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Computer Systems Architectures 

Simon Says Game 

Sarah Lilley 000656897 

In this report I will outline the process I went through to create the Simon Says Game.  This game has 

to display the hex value of a number on a dual seven segment display which the player will have to 

input the binary equivalent using a switch box, if the player achieves this a new random number will 

be displayed and the overall time that the player has to enter the number will be reduced.  If the 

player does not enter the number within the time limit a buzzer will sound to indicate the end of the 

game.  This includes the design stage, development stage, testing stage, evaluation and reflection, 

which I will go into further detail in this report.  

Design: 

Firstly I designed the flowchart for the Simon Says game.  This enabled me to be able to plan the 

segments of code which I would need to develop.   

Main Program: 
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Subroutine:  
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Algorithm 

Here is the algorithm for the simon says game 

Start Game 

Generate Random Number 

Display Number on Dual Seven Segment Display 

Start Outer Loop timer 

Check for input 

If the input is correct decrement overall timer and go back to generate random number 

Check timer 

If zero sound buzzer and end game, if not check for input again.   

 

Finite State Machine Diagram 

 

 

 

 

 

 

 

 

 State Output 

S0 Game Start Random Number to LEDS 

S1 Correct Input Random number to LEDS 

S2 Time run out Buzzer sounds 

  

Time run out 

Time run out 
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S1 
S2 

Correct input 
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Delay calculations 

As I am putting my delay loop within the delay loops to display the numbers on the seven segment 

display both loops have to reach 0 before the second loop (timer) decrement by one. 

(3*255 + 3*255) = 765 + 756 = 1530.   

3*510*255 = 390150 

3*510*255*207 = 80.671050 seconds 

To calculate the delay for reducing the timer: 

(3*255 + 3*255) = 765 + 756 = 1530.   

3*510*255 = 390150 

3*510*255*13 = 5.071950 seconds. 

To calculate when the timer should stop reducing the timer: 

(3*255 + 3*255) = 765 + 756 = 1530.   

3*510*255 = 390150 

3*510*255*26= 10.143900 seconds. 
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Development: 

Generating a random number: 

I realised that to output a random number to the display the number would have to be generated 

and then split, so each half could be outputted to the display.  E.g. the random number is 1A, I would 

then have to separate this number so it was 1 and A so it could point to the corresponding value in a 

table (numbers for outputting to the dual seven segment display) 

To do this I took two numbers and put them in register randomNumber (r17) and r18.  Then by using 

EOR on both numbers, Logical shifting left the value in r18, which is effectively multiplying r18 by 

two.  EOR (exclusive-or) is then used again, and then randomNumber is logical shifted right, which is 

dividing the value by two.  This creates a ‘pseudo’ random number, this makes it seem like a random 

number is being outputted, but it isn’t.   The value stored in randomNumber is then copied to 

StoreRandomNo for comparison later on with the switch input.  Below is a table showing the 

expected output when generating a pseudo random number: 

Operator Instruction Operand 1 hex/binary Operand 2 hex/binary Result 

XOR Eor $57  - 01010111 $87 - 10000111 $DE - 11011110 

- Lsl  $DE -11011110 - $BC - 10111101 

XOR Eor $BC -10111101 $87 – 10000111 $35 -00110101 

- Lsr  - $35 – 00110101 $1A - 00011010 

 

This is the code to generate a pseudo random number: 

.def     StoreRandomNo =r1  ;Register to store random;y generated number for         

comparison with switchInput    
.def randomNumber = r17  ;define register 17 as randomNumber 

 

;Random number generator  

NumberGenerator :    ldi   r18,$57   ;Load $57 into r18 register 

             ldi    randomNumber, $87      ;Load $87 into RandomNumber register 

random:              eor   r18, randomNumber    ;Either Or values in r18 and randomNumber 

            lsl     r18                     ;Logical Shift Left  

            eor   randomNumber, r18      ;Either Or values in r18 and randomNumber 

lsr      randomNumber           ;Logical Shift Right                                                

mov   StoreRandomNo, temp  ;Copy value in temp to StoreRandomNo                                              

rjmp  returnNumber  ;Jump to returnNumber 

 

Below is the testing for the NumberGenerator subroutine.  I have run the program several times to 

check the number seems to be random.  When the command jrmp returnNumber is executed in 

testing the next line will be from the break ‘random:’ which is where the code will jump to after a 
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correct number has been input.  The code will not go to this when the rjmp return number line is 

executed as seen in this test. 

 

Testing for Random Number Generator 
Input Expected Output Actual Output 

Ldi r18, $57 R18 – 0x57  R18 – 0x57 

Ldi randomNumber,$87 R17 – 0x87 R17 – 0x87 

Eor randomNumber, r18 R17 –0xDE R17 – 0xDE 

Lsl r18 R18 – 0xBC  R18 – 0xBC 

Eor randomNumber, r18 R17 – 0x35 R17 – 0x35 

Lsr randomNumber R17 – 0x1A R17 – 0x1A 

Mov StoreRandomNo, 
randomNumber 

R1 – 0x1A R1 – 0x1A 

Rjmp returnNumber Jump to returnNumber 
subroutine 

Jump to returnNumber subroutine 

Random:   

Eor randomNumber, r18 R17 – 0xA6 R17 – 0xA6 

Lsl r18 R18 – 0x4C R18 – 0x4C 

Eor randomNumber, r18 R17 – 0x56 R17 – 0x56 

Lsr randomNumber R17 – 0x2B  R17 – 0x2B  

Mov StoreRandomNo, 
randomNumber 

R1 – 0x2B R1 – 0x2B 

Rjmp returnNumber Jump to returnNumber 
subroutine 

Jump to returnNumber subroutine 

Random:   

Eor randomNumber, r18 R18 – 0x67 R18 – 0x67 

Lsl r18 R18 – 0xCE R18 – 0xCE 

Eor randomNumber, r18 R17 – 0xE5 R17 – 0xE5 

Lsr randomNumber R17 – 0x72 R17 – 0x72 

Mov StoreRandomNo, 
randomNumber 

R1 – 0x72 R1 – 0x72 

Rjmp returnNumber Jump to returnNumber 
subroutine 

Jump to returnNumber subroutine 

 

This shows that a pseudo random number has been generated.  

