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Attendance and Announcements

e §Pizza atthe end as
always :)




So what is this Big-0O stuff, anyway?

Last time, we left off with a solution that vastly improved
Its run time by implementing a minor change,
but how do you know how much it changes?



In short, you may think of a lot of algorithms as
functions. They have an input and an output.

But unlike in math, this function now has a factor of
how long it takes.

Xx=10

find_square_root( x ); —_—> output: 3.16

\—+A—

takes 3 secomds



For example, let’s just say our function does something like this:

6 void function(int[] array){
5 int n = array.length;
4  for(int 1 = 9; 1 < n; i++){
3 System.out.println("hi"): //takes 1 second
2 ¥
1 }
7 N
and my array looks like this:  int[] array = {1, 2, 3};}

how many seconds would my function() take to run?

>3 -]1second =3 seconds



Now, what if | change it to be this:

vold function(int[] array){
int n = array.length;
for(int 1 = 68: i < n; i++){
for(int j = @: 3 < n; j++){
System.out.println("hi"): //takes 1 second
b
s

s

P

= N W00~

and my array looks like this:  int[] array = {10, 9, 28, 7};B

how many seconds would my function() take to run?

> 4% -1 second =16 seconds
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Now, obviously print statements don’t take 1 second to run.
But what if you were advertising your code to Google, and
you didn’t have the best computer?

What if there was some way to measure a
function’s performance, even when technology changes?

vold function(int[] array){
int n = array.length;
for(int 1 = @8; 1 < n; i++){
for(int J = @; J < n; Jj++){
System.out.println("hi"); //takes 1 second

rr

}
i



That is where Big-O comes In!

Big-O is a way to measure a function’s
runtime without using seconds, but
instead as mathematical functions.



Imagine you didn’t know what size array was going into this
function. How many “seconds” would this function take?

void function(int[] array){
int n = array.length;
for(int 1 = 8; 1 < n; 1i++){
for(int j = 8; j < n; j++){
System.out.println("hi"): //takes 1 second
+}

= P b P 0N O =]

}
i
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vold function(int[] array){

}
i

int n = array.length; Imagine you didn’t know what size array
for(int 1 = 8; i < n; i++){ . . ) .
for(int j = 0; j < n; j++){ was going into this function.
System.out.println("hi"); //takes 1 second
b How many “seconds”

would this function take?

N = array length

We have a nested for loop, meaning the
print statement is run N * N (or N?) times.

No matter the value of N, this code takes
N° seconds
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vold function(int[] array){

}
i

int n = array.length; Imagine you didn’t know what size array
for(int 1 = 8; i < n; i++){ . . ) .
for(int j = 0; j < n; j++){ was going into this function.
System.out.println("hi"); //takes 1 second
b How many “seconds”

would this function take?
The time complexity is O(N"2)
O(N?) does not mean that a function takes

exactly N seconds, but that the total
time is proportional to N2

O(N?) : Execution time o< N*2



Some more examples:

Let’s say we have a function that accepts N=100 inputs

O(1): Execution Time is constant, regardless of input

O(log N) : Execution time is about 6.64 time units
O(N): Execution time is about 100 time units

O(N * log N): Execution time is about 664 time units

O(N?) Execution time is about 10000 time units

O(2Y): Execution time is about 1.2 - 10°%° time units

O(N!) Execution time is about 9.33 - 10’ time units



Big-0 Complexity Chart
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A Quick Note on Space Complexity

Time is not the only metric that code is reviewed on

It is also important to analyze how much space in the computer’s memory the code
uses to store all needed data (such as integers, strings, arrays, 2D arrays, and all
other data types and structures)

Space Complexity is also measured using big-O, but instead of being proportional
to execution time, it is proportional to memory space

Space complexity is far less important than time complexity today, computer
memories have exponentially grown, but CPU execution times are bottlenecked (a
CPU can only do one command at a time). It is not important for any problems we

will do.



Last problem...

Last week, we had a greedy solution that has two moves.
These moves take different amounts of steps to get to the solution.

GeE
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Last problem...

Let’s say we start at 7/, and we make our way up to 10.

What would the time complexity of this algorithm be?

