Learning RVK-Basic, Part 9

By Bob Vun Kannon

RVK-Basic is a free Basic compiler for the Atmel AVR line of micro-controllers. You can download a copy of this compiler from the Nuts & Volts web site. With this compiler you can write and compile very fast, efficient programs for most of the AVR micro-controllers. 

In today’s article we will investigate the generation and use of random numbers.

Christmas at my parents’ house means the inevitable and perhaps interminable game of Aggravation with my sisters. This might be all fine and good except that I am convinced that one of my sisters cheats with a die. I do not understand how she consistently rolls all those sixes. So this year I did something about it! Warm up your STK500 development board and continue reading.

Why Random Numbers?

The ideal die, when rolled by normal people, will randomly produce an even distribution of numbers in the range of 1 through 6 (unless my sister is rolling). Such random numbers are the very basis of many games, Aggravation being only one of them. 

Random numbers are also very useful in robotics. Consider an autonomous robot faced with an obstacle directly ahead of him. Should he turn right or left? Having the robot always turn right might work, but having him randomly choose a direction is much more interesting. And why not have the robot travel for a random amount of time before turning in a random direction?

How to Generate Random Numbers
There is a conceptually simple method of generating apparently random numbers using a shift register and feedback. 

The shift register is a simple idea, implemented in RVK-Basic with a SHIFT instruction. A picture of a shift register will show you exactly how one behaves. In the following table, each successive row shows the state of the register after a shift to the left. That is, on each shift, each bit moves one position to the left and a zero is filled in the LSB (Least Significant Bit).

1
0
1
1
0
0
1
1

0
1
1
0
0
1
1
0

1
1
0
0
1
1
0
0

1
0
0
1
1
0
0
0

0
0
1
1
0
0
0
0

Clearly, if this shifting process were carried on four more times, the shift register would become filled with zeros and remain in that dull state forever. So let’s introduce a rule that will save the shift register from terminal boredom. 

Instead of always putting a 0 in the LSB when we shift, let’s put in the exclusive OR of the two most significant bits. That way, the bit introduced in the LSB will sometimes be a 0, and other times a 1. Then the shifting table would look like the following.
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In this case it is not at all clear where the shift register is going. Remember that interesting shift registers are happy shift registers!
In theory, if we use a shift register N bits long and apply proper feedback, the register can be shifted 2^N-1 times before it repeats a single state. So, using one byte for a shift register we could get 255 different numbers from it before it repeats. A sixteen bit register could give us a sequence of 65535 apparently random numbers before it repeats. Unfortunately, it’s not always quite that simple.

In the example just given, we just performed an exclusive or on bits 7 and 6 and fed that back into bit 0. In reality, this would give a sequence length of 63, not 255. If we had chosen bits 7 and 5 we would get a length of 30, while bits 7 and 4 give a length of 217. It is a very non-trivial problem to locate which configuration of feedback points will give a maximum length sequence

For my needs for a dice simulator I chose a 16-bit pseudo-random sequence generator (PSRG). I found readily found two feedback configurations that would both give a maximum non-recursive length sequence. These are indicated in the source code for the program. 

I am reproducing the program here. I wrote the program for an 8515 because that chip is normally supplied with each STK500 kit and it has a full 8 bits for both the B and D ports. 

To make the STK500 work for this program, you must plug the B port to the LED’s and the D port to the switches. (This should also work on the older STK200 boards.)

   DEVICE 8515

        MHZ     4

        XMEM OFF

        REVISION DICE REV. 011224.0-rvk

        DIRPORT D,IN    '..pushbuttons

        OUTPORT D,&HFF  '..set pull-up resistors

        DIRPORT B,OUT   '..LED output

        GOSUB LITEOFF   '..all LEDs off

        prsgen% = &HFFFF '..initialize pseudorandom sequence generator

        prsmsk% = &H9C00 '..initialize prs gen mask for max length sequence

                         '..&H801C will also work...

