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Logistics

❖ Final Exam: This Thursday  6-8 pm

▪ Details released on the course website

❖ TA-Led Final Review

▪ Tuesday 1 – 3 pm @ Levine 101

▪ Different Questions (probably still useful)

❖ Many Instructor OH posted to the course calendar
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Binary in C & LC4

❖ To get around only having 16-bit integers in LC4, we create a 
struct that to mimic a 32-bit integer. Can we do 32 bit add by 
doing addition on each struct field like shown below? Explain 
your answer. If it doesn’t work, briefly explain how to fix it.
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typedef struct uint32_st {

unsigned int lower_bits; // lower 16 bits of number

unsigned int upper_bits; // upper 16 bits of number

} uint32;

// This function adds the two 32 bit unsigned numbers

// represented by a and b and puts the result in out.

void add32(uint32 *out, uint32 *a, uint32 *b) {

out->lower_bits = a->lower_bits + b->lower_bits;

out->upper_bits = a->upper_bits + b->upper_bits;

}
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Binary in C & LC4

❖ In LC4, can we have 32 registers instead of 8 while 
keeping instructions 16 bits? Why or why not?
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CMOS, GATES

❖ Create a circuit that takes in a 3 1-bit inputs A, B and C 
and outputs a 1 if and only if A and B have the same value 
and C has a different value from A and B.

▪ 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 gate level circuit
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Gate Level Circuit

❖ Create a gate level circuit that takes in 3 1-bit inputs A, B 
and C and outputs a 1 if and only if A and B have the same 
value and C has a different value from A and B.
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Gates Pt. 2

❖ Can you make a 2-input XOR using only 3 2-input NANDs 
and 2 inverters?
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Flip Flops & Timing

❖ The figure shows the values of some of the signals during 
clock cycle 0, i.e. in the middle of clock cycle 0.

❖ What are the value of the signals O1 through O5 during 
the middle of clock cycle 4?

❖ Note that the input to the leftmost flip-flop is held 
constant at 0 throughout.
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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 (same length as R0’s array)

❖ Your asm should calculate the prefix sum and store it in 
the destination array. Each index in the dest should 
contain the sum of values up to and including that index 
in R1. E.g. dest[i] = src[0] + src[1] .. src[i]
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Control Signals

❖ What are the control signals for the new instruction 
MERGE which takes two registers that you can assume 
each contain an 8-bit binary value (upper 8-bits are zero-d 
out) and concatenates one onto the other to make a 16-
bit value.

▪ Mnemonic: MERGE Rd, Rs, Rt

▪ Semantics: Rd = (Rt << 8) + Rs

▪ Encoding: 0011 ddds ss00 0ttt

❖ What are the control signals for this instruction?
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C Programming

❖ Complete the following C program:
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// Given a string, return the specified substring

// dynamically allocated. The substring should start at

// the specified index of the input string and it's

// length should be the specified length (or until the

// end of the specified string, whatever comes first).

// You may assume 'start' is a valid index, that

// 'str' contains a valid address and 'len' is > 0.

//

// Arguments:

// - str: the str to return the substring of

// - start: the index the substring should start at

// - len: the length of the substring

//

// returns:

// - the string on success, NULL on error

char* substr(char *str, int start, int len) {

// ...

}
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C to ASM 

❖ The following code was put through the LCC Compiler

❖ The resulting assembly is posted on the course website 
for this lecture called “memset.asm”, several of the 
assembly instructions are marked as “MISSING INSN”. For 
each missing instruction, identify what it should be.
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void memset(int *ptr, int n, int v) {

int i;

for (i = 0; i < n; ++i, ++ptr){

*ptr = v;

}

}
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Code Analysis

❖ The two
functions shown
to the right do
the same job.

▪ Which is shorter
in terms of C
code?

▪ Which is shorter
in terms of LC4
instructions?

▪ If you were to compile each function with lcc and then run the 
two functions which one do you think would run faster? That is, 
which one would complete the task in the shortest amount of 
time. Please explain why 63

typedef struct {

int elt[8];

} vec8;

void func1(vec8 *out, vec8 *a, vec8 *b) {

int i;

for (i=0; i < 8; ++i)

out->elt[i] = a->elt[i] + b->elt[i];

}

void func2 (vec8 *out, vec8 *a, vec8 *b) {

out->elt[0] = a->elt[0] + b->elt[0];

out->elt[1] = a->elt[1] + b->elt[1];

out->elt[2] = a->elt[2] + b->elt[2];

out->elt[3] = a->elt[3] + b->elt[3];

out->elt[4] = a->elt[4] + b->elt[4];

out->elt[5] = a->elt[5] + b->elt[5];

out->elt[6] = a->elt[6] + b->elt[6];

out->elt[7] = a->elt[7] + b->elt[7];

}



CIS 2400, Fall 2022L25:  Final Exam ReviewUniversity of Pennsylvania

General Questions & Answers

❖ Take questions/requests from students
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