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�Preface

This synthesizer was designed and built in 1993 and 1994 by Mark Holler and Forrest Warthman at Forrest’s Palo Alto studio. Occasional help was also contributed by Simon Tam. The synthesizer was conceived with David Tudor in mind. The development was made possible by Intel’s generous donation to Forrest Warthman of a Neural Network Training System (INNTS� XE "INNTS" �), an 80170NX ETANN Multi-Chip Board (EMB), and 80170NX Electrically Trainable Analog Neural Network (ETANN� XE "ETANN" �) chips. Portions of the design were derived from an earlier synthesizer, Neural Network Music Box (Box 1), which was developed for David Tudor in 1991 and 1992 by Forrest Warthman, Mark Thorson, and Mark Holler. 





For further information, contact Forrest Warthman or Mark Holler at:

Warthman Associates

240 Hamilton Avenue

Palo Alto, CA 94301

(415) 322-4555—phone

(415) 322-4559—fax

warthman@garnet.berkeley.edu—email





�System Overview

Box 2 is an analog audio synthesizer built around three Intel 80170NX Electrically Trainable Analog Neural Network (ETANN� XE "ETANN" �) chips. The system has the following basic components: 

Synthesizer

Console

IBM-Compatible Personal Computer (PC)

The back of the synthesizer has connectors for 25 audio outputs and 5 audio inputs. Control is exercised through pots on the console, physical patch cables on the rear connectors, and real-time biasing and weight setting of individual neurons and input-to-output connections on the neural-network chips. 

The sockets for the synthesizer’s three ETANN chips are wire-wrapped and programmed with weights to emulate three functions: oscillators, cortical neurons, and Fourier transforms. In addition, an analog delay chip produces 64 outputs delayed at clocked intervals from a single input. 

The following pages illustrate the system components, block diagram, weight matrices, rear-panel connectors, and console controls. Details on the ETANN chip are given in the datasheet� XE "datasheet" � entitled “80170NX Electrically Trainable Analog Neural Network”, available free of charge from Intel. Phone the Intel neural-network hotline� XE "Intel neural-network hotline" � at (408) 765-9235 and request publication number 290408.



�System Components� XE "System Components" �

The system consists of three basic components, illustrated on the next page:

Synthesizer� XE "Synthesizer" �—This 23”-high box contains an Intel ETANN Multi-Chip Board (EMB� XE "EMB" �) carrying three ETANN chips, a modified PROM programmer� XE "PROM programmer" �, and a power supply� XE "power supply" �. 

	The front panel has the following controls and LEDs� XE "LEDs" �:

—	Power Switch� XE "Power Switch" �: A push-button toggle with a green LED� XE "green LED" � to indicate ON. Power to the synthesizer should be turned on after the PC is power up, and turned off before the PC is power down.

—	EMB Enable Light� XE "EMB Enable Light" �: A red LED� XE "red LED" � to indicate when the EMB is enabled. 

—	HGAIN Switch� XE "HGAIN Switch" �: A push-button toggle with a yellow LED� XE "yellow LED" � to indicate when the HGAIN (high-gain) mode is enabled. The switch toggles all neurons in sockets 2 and 3 between their high-gain (step-pulse) output mode and their normal sigmoid (S-shaped curve) output mode.

	The rear panel has the following connectors:

—	25 audio outputs� XE "outputs" �

—	5 audio inputs� XE "inputs" �

	See the “Rear-Panel Connectors” section for details on these connectors.

Console� XE "Console" �—This 10” x 10” box contains eight pots� XE "pots" �, a feedback switch, and 7 resistive pads� XE "resistive pads" � with which to control the synthesizer. The controls work somewhat differently for the chips in each socket. See the “Block Diagram” and “Console Controls” sections for details on these controls.

PC� XE "Personal Computer" �—This standard PC contains an Intel Neural Network Training System (INNTS� XE "INNTS" �) interface board and software for the ETANN chips. The PC originally delivered with the system contains a 386 processor, 387 floating-point coprocessor� XE "floating-point coprocessor" �, and AT bus (for the INNTS interface board). 



