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1 INTRODUCTION

ASAP (A Stock Assessment Program) is an age structure stock assessment modeling program originally developed by
Chris Legault and Victor Restrepo while they were at the Southeast Fisheries Science Center (Legault and Restrepo
1998). Modifications made in subsequent iterations are described at the top of Appendix 1. ASAP is a variant of statis-
tical catch-at-age models. This latest version can integrate annual catches and associated age compositions (by fleet),
abundance indices and associated age compositions, annual maturity, fecundity, weight, and natural mortality at age,
and annual environmental covariate effects on stock-recruit parameters or natural mortality (when estimated). It also
can incorporate (size-based) calibration estimates that relate abundance index time series with periodic changes in gear.
However, it is also flexible enough to handle data poor stocks without age data (dynamic pool models) or with only new
and post-recruit age or size groups. Further information and instructions for new features and options are described in
the ASAP version 4 User’s Guide provided with the installation.

There is an extensive usage of design matrices in ASAP4 for estimating covariate effects on natural mortality, catchability,
size-based calibration, and stock recruit relationships. Design matrices are commonly used in parameterizing generalized
linear models and related models and they provide a natural way to analyze effects of both categorical and continuous
covariates. In our adoption of the design matrix approach to parameterizing these different aspects of the assessment
model, we envisioned the user considering no more than a few covariates. To reduce the chance that model parameters
are confounded, the user should ensure there is no collinearity of the covariates and the rank of the matrices is full. Finally,
although there are a great number of changes from ASAP version 3, the GUI will accept an ASAP version 3 input file and
automatically create a default ASAP version 4 which then can be modified in various ways if the user would like to access
the features available in the new version.

This document provides details on the basic equations used in the ASAP version 4. It also provides appendices containing
the actual ADMB code used to generate the executable so that the exact calculations in the program are available. This
document uses an extensive set of mathematical notation and some variable names in a number of places instead of
symbols to facilitate understanding of the underlying code. All notation is defined in the text of the document, but it is also
listed with definitions in Table 1. Two log files are produced when running the model. “ASAP4input.log” reports the data
objects read into the model and “ASAP4fix.log” reports both minor modifications made to the input to allow the model to
run and major problems with the input data that need to be attended to by the user before the model will run. Note that all
logarithms are the natural type.

2 MODEL EQUATIONS

The description of the model generally follows the steps in the code for ease of understanding. Calculation of the objective
function is described in the next section. The population has age classes 1, ... , A where the last included all ages ≥ A
(plus group) and the population is modeled from year 1 to Y . Catch and discards by fleet and abundance indices and
corresponding age composition information can exist for any subset of those years. When catch does not exist, fishing
mortality will be zero.

2.1 Selectivity

The approach used to estimate fleet and abundance index selectivity in ASAP version 4 is a bit different from that in
version 3. Similar to fleet selectivity in ASAP version 3, there are selectivity blocks and three options for estimating
selectivity within each block:

• age-specific selectivity sa where the number of parameters is equal to the number of ages (one parameter for each
age and at least one age should be fixed at 1.0 instead of estimated),
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• logistic function (2 parameters: a50, b)

sa =
1

1 + exp
[
−(a− a50)/b

] , (1)

• and double-logistic (4 parameters: a50,1, b1, a50,2, b2)

sa =
1

1 + exp
[
−(a− a50,1)/b1

] 1
1 + exp

[
(a− a50,2)/b2

] . (2)

Note that when logistic or double-logistic selectivity is specified, the selectivity at age is divided by the maximum value
over all ages, creating the final selectivity vector with a maximum of 1.0 for that block. This scaling provides interpretation
of catchability and fishing mortality estimated by the model to be “fully selected” or the maximum value across age groups.

Unlike ASAP version 3, the user now defines selectivity blocks independently from fleets and abundance indices. Pa-
rameters can be used in multiple blocks to mirror parameters between fleets and/or abundance indices, or multiple times
within the same block to share parameters within a fleet or abundance index selectivity block. The user specifies which
block to use for each fleet and abundance index each year so that the same selectivity block could be used for multiple
abundance indices and/or fleets. When using the GUI, the total number of selectivity parameters is determined by the
software; otherwise the user must specify it. The user also specifies the upper and lower bounds, penalty weights, CVs,
phases, and the position in any selectivity blocks to use the parameter.

2.2 Catchability for Abundance Indices

Catchability for each abundance index qi ,t ,a is separable into year qi ,t and selectivity at age components st ,a (see Section
2.1 for details about the latter). To allow more variety of assumptions to the user, qi ,t is modeled in ASAP4 as the product
of availability of the population to the index Availi ,t and efficiency of the gear used to collect the data from with the index is
derived Effi ,t ,

qi ,t = Availi ,tEffi ,t . (3)

Availability for abundance index i is modeled as a function of a vector of nAvail,i coefficients βAvail and a Y × nAvail,i design
matrix XAvail,i . For year t ,

Availi ,t = lAvaili +
uAvaili − lAvaili

1 + exp
[
−XT

Avail,i ,tβAvail,i

] (4)

where XAvail,i ,t is the row of the design matrix corresponding to year t , and lAvaili and uAvaili are the lower and upper
bounds on availability for abundance index i . Autoregressive models of availability are possible when availability deviation
parameters Adevi ,t are active. In this case, availability is specified as

Availi ,t = lAvaili +
uAvaili − lAvaili

1 + exp
[
−Ai ,t

] (5)

where
Ai ,tmin,i = XT

Avail,i ,tmin,i
βAvail,i (6)

and for tmin,i < t ≤ tmax,i

Ai ,t = Ai ,t−1 + XT
Avail,i ,tβAvail + Adevi ,t (7)

where tmin,i and tmax,i are the first and last years where the abundance index is observed. Missing observations between
tmin,i and tmax,i are allowed. To specify a random walk (as was possible for catchability in ASAP version 3), activate the
deviations Adevi ,t and specify XAvail,i to be a single column with a 1 at the first observation (at tmin,i ) and 0 elsewhere,

XAvail,i =


1
0
...
0

 . (8)
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Activating the deviations with covariates in the design matrix XAvail,i would fit a more complicated ARMAX-type model for
availability which may be difficult to interpret.

Similar to availability, gear efficiency is parameterized as a function of a vector of nEff,i coefficients βEff,i and a Y × nEff,i

design matrix XEff,i

Effi ,t = lEffi +
uEffi − lEffi

1 + exp
[
−XT

Eff,i ,tβEff,i

] (9)

where XEff,i ,t is the row of the design matrix corresponding to year t , and lEffi and uEffi are the lower and upper bounds on
gear efficiency for abundance index i specified by the user. There are no gear efficiency deviations.

The coefficients may or may not be estimated depending on whether phases are > 0. Both availability and gear efficiency
are essentially parameterized as a sort of generalized logistic model with an arbitrary scale and location determined by
the upper and lower bounds. That is, a typical logistic model would be obtained if the lower and upper bounds were
0 and 1. This same method is also used in Section 2.4 for steepness of the Beverton-Holt stock-recruit relationship.
To model a single catchability term as in ASAP version 3, treat availability as catchability by fixing Effi ,t = 1, which is
accomplished by specifying an appropriate XEff,i while fixing βEff,i with proper lower and upper bounds. For example, this
can be accomplished by fixing βEff,i = 0 with the lower and upper bounds of 0 and 2, and specifying XEff,i to be a single
column of 1s. To model the random walk in catchability as was possible in ASAP version 3, follow the directions above for
the random walk in availability (which is interpreted as catchability with gear efficiency fixed at 1).

Modeling catchability as these components allows the user to include different sources of information explicitly. For
example, there maybe information about availability of the stock to a fishery-independent survey when that is the source
of information for the abundance index, or there may be information about efficiency of the gear that is used for the
abundance index.

2.3 Mortality Rates

Like catchability, fishing mortality for fleet f in year t at age a is assumed to be separable as a product of a year effect
(Fmultf ,t ) and selectivity at age sf ,t ,a (see Section 2.1). If the input catch for a fleet is ≤ 0 in year t , Fmultf ,t = e−1000. This
allows fleets to operate during different years or the population to be modeled for a specified number of years before any
fishing occurs. For a fleet operating in years tmin,f , t2, ... , tmax,f , the Fmult in the first year is calculated as

Fmultf ,tmin,f = eβf (10)

and for each subsequent year tmin,f < tk ≤ tmax,f that the fleet is operating,

Fmultf ,tk = Fmultf ,tk−1 eFdevf ,tk . (11)

Both Fmultf ,tmin,f and the vector of deviations are estimated in log space (βf and Fdevf ,t ). Note that the Fdev parameters
are not estimated as a bounded deviations vector in the ADMB code, and so fishing intensity can increase or decrease
continually or fluctuate throughout the time series. When the weight for fishing mortality deviations is λFdevf > 0, a random
walk in the log of Fmultf is specified for this fleet. If there are gaps in the catch series for the fleet, the random walk will
skip over these years.

The directed fishing mortality rate (portion of F that contributes to landings) for a fleet, year, and age is computed using
the separable equation along with the proportion of catch released for that fleet, year, and age (PRf ,t ,a) as

Fdirf ,t ,a = Ff ,t ,a(1− PRf ,t ,a). (12)

The discard mortality rate is
Fdiscf ,t ,a = Ff ,t ,aPRf ,t ,aRMf (13)

where RMf is the fleet-specific proportion of released fish that die. The two parts are then added together to produce the
fishing mortality for the fleet, year, and age

Ff ,t ,a = Fdirf ,t ,a + Fdiscf ,t ,a. (14)
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If the user does not choose the option to estimate natural mortality (M), it is specified as a year by age matrix just as in
ASAP version 3. If the user chooses to estimate M, initial values are specified as

Mt ,a = exp
(
X T

M,1,tβM,1 + X T
M,2,aβM,2

)
(15)

where βM,1 is a vector of m1 coefficients with initial guesses which the user specifies, and X M,1,t is the row corresponding
to year t of a Y × m1 design matrix of annual covariates XM,1 which the user specifies. Similarly, βM,2 is a vector of m2

coefficients with initial guesses which the user specifies, and X 2,a is the row corresponding to age a of a A × m2 design
matrix of age-specific covariates XM,2 which the user specifies. Usually, the matrix XM,2 would be composed of 1s and 0s
to specify different mortality rates for subsets of age classes. Phases for some or all of the coefficients βM,1 and βM,2 may
be set to ≤ 0 to fix natural mortality for subsets of ages or years. For example, if there are 5 age classes, age-specific
natural mortality constant over time is desired with initial guesses of 0.5,0.4,0.3,0.2,0.1, and M for age 5 is assumed
known and phases for other ages is 2, then set the phases of the coefficients to 2,2,2,2,-1 with design matrix

XM,2 =


1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1

 , (16)

and βM,2 = {−0.693,−0.916,−1.204,−1.609,−2.303}. Also set 1 time-specific coefficient to βM,1 = 0 and set the phase
to -1. XM,1 must be 1 column, but the values are irrelevant.

The total mortality (Zt ,a) is the sum of natural and fishing mortality at year and age over all F fleets

Zt ,a = Mt ,a + Ft ,a = Mt ,a +
F∑

f=1

Ff ,t ,a (17)

where Ff ,t ,a is defined in Eq. 14.

2.4 Stock-Recruitment Relationship

If the user wants to include a Beverton-Holt stock-recruitment relationship, expected recruitment is parameterized following
Mace and Doonan (1988) as

R̃t+1 =
4τtR0,tSSBt

SPR0,tR0,t + (5τt − 1)SSBt
=

4τtSSBtSSB0,t/SPR0,t

SSB0,t + (5τt − 1)SSBt
(18)

where R̃t+1 is the expected recruitment in year t + 1 and SSBt is defined in Eq. 25 (Section 2.5). Steepness (τt ) and either
unexploited recruitment or SSB (R0,t or SSB0,t , which the user specifies) are related to each other by the unexploited
SSB per recruit SPR0,t = SSB0,t/R0,t . The unexploited spawning biomass per recruit is a potentially year-specific quantity
calculated as

SPR0,t =
A−1∑
a=1

{
exp

[
−

a−1∑
k=0

Mt ,k−1

]
Φt ,a exp

[
−pSSBMt ,a

]}
+ exp

[
−

A−1∑
k=0

Mt ,k−1

]
Φt ,A

exp
[
−pSSBMt ,A

]
1− exp[−Mt ,A]

(19)

where Mt ,a is the natural mortality rate at age a in year t with Mt ,0 = 0, Φt ,a is the fecundity at age a in year t , and pSSB

is the fraction of the year at which spawning occurs. There are three options for the user on how to use SPR0,t in the
stock-recruitment relationship: (1) use value from the first year, SPR0,1; (2) use the value from the last year, SPR0,Y (used
in ASAP version 3); or (3) use yearly values. The unexploited stock biomass per recruitment is therefore fixed using the
first two options, but time-varying using the last option. It is also possible to model effects of annual covariates on τ and
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either SSB0 or R0 by including corresponding design matrices. Steepness is modeled as a function of a vector of nτ

coefficients βτ and a Y × nτ design matrix Xτ , so steepness in year t is

τt = 0.2 +
0.8

1 + exp
(
−XT

τ ,tβτ
) (20)

where X τ ,t is the row of Xτ corresponding to year t . Similarly, either R0 or SSB0, are also modeled as a function of a
vector of n0 coefficients β0 and a Y × n0 design matrix X0,

R0,t = exp
(
XT

0,tβ0
)

(21)

or
SSB0,t = exp

(
XT

0,tβ0
)

(22)

where X 0,t is the row corresponding to year t of X0. The default for steepness and unexploited recruitment or spawning
biomass is to use a single column of ones for the design matrices so that the parameters are constant over time. For
example, the user can specify a constant value of R0 = 106 with the design matrix

X0 =


1
1
...
1

 (23)

and starting value β0 = 13.81551 which gives the vector of unexploited recruitment

R0(X0) = exp (X0β0) =


106

106

...
106

 . (24)

If the user specifies to not use the stock-recruit relationship to model recruitment or if steepness is fixed at 1 with no
covariate effects on R0 and using SPR0 from either year 1 or Y , then expected recruitment will be constant, R̃t = R0.
Regardless of the what the user specifies, the program produces the annual values of SSB0, R0, SPR0, and τ , so that the
user may inspect trends or variation in the these values over time and any influence on other estimated quantities.

2.5 Spawning Stock Biomass

The spawning stock biomass in year t is a function of the population abundance which occurred at age Nt ,a, the fecundity
at age Φt ,a, and the total mortality at age Zt ,a (see Section 2.3) which occurs during the fraction of the year prior to
spawning pSSB,

SSBt =
A∑

a=1

Nt ,aΦt ,a exp {−pSSBZt ,a} (25)

where the fecundity is either input by the user or else derived as the product of the weight and maturity at age.

2.6 Abundance at Age

For predicted recruitment Nt ,1, the parameters estimated in the model are the log-recruitment deviations,

Rdevt = log(Nt ,1)− log(R̃t ) (26)
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which are elements of a bounded deviations vector (sums to zero) and predicted recruitment is calculated as

Nt ,1 = R̃teRdevt (27)

where R̃t is generated using methods described in Section 2.4.

The user provides initial values for the population abundance at ages 2 through A in the first year (The initial value provided
for age 1 is not used). If the phase for these parameters is > 0 then the model will estimate them, otherwise they will be
fixed at the initial values. If the user specifies to use the stock-recruit relationship to model recruits, a partial SSB for ages
2 through the maximum age is computed and used in the stock recruitment relationship (Eq. 18) to create an expected
recruitment in the first year R̃1. Otherwise, R̃1 = R0. In either case, the predicted recruitment N1,1 is specified using Eq.
27, and SSB1 is then completed using Eq. 25 for the first age class.

