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Session Scripts For “First Steps With Integrating R & RStudio Into Actuarial Workflow” 
 
I am assuming you are reading this because you want to attend the C-15 Concurrent Session on “First Steps With 
Integrating R & RStudio Into Actuarial Workflow” at the 2017 CAS Annual Meeting. Please go through the 
following check-list of required pre-session activities:  
 

A. Make sure you have installed the required open source software components. You will need R, RStudio, 
a number of R packages, and LaTeX. This will require a fast internet connection, and you should plan for 
this to take an hour. Please follow the steps listed in “C15 Installation Instructions.pdf”. If you have 
already installed these components, please use the test script included with the instructions to see 
whether you have all of the components. 

 
B. Use the paper clip icon on the left to open the attachment “AnnualMeetingC15_Scripts.zip”. Note that 

this will likely prompt some sort of warning about the dangers of opening attachments downloaded 
from the internet. Please contact me at the email address given at the end of this document if your 
security settings do not allow you to access the attached zip archive. 

 
C. Unzip all files, making sure that they end up in the folder C:\AnnualMeetingC15 

Just to be certain, there should be five files: Simulation Model.R, Report Exhibits.rmd, 
Property Mixed Exponential.csv, GL Mixed Exponential.csv, and Recall Mixed Exponential.csv. 

 
D. Sorry to belabor this, but make sure that the files end up in the folder C:\AnnualMeetingC15  

Double check the path! The way WinZip works, it is very easy for the files to end up in  
C:\ AnnualMeetingC15_Scripts\AnnualMeetingC15; i.e. in an extra subdirectory. If that happens, just 
move the files one level up and rename the top-level directory as needed. 
 

On the day of the session, bring your laptop computer with the installed software and session scripts. 
 
If you want to “play” with the “Simulation Model.R” file ahead of the session, have fun! You can follow the same 
instructions as for the “Test.R” file from the installation instructions to execute all of the code. The more 
questions you have, the more productive our session will be. Having said that, keep in mind that the goal of this 
session is not to teach you all the programming techniques that go into this simulation template. I am simply 
giving you an example of an R script that does something that might be useful for our day to day work. In the 
session we will explore how you might interact with such a script, ESPECIALLY if you are not the programmer. 
 
Let me know if you run into any issues, or have any questions. Here is my contact information: 
 
Thomas Hartl <thomas.hartl@milliman.com>. 
 
 
 

mailto:thomas.hartl@milliman.com?subject=[Annual%20Meeting%20C16]%20Question%20on%20Installation



AnnualMeetingC15/GL Mixed Exponential.csv

m,w
1128,310115
7444,468234
38497,137293
133246,59375
500809,16983
2150150,6041
7205010,855
21537264,585
100000000,519







AnnualMeetingC15/Property Mixed Exponential.csv

m,w
50000,700000
30000,200000
2000,50000
100000,49944
1000000,50
5000000,3
25000000,2
100000000,1







AnnualMeetingC15/Recall Mixed Exponential.csv

m,w
240036,500897
34016,221315
2741,124516
979957,112249
3013045,24098
7949092,10117
21101096,5200
100000000,1608







AnnualMeetingC15/Report Exhibits.rmd

---
#
# This code is provided in conjunction with session C-15 on
# "First Steps With Integrating R & RStudio Into Actuarial Workflow"
# at the 2017 CAS Annual Meeting in Anaheim, CA, on 11/7/2017.
#
# This presentation, and any code contained, is intended solely for
# educational purposes and presents information of a general nature.
# It is not intended to guide or determine any specific individual 
# situation and persons should consult qualified professionals before
# taking specific actions. The views expressed in this presentation
# are those of the presenter, and not those of Milliman , Inc. ("Milliman").
# Milliman does not intend to benefit and assumes no duty or liability
# to any person or entity who receives this work. This is not intended
# to be an actuarial opinion or actuarial advice. MILLIMAN MAKES NO
# WARRANTY AS TO THE USE, APPLICATION OR PERFORMANCE OF THE CODE 
# CONTAINED IN THIS PRESENTATION.
#
output: 
  pdf_document:
    df_print: kable
documentclass: article
classoption: letterpaper, oneside, landscape
geometry: margin=0.5in, headheight=48pt, headsep=0pt, footskip=6pt, includehead, includefoot
header-includes:
  - \usepackage{array}
  - \usepackage{booktabs}
  - \usepackage{fancyhdr}
  - \pagestyle{fancy}
  - \renewcommand{\headrulewidth}{0pt}
  - \lhead{\btab{b}{@{}l} \text{  } \\ \mySizeA \bf{\ClientName} \\ \mySizeB \bf{\ProjectTitle} \etab}
  - \rhead{\btab{b}{@{}r} \mySizeA \bf{\ExhibitReference} \\ \mySizeB \bf{\SheetReference} \\ \mySizeB \bf{\PartReference} \etab}
  - \chead{}
  - \rfoot{}
  - \lfoot{}
  - \cfoot{\bf{Casualty Actuarial Society}}
---

<!--- 
BTW: this is an HTML comment tag, so this text will 
not be displayed in the pdf output.

