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What i1s Al?

Much of 2023's excitement relates to Generative Al

Artificial Intelligence (1950s)
Field of computer science that seeks to create intelligent machines that can replicate
or exceed human intelligence

Machine Learning (1990s)
Enables machines to learn from existing data and find patterns in that data
to make decisions or predictions

Generative Al (2020s)

Create new content from relatively short inputs ("prompts").

"Normal" Al examples

Predictive Image
Analytics Recognition

Generative Al examples

Text and Code Image
Creation Creation




Large language models
(LLMSs)

» “Large Language Models” are the engines which power text
and code-based Generative Al

* LLMs are based on neural networks — 80 years old!

» These are connected layers of idealized neurons

« Each node calculates a simple numerical function based
on input from the layer above, adjusted by a ‘weight’ parameter

* e.g. output = sum.product (inputs, weights)

« Parameters tuned to optimize output by seeing many
correct examples

* Requires us to convert words (and their positions in text)

into representative numbers (“tokens”) -
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Why are we suddenly talking about all this now?

* Transformer structure dates from 2017

* Model size has reached a ‘tipping point’
of quasi-human ability

 The models absorb information in accordance
with their size

* The number of parameters in LLMs
has increased x10,000 in last 4-5 years

* The parameters are mostly the weights in the LLM
— GPT-3 has c. 175 billion parameters
— GPT-4 is rumoured to have well over 1 trillion parameters

— ... which is 10x more than human brain neurons (although
the metrics are not really comparable!)
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Al terminology overview

Generative Pretrained Transformer, a type of Al Characteristics of latest LLM Models

model which produces high-quality text

OpenAl/ Google/

DeepMind Facebook

Refers to the ability of a model to generate new data Anthropic

Generative (e.g. text) that is coherent and meaningful — and
may not be explicitly in the training data

Company | Microsoft

Means the model has been trained on a large Model GPT4 Claude Bard Llama
Pretrained dataset (with GPT, from a massive corpus of text

from the internet to learn language pattern etc.)

Neural network architecture that’'s now standard in Open- x x x \/
Transformer natural language Al. Relies on “self-attention”, source

weighting importance of different parts of input data.

A customer-facing website in a chatbot form that Power X X ) ® e - -
uses GPT-3.5 to respond to prompts

ChatGPT
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Use case #1: Using Al to

assist with coding




What Al coding assistants can do right now
Generate code
Automatically
generate test
cases Q

v
Capabilities

A0



Generate code

« Given a natural language
prompt of user requirements,
the bot will be able to generate
the code that fulfils these
requirements

A
~Jj IU.L.

Automatically generate

test cases

« Given a function, the bot will
auto-generate parameter
data for test cases

Wi
.\
'

Examples

“Explain quantum computing in

simple terms” —

“Got any creative ideas for a 10
year old’s birthday?" —

"How do | make an HTTP request

in Javascript?” —

ChatGPT

4

Capabilities

Remembers what user said
earlier in the conversation

Allows user to provide follow-up
corrections

Trained to decline inappropriate
requests

A

Limitations

May occasionally generate
incorrect information

May occasionally produce
harmful instructions or biased
content

Limited knowledge of world and
events after 2021

©YYYY WTW. Proprietary and confidential. For WTW and WTW client use only.
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What Al coding assistants can do right now
Generate code
Automatically
generate test
cases
Q

Capabilities

O

Assist the

debug process



Assist the debug process
@ « Given code with errors, the
bot will explain issues in the
code and propose solutions

This code is giving me an error, can you explain why?
double presentValue(double mortality[], double spotRates[], double cashflows[], int
numPeriods) {

presentValue = 0.0; // Initialize the present value to zero

for (int i = 0; i < numPeriods; i++) {
double discountFactor = exp(-spotRates]il); // Calculate the discount factor using the
spot rate
double survivalProbability = exp(-mortality[i]); // Calculate the survival probability using
the mortality rate

double pvOfCashflow = cashflows[i] * discountFactor * survivalProbability; // Calculate
the present value of the cashflow using the discount factor and survival probability

presentValue += pvOfCashflow; // Add the present value of the cashflow to the total
present value