For each subsequent year, abundances for age classes 2 to A− 1 are

Nt ,a = Nt−1,a−1e−Zt−1,a−1 , (28)

the plus group abundance is
Nt ,A = Nt−1,A−1e−Zt−1,A−1 + Nt−1,Ae−Zt−1,A , (29)

and the spawning stock biomass is computed (Eq. 25) so that R̃t+1 can be computed if the stock-recruit function is used.

2.7 Predicted Landings, Discards and Proportions at Age

The predicted numbers of fish landed L̂f ,t ,a and discarded D̂f ,t ,a at age a in year t for fleet f are derived from the Baranov
catch equation:

L̂f ,t ,a = Nt ,a
Fdirf ,t ,a

Zt ,a

(
1− e−Zt ,a

)
(30)

and
D̂f ,t ,a = Nt ,a

Fdiscf ,t ,a

Zt ,a

(
1− e−Zt ,a

)
. (31)

These predictions are components of predicted total weight of landings and discards and respective proportions at age.
The predicted total landings in weight is a function of L̂f ,t ,a and the weight at age for landed fish in the fleet WL,f ,t ,a,

L̂W ,f ,t =
A∑

a=1

L̂f ,t ,aWL,f ,t ,a. (32)

Similarly, the total discards in weight is a function of D̂f ,t ,a and the weight at age for discarded fish in the fleet WD,f ,t ,a,

D̂W ,f ,t =
A∑

a=1

D̂f ,t ,aWD,f ,t ,a (33)

Note that different weights at age can be specified for landings and discards for each fleet. Since Fdiscf ,t ,a is derived using
the proportion of fish that die after release, the total observed discards in weight (D̂f ,t ) should only include those fish that
die after capture and release.

The predicted landings and discarded proportions at age for each fleet and year are

p̂L,f ,t ,a =
L̂f ,t ,a∑A
a=1 L̂f ,t ,a

(34)

and

p̂D,f ,t ,a =
D̂f ,t ,a∑A
a=1 D̂f ,t ,a

. (35)

Any predicted proportion less than 10−15 is replaced by the value 10−15 to avoid division by zero in the objective function.
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2.8 Calibrated Abundance Indices and Age Composition

We provided this new feature in ASAP version 4 to allow users to include estimates of relative catch efficiency (calibration
coefficients), potentially by length, more directly in an assessment. For example, the length-based relative catch efficiency
of the Henry B. Bigelow and Albatross IV estimated by Miller (2013) for Atlantic butterfish was used in its most recent
assessment (Adams et al. 2015). However, the user can specify multiple (length-based) relative catch efficiencies that
can be used to calibrate specific portions of abundance index time series. The input data for each abundance index
observation to be calibrated includes the uncalibrated numbers at length for each of L length classes and the age-length
key for year t . The input data for relative catch efficiency k includes the pk coefficient estimates β̃k , the corresponding
pk × pk variance-covariance matrix Σk , and the design matrix Xk (L × pk ) for calculating the relative catch efficiency at
length. Calibrated abundance index i in year t is

IC,i ,t =
L∑

l=1

IU,i ,t ,lρk ,l (36)

where IU,i ,t ,l is the uncalibrated numbers-at length l ,

ρk ,l = e−X T
k ,l β̂k (37)

is the relative catch efficiency at length l , X k ,l is the row of the design matrix corresponding to length class l , and β̂k =
REdevk + β̃k . The vector of pk deviations REdevk are parameters that are initially 0, but estimated when the phase
for relative catch efficiency k is > 0. The deviations allow the calibration to depart from that provided using just the
input coefficient β̃k when the other data components in the assessment model provide information about the change in
efficiency. When the deviations are estimated they are penalized by an objective function component described in Section
3.2.11 which uses the variance-covariance matrix Σk . The more precise the estimates of the coefficients, the less the
deviations will be allowed to differ from 0. This approach to dealing with changes in efficiency for a given abundance index
time series can be thought of as an intermediate between external calibration of the index observations and splitting the
series with separate catchabilities and selectivities.

The calibrated number at age a is

IC,i ,t ,a =
L∑

l=1

pi ,t (a|l)IU,i ,t ,lρl ,k (38)

where pi ,t (a|l) is the proportion at age a given length l from the age length key for abundance index i in year t and the
calibrated proportion at age a is

pC,i ,t ,a =
IC,i ,t ,a∑A
a=1 IC,i ,t ,a

(39)

Note that this option will only work correctly for numbers-based (not biomass) indices and age composition. The calibrated
abundance indices IC,i ,t are used in the calculations of abundance index objective function components using the CVs
supplied with the abundance index series. Therefore, we implicitly assume that the CVs of the abundance indices and
effective sample sizes for the proportions-at-age do not depend on the gear used to collect the abundance index data.
The calibrated abundance indices and proportions at age also replace the normal abundance index data for the calibrated
years in the reported results. Note also, there will be pk more parameters estimated for each relative catch efficiency k
for which the phase is 0.

2.9 Predicted Abundance Indices and Proportions at Age

Proper predictions of the abundance indices depend on correct specification of the time of year when the abundance index
data are collected and the units of measure of the abundance indices (numbers or biomass). If the month for abundance
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index in year t is set to mi ,t = −1, the population numbers at age available to the survey are assumed to be the average
annual abundance at age,

Ni ,t ,a =
Nt ,a

Zt ,a

(
1− e−Zt ,a

)
. (40)

If the month is 1 ≤ mi ,t < 13 the numbers at age are decremented based on the time of year when index occurs

Ni ,t ,a = Nt ,ae−Zt ,aδi ,t (41)

where δi ,t = (mi ,t − 1)/12. Note that the time of the observation refers to the beginning of the month specified, so mi ,t = 1
is January 1 and mi ,t = 12.5 is December 15. If the abundance index is measured in numbers, the predicted abundance
index (̂Ii ,t ) is

Îi ,t =
A∑

a=1

Îi ,t ,a = qi ,t

A∑
a=1

Ni ,t ,asi ,t ,a (42)

and if the abundance index is measured in biomass, then

Îi ,t =
A∑

a=1

Îi ,t ,a = qi ,t

A∑
a=1

Ni ,t ,aWi ,t ,asi ,t ,a (43)

where Wi ,t ,a are the user-defined weights at age for abundance index i . If the user selects to estimate the proportions at
age for an abundance index, then the proportions at age are computed in the same manner as the landings and discards
at age (Eqs. 34 and 35),

p̂i ,t ,a =
Îi ,t ,a
Îi ,t

(44)

Note that the user specifies the unit of measure for the abundance index and proportions at age separately, so all four
combinations of numbers and biomass are possible.

2.10 Reported Fishing Mortality

A feature of ASAP version 3 that is continued in ASAP version 4 is the use of a reported fishing mortality Frep, which
averages the total fishing mortality over an input range of ages, amin to amax. The calculation of Frepi n a given year is
done with 1 of 3 different types of weighting that the user chooses: equal weighting (ωt ,a = 1), weighting by population
abundance at age (ωt ,a = Nt ,a), or weighting by population biomass at age (ωt ,a = Nt ,aWt ,a where Wt ,a denotes the January
1 weight at age a in year t). The weighted average is

Frept =

∑amax
a=amin

ωt ,aFt ,a∑amax
a=amin

ωt ,a
(45)

where Ft ,a is defined in Eq. 17.

2.11 Reference Points

As in ASAP version 3, there are a number of common reference points based on the estimated fishing mortality at age
and biological characteristics in the model. The reference points are based on directed and discard selectivity at age from
all the fleets that were assigned to be directed. The directed selectivity at age is the ratio of total directed fishing mortality
at age to the maximum of the age-specific values

sdirt ,a =
∑F

f=1 Fdirf ,t ,a

maxa

(∑F
f=1 Fdirf ,t ,a

) . (46)
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The non-directed selectivity at age is obtained analogously from fishing mortality at age of fleets that were not assigned
as directed. These selectivities are fixed during the reference point calculations. The fishing mortality reference points are
computed for each year through a bisection algorithm that is repeated 20 times (producing an accuracy of approximately
10−5). The reference points computed are F0.1, FMAX, FMSY, and FX% where the user specifies any number of values
between 0 and 100 for the percentage of spawning potential ratio. The associated maximum sustainable yield and
spawning stock biomass at FMSY are also provided. The annual reference point values are averaged in the same manner
as Frep to allow direct comparison. If selectivity or biological characteristics change over time, care must be taken in
interpreting the reference points and for the MSY-based reference points, the option chosen for usage of SPR0 in the
stock-recruit relationship is very important. The program computes annual values using year-specific natural mortality,
weights at age, fecundity, and selectivity to demonstrate the potential for change in the reference points.

2.12 Projections

The projections in year beyond the terminal year of the model use the same basic calculations, except that there are no
data to which the estimates are fitted. The recruitments for each projection year can either be provided in the input data
or be derived from the stock recruitment curve (without deviations from the curve). The directed and discard selectivity
as well as the non-directed F at age are the same as used in the reference point calculations. There are five options to
define harvesting in each projections year:

• match an input directed catch in weight

• fish at an input FX%

• fish at FMSY

• fish at the current (terminal year) Frep

• fish at an input Frep

Each year the non-directed F can be modified from the terminal year to examine either increases or decreases in the
fishery.

3 OBJECTIVE FUNCTION COMPONENTS

The objective function in ASAP version 4 is the sum of components for abundance indices, catch, discards, any respective
age composition data, and any of a number of penalties. The components are the negative log of probability distributions,
and the objective function is minimized using AD Model Builder (Fournier et al. 2012).

3.1 Data

The logarithm of observations for aggregate catch and abundance index data component d are treated as normally
distributed,

f (Xd ,t |µd ,t ,σd ,t ) =
1√

2πσd ,t
exp

{
− 1

2σ2
d ,t

[
log(Xd ,t )− log(µd ,t )

]2}
(47)
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where Xd ,t is the observed catch or abundance index in year t , µd ,t is the predicted value for the observation (see Sections

2.7 and 2.9), and σd ,t =
√

log
(
CV 2

d ,t + 1
)

where the user specifies CVd ,t in the input. The negative logarithm of Eq. 47
multiplied by a weight λd

− λd log
[
f (Xd ,t |µd ,t ,σd ,t )

]
= λd

{
log(σd ,t ) +

1
2

{
log(2π) +

[
log(Xd ,t )− log(µd ,t )

]2
σ2

d ,t

}}
(48)

is added to the objective function. The user specifies the weights and allows emphasis of one or more component of the
objective function. Components can have no influence on the objective function by setting λd = 0.

Age composition observations for any fleet or abundance index d are treated as multinomially distributed,

f (pd ,t ,1, ... , pd ,t ,A|µd ,t ,1, ... ,µd ,t ,A, ESSd ,t ) =
ESSd ,t !∏A

a=1(ESSd ,tpd ,t ,a)!

A∏
a=1

µ
ESSd ,t pd ,t ,a
d ,t ,a

=
Γ
(
ESSd ,t + 1

)∏A
a=1 Γ

(
ESSd ,tpd ,t ,a + 1

) A∏
a=1

µ
ESSd ,t pd ,t ,a
d ,t ,a (49)

where ESSd ,t is the effective sample size which the user specifies, pd ,t ,a and µd ,t ,a are the observed and predicted propor-
tion at age (see Sections 2.7 and 2.9), and Γ (·) is the gamma function. Similar to the aggregate observations the negative
logarithm of Eq. 49 is added to the likelihood

− log
[
f (pd ,t ,1, ... , pd ,t ,A|µd ,t ,1, ... ,µd ,t ,A, ESSd ,t )

]
=

A∑
a=1

{
log
[
Γ
(
ESSd ,tpd ,t ,a + 1

)]
−
(
ESSd ,tpd ,t ,a

)
log
(
µd ,t ,a

)}
− log

[
Γ
(
ESSd ,t + 1

)]
. (50)

There are no weighting multipliers provided for the age compositiond data, but the emphasizing particular components
can be achieved by increasing the effective sample sizes.

3.2 Penalties

Penalties are components of the objective function that allow the user to constrain how much a parameter deviates from
some value. Most of the penalties constrain deviation from the initial values of the respctive parameters which the user
provides, but in some cases the penalties are for deviation from some other expected value derived from other parameters
(e.g., expected recruitment from the stock-recruitment relationship). The parameters that can be penalized for deviating
from initial values are

• stock-recruitment function steepness value,

• stock-recruitment function scalar (R0 or SSB0) value,

• year 1 numbers at age,

• year 1 fully selected fishing mortality,

• selectivity parameters,

• relative catch efficiency coefficients,

• abundance index availability, and

• abundance index gear efficiency.
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There are also penalites available for deviation of estimated recruitment from that expected from the stock-recruitment re-
lationship, and to constrain inter-annual variability of fully selected fishing mortality and availability through autoregressive
objective function components. Finally, there are penalties the user can specify to stabilize estimation in early phases of
the minimization and for ensuring estimated fishing mortality is below a maximum value.

There are three distributions used for nearly all penalties in the objective function depending on the range of the parameter.
For a strictly positive parameter θ, a normal distribution on the log-transformed parameter is used

f
(
θ|θ̃
)

=
1√

2πσθ
exp

{
− 1

2σ2
θ

[
log(θ)− log

(
θ̃
)]2
}

(51)

where θ is the estimated parameter or average of annual estimated parameters and θ̃ is usually the initial value of the
parameter, but is specified for each penalty in subsections below. The standard deviation on log-scale σθ is derived from

the user-provided CV, σθ =
√

log
(
CV 2

θ + 1
)
. Similar to data components, there is a weight λθ which the user specifies that

can be used to adjust the emphasis of particular penalties. The product of the weight and the negative of the logarithm of
the probability distribution function

− λθ log
[
f
(
θ|θ̃
)]

= λθ

log(σθ) +
1
2

log(2π) +

[
log(θ)− log

(
θ̃
)]2

σ2
θ


 (52)

is added to the objective function.

For parameters with lower and upper bounds, lθ and uθ, there is an option to use a truncated normal distribution

f
(
θ|θ̃
)

=
1√

2πσθ

exp
{
− 1

2σ2
θ

[
log(θ)− log

(
θ̃
)]2
}

Φ

[
log(uθ )−log

(
θ̃
)

σθ

]
− Φ

[
log(lθ )−log

(
θ̃
)

)

σθ

] (53)

where Φ(·) is the cumulative standard normal distribution (the default) or a 4-parameter beta distribution

f
(
θ|θ̃
)

=
Γ (φθ)

Γ (φθµθ)Γ (φθ(1− µθ))
(θ − lθ)φθµθ−1(uθ − θ)φθ (1−µθ )−1

(uθ − lθ)φθ−1 (54)

where

µθ =
θ̃ − lθ
uθ − lθ

(55)

and φθ is a variance parameter. The variance for the 4-parameter beta distribution is

V
(
θ|θ̃
)

= θ̃2CV 2
θ = (uθ − lθ)2µθ(1− µθ)

φθ + 1
(56)

so that

φθ = (uθ − lθ)2µθ(1− µθ)

θ̃2CV 2
θ

− 1 (57)

where CVθ is specified by the user in the input. Since φθ > 0,

0 < CVθ <

√(
uθ − θ̃

)(
θ̃ − lθ

)
θ̃

(58)

so if the user specifies a value larger than the maximum possible CV, the maximum is used instead (Figure 1).
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Figure 1. The maximum CV for the 4-parameter beta distribution is a function of the initial parameter value and the lower
and upper bounds of the parameter. For example when the Beverton-Holt steepness parameter, which is bounded by 0.2
and 1.0, is penalized using this distribution the maximum CV is greatest when the initial value is 0.333.
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Similar to Eq. 52, the objective function component for a parameter with a truncated normal penalty is

−λθ log
[
f
(
θ|θ̃
)]

=λθ

log(σθ) +
1
2

log(2π) +

[
log(θ)− log

(
θ̃
)]2

σ2
θ


+ log

Φ

 log(uθ)− log
(
θ̃
)

σθ

− Φ

 log(lθ)− log
(
θ̃
)

σθ


 (59)

and for a parameter with a the 4-parameter beta penalty is

−λθ log
[
f
(
θ|θ̃
)]

=λθ {log [Γ (φθµθ)] + log [Γ (φθ(1− µθ))]− log [Γ (φθ)] + (φθ − 1) log (uθ − lθ)

− (φθµθ − 1) log (θ − lθ)− (φθ(1− µθ)− 1) log (uθ − θ)} . (60)

3.2.1 Stock-Recruitment Relationship

When the weight for the recruitment penalty is λR > 0, Eq. 52 is added to the objective function for each annual estimated
recruitment where θ̃ = R̃t and θ = Nt ,1 as defined in Sections 2.4 and 2.6.