Below are some additional LaTeX macro definitions, allowing
for control of the header content:
-->
\newcommand{\btab}[2]{\begin{tabular}[#1]{#2}}
\newcommand{\etab}{\end{tabular}}
\newcommand{\mySizeA}{\fontsize{14}{16}\selectfont}
\newcommand{\mySizeB}{\fontsize{13}{15}\selectfont}
\newcommand{\ClientName}{"Client Name"}
\newcommand{\ProjectTitle}{"Project Title"}
\newcommand{\ExhibitReference}{"Exhibit Reference"}
\newcommand{\SheetReference}{"Sheet Reference"}
\newcommand{\PartReference}{"Part Reference"}
\newcommand{\SetClientName}[1]{\renewcommand{\ClientName}{#1}}
\newcommand{\SetProjectTitle}[1]{\renewcommand{\ProjectTitle}{#1}}
\newcommand{\SetExRef}[1]{\renewcommand{\ExhibitReference}{#1}}
\newcommand{\SetShRef}[1]{\renewcommand{\SheetReference}{#1}}
\newcommand{\SetPtRef}[1]{\renewcommand{\PartReference}{#1}}
<!--- 
Done with LaTeX macro definitions.
-->

<!--- 
Some header settings that are the same for all exhibits:
-->
\SetClientName{2017 CAS Annual Meeting} \SetProjectTitle{C15: First Steps With Integrating R \& RStudio Into Actuarial Workflow}
<!--- 
Done with settings for all exhibits.
-->

## Summary of Simulation results
<!--- 
Note that the "##" codes the text that follows (here "R Markdown") as a level 2 heading.
In addition to the formatting that goes along with this, it will also create a bookmark
in the resulting pdf document.
-->

<!--- 
Header settings for the current page:
-->
\SetExRef{Exhibit 1} \SetShRef{Sheet 1} \SetPtRef{Part 1}
<!--- 
Done with header settings for the current page.
-->

```{r echo=FALSE}
# make copy of summary for printing
simSummaryPrint <- txtAcc(simSummary)
simSummaryPrint[c("Mean","StDev"),c("P N","G N","R N")] <- 
  formatC(simSummary[c("Mean","StDev"),c("P N","G N","R N")],digits=1,format = "f", big.mark = ',')
# print part 1
colHeadings <- colnames(simSummaryPrint)[c(1,4:7,2,8:11)]
colHeadings <- strCutLeft(colHeadings,2)
kable(simSummaryPrint[,c(1,4:7,2,8:11)], align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1,"Property" = 5,"General Liability" = 5))
```

Simulation results based on `r txtAcc(numSims)` Monte Carlo iterations.

\newpage

## Summary of Simulation results [cont.]

\SetExRef{Exhibit 1} \SetShRef{Sheet 1} \SetPtRef{Part 2}

```{r echo=FALSE}
# print part 2
colHeadings <- colnames(simSummaryPrint)[c(3,12:15,16:20)]
colHeadings[c(1:5)] <- strCutLeft(colHeadings[c(1:5)],2)
colHeadings[6] <- "Before SL"
colHeadings[c(7:10)] <- strCutLeft(colHeadings[c(7:10)],7)
kable(simSummaryPrint[,c(3,12:15,16:20)], align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1,"Recall / Contamination" = 5,"Scenario 1" = 5))
```

Simulation results based on `r txtAcc(numSims)` Monte Carlo iterations.

Scenario 1: Net before Stop Loss = Property at `r txtAcc(LimsP[1])` + 
                                   General Liability at `r txtAcc(LimsG[1])` + 
                                   Recall at `r txtAcc(LimsR[1])` 

\newpage

## Summary of Simulation results [cont.]

\SetExRef{Exhibit 1} \SetShRef{Sheet 1} \SetPtRef{Part 3}

```{r echo=FALSE}
# print part 3
colHeadings <- colnames(simSummaryPrint)[c(21:30)]
colHeadings[c(1,6)] <- "Before SL"
colHeadings[c(2:5,7:10)] <- strCutLeft(colHeadings[c(2:5,7:10)],7)
kable(simSummaryPrint[,c(21:30)], align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1,"Scenario 2" = 5,"Scenario 3" = 5))
```

Simulation results based on `r txtAcc(numSims)` Monte Carlo iterations.

Scenario 2: Net before Stop Loss = Property at `r txtAcc(LimsP[2])` + 
                                   General Liability at `r txtAcc(LimsG[2])` + 
                                   Recall at `r txtAcc(LimsR[2])` 

Scenario 3: Net before Stop Loss = Property at `r txtAcc(LimsP[3])` + 
                                   General Liability at `r txtAcc(LimsG[3])` + 
                                   Recall at `r txtAcc(LimsR[3])` 

\newpage

## Summary of Simulation results [cont.]

\SetExRef{Exhibit 1} \SetShRef{Sheet 1} \SetPtRef{Part 4}

```{r echo=FALSE}
# print part 4
colHeadings <- colnames(simSummaryPrint)[c(31:35)]
colHeadings[c(1)] <- "Before SL"
colHeadings[c(2:5)] <- strCutLeft(colHeadings[c(2:5)],7)
kable(simSummaryPrint[,c(31:35)], align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1,"Scenario 4" = 5))
```

Simulation results based on `r txtAcc(numSims)` Monte Carlo iterations.