O(1) = O(yeah)
O(logn) = O(nice)
O(n) = O(k)
O(n2) = O(my)
O(27n) = O(no)
O(n!) = 0O(mg)
O(n”n)=0(sh"1l).
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Last problem...

It would actually be O(n). Like a linear graph,
| only move up only one at a time. It’s not really
changing how much it increments.

O(1) = O(yeah)

O(logs - e) ~
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Last problem...

Now we start at 28 and make our way
down to 7. What would this be?

O(1) = O(yeah)
O(logn) = O(nice)
O(n) = O(k)
O(n2) = O(my)
O(27n) = O(no)
O(n!) = 0O(mg)
O(n”n)=0(sh"1l).




Last problem...

It would be O(logn), because the logarithm is asking
“how many divisions should | do to get to my
solution?”

) )




LeetCode #121. Best Time to Buy and Sell
Stock

121. Best Time to Buy and Sell Stock

Easy O Topics & Companies

You are given an array prices where prices[i] is the price of a given stock on
the i*" day.

You want to maximize your profit by choosing a single day to buy one stock and
choosing a different day in the future to sell that stock.

Return the mamamum profit you can achieve from this transaction. If you cannot
achieve any profit, return 0.



Test Case

We begin with no stock. We want to buy at one point, and sell at
a later point for maximum profit

You want to maximize your profit by choosing a single day to buy one stock and
choosing a different day in the future to sell that stock.

Return the maximum profit you can achieve from this transaction. If you cannot
achieve any profit, return 0.



Test Case

Goal is to identify the buy-point and the sell-point such that
1. Profit (sell - buy) is maximized
2.5ell-pointis later than the buy-point (we must first buy the
stock to sell it

You want to maximize your profit by choosing a single day to buy one stock and
choosing a different day in the future to sell that stock.

Return the maximum profit you can achieve from this transaction. If you cannot
achieve any profit, return @.



Test Case

Profit=5-7=-2

Buy Sell

||

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 is not
allowed because you must buy before you sell.



Test Case

Profit=3-7=-4

Buy Sell

||

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 is not
allowed because you must buy before you sell.



Test Case

Profit=3-1=2

Buy Sell

||

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 is not
allowed because you must buy before you sell.



Test Case
Profit=6-1=5

5 is the maximum possible profit, so we return it

Buy Sell

|

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 is not
allowed because you must buy before you sell.



Now you try it!!!

And, do NOT worry about time complexity for now. Just solve
the problem using as much time, space, and loops as you need. A
“Brute-Force” Solution is fine.



Solution - Brute Force

In any given array, there exist a finite number of buy and sell
points

We can simply test them all and keep ofrecord the maximum of
all the profit values



Solution - Brute Force

Going back to the test case:

Example 1:

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 is not
allowed because you must buy before you sell.

We will first identify all possible buy/sell combinations



Solution - Brute Force

Example 1:

Input: prices = [/,1,5,3,6,4]

Qutput: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 is not
allowed because you must buy before you sell.

If we buy at
e /:Wecansellat 1,5,3,0,4 (5 pairs)
e 1: We can sell at 5,3,6,4 (4 pairs)
e 5: We can sell at 3,6,4 (3 pairs)
e 3: We can sell at 6,4 (2 pairs)
e 6: We cansell at 4 (1 pair)




Solution - Brute Force

Example 1:

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 is not
allowed because you must buy before you sell.

For an input array of N=6, we need to check:

5+4+3+2+1 = 15 buy/sell pairs



Solution - Brute Force Implementation

So, with only 15 combinations, we write code that checks all
combinations. This can be done with a nested for loop



Solution - Python

class Solution:
def maxProfit(self, prices: list[int]) -> int:
best = 0
n = len(prices)
for 1 in range(n): # buy day
for j in range(i + 1, n): # sell day (must come after buy)
profit = prices[j] - prices[i]
if profit > best:
best = profit
return best



Solution - Javo

class Solution {
public int maxProfit(int[] prices) {

int best = 0;

int n = prices.length;

for (int 1 = 0; i < n: i++) { // buy day

for (int j =1 +1; j <n; j++) { // sell day (must come after buy)
int profit = prices[j] - prices[i];
if (profit > best) {
best = profit;

}

return best;



Solution - Wait a minute...

