10NS
iech and Jerry Cain

P

Chris

-
O
e
O
()
Q
o
LL]
e
O
O
-
O

ty

CS109, Stanford Univers







Quick slide reference

3 Conditional distributions

14 Conditional expectation

20 Law of Total Expectation
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Where are we now? A roadmap of CSi09

Next Week: Modeling
with Bayesian Networks

Today:
Conditional distributions

pxy (x|y)
E[X|Y]

Time to kick it up a notch!
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Hiring and Engineer

DEFNE  JOBINERAEW QUICKSORT(LIST):
0K S0 YOU CHOOSE A PVOT
THEN DIVDE THE ST IN HALF
FOR EACH HALF:
CHECK TO SEE IF ITS SORED
NO, WAIT ITDOESN'T MATTER
COMPARE EACH ELEMENT To THE PIVOT
THE BIGGER ONES GO IN ANBJ LIST
THE EQUAL ONES GO INTO, UH
THE SECOND LIST FROM BEFORE
HANG ON, LET ME NAME THE USTS
THIS IS LST A
THE NEW ONE 1S LIST B
PUT THE BIG ONES INTO UST B
NOW TAKE THE SECOND LST
CALL IT ST, UH, A2
WHICH ONE WRS THE PIVOT IN?
SCRATCH AW THAT
IT'JUST RECURSMELY CAUS ITSELF
UNTIL BOTH LIST® ARE EMPTY
RIGHT?
NOT EMPTY, BUT YOU KNOW WHAT T MEAN
AM I AULOWED T USE THE STANDARD LIBRARIES?

Your company has one job opening for a
software engineer.

You have n candidates. But you have to say
ves/no immediately after each interview!

What algorithm will maximize the probability
that you hire the top candidate?

xkcd by Randall Munroe

Chris Piech and Jerry Cain, C$109, 2021 Stanford University


https://xkcd.com/1185

Expectation of the Sum

E[X + Y] = E[X] + E[Y]

Generalized: E[ZX} = Zn:E[Xi]

Holds regardless of dependency between X/'s

Chris Piech and Jerry Cain, C$109, 2021 Stanford University




Differential Privacy

Aims to provide means to
maximize the accuracy

of probabilistic queries while
minimizing the probability of
identifying its records.

Cynthia Dwork’s celebrity lookalike is Cynthia Dwork.
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Differential Privacy

100 independent values X, ... X190 Where X; ~ Bern(p)

/

def calculateYi

obfuscate =|random()

if obfuscate®

return indicator(random())

else:
return Xi

random( ) returns True

or False with equal
likelihood

~

Chris Piech and Jerry Cain, CS109, 2021
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Differential Privacy

100 independent values X, ... X190 Where X; ~ Bern(p)

4 I
def calculateYi(Xi):
obfuscate = random() random( ) returns True
if obfuscate: or False with equal
return indicator(random()) likelihood
else:
return Xi
- J

What is E[Y;]?

Chris Piech and Jerry Cain, C$109, 2021 Stanford University




Differential Privacy

100 independent values X, ... X190 Where X; ~ Bern(p)

4 N\
def calculateYi(Xi):
obfuscate = random() random( ) returns True
if obfuscate: or False with equal
return indicator(random()) likelihood
else:
return Xi
- J
100
Let 7 — Z Y; What is the E[Z]?
i=1
100 100 100 D 1
1= 1= 1=
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Differential Privacy

100 independent values X, ... X190 Where X; ~ Bern(p)

4 )
def calculateYi(Xi):
obfuscate = random() random( ) returns Trug
if obfuscate: or False with equal
return indicator(random()) likelihood
else:
return Xi
- J
100
let 7 _ ZYZ E[Z] = 50p + 25 How do you estimate p?
i=1
/Z — 25
P~ 50

Challenge: What is the+robability that eur estimate is good? Stanford University
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Discrete conditional distributions

Recall the definition of the conditional probability of event E given event F:
P(EF)
P(F)

P(E|F) =

For discrete random variables X and Y, the conditional PMF of X given Y is

PX=xY=y)
g P(Y = y)
Different notation, . pX,Y (x: Y)
same idea: pXIY(xDI) —

py(¥)