Scenario 4: Net before Stop Loss = Property at `r txtAcc(LimsP[1])` + 
                                   General Liability at `r txtAcc(LimsG[2])` + 
                                   Recall at `r txtAcc(LimsR[3])` 

\newpage

## Simulation Model Parameters - Property

\SetExRef{Exhibit 2} \SetShRef{Sheet 1} \SetPtRef{ }

```{r echo=FALSE}
#
# Query iRes function to get parameters used for simulation
#

e <- environment(iRes)   # environment for the simulation model components
efP <- environment(e$fP) # environment for property frequency parameters
esP <- environment(e$sP) # environment for property severity parameters
elP <- environment(e$lP) # environment for property limits
mexponP <- as.data.frame(list(m = txtAcc(esP$m),
                              r = formatC(esP$r, digits = 3, format = "E"),
                              w = txtAcc(esP$w)))
```

### Frequency Parameters:

Negative Binomial Distribution with parameters $n =$ `r efP$n` and $p =$ `r efP$p` 

Expected frequency is $\frac{n\left(1-p\right)}{p} =$ `r efP$n*(1-efP$p)/efP$p` 

### Severity Parameters:

Mixed Exponential Distribution with component parameters as shown in the following table

```{r echo=FALSE}
kable(t(mexponP), align = "r", booktabs = T, 
      col.names = formatC(c(1:length(esP$m)))) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1,"Component" = length(esP$m)))
```

Expected severity is $\frac{\sum{w \times m}}{\sum{w}} =$ `r txtAcc(sum(esP$w*esP$m)/sum(esP$w))`

### Compound Model:

Expected loss is `r efP$n*(1-efP$p)/efP$p` $\times$ `r txtAcc(sum(esP$w*esP$m)/sum(esP$w))` = 
   `r txtAcc(efP$n*(1-efP$p)/efP$p*sum(esP$w*esP$m)/sum(esP$w))` 

### Limits: 

`r paste(txtAcc(elP$l))`

\newpage

## Simulation Model Parameters - General Liability

\SetExRef{Exhibit 2} \SetShRef{Sheet 2} \SetPtRef{ }

```{r echo=FALSE}
#
# Query iRes function to get parameters used for simulation
#

efG <- environment(e$fG) # environment for property frequency parameters
esG <- environment(e$sG) # environment for property severity parameters
elG <- environment(e$lG) # environment for property limits
mexponG <- as.data.frame(list(m = txtAcc(esG$m),
                              r = formatC(esG$r, digits = 3, format = "E"),
                              w = txtAcc(esG$w)))
```

### Frequency Parameters:

Negative Binomial Distribution with parameters $n =$ `r efG$n` and $p =$ `r efG$p` 

Expected frequency is $\frac{n\left(1-p\right)}{p} =$ `r efG$n*(1-efG$p)/efG$p` 

### Severity Parameters:

Mixed Exponential Distribution with component parameters as shown in the following table

```{r echo=FALSE}
kable(t(mexponG), align = "r", booktabs = T, 
      col.names = formatC(c(1:length(esG$m)))) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1,"Component" = length(esG$m)))
```

Expected severity is $\frac{\sum{w \times m}}{\sum{w}} =$ `r txtAcc(sum(esG$w*esG$m)/sum(esG$w))`

### Compound Model:

Expected loss is `r efG$n*(1-efG$p)/efG$p` $\times$ `r txtAcc(sum(esG$w*esG$m)/sum(esG$w))` = 
   `r txtAcc(efG$n*(1-efG$p)/efG$p*sum(esG$w*esG$m)/sum(esG$w))` 

### Limits: 

`r paste(txtAcc(elG$l), sep=", ")`

\newpage

## Simulation Model Parameters - Recall

\SetExRef{Exhibit 2} \SetShRef{Sheet 3} \SetPtRef{ }

```{r echo=FALSE}
#
# Query iRes function to get parameters used for simulation
#

efR <- environment(e$fR) # environment for property frequency parameters
esR <- environment(e$sR) # environment for property severity parameters
elR <- environment(e$lR) # environment for property limits
mexponR <- as.data.frame(list(m = txtAcc(esR$m),
                              r = formatC(esR$r, digits = 3, format = "E"),
                              w = txtAcc(esR$w)))
```

### Frequency Parameters:

Negative Binomial Distribution with parameters $n =$ `r efR$n` and $p =$ `r efR$p` 

Expected frequency is $\frac{n\left(1-p\right)}{p} =$ `r efR$n*(1-efR$p)/efR$p` 

### Severity Parameters:

Mixed Exponential Distribution with component parameters as shown in the following table

```{r echo=FALSE}
kable(t(mexponR), align = "r", booktabs = T, 
      col.names = formatC(c(1:length(esR$m)))) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1,"Component" = length(esR$m)))
```

Expected severity is $\frac{\sum{w \times m}}{\sum{w}} =$ `r txtAcc(sum(esR$w*esR$m)/sum(esR$w))`

### Compound Model:

Expected loss is `r efR$n*(1-efR$p)/efR$p` $\times$ `r txtAcc(sum(esR$w*esR$m)/sum(esR$w))` = 
   `r txtAcc(efR$n*(1-efR$p)/efR$p*sum(esR$w*esR$m)/sum(esR$w))` 

