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1. System enviroment 

ENV1: End users

System will be used by following end-users:

· FRED users (vision V3)

· FAVI users (visions V1-2 and V4-8) 
 

ENV2: External systems and devices

System will interact with following external devices and systems:

· genotype database server through genotype download / upload program

· genotype format conversion program

· genotype mutation program 

· genotype estimate program

· WWW browser

· news client program

Those programs will be invoked by FRED in order to perform some operations which aren’t supported directly by this application  

ENV3: FRED user operations

FRED user can initiate the following operations:

Operations associated with genotype files: 

· loading genotype from file 

· saving genotype to file 

· creating new genotype 

· viewing / changing  genotype properties

· viewing genotype statistics


Operations performed in cooperation with external systems: 

· genotype download from Internet genotype database

· genotype upload to Internet genotype database

· genotype conversion

· genotype mutation

· genotype estimate

· visiting Framsticks WWW site

· visiting Framsticks news

Operations associated with creature’s visualisation in body window:

rotating view

Operations associated with creature’s body / brain editing in text window: 

· editing genotype code in text window

Operations associated with creature’s body editing in body view window(s): 

· adding part to creature’s body

· joining two parts of creature’s body

· nothing is selected

· one part is selected

· two parts are selected

· creating parent -> child relationship between two parts

· nothing is selected

· one part is selected

· two parts are selected

· more than two parts forming tree are selected

· destroying parent -> child relationship between two parts

· scaling element / group of elements

· moving element / group of elements

· rotating element / group of elements

· snapping parts to grid

· aligning parts

Operations associated with neural network editing in brain view window(s):

· adding neuron to creature’s brain

· creating connection between two neurons 

· nothing is selected

· one neuron is selected

· two neurons are selected

· moving neuron / group of neurons

· neural network  connections visualisation

· toggling on / off neural networks visualisation in body window

· automatic neural network reordering


Operations common for body / brain windows:

· viewing / changing properties of elements

· deleting elements

· deleting elements and related

Operations common for body / brain / text windows:

· selecting elements

· copying genotype code to system clipboard

· pasting genotype code from system clipboard

· copying genotype code to program clipboard

· pasting genotype code from program clipboard

· inserting genotype code in other ofrmat from text window / file

Operations associated with camera / view: 

· rotating view 

· zooming view 

· panning view

· fitting to view

Other operations: 

· viewing / changing program configuration

· undoing last operation

· redoing last operation 

ENV4: FAVI user actions

FAVI user can initiate the following operations:

Operations associated with genotype files: 

· loading genotype from file 

· viewing genotype properties

· viewing genotype statistics

Operations associated with creature’s body / brain editing in text window

· viewing genotype code

Operations common for body / brain / text windows:

· pasting genotype code from system clipboard 


Operations associated with camera / view: 

· rotating view 

· zooming view

· panning view

· fitting to view 

2. System metaphore 

Unless it is explicitly stated in metaphore’s name, all metaphores concern only FRED.

MET1: Program components (FRED, FAVI)

FAVI will be composed of following elements:

· current genotype buffer containing currently viewed genotype and it’s properties

· one 3D body and one 2D brain window containing view of organism represented by current genotype

· one text window (displayed on demand) containing f0 genotype code arranged as lines corresponding to genotype elements

· statistics window

FRED will be composed of following elements:

· current genotype buffer containing currently edited genotype and it’s properties

· undo and redo buffers managed with some clock algorithm

· selected elements buffer

· 3D body and 2D brain window(s) containing view of organism represented by current genotype

· one text window containing f0 genotype code arranged as lines corresponding to genotype elements

· statistics & error messages window 

· clipboard for copying / pasting parts of genotype 

MET2: Undo and redo buffers management

Undo buffer will consist of a small number (e.g. 10) genotype buffers. Buffers will be initialized empty at start of program. Undo buffer will be managed by some kind of clock algorithm in the following way:

· Inserting genotype into undo / redo buffer is posiible only when it’s compliant with type 1 and 2 constraints (see metaphore “Framstick f0 genotype integrity constraints”). When inserting genotype into buffer, program compares number of genotypes in it and it’s capacity. If result of comparison is less, then genotype is inserted into first free buffer. Else first buffer is cleared and content of each buffer is inserted into buffer preceding it. Currently inserted genotype is  inserted into last buffer

· clearing undo buffer clears all buffers contained by it 

MET3: Copy to clipboard modes

The system will allow following modes of copy to clipboard operation:

· inclusive copy mode

· exclusive copy mode

In exclusive mode, only elements / lines of genotype explicitly selected by user are copied to clipboard. In inclusive mode, all elements required by those selected are also copied. 