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 13




Dating at Stanford

Single, In a relationship and It's complicated

== Single == |n a relationship It's complicated
0.800
0.600
0.400
0.200
0.000
Freshman Sophomore Junior Senior 5+

Joint Probability

Chris Piech and Jerry Cain, CS109, 2021 Stanford University 14




Discrete probabilities of CS109

Each student responds with: Joint PMF
Y=1Y=2Y=3
Year Y T=-1| .06 .01 .01
1: Frosh/Soph T =0 29 14 .09
2:Jr/Sr T =1 30 .08 | .02
3: Co-term/grad/NDO P(Y =3,T =1)

Timezone T (12pm California time in
my timezone is):

—1: AM

0: noon

1: PM

Joint PMFs sum to 1.

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 15




Discrete probabilities of CS109

The below are conditional probability tables loint PMF
for conditional PMFs Y=1YV=2Y=3
P(Y=y|IT=t)and B)P(T=tlY=y). I'=-1] .06 01 .01
T=20 .29 A4 .09
o
Which is which” T =1 30 . 05

What's the missing probability?

Y=1Y=2Y =3 Y=1Y=2Y =3
r=-1 .09 .04 .08 r=-1 .75 125 ?
T =0 45 61 .75 T=20 o6 .27 A7
T=1 46 35 A7 T=1 75 2 .05

~
o

&)

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 16




Discrete probabilities of CS109

The below are conditional probability tables Joint PMF
for conditional PMFs Y=1YV=2Y=3

. : T=0 29 14 .09
Which is WhIC-h?. - T =1 30 08 02
What's the missing probability?

P(T =tlY =y) P(Y =y|T =t)
Y=1Y=2Y =3 Y=1Y=2Y =3 1-75- 195
rT=-1 .09 .04 .08 T=-1 .75 125 .125
T =0 45 61 .75 T =0 D6 .27 A7
T =1 46| .35 .17 T=1 .75 2 .05

.30/(.06+.29+.30) Conditional PMFs also sum to 1 conditioned on
different events!

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 17




Extended to Amazon

FINEDINE
Stainless Steel Mixing Bowls by Finedine (Set of 6) Polished Mirror
Finish Nesting Bowl, % - 1.5-3 - 4-5 - 8 Quart - Cooking Supplies

* 2,566 customer reviews | 75 answered questions

X

for “stainless steel mixing bowds

Price: $24.99 & FREE Shipping on orders over $25 shipped by Amazon. Detalls
Get $40 off Instantly: Pay $0.00 upon approval for the Amazon.com Store Card

Prime | Try Fast, Free Shipping *

With graduating sizes of %, 1.5, 3, 4, 5 and 8 quart, the bowl set allows users to be well equipped for serving
frult salads, marinating for the grill, and adding last ingredients for dessert.

Stalnless steel bowls with commercial grade metal that can be used as both baking mixing bowls and
serving bowls. These metal bowls won't stain or absorb odors and resist rust for years of durability.

An easy to grip rounded-lip on the stainless steel bowl set makes handling easier while a generous wide im
allows contents to flow evenly when pouring; flat base stabilizes the silver bowls making mixing all the
easler.

A space saving stackable design helps de-clutter kitchen cupboards while the attractive polished mirror
finish on the large mixing bowls adds a luxurlous aesthetic.

This incredible stainless steel mixing bowl set Is refrigerator, freezer, and dishwasher safe for quick and easy
meal prep and clean up. They'd also make a great gift!

Compare with similar items

Used & new (7) from $20.62 & FREE shipping on orders over $25.00. Detalls
C Report Incorrect product Information

Packaging may reveal contents. Choose Conceal Package at checkout.