3.2.2 Stock-Recruitment Scalar Parameter (R0 or SSB0)

When the weight for the stock-recruitment scalar (SR = R0 or SR = SSB0) penalty is λSR > 0, Eq. 52 is added to the
objective function where θ̃ = S̃R is the initial value which the user specifies, and θ = SR is the average of the annual
estimates which may vary if annual SPR0 is specified or covariate effects are modeled (see Section 2.4).

3.2.3 Stock-Recruitment Steepness

When the weight for the steepness penalty is λτ > 0, either Eq. 59 or Eq. 60 is added to the objective function where
θ̃ = τ̃ is the initial value provided by the user, and θ = τ is the average of the annual estimates which may vary if covariate
effects are modeled (see Section 2.4).

3.2.4 Year 1 Abundance Parameters

When the weight for the year 1 numbers at age penalty is λN > 0, Eq. 52 is added to the objective function for each age
class where θ = N1,a, and θ̃ = Ñ1,a is either the initial value which the user specifies or determined by mortality rates in the
first year.

Ñ1,a = Ñ1,1 exp

(
−

a−1∑
k=1

Z1,k

)
(61)

for ages 2 through A− 1 and

Ñ1,A = Ñ1,1

exp
(
−
∑A

k=1 Z1,k

)
1− exp

(
−Z1,A

) . (62)

Note that all ages are included in the penalty whereas in ASAP version 3 the penalty only included age classes 2, ... , A,
and if λR > 0 and λN > 0, N1,1 also occurs in the stock-recruitment relationship penalty (see Section 3.2.1).
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3.2.5 Year 1 Fishing Mortality Rate

When the weight for the penalty on year 1 fishing mortality for fleet f is λFmultf ,1 > 0, Eq. 52 is added to the objective
function where θ̃ = F̃multf ,1 is the initial value provided by the user, and θ = Fmultf ,1 is defined in Section 2.3.

3.2.6 Selectivity Parameters

When the weight of the penalty for selectivity parameter v , is λsv > 0, either Eq. 59 or Eq. 60 is added to the objective
function where θ̃ = s̃v is the initial value which the user specifies, and θ = sv is the selectivity parameter (see Section 2.1).

3.2.7 Availability of Population to Abundance Indices

When the weight for the penalty on the availability component of catchability for abundance index i is λAvail,i > 0, either
Eq. 59 or Eq. 60 is added to the objective function where θ̃ = Ãvail i is the initial value which the user specifies, and
θ = Avail i is the average of the annual estimates which may vary if covariate effects are modeled. This would be a penalty
on catchability if the user specifies the the attributes of the gear efficiency component properly. See Section 2.2 for more
details.

3.2.8 Gear Efficiency of Abundance Indices

When the weight for the penalty on the gear efficiency component of catchability for abundance index i is λEff,i > 0, either
Eq. 59 or Eq. 60 is added to the objective function where θ̃ = Ẽff i is the initial value which the user specifies, and θ = Eff i
is the average of the annual estimates which may vary if covariate effects are modeled (see Section 2.2).

3.2.9 Fishing Mortality Random Walk

When the weight for the penalty on fishing mortality deviations for fleet f is λFdevf > 0, Eq. 52 is added to the objective
function for each annual devation where θ̃ = 0, and θ = Fdevf ,tk for tmin,f < tk ≤ tmax,f (see Section 2.3).

3.2.10 AR process for Availability/Catchability of Abundance Indices

When the weight for the penalty on the deviations of the availability component of catchability for abundance index i
is λAdevi > 0, Eq. 52 is added to the objective function for each annual devation where θ̃ = 0 and θ = Adevi ,tk for
tmin,i < tk ≤ tmax,i (see Section 2.2).

3.2.11 Relative Catch Efficiency Coefficiencts

When the weight for the penalty on relative catch efficiency k is λRE,k > 0, the product of λRE,k and the negative log of a
multivariate normal penalty

f (β̂k |β̃k ) = (2π)−
pk
2 |Σk |−

1
2 exp

[
−1

2
(β̂k − β̃k )TΣ−1

k (β̂k − β̃k )
]

(63)

is added to the objective function where β̃k are the input estimates of the pk relative catch efficiency coefficients, Σk is the
estimated variance-covariance matrix for the coefficients and β̂k are the estimates within the assessment model. Note
that the differences β̂k − β̃k = REdevk are the parameters actually estimated (see Section 2.8).
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3.2.12 Deviations between F and M

This penalty which helps stabilize estimation in early phases was used in ASAP version 3 and is an option to the user in
ASAP version 4. When specified and the current phase is not the final phase of estimation, the negative log of the penalty

f (F , M) = exp
{
−λF ,M

[
log
(
F
)
− log

(
M
)]2}

(64)

is added to the objective function where F and M are the average total fishing and natural mortalities over all ages and
years of the model and

λF ,M = 102−PHASE (65)

where PHASE is the current phase of estimation. When there are multiple phases, the influence of the penalty decreases
as the phase increases.

3.2.13 Maximum F

This penalty was also used in ASAP version 3 and is an option to the user in ASAP version 4. When specified and any
of the fishing mortalities at age for fleet f in year t is greater than the maximum fishing mortality MAXF (which the user
specifies), the negative log of the penalty,

f (max(Ff ,t ,a)) = exp
[
−1000

(
max(Ff ,t ,a)−MAXF

)2
]

(66)

is added to the objective function.

4 STANDARDIZED RESIDUALS, RMSE, AND EFFECTIVE SAMPLE SIZE

For any log-normally distributed observation x the standardized residual is calculated as

Res =
log(x)− log(x̃)

σ
(67)

where x̃ is the predicted value and σ is the standard deviation of the log-observation or parameter which is a function of
the CV that the user specifies in the input as described previously in Section 3.1. For log-normal or truncated log-normal
parameter penalties, a standardized residual is provided where x̃ = θ̃, x = θ, and σ = σθ are defined in Section 3.2. For
penalties that use the 4-parameter beta distribution, standardized residuals are calculated as

Res =
pθ − µθ√

V (µθ)
(68)

where

pθ =
θ − lθ
uθ − lθ

, (69)

V (µθ) =
µθ(1− µθ)
φθ + 1

(70)

and µθ, φθ, lθ, and uθ are defined in Section 3.2.

The root mean-squared error for data component or parameter penalty d is calculated as

RMSEd =

√√√√ 1
nd

nd∑
t=1

Res2
d ,t (71)
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where nd is the number of annual observations. For parameter penalties nd = 1.

There are two types of effective sample sizes calculated for the age composition data components. The first uses the
method described by McAllister and Ianelli (1997). For each yearly age composition data component, an estimated
effective sample size is calculated as

ÊSS1,d ,t =
∑A

a=1 p̂d ,t ,a(1− p̂d ,t ,a)∑A
a=1(pd ,t ,a − p̂d ,t ,a)2

. (72)

The second uses a method (TA1.8) described by Francis (2011),

ÊSS2,d ,t = nd ,t
nd − 1∑nd

t=1(Wd ,t −W d )2
(73)

where nd is the number of years of age composition data in component d (e.g., a fleet or abundance index),

Wd ,t =
Rd ,t
√

nd ,t

Sd ,t
, (74)

Rd ,t =
A∑

a=1

a(pd ,t ,a − p̂d ,t ,a), (75)

Sd ,t =

√√√√ A∑
a=1

a2p̂d ,t ,a −

(
A∑

a=1

ap̂d ,t ,a

)2

, (76)

and

W d =
1
nd

nd∑
t=1

Wd ,t (77)

For either method, the predicted proportion p̂d ,t ,a is given by Eqs. 34, 35, or 44, depending on the data component, and
pd ,t ,a is the corresponding observation.
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Table 1. Definitions of all notation used in equations throughout this document.

a a particular age class
A number of age classes
t a particular year
Y number of years in the model
f a particular fleet
F number of fleets in the model
i a particular abundance index
u a particular fleet or abundance index
k a particular relative catch efficiency
l a particular length class
L number of length classes
v a particular selectivity parameter
sa selectivity at age a
a50 age at the inflection point of a logistic selectivity ogive
b inverse of the slope parameter of a logistic selectivity ogive
a50,1 age at the inflection point of the ascending limb in a double-logistic selectivity ogive
b1 inverse of the slope parameter of the ascending limb in a double-logistic selectivity ogive
a50,2 age at the inflection point of the decending limb in a double-logistic selectivity ogive
b2 inverse of the slope parameter of the decending limb in a double-logistic selectivity ogive
qi ,t catchability of abundance index i in year t
tmin,i first year that abundance index i is observed
tmax ,i last year that abundance index i is observed
Availi ,t availability of population to abundance index i in year t
nAvail,i number of coefficients modeling effects on availability of population to abundance index i
βAvail vector of nAvail,i coefficients modeling effects on availability of population to abundance index i
XAvail,i Y × nAvail,i design matrix modeling effects on availability of population to abundance index i
XAvail,i ,t row of the design matrix XAvail,i corresponding to year t modeling effects on availability of population to

abundance index i
lAvaili lower bound on availability for abundance index i
uAvaili upper bound on availability for abundance index i
Adevi ,t availability deviation parameter for abundance index i in year t
Effi ,t efficiency of the gear used for abundance index i in year t
nEff,i number of coefficients modeling effects on gear efficiency of abundance index i
βEff vector of nEff,i coefficients modeling effects on gear efficiency of abundance index i
XEff,i Y × nEff,i design matrix modeling effects on gear efficiency of abundance index i
XEff,i ,t row of the design matrix XEff,i corresponding to year t modeling effects on gear efficiency of abundance

index i
lEffi lower bound on gear efficiency for abundance index i
uEffi upper bound on gear efficiency for abundance index i
Ff ,t ,a fishing mortality for fleet f in year t at age a
Fmultf ,t fully selected fishing mortality for fleet f in year t
tmin,f first year that fleet f is operating
tmax ,f last year that fleet f is operating
βf natural logarithm of fully selected fishing mortality for fleet f in year tmin,f

Fdevf ,tk deviation parameter for fully selected fishing mortality for fleet f in year tk
λFdevf weight for the fishing mortality deviations penalty in the objective function
Fdirf ,t ,a directed fishing mortality rate at age a for fleet f in year t attributed to landings
sdirt ,a directed selectivity at age a in year t attributed to landings
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Table 1. (continued)

Fdiscf ,t ,a discard fishing mortality rate at age a for fleet f in year t attributed to catch not landed
RMf discard mortality rate for fleet f
PRf ,t ,a proportion of catch at age a released by fleet f in year t
Mt ,a natural mortality rate at age a in year t
m1 number of coefficients modeling anual effects on natural mortality
βM,1 vector of m1 coefficients modeling anual effects on natural mortality
XM,1 Y ×m1 design matrix modeling anual effects on natural mortality
XM,1,t row of the design matrix XM,1 corresponding to year t modeling anual effects on natural mortality
m2 number of coefficients modeling age effects on natural mortality
βM,2 vector of m2 coefficients modeling age effects on natural mortality
XM,2 Y ×m2 design matrix modeling age effects on natural mortality
XM,2,a row of the design matrix XM,2 corresponding to age class a modeling age effects on natural mortality
Ft ,a total fishing mortality rate, the sum of fishing mortality of all fleets, at age a in year t
Zt ,a total mortality rate, the sum of fishing and natural mortality, at age a in year t
R̃t expected recruitment in year t based on the stock-recruitment relationship
SSBt spawning stock biomass in year t
τ steepness parameter of the stock-recruitment relationship
R0,t unexploited recruitment parameter of the stock-recruitment relationship in year t
SSB0,t unexploited spawning stock biomass parameter of the stock-recruitment relationship in year t
SPR0,t ratio of unexploited spawning stock biomass and recruitment in year t
Φt ,a fecundity at age a in year t
pSSB fraction of the year elapsed at time of spawning
nτ number of coefficients modeling annual covariate effects on steepness
βτ vector of nτ coefficients modeling annual covariate effects on steepness
Xτ Y × nτ design matrix modeling annual covariate effects on steepness
Xτ ,t row of the design matrix Xτ corresponding to year t modeling annual covariate effects on steepness
n0 number of coefficients modeling annual covariate effects on either unexploited recruitment or SSB
β0 vector of n0 coefficients modeling annual covariate effects on unexploited recruitment or SSB
X0 Y × n0 design matrix modeling annual covariate effects on either unexploited recruitment or SSB
X0,t row of the design matrix X0 corresponding to year t modeling annual covariate effects on either unex-

ploited recruitment or SSB
Nt ,a population abundance (numbers) at age a in year t
Rdevt annual deviation parameter for recruitment in year t
amin minimum of age range used for calculating Frept
amax maximum of age range used for calculating Frept
ωt ,a one of three different types of weighting for age a and year t used for calculating Frept
Wt ,a weight (mass) of a fish at age a in year t on January 1
Frept one of three different types of weighted averages of total fishing mortality over ages amin to amax

L̂f ,t ,a predicted landings in numbers by fleet f in year t at age a
L̂W ,t predicted landings in weight by fleet f in year t
D̂f ,t ,a predicted discards in numbers by fleet f in year t at age a
D̂W ,t predicted discards in weight by fleet f in year t
WL,f ,t ,a weight (mass) of a fish landed by fleet f at age a in year t
p̂L,f ,t ,a predicted proportion of landings by fleet f in year t at age a
p̂D,f ,t ,a predicted proportion of discards by fleet f in year t at age a
pk number of coefficients modeling length effects on relative catch efficiency (calibration) k
β̃k vector of pk input coefficients modeling length effects on relative catch efficiency (calibration) k
β̂k vector of pk estimated coefficients modeling length effects on relative catch efficiency (calibration) k
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Table 1. (continued)

