



[bookmark: _GoBack]CAS Simulator 2.0 is an open source R package (cascsim.zip), helping actuaries perform transaction data fitting and claim level loss reserving. Most of the methods used in simulation follows what is set out in Triangle-Free Reserving (Parodi, 2013).
It comes with an Excel Front End to assist users with an easy to use interface. Please see related documentation on methodologies, architectures, and how to use the R package directly, etc.
This document will focus on how to use the Excel API, which is named cascsim.xlsm.
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[bookmark: _Toc519211466]Initial Setup

1. Download http://www.ReservePrism.com/Simulator2/cascsim.xlsm
2. If not yet, download and install R (recommend >=3.4.3) 
3. Open the cascsim.xlsm. It will perform the following tasks for you

For first time usage, it will detect your R location, but ask you to click [Configure R] button and pick the suggested R location in the comment area.
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All required R packages, as well as the Simulator 2.0 package (cascsim.zip), are then installed in library folder where the Excel resides.
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4. That is it! You are done with the setup



The [Basic Setup] tab will look like this after the successful setup.
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The [Basic Setup] tab will be hidden in the future, yet, you can unhide it at any time and click the [Click for update] button to refresh all R libraries.
[bookmark: _Toc519211467]Just perform Simulation without Claim Data

1. Let us take a quick look at Simulator 2.0 menu (or ribbon) items.
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You will notice the ribbon on top of Excel for CAS Simulator 2.0. 
It has Step 1, (optional) Load Claim Data and Step 2, (optional) Fit Claim Data. We will follow them in next chapter, because we believe it might be difficult for users to get transactional data. So let us start with synthetic claims simulation, which is Step 3, Simulation.

2. [Run Control] tab is very important. 
a. Cell [C6], # of Simulations, 
It tells the program how many iterations you want to simulate. For dry run, set it to 1 to save time. If you want to have a better distribution of the squared triangle for real loss reserving, set it to 100 or more, which yet will take much longer time to finish.

b. Cell [C9], Working Folder
[image: ]Make sure you have read/write rights to the folder. Please don't choose directory with spaces (R 3.5.0 has bug). If you leave this cell blank, you will get an error notice sooner or later. 








You can manage multiple working folders for different loss reserving projects, but each time you have to choose one folder only.

c. Valuation Period

Without claim input, open claims and closed claims information are not available. The system will assume the simulation is for “future” claims. Therefore, UPR is selected by default.  .
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Then, just as a demo, you may set the dates as follows. In simulation without claim data, making sure to set both cell C11 and cell C12 as the starting accident date . (Note that this setup is for a simulation without historical claim data. The setup will be different when claim data is available, which is explained in a later section)
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And then the rectangle (reported count) output will end up like the following (please notice the Accident Period range). 
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3. [LOB] tab contains line and type level properties.
To perform Simulation only (without claim data input and fitting), you have to manually enter various distribution/index/factor values. There are default values for user to start with.

In next chapter, Claim Fitting, most properties in this tab will be automatically fitted and filled (and you can also manually choose different values)

But first, let us study the [LOB] tab

a. Which business line(s)/claim type(s) will be included in the simulation?
When setting the [Included] column value to [Yes] for a business line/claim type, the simulation will include that business line/claim type. A value of [No] means the business line/claim type will be ignored in the simulation.
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b. For pure simulation without data, we care about future claims (UPR), so let us start with frequency
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Exposure index reflects the changes in exposure by time. You can choose an index table specified in [Index] tab. (When simulating, detrended frequency will be simulated first and then the exposure index is applied)

Detrended frequency is set as monthly distribution. You can specify the minimum and maximum value for any distribution by set “Truncated” to “Yes” and input “Min” and/or “Max” value. The example above will give us Poisson (100) monthly, which in turn is annual frequency of Poisson (1200).

To set an index in [Index] tab, you can give index a name such as flat, I2, I3, etc, provide its starting month, such as “2007-01-01”, and then input monthly index value.
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c. Severity Distribution
[image: ]







If the severity is believed to have a time-dependent trend, you can also select from the [index] tab that reflects the trend. 

