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assumptions.dfr_dist_series

Assumptions for series system distributions

Description

Returns the statistical and structural assumptions underlying a series system model, which are im-
portant for the validity of MLE-based inference.

Usage

## S3 method for class 'dfr_dist_series'
assumptions(model, ...)

Arguments

model A dfr_dist_series object.

Details

Additional arguments (unused).

The assumptions returned are:

Series structure: The system fails when any component fails (weakest-link model)
Component independence: Component lifetimes are statistically independent
Non-negative hazard: Each component hazard satisfies /;(t) > 0 forall ¢t > 0
Proper distribution: The cumulative hazard diverges, ensuring Sy, s(t) — 0 as ¢t — oo
Positive support: The time domain is (0, co)

Independent observations: The observed lifetimes are independent

Censoring convention: delta = 1 for exact, @ for right-censored, -1 for left-censored

Non-informative censoring: The censoring mechanism carries no information about the fail-
ure process
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These assumptions are required for the MLE fitting procedure (fit) to produce valid estimates. Vi-
olation of component independence, in particular, invalidates the hazard-sum property that defines
series systems.

Value

Character vector of model assumptions.

See Also

assumptions for the generic, dfr_dist_series for the constructor, vignette("series-fitting")
for how assumptions affect inference

Other series system: dfr_dist_series(), is_dfr_dist_series(), print.dfr_dist_series()

Examples

library(flexhaz)

sys <- dfr_dist_series(list(
dfr_exponential(0.1),
dfr_weibull(shape = 2, scale = 100)
)

assumptions(sys)

component Extract a component from a system

Description

Extracts component j from a series system as a standalone dfr_dist object, with its parameters set
to the current values from the system’s parameter vector (via the layout).

Usage

component(x, j, ...)

## S3 method for class 'dfr_dist_series'

component(x, j, ...)
Arguments
X A system object (e.g., dfr_dist_series).
j Component index (integer, 1 <= j <= ncomponents(x)).

Additional arguments passed to methods.
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Details

The returned component object is a copy of the original component with its par field updated
to reflect the current system-level parameter vector. This means you can evaluate the extracted
component’s hazard, survival, etc. directly:

comp1l <- component(sys, 1)
h1 <- hazard(comp1)
h1(10) # evaluates using parameters from the system

Changes to the extracted component do not propagate back to the original series system.

Value

A dfr_dist object for component j.

Methods (by class)

* component (dfr_dist_series): Extract component j as a standalone dfr_dist with its cur-
rent parameters from the series system’s parameter vector.

See Also

ncomponents for the component count, component_hazard for getting just the hazard closure,
param_layout for parameter index mapping, dfr_dist_series for the constructor

Other system introspection: component_hazard(), ncomponents(), param_layout(), sample_components()

Examples

library(flexhaz)

sys <- dfr_dist_series(list(
dfr_weibull(shape = 2, scale = 100),
dfr_exponential (0.05)

))

# Extract the Weibull component
wb <- component(sys, 1)
params(wb) # c(2, 100)

# Evaluate its hazard independently
h_wb <- hazard(wb)
h_wb(50)



component_hazard 5

component_hazard Get the hazard function for a specific component

Description

Returns a closure that computes the hazard rate for component j of a series system. Useful for
plotting hazard decompositions and understanding each component’s contribution to system risk.

Usage

component_hazard(x, j, ...)

## S3 method for class 'dfr_dist_series'

component_hazard(x, j, ...)
Arguments
X A system object (e.g., dfr_dist_series).
Jj Component index (integer, 1 <= j <= ncomponents(x)).

Additional arguments passed to methods.

