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A custom SQL index with Python features

Image search like Google's is a nice feature that wonder me - as almost anything related to image processing.

A few months ago, InterSystems released a preview for Python Embedded. As Python has a lot of libs for deal with

image processing, | decided to start my own attemptive to play with a sort of image search - a much more modest
version in deed :-)
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Select one image in l=ft panal

A tast of theory O

In order to do an image search system, fist it's necessary select a set of features to be extracted from images -
these features are also called descriptors. The range of each component of this descriptors creates a so called
feature space, and each instance of it it's called a vector. The number d of components needed to describe the
vectors, defines the feature space and vectors dimensionality, called d-dimensional.

Figure 1 - A 3-dimensional feature space and a descriptor vector in such space.
Credits: https://tinyurl.com/ddd76dIn

Once defined the descriptors set, all you have to do in order to search for an image in the database, is extract the
same descriptors from a searching image and compare them to descriptors for images in database - previously
extracted.

In this work, it was just use the dominant color for the image as descriptor (I said that it was a modest version...).
As a RGB representation for colors was used, the feature space is a 3-dimensional one - 3d for short. Each vector
in such space has 3 components - (r,g,b), in range [0, 255].
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Figure 2 - The 3-dimensional RGB feature space
Credits: https://www.baslerweb.com/fp-1485687434/media/editorial/contentimages/f...

In signal processing it's very common have n-dimensional spaces with values for n much bigger than 3; in fact, you
could combine a lot of descriptors in a same vector in order to get better accuracy. This is called feature selection
and it's a very important step in classification/recognition tasks.

It's also common normalize dimension range in [0, 1], but for means of simplicity this work uses the default [0, 255]
range.

The advantage of modeling features as vectors is the possibility of compare them throught distances metrics.
There're a lot of distances, each one having its pros and cons, depending if you're looking for performance or
accuracy. In this work, | choose easy to calculated distances - manhattan and chebyshev, which are basically
absolute differences with a reasonable accuracy.

Figure 3 - A representation of some distances metrics
Credits: https://i0.wp.com/dataaspirant.com/wp-content/uploads/2015/04/coverpost...

Functional Index

But this is just the tools needed to compare images based on their content. If you hasn't a nice query language like
SQL, you'll end up with tedious methods and parameters for searching... Furthermore, by using SQL, you can
combine this index with others well know operators, creating complex queries.

It's here where InterSystems Functional Index are very handful.

A function index is a class that implements the abstract class %Library.Functionallndex which you implements
some methods in order to handle with index task in a SQL statement. This methods handle insertions, deletions
and updates basically.

/1l Functional Indexing to be used to optinize queries on inmge data
C ass dc. nul tinodel .| nmagel ndex. | ndex Extends %.i brary. Functional I ndex [ System = 3 ]

{

/1l Feature space cardinality
/1l As this class is intended to index inmage in RGB space, its cardinality is 3
Paraneter Cardinality = 3;

/1l This nmethod is invoked when an existing instance of a class is del eted.
O assMet hod Del et el ndex(pl D As %CacheString, pArg... As %Binary) [ CodeMbde = gener at
or, ServerOnly =1 ]

{
If (%mode '= "nmethod") {
$SSCENERATE( " Set i ndexer = ##cl ass(dc. nul ti nodel . | magel ndex. | ndexer). Get I nsta
nce("""_%lass_""", """ _Yproperty_""")")
SSSCENERATE(" Set i ndexer. Cardinality = "_..#Cardinality)
$SSCGENERATE(" Do i ndexer. Del ete(pl D, pArg...)")
}
Return $$$OK
}

Cl assMet hod Find(pSearch As 9Binary) As %.ibrary.Binary [ CodeMbde = generator, Serve
ronly = 1, Sql Proc ]
{
If (%mode '= "nmethod") {
$SSCGENERATE( " Set result = """"")
SSSCENERATE( " Set result = ##cl ass(dc. nul ti nodel . | magel ndex. SQLFi nd) . 9%New() ")
$SSCENERATE( " Set i ndexer = ##cl ass(dc. mul ti nodel . | magel ndex. | ndexer). Getl nsta
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nce("""_%lass_""", """ _Y%roperty_""")")
SSSCENERATE( " Set i ndexer. Cardinality = "_..#Cardinality)
SSSCENERATE(" Set resul t. I ndexer = indexer")
$SSCGENERATE(" Do resul t. Prepar eFi nd(pSearch)")
$SSGENERATE("Return result")

}
Return $$$K

}

/1] This nethod is invoked when a new i nstance of a class is inserted into the databa
se.