MET4: Types of clipboard

The system will allow copy / paste operations on two types

of clipboard:

· system clipboard (managed by JVM) – used for cooperation with external programs. This type of clipboard will manage genotype as text (f0 code)

· program clipboard visible only for one program. Genotype in this type of clipboard will be managed as uniquely identified objects representing genotype elements and references between them. 

MET5: Framstick f0 genotype (FRED, FAVI)

Framstick is built of the following elements:

· P - part – point in the space (like knee or elbow or head)

· J - joint – a connection between two parts (like hand / leg or neck)

· N - neuron – either a neuron (processing unit) or receptor (smell / touch / gyro) or effector (muscle). Neurons have inputs (effectors and neurons) or outputs (receptors and neurons). Neurons may be placed on parts or joints.

· C - connection – a connection between two neurons

Parts and joints make up Framstick’s body, neurons and connections – describe it’s brain. More information about Framsticks genotype is available at htttp:/www.frams.poznan.pl/dev/gdk/index.html 
MET6: Framstick f0 genotype file format (FRED, FAVI)

Framstick genotype file is built of the following elements:

· Comments (lines beginnig with # - like in UNIX shell) 

· One or more oraganisms (genotypes with optional information about each)

More information about Framsticks genotype file format is available at 

htttp:/www.frams.poznan.pl/dev/gdk/index.html 

MET7: Framstick f0 genotype integrity constraints (FRED, FAVI)

MET1.5 Following constraints concern Framsticks f0 genotype:
· Type 1 constraints ("syntax" constraints): genotype must be compliant with f0 syntax
· Type 2 constraints ("hard semantic" constraints:

· genotype must be compliant with type 1 constraints

· P doesn’t require anything to exist

· J requires two parts (to join them)

· N requires either part or joint or (anything – that means part or joint or nothing)

· C requires two neurons (to connect them)

· at most one joint can link directly two parts

· delta joins must not form cycles
· Type 3 constraints ("soft semantic" constraints) eg.:
· genotype must be compliant with type 2 constraints

· graph formed by body must be coherent

· joint length constraints

More information about Framsticks f0 genotype integrity constraints is available at 

htttp:/www.frams.poznan.pl/dev/gdk/index.html 

3. System functionality 

Unless it is explicitly stated in requirement’s name, all requirements concern only FRED users.

Operations associated with genotype files : 

FUN1: Loading genotype from file (FRED, FAVI)

INPUT: Genotype file (.gen format)
CONDITION: File is valid and contains at least one genotype. In FAVI genotype must be compliant with type 3 constraints. If current genotype is marked as modified, user agreed to either save it or loose changes.

OUTPUT: -

SIDE EFFECT: Chosen genotype from .gen file is loaded  and becomes current genotype (old genotype is erased from memory). Genotype is shown in text (only FRED -  in FAVI this action isn’t performed automatically), body and brain windows according to currently selected program options (neural networks connections visualisation etc.). Current genotype is marked as unmodified. File properties are read into the properties buffer. Undo and redo buffers are cleared. Program clipboard is cleared.
PROCESSING: If chosen genotype isn’t in f0 format, it is automatically converted by external program (if specified in properties)

COMPUTATIONS PRECISION: -  

FUN2: Saving genotype to file

INPUT: Current genotype 

CONDITION: Current genotpye must exist and is modified. If current genotype isn’t compliant with either type 1 or 2 or 3 constraints, user agreed to save incorrect genotype

OUTPUT: -

SIDE EFFECT: Current genotype is saved to either existing .gen file indicated by user (old version of genotype int this file is overwritten) or, if user selects a non-existing file name, a new file containing only this genotype is created. Current genotype is marked as unmodified.

PROCESSING: -

COMPUTATIONS PRECISION: -  

FUN3: Creating new genotype

INPUT: -

CONDITION: If current genotype is marked as modified, user agreed to either save it or loose changes.

OUTPUT: -

SIDE EFFECT: Empty genotype becomes current genotype (old genotype is erased from memory). Current genotype is marked as unmodified. Undo and redo buffers are cleared. Program clipboard is cleared. Values in the properties buffer are read from FRED configuration file. 