Silicone

KELIWA ke Baking Pan
- 1 ~ Stick
Easy home baking e
» Shop now

Roll over Image to zoom In Ad feadback

Customers w

L

k\f’
A\
{ ;,'T

<]

Y

HOMWE Kitchen Cutting

ExcelSteel Stainless Steel 1Easylife 18/8 Stalnless New Star Foodservice Rubbermald Easy Find Miusco 5 Plece Silicone Bellemain Micro- AmazonBasics 6-Plece

Colanders, Set of 3
ik drT 301
$15.83 vprime

Steel Me:

Set of 6 for Measuring
Dry and Liquid
Ingredients

1,854

11 Best Seller ¢
Measuring Spoons
$9.99 vprime

suring Spoons,

42917 Stainless Steel
4pcs Measuring Cups and
Spoons Combo Set

: 1,042

in

Speclalty Spoons
$9.95 vprime

Lids Food Storage
Contalners, Racer Red,
42-Plece Set 1880801
Wik vz 10,319
$19.99 vprime

ought item

Cooking Utensil Set with
Natural Acacla Hard
Wood Handle

; a61
$20.99 sprime

perforated Stainless Steel Nonstick Bakeware Set
5-quart Colander- Y
Dishwasher Safe
Wirdl 2,797
[ 71 Best Seller (i}
Colanders

$19.95 vprime

X | boughtitemY

Chris Piech and Jerry Cain, CS109, 2021

Board (3-Plece Set) | Juice
Grooves w/ Easy-Grip
Handles | BPA-Free,...

W 240
$14.97 vprime

Stanford University
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PX=xY=y)

Quick check P =ar =9 = "5 =)
Number or function? True or false?
P(X =2]Y =5) zp(x=x|y=5)=1
P(X = x|Y = 5) 2P(X=2|Y=y)=1
y
P(X = 2|Y = ) D> D P =xlv=y) =1
Xy
P(X =x|Y =y) z(zP(X=xIY=y)P(Y=y)>=1
x \y

)

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 19



PX=xY=y)

Quick check P = =9 = "5 =)
Number or function? True or false?
1. P(X=2|Y =5) O zP(X=x|Y=5)=1 true
number X
2. P(X=x|Y =5) o EP(X=2|Y=Y)=1 false
1-D function . Y
3 P(X =2V =y) Y Y P =xly =y =1 false
1-D function XY
8.
4P =x|Y = y) 2(2P(X=x|¥=y)P(Y=y)) =1 true
X \y

2-D function

Chris Piech and Jerry Cain, C$109, 2021 Stanford Ul‘liVCI‘Sity 20




Independent RVs, defined another way

If X and Y are independent discrete random variables, then Vx, y:
PX=xY=y) PX=x)P(Y=y)

PX=x|Y =y) = PIY =) PY =) =P(X =x)
Doy (2|y) = PX,Y(X» y) _ px (X)py (¥) = 1. (%)
“P py(y) py (¥) X

Note for conditional expectation, independent X and Y implies

EIX|Y =y] = zxpxw(xly) = z xpx(x) = E|X]

X X

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 21
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Conditional
Expectation




Conditional Expectation

Conditional Distributions Expectation

Chris Piech and Jerry Cain, CS109, 2021 Stanford University 23




Conditional expectation

Recall the the conditional PMF of X given Y = y:

Pxy(x,y)
py (¥)

pxiy(x|y) =PX =x|Y =y) =
The conditional expectation of X givenY =y is

E[X|Y =y] = sz(X =x|Y =y) = Expmxw)

X X

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 24




It's been so long, our dice friends EIXIY = y] = ) xpay (x1y)

* Roll two 6-sided dice.
* Letroll 1 be D4, roll 2 be D,.

* Let S =value of D; + D,.

V2.
1. Whatis E[S|D, = 6]? E[s|D, = 6] = pr(s = x|D, = 6)

xX="+

1
=(E)(7+8+9+10+11+12)

57
6

= 9.5

Intuitively: 6+ E[D;] =6+3.5=9.5 Let’s prove this!

Chris Piech and Jerry Cain, C$109, 2021 Stanford Ul‘liVCI‘Sity 25




Properties of conditional expectation

LOTUS:
ElgCOlY =yl = ) g@pxy(xly)

Sum of conditional expectation:

n n
D XilY =y] = ) ElXi|Y =]
=1 =1

Law of total expectation

E

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 26




Conditional Expectation Function

Define g(Y) =E[X | Y]
This is just function of Y

'\

T h is is a Cﬁ%mngertciagmg 2W i.l. h Y as i n P lA.|-Stanford University




Conditional Expectation Function

Define g(Y) =E[X | Y]
This is just function of Y

R

6

Chris Piech and Jerry Cain, C$109, 2021 Stanford UI‘liVeI'Sity




Conditional Expectation Function

This is a number:

X

This is a function of v:

EX]Y =y

Doesn’t make sense. Take expectation of random variables, not
E [X — 5] events

Chris Piech and Jerry Cain, C$109, 2021 Stanford Ul’liVCI‘Sity




Conditional Expectation Example

X = favorite number
Y = year in school

Favorite Digit

0.300

0.200

Marginal

0.100

0.000

EX]=0*0.05+...+9 *0.10 =5.38

Chris Piech and Jerry Cain, CS109, 2021 Stanford University



Conditional Expectation Example

X = favorite number
Y = year in school

E[X]|Y]"?
2 2.5
3 5.8
4 6.0
5 4.7

Chris Piech and Jerry Cain, CS109, 2021 Stanford University




Conditional Expectation Example

X = favorite number
Y = year in school

E[X | Y] ?

5.5

E[X|Y=y]

4.5

3 4

Year in School (y=y)

Stanford University



Conditional Expectation Example

X = units in fall quarter
Y = year in school

=y]

Expected Units E[X|Y

E[X | Y] ?
18

17

16

15

1 2 3 4 5]

Year at Stanford (Y =)

Stanford University



It's been so long, our dice friends EIXIY = y] = ) xpay (x1y)

* Roll two 6-sided dice.
* Letroll 1 be D4, roll 2 be D,.

* Let S =value of D; + D,.

0. What is E[S|D,]?

A. Afunction of S
5. Afunction of D,
C. A number

3. Give an expression
for E|S|D,].

Chris Piech and Jerry Cain, C$109, 2021 Stanford Ul‘liVCI‘Sity 34




It's been so long, our dice friends EIXIY = y] = ) xpay (x1y)

Roll two 6-sided dice.
_et roll 1 be D4, roll 2 be D,.

et S =value of D; + D,.

What is E[S|D.,]?

A function of S EISIDy = dp] = E[Dy + da|Dz = do]

A number d; (Dy =dy, D, = d,

: : independent

Give an expression = Z dP(Dy =d{) +d, 2 P(D; =d,) events)
for E[S|D,]. T &

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 35
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Law of Total
Expectation




Properties of conditional expectation

1. LOTUS:
ElgCOlY =yl = ) g@pxy(xly)

2. Linearity of conditional expectation:

n n
> XilY =y] = ) ElXi|Y =]
i=1 =1

3. Law of total expectation:

E[X] = E[E[X|Y]] what?!

E

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 37




Law of Total Expectation

E[X] can be calculated using E|X|Y]

E[X]=) EIX|Y =yP(Y =y)

Chris Piech and Jerry Cain, CS109, 2021 Stanford University




Proof of Law of Total Expectation E[X] = E[E[XIY]

E[E[X|Y]] ZEX]Y—y] (Y = y) g(Y) = E[X|Y]

:szp(xza;]y:y)p(y:y) Def of E[X|Y]
Yy x

= Z Z tP(X =z,Y =vy) | switch the order of the sums
r Yy

= Z x Z P X =uxzY =y) Move that x outside the y sum
x Yy

— pr(x = 1) Marginalization

— F [X] Def of E[X]

Chris Piech and Jerry Cain, C$109, 2021 Stanford University




Another way to compute E[X] E[X] = E[E[xY]

E[ELXIYI] = ) P(Y = YEIXIY = y] = EIX]
y

If we only have a conditional PMF of X on some discrete variable Y,
we can compute E|[X] as follows:

Compute expectation of X given some valueof Y =y
Repeat step 1 for all values of Y
Compute a weighted sum (where weights are P(Y = y))

def recurse():
if (random.random() < 0.5):

return 3 _ _
else: return (2 + recurse()) Useful for analyzing recursive code!!

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 40




Quick check
1. E[X]

0. E[X,Y]

3. E[X+Y]

4. E[X|Y]

5. E[X|Y = 6]
6. E[X =1]
7* E[Y|X = x]

Chris Piech and Jerry Cain, CS109, 2021

Mmoo w>

value
one RV, functionon Y
one RV, function on X

. two RVs, functionon X and Y

doesn’'t make sense

Stanford University 41



Analyzing recursive code

E[X] = E[EXIYV]] = ) EIX|Y = y]P(Y =)

y

def recurse():
# equally likely values 1,2,
X = np.random.choice([1,2,3]
if (x == 1): return 3
elif (x == 2):
else:

3
)

return (7 + recurse())

return (5 + recurse())

Chris Piech and Jerry Cain, CS109, 2021

Let Y = return value of recurse().
What is E|Y]?