REdevk β̂k − β̃k
Σk pk × pk variance-covariance matrix for estimates of βk
Xk L× pk design matrix modeling length effects on relative catch efficiency (calibration) k
Xk ,l row of the design matrix Xk corresponding to length class l modeling length effects on relative catch

efficiency (calibration) k
IC,i ,t calibrated observation for abundance index i in year t
IC,i ,t ,a calibrated observation for abundance index i in year t at age a
pC,i ,t ,a calibrated observation for proportion of abundance index i in year t at age a
IU,i ,t ,l uncalibrated observation for abundance index i in year t at length l
ρk ,l relative catch efficiency k at length l
pi ,t (a|l) proportion at age a given length l from the age length key for abundance index i in year t
mi ,t month when abundance index i occurs in year t
δi ,t fraction of the year elapsed at time of observation of abundance index i in year t
Îi ,t prediction from model for abundance index i in year t
Wi ,t ,a weight (mass) of a fish at age a in year t for index i
p̂i ,t ,a predicted proportion at age a for abundance index i in year t
F0.1 fully selected fishing mortality when slope of yield per recruit curve is 10%
FMAX fully selected fishing mortality that maximizes yield per recruit
FMSY fully selected fishing mortality that maximizes sustainable yield defined by stock-recruit relationship
FX% fully selected fishing mortality that provides X% of unexploited SSB per recruit
CVd ,t coefficient of variation for observation in year t for either fleet or abundance index d
σd ,t standard devation of the natural logarithm of the observation in year t for either fleet or abundance index

d
λd weight for fleet or abundance index d in the objective function
ESSd ,t effective sample size of multinomial distribution for age composition observations in year t for either fleet

or abundance index d
pd ,t ,a observed proportion at age a in year t for either fleet or abundance index d
µd ,t ,a predicted proportion at age a in year t for either fleet or abundance index d
λR weight for recruitment penalty in the objective function
SR average value of R0 or SSB0 over all years in the model
S̃R initial value of R0 or SSB0

λR weight for log-normal penalty on deviation of average R0 or SSB0 from initial value in the objective
function

τ average value of steepness over all years in the model
τ̃ initial value of steepness
λτ weight for penalty on deviation of average steepness from initial value in the objective function
Ñ1,a initial value for abundance at age a in the first year
λN weight for penalty on deviation of abundance at age a in the first year from initial value in the objective

function
F̃multf ,1 initial value for fully selected fishing mortality of fleet f in the first year
λFmultf ,1 weight for penalty on deviation of fully selected fishing mortality of fleet f in the first year from initial value

in the objective function
sv selectivity parameter v
s̃v initial value of selectivity parameter
λsv weight for penalty on deviation of selectivity parameter v from initial value in the objective function
β̂k estimates of coefficients for size effects on relative catch efficiency k
β̃k initial values of coefficients for size effects on relative catch efficiency k
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Table 1. (continued)

λRE,k weight for penalty on devation of estimated coefficients for size effects on relative catch efficiency k from
initial values

Availi average availability of population to abundance index i over all years observed
Ãvaili initial value of availability of population to abundance index i
λAvaili weight for penalty on deviation of average availability of population to abundance index i from initial value

in the objective function
Effi average gear efficiency of abundance index i over all years observed
Ẽffi initial value of gear efficiency of abundance index i
λEffi weight for penalty on deviation of average gear efficiency of abundance index i from initial value in the

objective function
λFdevf weight for penalty on fully selected fishing mortality deviations in the objective function
λAdevi weight for penalty on annual deviations of availability of population to abundance index i in the objective

function
F average fishing mortality of all ages and years in the model
M average natural mortality of all ages and years in the model
λF ,M weight for penalty on deviation of F from M
MAXF maximum fishing mortality allowed in the model
Res standardised residual for a particular observation or a penalized parameter estimate
RMSEd Root-mean squared error for data component or penalized parameter estimate d
x a particular observation, parameter estimate, or average of annual parameter estimates
x̃ a particular predicted observation or initial parameter value
V (µθ) component of the standardized residual for a parameter with a 4-parameter beta distribution penalty
ÊSS1,d ,t estimate type 1 of effective sample size for age composition data component d in year t
ÊSS2,d ,t estimate type 2 of effective sample size for age composition data component d in year t
Rd ,t a component of n̂2,d ,t

Sd ,t a component of n̂2,d ,t

Wd ,t a component of n̂2,d ,t
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6 APPENDICES

6.1 AD Model Builder Code for ASAP4

/ / ASAP4 (Age St ruc tu red Assessment Program Version 4 : November 2014)
/ / modi f ied from ASAP3 by Timothy M i l l e r
/ / ASAP3 code by Chr is topher Legaul t w i th major c o n t r i b u t i o n s from L iz Brooks
/ / modi f ied from o r i g i n a l ASAP by Chr is topher Legaul t and V i c t o r Restrepo 1998

/ / Major changes from ASAP3
/ / 1) Rest ruc ture s e l e c t i v i t i y s p e c i f i c a t i o n so t h a t b locks and / or parameters can be

used i n m u l t i p l e f l e e t s and / or surveys .
/ / 2) Reparameterizes c a t c h a b i l i t y as a product o f a v a i l a b i l i t y and e f f i c i e n c y
/ / as f u n c t i o n s o f annual cova r ia tes and f l e x i b i l i t y o f phases f o r each survey ,

s i n g l e c a t c h a b i l i t y poss ib le by t u r n i n g o f f one of the components .
/ / Reparameter iz ing q requ i red changing c a t c h a b i l i t y random walk to be AR( 1 ) f o r

a v a i l a b i l i t y and phases s p e c i f i e d f o r each index .
/ / Random walk can s t i l l be done using a column of a s i n g l e 1 wi th the r e s t zeros f o r

cova r ia tes . Also changed the process to be wi th respect to
/ / the t ime span of the survey so t h a t i f there are years when the survey i s not

c a r r i e d out , the random walk s t i l l occurs .
/ / 3) Es t imat ion o f n a t u r a l m o r t a l i t y al lowed , poss ib l y as a f u n c t i o n o f annual

cova r ia tes or age .
/ / 4) I n t e r n a l length−based c a l i b r a t i o n o f HBB: AIV se r i es poss ib le by p rov id i ng curve

c o e f f i c i e n t s and associated pena l t i es ,
/ / cova r i a te design matr ix , and annual i nd i ces a t leng th and age−l eng th keys f o r

c a l i b r a t e d years .
/ / 5) F lee ts can operate f o r subsets o f the e n t i r e model t ime span , f i s h i n g m o r t a l i t y i n

non−opera t ing years w i l l be zero . Random walks and phases
/ / are f l e e t−s p e c i f i c spanning corresponding per iods o f opera t ion
/ / 6) Changed way user determines which i n fo rma t i on i s inc luded i n c a l c u l a t i o n s and

o b j e c t i v e f u n c t i o n to be less confus ing .
/ / Catch , d iscard , and index observat ions are inc luded i f observat ions are > 0. An

e n t i r e index or f l e e t may be omi t ted
/ / from l i k e l i h o o d i f lambda i s set to zero ( and appropr ia te parameter phases are set

to <= 0) . Age composi t ion w i l l be inc luded
/ / on ly f o r years where the aggregate i s > 0 AND inpu t Nef f i s > 0 . So , number o f age

comp years <= number o f aggregate years .
/ / 7) Parameterized steepness and R0 ( or S0) as f u n c t i o n s o f annual cova r ia tes .
/ / 8) Penal ty f o r numbers a t age i n the f i r s t year now also always inc ludes the f i r s t

age c lass .

/ / Note : f o r ind ices , age composi t ion i n year y i s not used i f the aggregate index i n
year y i s not used .

/ / Minor changes from ASAP3
/ / 1) removed opt ion to use l i k e l i h o o d constants . Just always inc lude them .
/ / 2) log−normal p e n a l t i e s are now normal or t runca ted normal ( based on lower and upper

bounds ) by d e f a u l t . P r i o r s / p e n a l t i e s f o r age−s p e c i f i c s e l e c t i v i t y
/ / parameters and steepness can also be s h i f t e d and scaled beta d i s t r i b u t e d ins tead

of log−normal to accommodate bounds provided ( f o r s e l e c t i v i t y ) or 0.2−1.0 f o r
steepness .
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/ / 4) made o b j e c t i v e f u n c t i o n components sdrepor t numbers / vec to rs so t h a t c o r r e l a t i o n
wi th o ther components and parameters can more e a s i l y observed .

/ / 5) Timing of i nd i ces can now vary from year to year .

/ / Major changes from ASAP2
/ / user de f ines SR curve using steepness and e i t h e r R0 or S0
/ / a l low user to mix and match biomass and numbers f o r aggreagate ind i ces and ind i ces

p ropo r t i ons a t age
/ / user enters a number o f weight a t age matr ices then def ines which are used f o r catch ,

d iscards , SSB, Jan−1 B, and ind i ces
/ / compute annual SR curve est imates o f R0, S0 , steepness , and spawners per r e c r u i t to

show how changes i n M, fecund i t y , WAA impact these est imates over t ime
/ / expected popu la t ion a t age i n year 1 can be e i t h e r an exponent ia l dec l i ne or user

i n i t i a l guesses f o r o p t i o n a l d ev i a t i o n c a l c u l a t i o n s
/ / compute Franc is (2011) stage 2 m u l t i p l i e r f o r mu l t i nomia l to ad jus t i npu t Nef f

/ / update A p r i l 2012
/ / f i x bug wi th which i n c o n s i s t e n t year f o r M and WAA used i n c a l c u l a t i o n o f unexp lo i ted

SSB per r e c r u i t
/ / (was f i r s t year when a l l o ther c a l c u l a t i o n s were l a s t year , now every th ing l a s t year )
/ / a lso added t rap f o r d i v i s i o n by zero i n Frepor t c a l c u l a t i o n to avoid crashes when pop

s ize gets smal l
/ / i nco rpora ted L iz Brook ’ s make−R f i l e . cxx f o r ADMB2R to o p t i o n a l l y create rda t f i l e

a u t o m a t i c a l l y
/ / created new output f i l e asap2RMSE. dat f o r use wi th R s c r i p t

/ / update A p r i l 2008
/ / f i x e d bug i n g e t _ l o g _ f a c t o r i a l f u n c t i o n − v a r i a b l e could be i used i n two places (

thanks to Tim M i l l e r f o r f i n d i n g t h i s one )
/ /
/ / Major changes from o r i g i n a l ASAP
/ /
/ / Enter a l l a v a i l a b l e i nd i ces and then s e l e c t which ones to use f o r tun ing
/ / Change i n s e l e c t i v i t y es t ima t ion to reduce parameter c o r r e l a t i o n s
/ / Added op t ion to use l o g i s t i c or double l o g i s t i c s e l e c t i v i t y pa t te rns
/ / S e l e c t i v i t y b locks now independent w i th own i n i t i a l s t a r t i n g guesses
/ / Added CVs and lambdas f o r many parameters
/ / M u l t i p l e matr ices f o r weights a t age at d i f f e r e n t t imes of the year
/ / M mat r i x ins tead of vec to r
/ / F repor t f ea tu re to a l low eas ie r comparison among years w i th d i f f e r e n t s e l e c t i v i t y

pa t te rns
/ / Echo inpu t read to f i l e f o r improved debugging
/ / MCMC c a p a b i l i t y added
/ / One f i l e f o r Frepor t , SSB, and MSY r e l a t e d v a r i a b l e s
/ / One f i l e f o r use i n AgePro sof tware ( . bsn f i l e )
/ / F u l l l i k e l i h o o d c a l c u l a t i o n s , i n c l u d i n g ( o p t i o n a l l y ) constants
/ / Output o f s tandard ized r e s i d u a l s
/ / Modi f ied year 1 rec ru i tmen t d e v i a t i o n c a l c u l a t i o n s to reduce p r o b a b i l i t y o f extremely

la rge r e s i d u a l

TOP_OF_MAIN_SECTION
/ / se t b u f f e r s izes
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ar rmb ls i ze =5000000;
g r a d i e n t _ s t r u c t u r e : : set_GRADSTACK_BUFFER_SIZE(10000000) ;
g r a d i e n t _ s t r u c t u r e : : set_MAX_NVAR_OFFSET(50000) ;
g r a d i e n t _ s t r u c t u r e : : set_NUM_DEPENDENT_VARIABLES(10000) ;
t ime (& s t a r t ) ; / / t h i s i s to see how long i t takes to run
cout << endl << " S t a r t t ime : " << ct ime (& s t a r t ) << endl ;

GLOBALS_SECTION
# inc lude <admodel . h>
# inc lude <t ime . h>
# inc lude <admb2r . cpp>
t ime_t s t a r t , f i n i s h ;
long hour , minute , second ;
double elapsed_t ime ;
ofstream ageproMCMC ( " asap4 . bsn " ) ;
ofstream basicMCMC ( "asap4MCMC. dat " ) ;
ofstream i n p u t l o g ( " asap4input . log " ) ;
ofstream f i x l o g ( " asap4f ix . log " ) ;
# de f ine see ( ob jec t ) cout << # ob jec t " : \ n " << ob jec t << endl ;
//−−− preprocessor macro from Lar ry Jacobson NMFS−Woods Hole
# de f ine ICHECK( ob jec t ) i n p u t l o g << "# " # ob jec t " \ n " << ob jec t << endl ;
# de f ine easy ( ob jec t ) cout << # ob jec t " : \ n " << ob jec t << endl ;

DATA_SECTION
i n t debug
i n t i o
number C V f i l l
! ! C V f i l l =100.0;

/ / bas ic dimensions
i n i t _ i n t n_years
! ! ICHECK( n_years ) ;
i n i t _ i n t year1
! ! ICHECK( year1 ) ;
i n i t _ i n t n_ages
! ! ICHECK( n_ages ) ;
vec to r double_ages (1 , n_ages )
! ! f o r ( i n t i =1; i <=n_ages ; i ++) double_ages ( i ) = double ( i ) ;
i n i t _ i n t n _ f l e e t s
! ! ICHECK( n _ f l e e t s ) ;
i n i t _ i n t n_ ind ices
! ! ICHECK( n_ ind ices ) ;

/ / f l e e t names here wi th $ i n f r o n t o f l a b e l
/ / index names here wi th $ i n f r o n t o f l a b e l

/ / b io logy
/ / op t ion now to est imate year and age e f f e c t s on n a t u r a l m o r t a l i t y
i n i t _ m a t r i x M_ini (1 , n_years ,1 , n_ages )
! ! ICHECK( M_ini ) ;
i n i t _ i n t estimate_M / / 0 = no , 1 = yes
! ! ICHECK( estimate_M ) ;
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i n i t _ i n t n_M_year_cov
! ! ICHECK( n_M_year_cov ) ;
i n i t _ m a t r i x M_X_year (1 , n_years ,1 , n_M_year_cov )
! ! ICHECK( M_X_year ) ;
i n i t _ i v e c t o r phase_M_year_pars (1 , n_M_year_cov )
! ! ICHECK( phase_M_year_pars ) ;
i n i t _ v e c t o r M_year_pars_ini (1 , n_M_year_cov )
! ! ICHECK( M_year_pars_ini ) ;
i n i t _ i n t n_M_age_cov
! ! ICHECK( n_M_age_cov ) ;
i n i t _ m a t r i x M_X_age(1 , n_ages ,1 , n_M_age_cov )
! ! ICHECK(M_X_age) ;
i n i t _ i v e c t o r phase_M_age_pars (1 , n_M_age_cov )
! ! ICHECK( phase_M_age_pars ) ;
i n i t _ v e c t o r M_age_pars_ini (1 , n_M_age_cov )
! ! ICHECK( M_age_pars_ini ) ;

LOCAL_CALCS
i f ( estimate_M == 0) / / use M at age mat r i x i npu t r a t h e r than est imate
{

M_year_pars_ini = 0 . 0 ;
f o r ( i n t i =1; i <=n_M_year_cov ; i ++) phase_M_year_pars ( i ) = −1;
M_age_pars_ini = 0 . 0 ;
f o r ( i n t i =1; i <=n_M_age_cov ; i ++) phase_M_age_pars ( i ) = −1;