### Limits: 

`r paste(txtAcc(elR$l), sep=", ")`

\newpage

## Simulation Model Parameters - Illustration of Reinsurance Program

\SetExRef{Exhibit 3} \SetShRef{Sheet 1} \SetPtRef{Part 1}

```{r echo=FALSE}

elSL <- environment(e$lSL) # environment for stop loss limits

#
# Test Case I
#

cP <- c(567890,1234567,1512345,2012345,3012345,4012345,5012345)
cG <- cP
cR <- cP

amountsByLayer <- e$abl(cP,cG,cR)

claims <- data.frame(list(txtAcc(c(cP,amountsByLayer[1])),
                          txtAcc(c(cG,amountsByLayer[5])),
                          txtAcc(c(cR,amountsByLayer[9]))),
                     row.names=c(prePend("Claim ",c(1:length(cP))),"Aggregate")) 

amountsByLayer <- e$abl(cP,cG,cR)

claimAggs <- data.frame(txtAcc(matrix(amountsByLayer[c(2:4,6:8,10:12)],nrow = 1)),
                        row.names=c("Aggregate at Limit"))

netByScenario <- data.frame(txtAcc(matrix(amountsByLayer[c(13:32)],nrow = 4,byrow = TRUE)),
                            row.names=prePend("Scenario ",c(1:4)))
```

### Claims

```{r echo=FALSE}
kable(claims, align = "r", booktabs = T,
      col.names = c("Property",
                    "General Liability",
                    "Recall")) %>% 
  column_spec(2,width = "8em") %>% 
  column_spec(3,width = "8em") %>% 
  column_spec(4,width = "8em") %>%
  kable_styling(position = "left")
```

### Claim Aggregates by Layer

```{r echo=FALSE}
colHeadings <- txtAcc(c(elP$l,elG$l,elR$l))
kable(claimAggs, align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1, "Property" = length(elP$l), 
                              "General Liablity" = length(elG$l), 
                              "Recall" = length(elR$l)))
```

### Net Losses by Scenario

```{r echo=FALSE}
colHeadings <- c("None",txtAcc(elSL$l))
kable(netByScenario, align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1, "Stop Loss Limit" = length(colHeadings)))
```

Scenario 1: Property at `r txtAcc(LimsP[1])` + 
            General Liability at `r txtAcc(LimsG[1])` + 
            Recall at `r txtAcc(LimsR[1])`
            
Scenario 2: Property at `r txtAcc(LimsP[2])` + 
            General Liability at `r txtAcc(LimsG[2])` + 
            Recall at `r txtAcc(LimsR[2])`
            
Scenario 3: Property at `r txtAcc(LimsP[3])` + 
            General Liability at `r txtAcc(LimsG[3])` + 
            Recall at `r txtAcc(LimsR[3])`
            
Scenario 4: Property at `r txtAcc(LimsP[1])` + 
            General Liability at `r txtAcc(LimsG[2])` + 
            Recall at `r txtAcc(LimsR[3])`
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## Simulation Model Parameters - Illustration of Reinsurance Program

\SetExRef{Exhibit 3} \SetShRef{Sheet 1} \SetPtRef{Part 2}

```{r echo=FALSE}

#
# Test Case II
#

cP <- c(567890,1234567,1512345,2012345,3012345,4012345,5012345)
cG <- cP
cR <- numeric(0)

amountsByLayer <- e$abl(cP,cG,cR)

claims <- data.frame(list(txtAcc(c(cP,amountsByLayer[1])),
                          txtAcc(c(cG,amountsByLayer[5])),
                          txtAcc(c(cR,amountsByLayer[9]))),
                     row.names=c(prePend("Claim ",c(1:length(cP))),"Aggregate"))

amountsByLayer <- e$abl(cP,cG,cR)

claimAggs <- data.frame(txtAcc(matrix(amountsByLayer[c(2:4,6:8,10:12)],nrow = 1)),
                        row.names=c("Aggregate at Limit"))


netByScenario <- data.frame(txtAcc(matrix(amountsByLayer[c(13:32)],nrow = 4,byrow = TRUE)),
                            row.names=prePend("Scenario ",c(1:4)))
```

### Claims

```{r echo=FALSE}
kable(claims, align = "r", booktabs = T,
      col.names = c("Property",
                    "General Liability",
                    "Recall")) %>% 
  column_spec(2,width = "8em") %>% 
  column_spec(3,width = "8em") %>% 
  column_spec(4,width = "8em") %>%
  kable_styling(position = "left")
```

### Claim Aggregates by Layer

```{r echo=FALSE}
colHeadings <- txtAcc(c(elP$l,elG$l,elR$l))
kable(claimAggs, align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1, "Property" = length(elP$l), 
                              "General Liablity" = length(elG$l), 
                              "Recall" = length(elR$l)))
```

### Net Losses by Scenario

```{r echo=FALSE}
colHeadings <- c("None",txtAcc(elSL$l))
kable(netByScenario, align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1, "Stop Loss Limit" = length(colHeadings)))
```

Scenario 1: Property at `r txtAcc(LimsP[1])` + 
            General Liability at `r txtAcc(LimsG[1])` + 
            Recall at `r txtAcc(LimsR[1])`
            