}

return presentValue; // Return the total present value

There is a problem |

©YYYY WTW. Proprietary and confidential. For WTW and WTW client use only.
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What Al coding assistants can do right now

Generate code
Automatically
generate test

@

| Capabillities
Assist the

debug process

Code translation

YYYY WTW. Proprietary and confidential. For WTW and WTW client use only.
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A%

Code translation

» Given a pseudocode, VBA
or other legacy platform
code, the bot will translate
the original code into
RAFM compatible code

ChatGPT

0- 4 A

Examples Capabilities Limitations

"Explain quantum computing in Remembers what user said May occasionally generate
simple terms” — earlier in the conversation incorrect information

“Got any creative ideas for a 10 Allows user to provide follow-up May occasionally produce
year old's birthday?" — corrections harmful instructions or biased
content

"How do | make an HTTP request Trained to decline inappropriate
in Javascript?” — requests Limited knowledge of world and

events after 2021

Convert this vba code to c++

Function PresentValue(mortality() As Double, spotRates() As Double, cashflows() As Double,
numPeriods As Integer) As Double



What Al coding assistants can do right now

Generate code
Automatically
generate test

cases Improve efficiency
and follow best
practices

| Capabillities
Assist the

debug process

Code translation

Reformat
undocumented and
unreadable code

© YYYY WTW. Proprietary and confidential. For WTW and WTW client use only.



/’ Rewrite code to improve
efficiency and follow best

practices

» Given an initial coding attempt
by a less experienced
developer, ActuatorGPT will
give multiple suggestions to
refactor code to make it more 20 4 A
efficient or offer alternative

_ Examples Capabilities Limitations
approaches to coding problems
"Explain quantum computing in Remembers what user said May occasionally generate
Refo rm at un d ocumen ted simple terms” — earlier in the conversation incorrect information
and unreadable legacy
"Got any creative ideas fora 10 Allows user to provide follow-u May occasionally produce
y P P Y yPpP
CO d e year old’s birthday?" — corrections harmful instructions or biased
» Given legacy uncommented ioraal
COde, ACtU atO I‘G PT W| ” "How do | make an HTTP request Trained to decline inappropriate
reform at Code W|th add itional in Javascript?” — requests Limited knowledge of world and
events after 2021

new comments explaining
what the function is doing

Can you refactor this code to be simpler, merge all the for loops, make it more concise and include

more comments?
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A customised chatbot for insurance

User Guide Hello! How can | assist you today?

Please begin your query by stating the topic of yoeur

query

Type your guery into the input bar at the bottom of the
screen. To submit your query either press enter or the
submit button below. The bot may take a time to
generate its response, so please be patient.

To clear the chat press the clear button

Type your message

| choess File | Me file chosen
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Al for expert systems

User request

Please explain...

- 56K -
31

Embeddings knowledge
database

IFRS17 rules

Solvency Il rules

Other regulation

Collection of most

relevant knowledge LL

Use this

information...

- %éﬁ%%g

Text output

IFRS17 requires you do...

This

That

19



Use case #3: using Al for legacy
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Legacy models
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Using generative Al to assist transformation
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Generation of an audit trail or summary report

[ ActuatorGPT e

C (R (D File | C/src/python/explain-excel/test_html/example_20230811_092733.html

Excel Workbook: late retirement_factors.xlsm

Workbook Summary

This workbook is made up of three sheets: Summary, MaleCalcs, and FemaleCalcs. The Summary sheet provides an overview of the calculations for male and female late retirement
factors based on different ages and interest rates. The MaleCalcs and FemaleCalcs sheets perform the calculations for males and females, respectively, using mortality assumptions and
interest rates.

Summary Sheet

The Summary sheet displays the late retirement factors for males and females based on different ages and interest rates. The sheet retrieves data from the MaleCalcs and FemaleCalcs
sheets and presents it in a tabular format. The interest rates used in the calculations are provided in column C, ranging from C12 to C88. The sheet also contains some key numerical
assumptions, such as the average inflation rate of 2.5% (cell C4) and the risk-free curve (cell F10).