PROCESSING: -

COMPUTATIONS PRECISION: -  

FUN4: Viewing / changing  genotype properties (FRED, FAVI – only viewing)

INPUT: Current genotype

CONDITION: -

OUTPUT: Current genotype (only FRED)

SIDE EFFECT: -

PROCESSING: -

COMPUTATIONS PRECISION: -  

FUN5: Viewing genotype statistics (FRED, FAVI)

INPUT: Current genotype

CONDITION: -

OUTPUT: -

SIDE EFFECT: Creature statistics are shown in statistics (in FRED – statisctics & errors) window

PROCESSING: -

COMPUTATIONS PRECISION: -  

Operations performed in cooperation with external systems :

FUN6: Genotype download from Internet genotype database 

INPUT: Server address and genotype name

CONDITION: Server address matches any existing genotype database server and downloaded genotype is compliant with type 1 and 2 and 3 constraints. If current genotype exists, and is marked as modified, user agreed to either save it or loose changes.

OUTPUT: Single downloaded genotype

SIDE EFFECT: Downloaded genotype becomes current genotype (old genotype is erased from memory). Genotype is shown in text, body and brain windows according to currently selected program options (neural networks connections visualisation etc.). Current genotype is marked as unmodified. Undo and redo buffers are cleared. Values in the properties buffer are read from genotype properties.

PROCESSING: If chosen genotype isn’t in f0 format, it is automatically converted by external program (if specified in properties)

COMPUTATIONS PRECISION: -  

FUN7: Genotype upload to Internet genotype database

INPUT: Current genotype, properties buffer, server address

CONDITION: Current genotype exists and is not empty. Server address matches any existing genotype database server. Current genotype is compliant with type 1 and 2 and 3 constraints.

SIDE EFFECT: Genotype with it’s properties is uploaded to chosen genotype database server

PROCESSING: -

COMPUTATIONS PRECISION: -  

FUN8: Genotype conversion

INPUT: Single genotype in format other than f0 and conversion program name, path and options

CONDITION: Conversion program with specified name exists in specified path. Current genotype is compliant with type 1 and 2 and 3 constraints.
OUTPUT: Single f0 genotype representation of given genotype

SIDE EFFECT: -

PROCESSING: -

COMPUTATIONS PRECISION: -  

FUN9: Genotype mutation

INPUT: Current genotype and mutation program name,  path and options

CONDITION: Mutation program with specified name exists in specified path. Current genotype is compliant with type 1 and 2 and 3 constraints.

OUTPUT: Single f0 genotype representation of mutated given genotype

SIDE EFFECT: Old genotype is inserted into undo buffer. Redo buffer is cleared. Mutated genotype is shown in text, body and brain windows according to currently selected program options (neural networks connections visualisation etc.). Mutated genotype becomes current genotype, which is marked as unmodified.  

PROCESSING: -

COMPUTATIONS PRECISION: -  

FUN10: Genotype estimate

INPUT: Current genotype and estimate program name,  path and options

CONDITION: Estimate program with specified name exists in specified path. Current genotype is compliant with type 1 and 2 and 3 constraints.

OUTPUT: Estimate of given genotype

SIDE EFFECT: -

PROCESSING: -

COMPUTATIONS PRECISION: -  

FUN11: Visiting Framsticks WWW site

INPUT: Site address and WWW browser name, path and options

CONDITION: Address is valid and browser with specified name exists in specified path.

OUTPUT: -

SIDE EFFECT: Framsticks WWW site is displayed in new browser window

PROCESSING: -

COMPUTATIONS PRECISION: -
FUN12: Visiting Framsticks news

INPUT: News server address and news client name, path and options

CONDITION: Address is valid and news client with specified name exists in specified path.

OUTPUT: -

SIDE EFFECT: News client is invoked and connected to specified address
PROCESSING: -

COMPUTATIONS PRECISION: -

Operations associated with creature’s body / brain editing in text window :

FUN13: Editing genotype code in text window

INPUT: Current genotype

CONDITION: -

OUTPUT: Modified current genotype

SIDE EFFECT: Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. If current genotype is compliant with type 1 and 2 constraints body / brain views are automatically actualized according to introduced changes, brain view is reordered and element corresponding to currently edited line is highlihted in all body / brain windows.

PROCESSING: -


COMPUTATIONS PRECISION: -  

FUN14: Viewing genotype code in text window (only FAVI)

INPUT: Current genotype

CONDITION: -

OUTPUT: -

SIDE EFFECT: Genotype is shown in text window, body and brain windows do not change their state.