 

 

Displaying a hex number on a Dual Seven Segment Display 

Several stages were required to be able to output two numbers to the dual seven.  I will detail the 

process below, starting off with just one number being displayed and progressing to two.   

 Numbers 
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To be able to display a number on a dual seven display each segment of the display corresponds to a 

bit, using 1 to turn them on.  The table below (CMS Greenwich) shows the binary code and 

conversion in hex for numbers displayed on the left of the display: 

Display 
Number 

Bit 7 Bit 6 Bit 5  Bit 4 Bit 3 Bit 2  Bit 1 Bit 0 Hexadecimal 

0 0 0 1 1 1 1 1 1 3F 

1 0 0 0 0 0 1 1 0 06 

2 0 1 0 1 1 0 1 1 5B 

3 0 1 0 0 1 1 1 1 4F 

4 0 1 0 0 0 1 1 0 66 

5 0 1 1 0 1 1 0 1 6D 

6 0 1 1 1 1 1 0 1 7D 

7 0 0 0 0 0 1 1 1 07 

8 0 1 1 1 1 1 1 1 7F 

9 0 1 1 0 1 1 1 1 6F 

A 0 1 1 1 0 1 1 1 77 

B 0 1 1 1 1 1 0 0 7C 

C 0 1 0 1 1 0 0 1 59 

D 0 1 0 1 1 1 1 0 5E 

E 0 1 1 1 1 0 0 1 79 

F 0 1 1 1 0 0 0 1 71 

 

For numbers to be displayed on the right of the display bit 7 has to be 1.  The binary and hex for this 

is shown in the table below: 

Display 
Number 

Bit 7 Bit 6 Bit 5  Bit 4 Bit 3 Bit 2  Bit 1 Bit 0 Hexadecimal 

0 1 0 1 1 1 1 1 1 BF 

1 1 0 0 0 0 1 1 0 86 

2 1 1 0 1 1 0 1 1 DB 

3 1 1 0 0 1 1 1 1 CF 

4 1 1 0 0 0 1 1 0 E6 

5 1 1 1 0 1 1 0 1 ED 

6 1 1 1 1 1 1 0 1 FD 

7 1 0 0 0 0 1 1 1 87 

8 1 1 1 1 1 1 1 1 FF 

9 1 1 1 0 1 1 1 1 EF 

A 1 1 1 1 0 1 1 1 F7 

B 1 1 1 1 1 1 0 0 FC 

C 1 1 0 1 1 0 0 1 B9 

D 1 1 0 1 1 1 1 0 DE 

E 1 1 1 1 1 0 0 1 F9 

F 1 1 1 1 0 0 0 1 F1 
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Below is a table containing just the hex version of the code for each number: 

 0 1 2 3 4 5 6 7 8 9 A/10 B/11 C/12 D/13 E/14 F/15 

Left: $3F $06 $5B $4F $66 $6D $7D $07 $7F $6F $77 $7C $39 $5E $79 $71 

Right: $BF $86 $DB $CF $E6 $ED $FD $87 $FF $EF $F7 $FC $B9 $DE $F9 $F1 

 

Here is the code used for creating the tables.  TableL is for the left number display, TableR for the 

right number display. 

 

tableL:   .DB $3F,$06,$5B,$4F,$66,$6D,$7D,$07,$7F,$6F,$77,$7C,$39,$5E,$79,$71 

tableR:   .DB $BF,$86,$DB,$CF,$E6,$ED,$FD,$87,$FF,$EF,$F7,$FC,$B9,$DE,$F9,$F1 

 

 

Now a pointer can be used to point to each of the numbers in turn.  By ‘splitting’ the number 

generated by the RandomNumber generator you can get two four bit numbers, where the higher 

four bits will point to TableL and the lower four bits be used to point to TableR.  This is possible by 

using AND.  Loading the HighAnd register with the hex value $F0 and AND’ing it with the number 

stored in randomNumber (r17), then using Logical Shift Right four time it shifts the number to the 

lower four bytes, this will produce a HEX value between 0 and F which will indicate which position 

the pointer has to point to in the corresponding table (HighAnd will point to tableL).  

The table below shows how this will work using hex and binary values. 

Operator Instruction randomNumber 
hex/binary 

HighAnd hex/binary Result 

AND and $1A - 00011010 $F0 – 11110000 $10 - 00010000 

- lsr - $10 - 00010000 $08 – 00001000 

- lsr - $08 – 00001000 $04 - 00000100 

- lsr  - $04 - 00000100 $02 - 00000010 

- lsr - $02 - 00000010 $01 - 00000001 

  

To get the four lower bits of the randomly generated number $0F is loaded into lowAnd, however no 

logical shift right is needed as the bits are already in the right place.  The table below shows how this 

works: 

 

Operator Instruction randomNumber 
hex/binary 

HighAnd hex/binary Result 

AND and $1A - 00011010 $0F – 00001111 $0A - 00001010 

 

Now there are two values, the value in HighAnd will be used to point to tableL and the value in 

LowAnd will be used to point to tableR. 
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Below is the code used to do this.  The code in italics is shown because it is relevant for testing but 

will be elsewhere in the final program.  The number stored in randomNumber is produced from the 

subroutine NumberGenerator.  

              .def  HighAnd = r20 

              .def LowAnd = r19  

   

ldi  HighAnd,$F0   ;Load $F0 into HighAnd register 

                ldi  LowAnd, $0F   ;Load $0F into LowAnd register 

 

    rcall NumberGenerator    ;Call NumberGenerator subroutine 

returnNumber:   AND HighAnd, randomNumber  ;AND value in HighAnd ($F0) and randomNumber 

together 

                LSR HighAnd   ;Logical Shift Right 

  LSR HighAnd   ;Logical Shift Right 

  LSR HighAnd   ;Logical Shift Right 

  LSR HighAnd   ;Logical Shift Right - Highest four bits of random number 

is now stored in lowest 4 bits.   