MaleCalcs Sheet

The MaleCalcs sheet calculates the late retirement factors for males using mortality assumptions and interest rates. The sheet uses the INDEX and MATCH functions to retrieve mortality
rates from the ProjectedMort_M sheet based on the age and year. It then performs calculations for immediate and deferred annuity factors using the interest rates from the Summary
sheet. The results are displayed in columns Z to AT for different ages and interest rates.

FemaleCalcs Sheet

The FemaleCalcs sheet calculates the late retirement factors for females using mortality assumptions and interest rates, similar to the MaleCalcs sheet. It retrieves mortality rates from
the ProjectedMort_F sheet and performs calculations for immediate and deferred annuity factors using the interest rates from the Summary sheet. The results are displayed in columns
Z to AT for different ages and interest rates.

VBA Code

23



Generation of python code

example_1686127655.py *

def annuity factors(
, immediate annuity_age, deferred_annuity_age, ir_curve,ma_adjustment, mort_m_filepath,
_f filepath, mort_m_sheetname, mort_{f_ sheetname

mort m = pd.read excel{mort m filepath, mort m sheetname, header=18, index col=1)
mort f = pd.read excel(mort f filepath, mort f sheetname, header=18, index col=1)

mort = mort m i
survival prob = mort.loc[age].values[@]

immediate payment = 1 if a »= immediate annuity age else @

deferred payment = 1 if age »= deferred_annuity_age else

discount rf = (1 + ir_curve) ** (-age)
discount rf ma = (1 + ir curve + ma_adjustment / 18668) ** (-age)

annuity factor rf = survival prob * immediate payment * discount_rf
annuity factor rf ma = survival prob * deferred payment * discount_rf _ma

return annuity factor_ rf, annuity factor_rf_ma

24



Use case #4: Al for

data validation




ldentifying errors, formatting issues, missing values

WO oo~ O U = Wwkh =

DOB

| GENDER| POSTCODE |PRODUCT|MARITAL STATUS|PREMIUM

03/01/1994 F

13/01/1948 Male
15/01/2002 Female

12/03/2017 M
03/11/2020 F
30/08/1951 M
04/01/1998 F
06/04/1996 F
14/11/1936 U
Alan M
11/02/1990 M
21/04/1974 F
31/12/1974 Mr.
19/01/1929 F
14/12/1958 M

21/07/1996 male

22/05/1986 M
02/03/1933 F

CM12 OHD
OX9 2BN
E15 3LN
BH3 7NE
CR44 1AP
3311 ER
PL4 OAL
TR24 0QB
DH1 4JU
GL4 6DG
LD2 3ND

LL47 6TW
ME12 3TB
EH6 4RZ
0OX29 4JX
LA2 OPB

24 Barry Lane

23/04/1996 FEMALE EX31 1JF

PROD3
PROD2

PROD1
PROD2
PROD3
product 1
PROD3
PROD 3

PROD2
PROD2
PROD3
PROD3
PROD2
product 2
PROD2
PROD3
PROD3

Single
Yes

1 Single

Married
maried
out of wed
S

Married
Married

2 Engaged

Married

no

Married

not married
Married

civil partnership
Single

Married

M

3867.2
3634.07
3847.35

3926.7
3781.02

MALE
3919.83
3639.61

3831
4058.26

n/a
4275.75
4152.53

"3988.99"

4210.6

£4,298.42

3879.98

3587.15
n/a




Data cleansing process

Generate cleaning rules
for each column

Raw excel input Output python rules

[l DOB | GENDER| POSTCODE |PRODUCT|MARITAL STATUS|PREMIUM

b3 03/01/1994 F CM120HD  PROD3 _ Single 3867.2

Kl 1301/1948 Male  OX92BN  PROD2  Yes 3634.07 .

8 15/01/2002 Female  E15 3LN 1 Single 3847.35 F| Ie .