�









�Block Diagram� XE "Block Diagram" �

The next figure below shows a block diagram of the system. System inputs are shown on the left side of the diagram, system outputs are shown at the bottom on the block diagram. The analog delay-line chip is shown at the upper left. Sockets 2, 3 and 5 are arranged diagonally from upper left to lower right. The console is at the upper right. 

The main blocks are:

Analog Delay� XE "Analog Delay Line" �—This chip from Tanner Research� XE "Tanner Research" � produces 64 outputs delayed at various times from a single input. The input is from connector 24� XE "connector 24" � on the rear panel of the synthesizer. The frequencies of the tap delays� XE "tap delays" � are controlled by a clock� XE "clock" �, which is controlled by pot #8� XE "pot #8" � on the console. 

Fourier Transforms� XE "Fourier Transforms" � (Socket 5� XE "Socket 5" �)—This socket is wired for an ETANN chip that emulates Fourier transforms� XE "Fourier transforms" �. It receives it inputs from the analog delay line. Every forth output (0, 4, 8, ... 60) is routed to the cortical chip. The Fourier transforms decompose the incoming series of analog signals into simple harmonic waves. The outputs (except output 0) are the sine-wave decompositions. The output of neuron 0 (N0) is a special DC component� XE "DC component" � of the inputs. 

The HGAIN� XE "HGAIN" � signal is wired to ground (disabled), and the VGAIN� XE "VGAIN" � signal is controlled by pot #5� XE "pot #5" � on the console. (The horizontal direction of resistive pad #11 is a temporary override to pot #5.) For details on the HGAIN and VGAIN functions, see the 80170NX datasheet.

Cortical Neurons� XE "Cortical Neurons" � (Socket 2� XE "Socket 2" �)—This socket is wired for an ETANN chip that emulates cortical neurons. The cortical neurons are stimulated by thermal noise, outputs of the Fourier transforms, four resistive pads on the console, and feedback of its own outputs. Input 37� XE "Input 37" � is grounded to provide a fine level of weight-set biasing over neuron output.

The HGAIN signal is wired to the HGAIN switch on the front panel of the synthesizer, and the VGAIN signal is controlled by pot #5� XE "pot #5" � on the console. (As for socket 5, the horizontal direction of resistive pad #11� XE "pad #11" � is a temporary override to pot #5.) Input 0 is controlled by pot #7� XE "pot #7" � on the console and provides biasing control on all neurons, in addition to the biasing that can be set through weights. The rate of the clock� XE "clock" � that controls feedback� XE "feedback" � of input-layer outputs to feedback-layer inputs is controlled by pot # 6� XE "pot # 6" � on the console, but only if feedback is enabled with the switch located to the right of pot #6. Resistive pads 12, 13, 14 and 15� XE "Resistive pads 12, 13, 14 and 15" � on the console are connected to inputs 60 through 63. (Pad 12� XE "Pad 12" � has problems—we believe is it inactive.) Connector 34� XE "Connector 34" � on the rear panel of the synthesizer sums the outputs of N7-N12.

The cortical neurons are modeled loosely after the behavior of cortical neurons in a biological brain. They fire non-periodically and produce pulses or spikes at somewhat controllable rates (starting from a rate of about 7 pulses per second at the low end).

Oscillator Neurons� XE "Oscillator Neurons" � (Socket 3� XE "Socket 3" �)—This socket is wired for an ETANN chip that emulates oscillators. Most of the synthesizer’s outputs are taken from a group of 16 oscillator neurons (N0-N7 and N8-N15), into which the analog delay outputs, Fourier transforms, cortical outputs, and four external inputs (connectors 25-28� XE "connectors 25-28" � on the rear panel of the synthesizer) feed . 