PROCESSING: -

COMPUTATIONS PRECISION: -  
Operations associated with creature’s body editing in body view window(s): 

FUN15: Adding part to creature’s body

INPUT: -

CONDITION: Current genotype is compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: Genotype representing part is inserted into code. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: If option “snap to grid” is active, then position of part that is being added is aligned to nearest point of grid.

COMPUTATIONS PRECISION: -  

FUN16: Joining two parts of creature’s body (nothing is selected)

INPUT: -
CONDITION: Current genotype is compliant with type 1 and 2 constraints. Connecting of parts mustn’t lead to type 1 or 2 incorrect genotype (parts cannot be already connected).

OUTPUT: -

SIDE EFFECT: Genotype representing joint between two parts is inserted into code. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: User must indicate both parts to join.

COMPUTATIONS PRECISION: -  

FUN17:  Joining two parts of creature’s body (one part is selected)

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains exactly one part. Current genotype is compliant with type 1 and 2 constraints. Connecting of parts mustn’t lead to type 1 or 2 incorrect genotype (parts cannot be already connected).

OUTPUT: -

SIDE EFFECT: Genotype representing joint between two parts is inserted into code. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body / brain views are automatically actualized according to introduced changes

PROCESSING: User must indicate second part to join.

COMPUTATIONS PRECISION: -  

FUN18:  Joining two parts of creature’s body (two parts are selected)

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains exactly two parts. Current genotype is compliant with type 1 and 2 constraints. Connecting of parts mustn’t lead to type 1 or 2 incorrect genotype (parts cannot be already connected).

OUTPUT: -

SIDE EFFECT: Genotype representing joint between two parts is inserted into code. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body / brain views are automatically actualized according to introduced changes

PROCESSING: -
COMPUTATIONS PRECISION: -  

FUN19: Creating parent -> child relationship  between two parts (nothing is selected)

INPUT: -

CONDITION: Current genotype is compliant with type 1 and 2 constraints. Creating relationship mustn’t lead to type 1 or 2 incorrect genotype (it cannot introduce cycle in parent -> child relationships).

OUTPUT: -

SIDE EFFECT: Genotype code is modified according to introduced relationshiships. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: User must indicate two parts (first parent, then child). If a joint already exists between them, it’s properties are modified. Else a new delta joint with appriopriate properties is created.

COMPUTATIONS PRECISION: - 

FUN20: Creating parent -> child relationship between two parts (one part is selected)

INPUT: Selected elements buffer
CONDITION: Selected elements buffer contains exactly one part (parent). Current genotype is compliant with type 1 and 2 constraints. Creating relationship mustn’t lead to type 1 or 2 incorrect genotype (it cannot introduce cycle in parent -> child relationships).

OUTPUT: -

SIDE EFFECT: Genotype code is modified according to introduced relationshiships. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: User must indicate one part (child). If a joint already exists between parent and child, it’s properties are modified. Else a new delta joint with appriopriate properties is created.

COMPUTATIONS PRECISION: - 

FUN21: Creating parent -> child relationship between two parts (two parts are selected)

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains exactly two parts (parent and child). Current genotype is compliant with type 1 and 2 constraints. Creating relationship mustn’t lead to type 1 or 2 incorrect genotype (it cannot introduce cycle in parent -> child relationships).

OUTPUT: -

SIDE EFFECT: Genotype code is modified according to introduced relationshiships. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: User must indicate which part is child and which is parent. If a joint already exists between parent and child, it’s properties are modified. Else a new delta joint with appriopriate properties is created.

COMPUTATIONS PRECISION: - 

FUN22: Creating parent -> child relationship between two parts (more than two parts forming tree are selected)

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains more than two parts. All are joined and form a coherent tree. Current genotype is compliant with type 1 and 2 constraints. Creating relationship mustn’t lead to type 1 or 2 incorrect genotype (it cannot introduce cycle in parent -> child relationships).

OUTPUT: -

SIDE EFFECT: Genotype code is modified according to introduced relationshiships. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: For each subtree in selected tree, part being root is selected automatically as a parent and parts being leaves are selected as children. Properties of joints existing between parents and children are modified

COMPUTATIONS PRECISION: - 

FUN23: Destroying parent -> child relationship
INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains any delta joints. Current genotype is compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: Genotype code is modified according to broken relationshiships. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: All selected delta joints’ properties are modified.

