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THE LOGIC 

W: The output ‘W’ was found by the Karnaugh Map looping seen on the previous page. The 

looping actually yields (B+C’)(A’+D’)(A+C+D). In order to reduce this expression, the second 

term was strategically manipulated. By changing the second term to (A’+D’+C), a C is 

conveniently factored out of the second and third terms. Adding this C only has an effect on the 

“Don’t Care” states, and does not affect the logic for inputs from 0000 to 1001. After ‘C’ was 

factored, the two terms containing ‘A’ and ‘D’ were manipulated using Demorgan’s Law in 

order to reduce the number of “OR” expressions. The final expression for ‘W’ was 

(B+C’)(C+(AD)’(A’D’)’). 

 

X: The output ‘X’ was found by the Karnaugh Map looping seen on the previous page. The 

looping yields (A+C)(A’+B’). These two terms were manipulated using Demorgan’s Law. The 

final output for ‘X’ was (A’C’)’(AB)’. 

 

Y: The output ‘Y’ was found by the Karnaugh Map looping seen on the previous page. The 

looping yields C+A’B+A’D. By factoring out the A’, the expression reduces to C+A’(B+D). The 

expression on the right was then manipulated using Demorgan’s Law, in order to yield 

C+(A+(B+D)’)’. 

 

Z: The output ‘Z’ was found by the Karnaugh Map looping seen on the previous page. The 

looping yields BC’+AD+AC. The ‘A’ was then factored out of the two rightmost terms, resulting 

in BC’+A(D+C). The term on the right was then manipulated using Demorgan’s Law in order to 

fit into the chip limitation requirements. The final output ‘Z’ was BC’+(A’+(D+C)’)’. 

 

The combination of outputs W, X, Y, and Z, resulted in 19 logic gates. This includes 4 OR gates, 

4 AND gates, 4 NAND gates, 4 NOR gates, and 3 NOT gates.  
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PROJECT SETBACKS 

 There were several setbacks during the construction of the Numerical Braille Display. 

Initially three of the karnaugh maps were looped incorrectly. Luckily two of these mistakes were 

found before the construction of the circuit was even initiated. However, ‘W’ was constructed in 

entirety before the improperly looped karnaugh map was discovered. Needless to say, the ‘W’ 

output did not work as required. Another main issue occurred during the construction of ‘Y’ 

output. A bad spool of brown wire was used, and it took awhile to find the strands that had 

breaks in them. 

 The third issue occurred when using the NOT gate. On the side of the chip containing the 

VCC pin, it was initially though that all the input pins were output pins, and vice versa. However 

some simple debugging quickly fixed this issue. The final issue was the most severe of all the 

others. The circuit was shorted unintentionally several times. Most of the time, this problem was 

quickly caught, but two or three times, the circuit started to smell like it was burning. No damage 

was done to any of the physical components.  

 

ACKNOWLEDGMENTS 

 Credit must be given to Euguene Sokolov and Sheryan Resutov for explaining several 

uses of XOR in the circuit. Although the XOR chip was stripped from the current design, the 

knowledge will be useful at some point in the future. 

 

COLOR SCHEME 

• A – Blue 

• B – Purple 

• C – Yellow 

• D – Brown 

• A’, C’ & D’ – Grey 

• Preliminary Outputs – Orange 

• Final Output – Grey 
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with the input lines completely piercing the 
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BOARD PICTURES 
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