Each of the 16 oscillators is wired in an R-C feedback loop� XE "R-C feeback loop" � to itself so as to produce relaxation oscillations� XE "relaxation oscillations" � when the loop is properly biased. Biasing is done with pots #1, 2, 3 and 4 on the console and with weight-setting. Each of the four biasing pots on the console controls a set of four oscillator neurons: pot #1� XE "pot #1" � controls N0-N3, pot #2� XE "pot #2" � controls N4-N7, pot #3� XE "pot #3" � controls N8-N11, and pot #4� XE "pot #4" � controls N12-N15. Resistive pad #9� XE "Resistive pad #9" � is a temporary override to pot #2, and resistive pad #10� XE "resistive pad #10" � is a temporary override to pot #4. 

The HGAIN� XE "HGAIN" � signal is wired to the HGAIN switch on the front panel of the synthesizer, and the VGAIN� XE "VGAIN" � signal is controlled by pot #5 on the console. (As for socket 5, the horizontal direction of resistive pad #11 is a temporary override to pot #5� XE "pot #5" �.) The rate of the clock that controls feedback of input-layer outputs to feedback-layer inputs is controlled by pot # 6� XE "pot # 6" � on the console, but only if feedback is enabled with the switch located to the right of pot #6. Connectors 37 and 38� XE "Connectors 37 and 38" � on the rear panel of the synthesizer sum the outputs of N0-N7 and N8-N15, respectively. 

Console—Details on the console-control user interface are illustrated in the “Console Controls” section. 
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(replace this page with the 11” x 17” block diagram drawing)



�Rear-Panel� XE "Rear Panel" � Connectors� XE "Connectors" �



�



�Console Controls� XE "Console Controls" �

The next three pages show the console controls that are effective for the sockets that are enabled. These controls include:

Pots 1, 2, 3, 4 (1-turn)— Socket 3 voltage bias for four groups of four inputs, I0-I15. 

Pots 5 (10-turn)— Socket 2, 3, and 5 voltage gain on all neuron outputs (S-curve slope), but only for sockets which are not in HGAIN mode. 

Pots 6 (10-turn)— Socket 2 and 3 feedback clock. The switch to the right of this pot must be up (ON) for this pot to be effective.

Pots 7 (10-turn)— Socket 2 fine-adjust neuron bias.

Pots 8 (10-turn)— Analog delay line clock. 

Pad 9— Temporary pressure-sensitive override on pot 2. 

Pad 10— Temporary pressure-sensitive override on pot 4. 

Pad 11 (horizontal axis only)— Temporary pressure-sensitive override on pot 5. 



�Socket 3 Controls� XE "Console Controls" �





(replace this page with the diagram of Socket 3 console controls)

�Socket 2 Controls� XE "Console Controls" �





(replace this page with the diagram of Socket 2 console controls)

�Socket 5 Controls� XE "Console Controls" �





(replace this page with the diagram of Socket 5 console controls)

�Weight Matrices� XE "Weight Matrices" �

The ETANN chips connects inputs with outputs through programmable weight matrices� XE "matrices" � called layers� XE "layers" �. The figure below illustrates a single weight-matrix layer of a single ETANN chip� XE "ETANN chip" �. In each layer, up to 64 inputs� XE "inputs" � can be connected by weights (represented by black dots) to up to 64 outputs, which are the neurons� XE "neurons" �. Each neuron sums the products of its inputs times the stored weight at the input’s intersection with the neuron.  

In addition to the input-output matrix of weights� XE "matrix of weights" �, each neuron can be biased� XE "biasing" � so as to calibrate its output with that of other neurons. 





� EMBED MSDraw  ���



Each ETANN chip has two weight-matrix layers—an input layer� XE "input layer" � and a feedback layer� XE "feedback layer" �. The synthesizer hardware and software support real-time biasing of individual neurons, and real-time changes to individual input-to-output weights.

The next three pages show the two weight matrices (input layer and feedback layer) for the chips in sockets 2, 3 and 5. The input layer is referred to as layer 0� XE "layer 0" �. The feedback layer is referred to as layer 1� XE "layer 1" �. Some of the outputs of sockets 2 and 3 are available at the connectors on the rear panel of the synthesizer, as are inputs to socket 3 and the analog delay line. 