}
END_CALCS

in i t_number is fecund
! ! ICHECK( is fecund ) ;
in i t_number fracyearSSB
! ! ICHECK( fracyearSSB ) ;
i n i t _ m a t r i x mature (1 , n_years ,1 , n_ages )
! ! ICHECK( mature ) ;
i n i t _ i n t n_WAA_matrices
! ! ICHECK( n_WAA_matrices ) ;
i n t nrowsWAAini
! ! nrowsWAAini=n_years * n_WAA_matrices ;
i n i t _ m a t r i x WAA_ini (1 , nrowsWAAini , 1 , n_ages )
! ! ICHECK( WAA_ini ) ;
3darray WAA(1 , n_WAA_matrices ,1 , n_years ,1 , n_ages )
i n t nWAApointbio
! ! nWAApointbio= n _ f l e e t s *2+2+2;
i n i t _ i v e c t o r WAApointbio (1 , nWAApointbio ) / / po i n te r s to WAA mat r i x f o r f l e e t catch and

discards , catch a l l f l e e t s , d iscard a l l f l e e t s , SSB, and Jan1B
! ! ICHECK( WAApointbio ) ;
mat r i x f e c u nd i t y (1 , n_years ,1 , n_ages )
3darray WAAcatchfleet (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
3darray WAAdiscardf leet (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
mat r i x WAAcatchall (1 , n_years ,1 , n_ages )
mat r i x WAAdiscardal l (1 , n_years ,1 , n_ages )
mat r i x WAAssb(1 , n_years ,1 , n_ages )
mat r i x WAAjan1b (1 , n_years ,1 , n_ages )

LOCAL_CALCS
f o r ( i n t i =1; i <=n_WAA_matrices ; i ++)
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{
f o r ( i n t y =1; y<=n_years ; y++) WAA( i , y ) = WAA_ini ( ( i −1) * n_years+y ) ;

}

i f ( ( max( WAApointbio ) > n_WAA_matrices ) | | ( min ( WAApointbio ) < 1) )
{

f o r ( i n t i =1; i <=n_WAA_matrices ; i ++)
{
i f ( WAApointbio ( i ) > n_WAA_matrices | | WAApointbio ( i ) < 1)

f i x l o g << " WAApointbio ( " << i < <") i s " << WAApointbio ( i ) << " but i t needs
to be between 1 and " << n_WAA_matrices << endl ;

}
ad_ex i t ( 1 ) ;

}
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

WAAcatchfleet ( i ) = WAA( WAApointbio ( i *2−1) ) ;
WAAdiscardf leet ( i ) = WAA( WAApointbio ( i *2 ) ) ;

}
ICHECK( WAAcatchfleet ) ;
ICHECK( WAAdiscardf leet ) ;
WAAcatchall=WAA( WAApointbio ( ( n _ f l e e t s *2 ) +1) ) ;
WAAdiscardal l=WAA( WAApointbio ( ( n _ f l e e t s *2 ) +2) ) ;
WAAssb = WAA( WAApointbio ( ( n _ f l e e t s *2 ) +3) ) ;
ICHECK(WAAssb) ;
WAAjan1b = WAA( WAApointbio ( ( n _ f l e e t s *2 ) +4) ) ;
ICHECK( WAAjan1b ) ;

i f ( i s fecund ==1) f e c u n d i t y =mature ;
e lse fe c u n d i t y =elem_prod (WAAssb, mature ) ;

END_CALCS

/ / Catch * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
/ / Inc ludes both landed and discarded components
i n i t _ m a t r i x CAA_ini (1 , n_years * n_ f lee ts ,1 , n_ages+1)
! ! ICHECK( CAA_ini ) ;
i n i t _ m a t r i x DAA_ini (1 , n_years * n_ f lee ts ,1 , n_ages+1)
! ! ICHECK( DAA_ini ) ;
i n i t _ m a t r i x p r o p o r t i o n _ r e l e a s e _ i n i (1 , n_years * n_ f lee ts ,1 , n_ages )
! ! ICHECK( p r o p o r t i o n _ r e l e a s e _ i n i ) ;
i n i t _ v e c t o r re lease_mort (1 , n _ f l e e t s )
! ! ICHECK( release_mort ) ;
i n i t _ m a t r i x catch_tot_CV (1 , n_years ,1 , n _ f l e e t s )
! ! ICHECK( catch_tot_CV ) ;
i n i t _ m a t r i x discard_tot_CV (1 , n_years ,1 , n _ f l e e t s )
! ! ICHECK( discard_tot_CV ) ;
i n i t _ m a t r i x i n p u t _ N e f f _ c a t c h _ i n i (1 , n_years ,1 , n _ f l e e t s )
! ! ICHECK( i n p u t _ N e f f _ c a t c h _ i n i ) ;
i n i t _ m a t r i x i n p u t _ N e f f _ s i z e _ d i s c a r d _ i n i (1 , n_years ,1 , n _ f l e e t s )
! ! ICHECK( i n p u t _ N e f f _ s i z e _ d i s c a r d _ i n i ) ;
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3darray p ropor t i on_ re lease (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
3darray catch_paa_obs (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
3darray discard_paa_obs (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
vec to r catch_age_comp_like_const (1 , n _ f l e e t s )
vec to r discard_age_comp_l ike_const (1 , n _ f l e e t s )
mat r i x ca t ch_ to t_ f l ee t_obs (1 , n_ f l ee ts , 1 , n_years )
mat r i x d i s c a r d _ t o t _ f l e e t _ o b s (1 , n_ f l ee ts , 1 , n_years )
vec to r c a t c h _ t o t _ l i k e _ c o n s t (1 , n _ f l e e t s )
vec to r d i s c a r d _ t o t _ l i k e _ c o n s t (1 , n _ f l e e t s )
mat r i x catch_tot_s igma (1 , n_ f l ee ts , 1 , n_years )
mat r i x d iscard_to t_s igma (1 , n_ f l ee ts , 1 , n_years )
mat r i x inpu t_Nef f_ca tch (1 , n_ f l ee ts , 1 , n_years )
mat r i x inpu t_Ne f f_d isca rd (1 , n_ f l ee ts , 1 , n_years )

/ / f l e e t s can be opera t ing a t d i f f e r e n t t imes
i v e c t o r n_catch_years (1 , n _ f l e e t s )
i v e c t o r n_catch_age_comp_years (1 , n _ f l e e t s )
i v e c t o r catch_time_span (1 , n _ f l e e t s )
i v e c t o r catch_min_t ime (1 , n _ f l e e t s )
i v e c t o r catch_max_time (1 , n _ f l e e t s )

i v e c t o r n_discard_years (1 , n _ f l e e t s )
i v e c t o r n_discard_age_comp_years (1 , n _ f l e e t s )
i v e c t o r discard_t ime_span (1 , n _ f l e e t s )
i v e c t o r discard_min_t ime (1 , n _ f l e e t s )
i v e c t o r discard_max_time (1 , n _ f l e e t s )

LOCAL_CALCS
catch_paa_obs =0.0 ;
discard_paa_obs =0.0 ;
c a t c h _ t o t _ l i k e _ c o n s t =0 .0 ;
d i s c a r d _ t o t _ l i k e _ c o n s t =0 .0 ;
catch_age_comp_like_const =0 .0 ;
discard_age_comp_l ike_const =0 .0 ;
n_catch_years = 0;
n_catch_age_comp_years = 0;
catch_min_time = 0;
catch_max_time = 0;
catch_time_span = 0;
n_discard_years = 0;
n_discard_age_comp_years = 0;
discard_min_t ime = 0;
discard_max_time = 0;
discard_t ime_span = 0;
dvector temp (1 , n_ages ) ;

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

f o r ( i n t y =1;y<=n_years ; y++)
{

temp =CAA_ini ( ( i −1) * n_years+y ) (1 , n_ages ) ;
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f o r ( i n t a = 1; a<=n_ages ; a++) i f ( temp ( a ) <0.0) temp ( a ) = 0 . 0 ;
ca t ch_ to t_ f l ee t_obs ( i , y ) =CAA_ini ( ( i −1) * n_years+y , n_ages+1) ;
inpu t_Nef f_ca tch ( i , y ) = i n p u t _ N e f f _ c a t c h _ i n i ( y , i ) ;
i f ( catch_tot_CV ( y , i ) < 1.0e−15)
{

f i x l o g << " Changed catch_tot_CV ( " << i << " , " << y << " ) to 100" << endl ;
catch_tot_CV ( y , i ) = C V f i l l ;

}
catch_tot_s igma ( i , y ) = s q r t ( log ( catch_tot_CV ( y , i ) * catch_tot_CV ( y , i ) +1.0) ) ;
i f ( ca t ch_ to t_ f l ee t_obs ( i , y ) >1.0e−15)
{

i f ( catch_min_time ( i ) == 0) catch_min_time ( i ) = y ;
i f ( catch_max_time ( i ) < y ) catch_max_time ( i ) = y ;
n_catch_years ( i ) ++;
c a t c h _ t o t _ l i k e _ c o n s t ( i ) +=0.5* log ( 2 . 0 * PI ) + log ( catch_tot_s igma ( i , y ) ) ;
i f (sum( temp ) >1.0e−15 && inpu t_Nef f_ca tch ( i , y ) > 1.0e−15)
{ / / both requirements as we l l as t o t a l catch > 0 to inc lude age comp i n

o b j e c t i v e f u n c t i o n
n_catch_age_comp_years ( i ) ++;
catch_paa_obs ( i , y ) =temp /sum( temp ) ;
/ / compute mu l t i nomia l constants f o r catch a t age , i f requested
catch_age_comp_like_const ( i ) −= gammln ( inpu t_Nef f_ca tch ( i , y ) + 1 .0 ) ;
catch_age_comp_like_const ( i ) += sum( gammln ( inpu t_Nef f_ca tch ( i , y ) * catch_paa_obs

( i , y ) + 1 .0 ) ) ;
}
e lse catch_paa_obs ( i , y ) =0 .0 ;

}

temp =DAA_ini ( ( i −1) * n_years+y ) (1 , n_ages ) ;
f o r ( i n t a = 1; a<=n_ages ; a++) i f ( temp ( a ) <0.0) temp ( a ) = 0 . 0 ;
d i s c a r d _ t o t _ f l e e t _ o b s ( i , y ) =DAA_ini ( ( i −1) * n_years+y , n_ages+1) ;
p ropor t i on_ re lease ( i , y ) = p r o p o r t i o n _ r e l e a s e _ i n i ( ( i −1) * n_years+y ) (1 , n_ages ) ;
i npu t_Ne f f_d isca rd ( i , y ) = i n p u t _ N e f f _ s i z e _ d i s c a r d _ i n i ( y , i ) ;
i f ( d iscard_tot_CV ( y , i ) < 1.0e−15)
{

f i x l o g << " Changed discard_tot_CV ( " << y << " , " << i << " ) to 100" << endl ;
d iscard_tot_CV ( y , i ) = C V f i l l ;

}
d iscard_to t_s igma ( i , y ) = s q r t ( log ( discard_tot_CV ( y , i ) * d iscard_tot_CV ( y , i ) +1.0) ) ;
i f ( d i s c a r d _ t o t _ f l e e t _ o b s ( i , y ) >1.0e−15)
{

i f ( d iscard_min_t ime ( i ) == 0) discard_min_t ime ( i ) = y ;
i f ( discard_max_time ( i ) < y ) discard_max_time ( i ) = y ;
n_discard_years ( i ) ++;
d i s c a r d _ t o t _ l i k e _ c o n s t ( i ) +=0.5* log ( 2 . 0 * PI ) + log ( d iscard_to t_s igma ( i , y ) ) ;
/ / d i s c a r d _ t o t _ l i k e _ c o n s t ( i ) +=0.5* log ( 2 . 0 * PI ) + log ( d i s c a r d _ t o t _ f l e e t _ o b s ( i , y ) ) +

log ( d iscard_to t_s igma ( i , y ) ) ;
i f (sum( temp ) >1.0e−15 && inpu t_Ne f f_d i sca rd ( i , y ) > 1.0e−15)
{ / / both requirements as we l l as t o t a l d iscards > 0 to inc lude age comp i n

o b j e c t i v e f u n c t i o n
n_discard_age_comp_years ( i ) ++;
discard_paa_obs ( i , y ) =temp /sum( temp ) ;
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/ / compute mu l t i nomia l constants f o r d iscards a t age , i f requested
discard_age_comp_l ike_const ( i ) −= gammln ( inpu t_Ne f f_d isca rd ( i , y ) + 1 .0 ) ;
discard_age_comp_l ike_const ( i ) += sum( gammln ( inpu t_Ne f f_d i sca rd ( i , y ) *

discard_paa_obs ( i , y ) + 1 .0 ) ) ;
}
e lse discard_paa_obs ( i , y ) =0 .0 ;

}
}
catch_time_span ( i ) = catch_max_time ( i ) − catch_min_time ( i ) ;
d iscard_t ime_span ( i ) = discard_max_time ( i ) − discard_min_t ime ( i ) ;

}
END_CALCS

i m a t r i x catch_years (1 , n_ f l ee ts ,1 , n_catch_years )
i m a t r i x catch_t imes (1 , n_ f l ee ts ,1 , n_catch_years )
i m a t r i x catch_age_comp_years (1 , n_ f l ee ts ,1 , n_catch_age_comp_years )
i m a t r i x catch_age_comp_times (1 , n_ f l ee ts ,1 , n_catch_age_comp_years )

i m a t r i x d iscard_years (1 , n_ f l ee ts ,1 , n_discard_years )
i m a t r i x d iscard_t imes (1 , n_ f l ee ts ,1 , n_discard_years )
i m a t r i x discard_age_comp_years (1 , n_ f l ee ts ,1 , n_discard_age_comp_years )
i m a t r i x discard_age_comp_times (1 , n_ f l ee ts ,1 , n_discard_age_comp_years )

LOCAL_CALCS
catch_t imes = 0;
catch_years = 0;
catch_age_comp_times = 0;
catch_age_comp_years = 0;
d iscard_t imes = 0;
d iscard_years = 0;
discard_age_comp_times = 0;
discard_age_comp_years = 0;

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i n t catch_counter = 0 ;
i n t d iscard_counter = 0 ;
i n t catch_age_comp_counter = 0 ;
i n t discard_age_comp_counter = 0 ;
f o r ( i n t y =1;y<=n_years ; y++)
{

i f ( n_catch_years ( i ) >0)
{

i f ( ca t ch_ to t_ f l ee t_obs ( i , y ) >1.0e−15)
{

catch_counter ++;
catch_t imes ( i , catch_counter ) = y ;
catch_years ( i , catch_counter ) = y + year1 −1;
i f ( n_catch_age_comp_years ( i ) >0)
{

i f (sum( catch_paa_obs ( i , y ) ) >1.0e−15 && inpu t_Nef f_ca tch ( i , y ) > 1.0e−15)
{

28



catch_age_comp_counter ++;
catch_age_comp_times ( i , catch_age_comp_counter ) = y ;
catch_age_comp_years ( i , catch_age_comp_counter ) = y + year1 −1;

}
}

}
}
i f ( n_discard_years ( i ) >0)
{

i f ( d i s c a r d _ t o t _ f l e e t _ o b s ( i , y ) >1.0e−15)
{

d iscard_counter ++;
d iscard_t imes ( i , d iscard_counter ) = y ;
d iscard_years ( i , d iscard_counter ) = y + year1 −1;
i f ( n_discard_age_comp_years ( i ) >0)
{

i f (sum( discard_paa_obs ( i , y ) ) >1.0e−15 && inpu t_Ne f f_d i sca rd ( i , y ) > 1.0e−15)
{

discard_age_comp_counter ++;
discard_age_comp_times ( i , discard_age_comp_counter ) = y ;
discard_age_comp_years ( i , discard_age_comp_counter ) = y + year1 −1;