Scenario 2: Property at `r txtAcc(LimsP[2])` + 
            General Liability at `r txtAcc(LimsG[2])` + 
            Recall at `r txtAcc(LimsR[2])`
            
Scenario 3: Property at `r txtAcc(LimsP[3])` + 
            General Liability at `r txtAcc(LimsG[3])` + 
            Recall at `r txtAcc(LimsR[3])`
            
Scenario 4: Property at `r txtAcc(LimsP[1])` + 
            General Liability at `r txtAcc(LimsG[2])` + 
            Recall at `r txtAcc(LimsR[3])`

\newpage

## Simulation Model Parameters - Illustration of Reinsurance Program

\SetExRef{Exhibit 3} \SetShRef{Sheet 1} \SetPtRef{Part 3}

```{r echo=FALSE}

#
# Test Case III
#

cP <- c(567890,1234567,1512345,2012345,3012345,4012345,5012345)
cG <- numeric(0)
cR <- cP

amountsByLayer <- e$abl(cP,cG,cR)

claims <- data.frame(list(txtAcc(c(cP,amountsByLayer[1])),
                          txtAcc(c(cG,amountsByLayer[5])),
                          txtAcc(c(cR,amountsByLayer[9]))),
                     row.names=c(prePend("Claim ",c(1:length(cP))),"Aggregate"))

amountsByLayer <- e$abl(cP,cG,cR)

claimAggs <- data.frame(txtAcc(matrix(amountsByLayer[c(2:4,6:8,10:12)],nrow = 1)),
                        row.names=c("Aggregate at Limit"))

netByScenario <- data.frame(txtAcc(matrix(amountsByLayer[c(13:32)],nrow = 4,byrow = TRUE)),
                            row.names=prePend("Scenario ",c(1:4)))
```

### Claims

```{r echo=FALSE}
kable(claims, align = "r", booktabs = T,
      col.names = c("Property",
                    "General Liability",
                    "Recall")) %>% 
  column_spec(2,width = "8em") %>% 
  column_spec(3,width = "8em") %>% 
  column_spec(4,width = "8em") %>%
  kable_styling(position = "left")
```

### Claim Aggregates by Layer

```{r echo=FALSE}
colHeadings <- txtAcc(c(elP$l,elG$l,elR$l))
kable(claimAggs, align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1, "Property" = length(elP$l), 
                              "General Liablity" = length(elG$l), 
                              "Recall" = length(elR$l)))
```

### Net Losses by Scenario

```{r echo=FALSE}
colHeadings <- c("None",txtAcc(elSL$l))
kable(netByScenario, align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1, "Stop Loss Limit" = length(colHeadings)))
```

Scenario 1: Property at `r txtAcc(LimsP[1])` + 
            General Liability at `r txtAcc(LimsG[1])` + 
            Recall at `r txtAcc(LimsR[1])`
            
Scenario 2: Property at `r txtAcc(LimsP[2])` + 
            General Liability at `r txtAcc(LimsG[2])` + 
            Recall at `r txtAcc(LimsR[2])`
            
Scenario 3: Property at `r txtAcc(LimsP[3])` + 
            General Liability at `r txtAcc(LimsG[3])` + 
            Recall at `r txtAcc(LimsR[3])`
            
Scenario 4: Property at `r txtAcc(LimsP[1])` + 
            General Liability at `r txtAcc(LimsG[2])` + 
            Recall at `r txtAcc(LimsR[3])`
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## Simulation Model Parameters - Illustration of Reinsurance Program

\SetExRef{Exhibit 3} \SetShRef{Sheet 1} \SetPtRef{Part 4}

```{r echo=FALSE}

#
# Test Case IV
#

cP <- c(567890,1234567,1512345,2012345,3012345,4012345,5012345)
cG <- numeric(0)
cR <- numeric(0)

amountsByLayer <- e$abl(cP,cG,cR)

claims <- data.frame(list(txtAcc(c(cP,amountsByLayer[1])),
                          txtAcc(c(cG,amountsByLayer[5])),
                          txtAcc(c(cR,amountsByLayer[9]))),
                     row.names=c(prePend("Claim ",c(1:length(cP))),"Aggregate"))

amountsByLayer <- e$abl(cP,cG,cR)

claimAggs <- data.frame(txtAcc(matrix(amountsByLayer[c(2:4,6:8,10:12)],nrow = 1)),
                        row.names=c("Aggregate at Limit"))


netByScenario <- data.frame(txtAcc(matrix(amountsByLayer[c(13:32)],nrow = 4,byrow = TRUE)),
                            row.names=prePend("Scenario ",c(1:4)))
```

### Claims

```{r echo=FALSE}
kable(claims, align = "r", booktabs = T,
      col.names = c("Property",
                    "General Liability",
                    "Recall")) %>% 
  column_spec(2,width = "8em") %>% 
  column_spec(3,width = "8em") %>% 
  column_spec(4,width = "8em") %>%
  kable_styling(position = "left")
```

### Claim Aggregates by Layer

```{r echo=FALSE}
colHeadings <- txtAcc(c(elP$l,elG$l,elR$l))
kable(claimAggs, align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1, "Property" = length(elP$l), 
                              "General Liablity" = length(elG$l), 
                              "Recall" = length(elR$l)))
```