C assMet hod I nsertlndex(plD As %CacheString, pArg... As %Binary) [ CodeMbde = generat
or, ServerOnly =1 ]

{
If (%ode '= "nmethod") {
$SSGENERATE( " Set i ndexer = ##cl ass(dc. nul ti nodel . | magel ndex. | ndexer). Getlnsta
nce("""_%lass_""", """ _Y%roperty_""")")
$SSGENERATE( " Set i ndexer. Cardinality = "_..#Cardinality)
$SSCGENERATE(" Do i ndexer. Insert(plD, pArg...)")
}
Return $$$K
}

O assMet hod Purgel ndex() [ CodeMode = generator, ServerOnly = 1 ]
{

If (%ode '= "nmethod") {
$SSCENERATE( " Set i ndexer = ##cl ass(dc. mul ti nodel . | magel ndex. | ndexer). Getl nsta
nce("""_%lass_""", """ _Y%roperty_""")")
$SSGENERATE( " Set i ndexer. Cardinality = "_..#Cardinality)
$SSGENERATE( " Set i ndexGbl = indexer. Getl ndexLocation()")

$SSGENERATE( " Do i ndexer. Purge()")

}
Ret urn $$$CK

}

/1l This nethod is invoked when an existing instance of a class is updated.
Cl assMet hod Updat el ndex(pl D As % CacheString, pArg... As 9Binary) [ CodeMbde = gener at
or, ServerOnly =1 ]

{
If (%wode '= "nethod") {
$SSGENERATE( " Set i ndexer = ##cl ass(dc. mul ti nodel . | magel ndex. | ndexer). Getlnsta
nce("""_%lass_""", """ _Y%roperty_""")")
$SSGENERATE( " Set i ndexer. Cardinality = "_..#Cardinality)
$SSGENERATE( " Do i ndexer. Update(pl D, pArg...)")
}
Return $$$OK
}
}

I hided some implementation code due readability; you can check out the code in OpenExchange link.

Another abstract class must be implemented - %SQL.AbstractFind, in order to make available the use of %FIND
operator to instruct the SQL engine to use your custom index.

A much more detailed and friendly explanation for functional indexes is given by @alexander-koblov, as a great
example on functional index as well. | strongly recommend read it.
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If you'd like to go further, you can play with source code for InterSystems %iFind and %UIMA indexes.

In this work, | setup a simple persistence test class, where images path are stored, and a custom index for image
search is defined for this field.

Gl ass dc. nultinodel. | nmagel ndex. Test Extends %ersi stent

{

Property Nanme As %&tring;

Property I mageFile As %String( MAXLEN = 1024);
I ndex i dxName On Name [ Type = bitmap ];

I ndex idxlmageFile On (InageFile) As dc.multinodel. | nmgel ndex. | ndex;

Note that idxImageFile is a custom index (dc.multimodel.Imagelndex.Index) for the Image field (which stores image
path).

Python (and COS) time!

So, functional index abstract classes will give you the entry points where you could perform feature extraction and
searching when SQL statements are executed. Now, it's the Python turn!

You can import and run Python code in a COS context by using embedded Python. For instance, to extract the
dominant color from images:

Met hod Get Domi nant Col or RGB(pFile As %Gtring, ByRef pVector) As %status

{
Set sc = $$PIXK

Try {
Set json = ##cl ass(¥8YS. Pyt hon). | mport("json")
Set fastcol orthief = ##class(%YS. Python). I nport("fast_colorthief")
Set imagepath = pFile
Set domi nant col or = fastcol orthief."get_doni nant _col or" (i magepat h, 1)
Set vector = {}.%romISON(j son. dunps(doni nant col or))

Set n = ..Cardinality - 1
For i = 0:1:n {
Set pVector (i) = vector. %Get (i)
}
} Catch(e) {
Set sc = e.AsStatus()
}
Return sc

In this method, two Python libs are imported (json and fastcolorthief). The lib fastcolorthief returns a Python 3-d
array like representation with the values for RGB; the other lib - json, serialize such array into a %DynamicArray.