}
}

}
}

}
}

END_CALCS
/ / Ind ices * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
/ / Enter i n a l l a v a i l a b l e i nd i ces and then p ick the ones t h a t are to be used i n

o b j e c t i v e f u n c t i o n
/ / n_ ind ices i s the number o f i nd i ces entered
/ / n ind ices i s the number o f i nd i ces used ( ca l cu la ted by program )
i n t i n d a v a i l
i n i t _ v e c t o r index_uni ts_aggregate (1 , n_ ind ices ) / / 1=biomass , 2=numbers
! ! ICHECK( index_uni ts_aggregate ) ;
i n i t _ v e c t o r i ndex_un i t s_p ropo r t i ons (1 , n_ ind ices ) / / 1=biomass , 2=numbers
! ! ICHECK( index_un i t s_p ropo r t i ons ) ;
i n i t _ i v e c t o r index_WAApoint (1 , n_ ind ices ) / / p o i n t e r f o r which WAA mat r i x to use f o r

biomass c a l c u l a t i o n s f o r each index
! ! ICHECK( index_WAApoint ) ;
i n i t _ m a t r i x index_month_in i (1 , n_years ,1 , n_ ind ices ) / / −1=average pop
! ! ICHECK( index_month_in i ) ;
i n i t _ i v e c t o r use_index_age_comp (1 , n_ ind ices ) / / 1=yes
! ! ICHECK( use_index_age_comp ) ;
i n i t _ i v e c t o r use_index (1 , n_ ind ices ) / / 1=yes
! ! ICHECK( use_index ) ;
i n i t _ m a t r i x i n d e x _ i n i (1 , n_years * n_indices ,1 ,3+ n_ages+1) / / year , index value , CV,

p ropo r t i ons a t age , i npu t e f f e c t i v e sample s ize
! ! ICHECK( i n d e x _ i n i ) ;

i v e c t o r n_index_years (1 , n_ ind ices )
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i n t n_to t_ index_years
i v e c t o r n_index_age_comp_years (1 , n_ ind ices )
i v e c t o r index_min_t ime (1 , n_ ind ices )
i v e c t o r index_max_time (1 , n_ ind ices )
i v e c t o r index_time_span (1 , n_ ind ices )
mat r i x index_obs (1 , n_indices ,1 , n_years )
mat r i x index_month (1 , n_indices ,1 , n_years )
mat r i x index_cv (1 , n_indices ,1 , n_years )
mat r i x index_sigma (1 , n_indices ,1 , n_years )
mat r i x inpu t_Nef f_ index (1 , n_indices ,1 , n_years )
mat r i x index_age_comp_like_const (1 , n_indices ,1 , n_years )
3darray index_paa_obs (1 , n_indices ,1 , n_years ,1 , n_ages )
3darray index_WAA (1 , n_indices ,1 , n_years ,1 , n_ages )
vec to r index_ l i ke_cons t (1 , n_ ind ices )

LOCAL_CALCS
i f ( ( max( index_WAApoint ) > n_WAA_matrices ) | | ( min ( index_WAApoint ) < 1) )
{

f o r ( i n t i =1; i <=n_WAA_matrices ; i ++)
{

i f ( index_WAApoint ( i ) > n_WAA_matrices | | index_WAApoint ( i ) < 1)
f i x l o g << " index_WAApoint ( " << i < <") i s " << index_WAApoint ( i ) << " but i t

needs to be between 1 and " << n_WAA_matrices << endl ;
}
ad_ex i t ( 1 ) ;

}
f o r ( i n t i =1; i <=n_years * n_ ind ices ; i ++)
{

i f ( i n d e x _ i n i ( i , 3 ) <= 1.0e−15)
{

i n d e x _ i n i ( i , 3 ) = C V f i l l ;
f i x l o g << " Changed i n d e x _ i n i ( " << i << " , 3 ) ( the CV) to 100" << endl ;

}
}
index_paa_obs =0.0 ;
index_min_time = 0;
index_max_time = 0;
index_time_span = 0;
index_obs = 0 . 0 ;
index_cv = 0 . 0 ;
index_sigma = 0 . 0 ;
inpu t_Nef f_ index = 0 . 0 ;
i ndex_ l i ke_cons t =0 .0 ;
index_WAA =0.0 ;
index_age_comp_like_const =0 .0 ;
n_index_years = 0;
n_index_age_comp_years = 0;

f o r ( i n t i i =1; i i <=n_ ind ices ; i i ++)
{

/ / get the index and year s p e c i f i c i n f o rma t i on
f o r ( i n t y =1; y<=n_years ; y++)
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{
i n t i =( i i −1) * n_years+y ;
i f ( i n d e x _ i n i ( i , 2 ) >1.0e−15) / / t h i s year i s used
{

i f ( index_min_time ( i i ) == 0) index_min_time ( i i ) = y ;
i f ( index_max_time ( i i ) < y ) index_max_time ( i i ) = y ;
i f ( use_index ( i i ) == 1) n_index_years ( i i ) ++;
index_paa_obs ( i i , y )=−−(−−(−− i n d e x _ i n i ( i ) (4 ,3+ n_ages ) ) ) ;
f o r ( i n t a = 1; a<=n_ages ; a++) i f ( index_paa_obs ( i i , y ) ( a ) <0.0) index_paa_obs ( i i , y

) ( a ) = 0 . 0 ;
index_obs ( i i , y ) = i n d e x _ i n i ( i , 2 ) ;
index_cv ( i i , y ) = i n d e x _ i n i ( i , 3 ) ;
index_sigma ( i i , y ) = s q r t ( log ( index_cv ( i i , y ) * index_cv ( i i , y ) +1.0) ) ;
index_month ( i i , y ) = index_month_in i ( y , i i ) ;
i f ( use_index_age_comp ( i i ) == 1) inpu t_Nef f_ index ( i i , y ) = i n d e x _ i n i ( i , n_ages+4) ;
/ / add i n log−normal l i k e l i h o o d constants on ly f o r years used
index_ l i ke_cons t ( i i ) +=0.5* log ( 2 . 0 * PI ) + log ( index_sigma ( i i , y ) ) ;
i f (sum( index_paa_obs ( i i , y ) ) > 1.0e−15 && inpu t_Nef f_ index ( i i , y ) >1.0e−15)
{

n_index_age_comp_years ( i i ) ++;
index_paa_obs ( i i , y ) = index_paa_obs ( i i , y ) / sum( index_paa_obs ( i i , y ) ) ;
/ / compute mu l t i nomia l constants f o r index
index_age_comp_like_const ( i i , y ) −= gammln ( inpu t_Nef f_ index ( i i , y ) + 1 .0 ) ;
index_age_comp_like_const ( i i , y ) += sum( gammln ( inpu t_Nef f_ index ( i i , y ) *

index_paa_obs ( i i , y ) + 1 .0 ) ) ;
}
e lse index_paa_obs ( i i , y ) = 0 . 0 ;

}
}
index_time_span ( i i ) = index_max_time ( i i ) − index_min_time ( i i ) ;
/ / se t up the index_WAA matr ices ( i nd i ces i n numbers only w i l l have WAA set to 0)
i f ( index_uni ts_aggregate ( i i ) ==1 | | i ndex_un i t s_p ropo r t i ons ( i i ) ==1)
{

index_WAA ( i i ) = WAA( index_WAApoint ( i i ) ) ;
}

}
n_to t_ index_years = sum( n_index_years ) ;

END_CALCS
i m a t r i x index_years (1 , n_indices ,1 , n_index_years )
i m a t r i x index_t imes (1 , n_indices ,1 , n_index_years )
i m a t r i x index_age_comp_years (1 , n_indices ,1 , n_index_age_comp_years )
i m a t r i x index_age_comp_times (1 , n_indices ,1 , n_index_age_comp_years )

LOCAL_CALCS
index_t imes = 0;
index_years = 0;
index_age_comp_times = 0;
index_age_comp_years = 0;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i n t index_counter = 0 ;
i n t index_age_comp_counter = 0 ;
i f ( n_index_years ( i ) > 0)
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{
f o r ( i n t y =1;y<=n_years ; y++)
{

i f ( index_obs ( i , y ) >1.0e−15)
{

index_counter ++;
index_t imes ( i , index_counter ) = y ;
index_years ( i , index_counter ) = y+year1−1;
i f (sum( index_paa_obs ( i , y ) ) >1.0e−15 && inpu t_Nef f_ index ( i , y ) > 1.0e−15)
{

index_age_comp_counter ++;
index_age_comp_times ( i , index_age_comp_counter ) = y ;
index_age_comp_years ( i , index_age_comp_counter ) = y+year1−1;

}
}

}
}

}
END_CALCS

/ / General i n t e r n a l c a l i b r a t i o n o f ind ices , in tended f o r account ing f o r leng th e f f e c t s
on HBB tows , but c a l i b r a t i o n w i thou t leng th e f f e c t s could a lso be done

/ / by s p e c i f y i n g a s i n g l e c o e f f i c i e n c t and a column of ones f o r X, or the inverse f o r
AIV tows , or o ther gear changes f o r o ther surveys .

i n i t _ i n t c a l i b r a t e _ i n d i c e s / / f l a g to conver t (HBB) ind i ces i n t e r n a l l y w i th length−
based r e l a t i v e catch e f f i c i e n c y

! ! ICHECK( c a l i b r a t e _ i n d i c e s ) ;
i n i t _ i n t n _ r e l _ e f f i c i e n c y _ p e n a l t i e s
! ! ICHECK( n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ) ;
i n i t _ i n t n_lengths
! ! ICHECK( n_lengths ) ;
i n i t _ v e c t o r l ambda_re l_e f f i c i ency (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s )
! ! ICHECK( lambda_re l_e f f i c i ency ) ;
i n i t _ i v e c t o r phase_ re l _e f f i c i ency (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s )
! ! ICHECK( phase_ re l_e f f i c i ency ) ;
i n i t _ i v e c t o r n _ r e l _ e f f i c i e n c y _ c o e f (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s )
! ! ICHECK( n _ r e l _ e f f i c i e n c y _ c o e f ) ;
/ / es t imates o f r e l a t i v e e f f i c i e n c y c o e f f i c i e n t s
i n i t _ m a t r i x r e l _ e f f i c i e n c y _ c o e f _ i n i (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ,1 ,

n _ r e l _ e f f i c i e n c y _ c o e f ) / / ragged ar ray
! ! ICHECK( r e l _ e f f i c i e n c y _ c o e f _ i n i ) ;
i n t n _ t o t _ r e l _ e f f i c i e n c y _ c o e f s
! ! n _ t o t _ r e l _ e f f i c i e n c y _ c o e f s = sum( n _ r e l _ e f f i c i e n c y _ c o e f ) ;
i v e c t o r n _ v a r _ r e l e f f i c i e n c y _ c o e f _ c o l s (1 , n _ t o t _ r e l _ e f f i c i e n c y _ c o e f s )
i v e c t o r n_ re l _e f f i c i ency_X_co l s (1 , n_lengths * n _ r e l _ e f f i c i e n c y _ p e n a l t i e s )

LOCAL_CALCS
i n t count = 0 ;
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

f o r ( i n t j =1; j <= n _ r e l _ e f f i c i e n c y _ c o e f ( i ) ; j ++)
{

count ++;
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n _ v a r _ r e l e f f i c i e n c y _ c o e f _ c o l s ( count ) = n _ r e l _ e f f i c i e n c y _ c o e f ( i ) ;
}

}
count = 0 ;
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

f o r ( i n t j =1; j <= n_lengths ; j ++)
{

count ++;
n_ re l _e f f i c i ency_X_co l s ( count ) = n _ r e l _ e f f i c i e n c y _ c o e f ( i ) ;

}
}

END_CALCS
/ / est imate o f var−cov mat r i x f o r r e l a t i v e e f f i c i e n c y c o e f f i c i e n c t s
i n i t _ m a t r i x v a r _ r e l _ e f f i c i e n c y _ c o e f _ i n i (1 , n _ t o t _ r e l _ e f f i c i e n c y _ c o e f s ,1 ,

n _ v a r _ r e l e f f i c i e n c y _ c o e f _ c o l s ) / / ragged mat r i x
! ! ICHECK( v a r _ r e l _ e f f i c i e n c y _ c o e f _ i n i ) ;
3darray v a r _ r e l _ e f f i c i e n c y _ c o e f (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ,1 , n_ re l _e f f i c i en cy _c oe f

, 1 , n _ r e l _ e f f i c i e n c y _ c o e f )
/ / i f constant c a l i b r a t i o n j u s t make t h i s a column of 1s
i n i t _ m a t r i x r e l _ e f f i c i e n c y _ X _ i n i (1 , n_lengths * n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ,1 ,

n_ re l _e f f i c i ency_X_co l s ) / / ragged mat r i x
! ! ICHECK( r e l _ e f f i c i e n c y _ X _ i n i ) ;
3darray r e l _ e f f i c i e n c y _ X (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ,1 , n_lengths ,1 ,

n _ r e l _ e f f i c i e n c y _ c o e f )

vec to r r e l _ e f f i c i e n c y _ p e n a l t y _ c o n s t (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s )
/ / mat r i x o f 0s and 1 , . . . , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s t e l l i n g which observat ions f o r

each index to be c a l i b r a t e d and which c a l i b r a t i o n to use
i n i t _ i m a t r i x c a l i b r a t e _ t h i s _ o b s (1 , n_indices ,1 , n_years )
! ! ICHECK( c a l i b r a t e _ t h i s _ o b s ) ;
i v e c t o r n_ca l ib ra ted_obs (1 , n_ ind ices )
! ! f o r ( i n t i =1; i <=n_ ind ices ; i ++)
! ! {
! ! n_ca l ib ra ted_obs ( i ) =0;
! ! f o r ( i n t y =1;y<=n_years ; y++) i f ( c a l i b r a t e _ t h i s _ o b s ( i , y ) >0) n_ca l ib ra ted_obs ( i ) ++;
! ! }
! ! ICHECK( n_ca l ib ra ted_obs ) ;
i n t t o t a l _ c a l i b r a t e d _ o b s
! ! t o t a l _ c a l i b r a t e d _ o b s =sum( n_ca l ib ra ted_obs ) ;

i n i t _ m a t r i x unca l i b ra ted_ index_a t_ len_obs_ in i (1 , t o t a l _ca l i b ra ted_obs ,1 , n_lengths )
! ! ICHECK( unca l i b ra ted_ index_a t_ len_obs_ in i ) ;
3darray unca l ib ra ted_ index_at_ len_obs (1 , n_indices ,1 , n_years ,1 , n_lengths )
/ / p ropo r t i ons a t age given leng th f o r each leng th i n each survey and year
i n i t _ m a t r i x age_length_keys_ in i (1 , t o t a l _ca l i b ra ted_obs ,1 , n_ages * n_lengths )
! ! ICHECK( age_length_keys_ in i ) ;
4darray age_length_keys (1 , n_indices ,1 , n_years ,1 , n_lengths ,1 , n_ages ) / / p ropo r t i ons a t

age given leng th f o r each leng th i n each survey and year
LOCAL_CALCS

i n t count1 = 0;
i n t count2 = 0;
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f o r ( i n t i = 1 ; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

f o r ( i n t j = 1 ; j <= n _ r e l _ e f f i c i e n c y _ c o e f ( i ) ; j ++)
{

count1 ++;
v a r _ r e l _ e f f i c i e n c y _ c o e f ( i , j ) = v a r _ r e l _ e f f i c i e n c y _ c o e f _ i n i ( count1 ) ;