Details

The returned closure evaluates h;(t,6;) for component j. The par argument accepts component-
local parameters (not the full system parameter vector). This is useful for:

* Plotting individual hazard contributions
* Verifying that 3, h;(t) = hsys(t)

* Sensitivity analysis on a single component

Value
A closure function(t, par =NULL, ...) thatevaluates component j’s hazard rate. If par is NULL,
the component’s default parameters (from the system) are used.
Methods (by class)
e component_hazard(dfr_dist_series): Hazard closure for component j of a series system.
Returns function(t, par_j =NULL, ...) where par_j are the component-local parameters.
See Also

component to extract the full component object, hazard for the system-level hazard, dfr_dist_series
for the constructor

Other system introspection: component (), ncomponents(), param_layout(), sample_components()
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Examples

library(flexhaz)

sys <- dfr_dist_series(list(
dfr_exponential(0.1),
dfr_exponential(0.2)

)

h1 <- component_hazard(sys, 1)
h2 <- component_hazard(sys, 2)

h_sys <- hazard(sys)

# Verify hazard sum property

t <-10
hi(t) + h2(t) # 0.3
h_sys(t) # 0.3 (same!)
dfr_dist_series Series System Distribution from DFR Components
Description

Composes m dfr_dist component distributions into a series system distribution. A series system
fails when any component fails, so the system hazard is the sum of component hazards: hy,(t) =

Zj hj(t)-

Usage

dfr_dist_series(components, par = NULL, n_par = NULL)

Arguments
components A list of dfr_dist objects representing system components.
par Optional concatenated parameter vector § = (61, ...,0,,). If NULL, parameters
are concatenated from component objects.
n_par Optional integer vector giving the number of parameters per component. In-
ferred from component par if not supplied; required when any component has
NULL parameters.
Details

The resulting object inherits from dfr_dist, so all existing methods (hazard, survival, CDF, density,
sampling, log-likelihood, MLE fitting) work automatically.

Parameter layout: Parameters are stored as a single concatenated vector. The $layout field maps
global indices to component indices. For example, if component 1 has 2 parameters and component
2 has 1, then layout = 1ist(1:2, 3).
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Analytical cumulative hazard: If all components provide cum_haz_rate, the series system gets
an analytical Hyy,(t) = 3 ; H;(t). Otherwise, falls back to numerical integration.

Score and Hessian: Both use a decomposed per-component approach rather than numDeriv on the
full system log-likelihood. When components provide analytical score_fn/hess_fn, the cumula-
tive hazard derivatives are computed analytically via the all-censored trick; the hazard derivatives
use numDeriv: : jacobian (score) or numDeriv: :hessian (Hessian) per-component. The Hessian
exploits block structure: cross-component blocks use only the rate Jacobians already computed for
the score.

Identifiability: Exponential series systems are not identifiable from system-level data alone —
only the sum of rates is identifiable. When fitting to data, check sum(coef (result)) rather than
individual rate parameters. Mixed-type series systems (e.g., Weibull + Gompertz) are generally
identifiable because the components have different hazard shapes.

Nested series: A dfr_dist_series is itself a dfr_dist, so it can be used as a component in an-
other series system. The resulting nested system’s hazard is the sum of all leaf-component hazards.

Class hierarchy: dfr_dist_series inherits from dfr_dist -> likelihood_model ->univariate_dist
->dist. All methods from these parent classes work automatically.

Value

A dfr_dist_series object (inherits dfr_dist). Extra fields: $components, $layout, $m, $n_par.

See Also

is_dfr_dist_series for the type predicate, ncomponents and component for introspection, param_layout
for parameter index mapping, component_hazard for per-component hazard closures, sample_components
for sampling component lifetimes, dfr_dist for the parent class constructor, hazard for distribu-

tion generics

Other series system: assumptions.dfr_dist_series(),is_dfr_dist_series(), print.dfr_dist_series()

Examples

library(flexhaz)

# --- Basic exponential series ---
# Three exponential components -> equivalent to single exponential
sys <- dfr_dist_series(list(
dfr_exponential(0.1),
dfr_exponential (0.2),
dfr_exponential(0.3)
))
# System hazard = 0.6 (constant)
h <- hazard(sys)
h(1e) # 0.6