COMPUTATIONS PRECISION: - 

FUN24: Scaling element / group of elements

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains at least one element. Current genotype is compliant with type 1 and 2 constraints. 

OUTPUT: -

SIDE EFFECT: Genotype code is modified according to introduced changes. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: 
Subsequent TAB key presses change scaling axis. If ALT key is held during mouse move, scaling rate changes in N times steps. Every non selected child is also moved if it’s parent was moved (this procedure should be run recursive).

COMPUTATIONS PRECISION: - 

FUN25: Moving element / group of elements

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains at least one element. Current genotype is compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: Genotype code is modified according to introduced changes. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: 
Subsequent (cyclic) TAB key presses change moving axis. Every non selected child is also moved by given vector if it’s parent was moved (this procedure should be run recursive).

COMPUTATIONS PRECISION: - 

FUN26: Rotating element / group of elements

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains at least one element. Current genotype is compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: Genotype code is modified according to introduced changes. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: 
Subsequent (cyclic) TAB key presses change rotation axis. If ALT key is held during mouse move, rotation angle changes in N degree steps. Every not selected child is also moved if it’s parent was moved (this procedure should be run recursive). 

COMPUTATIONS PRECISION: - 

FUN27: Snapping parts to grid

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains at least one part. Current genotype is compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: Genotype code is modified according to introduced changes. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: All selected elements are snapped to nearest point of grid. Every not selected child is also moved if it’s parent was moved (this procedure should be run recursive).

COMPUTATIONS PRECISION: - 

FUN28: Aligning parts

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains at least two parts. Current genotype is compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: Genotype code is modified according to introduced changes. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body views are automatically actualized according to introduced changes.

PROCESSING: All selected elements are aligned to selected axis. Every not selected child is also moved if it’s parent was moved (this procedure should be run recursive).

COMPUTATIONS PRECISION: - 

FUN29: Neural networks visualisation in body window

INPUT: -

CONDITION: Current genotype is compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: Any further changes made in neural network affect body view windows. All body views are updated according to current state (neurons and their connections that are placed on body elements visible in these windows are shown in them).

PROCESSING: -

COMPUTATIONS PRECISION: - 

Operations associated with neural network editing in brain view window(s) :

FUN30: Adding neuron to creature’s brain

INPUT: -

CONDITION: Current genotype is compliant with type 1 and 2 constraints. Introduced changes cannot lead to genotype that is not compliant with type 1 or 2 constraints (if neuron requires joint or part, it must be placed on appriopriate element).

OUTPUT: -

SIDE EFFECT: Genotype representing neuron is inserted into code. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Brain / body (if NN visualisation in body window is toggled) views are automatically actualized according to introduced changes.

PROCESSING: Neuron may be placed on either part or joint

COMPUTATIONS PRECISION: - 

FUN31: Connecting two neurons (nothing is selected)

INPUT: -

CONDITION: Current genotype is compliant with type 1 and 2 constraints. Creating connection mustn’t lead to type 1 or 2 incorrect genotype.

OUTPUT: -

SIDE EFFECT: Old genotype is inserted into undo buffer. Redo buffer is cleared. Genotype representing connection is inserted into code. Current genotype is marked as modified. Brain / body (if NN visualisation in body window is toggled) views are automatically actualized according to introduced changes.

PROCESSING: User must indicate two neurons (first output, then input).

COMPUTATIONS PRECISION: -  

FUN32: Connecting two neurons (one neuron is selected)

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains exactly one neuron. Current genotype is compliant with type 1 and 2 constraints. Creating connection mustn’t lead to type 1 or 2 incorrect genotype.

OUTPUT: -

SIDE EFFECT: Old genotype is inserted into undo buffer. Redo buffer is cleared. Genotype representing connection is inserted into code. Current genotype is marked as modified. Brain / body (if NN visualisation in body window is toggled) views are automatically actualized according to introduced changes.

PROCESSING: Already selected neuron becomes automatically output, second neuron  - input.

COMPUTATIONS PRECISION: - 

FUN33: Connecting two neurons (both are selected)

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer contains exactly two neurons. Current genotype is compliant with type 1 and 2 constraints. Creating connection mustn’t lead to type 1 or 2 incorrect genotype.