}
r e l _ e f f i c i e n c y _ p e n a l t y _ c o n s t ( i ) = 0 .5* ( n _ r e l _ e f f i c i e n c y _ c o e f ( i ) * log ( 2 . 0 * PI ) + log

( det ( v a r _ r e l _ e f f i c i e n c y _ c o e f ( i ) ) ) ) ;
f o r ( i n t j = 1 ; j <= n_lengths ; j ++)
{

count2 ++;
r e l _ e f f i c i e n c y _ X ( i , j ) = r e l _ e f f i c i e n c y _ X _ i n i ( count2 ) ;

}
}
count1 = 0;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

f o r ( i n t y =1; y<=n_years ; y++)
{

age_length_keys ( i , y ) = 0 . 0 ;
i f ( c a l i b r a t e _ t h i s _ o b s ( i , y ) > 0)
{

count1 ++;
unca l ib ra ted_ index_at_ len_obs ( i , y ) = unca l i b ra ted_ index_a t_ len_obs_ in i ( count1 ) ;
count2 = 0;
f o r ( i n t a=1; a<=n_ages ; a++)
{

f o r ( i n t l =1; l <=n_lengths ; l ++)
{

count2 ++;
age_length_keys ( i , y , l , a ) = age_length_keys_ in i ( count1 , count2 ) ;

}
}

}
}

}
END_CALCS

/ / new q paramete r i za t ion as a product o f a v a i l a b i l i t y and e f f i c i e n c y .
/ / cova r ia tes f o r a v a i l a b i l i t y and e f f i c i e n c y are al lowed .
i n i t _ i v e c t o r n _ a v a i l a b i l i t y _ p a r s (1 , n_ ind ices )
! ! ICHECK( n _ a v a i l a b i l i t y _ p a r s ) ;
i n t t o t a l _ a v a i l a b i l i t y _ p a r s
! ! t o t a l _ a v a i l a b i l i t y _ p a r s = sum( n _ a v a i l a b i l i t y _ p a r s ) ;
i n i t _ m a t r i x a v a i l a b i l i t y _ X _ i n i (1 , n_years ,1 , t o t a l _ a v a i l a b i l i t y _ p a r s )
! ! ICHECK( a v a i l a b i l i t y _ X _ i n i ) ;
3darray a v a i l a b i l i t y _ X (1 , n_indices ,1 , n_years ,1 , n _ a v a i l a b i l i t y _ p a r s )
i n i t _ v e c t o r a v a i l a b i l i t y _ p a r s _ i n i (1 , t o t a l _ a v a i l a b i l i t y _ p a r s )
! ! ICHECK( a v a i l a b i l i t y _ p a r s _ i n i ) ;
i n i t _ i v e c t o r p h a s e _ a v a i l a b i l i t y _ p a r s (1 , t o t a l _ a v a i l a b i l i t y _ p a r s )
! ! ICHECK( p h a s e _ a v a i l a b i l i t y _ p a r s ) ;
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i n i t _ v e c t o r a v a i l a b i l i t y _ i n i (1 , n_ ind ices )
! ! ICHECK( a v a i l a b i l i t y _ i n i ) ;
i n i t _ v e c t o r a v a i l a b i l i t y _ p e n a l t y _ C V (1 , n_ ind ices )
! ! ICHECK( a v a i l a b i l i t y _ p e n a l t y _ C V ) ;
i n i t _ i v e c t o r a v a i l a b i l i t y _ p e n a l t y _ t y p e (1 , n_ ind ices )
! ! ICHECK( a v a i l a b i l i t y _ p e n a l t y _ t y p e ) ;
i n i t _ v e c t o r a v a i l a b i l i t y _ l o w e r (1 , n_ ind ices )
! ! ICHECK( a v a i l a b i l i t y _ l o w e r ) ;
i n i t _ v e c t o r a v a i l a b i l i t y _ u p p e r (1 , n_ ind ices )
! ! ICHECK( a v a i l a b i l i t y _ u p p e r ) ;
i n i t _ v e c t o r l a m b d a _ a v a i l a b i l i t y (1 , n_ ind ices )
! ! ICHECK( l a m b d a _ a v a i l a b i l i t y ) ;
vec to r a v a i l a b i l i t y _ p e n a l t y _ s i g m a (1 , n_ ind ices )
vec to r a v a i l a b i l i t y _ p e n a l t y _ l n o r m _ s c a l e (1 , n_ ind ices )
vec to r a v a i l a b i l i t y _ p e n a l t y _ p h i (1 , n_ ind ices )
vec to r a v a i l a b i l i t y _ p e n a l t y _ a (1 , n_ ind ices )
vec to r a v a i l a b i l i t y _ p e n a l t y _ b (1 , n_ ind ices )
vec to r a v a i l a b i l i t y _ p e n a l t y _ m u (1 , n_ ind ices )
vec to r a v a i l a b i l i t y _ p e n a l t y _ c o n s t (1 , n_ ind ices )
i v e c t o r f i r s t _ a v a i l a b i l i t y _ p h a s e (1 , n_ ind ices )

i n i t _ v e c t o r lambda_ava i lab i l i t y_AR1 (1 , n_ ind ices )
! ! ICHECK( lambda_ava i lab i l i t y_AR1 ) ;
i n i t _ v e c t o r ava i l ab i l i t y_AR1_sd (1 , n_ ind ices )
! ! ICHECK( ava i l ab i l i t y_AR1_sd ) ;
i n i t _ i v e c t o r phase_ava i lab i l i t y_AR1 (1 , n_ ind ices )
! ! ICHECK( phase_ava i lab i l i t y_AR1 ) ;
i n t t o t a l _ a v a i l a b i l i t y _ A R 1 _ d e v s
! ! t o t a l _ a v a i l a b i l i t y _ A R 1 _ d e v s = sum( index_time_span ) ;
vec to r ava i l ab i l i t y_AR1_pena l t y_cons t (1 , n_ ind ices )

i n i t _ i v e c t o r n_e f f i c i ency_pa rs (1 , n_ ind ices )
! ! ICHECK( n_e f f i c i ency_pa rs ) ;
i n t t o t a l _ e f f i c i e n c y _ p a r s
! ! t o t a l _ e f f i c i e n c y _ p a r s = sum( n_e f f i c i ency_pa rs ) ;
i n i t _ m a t r i x e f f i c i e n c y _ X _ i n i (1 , n_years ,1 , t o t a l _ e f f i c i e n c y _ p a r s )
! ! ICHECK( e f f i c i e n c y _ X _ i n i ) ;
3darray e f f i c i enc y_X (1 , n_indices ,1 , n_years ,1 , n_e f f i c i ency_pa rs )
i n i t _ v e c t o r e f f i c i e n c y _ p a r s _ i n i (1 , t o t a l _ e f f i c i e n c y _ p a r s )
! ! ICHECK( e f f i c i e n c y _ p a r s _ i n i ) ;
i n i t _ i v e c t o r phase_ef f i c iency_pars (1 , t o t a l _ e f f i c i e n c y _ p a r s )
! ! ICHECK( phase_ef f i c iency_pars ) ;
i n i t _ v e c t o r e f f i c i e n c y _ i n i (1 , n_ ind ices )
! ! ICHECK( e f f i c i e n c y _ i n i ) ;
i n i t _ v e c t o r e f f i c iency_pena l ty_CV (1 , n_ ind ices )
! ! ICHECK( e f f i c iency_pena l ty_CV ) ;
i n i t _ i v e c t o r e f f i c i e n c y _ p e n a l t y _ t y p e (1 , n_ ind ices )
! ! ICHECK( e f f i c i e n c y _ p e n a l t y _ t y p e ) ;
i n i t _ v e c t o r e f f i c i e n c y _ l o w e r (1 , n_ ind ices )
! ! ICHECK( e f f i c i e n c y _ l o w e r ) ;
i n i t _ v e c t o r e f f i c i ency_uppe r (1 , n_ ind ices )
! ! ICHECK( e f f i c i ency_uppe r ) ;

35



i n i t _ v e c t o r lambda_ef f i c iency (1 , n_ ind ices )
! ! ICHECK( lambda_ef f i c iency ) ;
vec to r e f f i c iency_pena l t y_s igma (1 , n_ ind ices )
vec to r e f f i c i ency_pena l t y_ lno rm_sca le (1 , n_ ind ices )
vec to r e f f i c i e n c y _ p e n a l t y _ p h i (1 , n_ ind ices )
vec to r e f f i c i e n c y _ p e n a l t y _ a (1 , n_ ind ices )
vec to r e f f i c i e n c y _ p e n a l t y _ b (1 , n_ ind ices )
vec to r e f f i c iency_pena l ty_mu (1 , n_ ind ices )
vec to r e f f i c i e n c y _ p e n a l t y _ c o n s t (1 , n_ ind ices )
i v e c t o r f i r s t _ e f f i c i e n c y _ p h a s e (1 , n_ ind ices )

LOCAL_CALCS
a v a i l a b i l i t y _ X = 0 . 0 ;
e f f i c i ency _X = 0 . 0 ;
count = 0 ;
double max_CV = 0 . 0 ;
f o r ( i n t i = 1 ; i <= n_ ind ices ; i ++)
{

f o r ( i n t j =1; j <= n _ a v a i l a b i l i t y _ p a r s ( i ) ; j ++)
{

count ++;
/ / make sure no a v a i l a b i l i t y parameters are t r y i n g to be est imated when the index

i s not used
i f ( n_index_years ( i ) == 0 && p h a s e _ a v a i l a b i l i t y _ p a r s ( count ) > 0)
{

p h a s e _ a v a i l a b i l i t y _ p a r s ( count ) = −1;
f i x l o g << " Changed phase f o r a v a i l a b i l i t y parameter " << count << " to −1

because i t pe r t a i ns to index " << i << " which i s not used . " << endl ;
}
/ / f i l l out the ar ray f o r the design matr ices
f o r ( i n t y =1; y<=n_years ; y++)
{

a v a i l a b i l i t y _ X ( i , y , j ) = a v a i l a b i l i t y _ X _ i n i ( y , count ) ;
}

}
}
f o r ( i n t i = 1 ; i <= n_ ind ices ; i ++)
{

i f ( a v a i l a b i l i t y _ l o w e r ( i ) < 0 .0 )
{

a v a i l a b i l i t y _ l o w e r ( i ) = 0 . 0 ;
f i x l o g << " Changed lower bound f o r a v a i l a b i l i t y f o r index " << i << " to 0 because

i t was less than 0" << endl ;
}
i f ( a v a i l a b i l i t y _ u p p e r ( i ) < a v a i l a b i l i t y _ l o w e r ( i ) )
{

a v a i l a b i l i t y _ u p p e r ( i ) = 1.0 + a v a i l a b i l i t y _ l o w e r ( i ) ;
f i x l o g << " Changed upper bound f o r a v a i l a b i l i t y f o r index " << i << " to 1 + lower

bound because i t was less than lower bound " << endl ;
}
i f ( a v a i l a b i l i t y _ i n i ( i ) < a v a i l a b i l i t y _ l o w e r ( i ) | | a v a i l a b i l i t y _ i n i ( i ) >

a v a i l a b i l i t y _ u p p e r ( i ) )
{
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i f ( a v a i l a b i l i t y _ i n i ( i ) < a v a i l a b i l i t y _ l o w e r ( i ) )
{

a v a i l a b i l i t y _ i n i ( i ) = a v a i l a b i l i t y _ l o w e r ( i ) + 1.0e−15;
f i x l o g << " changed i n i t i a l value f o r a v a i l a b i l i t y parameter " << i << " to " <<

a v a i l a b i l i t y _ l o w e r ( i ) + 1.0e−15 <<
" because i t was < the lower bound , " << a v a i l a b i l i t y _ l o w e r ( i ) << endl ;

}
e lse
{

a v a i l a b i l i t y _ i n i ( i ) = a v a i l a b i l i t y _ u p p e r ( i ) − 1.0e−15;
f i x l o g << " changed i n i t i a l value f o r a v a i l a b i l i t y parameter " << i << " to " <<

a v a i l a b i l i t y _ u p p e r ( i ) − 1.0e−15<<
" because i t was > the upper bound , " << a v a i l a b i l i t y _ u p p e r ( i ) << endl ;

}
}
i f ( a v a i l a b i l i t y _ p e n a l t y _ t y p e ( i ) == 1)
{

max_CV = s q r t ( ( a v a i l a b i l i t y _ u p p e r ( i )−a v a i l a b i l i t y _ i n i ( i ) ) * ( a v a i l a b i l i t y _ i n i ( i ) −
a v a i l a b i l i t y _ l o w e r ( i ) ) / square ( a v a i l a b i l i t y _ i n i ( i ) ) ) ;

i f ( a v a i l a b i l i t y _ p e n a l t y _ C V ( i ) >= max_CV)
{ / / CV( par ) must be < (E( par )−lower ) ( upper−E( par ) ) /E( par ) ^2

a v a i l a b i l i t y _ p e n a l t y _ C V ( i ) = max_CV*0.9999;
f i x l o g << " Changed pena l ty CV f o r a v a i l a b i l i t y o f index " << i << " to " <<

max_CV*0.9999 << " because i t was >= than maximum" << endl ;
}
i f ( a v a i l a b i l i t y _ p e n a l t y _ C V ( i ) < 1.0e−15)
{

a v a i l a b i l i t y _ p e n a l t y _ C V ( i ) = max_CV*0.0001;
f i x l o g << " Changed pena l ty CV f o r a v a i l a b i l i t y o f index " << i << " to " <<

max_CV*0.0001 << " because i t was <= 0" << endl ;
}

/ / beta d i s t r i b u t i o n f o r p e n a l t i e s : ph i = alpha + beta = mu/(1−mu) /CV^2 −1
a v a i l a b i l i t y _ p e n a l t y _ m u ( i ) = ( a v a i l a b i l i t y _ i n i ( i ) − a v a i l a b i l i t y _ l o w e r ( i ) ) / (

a v a i l a b i l i t y _ u p p e r ( i ) − a v a i l a b i l i t y _ l o w e r ( i ) ) ;
a v a i l a b i l i t y _ p e n a l t y _ p h i ( i ) = (1−a v a i l a b i l i t y _ p e n a l t y _ m u ( i ) ) *

a v a i l a b i l i t y _ p e n a l t y _ m u ( i ) * square ( a v a i l a b i l i t y _ u p p e r ( i ) − a v a i l a b i l i t y _ l o w e r ( i )
) / square ( a v a i l a b i l i t y _ i n i ( i ) * a v a i l a b i l i t y _ p e n a l t y _ C V ( i ) ) − 1 . 0 ;

a v a i l a b i l i t y _ p e n a l t y _ a ( i ) = a v a i l a b i l i t y _ p e n a l t y _ p h i ( i ) * a v a i l a b i l i t y _ p e n a l t y _ m u ( i )
;

a v a i l a b i l i t y _ p e n a l t y _ b ( i ) = a v a i l a b i l i t y _ p e n a l t y _ p h i ( i ) *(1−
a v a i l a b i l i t y _ p e n a l t y _ m u ( i ) ) ;

a v a i l a b i l i t y _ p e n a l t y _ c o n s t ( i ) = ( a v a i l a b i l i t y _ p e n a l t y _ p h i ( i ) −1.0) * log (
a v a i l a b i l i t y _ u p p e r ( i )−a v a i l a b i l i t y _ l o w e r ( i ) + 1.0e−15) − gammln (
a v a i l a b i l i t y _ p e n a l t y _ p h i ( i ) ) +

gammln ( a v a i l a b i l i t y _ p e n a l t y _ a ( i ) ) + gammln ( a v a i l a b i l i t y _ p e n a l t y _ b ( i ) ) ;
}
e lse
{

i f ( a v a i l a b i l i t y _ p e n a l t y _ C V ( i ) < 1.0e−15)
{

f i x l o g << " Changed a v a i l a b i l i t y _ p e n a l t y _ C V ( " << i << " ) to 100" << endl ;
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a v a i l a b i l i t y _ p e n a l t y _ C V ( i ) = C V f i l l ;
}
a v a i l a b i l i t y _ p e n a l t y _ s i g m a ( i ) = s q r t ( log ( a v a i l a b i l i t y _ p e n a l t y _ C V ( i ) *

a v a i l a b i l i t y _ p e n a l t y _ C V ( i ) +1.0) ) ;
a v a i l a b i l i t y _ p e n a l t y _ l n o r m _ s c a l e ( i ) = cumd_norm ( ( log ( a v a i l a b i l i t y _ u p p e r ( i ) )−log (

a v a i l a b i l i t y _ i n i ( i ) +1.0e−15) ) / a v a i l a b i l i t y _ p e n a l t y _ s i g m a ( i ) ) −
cumd_norm ( ( log ( a v a i l a b i l i t y _ l o w e r ( i ) +1.0e−15)−log ( a v a i l a b i l i t y _ i n i ( i ) +1.0e−15) ) /

a v a i l a b i l i t y _ p e n a l t y _ s i g m a ( i ) ) ;
a v a i l a b i l i t y _ p e n a l t y _ c o n s t ( i ) = 0 .5* log ( 2 . 0 * PI ) + log ( a v a i l a b i l i t y _ p e n a l t y _ s i g m a ( i