(When fitting after having input claim data, under “Fitting Data”, you can choose whether to use CLOSED claim or ALL claim (closed + open) to fit severity distribution. But since this chapter is for a simulation without historical data, it does not matter)

d. Dependency among severity, settlement lag and report lag
You can set the dependence among severity, settlement lag and report lag by a copula (normal, t, clayton, rank, gumbel, or joe copula), or you can assume they are independent. For example, for a Normal copula, Para1 is the correlation coefficient between severity and settlement lag, Para2 is that between severity and report lag, and Para 3 is that between settlement lag and report lag.  df is the degree of freedom used in t copula.
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e. Deductible and Limit
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Deductible and limit can be set as
· “None”: no deductible or limit.
· “Fixed”: a fixed number with value specified in Para1.
· “Empirical”: an empirical distribution fitted from claim data with distribution name specified by Para1.

f. P0: probability of zero payment
The probability of zero payment claims is specified by development year dependent factor table set in [FactorTable] tab.
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g. LAE: loss adjustment expense.
LAE can be modeled either as a function or a factor table. For example, if we think LAE = 5 + 0.01 × incurred loss + 0.01 × develop. year + 0.002 × outstanding ratio + 5 × e , we can create a function like “F1” in [Function] tab and set the LAE to “F1”.  Here is a random number following standard Normal distribution.
The assumption is only applied to future claims. For open claims and closed claims where existing LAE data is available, simulated LAE is developed using the loss development factor.
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4. Tab [FreqCopula] contains frequency copula among business lines.
[image: ]

[bookmark: _Toc519211468]Simulation Output
With the assumptions set from previous chapter, let us start simulation by clicking the [Run Simulation] Ribbon Button at top. Ignore the following warning since we purposely want simulation without historical claim only,
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Once succeeded, let us see what we have
1. Synthetic claims. The Simulator 2.0 only handles single payment process, and there is no case reserving module built in yet, there is no transaction data available. Summary and rectangles based on synthetic claims are also generated and accessible.
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2. Simulation Report
A web report is generated, containing all percentiles and statistical analysis

For example, following rectangle is Average Simulated Incurred Loss Rectangle (Thousands). 

Please note, this document shows a very long report lag for this demo.
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The following is Average Simulated Closed Count Rectangle
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[bookmark: _Toc519211469]Fit Claim Data

Simulator 2.0 is currently built in with only a Single Payment Transaction Model. By default, it only accepts loss information at individual claim level. If your claim data have transaction details, at this stage, please aggregate all the transactions (payments) for each claim(just like your year-end claim format)
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Once claim file (csv format) is provided, system will fit it to the [LoB] tab properties as described in previous chapter, thus simulation becomes a realistic loss reserving analysis. (Simulation will help loss reserving analysis by providing close-to-real synthetic claim transactions and rectangles) 

1. Select the claim data file by pressing ribbon button [Select Data]. 
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2. All the data fields in the csv file will be populated (column C) in [ClaimData] tab. User needs to determine whether or not each data field should be used (column D) and its matching data field name (column E), for Simulator to fit from.
[image: ]

The following variables are mandatory:
· ClaimID
· LoB
· Type
· status
· occurrenceDate
· reportDate
· incurredLoss
· settlementDate
Other standard variables can be provided as well, such as: osRatio, Paid, Deductible, Limit, totalLoss, LEA, claimLiability, etc. If you have non-standard variables that will be used for GLM functions, you can include them in the analysis as well.

3. By pressing ribbon button [Data Validation], the program will perform various pre-fitting data validations.
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For example, if you mistakenly match a wrong date, you will be notified.
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4. Once ready, press the ribbon button [Automatic Model Fitting], the program will start fitting with monitoring messages. To fit any property, the system will pick the best statistical fit from various distribution assumptions.
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Once the fitting is done, most appropriate assumptions (distribution, copula, and P0) are populated in tab [LoB]. A fitting report can also be viewed by pressing ribbon button [Fitting Report].
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5. You can also review each individual fitting by pressing ribbon button [Manual Property Selection]. If you find a fitting is appropriate, you can press button [Select this Distribution] to replace the assumption in tab [LoB].

The following picture shows an example that, after automatic fitting, you can manually choose Report Lag Distribution property. (following Report Lag property can be chosen as):





Simply from Q-Q plot observation, you find out that Normal Distribution is not be a good pick. Instead, an Exponential Distribution should be a good fit.
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[bookmark: _Toc519211470]SimulatION with Claim Data
Once claim data fitting is finished, let us do real time loss reserving by simulating open-claims development (IBNER), IBNR claims and closed claim reopening. We need to set a few more assumptions in [Run Control] tab.
1. Specify the classes of claims to simulate in tab [Run Control].
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2. Set open-claim loss development assumption (IBNER Factor) in tab [LoB] to one of two options:
[image: ]
CondPaid: Ultimate loss simulated from the selected severity distribution, conditional on the loss being greater than the claim’s paid amount;
CondIncurLoss: Ultimate loss simulated from the selected severity distribution and floored by the claim’s incurred loss amount;
Alternatively, you can choose to model the loss development factors by selecting a factor table from tab [FactorTable] or a function from tab [Function].