                AND LowAnd, randomNumber ;AND value in LowAnd ($0F) and randomNumber 

    

For this test the randomNumber (r17) value is $2B. 

Testing for splitting number 

Input Expected Output Actual Output 
Ldi HighAnd, $F0 R20 – 0xF0 R20- 0xF0 

Ldi LowAnd, $0F R19 – 0x0F R19 – 0x0F 

Rcall numberGenerator Calls subroutine 
numberGenerator  

Calls subroutine numberGenerator 

returnNumber:   

And highAnd, randomNumber R20 0x20 R20 0x20 

Lsr highAnd R20 0x10 R20 0x10 

Lsr highAnd R20 0x08 R20 0x08 

Lsr highAnd R20 0x04 R20 0x04 

Lsr highAnd R20 0x02 R20 0x02 

And lowAnd, randomNumber R19 0x0B R19 0x0B 
 

 

 

Setting the pointer 

The next stage is to tell the pointer where to point to in the table, and which table to point to.  The 

pointer is 16-bit therefore it needs to be split into two parts. The lower byte is stored in the lower 

register and the upper byte is stored in the upper register (avr asm tutorial).   Because I want to 

point to a position in the program memory I will use registers r30 and r31 which are locations in the 

program memory(Z).   The registers for ZL and ZH are then pointed to tableL.  The value from 
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HighAnd (r20) is then added to ZL, this instructs the pointer where to point in the table e.g. if 

HighAnd is $0F the pointer will point to position fifteen (0x0F) on tableL which is 0x71.  This is then 

loaded into program memory, which is register 0 (leds).  The value stored by the leds register is then 

copied to the highAnd register.  The process is then repeated for lowAnd to point at tableR. 

Below is the code to set the pointers: 

;Sets Pointer to correct position on table 

 ldi ZL,low(tableL*2)    ;Set the Z pointer to start of table  

          ldi ZH,high(tableL*2)   

            add ZL, HighAnd  ;Add ZL and HighAnd registers together, store the value in ZL 

    lpm     ;Load leds with values pointed to by Z  

    mov HighAnd,leds       ;Copy value in leds to HighAnd Register 

         ldi ZL,low(tableR*2)     ;Set the Z pointer to start of table  

                ldi ZH,high(tableR*2)  

         add ZL, LowAnd  ;Add ZL and LowAnd registers together, store value in ZL  

    lpm   ;Load leds with values pointed to by Z  

   mov LowAnd,leds  ;Copy value in leds to LowAnd Register 

 

To test that the pointer is correctly pointing to the correct place I shall modify the program to increment the 

count by one so it points to every position in turn, instead of getting the value from the highAnd register. 

;Register Definitions 

.def   leds = r0         ;Register to store data pointed to by Z 

.def   temp = r16     ;Temporary storage register 

.def   count = r26  ;Value set to zero to check if delay has reached zero 

.def   ZL = r30         ;Define low byte of Z 

.def   ZH = r31        ;Define high byte of Z 

 

;Sets Pointer to correct position on table 

reset: ldi ZL,low(tableL*2)     ;Set the Z pointer to start of table  

          ldi ZH,high(tableL*2) 

 clr count   ;Set count to zero 

next:      lpm    ;Load leds with values pointed to by Z  

    out PORTC, leds  ;output value in leds register to PortC 

 adiw ZL, 1            ;Point to next position in the table 

 inc count  ;Increment count by one 

 cpi count, 16  ;Compare count to 16 to see if the pointer is at the end of the table 

 brne   next               ;if not equal go to next: 

          rjmp  reset              ;If it is equal reset the pointer 

 

 

;Table to display the MSB (Left Number) on Seven Segment Display 

    tableL:   .DB $3F,$06,$5B,$4F,$66,$6D,$7D,$07,$7F,$6F,$77,$7C,$39,$5E,$79,$71 

 

;Table to display LSB (Right Number) on Seven Segment Display 

    tableR:   .DB $BF,$86,$DB,$CF,$E6,$ED,$FD,$87,$FF,$EF,$F7,$FC,$B9,$DE,$F9,$F1 
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Testing for setting pointer to tableL 

Input Expected Output Actual Output 
Reset:   
ldi ZL,low(tableL*2)    - R29 – 0x14 
ldi ZH,high(tableL*2) - - 
clr count  R26 0x00  R26 0x00 
Next:   

lpm R00 0x3F R00 0x3F 

out PORTC leds PORTC 0x3F 00111111 PORTC 0x3F 00111111 

adiw ZL, 1 R30 0x15 R30 0x15 

inc count R26 0x01 R26 0x01 

cpi count, 16 - - 

brne next Not equal Not equal 

rjmp reset   
 

To save space I have made a table to show where the pointer is meant to be pointing to after each increment 

and if it is doing so by showing the output of PORTC: 

 

TableL: 

Counter 
position 
(hex) 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

Position 
in table 

$3F $06 $5B $4F $66 $6d $7D $07 $7F $6F $77 $7C $39 $5E $79 $71 

Leds 
value 

$3F $06 $5B $4F $66 $6d $7D $07 $7F $6F $77 $7C $39 $5E $79 $71 

PORTC 
output 

$3F $06 $5B $4F $66 $6d $7D $07 $7F $6F $77 $7C $39 $5E $79 $71 

 

Testing to see if the pointer will correctly point to all positions in tableR: 