The dominant color is extracted for every record that is inserted or updated - once functional index raises calls for

Insertindex and Updatelndex methods as response for inserts and updates in the table. These features are stored
in the table global index:

Met hod I nsert(plD As % CacheString, pArgs... As %Binary)
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{
/1 pArgs(1l) has the inmage path
$$$Thr owOnEr r or (. . Get Domi nant Col or (pArgs(1), .rgb))
Set idxGbl = ..GetlndexLocation()
Set @dxGol @ " nodel ", plD =""
Merge @ dxCbl @ " nodel ", plD, gh") =rgb
Set @dxCGbl @" I ast-nodi fication' ) = $ZTI MESTAWVP
}
Met hod Update(pl D As % CacheString, pArg... As 9%Binary)
{
/1 pArgs(l) has the image path
Set idxGbl = ..GetlndexLocation()
Do .. Get Dom nant Col or (pArg(1l), .rgb)
Kill @dxGbl @"nmodel", plD)
Set @dx&ol @ " nodel ", plD =""
Merge @dxCbl @"nodel", pID, "rgb") = rgb
Set @dxGol @ "1 ast-nodi fication' ) = $ZTI MESTAMP
}

In the same way, when records are removed, functional index raises calls for Deletelndex and Purgelndex
methods. This turn, features must be removed from table index global:

Met hod Del ete(pl D As %CacheString, pArg... As %Binary)

{

Set idxGbl = ..GetlndexLocation()

Kill @dxGbl @"nodel", plD)

Set @dxGbl @"Il ast-nodification") = $ZTI MESTAMP
}
Met hod Purge(pl D As %CacheString, pArg... As %Binary)
{

Set idxGhl = ..GetlndexLocation()

Kill @ dxGol

Set @dxGol @ "l ast-nodi fication") = $ZTI MESTAMP
}

Global index is retrieved by introspection in the persistent class:

Met hod Get | ndexLocation() As %&tring
{

Set storage = ##class(%ictionary. d assDefinition).%enld(..d assNane). St orages.
Get At (1) . I ndexLocati on

Ret urn $NAME( @t orage@ . . | ndexNane) )

}

When users uses the index in WHERE clauses, the method Find() is raised by function index. The query statement
is passed in order to you analyse it and decide what to do. In this work, parameters are serialized in JSON in order
to make its parse easier. Query parameter has the following structure:

SELECT | mageFil e
FROM dc_nul ti nodel _| nmagel ndex. Test
WHERE | D %1 ND search_i ndex(idxlmageFile, '{"color_simlarity":{"inage":"/data/ing/te
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st/161074693598711.j pg","first":5, "strategy": "knn"}}")

In such statement, you can see the use of %FIND operator and searchindex function. This is how SQL access our
custom index.

Parameters for searchindex defines which index to search - idxImageFile, in this case; and what value to send to
index. In this work, the index expect a JSON object, with an object configuration defining: (i) the image path, (ii) a
limit for results, and (iii) a search strategy.

A search strategy is just what algorithm to use to perform the search tast. Currently, it's implemented two
strategies: (i) fullscan and (ii) knn, which stands for k-neareast neighbors.

The fullscan strategy is just an exhaustive search measuring the distance between the searched image and every
image stored in database.

Met hod Ful | ScanFi ndStrat egy(ByRef pSearchVector, ByRef pResult) As %status

{
Set sc = $$IXK

Try {
Set idxGbl = ..Indexer.Getl ndexLocation()
Set rankGbl = ..l ndexer. Get RankLocati on()
Set id = $ORDER( @ dxGol @ " nodel ", ""))
Wiile (id "="") {
If ($ISVALIDNUMid)) {
Merge vector = @dx&l @"nodel ", id, "rgb")
Set distance = ..l ndexer. CetL1Di stance(. pSearchVector, .vector)
Set result(distance, id) =""
}
Set id = SORDER( @ dxCGhl @ " nodel ", id))
}
Kill @ankGbl @. .| mgePath, ..FindStrategy)
If (..First "= "") {
Set ¢ =0
Set di stance = $ORDER(result(""))
While (distance '="") && (c < ..First) {
Merge resul t Tnp(di stance) = result(distance)
Set id = $ORDER(result(distance, ""))
Wiile (id '="") {
Set @ankGbl @ . .| nagePath, ..FindStrategy, id) = distance
Set id = $ORDER(result(distance, id))
}
Set c =c +1
Set distance = $ORDER(result (distance))
}
Kill result
Merge result = resultTnp
}
Merge pResult = result
}
Catch ex {
Set sc = ex.AsStatus()
}
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Return sc

The KNN strategy uses a more sophisticated approach. It uses a Python lib to create a tree structure called Ball
Tree. Such tree is suitable for efficient search in a n-dimensional space.

