RESULTS

. Avera e

= 4 4 2 .803 34 29 .417

- 3 2.5467 34 27 .417

& 3 2.354 34 29.49147

7 3 1.288 34 29 .343

2 5 4 .57 13 11.0:0

6 4 4 .000 13 11.050

7 4 3.4472 13 11.0%0

5 b & & . 000 0 0.000
7 b 6. 000 0 L0000

Tree T

Tree T2

OFL PAGE FETCHES

21.700
21.700
<1.700
21.700

1.CL0
1.Q00
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O.0CH0

MAIN PAGE FETCH S
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13
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40
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Average

31.117
27 . 130
27 .333

27 .900
28.250 -

UFL PAGE FETCHES
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e
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a7

38
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4%
"

19

"

Average

15 .664

12 .508
11.468
?.372

-

31.556

29 .140
28.743

3% .358
37.775

Contd..
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OFL PAGE FETCHES

MAIN PAGE FETCHI O

Maximum Averare Average

MainjOfl OFL PAGES USED

Pagel|Page

SizelSize| Max Averaqge

3 4 4 31 25 .42 35 22 .486

5 3 31 29 .47 33 12 .346Y
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7 3 31 25 .42 27 15.001
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3 32.000 0O (). O 25 .58Y
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APPENDIX 2

HISTOGRAMS

HISTOGRAMS OF TREE 1

iy
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23 W W
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%
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