Time Limit Exceeded 1987213 testcases passed 2
Last Executed Input [+ Use Testcase
prices =

[19888,9999,9998,999/7,9996,9995,9994,9993,9992,9991, 9990, 9959, 9988,
99&67,9986,9985,9984,99583, 9982 ,9981, 9980 ,9979,99/78,9977,9976,99/75,99
74,9975,9972,9971,9970,9969,9968, 9967 ,9966, 9965, 9964 ,9963, 9962 ,9961
. 3960 ,9959,99586,9957,9956,9955,9954,9953,995.2,9951,9950,9949,9948, 9
947,9946,9945,9944,9943,994./,9941 ,9940, 9939, 9938, 9957,9936, 9935, 993
4,9933,9932,9931,9950,9929,9928,9927,9926,9925,9924,9923,9922,9921,
99208,9919,9915,991/7,9916,9915,9914,9915,9912,9911, 9918 ,9999, 9908, 99
@7,9906,9985,9984,9905, 9962 ,9901 , 9900 , 9899, 9595, 9897, 9896, 9595, 9894

¥ View more

Our solution worked perfectly for 198 test cases, but “Time Limit
Exceeded” for the remaining 15



Solution - Wait a minute...

Time Limit Exceeded 198/213 testcases passed ¢
Last Executed Input [+ Use Testcase
prices =

[19888,9999,9998,999/7,9996,9995,9994,9993,9992,9991, 9990, 9959, 9988,
99&67,9986,9985,9984,99583, 9982 ,9981, 9980 ,9979,99/78,9977,9976,99/75,99
74,9975,9972,9971,9970,9969,9968, 9967 ,9966, 9965, 9964 ,9963, 9962 ,9961
. 3960 ,9959,99586,9957,9956,9955,9954,9953,995.2,9951,9950,9949,9948, 9
947,9946,9945,9944,9943,994./,9941 ,9940, 9939, 9938, 9957,9936, 9935, 993
4,9933,9932,9931,9950,9929,9928,9927,9926,9925,9924,9923,9922,9921,
99208,9919,9915,991/7,9916,9915,9914,9915,9912,9911, 9918 ,9999, 9908, 99
@7,9906,9985,9984,9905, 9962 ,9901 , 9900 , 9899, 9595, 9897, 9896, 9595, 9894

¥ View more

his is when we need to analyze our time complexity.



Solution - Time complexity

Remember, we found that:

When N=6, total pairs = 5+4+3+2+1 =15

This pattern actually holds for all values of N.

When N=10, total pairs = 9+8+7+6+5+4+3+2+1 = 45

Our input only went up by four, but our pairs went up by 3x!



Solution - Time complexity

Let’s extrapolate:

For N inputs, our total pairs=N-1+ N-2+ N-3+...+1

n(n—1)
2

This can be mathematically proven as equal to

— N

Which Is also equal to: Sum = 5

For example, when N=6, (6° - 6)/2 = (36-6)/2 =30/2 =15



Solution - Time complexity

2

n —n

2

Sum =

Time complexity is always equal to the fastest growing term in
the formula. In this case, the fastest growing term is n*

We ignore the (-n) and the divide by two, because those are far
less impactful than n?

Our solution’s time complexity is O(N?)



Solution - Examining our failure

Our solution’s time complexity is O(N?)

Time Limit Exceeded 1987213 testcases passed +,

Last Executed Input [+ Use Testcase

prices =

[18ees, 59999 ,9998,999/7,9996, 9995, 9994 ,9993,9992 ,9991, 9990, 9939, 99838,

This input has 10000 inputs.

At O(N?), we must do about 10000°=100000000 pairs

ypically, 2000 inputs is the maximum O(N?) can handle



Problem - Run it back

121. Best Time to Buy and Sell Stock

Easy O Topics & Companies

You are given an array prices where prices[i] is the price of a given stock on
the 1 day.

You want to maximize your profit by choosing a single day to buy one stock and
choosing a different day in the future to sell that stock.

Return the maximum profit you can achieve from this transaction. If you cannot
achieve any profit, return 0.

Solve the same exact problem, but find a faster solution

Hint: We don’t need to check every single pair. Figure out how
you can avoid checking unnecessary pairs.