3. If you want to model closed claim reopening, you can set reopen probability as a function or a factor table. Reopen claim loss development factors can be set the same way as you set IBNER factors for open claims. You then set reopen lag and resettlement lag as distributions. 
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Other assumption setting and simulation process are the same as in the case of simulation without claim data.
4. Let us take a quick look on final simulated rectangles and percentiles.
Again, this is the setting from the beginning of this chapter. 
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This is from a 10-iterations simulation, for demonstration purposes only. At this stage, only thing we need is patience, to let it finish. (The Excel API and R is not doing real-time synchronization, there is a time gap for Excel to read R logs)
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For example, this is part of the final statistical analysis, along with all other summary reports.
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by .GlobalEny when processing object "
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by .GlobalEny when processing object "
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Loading required package: paralel

Loading required package: RZHTML

Loading required package: fitdistrpus.
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LoB Type  Class  AccidentYMeasure Frequenq AvgincurrTotalincurr AvgUltim TotalUltimate TotalPaid__ Tot

Home  Dwelling IBNR 2017 percentile 95 1214 1165329 139571557 116533 139571556.8 139571557
Home  Dwelling IBNR 2017 percentile 99 1220 117267 141230530 117267 1412305304 141230530
Home  Dwelling IBNR 2017 max 1221 117450.5 141645274 117450 141645273.8 141645274
Home Dwelling IBNR  Total  avg 2478 110959.9 274932926 110960 274932925.7 274932926
Home Dwelling IBNR  Total  sd 47 227334 7953697.6 2273.34 795369755 7953697.55
Home  Dwelling IBNR  Total  min 2391 108913.7 261649240 108914 261649240.1 261649240
Home Dwelling IBNR  Total  percentile10 2422 1091582 267247251 109158 2672472503 267247251
Home Dwelling IBNR  Total  percentile30 2472 1094209 270854084 109421 270854084.5 270854084
Home Dwelling IBNR  Total  percentileS0 2480 1101314 273867482 110131 2738674824 273867482
Home Dwelling IBNR  Total  percentile7s 2495 112357.1 280700220 112357 2807002203 280700220
Home Dwelling IBNR  Total  percentile) 2498 1130402 281445643 113040 281445647.7 281445648
Home Dwelling IBNR  Total  percentile9s 2538 114625.1 285703424 114625 2857094235 285709424
Home Dwelling IBNR  Total  percentile99 2564 115563 287730339 115568 287730339.4 287730339
Home  Dwelling IBNR  Total  max 2570 115803.8 288235568 115804 288235568.4 288235568
Home  Dwelling Total 2015 avg 644 9001689 57981235 119229 76789362.86 57981234.7
Home  Dwelling Total 2015 sd 8 198378 15387244 265111 1688449.06 1538724.44
Home  Dwelling Total 2015 min 636 8610655 55452620 115270 74233859.52 55452620
Home  Dwelling Total 2015 percentile 10 636 87667.56 55825452 115286 74659184.47 55825452.4
Home  Dwelling Total 2015 percentile 30 639 89517.16 57121150 118412 7581513193 57121149.6
Home  Dwelling Total 2015 percentile S0 644 90090.72 58483459 119075 76830386.17 58483458.8
Home  Dwelling Total 2015 percentile 75 646 9123673 59253745 120919 78313937.29 59253745.2
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Average Simulated Data Incurred Loss Rectangle (Thousands)
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2008 3404 11,191 74613 150,343 150,983 151,153 151229 151265 151277 151284 151,284 151284
2009 3609 11,003 80,726 156,971 157599 157,697 157,736 157,743 157,749 157,749 157,749 157,749
2010 4067 12,397 74210 161,050 161,641 161787 161,860 161,870 161,870 161870 161,870 161870
2011 4125 13183 81240 161,413 162,188 162417 162,491 162,491 162,491 162,491 162,491 162,491
2012 4584 14001 77795 152118 152588 152819 152,819 152,819 152819 152819 152,819 152819
2013 4890 14,608 84419 161110 161673 161673 161673 161673 161673 161673 161673 161673
2014 5546 16,408 77257 154970 154970 154970 154,971 154,971 154,971 154,971 154,971 154,971
2015 5909 17,428 80915 128512 128528 128532 128534 128535 128535 128535 128535 128535
2016 6,081 18588 121369 147941 148022 148056 148,064 143068 148069 148,069 143069 148069
2017 6397 21711 120334 149457 149,806 149915 149955 149969 149,972 149978 149979 149,981
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