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Logistics

❖ Midterm Exam: This Wednesday  “in lecture”

▪ Details released on the course website

❖ Midterm Review in recitation

▪ Tuesdays 6:30 – 8 pm @ Moore 100a

▪ Wednesdays 12 - 1:30 pm @ Moore 100c

❖ Instructor OH shifted to 1:30 – 4:30 pm on Wednesday

❖ HW03 Sample Solutions (and grades probably) posted 
tonight
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Binary & 2C

❖ There are about 195 students in the class and 22 staff. If 
we wanted to assign each of these individuals a unique 
numerical ID, how many bits would each ID need to be?

❖ Translate:

▪ -1 into 8-bit 2C

▪ 7 into 4-bit 2c

▪ 5 into 3bit unsigned
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Floats

❖ A common way of checking for equality between floats in 
code is to see if the difference between the two floats 
exceeds a certain magnitude instead of checking for exact 
equality. E.g.:

❖ Why is this the case?
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bool float_equals(float a, float b){

double delta = 0.01f;

if (abs(a - b) < delta) {

return true;

}

return false;

}
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CMOS, PLAS, GATES

❖ Create a circuit that takes in an unsigned 4-bit input I 
(I3I2I1I0), and outputs a 1 if and only if the 4-bit input is a 
non-zero multiple of 7

▪ List the outputs that result in a 1 for the output

▪ Create a corresponding CMOS circuit

• Can assume you have the inverses of the Input bits

▪ Create a corresponding PLA circuit

▪ Create a corresponding gate level non-PLA circuit
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CMOS, PLAS, GATES

❖ Create a circuit that takes in an unsigned 4-bit input I 
(I3I2I1I0), and outputs a 1 if and only if the 4-bit input is a 
non-zero multiple of 7

▪ List the outputs that result in a 1 for the output

▪ 7 (0b0111) and 14 (0b1110) 
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CMOS

❖ Create a circuit that takes in an unsigned 4-bit input I 
(I3I2I1I0), and outputs a 1 if and only if the 4-bit input is a 
non-zero multiple of 7. You can assume you have inverse 
of the input signals.

▪ Overall Expression: (~I3 & I2 & I1 & I0) | (I3 & I2 & I1 & ~I0) 
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CMOS Strategy 1 (Starting with PDN)

❖ Overall Expression: (~I3 & I2 & I1 & I0) | (I3 & I2 & I1 & ~I0)

❖ PDN Expression:  

▪ ~((~I3 & I2 & I1 & I0) | (I3 & I2 & I1 & ~I0)) // negate

▪ ~(~I3 & I2 & I1 & I0) & ~(I3 & I2 & I1 & ~I0) // De Morgan’s

▪ (I3 | ~I2 | ~I1 | ~I0) & (~I3 | ~I2 ~I1 | I0) // De Morgan’s

❖ Translated to PDN:
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CMOS Strategy 1 (Starting with PDN)

❖ Flip PDN into PUN:
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CMOS Strategy 1 (Starting with PDN)

❖ Connect PDN and PUN:
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Not the only 
possible answer
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CMOS Strategy 2 (Starting with PUN)

❖ Take the original expression:

▪ (I3 & I2 & I1 & ~I0) | (~I3 & I2 & I1 & I0) 

❖ Translate it directly into PDN but add a negation to each 
input

▪ This is because PMOS transistors
are “naturally negating”

▪ E.g., ~I3 becomes ~~I3 == I3
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CMOS Strategy 2 (Starting with PUN)

❖ Flip PUN to get PDN
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PLA

❖ Create a circuit that takes in an unsigned 4-bit input I 
(I3I2I1I0), and outputs a 1 if and only if the 4-bit input is a 
non-zero multiple of 7
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Non-PLA

❖ Create a circuit that takes in an unsigned 4-bit input I 
(I3I2I1I0), and outputs a 1 if and only if the 4-bit input is a 
non-zero multiple of 7
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Gate delay pt.1 

❖ Given the 4-bit incrementor that we created in lecture, 
how long do we have to wait to make sure that the 
output of the incrementor matches the input?

▪ Assume that each gate has a 1ns delay

▪ You can ignore delay from inverters
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Gate delay pt.2 

❖ The 4-bit incrementor that we created in lecture is 
currently in a stable state showing the output of 1 + 0110. 
If the A input signals were to simultaneously flip to 0111, 
what would all signals be after 2ns

▪ Assume that each gate has a 1ns delay

▪ Ignore delays from inverters

▪ CarryIn0 stays the same
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LC4 Programming

❖ Write an asm program that you can assume has:

▪ R0 = addr of start of array

▪ R1 = length of array that R0 refers to

▪ R2 = addr of start of destination array (you can assume there is 
enough memory locations “free” to store the resulting array)

▪ R3 = Filter integer

❖ Your asm should make a copy of the array referred to by 
R0 into the memory referred to by R1. However, you 
should not include any value that is less than or equal to 
the filter integer put in R3.

❖ You are free to update the registers as long as the 
memory referred to by R2 is properly updated and the 
length of the new array is stored in R4 by the end.
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Control Signals

❖ Bit-wise XOR operations can be used to test for equality. If 
A XOR B is 0, then the two values contained the same bit 
pattern. As a result, Travis wants to add the CMPX 
instruction, which updates the NZP based off of the XOR 
of two register values.

▪ Mnemonic: CMPX Rs, Rt

▪ Semantics: NZP = sign (Rs ^ Rt)

▪ Encoding: 0011 ttts ssxx xxxx

❖ What are the control signals for this instruction?
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General Questions & Answers

❖ Take questions/requests from students
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