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Get a cup of coffee.

In this thread, I'll show you how the P/E ratio of a portfolio is related to the P/E
ratios of its individual stocks.

The math here is beautiful. It involves harmonic means and a super elegant
theorem known as the Cauchy-Schwarz Inequality.
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Earlier this week, | conducted a poll where | asked this question about P/E ratios.

Over 6,000 people responded.
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Unfortunately, most of them got the answer wrong.

That's why I'm writing this thread. To (hopefully) correct some of the misconceptions that led people astray.

10.« 10-KDiver
pwet @10kdiver

Stock A has a PJE ratio of 10.
Stock B has a PJE ratio of 20.
So, their “average” PJE ratio is (10 + 20)/2 = 15.

We build an equal-weighted portfolio of A and B, by putting
$100K into each.

What's the P/E ratio of the portfolio?

Less than 15 = 5 Right Awwer 38%
Exactly equal to 15 We n-g- A44%
Greater than 15 A ex's 1 18%

6,632 votes - Final results

1:28 PM - 8/4/21 - Twitter for iPhone
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To answer questions like this, it's always a good idea to go back to first principles.

In this case, we should ask ourselves: what exactly does a P/E ratio capture?
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We know that the P in P/E stands for Price. In other words, the amount we need to pay to acquire an asset today.

And the E stands for Earnings. The amount earned by our asset in the last 1 year.
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Note: P/E ratios come in more than 1 flavor.

For the E part, some people use earnings during the *last* 1 year. This is called the *trailing* P/E ratio.

Others use an estimate of earnings during the *next* 1 year. This is called the *forward* P/E ratio.
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In this thread, we use *trailing* P/Es.

But as long as we're *consistent* -- ie, we choose a particular definition and stick to it throughout -- the precise P/E variant



we use doesn't matter.

The math works out pretty much the same either way.
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The P/E ratio thus brings together the 2 fundamental considerations for investing in *any* asset: *price* and *value*.
1) Price: What we pay for the asset, and

2) Value: How much the asset earns for us each year (approximated by how much the asset earned *last* year).
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Clearly, the *less* we pay for an asset (*low* P),

and the *more* the asset earns for us each year (*high* E),
the *lower* our P/E ratio,

and the *higher* our return from buying the asset.
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Because of this *inverse* relationship between our P/E ratio and our investment return, it's useful to *invert* our P/E ratio.

This gives us our *earnings yield*.
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IF we buy an asset and hold it forever,

and IF this asset earns the same amount each year,

and IF all these earnings come to us as (tax-free) dividends each year,

THEN our return on this investment will *exactly* equal our earnings yield -- the inverse of our P/E ratio.
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That's why the P/E ratio is so useful. It's inverse (ie, earnings yield) determines the return we'll get from buying an asset.

But of course, there are some pretty BIG IFs in the previous tweet. Therein lie the pitfalls of the P/E ratio.
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For example, suppose a company with 100M shares outstanding earned $1B last year. That's $1B / (100M shares) = $10 in
Earnings Per Share (EPS).

Suppose this company trades at a 20 P/E (ie, 5% earnings yield).

That means each share is priced at (20 P/E) * ($10 EPS) = $200.
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If we buy $100K worth of shares in this company, that's $100K / ($200 per share) = 500 shares.

And last year, these 500 shares earned (500 shares) * ($10 EPS) = $5K.

In other words, we're shelling out $100K (P) to buy $5K worth of earnings (E).
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That's what a 20 P/E -- or equivalently, a 5% earnings yield -- means.

IF these earnings remain stable, and IF they come to us as dividends each year, we can expect to get a 5% annualized
pre-tax return (IRR) on our $100K investment.
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With this background, it's easy to see that the equal-weighted portfolio in the poll question above has a P/E ratio of
approximately 13.33.

It's because the portfolio was built by shelling out $200K (P) for $15K worth of earnings (E).
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So, even though the *stocks* in the portfolio have an "average" P/E of 15, the *portfolio* has a P/E of only ~13.33.



This is because, when we combine stocks into a portfolio, it's their *earnings yields* that get averaged, not their P/E ratios.
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When we encounter surprising results like this, it's a good idea to run some "extreme" numbers and see what happens.

For example, what if we equal-weight a 10 P/E stock with a 190 P/E stock -- so their "average" P/E is a hefty (10 + 190)/2 =
100?
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In this case, our portfolio's P/E turns out to be just 19.

Clearly, the 10 P/E stock plays a *much* bigger role in deciding our portfolio's overall P/E than the 190 P/E stock -- even
though both stocks are weighted equally in the portfolio!
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If we just examine the math above, it's easy to see why.



It's because most of the portfolio's *earnings* come from the 10 P/E stock.

Compared to these earnings, the earnings produced by the 190 P/E stock are miniscule.
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More generally, the P/E ratio of an equal-weighted N-stock portfolio is the *harmonic* mean of the P/E ratios of the individual
stocks.

NOT their arithmetic mean (or common average).

Here's the math to prove it:
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This *harmonic* mean gives us a BIG clue.



See, there's this super important theorem in math called the Cauchy-Schwarz Inequality.

And this inequality tells us that the harmonic mean of *any* set of positive numbers can never exceed their arithmetic mean.

Proof:
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This means we can take as many stocks as we like and build an equal-weighted portfolio of them.