The input and output numbers appear in the STEP_WEIGHTS program that is used to change neuron biases and weights. This program is described in the “Changing Individual Biases and Weights” section. Blank forms for designing weight settings are attached in Appendix A. 



�Weight Matrix for Socket 3� XE "Console Controls" �





(replace this page with the diagram of Socket 3 weight matrices)

�Weight Matrix for Socket 2� XE "Console Controls" �





(replace this page with the diagram of Socket 2 weight matrices)

�Power-Up and Power-Down� XE "Power-Up and Power-Down" �

Standard Power-Up



1.	Turn the power on

	Press the power buttons on each component, in this order:� XE "Power-up sequence" �

Computer and Its Monitor

Synthesizer

	After a minute of software loading, the blue screen of the Intel Neural Network Training System (INNTS) appears. This prompt is displayed:

CMD>� XE "CMD>" �

2.	Type:

app go� XE "APP GO" � Enter

	(Lower-case letters work fine.) An introduction screen is displayed for a few seconds, then the following prompt appears:

Enter Command:� XE "Enter Command\:" �

3.	Type:

TUDOR� XE "TUDOR" � Enter

	The red LED� XE "Red LED" � on the synthesizer’s front panel goes on when all three chips are connected. Connect your speakers to the outputs (neurons) on the synthesizer’s rear panel. There are connectors� XE "connectors" � for neurons 0 through 15 of socket 3, and outputs 1 through 6 of socket 2, plus three mixed outputs from sockets 3 and 2. To use the analog delay line, connect a signal to connector 24, the input to the delay line. You may also connect to any other inputs on the rear panel. 



4.	Play with the console pots, HGAIN switch, and rear-panel cables.

	Start with the arrangement shown below. Then, slowly turn pot 7 clockwise until sound is hear. Also, try turning up pot 5. Play with all other pots. 



Control�Function�Recommended Start Position��HGAIN Switch�Socket 3 and 2 HGAIN Enable�ON��Pots 1, 2, 3, 4�Socket 3 Vbias�Mid-Range (5 turns clockwise)��Pot 7�Socket 2 Fine-Adjust Bias�OFF (counterclockwise)��Pot 5�Socket 2, 3, 5 VGAIN�OFF (counterclockwise)��Pots 6, 8�Feedback and Delay Clocks�Mid-Range (5 turns clockwise)��Feedback Switch�Enables Feedback Between Layers�ON or OFF���Custom Power-Up

The following sequence powers the system up to use individual neural-network chips in sockets 2, 3 or 5. 



1.	Turn the power on

	Press the power buttons on each component, in this order:

Computer and Its Monitor

Synthesizer

	After a minute of software loading, the blue screen of the Intel Neural Network Training System (INNTS) appears. The prompt is displayed:

CMD>

2.	Type:

app go� XE "APP GO" � Enter

	(Lower-case letters work fine.) An introduction screen is displayed for a few seconds, then the following prompt appears:

Enter Command:

3.	Type:

CONNECT_EMB� XE "CONNECT_EMB" � Enter

	The red LED on the front panel of the synthesizer goes on.



4.	Type:

ENABLE_SOCKET� XE "ENABLE_SOCKET" � Enter

	The following message appears:

Enter socket desired : (0 to 7)



5.	To enable the chip in socket 3, type:

3 Enter

	You should hear sound. If not, check the connections to the outputs (neurons) of the socket you have enabled. The back panel of the synthesizer has connectors for neurons 0 through 15 of socket 3, and outputs 1 through 6 of socket 2, plus three outputs that mix various neurons from sockets 3 and 2.



�Power-Down



1.	If you have been changing weights, return to the "Enter Command:" prompt by typing: 

Esc

2.	From the "Enter Command:" prompt, type: 

QUIT Enter

	The blue screen appears.



3.	From the blue screen, type: 

EXIT Enter

	The "C:\" prompt appears.



4.	Turn the power off

	Press the power buttons on each component, in this order:

Synthesizer

Computer and Monitor



Alternatively, just turn the synthesizer power off at any point, and then turn the computer off. This is inelegant but effective.