Met hod KNNFi ndStrat egy(ByRef pSearchVector, ByRef pResult) As %&tatus
{

Do ..Log(" ------ KNNFi ndStrategy ------ ")
Set sc = $$$K
Try {
Set idxGbl = ..Indexer.GetlndexLocation()
Set rankGbl = ..l ndexer. Get RankLocati on()

Set json = ##cl ass(¥8YS. Pyt hon). | mport("json")
Set knn = ##cl ass(¥8YS. Pyt hon). I mport ("knn")

Set first = ..First
Set k = $CET(first, 5)

Set n = ..Indexer.Cardinality - 1
Set x = ""
For i = 0:1:n {
Set $LIST(x, * + 1) = pSearchVector (i)
}
Set x = "[["_$LISTTOSTRI NG&(x, ",")_"11"

$$$Thr owOnError (. . Creat eOr Updat eKNNI ndex() )

Set ind = knn.query(x, k, idxCbl)

Set ind = {}.%ronISON(json.dunps(ind.tolist()))
Set ind i nd. %Get (0)

Kill result
Kill @ankGbl @..|mgePath, ..FindStrategy)
Set n =k -1
For i=0:1:n {
Set id = ind %Get (i)
Set result(i, id) =""
Set @ankGbl @ ..l nagePath, ..FindStrategy, id) =i

}

Merge pResult = result
}
Catch ex {

Set sc = ex.AsStatus()
}
Return sc

The Python code for generate the ball tree is showed below:

from skl earn. nei ghbors inport Ball Tree
i mport numpy as np

i mport pickle

i nport base64

import irisnative
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def get _iris():
ip="127.0.0.1"

port = 1972
nanmespace = "USER"
user name = "superuser"

password = "SYS"

connection = irisnative.createConnection(ip,port, nanespace, user nane, passwor d)
dbnative = irisnative.createlris(connection)

return (connection, dbnative)

def release_iris(connection):
connecti on. cl ose()

def normalize_filename(fil enane):
filenane = fil enane. encode(' UTF-8")
return base64. url saf e_b64encode(fil enane). decode(' UTF-8")

def create_index(index_global, cardinality):
connection, dbnative = get _iris()
X = get _data(dbnative, index _global, cardinality)
tree = Ball Tree(X, netric = "chebyshev")
filename = f"/tnp/ ${normalize_fil enane(i ndex_gl obal )}.p"
pi ckl e. dump(tree, open(filename, "wbh"))
rel ease_iris(connection)
return tree

def get data(dbnative, index _global, cardinality):
X =11
iter_ = dbnative.iterator(index_global, "nodel")
for subscript, value initer_.itens():
id_ = subscript

v =[]

for i in range(cardinality):
V. append(
dbnat i ve. get (i ndex_gl obal , "nodel™, id_, "rgb", i) / 255
)
X. append(v)
return X

def query(x, k, index_global):
filename = f"/tnp/ ${normalize_fil ename(i ndex_gl obal)}.p"
tree = pickle.load(open(filename, "rb"))
x = eval (x)
X_ = [xi [ 255 for xi in x[0]]
dist, ind = tree.query([x_], k)
return ind

When an image is being searched, the custom index calls the query method from ball tree object in Python. You
can also note the use of IRIS Native API in order to access index global RGB values for ball tree build.

For order images by similarity, it was developed a SQL procedure which transverse a global that stores distances
previously calculated for each image searched:

Met hod Di ff Rank(pSearch As 9%Binary, pld As ¥String) As %l oat
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{
Set search = {}.%romJSON( pSear ch)
If (search.% sDefined("color_simlarity")) {
Set config = search. %et("color_simlarity")
Set imagePath = config. %t ("i nage")
If (config.% sDefined("strategy")) {
Set findStrategy = config. %Get("strategy")
}
Set rank@l = ..l ndexer. Get RankLocation()
Set rank = $CGET(@ankGbl @i nagePath, findStrategy, pld))
Return rank
}
Return ""
}

So, you can change the SQL statement to order the result by similarity:

SELECT | mageFile, dc_mnultinodel _| magel ndex. Test _i dxl mageFi | eDi f f Rank(' {"col or_simi | ar

ity":{"image":"/data/ing/test/161074693598711. ] pg","first":5,"strategy":"knn"}}', id)
AS Di ff Rank

FROM dc_nul ti nodel _I nagel ndex. Test

VWHERE | D %-I ND search_i ndex(idxlnmageFile, '{"color_simlarity":{"inage":"/data/ing/te

st/ 161074693598711.j pg","first":5,"strategy":"knn"}}")

ORDER BY Di f f Rank

Conclusion

The aim of this work was to show how to combine functional index definition in COS with calls for Python code
using their amazing libraries. Furthermore, by using this technique, you can access complex features provided by
Python libs in SQL statements, allowing you to add new features to your applications.

#Embedded Python #Indexing #Multi-model #SQL #InterSystems RIS
Check the related application on InterSystems Open Exchange
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