        EEDATA FIRST:,&B00000001

        EEDATA ,&B00000011

        EEDATA ,&B00000111

        EEDATA ,&B00011011

        EEDATA ,&B01101011

        EEDATA ,&B01110111

        EEDATA ,&B01111111

        EEDATA ,&B11111111

        EEDATA PATRN:,&B01111110

        EEDATA ,&B10111101

        EEDATA ,&B11011011

        EEDATA ,&B11100111

        EEDATA ,&B11011011

        EEDATA ,&B10111101

        patcnt = 0

MAIN:   DO

          GOSUB GETKEY  '..wait for new keypress ==> key

          DO

            GOSUB RND     '..get random number in rnd%

            rnd% = rnd% AND 7

            num = rnd%

            IF num > 5 THEN     '..num must be 0 -5 only

            ELSE

              EXIT DO

            END IF

          LOOP

                '....now display num on lites...

          READ disp,FIRST:,num

          disp = disp XOR &HFF

          OUTPORT B,disp

          pause 300

        LOOP

'=====BEGIN GETKEY===============================

'       output: key                             =

'       uses:   gkey~                           =

'       waits for key release                   =

'================================================

        STACK 2

GETKEY: DO              '...wait for any key press

          INPORT key,D

          GOSUB RND     '...scramble generator..

          IF key | &HFF THEN

            EXIT DO

          END IF

        LOOP

        DO              '..wait for release...

          GOSUB RND     '...scramble generator..

          INCR patcnt

          IF patcnt > 5 THEN

            patcnt = 0

          END IF

          READ temp,PATRN:,patcnt

          OUTPORT B,temp        '...display pattern while waiting..

          PAUSE 100

          INPORT gkey~,D

          IF gkey~ = &HFF THEN

            EXIT DO

          END IF

        LOOP

RETURN

'=====END GETKEY=================================

'===BEGIN LITEOFF================================

'       output: port B                          =

'================================================

        STACK 2

LITEOFF: OUTPORT B,&HFF

RETURN

'=====END LITEOFF================================

'======BEGIN RND=================================

'       output  = rnd%                          =

'================================================

        STACK 2

RND:    GOSUB SHFGEN    '..shift the generator

        rnd% = prsgen%

RETURN

'======END RND===================================

'======BEGIN SHFGEN==============================

'       output  = prsgen%                       =

'       uses: fb% fb2~ fb1%                     =

'================================================

        STACK 2

SHFGEN: fb% = prsgen% AND prsmsk%

        fb2~ = 0

        FOR shfgn1~ = 1 to 16

          fb1% = fb% AND 1

          IF fb1% | 0 THEN

            fb2~ = fb2~ XOR 1

          END IF

          SHIFT fb%,1,RIGHT

        NEXT

        SHIFT prsgen%,1,LEFT

        IF fb2~ | 0 THEN

          prsgen% = prsgen% OR 1

        END IF

RETURN

'=====END SHFGEN=================================

The first new thing the student of RVK-Basic will notice is the EEDATA statement. This statement simply places a byte or more of data in the EEPROM of your chip. This data will be read later in the program. Note well, that the very first EEDATA statement assigns a label “FIRST:” to the first byte of EEPROM DATA. This will be used later as a base address when reading the data.

The EEPROM in this program contains two tables for the use of the program: referred to as “FIRST:” and “PATRN:”.  “FIRST:” is the table of which lights to turn on for each of the six possible results from rolling the die. A 1 indicates a lighted LED. “PATRN:” is the table of light patterns for display while the user has a key depressed. This is just a light show.

The main program is very simple. Wait for a key press, then compute a random number in the range of 1-6, then display the result. 

The GETKEY routine deserves only a small comment. It waits until a key is pressed and while waiting it continuously calls random numbers from the PRSG. This makes it impossible to predict the next number because the number depends both on the sequence produced by the PRSG and on the length of time the user holds the key down. 

