. EZfo:\l'?;v:deg\il?:ual Computing D : Ih ApP}EAR}? T H E F U T U R

<:::] Laboratory

Nm Z \ éu;ope(;A‘m.i;;znc,ciRe§eatchquqoL
http://www.colorlab.no https://www.appearsitn.eu/ O F C O L O R
By

Tanzima Habib MANAGEMENT

NTNU, Gjgvik, Norway

svedath@studntnu.no



mailto:email@ntnu.no
http://www.colorlab.no/
https://www.appears-itn.eu/

OUTLINE

Alntroduction

AOperations

AXML Representation

ATypes of Operation Encodings

AExtended Structures in XML

AExample 1: Spectral Estimation using Calc elements
AExample 2: BRDF using Calc elements

ALimitations
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ImportantDocuments

A iccMAX Specification
http://color.org/specification/ICC.2 -2019.pdf

A White paper 45: Calculator Element Programming
http://color.org/whitepapers/ICC White Paper45 Calculator Programmingv3.pdf

A ReflccMAX- Win32 executables
http://color.org/iccmax/index.xalter

A Examples of Calculator Element Programming in iccMAX
http://www.color.org/DevCon/devcon2020/index.xalter
https://www.ingentaconnect.com/contentone/ist/lim/2020/00002020/00000001/art00028
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Calculator Element Script Programming

A stackbased programming mode

Postfix Notation

InsidemultiprocessingElemenag

low-level scripting language

32-bit data parameter

ICCDevCon 2020

Eg 3
2
Eg 2 3add or
2 3 mul etc.

<MultiProcessElements InputChannels="3" OutputChannels="3">
<CalculatorElement InputChannels="3" OutputChannels="3">

Eg <MainFunction>
5 5 1{
§ 2 3 add
}
: </MainFunction>
</CalculatorElement>
</MultiProcessElements>

Eg allowsmorethan stackoperations

Eg greater security and predictable behaviour

TANZIMA HABIB



OPERATIONS

U take data off the stack
U directly perform some computational operation
U apply a processing sub-element
U get data from a CMM environment variable
U place data onto the stack
get data from input channels
store data to output channels
store data to indexed memory
retrieve data from indexed memory
manipulate stack values
conditionally select operations to perform

ICCDevCon 2020 TANZIMA HABIB



XML REPRESENTATION

<MultiProcessElements InputChannels="3" OutputChannels="3">
<SubElements>.. </SubElementss>
<CalculatorElement InputChannels="3" OutputChannels="3">
<MainFunction>

{
}

</MainFunction>
</CalculatorElements>
</MultiProcessElements>

<!- Code using textual representation-->

Calculator elements are encoded in binary structures. (Clause 11 of iccMAX Specification)
Textual representation defined in (Appendix F iccMAX Specification)

ICCDevCon 2020 TANZIMA HABIB



EXTENDED XML REPRESENTATION

<MultiProcessElements InputChannels="3" OutputChannels="3">

<Imports> .. </Imports>
<Variables> .. </Variables>
<Macros> .. </Macros>

<SubElementss>.. </SubElements>
<CalculatorElement InputChannels="3" OutputChannels="3">
<MainFunction>

{
}

</MainFunction>
</CalculatorElements>
</MultiProcessElementss>

<!- Code using textual representation-->

ICCDevCon 2020 TANZIMA HABIB



VISUAL REPRESENTATION

<MultiProcessElements InputChannels="3" OutputChannels="3">
<CalculatorElement InputChannels="3" OutputChannels="3">

<MainFunction>

in(0, 3)
tput (0)

2 2 mul(2)
tget (0)
out (0, 3)

</MainFunction>

</CalculatorElement>

</MultiProcessElementss>

1 |3

4

Input channel

in (0, 3)

ICC DevCon 2020

Temporary memory block
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Execution stack

Output channel



VISUAL REPRESENTATION

<MultiProcessElements InputChannels="3" OutputChannels="3">
<CalculatorElement InputChannels="3" OutputChannels="3">

<MainFunctions>
{
in(0, 3)
tput (0)
2 2 mul(2)
tget (0)
out (0, 3)
} 4
</MainFunction>
</CalculatorElement> 3

</MultiProcessElementss>

1 3 4 1
Input channel Temporary memory block Execution stack Output channel
in (0, 3)
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VISUAL REPRESENTATION