Solution - How can we speed this up?

Here is the test case from before, set to the first possible
buy/sell pair.

Buy Sell

|

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 1s not
allowed because you must buy before you sell.



Solution - How can we speed this up?

Let’s actually remove the buy pointer, and focus only on the sell

Buy Sell

|

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 1s not
allowed because you must buy before you sell.



Solution - How can we speed this up?

Let’s actually remove the buy pointer, and focus only on the sell

For this sell value, what is the best possible buy value?

(Of course, itis 7, there is only one possible buy value)
Sell

Example 1: \\

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 1s not
allowed because you must buy before you sell.



Solution - How can we speed this up?

For this sell value, what is the best possible buy value?

Itis 1, because 5-1=4is better profitthan5-7=-2

Sell

Example 1: l

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 1s not
allowed because you must buy before you sell.



Solution - How can we speed this up?

For this sell value, what is the best possible buy value?

Itis again 1.

Sell

Example 1: l

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 1s not
allowed because you must buy before you sell.



Solution - How can we speed this up?

For this sell value, what is the best possible buy value?

Itis again 1.

Sell

Example 1: \\I

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 1s not
allowed because you must buy before you sell.



Solution - How can we speed this up?

For this sell value, what is the best possible buy value?

Itis again 1.

Sell

Example 1: l

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 1s not
allowed because you must buy before you sell.



Solution - How can we speed this up?

What do we notice?

For each sell value, the best buy value is just the minimum of all
values before it!

Sell

Example 1: l

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on day 2 (price = 1) and sell on day 5
(price = 6), profit = 6-1 = 5.

Note that buying on day 2 and selling on day 1 1s not
allowed because you must buy before you sell.



Solution - How can we speed this up?

This means, instead of testing every possible buy/sell pair, we
only need to find the best sell va

sell value - the minimum of all

Example 1:

Va

ue. Then, profit is simply the

ues before it
Sell

!

Input: prices = [/,1,5,3,6,4]

Output: 5

Explanation: Buy on
(price = 6), profit
Note that buying on
allowed because you

day 2 (price = 1) and sell on day 5

T

day 2 and selling on day 1 is not
must buy before you sell.



Solution - Algorithm

Iterate through the array one time
e Keep track of the
o Minimum buy value so far
o Maximum profit so far
e For each value k we encounter
o If k is less than the current minimum buy, it becomes the
new minimum buy
o If (k- minimum buy) is greater than maximum profit, it
becomes the newmaximum profit
Return maximum profit (may be zero)



Solution - Python

class Solution:
def maxProfit(self, prices: list[int]) -> int:
min_price = float('inf') # cheapest buy seen so far
best = 0 # best profit seen so far
for price in prices:
if price < min_price:
min_price = price # found a better day to buy
elif price - min_price > best:
best = price - min_price # found a better day to sell
return best



Solution - Javo




Solution - Time complexity

class Solution:
def maxProfit(self, prices: list[int]) -> int:
min_price = float('inf"') # cheapest buy seen so far

best = 0 # best profit seen so far
for price in prices:

if price < min_price:

min_price = price # found a better day to buy
elif price - min_price > best:
best = price - min_price # found a better day to sell

return best

Here, we only scan through the array one time. This is because

we only check the sell values. There are ~N sell values, so this is
O(N)



Time complexity shortcut

class Solution:
def maxProfit(self, prices: list[int]) -> int:
min_price = float('inf"') # cheapest buy seen so far

best = 0 # best profit seen so far
for price in prices:

if price < min_price:

min_price = price # found a better day to buy
elif price - min_price > best:
best = price - min_price # found a better day to sell

return best

A simpler way to calculate time complexity is to examine the
total number of nested loops.

For example, this has one loop: O(N)



Time complexity shortcut

class Solution {
public int maxProfit(int[] prices) {

int best = 0O;

int n = prices.length;

for (int 1 = 0; i < n; i++) { // buy day

for (int { =1 +1; j<n; j+#+) { // sell day (must come after buy)
int profit = prices[j] - prices[i];
if (profit > best) {
best = profit;

}

}
}

return best:;

}
}

Our previous solution has a loop inside a loop, and it is O(N?)