Testing for setting pointer to tableR 

Input Expected Output Actual Output 
Reset:   
ldi ZL,low(tableR*2)    - R30 – 0x14 
ldi ZH,high(tableR*2) - - 
clr count  R26 0x00  R26 0x00 
Next:   

lpm R00 0xBF R00 0xBF 

out PORTC leds PORTC 0xBF 10111111 PORTC 0xBF 10111111 

adiw ZL, 1 R30 0x15 R30 0x15 

inc count R26 0x01 R26 0x01 

cpi count, 16 - - 

brne next Not equal  Not equal 

rjmp reset Jump back to reset Jump back to reset 
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Table showing each position the pointer has moved to for tableR: 

TableR: 

Counter 
position 
(hex) 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

Position 
in table 

$BF $86 $DB $CF $E6 $ED $FD $87 $FF $EF $F7 $FC $B9 $DE $F9 $F1 

Leds 
value 

$BF $86 $DB $CF $E6 $ED $FD $87 $FF $EF $F7 $FC $B9 $DE $F9 $F1 

PORTC 
output 

$BF 
 

$86 $DB $CF $E6 $ED $FD $87 $FF $EF $F7 $FC $B9 $DE $F9 $F1 

 

Now I will test to see if using highAnd and lowAnd registers to direct the pointer and check to see if 

this works correctly.  I will use the randomNumberGenerator subroutine to test a selection of 

numbers.  I will show this by displaying what PORTC outputs as well as the number stored in 

HighAnd and LowAnd: 

 

RandomNumber HighAnd Position 
on 
tableL 

LowAnd Position 
on tableR 

PORTC 
Output, 
HighAnd 

PORTC 
Output, 
lowAnd 

$1A $01 $06 $0A $F7 $06 $f7 

$2B $02 $5B $0B $FC $5B $FC 

$72 $07 $07 $02 $DB $07 $DB 

$05 $00 $3F $05 $ED $3F $ED 

 

This shows that the pointer will point to the correct position in the table when directed by highAnd 

and lowAnd registers. 

 

Outputting to dual seven segment display 

To be able to output the values to the display $FF must be sent to the data direction register for Port 

C, which sets the port to enable output.  Then it is simply a matter of outputting the value in one 

register to PORTC.  The code to do this is below: 

;Output numbers to display, check for input from switches, decrement timer    

        

;Loop Left number  

out    PORTC,highAnd          ;LEDS 

                  

 ;Loop Right number 

out    PORTC,lowAnd           ;LEDS 

   

To test this I will input the value 0x06 into HighAnd and 0xF7 into LowAnd just to test to see 

if these values are outputted to the port. 
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Testing output to PORTC 

Input Expected Output Actual Output 

ldi HighAnd, $06 R20 – 0x06 R20 0x06 

ldi lowAnd, $F7 R19 – 0xF7 R19 – 0xF7 

Out PORTC, highAnd PORTC – 0x06   PORTC – 0x06    00000110 

OUT PORTC, lowAnd PORTC – 0xF7 PORTC - 0xF7       11110111 

 

Delay loops to display two numbers at once on dual seven segment display 

As outputting each number to the leds will only display one number (either the left or right number 

depending on register values) I need to loop the numbers so they alternate between being 

outputted to the display, however they are looping so fast it appears both of them are on at once. 

The diagram below shows how I this works: 

 

   

 

 

 

 

 

The delay for each number is 744µ (@ 1MHz) for the delay sequence, including the outputting to 

port it is is 772 µ (@ 1MHz).   The small delay results in the number being outputted to PORTC for 

just long enough so it appears the other number is being outputted at the same time to the seven 

segment digital display. Below is the code to do this: 

;Output numbers to display, check for input from switches, decrement timer    

        

;Loop Left number  

 LeftNumber: out    PORTC,highAnd          ;LEDS 

                  rcall  SmallDelayL        ;If not equal call subroutine SmallDelayL 

  

 ;Loop Right number 

 RightNumber:  out    PORTC,lowAnd           ;LEDS 

  rcall  SmallDelayR    ;Call subroutine SmallDelayR 

 

;Small delay to display numbers on display (one for each number) (763 us @ 1MHz) - using r24  

 

SmallDelayL:   ldi  r24,$FF       ;Initialise decrement counter  

DelayLoop:      dec  r24           ;Decrement counter  

Left Number Right  Number 

Left  Number 

Loop 

Right Number 

Loop 
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                brne DelayLoop     ;and continue to decrement until counter = 0 

  rjmp RightNumber  ;Jump to RightNumber 

       

SmallDelayR:    ldi  r24,$FF       ;Initialise decrement counter  

DelayLoopR:     dec  r24           ;Decrement counter  

                 brne DelayLoopR   ;and continue to decrement until counter = 0 

  rjmp LeftNumber   ;Jump to LeftNumber 

To test this I used the dual seven segment display to see if both numbers were outputting, this was 

done using the earlier test for checking the pointer worked correctly by incrementing it by one each 

time, therefore the display should display 00, 11, 22…. 

Left Number Hex/display 
number 

Right Number Hex/Display 
number 

Both numbers displayed on 
dual seven display 

$3F  - 0 $BF - 0 Yes 

$06 - 1 $86 - 1 Yes 

$5B - 2 $DB - 2 Yes 

$4F – 3 $CF – 3 Yes 

$66 – 4 $E6 – 4 Yes 

$6D – 5 $ED – 5 Yes 

$7D – 6 $FD - 6 Yes 

$07 – 7 $87 – 7 Yes 

$7F – 8 $FF – 8 Yes 

$6F - 9 $EF – 9 Yes 

$77 – A $F7 – A Yes 

$7C – B $FC – B Yes 

$39 - C $B9 – C Yes 

$5E - D $DE – D Yes 

$79 - E $F9 - E Yes 

$71 - F $F1 - F Yes 

 

Output and input comparison 

To be able to check to see if the user has input the correct number on the switches I need to get my 

program to compare the number being input with the number randomly generated and then 

displayed on the Dual Seven Segment Display, if the input and output values are equal it call the 

subroutine subtract (detailed in the time delay section) if not the code continues to run through the 

loops to output the numbers to the dual seven segment display.  Below is the code which shows the 

number output as well as the loop s to display them but now also includes the code to compare the 

value in switches with the value in StoreRandomNo (r1): 