<MultiProcessElements InputChannels="3" OutputChannels="3">
<CalculatorElement InputChannels="3" OutputChannels="3">
<MainFunctions>
{
in(0, 3)
tput (0)
2 2 mul (2)
tget (0)

out (0, 3)

}

</MainFunction>
</CalculatorElement> 3
</MultiProcessElementss>

1 3 4 4 1
Input channel Temporary memory block Execution stack
in(0,3) tput (0)
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VISUAL REPRESENTATION

<MultiProcessElements InputChannels="3" OutputChannels="3">
<CalculatorElement InputChannels="3" OutputChannels="3">

<MainFunctions>
{
in(0, 3)
tput (0)
2 2 mul(2)
tget (0) 2
out (0, 3)
} 2
</MainFunction>
</CalculatorElement> 3

</MultiProcessElementss>

1 3 4 4 1
Input channel Temporary memory block Execution stack Output channel
in (0, 3) tput (0) 2 2 mul(2)
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VISUAL REPRESENTATION

<MultiProcessElements InputChannels="3" OutputChannels="3">
<CalculatorElement InputChannels="3" OutputChannels="3">
<MainFunctions>
{
in(0, 3)
tput (0)
2 2 mul (2)
tget (0)

out (0, 3)

}

</MainFunction>
</CalculatorElement> 6
</MultiProcessElementss>

1 3 4 4 2
Input channel Temporary memory block Execution stack
in (0, 3) tput (0) 2 2 mul(2)

ICC DevCon 2020 TANZIMA HABIB

Output channel



VISUAL REPRESENTATION

<MultiProcessElements InputChannels="3" OutputChannels="3">
<CalculatorElement InputChannels="3" OutputChannels="3">

<MainFunctions>
in(0, 3)
tput (0)
2 2 mul(2)
tget (0)
out (0, 3)
} 4
</MainFunction>
</CalculatorElement> 6

</MultiProcessElementss>

1 3 4 4 2
Input channel Temporary memory block Execution stack Output channel
in (0, 3) tput (0) 2 2 mul(2)

ICC DevCon 2020 tget (0) TANZIMA HABIB



VISUAL REPRESENTATION

<MultiProcessElements InputChannels="3" OutputChannels="3">

</MainFunction>
</CalculatorElement>
</MultiProcessElementss>

1 |3

4

<CalculatorElement InputChannels="3" OutputChannels="3">
<MainFunctions>

in(0, 3)
tput (0)
2 2 mul(2)
tget (0)

out (0, 3)

Input channel
in (0, 3)

ICC DevCon 2020

4
Temporary memory block Execution stack
tput (0) 2 2 mul(2)

tget (0) TANZIMA HABIB

2 6 4

Output channel
out (0, 3)



TYPES OF OPERATION ENCODINGS
1. Floating point constant operations

2. Channel vector operations

3. CMM environment variable operation 8. Functional vector operations
4. Subelement invocation operations 9. Conditional operations

5. Stack operations 10. Selection operations

7. Sequence functional operations

ICCDevCon 2020 TANZIMA HABIB 15



TYPES OF OPERATION ENCODINGS

1. Floating point constant operations (Push)

<MultiProcessElements InputChannels=“1" OutputChannels=“3">
<CalculatorElement InputChannels=“1" OutputChannels="3">

<MainFunction> .
{ Execution stack
in(0)
2.5
3
out (0, 3)
)
</MainFunctions

</CalculatorElement>

</MultiProcessElements>
Input channel

1

in(0,1)

ICC DevCon 2020 TANZIMA HABIB

Output channel

17



TYPES OF OPERATION ENCODINGS

1. Floating point constant operations (Push)

<MultiProcessElements InputChannels=“1" OutputChannels=“3">
<CalculatorElement InputChannels=“1" OutputChannels="3">

<MainFunction> .
{ Execution stack
in(0)
2.5
3
out (0, 3)
)
</MainFunctions

</CalculatorElement>

</MultiProcessElements>
Input channel

1 1

in(0,1)
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Output channel

17



TYPES OF OPERATION ENCODINGS

1. Floating point constant operations (Push)

<MultiProcessElements InputChannels=“1" OutputChannels=“3">
<CalculatorElement InputChannels=“1" OutputChannels="3">

<MainFunction> .
{ Execution stack
in(0)
2.5
3
out (0, 3)
)
</MainFunctions

</CalculatorElement>

</MultiProcessElements>

Input channel 2
1 1
in(0,1) 2 5

ICC DevCon 2020 TANZIMA HABIB

Output channel
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TYPES OF OPERATION ENCODINGS