### Net Losses by Scenario

```{r echo=FALSE}
colHeadings <- c("None",txtAcc(elSL$l))
kable(netByScenario, align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1, "Stop Loss Limit" = length(colHeadings)))
```

Scenario 1: Property at `r txtAcc(LimsP[1])` + 
            General Liability at `r txtAcc(LimsG[1])` + 
            Recall at `r txtAcc(LimsR[1])`
            
Scenario 2: Property at `r txtAcc(LimsP[2])` + 
            General Liability at `r txtAcc(LimsG[2])` + 
            Recall at `r txtAcc(LimsR[2])`
            
Scenario 3: Property at `r txtAcc(LimsP[3])` + 
            General Liability at `r txtAcc(LimsG[3])` + 
            Recall at `r txtAcc(LimsR[3])`
            
Scenario 4: Property at `r txtAcc(LimsP[1])` + 
            General Liability at `r txtAcc(LimsG[2])` + 
            Recall at `r txtAcc(LimsR[3])`

\newpage

## Simulation Model Parameters - Illustration of Reinsurance Program
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```{r echo=FALSE}

#
# Test Case V
#

cP <- e$sP(7)
cG <- e$sG(4)
cR <- e$sR(2)

amountsByLayer <- e$abl(cP,cG,cR)

claims <- data.frame(list(txtAcc(c(cP,amountsByLayer[1])),
                          txtAcc(c(cG,rep(NA_real_,3),amountsByLayer[5])),
                          txtAcc(c(cR,rep(NA_real_,5),amountsByLayer[9]))),
                     row.names=c(prePend("Claim ",c(1:length(cP))),"Aggregate"))

amountsByLayer <- e$abl(cP,cG,cR)

claimAggs <- data.frame(txtAcc(matrix(amountsByLayer[c(2:4,6:8,10:12)],nrow = 1)),
                        row.names=c("Aggregate at Limit"))

netByScenario <- data.frame(txtAcc(matrix(amountsByLayer[c(13:32)],nrow = 4,byrow = TRUE)),
                            row.names=prePend("Scenario ",c(1:4)))
```

### Claims

```{r echo=FALSE}
kable(claims, align = "r", booktabs = T,
      col.names = c("Property",
                    "General Liability",
                    "Recall")) %>% 
  column_spec(2,width = "8em") %>% 
  column_spec(3,width = "8em") %>% 
  column_spec(4,width = "8em") %>%
  kable_styling(position = "left")
```

### Claim Aggregates by Layer

```{r echo=FALSE}
colHeadings <- txtAcc(c(elP$l,elG$l,elR$l))
kable(claimAggs, align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1, "Property" = length(elP$l), 
                              "General Liablity" = length(elG$l), 
                              "Recall" = length(elR$l)))
```

### Net Losses by Scenario