 

 

;Output numbers to display, check for input from switches, decrement timer    
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;Loop Left number  

 LeftNumber: out    PORTC,highAnd           ;LEDS 

   in     switchInput,PINA           ;Read the value on port A's switches 

   cp     StoreRandomNo,switchInput  ;Compare values from switches and StoreRandomNo 

   breq   Subtract    ;If StoreRandomNo and swtichInput values are equal, call 

subroutine Subtract  

                  rcall  SmallDelayL         ;If not equal call subroutine SmallDelayL 

  

 ;Loop Right number 

 RightNumber:  out    PORTC,lowAnd           ;LEDS 

  in     switchInput,PINA         ;Read the value on port A's switches 

   cp     r1, switchInput            ;Compare values from switches and r01 

   breq   Subtract   ;If StoreRandomNo and swtichInput values are equal, call 

subroutine Subtract     

  cp     timer, clear   ;Compare values from timer and clear registers 

  breq   OutLoop    ;If timer and clear values are equal call subroutine OutLoop 

  dec    timer    ;Subtract timer delay by one  

  rcall  SmallDelayR    ;Call subroutine SmallDelayR 

 

To test this I will output numbers to the dual seven segment display as before, but this time I will use 

the switches (PORTB) to input the data so my program can compare this to the data held in 

StoreRandomNo register.  I will know if the number has been correctly input if the program calls the 

subroutine subtract.  I will also check that my program does not call the subroutine subtract when an 

incorrect number is entered by the switches.   

 

Dual Seven Segment 
Display output 

StoreRandomNo 
register 

value 

Switch Input 
Binary/hex 

Called subroutine 
subtract Yes/No 

1A 1A 00011010   1A Yes 

2B 2B 01001011  4B No 

2B 2B 00101011  2B Yes 

05 05 00000101  05        Yes 

72 72 01110010  72  Yes 

72 72 00000101  05 No 

 

Time delay 

The time delay is one of the key things to the game.  I decided to nest the inner delay loop within the 

code for displaying numbers, therefore every time the both numbers looped on the display it would 

decrement the timer register (r28) by one.   The value of the timer would then be compared to clear 

($00) and if it is equal (so the timer register value is now $00) then the program will jump the 

OutLoop subroutine and decrement the value in the MainTime register by one and the timer register 

has $FF put back into it, this will continue until either the MainTime register value is zero (the game 

ends) or the player enters the correct number for the switches.  If the correct number is entered 

then the MainTime will decrement by 5 seconds.  This is done by copying the value of MainTime at 
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the start of each round into timerStore, therefore when a correct number is input the timerStore can 

be used to get the original value of MainTime (before the countdown) and 0x0D can be subtracted 

(value stored in subtractTime register) which is then copied back to the MainTime register so delay 

can start again.  To avoid mainTime being $00 at the beginning of a round a comparison between 

timerStore and stoptime (register r5).  If timerStore is less than the value in stoptime time will stop 

being subtracted from the delay after each correct input.     The subroutine Port Clear simply 

restores the HighAnd register to $F0 and the lowAnd register to $0F, as well as copying storeTime to 

MainTime.  This is used everytime a correct number is inputted on the switches.   

;Main Program  

StartDisplay:  ldi  HighAnd,$F0   ;Load $F0 into HighAnd register 

                ldi  LowAnd, $0F   ;Load $0F into LowAnd register 

  ldi  clear, $00   ;Load $00 into clear register 

  ldi  temp, $0D    ;Load $0D into temp register 

  mov  subtractTime, temp  ;Copy contents of temp register to subtract time (as this 

register is between r0 - r15 you cannot directly load values into it 

  clr  temp   ;Clear temp register 

  ldi  MainTime, $CF  ;Load $CF into MainTime (outer delay loop) 

  mov  timerStore, MainTime ;Copy content of MainTime to timerstore 

  ldi  timer, $FF   ;Load $FF into timer register 

  ldi  temp, $1A   ;Load $1A into temp register 

  mov  stoptime, temp  ;Copy contents of temp to stoptime register 

  clr  temp   ;Clear temp register 

 

 

 

;Subtracts time from the timer 

Subtract:      cp   timerStore, stoptime      ;Compare values in timerStore and StopTime 

       brlo PortClear         ;If value in timerStore is less than StopTime call subroutine 

PortClear        

    sub  timerStore, subtractTime   ;Subtract value in subtractTime from timerStore (reduces 

overrall delay) 

     rjmp PortClear     ;Jump to PortClear 

 

;Decrement from MainTime (outer delay loop) 

OutLoop:            cp     MainTime, clear        ;Compare value in MainTime and clear 

      breq   end   ;If equal jump to subroutine end 

      ldi    timer, $FF   ;If not, load $FF into timer (reset inner loop)  

      dec    MainTime   ;Subtract one from MainTime  

      rjmp   SmallDelayR  ;Jump to SmallDelayR subroutine 

;Subroutine to reset timer and registers after a correct number has been entered 

PortClear:    mov  MainTime, TimerStore             ;Copy TimerStore Valie 

  ldi  temp,$FF   ;Load $FF into temp register 

  out  DDRC,temp   ;Set PortC for output by loading $FF into Data Direction 

Register 

  clr  StoreRandomNo  ;Clear StoreRandomNo     

  clr  highAnd   ;Clear HighAnd 

  clr  lowAnd    ;Clear LowAnd 

  clr  leds    ;Clear leds 
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  ldi  HighAnd,$F0   ;Load $F0 into HighAnd 

               ldi  LowAnd, $0F   ;Load $0F into LowAnd 

              rjmp random     ;Jump to random 

 

 

To test the delay I will first let the delay run through until MainTime reaches $00.  I will not input a correct 

number at this stage: 

MainTime Value to start Time taken to reach 00 Reach 00? 