If it had a loop inside a loop inside a loop, it would be O(N°®)

(Please note however, this is only true for loops that increment linearly, such as
i++. This does not work for i = i*3 for example.)
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Example Test Case #1

Problem List < » 23 W P @ Submit O #

&
DescriptSw I Eil@eﬁt@@[ase : Accepted ~ Submissions Code

« AIISubWﬁrd DiCt — [Illeetll IICOdeII] () Python3 ~ @& Auto

_ lass ':':u}lutmn
A::eute*ﬁ 8

“#ynamesuhrt@i@%@ﬂ@" —_— llleetll +¢'C0d”he answat‘k S ngeEurt\.falue int, target: int) -> int:
4
W7

¢ Last Call. Leet’s On.

@® Runtime

0 m=s | Beats 100.00% 19.46 7.959%; 13 return count + (startValue - tempTarget)

. leet code

< v True

Tms 2ms dms 4ms



Example Test Case #2

G *= ProblemList < » 28 %W P @ Submit O 2+

Descn’p& &L‘aalts @gnﬂ Ogccepted x Submissions Code
€« AIISUbWﬁSrd D I Ct — ["CatS" lldogll ”Sand 4 12 lléyﬁﬂﬂ il@tatll]

1 135 Solution:
Accepted

2= NO.SEQUENCe covers'the entrmg, o'thearisweris Fatse.” =

G i Last Call. Leet's On. wh te arg = g t'lhl'a
a Grab our Back to School studs nt de efn:ure [ ) g-:-ne T 14 Ta = 1
pTarget +§ 1

I 10 tempTarget r"=| 2
E] Runtime 1of -.l.'||:-|“.:_;'.:'_. . Coun
0 ms Beatﬁ'lﬂﬂ.ﬂom 7 19.46 cqgﬁn 13 a”dcnunt + (startvalue - teagrget} x

1; e | e — )\ —
try 2 cat sand 09 )4

no word covers ‘09"



Can We Be Greedy Here?

Problem List B P O sSumit O +

&
—C re;_@tday takoes "akc" first.and gets stuck with "d".

~ " ThHe valid splitis "a" + "b" + "cd","so”0ne tocal choice can ruin the

. 1 «class Solution:
Accepted 84/84te es passed + . . .
+. Analysis def brokenCalc(self, startvalue: int, target: int) -> int:

3 yoanie s&rﬂcﬁtW@:r 026 16:39 S e

~
il
=
-}
4

count = @

G ¢ Last Call. Leet's On. i 114 empTard@et > Etartvalue:
a Grab our Back to School student deal before it's gone! a / tem q2 = 1:
tem rget pr= 1
: J= 2
11 ount += 1
® Runtime 2t Memory L —— ]

0 ms  Beats 100.00% Greedyﬁ 46 7.95% abéS return count I[5tartUaXtempTarget} gtuck/

<

Better: a b cd \/ Thue

Tms 2ms dms 4ms



Dynamic Programming

é *= ProblemlList < » 2§ % P @ Subm O 4

o@reedy makes.the best.choice nowand never looks back.
A DYnamic programming breaks & pf@ﬁt’ef‘ﬁ“ﬁnto smaller

¢ Solution:

2 SUDProblems, saves their ShsWers, and" TELSES T o et o0 = o
.It warks best when subproblems overlapc:gnq Qgggggagnswers can
<l?)ge built from smaller answers. e T
mY)ord Break has both properties. -
0 ms | Beats 100.00% 19.46 7.95% L= return count + (startValue - tempTarget)

L



A Familiar Example: Fibonacci

& = Problemlst ¢ > 3¢ W P @O swmt 0O #

Descnp;[h&erQICUErri@sr] C@)EL& f(naubmlsi(ﬂ 1) + f( E}ud2)

“ A Plain recursion repeats the same §U“6p|‘d“ﬁ)lems

Accepled 43 /84 S & Stk ri¥alue: int, target: int) -> int:
» e DR.COMpPUtes each one’ onqves 1T, ﬁctTrguggsa It :

count =

G ¢ Last Call. Leet's On. S Q(S) while tempTarget > startvalue:
a Grab our Back to School student deal before it's gone! 7 if tempTarget % 2 == 1: . .
= tempTagAIng work, done again and again

g
10 tepnT——

@ Runtime & Memory KQ) i count §= F(B)
0 ms  EBeats 100.00% 19.46 . 13 return cou m lue - tempTarget)
3 f(3) £(2) f(2) 10,
72