Stanford University 42



Analyzing recursive code BIX] = E[ELXIYI] = ) BIXIY = yIP(Y =)

y

def recurse():

# equally likely values 1,2,3

X = np.random.choice([1,2,3]) Let Y = return value of recurse().
if (x == 1): return 3 What is E[Y1?

elif (x == 2): return (5 + recurse()) YT

else: return (7 + recurse())

E[Y] = E[Y|X =1]P(X = 1) + E[Y|X = 2]P(X = 2) + E[Y|X = 3]P(X =3)

ElY|IX=1]=3
When X = 1, return 3.

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 43



If Y discrete

Analyzing recursive code BIX] = E[ELXIYI] = ) BIXIY = yIP(Y =)

y

def recurse():

# equally likely values 1,2,3

X = np.random.choice([1,2,3]) Let Y = return value of recurse().
if (x == 1): return 3 What is E[Y1?

elif (x == 2): return (5 + recurse()) YT

else: return (7 + recurse())

E[Y] = E[Y|X =1]P(X = 1) + E[Y|X = 2]P(X = 2) + E[Y|X = 3]P(X =3)

What is E[Y|X = 2]?

A. E|5]+Y » g
B. E[Y+5]=5+E[Y] @
C. 5+ E[Y|X = 2] pyyourseld 15

Chris Piech and Jerry Cain, C$109, 2021 Stanford Ul’liVeI‘Sity 44



If Y discrete

Analyzing recursive code BIX] = E[ELXIYI] = ) BIXIY = yIP(Y =)

y

def recurse():
# equally likely values 1,2,
X = np.random.choice([1,2,3] Let Y = return value of recurse().

if (x == 1): return 3 What is E[Y]?

elif (x == 2): return (5 + recurse())
else: return (7 + recurse())

3
)

E[Y] = E[Y|X =1]P(X = 1) + E[Y|X = 2]P(X = 2) + E[Y|X = 3]P(X =3)

When X = 2, return 5 +

a future return value of recurse().
What is E|Y|X = 2]?

E[5]+Y
E|Y +5] =5+ E|Y]
5+ E[Y|X = 2]

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 45



If Y discrete

Analyzing recursive code BIX] = E[ELXIYI] = ) BIXIY = yIP(Y =)

y

def recurse():
# equally likely values

’2’
X = np.random.choice([1,2,3] Let Y = return value of recurse().

if (x == 1): return 3 What is E[Y]?

elif (x == 2): return (5 + recurse())
else: return (7 + recurse())

3
)

E[Y] = E[Y|X =1]P(X = 1) + E[Y|X = 2]P(X = 2) + E[Y|X = 3]P(X =3)

When X = 3, return
7 + a future return value
of recurse().

E[Y|X =3] = E[7 + Y]

Chris Piech and Jerry Cain, C$109, 2021 Stanford University 46



Analyzing recursive code

If Y discrete
E[X] = E[EX|Y]] = ) EIX|Y = yIP(Y = )

y

def recurse():
# equally likely values 1,2,
X = np.random.choice([1,2,3]
if (x == 1): return 3
elif (x == 2):
else:

3
)

return (7 + recurse())

return (5 + recurse())

E|Y]

E[Y] = 3(1/3)
E[Y] = (1/3)(15 + 2E[Y]) = 5 + (2/3)E[Y]

E[Y] = 15

Chris Piech and Jerry Cain, CS109, 2021

+ 5+ E|Y]D(1/3)

Let Y = return value of recurse().
What is E|Y]?

=E[Y|X =1]P(X = 1) + E[Y|X = 2]P(X = 2) + E[Y|X =3]P(X = 3)

+ (74 EIY]D(1/3)

On your own: What is Var(Y)?