OUTPUT: -

SIDE EFFECT: Old genotype is inserted into undo buffer. Redo buffer is cleared. Genotype representing connection is inserted into code. Current genotype is marked as modified. Brain / body (if NN visualisation in body window is toggled) views are automatically actualized according to introduced changes.

PROCESSING: User must indicate, which neuron will become output, and which input.

COMPUTATIONS PRECISION: - 

FUN34: Moving neuron / group of neurons

INPUT: Selected elements buffer

CONDITION: At least one neuron must be selected. Current genotype is compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: Brain view is updated

PROCESSING: All selected neurons are moved
COMPUTATIONS PRECISION: - 

FUN35: Neural networks connections visualisation

INPUT: Selected elements buffer

CONDITION: Current genotype is compliant with type 1 and 2 constraints. Selected elements buffer contains any neurons.

OUTPUT: -

SIDE EFFECT: Outputs and inputs of selected neurons that aren’t connected to other selected neurons are highlihted (type of highlihting is different for outputs and for inputs) in brain view windows(s).

PROCESSING: -

COMPUTATIONS PRECISION: - 

FUN36: Automatic neural network reordering

INPUT: -

CONDITION: Current genotype is compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: NN layout in brain view windows(s) is reordered.

PROCESSING: -

COMPUTATIONS PRECISION: - 

FUN1.6 Operations common for body / brain windows :

FUN37: Viewing / changing properties of elements

INPUT: Selected elements buffer.

CONDITION: Selected elements buffer is not empty and contains elements of one type. Current genotype is compliant with type 1 and 2 constraints. Introduced changes may not lead to type 1 or 2 incorrect genotype.

OUTPUT: -

SIDE EFFECT: Current genotype is modified according to changed properties’ values. Body / brain views are automatically actualized according to introduced changes. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared.
PROCESSING: If user selects “set to defaults” button, default values are applied to properties of element that have default values.

COMPUTATIONS PRECISION: - 

FUN38: Deleting elements

INPUT: Selected elements buffer.

CONDITION: At least one element must be selected. Current genotype is compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: Genotype representing selected element or group of elements is deleted from code  Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body / brain views are automatically actualized according to introduced changes. 

PROCESSING: -

COMPUTATIONS PRECISION: -  

FUN39: Deleting elements and related

INPUT: Selected elements buffer.

CONDITION: At least one element must be selected. Current genotype is compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: Genotype representing selected element or group of elements is deleted from code  Also all elements that required deleted elements and aren’t required themselves by any of non selected elements are deleted. Current genotype is marked as modified. Old genotype is inserted into undo buffer. Redo buffer is cleared. Body / brain views are automatically actualized according to introduced changes. 

PROCESSING: For each deleted element, check if it was required by any other and mark this element as destined to delete.

COMPUTATIONS PRECISION: -  

Operations common for body / brain / text windows :

FUN40: Selecting elements

INPUT: -

CONDITION: -

OUTPUT: -

SIDE EFFECT: Selected elements are highlighted in all views. They are added to selected elements buffer. If option “show inclusive selection” is selected, elements required by those selected are also highlighted (but in diiferent way).

PROCESSING: If CTRL key is pressed during selection, selected element is either added to or deleted from selected elements buffer (if it is already added)

COMPUTATIONS PRECISION: -  

FUN41: Copying genotype code to system clipboard

INPUT: Selected elements buffer

CONDITION: At least one element must be selected.

OUTPUT: -

SIDE EFFECT: Selected parts of current genotype are copied as f0 genotype to system clipboard in inclusive mode

PROCESSING: -

COMPUTATIONS PRECISION: -  

FUN42: Pasting genotype code from system clipboard (FRED, FAVI)

INPUT: System clipboard 

CONDITION: System clipboard contains f0 genotype compliant with type 1 and 2 constraints.

OUTPUT: -

SIDE EFFECT: Old genotype is inserted into undo buffer. Redo buffer is cleared. Only independent elements, for which all required elements exist are copied into current genotype as independent part of it (not having any connections with parts of current genotype). Pasted elements become selected and are added to selected elements buffer. Current genotype is marked as modified. Body / brain and text views are automatically actualized according to introduced changes. 

PROCESSING:  Because the numbers of inserted parts and neurons must change, properties of pasted elements (especially of joints and neurons) that concern it’s relationships with other elements are updated in order to avoid conflicts with existing relationships.