Tms 2ms dms 4ms




The DP Recipe

& = Problemlist ¢ > 32 % P @ Swmit O
ol DEfINELHE subproblem: what does.one table cell mean?
< All Submissions () Python3 ~ & Auto

ass Solution:

2 2. Find-the base case: whatds* e befére wWeda any work?: o -

count = @

~ Last Call. Leet’s On. N while tempTarget = startValue:

@ ? Fﬁ‘.ral:ln an::l-;t School sjudent dea befn:uum gone! f tempTarget %

he transition: how do smaller answeﬁ@nl@uﬁd a bigger

1) 1€ tempTalget fi= 2
onANSWer? g com
Oms Beat: 100.00% 13 return count + (startValue - tempTarget)

4. Bgead the final answer from the correct cell.

Bottom-up tabulation fills the table left to right. Top-down
memoization uses recursion. We will use bottom-up.

Tms 2ms Ams 4ms



Setup: What Does dp|i| Mean?

& = ProblemlList < % P O Submit O+

Demdp[tﬁlimmeaamoa cah.the firsti letters be.split into dictionary words?

T '§ie n+ 1 cells, with dp[O] rué ch%’“ the ém ty preﬂx

class Salutlmn

Accepted 84784t

A yoanie submitted at Sep 30, 2026 16:39 n
G - Last Call. Leet's On.

i arget int) -> int:
bTarget = rge
t=0

if tempTarget % 2 = 1:

tempTarget +=

; else
2 B tempTé'get /= 2?

count += 1

Grab our Back to School student deal before it's gone!

] 0

@® Runtime

mmm#’mlmmmmmm

emply string ic alwaye valid



Transition: How dp|i| Becomes True

G *= Problem List < » 28 W P @ Submit O #

oEOF @achsend pasition.l,try an earlies.cut |.
~“dplil is True when dp[J] is True a”“hd°”§“j Q i$°a dictionary wor,

. Solution:
Accepted 847841

+. Analy def brokenCalc(self, startValue: J_nt trget int) -> int:
AD yoanie submitted at Sep 30, 2026 16:39 tempTarget = target
- count = 0
|
G - Last Call. Leet's On. t
a Grab our Back to School student deal before |t 5 Qo0 el
8
[
® Runtime & Memory

0 ms | Beats 100.00% 19.46 Jﬁ'[#] ;" 7;1(3

v

co dp[8] = True



Walkthrough #1: leetcode

& = Poblemlist < > ¢ & P @O swmit 0O #

ratdFLWIth.dp[Ql:s True.because the.empty prefix is valid.
~ At = 4, "leet” follows a valid préfix, so dpl4] becomes True.

ass Solution:
Accepted

S yome AL S 892 "code" follows dpmdp[B] beé‘i(:@;fii@esrl rueandwe™ =
'retu Call. Ee : o
&5k [ LUe.

Grab our Back to School student deal before it's gone!

while temp Startvalue
' empTarget °

tempTarget +=

else:

® Runtime d
P

0 ms | Beats 100.00%

.4#



Walkthrough #2: catsandog

Problem List < » 23 % P @ Submit

& ;
oWV € Can build Gaty cats,,and sand, so.early dp cells become True.

~“"“But no word completes "og" so“dp[9]'stays False.

. 1 class Solution:
Accepted 84 /84 testc . . .
+, Analys 2 def brokenCalc(self, startvalue: int, target: int) -> int:
AD yoanie submitted at Sep 30, 2026 16:39 3

tempTarget = target

”?nt=ﬂ

tempTarget > startValue:

G - Last Call. Leet's On. cat

Grab our Back to School student deal before it’ ;

® Runtime d P

0 ms  Beat= 100.00%

0 7 2 3 9 6

Mo ward ends at § or 9

Tms 2ms dms 4ms

—— e - L R B = T N



We now have our solution (#1)!