# System survival at t = 5
S <- surv(sys)

S(5) # exp(-0.6 * 5)

# --- Mixed Weibull + Gompertz series ---
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sys2 <- dfr_dist_series(list(
dfr_weibull(shape = 2, scale = 100),
dfr_gompertz(a = 0.01, b = 0.1)

))

h2 <- hazard(sys2)

h2(50) # sum of Weibull and Gompertz hazards at t=50

# --- Nested series ---

subsystem <- dfr_dist_series(list(
dfr_exponential (0.05),
dfr_exponential(0.10)

))
full_system <- dfr_dist_series(list(
subsystem,
dfr_weibull(shape = 2, scale = 200)
)
# --- Fitting workflow ---

solver <- fit(sys)

# result <- solver(df, par = c(0.1, 0.2, 0.3))
# coef(result) # fitted parameters

# vcov(result) # variance-covariance matrix
# loglLik(result) # maximized log-likelihood

is_dfr_dist_series Test whether an object is a dfr_dist_series

Description

Returns TRUE if x inherits from "dfr_dist_series”, FALSE otherwise.

Usage

is_dfr_dist_series(x)

Arguments

X Object to test.

Details

Since dfr_dist_series inherits from dfr_dist, an object that passes is_dfr_dist_series()
will also pass is_dfr_dist (). Use this function when you need to distinguish series systems from
ordinary dfr_dist objects.

Value

Logical scalar.
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See Also

dfr_dist_series for the constructor, is_dfr_dist for the parent class predicate

Other series system: assumptions.dfr_dist_series(),dfr_dist_series(),print.dfr_dist_series()

Examples

library(flexhaz)

sys <- dfr_dist_series(list(
dfr_exponential(0.1),
dfr_exponential(0@.2)

))
is_dfr_dist_series(sys) # TRUE
is_dfr_dist(sys) # also TRUE (inherits dfr_dist)

single <- dfr_exponential(@.5)
is_dfr_dist_series(single) # FALSE
is_dfr_dist(single) # TRUE

is_dfr_dist_series(42) # FALSE

ncomponents Get the number of components in a system

Description

Returns the number of components m in a series system, corresponding to the number of terms in
m
hisys(t) = 22521 i (2)-

Usage

ncomponents(x, ...)

## S3 method for class 'dfr_dist_series'

ncomponents(x, ...)
Arguments
X A system object (e.g., dfr_dist_series).

Additional arguments passed to methods.

Details

For a dfr_dist_series object created from a list of m components, this simply returns m. This is
useful for programmatically iterating over components, e.g., for plotting hazard decompositions or
computing failure attribution.
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Value

Integer, the number of components.

Methods (by class)

* ncomponents(dfr_dist_series): Number of components in a series system.

See Also

component to extract individual components, dfr_dist_series for the constructor

Other system introspection: component (), component_hazard(), param_layout(), sample_components()

Examples

library(flexhaz)

sys <- dfr_dist_series(list(
dfr_exponential(0.1),
dfr_weibull(shape = 2, scale = 100),
dfr_gompertz(a = 0.01, b = 0.05)

)

ncomponents(sys) # 3

param_layout Get the parameter layout for a system

Description

Returns the mapping from global (flat) parameter indices to per-component parameter indices, en-
abling the series system to distribute a single parameter vector across its components.

Usage

param_layout(x, ...)

## S3 method for class 'dfr_dist_series'

param_layout(x, ...)
Arguments
X A system object (e.g., dfr_dist_series).

Additional arguments passed to methods.
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Details

Parameters across all components are stored as a single concatenated vector § = (61, ...,60,,). The
layout maps global indices back to each component. For example, with:

* Component 1: Weibull (shape, scale) — 2 parameters

* Component 2: Exponential (rate) — 1 parameter

* Component 3: Gompertz (a, b) — 2 parameters
the layout is 1ist(1:2, 3, 4:5), so the global parameter vector c(shape1l, scalel, rate2, a3,

b3) gets sliced as par[1:2] for component 1, par[3] for component 2, and par[4:5] for compo-
nent 3.