The RND routine simply calls the SHFGEN routine and returns a number in RND%. 

SHFGEN is where the real work is done. It first uses fbmask% to look only at the bits in prsgen% which are required for feedback, then counts the number of those bits that are set and complements the actual feedback element, fb2~, each time a 1 is found. This is the equivalent of performing an exclusive-or on all the bits indicated by fbmask%. The actual generator, prsgen% is then shifted one left and feedback is applied to the LSB. 

If you have a sister who cheats with the die at Aggravation (or Monopoly or whatever), just compile, assemble, and then download this program (both the program and the EEPROM data too) into an 8515 and you will put a stop to her shenanigans. 

I found that this greatly reduced the occurrence of sixes that my sister rolled, but she still managed to win anyway. Some things never change.

I trust you will find ample use for this PRSG in many other projects, especially ones like battle-bots where your sister is not involved.

I also used the pseudo-random generator from the DICE program to create a Simple Simon program (listing follows). In this one, the controller shows you increasingly complex patterns of lights and you are required to echo the pattern by pushing the buttons in the same order. When you get it right, lights race up and down the display. Get any button wrong and the controller squawks at you by flashing all the lights. Try this on your STK500 board. By all means have your sister play the game. That will put her in her place. Better still, have my sister play the game!

   DEVICE 8515


        MHZ     3.68


        XMEM OFF

        REVISION SIMPLE SIMON REV. 020103.0-rvk

        DIRPORT D,IN    '..pushbuttons

        OUTPORT D,&HFF  '..set pull-up resistors

        DIRPORT B,OUT   '..LED output

        GOSUB LITEOFF   '..all LEDs off

        DIM lites@[20]  '..record of lite numbers...

        prsgen% = &HFFFF '..initialize pseudorandom 

'..sequence generator

   prsmsk% = &H9C00 '..initialize prs mask for max 

'..length sequence


                         '..&H801C will also work...


        oldkey = 0


        maxgam = 20 '...max number of lites allowed in game

MAIN:   DO

          GOSUB getnky  '..wait for new keypress ==> key

          numlit = 0    '..start a new game

          DO

            INCR numlit

            IF numlit > maxgam THEN

              numlit = maxgam

            END IF

                '.......Set up a new game......

            oldnum = 15 '...any illegal number will work

            GOSUB LITEOFF       '...clear display

            PAUSE 400

            FOR i = 1 to numlit '...init the array lites@[]

              DO

                GOSUB GETNM7 '..get rnd number 0-7 in nm7

                IF nm7 | oldnum THEN

                  EXIT DO

                END IF

              LOOP

              oldnum = nm7      '..remember last number  

              ptr = i - 1

              lites@[ptr] = nm7

              GOSUB DISPNM '..display the light for nm7...    

              PAUSE 400

              GOSUB LITEOFF

              PAUSE 200

            NEXT

                '.........Play the game.........

            FOR i = 1 TO numlit

              ptr = i - 1

              curnum = lites@[ptr]

              lost = 0

              oldkey = 0

              GOSUB GETNKY '...wait for keypress into key..

              GOSUB KEYPSN '...convert key to its position

              IF key | curnum THEN

                lost = 1

                EXIT FOR

              END IF

            NEXT

                '.......end game................

            IF lost | 0  THEN   '...display a lost game...