1. Floating point constant operations (Push)

<MultiProcessElements InputChannels=“1" OutputChannels=“3">
<CalculatorElement InputChannels=“1" OutputChannels="3">

<MainFunction>
in(0)
2.5

3
out (0, 3)
</MainFunctions
</CalculatorElement>
</MultiProcessElements>

ICC DevCon 2020

Input channel

1

in(0,1)

TANZIMA HABIB

Execution stack

2.5

Output channel

17



TYPES OF OPERATION ENCODINGS

1. Floating point constant operations (Push)

<MultiProcessElements InputChannels=“1" OutputChannels=“3">
<CalculatorElement InputChannels=“1" OutputChannels="3">

<MainFunction>
in(0)
2.5

3
out (0, 3)
</MainFunctions
</CalculatorElement>
</MultiProcessElements>

ICC DevCon 2020

Input channel

1

in(0,1)

TANZIMA HABIB

Execution stack

2.5

Output channel

1 25 3

out (0, 3)

17



2. Channel vector operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">

<MainFunctions>

{ Execution stack
in(0,2)
tput (0, 2)
tget (0)

} out (0)

</MainFunctions>

</CalculatorElement>
</MultiProcessElements>

Temporary memory block Input channel

1 2

ICC DevCon 2020 TANZIMA HABIB

Output channel

23



2. Channel vector operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">

<MainFunction>
{ Execution stack

in(0,2)

tput (0, 2)
tget (0)

out (0)
}

</MainFunctions>

</CalculatorElement>
</MultiProcessElements> )

Temporary memory block Input channel

1 2 1

in (0, 2)

ICC DevCon 2020 TANZIMA HABIB

Output channel

23



2. Channel vector operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">

<MainFunction>

{

in(0,2)
tput (0, 2)
tget (0)
out (0)

}

</MainFunctions>

</CalculatorElement>
</MultiProcessElements>

Temporary memory block

1

2

ICC DevCon 2020

tput (0, 2)

Execution stack

Input channel

1 2

in (0, 2)

TANZIMA HABIB

Output channel

23



2. Channel vector operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">

<MainFunctions>

{ Execution stack
in(0,2)
tput (0, 2)
tget (0)

} out (0)

</MainFunctions>

</CalculatorElement>
</MultiProcessElements>

Temporary memory block Input channel
1 2 1 2 1
tput (0, 2) in (0, 2)
ICC DevCon 2020 tget (0) TANZIMA HABIB

Output channel

23



2. Channel vector operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">

<MainFunctions>

{ Execution stack
in(0,2)
tput (0, 2)
tget (0)

} out (0)

</MainFunctions>

</CalculatorElement>
</MultiProcessElements>

Temporary memory block Input channel
1 2 1 2 1
tput (0, 2) in (0, 2)
ICC DevCon 2020 tget (0) TANZIMA HABIB

Output channel

1

out (0)

23



3. CMM environment variable operation

<MultiProcessElements InputChannels="2" OutputChannels=“4">
<CalculatorElement InputChannels="2" OutputChannels=“4">

<MainFunction>
{ Execution stack

in(0,2)
env (gamma) not if {pop 0}
env(var) not if {pop 45}

} out (0,4)

</MainFunctions>

</CalculatorElement>
</MultiProcessElements>
Input channel

1 2

ICC DevCon 2020 TANZIMA HABIB

Output channel

29




3. CMM environment variable operation

<MultiProcessElements InputChannels="2" OutputChannels=“4">
<CalculatorElement InputChannels="2" OutputChannels=“4">

<MainFunction>
{ Execution stack

in(0,2)
env (gamma) not if {pop 0}
env(var) not if {pop 45}

} out (0,4)
</MainFunctions>
</CalculatorElement>
</MultiProcessElements>
Input channel 2
1 2 1
in (0, 2)

ICC DevCon 2020 TANZIMA HABIB

Output channel

29




3. CMM environment variable operation

<MultiProcessElements InputChannels="2" OutputChannels=“4">
<CalculatorElement InputChannels="2" OutputChannels=“4">

<MainFunction>
{ Execution stack
in(0,2)
env (gamma) not if {pop 0} .
env(var) not if {pop 45} env (gamma) not if {pop 2.4}
} out (0,4)
</MainFunctions 2.4
</CalculatorElement>
</MultiProcessElements>
Input channel 2 Output channel
1 2 1
in (0, 2)