�Loading and Saving Weights

These procedures can be used to load (download) weight sets that have previously been saved, or to save (upload) weight sets that have been changed using the procedures described in the “Changing Individual Biases and Weights” and “Displaying and Changing Blocks of Weights” sections. 

CAUTION: After using the procedures described below in the “Changing Individual Biases and Weights” and “Displaying and Changing Blocks of Weights” sections, save weights that you have modified to your satisfaction. This is especially important when multiple people are working on the box at different times (often, one person is unaware of what the other has changed). So, be sure that interesting weights have been saved before they are modified. � XE "Saving and Restoring Weights" �

File-Naming Conventions� XE "Uploading Weights" �

Weights from the chips in any socket can be loaded (downloaded) from a disk file or saved (uploaded) to a disk file. The download/upload terminology can be visualized with the computer as god, in control. The computer is above (up) and the synthesizer is below (down).



� EMBED MSDraw  ���



	Weight files are stored on the PC’s hard disk under the path� XE "filename path" � name “c:\innts\weights”. The syntax� XE "filename syntax" � for filenames in WEIGHTS director is:



� EMBED MSDraw  ���



When the synthesizer was shipped to David Tudor in March, 1994, the following weight files were loaded:



Socket�Weights Downloaded When Shipped��Socket 3� XE "Socket 3" � (Oscillators� XE "Oscillators" �)�socket3.wts��Socket 2� XE "Socket 2" � (Corticals� XE "Corticals" �)�socket2.wts��Socket 5� XE "Socket 5" � (Fourier Transforms� XE "FFTs" �)�socket5.wts��

Uploading (Saving) Weights� XE "Uploading Weights" �



1.	From the blue INNTS screen� XE "INNTS screen" �, type: 

Alt i

	The I80170 menu drops down from the top of the screen and offers the following choices:

Prepare Chip�Upload Weights�Download Weights�Neuron I/O�Set Precision�i80170 data�Set Multi-Chip (or Single Chip) Mode�Select Chip

	The menu choices are selected by moving up or down with the IN (  or  IN ( keys (the up-arrow and down-arrow keys) and pressing the Enter key. Each time you select a menu choice, an acknowledgment message is displayed, you are asked to press any key to continue, and you are left back at the blue INNTS screen without the menu.

	If several items on the I80170 menu must be selected (which often occurs), the Alt i key must be pressed again before each selection. 



2.	Select “Set Multi-Chip Mode” (if not already selected)

	The selection is acknowledged and you are asked to press any key to continue.



3.	Repeat the Alt i menu call, and select “Select Chip”

	The following message appears:

 Enter a value in the range [0 .. 7] (current = 0).

	The message is asking you to enter the socket number whose chip weights you want to upload. (The currently selected socket number is shown in parentheses.)

	Then, select a socket by typing a number like:

3 Enter

	The selection is acknowledged and you are asked to press any key to continue.



4.	Repeat the Alt i menu call, and select “Upload Weights”

	The following message appears:

Enter Name of File To Contain I80170 Weight Values

	Then, using the file-naming syntax described at the beginning of this chapter under “File-Saving Basics”, type a filename that looks like: 

c:\innts\weights\3_0221A4.WTS

	The screen is erased and an asterisk (*) bar chart appears, showing the progress of the two-pass uploading of both weight layers (input layer = 0, feedback layer = 1). At the end of the upload, you are asked to press any key to continue.



�Downloading (Loading) Weights� XE "Downloading Weights" �

Downloading follows the same procedures as uploading, except that “Download Weights” is selected in Step 4 instead of “Upload Weights”.



�Changing Individual Biases� XE "Biases" � and Weights� XE "Weights" �

Control of the audio output should be exercised in the following order of priority:



Console� XE "Console" �—Adjusting the pots and pads on the Console.

Biasing—Changing the bias on individual neurons.

Weights—Changing the weights between individual chip inputs and neurons (outputs).



Changing Individual Neuron Bias� XE "Adjusting Neuron Bias" �

This sequence changes the output (neuron� XE "neuron" �) biases on a chip that is inserted into one of the sockets. 