              OUTPORT B,0  

              PAUSE 500

              GOSUB LITEOFF

              PAUSE 200

              OUTPORT B,0

              PAUSE 500

              GOSUB LITEOFF

              IF numlit >2 THEN '...next game easier...

                numlit = numlit - 2

              END IF

            ELSE                '...display a won game....

              temp = 1

              FOR i = 1 TO 7    '...walk light up...

                bout = temp XOR &HFF

                OUTPORT B,bout

                PAUSE 100

                SHIFT temp,1,LEFT

              NEXT

              temp = &H80

              FOR i = 1 TO 7    '..walk light down...

                bout = temp XOR &HFF

                OUTPORT B,bout

                PAUSE 100

                SHIFT temp,1,RIGHT

              NEXT

              GOSUB LITEOFF

            END IF

          LOOP

        LOOP

'=====BEGIN DISPNM===============================

'       output: port B                          =

'       input: nm7                              =

'       uses: ctrdpn~                           =

'================================================

        STACK 2

DISPNM: bout = 1

        ctrdpn~ = 0

        DO

          IF ctrdpn~ = nm7 THEN

            EXIT DO

          END IF

          INCR ctrdpn~

          SHIFT bout,1,LEFT

        LOOP

        bout = &HFF XOR bout

        OUTPORT B,bout

RETURN

'=====END DISPNM=================================

'=====BEGIN GETKEY===============================

'       output: key                             =

'       uses:   gkey~                           =

'       waits for key release                   =

'================================================

        STACK 2

GETKEY: DO

          INPORT key,D

          GOSUB RND     '...randomize generator

          IF key | &HFF THEN

          OUTPORT B,key         '...display the key

            EXIT DO

          END IF

        LOOP

        key = key XOR &HFF

        DO              '..wait for release...

          INPORT gkey~,D

          IF gkey~ = &HFF THEN

            GOSUB LITEOFF       '...clear the display

            EXIT DO

          END IF

        LOOP

RETURN

'=====END GETKEY=================================

'====BEGIN GETNKY================================

'       output = key                            =

'       input    oldkey                         =

'    Gets any new keystroke into key            =

'================================================

        STACK 2

GETNKY: DO

          GOSUB GETKEY

          IF key | oldkey THEN

            oldkey = key

            EXIT DO

          END IF

        LOOP

RETURN

'=====END GETNKY=================================

'=====BEGIN GETNM7===============================

'       gets a number 0-7 into nm7              =

'       uses: nm7 temp%                         =

'================================================

GETNM7: FOR inm7 = 1 TO 3

          GOSUB RND

        NEXT

        temp% = rnd% AND 7

        nm7 = temp%   '..random number, 0-7, in nm7

RETURN

'=====END GETNM7=================================

'=====BEGIN KEYPSN===============================

'       output: key                             =

'       input: key                              =

'       uses: kp1~ kp2~                         =

'  converts position to a number. if bit 5 is   =

'  pressed (key = &H20) key will become 5.      =

'================================================

        STACK 2

KEYPSN: kp1~ = 0

        FOR kp2~ = 0 TO 7

          TEST kp3~, key, 0

          IF kp3~ | 0 THEN

            key = kp2~

            EXIT FOR

          END IF

          SHIFT key,1,RIGHT

        NEXT

RETURN

'=====END KEYPSN=================================

'===BEGIN LITEOFF================================

'       output: port B                          =

'================================================

        STACK 2

LITEOFF: OUTPORT B,&HFF

RETURN

'=====END LITEOFF================================

'======BEGIN RND=================================

'       output  = rnd%                          =

'================================================

        STACK 2

RND:    GOSUB SHFGEN    '..shift the generator

        rnd% = prsgen%

RETURN

'======END RND===================================

'======BEGIN SHFGEN==============================

'       output  = prsgen%                       =

'       uses: fb% fb2~ fb1%                     =

'================================================

        STACK 2

SHFGEN: fb% = prsgen% AND prsmsk%

        fb2~ = 0

        FOR shfgn1~ = 1 to 16

          fb1% = fb% AND 1

          IF fb1% | 0 THEN

            fb2~ = fb2~ XOR 1

          END IF

          SHIFT fb%,1,RIGHT

        NEXT

        SHIFT prsgen%,1,LEFT

        IF fb2~ | 0 THEN

          prsgen% = prsgen% OR 1

        END IF

RETURN

'=====END SHFGEN=================================

Happy computing!