ICC DevCon 2020 TANZIMA HABIB 29



3. CMM environment variable operation

<MultiProcessElements InputChannels="2" OutputChannels=“4">
<CalculatorElement InputChannels="2" OutputChannels=%4">

<MainFunction>
{ Execution stack

in(0,2)

env (gamma) not if {pop 0} _

env (var) not if {pop 45} 3 env (gamma) not if {pop 2.4}
} out (0, 4) env (var) not if {pop 0}
</MainFunctions 2.4

</CalculatorElement>
</MultiProcessElements>
Input channel 2 Output channel
1 2 1
in(0,2)

ICC DevCon 2020 TANZIMA HABIB 29



3. CMM environment variable operation

<MultiProcessElements InputChannels="2" OutputChannels=“4">
<CalculatorElement InputChannels="2" OutputChannels=“4">

<MainFunction>
{ Execution stack
in(0,2)
env (gamma) not if {pop 0} .
env(var) not if {pop 45} env (gamma) not if {pop 2.4}
| out (0, 4) env (var) not if {pop 0}
</MainFunctions>

</CalculatorElement>
</MultiProcessElements>

Input channel Output channel
1 2 1 2 24 3
in (0, 2) out (0,4)

ICC DevCon 2020 TANZIMA HABIB 29



TYPES OF OPERATION ENCODINGS

<MultiProcessElements InputChannels="3" OutputChannels=%“3">
<SubElements>

<CurveSetElement Name="applyGamma” InputChannels="3" OutputChannels="3">..</CurveSetElement>
<MatrixElement Name="RGBtoXYZ” InputChannels="3" OutputChannels="3">..</MatrixElement>
</SubElements>
<CalculatorElement InputChannels="3" OutputChannels=%“3">
<MainFunction>
{
in(0,3)
curv{applyGamma }
mtx { RGBtoXYZ}
out (0, 3)
}
</MainFunction>
</CalculatorElements>
</MultiProcessElementss>

ICCDevCon 2020 TANZIMA HABIB
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TYPES OF OPERATION ENCODINGS

5. Stack operations

<MultiProcessElements InputChannels="2" OutputChannels=“3">

<CalculatorElement InputChannels="2" OutputChannels="3">
<MainFunction>

{0 Execution stack
in(0,2)
copy (2)
pop (1)
Flip(3)
out (0, 3)

}

</MainFunctions> Input channel

Output channel
</CalculatorElement>
</MultiProcessElements> 1 2

ICC DevCon 2020 TANZIMA HABIB 36




TYPES OF OPERATION ENCODINGS

5. Stack operations

<MultiProcessElements InputChannels="2" OutputChannels=“3">

<CalculatorElement InputChannels="2" OutputChannels="3">
<MainFunction>

{0 Execution stack
in(0,2)
copy (2)
pop (1)
Flip(3)
out (0, 3)

}

</MainFunctions> Input channel

Output channel
</CalculatorElement>
</MultiProcessElements> 1 2 2

in(0,2)
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5. Stack operations

<MultiProcessElements InputChannels="2" OutputChannels=“3">
<CalculatorElement InputChannels="2" OutputChannels="3">

<MainFunctions>
{

in (0, 2)

copy (2)

pop (1)

flip(3)

out (0, 3)
</MainFunctions>

</CalculatorElement>
</MultiProcessElements>

ICC DevCon 2020

Execution stack

2

Input channel .

1 2 2

in(0,2) 1
copy (2)

TANZIMA HABIB

Output channel

36



TYPES OF OPERATION ENCODINGS

5. Stack operations

<MultiProcessElements InputChannels="2" OutputChannels=“3">

<CalculatorElement InputChannels="2" OutputChannels="3">

<MainFunctions>
{

in (0, 2)

copy (2)

pop (1)

flip(3)

out (0, 3)
</MainFunctions>

</CalculatorElement>
</MultiProcessElements>

ICC DevCon 2020

Input channel

Execution stack

1

2

in(0,2)

TANZIMA HABIB

copy (2)
pop (1)

Output channel

36



TYPES OF OPERATION ENCODINGS

5. Stack operations

<MultiProcessElements InputChannels="2" OutputChannels=“3">

<CalculatorElement InputChannels="2" OutputChannels="3">

<MainFunctions>
{

in (0, 2)

copy (2)

pop (1)

flip(3)

out (0, 3)
</MainFunctions>

</CalculatorElement>
</MultiProcessElements>

ICC DevCon 2020

Input channel

Execution stack

1

2

Output channel

in(0,2)