The procedure should only be used on socket 3. Do not change biases on chips 2 or 5 without first calling Mark Holler or Forrest Warthman.



1.	From the "Enter Command:" prompt, type: 

STEP_WEIGHTS� XE "STEP_WEIGHTS" � Enter

	Several lines of green explanatory messages are displayed. Below this, the following white message appears:

enter : chip number (0 .. 7), input or feedback layer

2.	Type: 

3 0 Enter

	where "3" is the socket number (you can also enter 2 or 5) and "0" is the weight layer (0 = input layer, 1 = feedback layer). Leave a blank space between the two numbers. The following white appears below the green messages:

enter focal: neuron # (col), input # (row)

3.	Type: 

0 0 Enter

	where the first "0" is the input number and the second "0" is the output (neuron) number. No additional message will appear.



�4.	Press: 

Bias (  or  Bias (

	These are the bright orange keys, also called Page Up and Page Down on extended PC keyboards. Something like the following yellow message appears between the green messages and the white messages:

col:    0 (biases 0 through 6)  New value:  0.127

	The “col:” is the neuron number. These numbers correspond to the output connector numbers for socket 3 on the rear of the synthesizer. The “New value:” is the bias weight for that neuron. Pressing the up or down bias keys will change this weight. Typically, you would monitor the output for that neuron in real time while you are biasing the neuron. 



5.	To bias another neuron, press: 

N ( UP  or  N ( DOWN

	and press:

Bias (  or  Bias (

	You will see the neuron (col) number and weight value change in the yellow message as you press these keys. 

NOTE: If things get confused, try this method of base calibration: Set the console pots to the starting points recommended on page 15, except turn pot 7 to mid-range. Set the biases on neurons 0-15 of socket 3 to zero. Then, in a second pass, begin changing those biases gradually until a balanced response is heard from all speakers connected to the neurons on the back panel. 



6.	When you are finished biasing all neurons, press: 

Esc

	You will see the neuron (col) number and weight value change in the yellow message as you press these keys. 



�Changing Individual Weights� XE "Adjusting Individual Weights" �

This sequence changes the connection weights between inputs and outputs (neurons) on a chip that is inserted into one of the sockets. 

The procedure should only be used on socket 3. Do not change weights on chips 2 or 5 without first calling Mark Holler or Forrest Warthman.

Be sure to save previous weights before changing weights. See the section below entitled “Saving and Restoring Weights” for the uploading procedures.





1.	From the "Enter Command:" prompt, type: 

STEP_WEIGHTS� XE "STEP_WEIGHTS" � Enter

	Several lines of green explanatory messages are displayed. Below this, the following white message appears:

enter : chip number (0 .. 7), input or feedback layer

2.	Type: 

3 0 Enter

	where "3" is the socket number (you can also enter 2 or 5) and "0" is the weight layer (0 = input layer, 1 = feedback layer). Leave a blank space between the two numbers. The following white appears below the green messages:

enter focal: neuron # (col), input # (row)

3.	Type: 

0 0 Enter

	where the first "0" is the input number and the second "0" is the output (neuron) number. No additional message will appear.



4.	Press: 

*

	This is a blue key the numeric keypad. Something like the following yellow message appears between the green messages and the white messages:

row:    0, col:    0, current value:  1.429

	The “row:” is the input number and the “col:” is the neuron (output) number. The “current value:” is the weight between that input and neuron.



�5.	To move through the weight matrix by pressing: 

N ( UP  or  N ( DOWN

	and:

IN (  or  IN (

	You will see the neuron (col) and input (row) numbers change in the yellow message as you press these keys. 



6.	To change a weight, press: 

WGT. (  or  WGT. (

	These are the + and - keys on the numeric keypad. You will see the current value change in the yellow message as you press these keys. Typically, you would monitor the output for that neuron in real time while you are changing weights. 