0xCF 80 seconds Yes 

 

I will now check that when the input it correct the MainTime register is reduced. I will also check that 

MainTime stops being reduced when MainTime is less than the value in stopTime.   

Number of times 
number has been 

inputted correctly. 

MainTime start 
value: 

TimerStore value SubtractTime value stopTime Value 

0 $CF $CF $0D $1A 

1 $C2 $C2 $0D $1A 

2 $B5 $B5 $0D $1A 

3 $A8 $A8 $0D $1A 

4 $9B $9B $0D $1A 

5 $8E $8E $0D $1A 

6 $81 $81 $0D $1A 

7 $74 $74 $0D $1A 

8 $67 $67 $0D $1A 

9 $5A $5A $0D $1A 

10 $4D $4D $0D $1A 

11 $40 $40 $0D $1A 

12 $33 $33 $0D $1A 

13 $26 $26 $0D $1A 

14 $19 $19 $0D $1A 

15 $0C $0C $0D $1A 

16 $0C $0C $0D $1A 

Therefore when the player has correctly entered the numbers fifteen times before time stops being taken 

away from the main counter, this give the player 4.6 seconds to enter the correct number when they reach 

this point.  

 

 Buzzer and Buzzer delay 

The buzzer is used to indicate the end of the game.  It goes off once the value in the MainTime 

register reaches $00.  To use enable the buzzer I had to load $FF into the Buzzer register (r29) to turn 

it on and output it to PORTD.  I then had to use a delay loop which contained a nested loop.  

However the value I put into the outer loop meant I could make the buzzer emit sound at a different 

frequency.  When the BuzzerLoop subroutine ended the buzzer then has to be turned off by loading 

$00 into the Buzzer register and outputting this to PORTD.  The BuzzerLoop delay is then called 

again, and this process is repeated indefinitely.  

 
;End game - if time runs out, sets off buzzer 

      

End:        clr   leds               ;Clear leds register 

 Out   PORTC,leds  ;Output leds to PORTC (display goes off) 

 ldi   Buzzer, $FF  ;Load $FF into Buzzer (turn Buzzer on) 
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 out   PORTD, Buzzer ;Output Buzzer to PORTD 

 rcall BuzzerLoop  ;Call subroutine BuzzerLoop 

 LDI   Buzzer, $00  ;Load $00 into Buzzer (turn Buzzer off) 

 out   PORTD,Buzzer  ;Ouput Buzzer to PORTD 

 rcall BuzzerLoop  ;Call BuzzerLoop subroutine 

 rjmp  End                 ;Jump to End 

 

 

;Loop to sound buzzer      

BuzzerLoop:    ldi  r27,$11        ;Load $11 into r27 to initialise decrement counter  

Loop4:  ldi  r26, $20  ;Load $20 into r26 

Loop3:         dec  r26     ;Decrement r26 

                brne Loop3          ;and continue to decrement until counter = 0  

  dec  r27   ;Decrement r27 

  brne loop4  ;If r27 is not equal to 0, jump to Loop 4 until 0   

  ret     ;Return to where the subroutine 'BuzzerLoop' was called 

 

To test that the buzzer worked I merely ran the program above and if the buzzer sounded it 

worked. 

 

 

 

I will now test that the buzzer sounds when the MainTime delay reaches zero: 

Buzzer delay test 

MainTime Value Did buzzer sound? 

$00 yes 

 

Testing the final code 

I will now test the code now that is complete.  Below is the completed code: 

;Program for Simon Says Game 

 

;Stack and Stack Pointer Addresses 

    .equ     SPH    =$3E              ;High Byte Stack Pointer Address 

    .equ     SPL    =$3D              ;Low Byte Stack Pointer Address 

    .equ     RAMEND =$25F     ;Stack Address 

 

;Port Addresses 

   .equ     PORTA  =$1B        ;Switches Output Address 

Does the buzzer sound? 

Yes 
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.equ     DDRA   =$1A  ;Switches Data Direction Address 

.equ     PINA   =$19   ;Switches Input Address 

 

.equ     PORTC  =$15        ;LED Output Address 

.equ     DDRC   =$14         ;LED Data Direction Register Address 

.equ     PINC   =$13  ;LED Input Address 

 

.equ     PORTD  =$12        ;Buzzer Output Address 

.equ     DDRD   =$11  ;Buzzer Data Direction Register 

.equ     PIND   =$10  ;Buzzer Input Address 

  

;Register Definitions 

.def     leds          =r0          ;Register to store data pointed to by Z 

.def     StoreRandomNo =r1 ;Register to store whole random number for comparison with 

switchInput 

.def     subtractTime  =r3         ;Register to store amount of time subtracted after each go 

.def     timerStore    =r4  ;Stores time delay for each round 

.def     stoptime      =r5  ;Stores value for when the delay should stop decrementing 

.def     temp          =r16      ;Temporary storage register 

.def     randomNumber  =r17 ;Register to store random number 

.def     LowAnd        =r19        ;Low byte of random number 

.def     HighAnd       =r20    ;High byte of random number 

.def     switchInput   =r22        ;Stores input value from switches 

.def     MainTime      =r23  ;Main delay loop 

.def     clear         =r26   ;Value set to zero to check if delay has reached zero 

.def     timer         =r28   ;Inner delay loop for timer 

.def     Buzzer        =r29         ;Register to store buzzer  

.def     ZL            =r30         ;Define low byte of Z 

.def     ZH            =r31         ;Define high byte of Z 

  

;Program Initialisation 

;Set stack pointer to end of memory 

             ldi temp,high(RAMEND) 

             out SPH,temp             ;Load high byte of end of memory address             

             ldi temp,low(RAMEND) 

             out SPL,temp             ;Load low byte of end of memory address 

 ;Initialise input ports 

  ldi temp,$00   ;Load $00 into temp register 

 out DDRA,temp      ;Set Port A for inout by sending $00 to direction register 

 