```{r echo=FALSE}
colHeadings <- c("None",txtAcc(elSL$l))
kable(netByScenario, align = "r", booktabs = T, col.names = colHeadings) %>% 
  kable_styling(position = "left") %>%
  add_header_above(c(" " = 1, "Stop Loss Limit" = length(colHeadings)))
```

Scenario 1: Property at `r txtAcc(LimsP[1])` + 
            General Liability at `r txtAcc(LimsG[1])` + 
            Recall at `r txtAcc(LimsR[1])`
            
Scenario 2: Property at `r txtAcc(LimsP[2])` + 
            General Liability at `r txtAcc(LimsG[2])` + 
            Recall at `r txtAcc(LimsR[2])`
            
Scenario 3: Property at `r txtAcc(LimsP[3])` + 
            General Liability at `r txtAcc(LimsG[3])` + 
            Recall at `r txtAcc(LimsR[3])`
            
Scenario 4: Property at `r txtAcc(LimsP[1])` + 
            General Liability at `r txtAcc(LimsG[2])` + 
            Recall at `r txtAcc(LimsR[3])`
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#
# This code is provided in conjunction with session C-15 on
# "First Steps With Integrating R & RStudio Into Actuarial Workflow"
# at the 2017 CAS Annual Meeting in Anaheim, CA, on 11/7/2017.
#
# This presentation, and any code contained, is intended solely for
# educational purposes and presents information of a general nature.
# It is not intended to guide or determine any specific individual 
# situation and persons should consult qualified professionals before
# taking specific actions. The views expressed in this presentation
# are those of the presenter, and not those of Milliman , Inc. ("Milliman").
# Milliman does not intend to benefit and assumes no duty or liability
# to any person or entity who receives this work. This is not intended
# to be an actuarial opinion or actuarial advice. MILLIMAN MAKES NO
# WARRANTY AS TO THE USE, APPLICATION OR PERFORMANCE OF THE CODE 
# CONTAINED IN THIS PRESENTATION.
#

library(matrixStats)
library(data.table)
library(knitr)
library(ggplot2)
library(kableExtra)
options(knitr.table.format = "latex")

setwd("C:/AnnualMeetingC15 ") # setwd() sets the working directory
#
# You could modify this, if you want to use a different path.
#
# NOTE that R requires you to use "/" instead of "\". This may
# be a little confusing, if you are used to Windows. If you want
# to use an alternative path you can copy and paste it from
# Windows explorer, but you need to replace all the Windows "\"
# with "/" for R to understand you.
#

#
# Auxilary functions for working with formatted numbers 
#

str_to_dbl <- function(x) as.double(gsub(",","",x))
# converts s string with commas in it to a number

strCutLeft <- function(x,n) substr(x, n+1,nchar(x))
# drops the left n characters of a string

txtAcc <- function(x) formatC(x,digits=0,format = "d", big.mark = ',') 
# formats a number without decimals and using comma for thousands the separator

prePend <- function(lbl,nums) vapply(nums,function(x) paste0(lbl,txtAcc(x)),character(1))
# Takes a vector of numbers, turns it into a vector of strings
# using txtAcc(), and then prePends a label at the beginning

#
# Initializing functions for generating claim counts
#

newFrequencyFun <- function(n,p){
  #
  # This will create a function with no input,
  # that returns a random integer drawn from a
  # a negative binomial distribution with
  # parameters n and p (target number of successes,
  # and probability of success, respectively).
  #
  # mean = n*(1-p)/p
  #
  function() rnbinom(1,n,p)
}

# Property
freqP <- newFrequencyFun(30,0.5)
  
# General/Products Liability
freqG <- newFrequencyFun(10,0.6)

# Product Contamination/Recall
freqR <- newFrequencyFun(3,0.7)

#
# Initializing functions for generating vectors of claim amounts
#

newSeverityFun <- function(m,w){
  #
  # This will create a function with one input, n, that
  # returns a vector of n amounts drawn from a mixed
  # exponential distribution as specified by m and w:
  #
  # m ... vector means for each exponential component
  # w ... vector of weights for each component
  #       (weigths will be normalized)
  #
  # mean = sum(m*w)/sum(w)
  #
  r <- 1/m # vector of rates for each each exponential component
  function(n) rexp(n,sample(r, n, TRUE, w))
  #
  # Explanation of the inner workings of the last statement:
  #
  # sample() generates a random sample of size n from the vector of
  #          of rates passed in with r. The sampling is done WITH
  #          replacments, using the vector w for probability weights.
  # rexpon() draws n random exponential numbers, one each for each
  #          of the rates in sample()
}

# Property
mexponP <- read.csv(file = "Property Mixed Exponential.csv", header = TRUE, colClasses = c("numeric", "numeric"))
#
# read.csv() works great for importing smaller data sets
# for larger data sets, consider fread() or other alternatives
#
nSevP <- newSeverityFun(mexponP$m,mexponP$w)

# General/Products Liability
mexponG <- read.csv(file = "GL Mixed Exponential.csv", header = TRUE, colClasses = c("numeric", "numeric"))
nSevG <- newSeverityFun(mexponG$m,mexponG$w)

# Product Contamination/Recall
mexponR <- read.csv(file = "Recall Mixed Exponential.csv", header = TRUE, colClasses = c("numeric", "numeric"))
nSevR <- newSeverityFun(mexponR$m,mexponR$w)

#
# Initializing functions for getting limited values
#

newLimValsFun <- function(l){
  #
  # This will create a function with a single
  # input value, x. The function returns a vector of the
  # same length as l, which contains x limited to the 
  # elements of l.
  #
  function(x){
    l[l>x] <- x
    l
  }
}

newLimAggsFun <- function(l){
  #
  # This will create a function with vector valued input, v,
  # that returns a vector of the same length as l, which
  # contains the aggregate limited values, summing over
  # the components of v limited to the limits contained
  # in l
  #
  nl <- length(l) # number of limits
  lfn <- newLimValsFun(l) # function for limiting a single value
  function(v) rowSums(vapply(v,lfn,numeric(nl)))