NOTE: Weights can be between +2. 5 (maximum excitatory)  and -2.5 (maximum inhibitory). Except for feedback loops, which have generally been given high positive weights, Forrest and Mark have found that non-maximum weights work best; that is, weights between about +1.25 and -1.25, although little is known about this and there can be many exceptions. 



7.	When you are finished biasing all neurons, press: 

Esc

	You will see the neuron (col) number and weight value change in the yellow message as you press these keys. 



�Displaying and Changing Blocks of Weights� XE "Adjusting Blocks of Weights" �

The iDynaMind� XE "iDynaMind" � simulation program developed by NeuroDynamix� XE "NeuroDynamix" � can be used to graphically display� XE "graphical display" � entire layers of weights, or specified blocks thereof. The program can also be used to adjust either blocks of weights or individual weights.



Displaying Blocks of Weights � XE "Displaying Weights" �



1.	From the blue INNTS screen� XE "INNTS screen" �, type: 

Alt s

	The “Simulator� XE "Simulators" �” menu drops down from the top of the screen and offers the following choices:

iBrainmaker�iDynaMind

	The menu choices are selected by moving up or down with the IN (  or  IN ( keys (the up-arrow and down-arrow keys) and pressing the Enter key.



2.	Select “iDynaMind”

	The NDX logo and other information is displayed. Finally the “Welcome to iDynaMind” window appears. 



3.	Select “Characterize Hardware”

	The “Choose Hardware To Connect To” window appears. 



4.	Select “MultiBoard”

	A connecting message appears, and then a red message window asking you to connect power and press the Esc key. 



5.	Assuming the synthesizer power is turned on, press:

Esc

	The “Chips installed in MultiBoard” window appears. Usually, the list is wrong—it often thinks installed chips are not installed. Ignore the errors. 



�6.	Press:

Esc

	The “Characterize Hardware” window appears.



7.	Select “Read Chip Weight Matrix”

	The “Enter or Modify Parameters Menu” appears.



8.	Enter the parameters

	The parameters to be specified include:



Displayed Line�Meaning and Example Entry��Socket: [0]�The socket number you wish to read or write. 

Type “3”, and press Enter.

(Do not change weights in any other socket without first contacting Mark Holler or Forrest Warthman.)��Layer:  [0: Input,1: FB]�The weight matrix you wish to read or write. 

Type “0” for the input layer or “1” for the feedback layer, and press Enter.��Kindunit: [0: Synapse,1: Bias]�The type of things to read or write. 

Type “0” for input-output connection weights or “1” for neuron biases, and press Enter.��Starting Input: [0,63] or [0,6]�The number of the first input to read or write. 

Type “0” to start at the first of 64 inputs, and press Enter. (The 0,6 refers to neuron biases, of which there are six for each neuron.) ��Ending Input: [0,63] or [0,6]�The number of the last input to read or write. 

Type “63” to stop at the first of 64 inputs, and press Enter. (The 0,6 refers to neuron biases, of which there are six for each neuron.)��Starting Neuron: [0,63]�The number of the first neuron to read or write. 

Type “0” to start at the first of 64 outputs, and press Enter. ��Ending Neuron: [0,63]�The number of the last neuron to read or write. 

Type “63” to stop at the last output, and press Enter.��Accept Current Values and Return�Select this item and press Enter when you have entered values for all other parameters.��

	The “Weights Viewer” window appears. Weights can vary from +2.5 to -2.5. Red is a positive (excitatory) weight. Blue is a negative (inhibitory) weight. The bigger the square, the larger the weight.



9.	Press:

Esc

	The “Characterize Hardware” window appears again.



10.	Press:

Esc

	The “Welcome to iDynaMind” window appears again.



11.	Select “Exit”

	A “Yes/No?” verification is requested.



12.	Type:

Y

	A red message window appears, telling you to remove power to the EMB (ETANN Multi-Chip Board). Ignore this and leave the power on, unless you are really ready to quit working for the day. 



13.	Press:

Esc

	The blue INNTS screen appears again.



�Changing Blocks of Weights� XE "Displaying Weights" �

To adjust blocks of weights, follow the procedures described in “Displaying Blocks of Weights”, above, except in Step 7 select “Write Chip Weight Matrix” instead of “Read Chip Weight Matrix”.