Bl 121032017 M BH37NE  PROD1 Married 3926.7

Y 03/11/2020 F CR441AP  PROD2 maried 3781.02 Lan g C h alin

Al 30/08/1951 M 3311ER  PROD3 outof wed MALE u pload

GY 04/01/1998 F PL4 0AL product1 S 3919.83

El 06/04/1996 F TR240QB  PROD3  Married 3639.61

LY 14/11/1936 U DH14JU  PROD3 Married 3831

11 [ M GL4 6DG 2 Engaged 4058.26 GENDER LLM

Py 11/02/1990 M LD23ND  PROD2  Married n/a

EY 21/04/1974 F PROD2 no 4275.75 F

(Y 31/12/1974 M. LL476TW  PROD3 Married 4152.53

{6 10011929 F ME123TB  PROD3 not married "3988.99" Q
Gy 14/12/1958 M EM64RZ  PROD2 Married 42106 DOB

@ 21/07/1996 male 0OX29 44X product 2 civil partnership £4,298.42 - O
Y 22/05/1986 M LA20PB  PROD2 Single 3879.98

[[Y 02/03/1933 F 24 Barry Lane PROD3  Married 3587.15 03/01/1994

PI) 23/04/1996 FEMALE EX31 1F  PROD3 M n/a

Clean excel output

B )
GENDER_clea - |GENDER_commer - |[POSTCODE_origini - |POSTCODE_clea - |POSTCODE_commer - |

A

{0l GENDER_origini -

Run python rules Merge python rules

2 I3 F OK CM12 OHD CM12 0HD OK
N Male M CLEANED 0OX9 2BN OX9 2BN OK
LW Female F CLEANED E153LN E153LN OK
5 I M OK BH3 7NE BH3 7NE OK
6 3 F OK CR44 1AP CR44 1AP OK
7 M OK BN ER ERROR
L F F OK PL4 0AL PL4 0AL OK
9 I3 F OK TR24 0QB TR24 0QB OK
10 (] ERROR DH1 44U DH1 4JU OK
111 M OK GL4 6DG GL4 6DG OK
12 1 M OK LD2 3ND LD2 3ND OK
13 I3 F OK BLANK
14 LS M CLEANED LL47 6TW LL47 6TW OK
15 |3 F OK ME12 3TB ME12 3TB OK
16 1 M oK EH6 4RZ EHB 4RZ OK
17 el M CLEANED 0X29 4JX 0X29 40X OK
18 I M OK LAZ OPB LA2 OPB OK
19 I3 F OK 24 Barry Lane ERROR
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Cleansed output

1
2
3
4
5
6
7
8
9

M
F
M
F
F
U
M
M
F
M
F
M

GENDER_origini - (GENDER_clea - |GENDER_commer - |[POSTCODE_origini - |[POSTCODE_clea - |POSTCODE_commer - | PRODUCT_origin: - |PRODUCT_clea - | PRODUCT_commer -

F
Male
Female

r.

mg 3
o
o

M=M=

OK
CLEANED
CLEANED
OK

OK

OK

OK

OK
ERROR
OK

OK

OK
CLEANED
OK

OK
CLEANED
OK

OK

CM12 OHD
0OX9 2BN
E15 3LN
BH3 7NE
CR44 1AP
3311 ER
PL4 OAL
TR24 0QB
DH1 4JU
GL4 6DG
LD2 3ND

LL47 6TW
ME12 3TB
EH6 4RZ
0X29 4JX
LA2 OPB

24 Barry Lane

CM12 OHD
OX9 2BN
E15 3LN
BH3 7NE
CR44 1AP

PL4 OAL
TR24 0QB
DH1 4JU
GL4 6DG
LD2 3ND

LL47 6TW
ME12 3TB
EH6 4RZ
0OX29 4JX
LA2 OPB

OK
OK
OK
OK
OK
ERROR
OK
OK
OK
OK
OK
BLANK
OK
OK
OK
OK
OK
ERROR

PROD3
PROD2
1
PROD1
PROD2
PROD3
product 1
PROD3
PROD 3
2
PROD2
PROD2
PROD3
PROD3
PROD2
product 2
PROD2
PROD3