This design enables standard optimizers to work on a flat vector while the series system internally
distributes parameters to the correct components.

Value

A list of integer vectors, one per component, containing global parameter indices.

Methods (by class)

* param_layout (dfr_dist_series): Parameter index mapping for a series system.

See Also

component to extract a component with its parameters, params to get the full parameter vector,
dfr_dist_series for the constructor

Other system introspection: component (), component_hazard(), ncomponents(), sample_components()

Examples
library(flexhaz)

sys <- dfr_dist_series(list(
dfr_weibull(shape = 2, scale = 100),
dfr_exponential (0.05),
dfr_gompertz(a = 0.01, b = 0.1)

))

param_layout(sys)

# list(1:2, 3, 4:5)
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print.dfr_dist_series Print method for series system distributions

Description

Displays a human-readable summary of a series system distribution, including the number of com-
ponents, per-component parameter counts and values, and the system hazard/survival formulas.

Usage
## S3 method for class 'dfr_dist_series'
print(x, ...)
Arguments
X A dfr_dist_series object.
Additional arguments (unused).
Details

The output includes:

* Header with the number of components

* One line per component showing its parameter count and current parameter values (or "un-
known" if parameters are NULL)

* The system hazard formula: hyy,(t) = >, h;(t,0;)
* The system survival formula: S,y,(t) = ][, S;(¢,0;)

Value

Invisibly returns x.

See Also

dfr_dist_series for the constructor

Other series system: assumptions.dfr_dist_series(),dfr_dist_series(),is_dfr_dist_series()

Examples

library(flexhaz)

sys <- dfr_dist_series(list(
dfr_exponential(0.1),
dfr_weibull(shape = 2, scale = 100)

))

print(sys)

# Series system distribution with 2 components
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#  Component 1: 1 param(s) [0.1]

#  Component 2: 2 param(s) [2, 100]

# System hazard: h_sys(t) = sum_j h_j(t, theta_j)

# Survival: S_sys(t) = exp(-H_sys(t)) = prod_j S_j(t, theta_j)

sample_components Sample component lifetimes from a system

Description

Generates an n X m matrix where column j contains independent samples from component j’s
lifetime distribution. The system lifetime is the row-wise minimum.

Usage

sample_components(x, n, ...)

## S3 method for class 'dfr_dist_series'

sample_components(x, n, par = NULL, ...)
Arguments

X A system object (e.g., dfr_dist_series).

n Number of samples (rows).

Additional arguments passed to methods.

par Optional parameter vector override.

Details

Each column is sampled independently using the component’s own sampler. Since the series system
fails when any component fails, the system lifetime for each observation is:

t_sys <- apply(mat, 1, min)
The failing component for each observation can be identified via:
failing <- apply(mat, 1, which.min)

This enables failure attribution analysis: what proportion of system failures are caused by each
component?

Value

An n X m numeric matrix of component lifetimes, with columns named comp1, comp2, etc.
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Methods (by class)

* sample_components(dfr_dist_series): Sample component lifetimes from a series sys-
tem. Returns an n x m matrix where column j holds samples from component j. The system
lifetime is apply(mat, 1, min).

See Also

sampler for system-level sampling, component to extract individual component objects, dfr_dist_series
for the constructor

Other system introspection: component (), component_hazard(), ncomponents(), param_layout ()

Examples

library(flexhaz)

sys <- dfr_dist_series(list(
dfr_exponential(0.1),
dfr_exponential (0.2),
dfr_exponential (0. 3)

)

set.seed(42)
mat <- sample_components(sys, n = 1000)
dim(mat) # 1000 x 3

# System lifetimes
t_sys <- apply(mat, 1, min)

# Which component caused each failure?

failing <- apply(mat, 1, which.min)

table(failing) / 1000

# Proportions ~= c(1/6, 2/6, 3/6) for rates (0.1, 0.2, 0.3)
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