�Appendices

A. Blank Weight-Matrix Forms for Socket 3� XE "Adjusting Individual Weights" �

The following pages contain blank forms for designing your own weight settings for Socket 3. 

Sockets 2 and 5 should not be reprogrammed without first contacting Mark Holler or Forrest Warthman. 

��B. Creating Weight Files Using Excel Spreadsheet Models� XE "Spreadsheet Models" �

The PC has a directory called c:\innts\models� XE "c\:\innts\models" � that contains Microsoft Excel spreadsheet models of the weight matrices for Socket 3 and Socket 2, plus related mappings into the INNTS weight-file format. Using the spreadsheet models, you can create matrices of weight for both layers of a chip and save them in text-only format for uploading to an ETANN chip. 

The files in the c:\innts\models directory and the filename format for text-only saves are:



Spreadsheet Model�Formatting Map�Text-Only Copy��matrix3.xls� XE "matrix3.xls" ��socket3.xls� XE "socket3.xls" ��<name>.txt��matrix2.xls� XE "matrix2.xls" ��socket2.xls� XE "socket2.xls" ��<name>.txt��anymatrx.xls� XE "anymatrix.xls" ��anysockt.xls� XE "anysockt.xls" ��<name>.txt��

The matrix3.xls and matrix2.xls files contain defined regions for the various sets of inputs. To open either file from the Windows File Manager, double-click on the file name. If you open either of these files, also open its corresponding socket3.xls or socket2.xls file. 

The matrix3.xls and matrix2.xls spreadsheet files have predefined matrix-cell regions that intersect with various sets of inputs. In Excel, you can go to any of these predefined regions by selecting Formula/Goto... (F5). A list of the regions will be displayed when you do this. In Socket 3, there is, for example, two regions—feedback.big.loop.1 and feedback.big.loop.2—define a big feedback loop (two regions one were created because the number of cells in a region cannot exceed 37). 

To enter a specific number in a selected region, type:

 <value> Ctrl-Enter

To enter a random value in a selected region, type:

=IF(RAND()>0.5,<max_value>*RAND(),<min_value>*RAND())Ctrl-Enter

When you are finished setting the weights, save them as text-only format. Then run INNTS and download the weights (be sure the previously loaded weight set is saved before downloading a new set). If the new weight set does not perform well, try modifying individual weights with the procedures described in the “Changing Individual Biases� XE "Biases" � and Weights” section. 



�C. Reprogramming Chips� XE "Reprogramming Chips" � for Box 1 or Box 2

David Tudor has the first synthesizer we developed, called Neural Network Music Box (or Box 1 for short). That box contains a single ETANN chip which can be removed and reprogrammed with different weights. A spare ETANN chip was also delivered with Box 1. This chip can likewise be reprogrammed and inserted in either Box 1 or Box 2. 

To remove the ETANN chip from Box 1, turn the power turn off and open the metal console box, turn it upside down, and carefully pull up the zero-insertion force (ZIF� XE "ZIF" �) lever to release the chip. Do this very carefully, so as not to crack the precarious printed-circuit board on which the socket is secured. 

To insert the chip in the Box 2 synthesizer for reprogramming, turn the power turn off and remove the right-hand side panel from the Box 2 synthesizer. Then, place the chip to be programmed into Socket 0 in the upper-left corner of the ETANN Multi-chip Board (EMB), as you face it from the right side of the synthesizer. (Socket 0 has the advantage of being relatively free of encumbering wire-wraps on the back side.)

Turn everything on, and from the blue INNTS screen go to “Select Chip” on  the “i80170”  menu. Enter “0”, return to the blue INNTS screen and go to “Download Weights” on  the “i80170”  menu. Provide a filename (remember to include the complete path—“c:\innts\weights”.

“Exit” from the blue INNTS screen and turn all the hardware off (synthesizer first). Then move the reprogrammed chip to its new socket on Box 1 or Box 2. 
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