TANZIMA HABIB
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pop (1)
flip (3) S8



TYPES OF OPERATION ENGODINGS

5. Stack operations

<MultiProcessElements InputChannels="2" OutputChannels=“3">
<CalculatorElement InputChannels="2" OutputChannels=%"3">

<MainFunctions
{ Execution stack
in(0,2)
copy (2)
pop (1)
flip(3)
out (0, 3)
} 1
</MainFunctions Input channel Output channel
</CalculatorElements>
</MultiProcessElements> 1 2 2 1 2 1
in(0,2) 1 out (0, 3)
copy (2)
pop (1)
ICC DevCon 2020

TANZIMA HABIB f llp (3) 36




TYPES OF OPERATION ENCODINGS

<MultiProcessElements InputChannels=“9" OutputChannels=%“9">
<CalculatorElement InputChannels=%“9" OutputChannels=%“9">
<MainFunctions>
in(0,9)
tran(3,3)
out (0, 9)
</MainFunction>
</CalculatorElements>
</MultiProcessElementss>

ICCDevCon 2020 TANZIMA HABIB
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7. Sequence functional operations

<MultiProcessElements InputChannels="2" OutputChannels="1">

<CalculatorElement InputChannels=“2" OutputChannels="1">

<MainFunction>

{

in (0, 2)

sum(1l)
2 4 prod(1l)
3 max(2)

out (0)

}

</MainFunctions>
</CalculatorElement>
</MultiProcessElements>

ICC DevCon 2020

Input channel
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Execution stack

Output channel
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7. Sequence functional operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">
<MainFunction>

{

in (0, 2)

sum(1l)
2 4 prod(1l)
3 max(2)

out (0) 3

}

</MainFunctions>
</CalculatorElement> 1
</MultiProcessElements> 1 3

Execution stack

Input channel
in (0, 3)
ICC DevCon 2020 TANZIMA HABIB

Output channel
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7. Sequence functional operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">
<MainFunction>

{

in (0, 2)

sum(1l)
2 4 prod(1l)
3 max(2)

out (0)

}

</MainFunctions>
</CalculatorElement> 4
</MultiProcessElements> 1 3

Execution stack

Input channel
in (0, 3)
ICC DevCon 2020 TANZIMA HABIB

sum (1)

Output channel

44



7. Sequence functional operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">
<MainFunction>

{

in (0, 2)

sum(1l)
2 4 prod(1l) 4
3 max(2)

out (0) 2

</MainFunctions>
</CalculatorElement> 4
</MultiProcessElements> 1 3

Execution stack
Input channel STl Output channel

in(0,3) 2 4 prod(1l)
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7. Sequence functional operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">
<MainFunction>

{

in (0, 2)

sum(1l)
2 4 prod(1l)
3 max(2)

out (0)

}

</MainFunctions>
</CalculatorElement> 32
</MultiProcessElements> 1 3

Execution stack

Input channel sum (1)

in(0,3) 2 4 prod(1l)
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Output channel
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7. Sequence functional operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">
<MainFunction>

{

in (0, 2)

sum(1l)
2 4 prod(1l)
3 max(2)

out (0) 3

}

</MainFunctions>
</CalculatorElement> 32
</MultiProcessElements> 1 3

Execution stack

Input channel sum (1)
in(0,3) 2 4 prod(1l)
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7. Sequence functional operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">
<MainFunction>

{

in (0, 2)

sum(1l)
2 4 prod(1l)
3 max(2)

out (0)

}

</MainFunctions>
</CalculatorElement> 32
</MultiProcessElements> 1 3

Execution stack

Input channel sum (1)
in(0,3) 2 4 prod(1l)
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Output channel
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7. Sequence functional operations

<MultiProcessElements InputChannels="2" OutputChannels="1">
<CalculatorElement InputChannels=“2" OutputChannels="1">
<MainFunction>

{

in (0, 2)

sum(1l)
2 4 prod(1l)
3 max(2)

out (0)
</MainFunctions>
</CalculatorElement>
</MultiProcessElements> 1 3 32

Execution stack
Input channel STl Output channel

1n (0, 3) 2 4 prod (1) out (0)
ICC DevCon 2020 TANZIMA HABIB 44
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