PROD3
PROD2
PROD1
PROD1
PROD2
PROD3
PROD1
PROD3
PROD3
PROD2
PROD2
PROD2
PROD3
PROD3
PROD2
PROD2
PROD2
PROD3

OK
OK
CLEANED
OK
OK
OK
CLEANED
OK
CLEANED
CLEANED
OK
OK
OK
OK
OK
CLEANED
OK
OK

29
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Use case #5:
Al for automated model
reconciliation
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Model reconciliation

simple_cashflow.py X

A B C D E F G H
1
2 valdate 01/01/2023 Total BEL -466.42
3 policyholder 1
4 DOB 01/01/1940
5 sum_assured 10000
6 premium 1500
7 Elapsed months 1
datedif_years(datel, date2): g maturity period 120
years = date2.year - datel.year 10 month age date mort_rate survival_prob cum_survival_rate risk_premium monthly_expenses m
if (date2.month, date2.day) < (datel.month, datel.day): = = = -
— 11 0 83.0000 01/01/2023 0.0077 0.9923 1 76.9931242 4.166666667
'HI years 12 1 83.0833 01/02/2023 0.0077 0.9923 0.992300688 76.9931242 4166666667
: 13 2 83.1667 01/03/2023 0.0077 0.9923 0.984660655 76.9931242 4.166666667
14 3 83.2500 01/04/2023 0.0077 0.9923 0.977079445 76.9931242 4.166666667
cashflow model(valdate, policyholder, dob, sum_assured, p ium, elapsed_months, ré.éturi‘ty_per‘ic i 4 83.3333 01/05/2023 0.0077 0.9923 0.969556605| 76.9931242 4.166666667
data = pd.read excel (excel workbook path, sheet name , index_col=0) 16 5 83.4167 01/06/2023  0.0077 0.9923 0.962091685  76.9931242 4.166666667
17 6 83.5000 01/07/2023 0.0077 0.9923 0.954684241 76.9931242 4.166666667
18 7 83.5833 01/08/2023 0.0077 0.9923 0.947333829 76.9931242 4166666667
mort_table = pd.read_excel( 19 8 83.6667 01/09/2023  0.0077 0.9923 0.94004001  76.9931242 4166666667
excel workbook path, sheet name=" mp ns”, header=1, nrows=101, index col=@ 20 9 83.7500 01/10/2023 0.0077 0.9923 0.932802348  76.9931242 4.166666667
21 10 83.8333 01/11/2023 0.0077 0.9923 0.925620411 76.9931242 4.166666667
22 11 83.9167 01/12/2023 0.0077 0.9923 0.91849377 76.9931242 4166666667
23 12 84.0000 01/01/2024 0.0077 0.9923 0911422 76.9931242 4.166666667
24 13 84.0833 01/02/2024 0.0086 0.9914 0.904404677 85.93777783 4.166666667
AN 1A A 1RRT n1/nalrnaa N NNKA naa1Aa N KARAR2IADA KL QAT7T7TIRY A 1RRARARRARRT

$

Reconciled
output

Python output

Excel output
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Al for auto-reconciliation

% s c 5 ‘ : 8 i
"t os 1
2 valdate 01/01/2023 Total BEL 466,42
subpro 3 policyhoider 1
pathlib 2 oos o1/01/1990
b a— 20000
& [y o
- e :
5 maturity period 120
Python Exce :
T o i s prow |, e | eerin rsonn srpemes [
1 a 01/01/2023 00077 09923 1 765931242 A.166666667
12 1 01/02/2023 0.0077 09923 0992300688  76.9911242 4166666667
N 1t 3 01/04/2023 09973 097DIsass 769931z 8.165666657
Filenane % : esfosfzora T T
filename.suff g : 16 s 01/06/2023 09923 0962091685 769931242 4166666661
vthon file e 17 6 o01/07/2023 08923 DOSeERA241 765931242 2166656567
thh\.‘ﬂ_fll_ filename 16 7 01/08/2023 09923 0947333829 F6.9931242 4166666667
19 8 01/09/2023 09923 099004001 769931242 4365666661
20 01/10/2023 0.9923 0932802348 76.9931242 4166666667
te is ) N b o PRy 0sem oonsaaons] sesmion|  sssccssesr
- ° 2 1 01/12/2023 09923 091819377 765931242 4.165665667
n 3 12 01/01/2024 09923 0811422 76.9931242 4166666667
Sao print (£"Runr . 2 13 0/oaj2u24 09914 090MK4677 8593777783 2166666661