& = Problemlist ¢ > 32 % P @ Swmit O +

=nGONVert wordRict inte.a.HashSet farfast membership checks.
- “Create dp with n + 1 cells and se€t dp[0]*="True.
2 FOr€ach.end pomUon*";*“trH earllé? cot JE“‘*EllfrgZI””““e e

count

Gl}; dplilis.lrue and s[j:il is in the dlct1onaryl sg; dplil.= True and

Grab our Back to School student deal before it's gone! if tempTarget % 2 == 1:
StOp & tempTarget += 1
9 else:
i tempTarget //= 2
o Huﬁlgtu rn d p [n] = & Memory 11 count += 1
VIGTTILT Y 12
0 ms  Beats 100.00% 19.46 7.95% 13 return count + (startValue - tempTarget)
1;



Java Implementation (#1)

class Solution {
public boolean wordBreak(String s, List<String> wordDict) {

Set<String> words = new HashSet<>(wordDict);

int n = s.length();

boolean[] dp = new boolean[n + 1];

dp[B@] = true; // empty string

for (int i = 1; i <= n; i++) {

for (int j = 0; j < i; j++) {
if (dp[j] && words.contains(s.substring(j, i))) {

dp[i] = true;
break;

].
}

return dpln];
} time complexity: O(n"2)
+ space complexity: O(n + m-k)



Python Implementation (#1)

class Solution:
def wordBreak(self, s: str, wordDict: List[str]) -> bool:

words = set(wordDict)

n = len(s)

dp = [False] * (n + 1)

dp[@] = True # empty string

for 1 in range(1, n + 1):

for j in range(i):
if dp[j] and s[j:i] in words:

dp[i] = True
break

return dp[n]

time complexity: O(n"2)
space complexity: O(n + m-k)



Wait, is that really O(nA2)?

& = ProblemlList < % P O Submit O+

> %
Descripwe Jﬂ@r@k aﬁmabQJJ;LuQAZstZmQairS (j, i): tk}lﬁt iS the O(nAZ) part.
- 7BUt each pair builds a substring'and hashes it, which costs up to
52-0(n) more. Strictly, the wORBBEESe is O(nAg):i e = = = -

count = @

& 2 n LeetCode (n <= 300) that is still icast enough, and.counting

Cuts is a fair way to compare our two solutions:s= -

else:
10 tempTarget //= 2
. 11 count += 1
@ Runtime 5 Memory 12
0ms  Beats 100.00% 19.46 7.95%, 13 return count + (startValue - tempTarget)
.4#



Further Optimization

& = Problemlst ¢ > 3¢ % P @ Swmit 0O +

O WHY IS My algarithm.slow???? ..
“APUEGr i = 8 we try 8 different cuts @bwf“ﬁhly“ﬁne of them is a word.

1 class Solution:

ﬁ:ifai’[leeleéwepqﬁ&$tlon Wh|Q|E 7| ber ehd rigmghgggﬁ?rwalue int, target: int) -= int:

count = @
5

N N
G@ « Last Call. Leet's On. J': 'eetCOd# 6 M tempTarget > startValue:

Grab our Back to School student deal before it's gone! . f tempTarget % 2 == 1:

j-1 "eetcode" ) ATl

9

"etcode” . T 8 cubstrings builf

@ Runtime = Memory J"' 19

0 ms  Beais 100.00% 19.46 i f237. !'teode" = h R ‘“E‘"FM JW ME pos (fion
oo j=¢4 code"” \/ and only 1 ic a word!
< J:5 "Ode"

j=6 "Jde"

J'=_1:7 nenm x




Solution (#2): Flip the Loop

G *= Problem List < » 3 % P ¢ Submit O +

oEOF aChsposition I, loop.over the wakLds instead of every cut .
- Word w works if dpli - len( )] is‘“’fru@ %mti‘é ends at | with w.

ss Solution:
Accepted

amﬂ.esN@a&unl%trlng bmldmg“jus are thé témtigﬁs:rggtmme g e

count =
G - Last Call. Leet's On. 5 temp ardgef > start'f@lue:
6 Grab our Back to School studs tdea eforegitl -g-:- 7 Tt Ta Rt % :
B pT F!Et
|
)
@ Runtime

emplarge
count += 1
0 ms  Beats 100.00% 19.46 7.95% urp count 4+ (ctartValu
N N
e t
.4#
N N

Ims 2ms Ims an@ m - 2 Wardg ta t"y

- tempTarget)

>< no match

\/ dp[4] ic True



We now have our solution (#2)!