Stanford University 47



Hiring and Engineer

DI TR E QUKORT(LisT): Your company has one job opening
e b s LT HAE for a software engineer.
(HECK To SEE IF ITSs SORED
NO, WAIT ITDOESN'T MATTER .
e Dok s oM ASs LT You have n candidates. But you
L have to say yes/no immediately
NG Ok LE7 1ME NAVE THE LS after each interview!

THE NEW ONE IS LIST B
PUT THE BIG ONES INTO UST B

N L TOT O Proposed algorithm: reject the first
itk k and accept the next one who is
NI B Lo FRE BTy better than all of them.
NOTEISSTWT BUT YoL KNOW WHAT T MEAN

AT RUOUED ™ U5 THE SRy LRkt What’s the best value of k?

Chris Piech and Jerry Cain, CS109, 2021 Xde bv Ra nd a | | M us‘qér@@d University



https://xkcd.com/1185

Hiring and Engineer

n candidates, must say yes/no immediately after each interview.

Reject the first k, accept the next who is better than all of them.
What’s the best value of k?

B: event that you hire the best engineer
X: position of the best engineer on the interview schedule

What is the P(B|X =1)?

Chris Piech and Jerry Cain, CS109, 2021
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Hiring and Engineer

n candidates, must say yes/no immediately after each interview.
Reject the first k, accept the next who is better than all of them.
What’s the best value of k?

B: event that you hire the best engineer
X: position of the best engineer on the interview schedule

What is the P(B|X =1)?
K

Chris Piech and Jerry Cain, C$109, 2021 Stanford University




Hiring and Engineer

n candidates, must say yes/no immediately after each interview.

Reject the first k, accept the next who is better than all of them.
What’s the best value of k?

B: event that you hire the best engineer
X: position of the best engineer on the interview schedule

What is the P(B|X =1)?
K i

Hint: where is the best
among the firsti - 1
candidates?

Chris Piech and Jerry Cain, Cs10y, 2021
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Hiring and Engineer

n candidates, must say yes/no immediately after each interview.
Reject the first k, accept the next who is better than all of them.
What’s the best value of k?

B: event that you hire the best engineer
X: position of the best engineer on the interview schedule

What is the P(B|X =1)?
K

\

Hint: where is the best
among the firsti - 1
candidates?

Chris Piech and Jerry Cain, Us1Uy, 2021 Stanford University




Hiring and Engineer

n candidates, must say yes/no immediately after each interview.

Reject the first k, accept the next who is better than all of them.
What’s the best value of k?

B: event that you hire the best engineer
X: position of the best engineer on the interview schedule

Here? What is the P(B|X =1)7
K

S~ I

Hint: where is the best
among the firsti - 1
candidates?

Chris Piech and Jerry Cain, Cs10y, 2021
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Hiring and Engineer

n candidates, must say yes/no immediately after each interview.

Reject the first k, accept the next who is better than all of them.
What’s the best value of k?

B: event that you hire the best engineer
X: position of the best engineer on the interview schedule

k

P(B|X =1) =

BIX ===
)

ifi >k

Hint: where is the best
among the firsti - 1
candidates?

Chris Piech and Jerry Cain, Cs10y, 2021
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Hiring and Engineer

n candidates, must say yes/no immediately after each interview.
Reject the first k, accept the next who is better than all of them.
What’s the best value of k?

B: event that you hire the best engineer
X: position of the best engineer on the interview schedule

Py(B) =) Pu(B|X =i)P(X =1) By the law of total expectation
i=1
1 n
= — P.(B|X =
oD BBIX =
1 < k . .
= = , since we know Py (Best| X = 1)
n 1— 1
i=k+1
[ ko : L.
~ — , di By Riemann Sum approximation
N Ji=k4+1? — 1
k " k -1 k
— =1 ="l " x~"n_
n k1 k n k

Chris Piech and Jerry Cain, C$109, 2021 Stanford University




Hiring and Engineer

n candidates, must say yes/no immediately after each interview.
Reject the first k, accept the next who is better than all of them.
What’s the best value of k?

B: event that you hire the best engineer
X: position of the best engineer on the interview schedule

Py(B) =) Pu(B|X =i)P(X =1) By the law of total expectation
i=1
k. n
~ —In —
n " k
- n
Fun fact. Optimized when: k —
&

Chris Piech and Jerry Cain, CS109, 2021
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