XGBoost (classification)
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Step 1: make the initial prediction

Drug Drug For example, the probability of the dosage is effective: 0.5
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Probability that the drug is effective

Drug Drug
dosage usefulness

Plot it out, we have
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Drug dosage

Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

In other words, does not matter how many dosages we take, the initial prediction for the
usefulness for the drug is 50%
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Step 1: make the initial prediction

For example, the probability of the dosage is effective:

Step 2: we get the residuals for all the samples
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples
Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

3.1 All the tree starts from a leaf, with all the residuals
-0.5, 0.5, 0.5, -0.5



Probability that the drug is effective

Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples
Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

3.1 All the tree starts from a leaf, with all the residuals
-0.5, 0.5, 0.5, -0.5

Note that for regression:
X residuals)?
number of residuals+ A

Similarity score =

3.2 Calculate the Similarity score using

Plot it out, we have (Y residuals)?
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Probability that the drug is effective

Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples
Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

3.1 All the tree starts from a leaf, with all the residuals
-0.5, 0.5, 0.5, -0.5

Note that for regression:
X residuals)?
number of residuals+ A

Similarity score =

3.2 Calculate the Similarity s re using

Plot it out, we have (Y residuals)?

y

A

Similarity score = -
Y . vrevious prob; X (1 — previous prob;) + A

‘} . For this case we have
residuals
(—0.5+ 0.5+ 0.5 — 0.5)?

Y. previous prob; X (1 — previous prob;) + A =

Similarity score =
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Plot it out, we have
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples
Step 3: grow a xgboost tree to the residuals (Similar method used for regression)
3.1 All the tree starts from a leaf, with all the residuals

.0.5,0.5,0.5,-05 Y

3.2 Calculate the Similarity score
3.3 Further split the tree
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples
Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

3.1 All the tree starts from a leaf, with all the residuals
-0.5,0.5,0.5,-0.5 Y

3.2 Calculate the Similarity score
3.3 Further split the tree

Similar to regression xgboost tree, we can start from the first data point,
calculate the similarity score, and the gain. Then move to the next two points
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Plot it out, we have
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Drug dosage

Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples
Step 3: grow a xgboost tree to the residuals (Similar method used for regression)
3.1 All the tree starts from a leaf, with all the residuals
-0.5,0.5,0.5,-0.5 0
3.2 Calculate the Similarity score
3.3 Further split the tree

Dosage < 11 After gone through all the thresholds, we can

tell that this tree gives the highest “Gain”
-0.5,0.5,0.5 -0.5
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Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage < 11
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Plot it out, we have
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Plot it out, we have
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11

—

-0.5, 0.5, 0.5 -0.5

i)

We can continue split these residuals (following the same method)...
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Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage < 11
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Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)
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Plot it out, we have
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Note that for a xgboost tree, there are two limitations we can implement:
-  How many levels of the tree can grow (like any other tree methods)
- How many residuals in each leaf: this is defined as cover
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Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11
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WA -0.5
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Plot it out, we have
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Note that for a xgboost tree, there are two limitations we can implement:
How many levels of the tree can grow (like any other tree methods)
How many residuals in each leaf: this is defined as cover

A

| ¢ | * Forregression  cover = number of residuals

0 10 20 * For classification cover = Z[Previous prob; X (1 — previous prob;)]
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Probability that the drug is effective

Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)
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Note that for a xgboost tree, there are two limitations we can implement:
How many levels of the tree can grow (like any other tree methods)
How many residuals in each leaf: this is defined as cover

A
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Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11
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Plot it out, we have
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Note that for a xgboost tree, there are two limitations we can implement:
-  How many levels of the tree can grow (like any other tree methods)
- How many residuals in each leaf: this is defined as cover

A

| ¢ | * Forregression  cover = number of residuals

0 10 20 * For classification cover = Z[Previous prob; X (1 — previous prob;)]

Drug dosage 5 /a0 . 0 s .
For classification, it’s more complicated



Probability that the drug is effective

Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11

/\A

Doag{A -0.5

P
-0.5 0.5,0.5

Plot it out, we have
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Note that for a xgboost tree, there are two limitations we can implement:
- How many levels of the tree can grow (like any other tree methods)
- How many residuals in each leaf: this is defined as cover

A

| ¢ | * For regression cover = number of residuals

0 10 20 * For classification cover = Z[Previous prob; X (1 — previous prob;)]

Drug dosage 5 /a0 . 0 s .
For classification, it’s more complicated

For example, the cover for this leaf is
cover = 0.5%x (1 —0.5) = 0.25



Probability that the drug is effective

Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11

/\A

Doag{A -0.5
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Plot it out, we have
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Note that for a xgboost tree, there are two limitations we can implement:
- How many levels of the tree can grow (like any other tree methods)
- How many residuals in each leaf: this is defined as cover

A

| ¢ | * For regression cover = number of residuals

0 10 20 * For classification cover = Z[Previous prob; X (1 — previous prob;)]

Drug dosage 5 /a0 . 0 s .
For classification, it’s more complicated

For example, the cover for this leaf is
cover = 0.5%x (1 —0.5) = 0.25

So this leaf will be removed
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Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11
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Plot it out, we have
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Note that for a xgboost tree, there are two limitations we can implement:
-  How many levels of the tree can grow (like any other tree methods)
- How many residuals in each leaf: this is defined as cover

A

| ¢ | * Forregression  cover = number of residuals

0 10 20 * For classification cover = Z[Previous prob; X (1 — previous prob;)]