As long as each stock has positive earnings, our portfolio's P/E will *never* exceed the "average" P/E of our individual
stocks.

Cauchy-Schwarz *guarantees* this. How cool!
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And there's more! Our portfolio doesn't even have to be equal-weighted.

We can give each stock whatever weight we like in the portfolio.

And the portfolio's P/E is *still* guaranteed never to exceed the weighted average P/E of our individual stocks.
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There are 2 key lessons to take away from this thread.



Key lesson 1. Approach problems from first principles.

Starting at the basics (what is a P/E ratio?) and reasoning from there, most of us could have solved the poll question
correctly. But ~62% of us got it wrong.
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Key lesson 2. Knowledge of math helps us see all kinds of non-obvious connections.
I've experienced this time and again.

| studied harmonic means and the Cauchy-Schwarz Inequality in calculus class. But here | am, connecting these concepts to
P/E ratios!
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Also, math fluency lets us become more discerning consumers of news, analysis, and information. Doing calculations
becomes second nature to us, which makes us harder to fool.

For example, does 49 green ticks in 50 boxes really equal 95%7? =

Cc: @billmaher

House Reelection Rate

95% 5%

WIN
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I'd also like to give a shout out to @ChrisBloomstran and @AlbertBridgeCap.



https://twitter.com/billmaher
https://twitter.com/ChrisBloomstran
https://twitter.com/AlbertBridgeCap.

It was their exchange on harmonic means and P/E ratios that inspired me to write this thread.

Christopher Bloomstran
@ChrisBloomstran

Yes. Take 5 firms, 4 w/ equal caps & P/Es of 20, 1 at 100x.
Avg is a PE of (180/5)=36. For an index/portfolio, you

must use a harmonic average, which essentially uses the
earnings yield. Same companies, 4 with EYs of 5% & one

at 1%. Avg is (21/5)=4.2% or a PE of 23.8. Still...1/2

@ Drew Dickson & @AlbertBridgeCap - Jul 22

Sorting by P/E here, and @ChrisBloomstran made the wise suggestion of
showing harmonic means so that the outliers don't overly skew the averages.

That puts the average P/E at ~32x and PEG at 3.0x.
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Net income P/E  Oper. EFS  Oper. EPS

2022
Oper. EPS
Growth
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1[Shopify $196,982,500,000 (57,793,500,000) $189,189,000,000 $553,625,000
2|snap $91,977,962,205 $2,205,111,000 $94,183,073,205 $333,855,000 |
3{square $260.31 $125,512,891,770 ($307,857,000) $125,205,034,770 $779,514,000
4|Tesla $651.84 $738,532,454,000 (59,086,000,000) $729,446,454,000 $4,643,625,000
5(zZoom $361.83 $107,871,534,474 ($3,798,333,000) $104,073,201,474 $1,429,043,000
6|Paypal $303.36 $360,088,320,000 ($8,521,333,000) $351,566,987,000 $5,629,537,000
7|Amazon $3,638  5$1,855,318,800,000 §73,292,000,000  $1,928,610,800,000 $37,393,889,000
8|Netflix $511.35 $232,259,260,800 $9,339,214,000 $241,598,474,800 $5,055,800,000
9|Nvidia $196.02 $492,402, 240,000 ($12,148,889,000) $480,253,351,000 $10,056,853,000
10{amp $91.03 $109,867,175,000 ($3,777,250,000) $106,089,925,000 $2,683,179,000
11|Microsoft $285.90  $2,196,531,285,000 (572,227,375,000)  $2,124,303,910,000 $59,109,485,000
12|apple $146.73  62,571,827,199,150 (585,428,400,000)  52,486,398,799,150 $87,825,242,000
13(Google $2,564  51,880,060,421,500  ($139,825,800,000)  $1,740,234,621,500 $66,648,769,000
14|Oracle $90.59 $273,762,980,000 $42,080,143,000 $315,843,123,000 $13,108,505,000
15|Facebook $351.09  51,013,947,920,000 (579,500,200,000) §934,447,720,000 $40,378,588,000
16|Qualcomm $142.27 $163,468,230,000 $5,103,000,000 $168,571,230,000 $8,987,565,000 |
17|Broadcom $475.73 $200,282,330,000 $27,829,333,000 $228,111,663,000 $12,391,720,000 |
18(1BM $140.54 $125,998,617,664 $44,951,200,000 $170,949,817,664 $9,739,929,000 |
19cisco $54.40 $231,396,330,000 ($14,124,667,000) $217,271,663,000 $13,569,720,000
20{intel $56.08 $237,320,403,200 $10,604,750,000 $247,925,153,200 $19,020,969,000
74.2x simple overage 21.7% s.nxL
48.7%  weighted-overoge {mcap) 14.5% A4.Tx
Totals $13,205,408,854,764  ($221,134,853,000) $12,984,274,001,764  $399,339,812,000 32.0x  harmanic simple averoge 2.9
32.5% hormonic weighted overoge 3.1ur

4:52 PM - Jul 22, 2021 - Twitter Web App
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If you're still with me, thank you very much!




| love seeing math ideas like harmonic means show up unexpectedly in investing calculations. And | hope this thread gave

you an appreciation for this sort of thing as well.
Please stay safe. Enjoy your weekend!

/End
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