  #
  # Explanation of the inner workings of the last statement:
  #
  # vapply() takes each element in the vector v, and applies the function
  #          lfn to it. The result is a matrix with nl rows, and one column
  #          for each element of v. I.e. each row contains the claim amounts
  #          limited to the corresponding element of l.
  #
  # rowSums() simply sums across the rows
  #
}

#
# Property - Define Limits for Individual Claims
#
LimsP <- str_to_dbl(c("750,000","1,000,000","1,250,000"))
nlP <- length(LimsP)
laP <- newLimAggsFun(LimsP)

#
# General Liability - Define Limits for Individual Claims
#
LimsG <- str_to_dbl(c("1,500,000","2,000,000","2,500,000"))
nlG <- length(LimsG)
laG <- newLimAggsFun(LimsG)

#
# Recall - Define Limits for Individual Claims
#
LimsR <- str_to_dbl(c("3,000,000","4,000,000","5,000,000"))
nlR <- length(LimsR)
laR <- newLimAggsFun(LimsR)

#
# Stop Loss - Define Limits for Aggregate Losses
#
LimsSL <- str_to_dbl(c("3,000,000","4,000,000","5,000,000","6,000,000"))
nlSL <- length(LimsSL)
lvSL <- newLimValsFun(LimsSL)

#
# Initializing function for calculating reinsured losses by layer
#

newAggregatsByLayerFun <- function(lP,lG,lR,lSL){
  #
  # To facilitate checking of the simulation set-up we separate
  # the limiting to layers from randomly generating the claim
  # amounts.
  #
  # Here we create a function that takes three vectors of
  # claim amounts as inputs, and returns a vector of aggregate
  # amounts by (reinsurance) layer.
  #
  function(cP,cG,cR){
    v <- numeric(32)
    if(length(cP)==0){v[1:4]<-0}else{
      v[1] <- sum(cP)            # Property:  Unlimited Aggregate
      v[c(2:4)] <- lP(cP)        #            Limited Aggregates 
    }
    if(length(cG)==0){v[5:8]<-0}else{
      v[5] <- sum(cG)            # GL:        Unlimited Aggregate
      v[c(6:8)] <- lG(cG)        #            Limited Aggregates
    }
    if(length(cR)==0){v[9:12]<-0}else{
      v[9] <- sum(cR)            # Recall:    Unlimited Aggregate
      v[c(10:12)] <- lR(cR)      #            Limited Aggregates
    }
    v[13] <- v[2] + v[6] + v[10] # Profile 1: Net before Stop Loss
    v[14:17] <- lSL(v[13])       #            Net after Stop Loss
    v[18] <- v[3] + v[7] + v[11] # Profile 2: Net before Stop Loss
    v[19:22] <- lSL(v[18])       #            Net after Stop Loss
    v[23] <- v[4] + v[8] + v[12] # Profile 3: Net before Stop Loss
    v[24:27] <- lSL(v[23])       #            Net after Stop Loss
    v[28] <- v[2] + v[7] + v[12] # Profile 4: Net before Stop Loss
    v[29:32] <- lSL(v[28])       #            Net after Stop Loss
    v
  }
  #
  # Q: Why is it useful to create a new function for this?
  # 
  # A: During the Monte Carlo simulation the simulated claim
  #    amounts will be different for each iteration, but the
  #    parameters describing the reinsurance program and 
  #    variations of the program do not change. Creating a new
  #    function allows us to encapsulate the information that
  #    does not change from iteration to iteration.
  #
}

newIterationResults <- function(fP,fG,fR,sP,sG,sR,lP,lG,lR,lSL){
  #
  # This generates a function that encapsulates all the calculations
  # that need to be performed during a single Monte Carlo simulation.
  #
  # Inputs:
  #
  # fP,fG,fR ... functions for generating the number of claims
  # sP,sG,sR ... functions for generating claim amounts
  # lP,lG,lR ... functions for calculating layer aggregates
  # lSL      ... function for calculating net after stop loss
  #
  abl <- newAggregatsByLayerFun(lP,lG,lR,lSL)
  function(x){
    nP <- fP()
    nG <- fG()
    nR <- fR()
    c(nP,nG,nR,abl(sP(nP),sG(nG),sR(nR)))
  }
  #
  # Note that x is a place holder argument that we don't use for
  # any calculations, but that we need for syntax reasons when
  # running the actual simulation.
  #
}

#
# We are done with most of the set-up work - one more step for putting it all together
#
iRes <- newIterationResults(freqP,freqG,freqR,nSevP,nSevG,nSevR,laP,laG,laR,lvSL)

#
# This is where the simulation happens
#

numSims <- 10000 # set the number of iterations
simResults <- vapply(rep(0,numSims),`iRes`,numeric(35))
#
# This generates a big array with numSims columns, each of which represents
# the simulation results we want to track/retain for each individual iteration. 
#

simSummary <- cbind(rowMeans2(simResults), # Here we use a number of functions from the
                    rowSds(simResults),    # matrixStats package to summarize our simulation
                    rowMins(simResults),   # results. cbind() combines the columns into
                    rowMaxs(simResults),   # one matrix.
                    rowQuantiles(simResults,type=8L,probs = c(0.005,0.01,0.025,0.05,0.1,0.25,0.5,
                                                              0.75,0.9,0.95,0.975,0.99,0.995)))
#
# Now we add column and row labels for readability
#

colnames(simSummary)[c(1:4)]<-c("Mean","StDev","Min","Max")
#
# The rowQuantiles() function conveniently labels the columns, but the other functions
# don't do that, so we explicitly set names for the first four columns/
#

rownames(simSummary)<-c("P N","G N","R N",
                        "P Unlimited",prePend("P ",LimsP),
                        "G Unlimited",prePend("G ",LimsG),
                        "R Unlimited",prePend("R ",LimsR),
                        "S1 Net bSL",prePend("S1 Net SL ",LimsSL),
                        "S2 Net bSL",prePend("S2 Net SL ",LimsSL),
                        "S3 Net bSL",prePend("S3 Net SL ",LimsSL),
                        "S4 Net bSL",prePend("S4 Net SL ",LimsSL))

simSummary <- t(simSummary) # flipping matrix around to get more familar format
write.csv(simSummary, file = "Simulation Summary.csv")
#
# For smaller data frames, using write.csv works great
#

simResults <- as.data.table(t(simResults)) # flipping matrix around to get more familar format
colnames(simResults)<-colnames(simSummary) # add column labels for readability
fwrite(simResults, file = "Simulation Detail.csv", col.names = TRUE)
#
# For larger data frames, it becomes apparent that write.csv is slow.
# It is highly recommended to use fwrite() or other alternatives.
#

#
# Create set of exhibits
#
rmarkdown::render(input = "Report Exhibits.rmd")
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