& = Problem List < % P @ Swmt O +

Descnp&etEdnB EI-pEaslsalcepted(ﬂ +5Llr)ssa:nd dp[O] Eﬂ-I;Jue
- """For each positionifromlton: ¢ "t

1 class Solution:

Accepted
e TRy.@VEry-word w in word DFeEWith start Sohsden ) e e e

If start.>=.0, dplstart] is True, and s[start,;,luleeegryggLsgtyr\(valé:et dpli] =
ruli‘ghgﬁﬁ:h chnlsgeﬁdealbefnre it's gone! ; ::?:ﬁ;?i:;fi T 1:
® Huﬁlgtu rn d p [n] ° 2 Memory EI cuunEETzTirgEt s
0 ms  Beats 100.00% 19.46 7.95% 13 return count + (startValue - tempTarget)
_Ja



Java Implementation (#2)

class Solution {
public boolean wordBreak(String s, List<String> wordDict) {
int n = s.length();
boolean[] dp = new boolean[n + 1];
dp[0] = true; // empty string
for (int 1 =1; i <= n; i++) {
for (String w : wordDict) A
int start = i - w.length();
if (start >= 0 && dp[start] && s.startsWith(w, start)) {
dp[i] = true;
break;

].
}

return dpln];
} time complexity: O(n-m)
+ space complexity: O(n)



Python Implementation (#2)

class Solution:
def wordBreak(self, s: str, wordDict: List[str]) -> bool:
n = len(s)
dp = [False] * (n + 1)
dp[0] = True # empty string
for i in range(1l, n + 1):
for w 1n wordDict:
start = i - len(w)
if start >= 0 and dp[start] and s.startswith(w, start):
dp[i] = True
break
return dp[n]

time complexity: O(n-m)
space complexity: O(n)



Which Solution Wins?

& = Problemlist ¢ > 32 % P @ Submit O +
p20lution#l.chegks about N2 cuts. Selution 2 checks n xm
« AIISubWﬁrdS () Python3 ~ @& Auto

ass Solution:

e FEW.WOTdS, lONg string (m “olutlori“#g S&Fﬂsng“m s ) =

count =

Hug@gng;t l@nary, short string: SOlutlon 1canwin.. ..

emplarget % 2 =

(S/Jtrfét"“c ly, each word check compares up to k letters (k <=20 on
onmetC0de), so #2 1s O(n-m-k). ; o

12
0 m=s | Beats 100.00% 19.46 7.959%; 13 return count + (startValue - tempTarget)

L
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	Attendance and Announcements
	So what is this Big-O stuff, anyway?
	takes 3 seconds
	> 3 · 1 second = 3 seconds
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	Now, obviously print statements don’t take 1 second to run.
	But what if you were advertising your code to Google, and
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	Imagine you didn’t know what size array was going into this
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	A Quick Note on Space Complexity
	Space complexity is far less important than time complexity today, computer memories have exponentially grown, but CPU execution times are bottlenecked (a CPU can only do one command at a time). It is not important for any problems we will do.

	Last problem...
	Last week, we had a greedy solution that has two moves.
	These moves take different amounts of steps to get to the solution.
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	Last problem...
	Last problem...
	Last problem...
	Now we start at 28 and make our way
	down to 7. What would this be?

	Last problem...
	It would be O(logn), because the logarithm is asking “how many divisions should I do to get to my solution?”
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	Test Case
	Test Case
	Test Case
	Test Case
	Test Case
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	Solution - Wait a minute...
	Solution - Time complexity
	Our input only went up by four, but our pairs went up by 3x!

	Solution - Time complexity
	Solution - Time complexity
	Our solution’s time complexity is O(N2)

	Solution - Examining our failure
	Our solution’s time complexity is O(N2)

	Problem - Run it back
	Hint: We don’t need to check every single pair. Figure out how you can avoid checking unnecessary pairs.

	Solution - How can we speed this up?
	Solution - How can we speed this up?
	Solution - How can we speed this up?
	Solution - How can we speed this up?
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