    ;Initialise output ports 

             ldi temp,$ff             ;Load $FF into temp register 

             out DDRC,temp            ;Set Port C for output by sending $FF to direction register 

  out DDRD, temp 
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;Main Program  

StartDisplay:  ldi  HighAnd,$F0   ;Load $F0 into HighAnd register 

               ldi  LowAnd, $0F   ;Load $0F into LowAnd register 

  ldi  clear, $00    ;Load $00 into clear register 

  ldi  temp, $0D     ;Load $0D into temp register 

  mov  subtractTime, temp  ;Copy contents of temp register to subtract 

time (as this register is between r0 - r15 you cannot directly load values into it 

   clr  temp    ;Clear temp register 

   ldi  MainTime, $CF   ;Load $CF into MainTime (outer delay loop) 

   mov  timerStore, MainTime  ;Copy content of MainTime to timerstore 

   ldi  timer, $FF    ;Load $FF into timer register 

   ldi  temp, $1A    ;Load $1A into temp register 

   mov  stoptime, temp   ;Copy contents of temp to stoptime register 

   clr  temp    ;Clear temp register 

      

;Shifts number from NumberGenerator into correct postion so it can be display on Seven Segment 

Display      

  rcall NumberGenerator   ;Call NumberGenerator subroutine 

returnNumber: AND HighAnd, randomNumber   ;AND value in HighAnd ($F0) and randomNumber 

together 

                LSR HighAnd   ;Logical Shift Right 

  LSR HighAnd   ;Logical Shift Right 

  LSR HighAnd   ;Logical Shift Right 

  LSR HighAnd   ;Logical Shift Right - Highest four bits of random 

number is now stored in lowest 4 bits.   

                AND LowAnd, randomNumber ;AND value in LowAnd ($0F) and randomNumber 

;Sets Pointer to correct position on table 

  ldi ZL,low(tableL*2)      ;Set the Z pointer to start of table  

           ldi ZH,high(tableL*2)   

             add ZL, HighAnd  ;Add ZL and HighAnd registers together, store the 

value in ZL 

     lpm      ;Load leds with values pointed to by Z  

     mov HighAnd,leds        ;Copy value in leds to HighAnd Register 

          ldi ZL,low(tableR*2)      ;Set the Z pointer to start of table  

                 ldi ZH,high(tableR*2)  

          add ZL, LowAnd   ;Add ZL and LowAnd registers together, store value 

in ZL   

      lpm    ;Load leds with values pointed to by Z  

     mov LowAnd,leds  ;Copy value in leds to LowAnd Register 

     

;Output numbers to display, check for input from switches, decrement timer     

        

;Loop Left number  

LeftNumber: out  PORTC,highAnd             ;LEDS 

   in     switchInput,PINA          ;Read the value on port A's switches 
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   cp    StoreRandomNo,switchInput  ;Compare values from switches and 

StoreRandomNo 

   breq   Subtract      ;If StoreRandomNo and swtichInput values are 

equal, call subroutine Subtract  

                 rcall  SmallDelayL          ;If not equal call subroutine SmallDelayL 

  

 ;Loop Right number 

 RightNumber:  out   PORTC,lowAnd                ;LEDS 

  in     switchInput,PINA           ;Read the value on port A's switches 

   cp   storeRandomNo, switchInput             ;Compare values from switches and r01 

   breq   Subtract   ;If StoreRandomNo and swtichInput values are 

equal, call subroutine Subtract  

  cp     timer, clear  ;Compare values from timer and clear registers 

  breq   OutLoop   ;If timer and clear values are equal call subroutine 

OutLoop 

  dec    timer    ;Subtract timer delay by one  

  rcall  SmallDelayR   ;Call subroutine SmallDelayR        

    

;Random number generator  

NumberGenerator:  ldi    r18,$57   ;Load $57 into r18 register 

   ldi    randomNumber, $89 ;Load $87 into RandoNumber register 

random:     eor    r18, randomNumber  ;Either Or values in r18 and randomNumber 

   lsl    r18                    ;Logical Shift Left  

   eor    randomNumber, r18     ;Either Or values in r18 and randomNumber 

   lsr    randomNumber          ;Logical Shift Right 

   mov    StoreRandomNo, randomNumber ;Copy value in 

randomNumber to temp 

            rjmp   returnNumber  ;Jump to returnNumber  

    

;Subroutine to reset timer and registers after a correct number has been entered 

PortClear:     mov  MainTime, TimerStore ;Copy TimerStore Valie 

   ldi  temp,$FF   ;Load $FF into temp register 

   out  DDRC,temp  ;Set PortC for output by loading $FF into 

Data Direction Register 

   clr  StoreRandomNo  ;Clear StoreRandomNo   

   clr  highAnd   ;Clear HighAnd 

   clr  lowAnd    ;Clear LowAnd 

   clr  leds    ;Clear leds 

   ldi  HighAnd,$F0  ;Load $F0 into HighAnd 

                ldi  LowAnd, $0F  ;Load $0F into LowAnd 

              rjmp random     ;Jump to random  

  

;Small delay to display numbers on display (one for each number) (763 us @ 1MHz) - utilises r24  

 

SmallDelayL:    ldi  r24,$FF        ;Initialise decrement counter  
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DelayLoop:       dec  r24            ;Decrement counter  

                 brne DelayLoop                 ;and continue to decrement until counter = 0 

   rjmp RightNumber   ;Jump to RightNumber 

       

SmallDelayR:     ldi  r24,$FF        ;Initialise decrement counter  

DelayLoopR:      dec  r24            ;Decrement counter  

                 brne DelayLoopR                ;and continue to decrement until counter = 0 

   rjmp LeftNumber   ;Jump to LeftNumber 

         

;Subtracts time from the timer 

Subtract:       cp   timerStore, stoptime      ;Compare values in timerStore and StopTime 

  brlo PortClear    ;If value in timerStore is less than StopTime call 

subroutine PortClear 

  sub  timerStore, subtractTime  ;Subtract value in subtractTime from timerStore 

(reduces overrall delay) 

   rjmp PortClear   ;Jump to PortClear 

 