COMPUTATIONS PRECISION: -  

FUN43: Copying genotype code to program clipboard 

INPUT: Selected elements buffer

CONDITION: At least one element must be selected.

OUTPUT: -

SIDE EFFECT: Selected parts of current genotype are copied as f0 genotype to program clipboard in exclusive mode. 

PROCESSING: Numbers (IDs of objects ) of copied elements are also stored in clipboard.

COMPUTATIONS PRECISION: -  

FUN44: Pasting genotype code from program clipboard

INPUT: Program clipboard 

CONDITION: Program clipboard contains f0 genotype

OUTPUT: -

SIDE EFFECT: Old genotype is inserted into undo buffer. Redo buffer is cleared. If the pasted elements are indepenedent or all their required elements exist in clipboard, they are copied into current genotype as independent part of it (not having any connections with parts of current genotype). Pasted elements become selected and are added to selected elements buffer. Otherwise, pasted elements are connected with elements found in current genotype according to their references. Pasted genotype code is appended to current genotype, which is marked as modified. Body / brain and text views are automatically updated according to introduced changes. 

PROCESSING: Because the numbers of inserted parts and neurons must change, properties of pasted elements (especially of joints and neurons) that concern it’s relationships with other elements in clipboard are updated in order to avoid conflicts with existing relationships. Properties of elements, which contain relationships with elements found in genotype but not included in clipboard do not change. It means that the pasted elements, that were incomplete are connected with elements they reference to.

COMPUTATIONS PRECISION: -  

FUN45: Inserting code in other format from text window / file

INPUT: Inserted genotype 

CONDITION: Inserted genotype is compliant with type 1 and 2 constraints.

OUTPUT: Modified current genotype

SIDE EFFECT: All views are automatically actualized according to introduced changes. Current genotype is marked as modified Old genotype is inserted into undo buffer. Redo buffer is cleared.

PROCESSING: Inserted genotype is automatically converted by external program (if specified in properties) 

COMPUTATIONS PRECISION: - 

Operations associated with camera / view :

FUN46: Rotating view (FRED, FAVI)

INPUT: -

CONDITION: Focused window contains body view.

OUTPUT: -

SIDE EFFECT: Focused view is automatically actualized according to introduced changes.  

PROCESSING: If ALT key is held during mouse move, rotation angle changes in N degree steps.

COMPUTATIONS PRECISION: - 

FUN47: Zooming view (FRED, FAVI)

INPUT: -

CONDITION: Focused window contains body or brain view.

OUTPUT: -

SIDE EFFECT: Focused view is automatically actualized according to introduced changes.

PROCESSING: If ALT key is held during mouse move, zooming rate changes in N times steps.

COMPUTATIONS PRECISION: - 

FUN48: Panning view (FRED, FAVI)

INPUT: -

CONDITION: Focused window contains body view.

OUTPUT: -

SIDE EFFECT: Focused body view is automatically actualized according to introduced changes.

PROCESSING: -

COMPUTATIONS PRECISION: - 

FUN49: Fitting to view (FRED, FAVI)

INPUT: -

CONDITION: Focused window contains body or brain view.

OUTPUT: -

SIDE EFFECT: Focused view is automatically zoomed so that whole organism is shown in it.

PROCESSING: -

COMPUTATIONS PRECISION: - 

Other operations :

FUN50: Viewing / changing program configuration

INPUT: Framsticks and FRED configuration files

CONDITION: -

OUTPUT: Framsticks and FRED configuration files 

SIDE EFFECT: -

PROCESSING: -

COMPUTATIONS PRECISION: - 

FUN51: Undoing last operation

INPUT: -

CONDITION: Undo buffer contains at least one genotype.

OUTPUT: -

SIDE EFFECT: Last genotype from undo buffer becomes current genotpye and is inserted into redo buffer and deleted afterwards. Body / brain and text views are automatically actualized according to introduced changes.  Current genotype is marked as modified. 

PROCESSING: -

COMPUTATIONS PRECISION: - 

FUN52: Redoing last operation 

INPUT: -

CONDITION: Redo buffer contains at least one genotype

OUTPUT: -

SIDE EFFECT: Last genotype from redo buffer becomes current genotpye and is inserted into undo buffer and deleted afterwards. Body / brain and text views are automatically actualized according to introduced changes. Current genotype is marked as modified.

PROCESSING: -

COMPUTATIONS PRECISION: - 

4. System security requirements 

No security requirements 

There are no security requirements concerning developed system. 
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