_another ...next
Iteration iteration

Corrected
Python Code

Compressed

Python Results Excel Results
Excel

Prompt
engineering

LLM
%%? _ Reconciled
results
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Self-healing code

“Update the python
code to use age as

3000 the lookub value “Python is calculating age “Single premium is currently
P ,, fromissue date rather than being issued at ValDate and . . .
rather than index DOB” not IssueDate” Excel applies rounding
2993 08 to 2 d.p. but the python
2000 1996.11 model does not ”
1534.49 1127.65
1000
Correct excel model 921.95 903.03
—
L 0
0 1 10224 5 3 4 5 6 7
“The python code uses a monthly time
-1000 “Undate th " 4 step but uses an annual expense
pdate the python co : e to assumption”
calculate the cumulative “Commission variable is not included in
survival rate using the the net_pv but is included in the net_pv
-2000 death_rate instead of the in the excel model”
survival_prob”
i = Python model
3000 2679.48
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Integrating Generative Al with Insurance

The issues are almost identical to those we’ve seen for the integration of Data Science in insurance
— hence we are using our Data Science Framework as a basis for this next step

Monitor and Evolve

Prioritise
Deflnltlon and

Delivery Prototype

Explore

Data and Data People and Research and
Governance
Strategy Culture Development
e Infrastructure and
Capability Technology Regulatlon
i\

Institute
and Faculty
of Actuaries
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Strengths and limitations of generative Al

»:

dih aih
LLMs excel at These models are

generating text that competent at solving

closely resembles text novel unseen

written by humans problems
/s v a

LLMs make use of LLMs can be
additional context to fine-tuned for specific
inform their responses tasks and behaviors

Institute
and Faculty
of Actuaries

|
B

SN 20
LERTIARES
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Strengths and limitations of generative Al (2)

Incredibly powerful at
writing code (and
adjacent areas)

Incredibly powerful at
reading and ‘digesting’
large volumes of text

Institute
and Faculty
of Actuaries

|
B

SN 20
LERTIARES
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Mitigating against the weaknesses... ...to harness the strengths

Generative Al Weak 1ESSES

Bias _and Accuracy Capability Monitor and Evolve
Ethics oD I e e
[_ ® b i
\
— _ .
Data sensitivity, privacy Cultural adoption and Generating value o <
and manipulation trust Explore

Business concerns

Institute
and Faculty
of Actuaries

|
P

S 20
LERTIARES
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Bias and Write a python function to check if someone would be a good scientist, based o

Ethics description of their race and gender.

Data sensitivity, privacy : ( ‘ 1)
and manipulation T - _ . def is_good_scientist(race, gender):

if race == "white" and gender == "male":
return True
else:

\ . . 9 return False ChatGPT doesn’t return
Courtesyof)eln ) _ ‘ _ thls anymore!

« Training data should be representative, diverse and balanced

» Adversarial training; involves introducing noise / perturbation

« Creating and monitoring fairness metrics

* Incorporate feedback mechanisms, that allow experts to review, rate or correct the
outputs

« Data privacy, can provision private instances of models

Institute
and Faculty
of Actuaries
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Accuracy

Cultural adoption and
trust

Lawyer cited 6 fake cases made up by
ChatGPT; judge calls it “unprecedented”

ChatGPT invented a sexual harassment
scandal and named a real law prof as the
accused

Appropriate human intervention and oversight as part of business processes
“Shadow mode”, allowing results to be generated and reviewed on unseen data

Self-reflection, to identify and correct errors in its own solution
Outsourcing to plugins, such as WolframAlpha

Institute
and Faculty
of Actuaries
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Capability

(Dl
9 Solve -1* -1* -1 2"

Generating value

View other drafts v

¢ 1rari=1

+

A negative multiplied by a negative is a positive.

B & ¢ G Googleit

Generative Al is not the answer to everything!
Outsourcing to plugins, such as WolframAlpha

Explainability of LLMs is a growing research area, but we may never truly understand
how these models work

R
;@SE&% Institute
AN and Faculty
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Expressions of individual views by members of the Institute and Faculty of Actuaries
and its staff are encouraged.

The views expressed in this presentation are those of the presenter.
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