;Decrement from MainTime (outer delay loop) 

OutLoop:        cp     MainTime, clear         ;Compare value in MainTime and clear 

  breq   end    ;If equal jump to subroutine end 

  ldi    timer, $FF    ;If not, load $FF into timer (reset inner loop)  

  dec    MainTime    ;Subtract one from MainTime  

  rjmp   SmallDelayR  ;Jump to SmallDelayR subroutine 

 

;End game - if time runs out, sets off buzzer      

End:         clr   leds                 ;Clear leds register 

  Out   PORTC,leds  ;Output leds to PORTC (display goes off) 

  ldi   Buzzer, $FF   ;Load $FF into Buzzer (turn Buzzer on) 

          out   PORTD, Buzzer  ;Output Buzzer to PORTD 

  rcall BuzzerLoop  ;Call subroutine BuzzerLoop 

  LDI   Buzzer, $00  ;Load $00 into Buzzer (turn Buzzer off) 

  out   PORTD,Buzzer        ;Ouput Buzzer to PORTD 

  rcall BuzzerLoop  ;Call BuzzerLoop subroutine 

  rjmp  End                 ;Jump to End 

   

;Loop to sound buzzer      

BuzzerLoop:    ldi  r27,$11         ;Load $11 into r27 to initialise decrement counter  

Loop4:  ldi  r26, $20   ;Load $20 into r26 

Loop3:        dec  r26      ;Decrement r26 

                brne Loop3           ;and continue to decrement until counter = 0  

  dec  r27    ;Decrement r27 

  brne loop4   ;If r27 is not equal to 0, jump to Loop 4 until 0   

  ret     ;Return to where the subroutine 'BuzzerLoop' was called 
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;Table to display the MSB (Left Number) on Seven Segment Display 

    tableL:   .DB $3F,$06,$5B,$4F,$66,$6D,$7D,$07,$7F,$6F,$77,$7C,$39,$5E,$79,$71 

 

;Table to display LSB (Right Number) on Seven Segment Display 

    tableR:   .DB $BF,$86,$DB,$CF,$E6,$ED,$FD,$87,$FF,$EF,$F7,$FC,$B9,$DE,$F9,$F1 

 

 

To test the completed program I will play through the game, documenting if the numbers are being 

displayed correctly and that the timer reduces after each correct input, I will also check that the 

buzzer goes off when the time runs out. 

 

Number 
of turns 

Random 
Number 
generated 
(Hex) 

Number 
displayed 
on dual 
seven 
segment 
display 

MainTime 
start value 

Real time 
taken 
before 
buzzer 
goes off 
without 
input 

Input 
needed 
from 
switches 
(binary) 

Buzzer 
sound 
if time 
runs 
out? 

Problems 

0 $1A 1A $CF 80.67s 00011010 Yes No 
1 $2B 2B $C2 75.68s 00101011 Yes No 
2 $72 72 $B5 70.61s 01110010 Yes No 
3 $05 05 $A8 65.54s 00000101 Yes No 
4 $7F 7F $9B 60.47s 01111111 Yes No 
5 $3A 3A $8E 55.50s 00111010 Yes No 
6 $2D 2D $81 50.32s 00101101 Yes No 
7 $5B 5B $74 45.25s 01011011 Yes No 
8 $6C 6C $67 40.18s 01101100 Yes No 
9 $58 58 $5A 35.11s 01011000 Yes No 
10 $28 28 $4D 30.04s 00101000 Yes No 
11 $34 34 $40 24.96s 00110100 Yes No 
12 $6E 6E $33 19,89s 01101110 Yes No 
13 $31 31 $26 14.82s 00110001 Yes No 
14 $25 25 $19 9.74s 00100101 Yes No 
15 $4D 4D $0C 4.68s 01001101 Yes No 
16 $55 55 $0C 4.68s 01010101 Yes No 
17 $19 19 $0C 4.68s 00011001 Yes No 
18 $73 73 $0C 4.68s 01110011 Yes No 
19 $34 34 $0C 4.68s 00110100 Yes No 
20 $72 72 $0C 4.68s 01110010 Yes No 

 

As the table above shows all the parts of my code work as intended. 
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Evaluation 

The original design changed slightly from the flowchart I did, however this was only due to having to 

put the delay loop within the loops to display both numbers to the dual seven segment display.  Also 

I did not realise I had to have a loop for the buzzer until later on.  I think overall my program meets 

my design specification as it displays a random number to the seven segment display, as well as 

reading the input from the switch box and decrementing the overall time limit each time a correct 

answer if given (by 5 seconds each time)and if the time runs out before this the buzzer sounds.   

 

If I had more time I would make it so my buzzer only stays on for a certain amount of time.  I would 

also create a more random number by taking the number from the timer value when the player 

inputs the correct number.  I would also use another Dual Seven Segment display to display the 

amount of time remaining as well as the score at the end of the game (the score would be the 

amount of times the player input a correct number).   

 

Reflection 

I found this very challenging at first as it was hard to know where to start.  However once the design 

had been completed I found it easier to complete each section of the code.  I did find that my 

pointers messed up yet I had no idea why as the code looked normal and it had worked previously.  

This was fixed my copying an old working version of the pointer code into my program.  Due to the 

simon says game assembly problem I know have a far better understanding of assembly language 

than I did before and I feel comfortable using it.  I found the links to the avr websites helpful for 

giving me more of an understanding of assembly. 

 

If I could repeat the coursework I would have given it more time, as it was hard to get motivated to 

do parts of it as it was very tedious at times (checking the code was working properly), and trial and 

error seemed to prevail.   The biggest issue however was the lab running out of equipment which 

severely hindered doing my work on occasions.  Although the debugger could be used it is far more 

effective sometimes to see if works on the equipment.  
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