Drug dosage 5 /a0 . 0 s .
For classification, it’s more complicated

For example, the cover for this leaf is
cover =05%x(1-05)+05%x(1-0.5)=0.5

So this leaf will be removed, too
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Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11
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WA -0.5
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Plot it out, we have
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Note that for a xgboost tree, there are two limitations we can implement:
-  How many levels of the tree can grow (like any other tree methods)
- How many residuals in each leaf: this is defined as cover

A

| ¢ | * Forregression  cover = number of residuals

0 10 20 * For classification cover = Z[Previous prob; X (1 — previous prob;)]

Drug dosage . . . .
So as you can see, by default, too many leaf will be removed in this example, if

we use the default cover. In order to make this example working, let’s just set
cover=0
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11
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-0.5 0.5,0.5

Step 4: Prune the tree (like the xgboost for regression)
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11
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-0.5 0.5,0.5

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11

/\A

WA -0.5

-0.5 0.5,0.5

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value Note that for regression xgboost:

sum of residuals
number of residuals + A

output =

Y residuals

tput =
UL T S previous prob; x (1 — previous prob,) +
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11

/\A

Doag{A -0.5

e
-0.5 0.5,0.5

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value

Y residuals

tput =
U T S previous prob; x (1 — previous proby) +

—0.5 5
05x(1—05)+0

output =
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Dosage <11

/\A

WA -0.5
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Step 4: ’rune the tr e (liket e xgboost for regression)
Step 5: Jeterminet e outpt :value

Y residuals

Cutput = o
Atpu reviou prob; X (1 —previous prob;) + 4

Output . . .
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Step 4: Prune the tree (like the xgboost for regression)

Step 5: Determine the output value

Dosage < 11
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So the first tree is completed
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value

Dosage < 11

/\ So the first tree is completed

Pra——

Step 6: Start making predictions
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value

Dosage < 11

/\ So the first tree is completed

Pra——

Step 6: Start making predictions

6.1: first we need to convert the previous prob to -
The equation is log(odds) = log(lf;p)
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method use i for regression)

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value

Dosage < 11

/\ So the first tree is completed

Pra——

Step 6: Start making predictions

6.1: first we need to convert the previous prob to -
The equation is log(odcs) = log(lf;p)

The previous probability is 0.5, so _
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Step 1: make the initial prediction

For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value

Dosage < 11

/\ So the first tree is completed

Pra——

Step 6: Start making predictions
6.1: first we need to convert the previous prob to _
6.2: making prediction with

Dosage < 11

0.5 + X U Yl

05 0.5,0.5
log(odds)=0 H R
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Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value

Dosage < 11

/\ So the first tree is completed

Plot it out, we have WA -0.5 .
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Step 6: Start making predictions
6.1: first we need to convert the previous prob to _
6.2: making prediction with

Drug dosage Dosaze <11
/
\ V¢ DeoZage <5 -0.5
Nne. + " o8 E]
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For example, for the first sample, we can have the log(odds) prediction as 0+0.3x(-2)=-0.6
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Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5

usefulness

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value

Dosage < 11

/\ So the first tree is completed

Plot it out, we have WA -0.5 .
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Step 6: Start making predictions

6.1: first we need to convert the previous prob to _ Then we need to convert
log(odds) back to probability

6.2: making prediction with

Drug dosage Dosa je < 11 as:
. ‘/5/\6 . plog(odds)
0 q + )‘ Clage < -0. .

1/\ p — 1
_ 50 5 0.5,0.5 1 + elog(odds)
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For example, for the first sample, we can have the log(odds) prediction as 0+0.3x(-2)=-0.6



Probability that the drug is effective

Drug
usefulness

Plot it out, we have

A

Drug dosage

Step 1: make the initial prediction
For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value

Dosage < 11

T~ So the first tree is completed

R Y e
0.5 0.5 0.5 So for the first sample, the prediction of probability is
- ’ . elog(odds) e~ 0.6

b= 1+ elog(odds) - 1+ 06 = 0.35

Step 6: Start making predictions

6.1: first we need to convert the previous prob to _ Then v
log(od

» need to convert

6.2: making prediction with }) back to probability
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et log(odds)
, - N e
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-

For example, for the first sample, we can have the log(odds) prediction as 0+0.3x(-2)=-0.6
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Step 1: make the initial prediction
For example, the probability of the dosage is effective: 0.5

Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value

Dosage < 11

T~ So the first tree is completed

Dosa/gg <5 -0.5 o

So for the first sample, the prediction of probability is
elog(odds) e~ 0.6

= 0.35

b= 1+ elog(odds) - 1+ 06

» need to convert
;) back to probability

6.1: first we need to convert the previous prob to _ Then v

6.2: making prediction with log(od

Dosa je < 11 as:
et log(odds)
, - N e
O R + )‘ Do- ge< 5 0.5 .

n 1+ elog(odds)

-

For example, for the first sample, we can have the log(odds) prediction as 0+0.3x(-2)=-0.6
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Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5
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Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value

Step 6: Start making predictions

6.1: first we need to convert the previous prob to log(odds)=0

Plot it out, we have _ o ,
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Step 1: make the initial prediction

Drug For example, the probability of the dosage is effective: 0.5
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Step 2: we get the residuals for all the samples

Step 3: grow a xgboost tree to the residuals (Similar method used for regression)

Step 4: Prune the tree (like the xgboost for regression)
Step 5: Determine the output value
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0.5

So the final xgboost tree for -
classification will be something
like this: m