) ) + log ( a v a i l a b i l i t y _ p e n a l t y _ l n o r m _ s c a l e ( i ) ) ;
}

/ / a v a i l a b i t y AR1 process
i f ( ava i l ab i l i t y_AR1_sd ( i ) < 1.0e−15)
{

ava i l ab i l i t y_AR1_sd ( i ) = 0.0001;
f i x l o g << " Changed pena l ty sd f o r a v a i l a b i l i t y AR1 process o f index " << i << " to

0.0001 because i t was <= 0" << endl ;
}
i f ( n_index_years ( i ) == 0 && phase_ava i lab i l i t y_AR1 ( i ) > 0)
{

phase_ava i lab i l i t y_AR1 ( i ) = −1;
f i x l o g << " Changed phase f o r a v a i l a b i l i t y AR1 process o f index " << i << " to −1

because t h i s index i s not used . " << endl ;
}
ava i l ab i l i t y_AR1_pena l t y_cons t ( i ) = double ( index_time_span ( i ) ) * ( 0 . 5 * log ( 2 . 0 * PI ) +

log ( ava i l ab i l i t y_AR1_sd ( i ) ) ) ;

/ / e f f i c i e n c y
count = 0 ;
f o r ( i n t j =1; j <= n_e f f i c i ency_pa rs ( i ) ; j ++)
{

count ++;
i f ( n_index_years ( i ) == 0 && phase_ef f i c iency_pars ( count ) > 0)
{

phase_ef f i c iency_pars ( count ) = −1;
f i x l o g << " Changed phase f o r e f f i c i e n c y parameter " << count << " to −1 because

i t pe r t a i ns to index " << i << " which i s not used . " << endl ;
}
f o r ( i n t y =1; y<=n_years ; y++)
{

e f f i c i ency _X ( i , y , j ) = e f f i c i e n c y _ X _ i n i ( y , count ) ;
}

}
i f ( e f f i c i e n c y _ l o w e r ( i ) < 0 .0 )
{

e f f i c i e n c y _ l o w e r ( i ) = 0 . 0 ;
f i x l o g << " Changed lower bound f o r e f f i c i e n c y f o r index " << i << " to 0 because

i t was less than 0" << endl ;
}
i f ( e f f i c i ency_uppe r ( i ) < e f f i c i e n c y _ l o w e r ( i ) )
{

38



e f f i c i ency_uppe r ( i ) = 1.0 + e f f i c i e n c y _ l o w e r ( i ) ;
f i x l o g << " Changed upper bound f o r e f f i c i e n c y f o r index " << i << " to 1 + lower

bound because i t was less than lower bound " << endl ;
}
i f ( e f f i c i e n c y _ i n i ( i ) < e f f i c i e n c y _ l o w e r ( i ) | | e f f i c i e n c y _ i n i ( i ) > e f f i c i ency_uppe r ( i

) )
{

i f ( e f f i c i e n c y _ i n i ( i ) < e f f i c i e n c y _ l o w e r ( i ) )
{

e f f i c i e n c y _ i n i ( i ) = e f f i c i e n c y _ l o w e r ( i ) + 1.0e−15;
f i x l o g << " changed i n i t i a l value f o r e f f i c i e n c y parameter " << i << " to " <<

e f f i c i e n c y _ l o w e r ( i ) + 1.0e−15 <<
" because i t was < the lower bound , " << e f f i c i e n c y _ l o w e r ( i ) << endl ;

}
e lse
{

e f f i c i e n c y _ i n i ( i ) = e f f i c i ency_uppe r ( i ) − 1.0e−15;
f i x l o g << " changed i n i t i a l value f o r e f f i c i e n c y parameter " << i << " to " <<

e f f i c i ency_uppe r ( i ) − 1.0e−15 <<
" because i t was > the upper bound , " << e f f i c i ency_uppe r ( i ) << endl ;

}
}
i f ( e f f i c i e n c y _ p e n a l t y _ t y p e ( i ) == 1)
{

max_CV = s q r t ( ( e f f i c i ency_uppe r ( i )−e f f i c i e n c y _ i n i ( i ) ) * ( e f f i c i e n c y _ i n i ( i ) −
e f f i c i e n c y _ l o w e r ( i ) ) / square ( e f f i c i e n c y _ i n i ( i ) ) ) ;

i f ( e f f i c iency_pena l ty_CV ( i ) >= max_CV)
{ / / CV( par ) must be < (E( par )−lower ) ( upper−E( par ) ) /E( par ) ^2

e f f i c iency_pena l ty_CV ( i ) = max_CV*0.9999;
f i x l o g << " Changed pena l ty CV f o r e f f i c i e n c y o f index " << i << " to " << max_CV

*0.9999 << " because i t was >= than maximum" << endl ;
}
i f ( e f f i c iency_pena l ty_CV ( i ) < 1.0e−15)
{

e f f i c iency_pena l ty_CV ( i ) = max_CV*0.0001;
f i x l o g << " Changed pena l ty CV f o r e f f i c i e n c y o f index " << i << " to " << max_CV

*0.0001 << " because i t was <= 0" << endl ;
}
/ / beta d i s t r i b u t i o n f o r p e n a l t i e s : ph i = alpha + beta = mu/(1−mu) /CV^2 −1
ef f i c iency_pena l ty_mu ( i ) = ( e f f i c i e n c y _ i n i ( i ) − e f f i c i e n c y _ l o w e r ( i ) ) / (

e f f i c i ency_uppe r ( i ) − e f f i c i e n c y _ l o w e r ( i ) ) ;
e f f i c i e n c y _ p e n a l t y _ p h i ( i ) = (1−ef f i c iency_pena l ty_mu ( i ) ) * e f f i c iency_pena l ty_mu ( i ) *

square ( e f f i c i ency_uppe r ( i ) − e f f i c i e n c y _ l o w e r ( i ) ) / square ( e f f i c i e n c y _ i n i ( i ) *
e f f i c iency_pena l ty_CV ( i ) ) − 1 . 0 ;

e f f i c i e n c y _ p e n a l t y _ a ( i ) = e f f i c i e n c y _ p e n a l t y _ p h i ( i ) * e f f i c iency_pena l ty_mu ( i ) ;
e f f i c i e n c y _ p e n a l t y _ b ( i ) = e f f i c i e n c y _ p e n a l t y _ p h i ( i ) *(1− ef f i c iency_pena l ty_mu ( i ) ) ;
e f f i c i e n c y _ p e n a l t y _ c o n s t ( i ) = ( e f f i c i e n c y _ p e n a l t y _ p h i ( i ) −1.0) * log ( e f f i c i ency_uppe r

( i )−e f f i c i e n c y _ l o w e r ( i ) + 1.0e−15) − gammln ( e f f i c i e n c y _ p e n a l t y _ p h i ( i ) ) +
gammln ( e f f i c i e n c y _ p e n a l t y _ a ( i ) ) + gammln ( e f f i c i e n c y _ p e n a l t y _ b ( i ) ) ;

}
e lse
{
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i f ( e f f i c iency_pena l ty_CV ( i ) < 1.0e−15)
{

f i x l o g << " Changed ef f i c iency_pena l ty_CV ( " << i << " ) to 100" << endl ;
e f f i c iency_pena l ty_CV ( i ) = C V f i l l ;

}
e f f i c i ency_pena l t y_s igma ( i ) = s q r t ( log ( e f f i c iency_pena l ty_CV ( i ) *

e f f i c iency_pena l ty_CV ( i ) +1.0) ) ;
e f f i c i ency_pena l t y_ lno rm_sca le ( i ) = cumd_norm ( ( log ( e f f i c i ency_uppe r ( i ) )−log (

e f f i c i e n c y _ i n i ( i ) +1.0e−15) ) / e f f i c i ency_pena l t y_s igma ( i ) ) −
cumd_norm ( ( log ( e f f i c i e n c y _ l o w e r ( i ) +1.0e−15)−l og ( e f f i c i e n c y _ i n i ( i ) +1.0e−15) ) /

e f f i c i ency_pena l t y_s igma ( i ) ) ;
e f f i c i e n c y _ p e n a l t y _ c o n s t ( i ) = 0 .5* log ( 2 . 0 * PI ) + log ( e f f i c iency_pena l t y_s igma ( i ) ) +

log ( e f f i c i ency_pena l t y_ lno rm_sca le ( i ) ) ;
}

}
count = 0 ;
f o r ( i n t i =1; i <= n_ ind ices ; i ++)
{

f i r s t _ a v a i l a b i l i t y _ p h a s e ( i ) = max( p h a s e _ a v a i l a b i l i t y _ p a r s ( count +1 , count+
n _ a v a i l a b i l i t y _ p a r s ( i ) ) ) ;

i f ( f i r s t _ a v a i l a b i l i t y _ p h a s e ( i ) >0)
{

f o r ( i n t j =1; j <= n _ a v a i l a b i l i t y _ p a r s ( i ) ; j ++)
{

i f ( p h a s e _ a v a i l a b i l i t y _ p a r s ( count+ j ) > 0 && p h a s e _ a v a i l a b i l i t y _ p a r s ( count+ j ) <
f i r s t _ a v a i l a b i l i t y _ p h a s e ( i ) )

f i r s t _ a v a i l a b i l i t y _ p h a s e ( i ) = p h a s e _ a v a i l a b i l i t y _ p a r s ( count+ j ) ;
}

}
count = sum( n _ a v a i l a b i l i t y _ p a r s (1 , i ) ) ;

}
count = 0 ;
f o r ( i n t i =1; i <= n_ ind ices ; i ++)
{

f i r s t _ e f f i c i e n c y _ p h a s e ( i ) = max( phase_ef f i c iency_pars ( count +1 , count+
n_e f f i c i ency_pa rs ( i ) ) ) ;

i f ( f i r s t _ e f f i c i e n c y _ p h a s e ( i ) >0)
{

f o r ( i n t j =1; j <= n_e f f i c i ency_pa rs ( i ) ; j ++)
{

i f ( phase_ef f i c iency_pars ( count+ j ) > 0 && phase_ef f i c iency_pars ( count+ j ) <
f i r s t _ e f f i c i e n c y _ p h a s e ( i ) )

f i r s t _ e f f i c i e n c y _ p h a s e ( i ) = phase_ef f i c iency_pars ( count+ j ) ;
}

}
count = sum( n_e f f i c i ency_pa rs (1 , i ) ) ;

}
END_CALCS

! ! f o r ( i n t i =1; i <=n_ ind ices ; i ++) ICHECK( a v a i l a b i l i t y _ X ( i ) ) ;
! ! f o r ( i n t i =1; i <=n_ ind ices ; i ++) ICHECK( e f f i c i ency_X ( i ) ) ;

/ / s t a r t i n g guesses
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i n i t _ i n t NAA_year1_flag / / 1 f o r devs from exponent ia l dec l ine , 2 f o r devs from
i n i t i a l guesses

! ! ICHECK( NAA_year1_flag ) ;
i n i t _ v e c t o r NAA_year1_ini (1 , n_ages )
! ! ICHECK( NAA_year1_ini ) ;
i n i t _ v e c t o r Fmul t_year1_ in i (1 , n _ f l e e t s )
! ! ICHECK( Fmul t_year1_ in i ) ;
in i t_number is_SR_scalar_R / / 1 f o r R0, 0 f o r SSB0
! ! ICHECK( is_SR_scalar_R ) ;
in i t_number SR_sca lar_ in i
! ! ICHECK( SR_sca lar_ in i ) ;
in i t_number s teepness_ in i
! ! ICHECK( s teepness_ in i ) ;

/ / Phase Cont ro ls ( o ther than s e l e c t i v i t y and a v a i l a b i l i t y , e f f i c i e n c y )
i n i t _ i v e c t o r phase_Fmult_year1 (1 , n _ f l e e t s )
! ! ICHECK( phase_Fmult_year1 ) ;
i n i t _ i v e c t o r phase_Fmult_devs (1 , n _ f l e e t s )
! ! ICHECK( phase_Fmult_devs ) ;
i n t n_tot_Fmult_devs ;
! ! n_tot_Fmult_devs = sum( n_catch_years ) − n _ f l e e t s ; / / no dev i n f i r s t year
i v e c t o r phase_Fmult_devs_ini (1 , n_tot_Fmult_devs )

LOCAL_CALCS
i n t counter = 0 ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

phase_Fmult_devs_ini (1 + counter , sum( n_catch_years (1 , i ) )− i ) = phase_Fmult_devs ( i ) ;
counter = sum( n_catch_years (1 , i ) )− i ;

}
ICHECK( phase_Fmult_devs_ini ) ;

END_CALCS
i n i t _ i n t phase_recru i t_devs
! ! ICHECK( phase_recru i t_devs ) ;
i n i t _ i n t phase_N_year1_devs
! ! ICHECK( phase_N_year1_devs ) ;
i n i t _ i n t phase_SR_scalar
! ! ICHECK( phase_SR_scalar ) ;
i n i t _ i n t phase_steepness
! ! ICHECK( phase_steepness ) ;

/ / weights f o r data components and p r i o r s / p e n a l t i e s
i n i t _ v e c t o r lambda_catch_tot (1 , n _ f l e e t s )
! ! ICHECK( lambda_catch_tot ) ;
i n i t _ v e c t o r lambda_discard_tot (1 , n _ f l e e t s )
! ! ICHECK( lambda_discard_tot ) ;
i n i t _ v e c t o r lambda_index (1 , n_ ind ices )
! ! ICHECK( lambda_index ) ;
i n i t _ v e c t o r lambda_Fmult_year1 (1 , n _ f l e e t s )
! ! ICHECK( lambda_Fmult_year1 ) ;
i n i t _ v e c t o r lambda_Fmult_devs (1 , n _ f l e e t s )
! ! ICHECK( lambda_Fmult_devs ) ;
in i t_number lambda_N_year1_devs
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! ! ICHECK( lambda_N_year1_devs ) ;
in i t_number lambda_recrui t_devs
! ! ICHECK( lambda_recrui t_devs ) ;
in i t_number lambda_steepness
! ! ICHECK( lambda_steepness ) ;
in i t_number lambda_SR_scalar
! ! ICHECK( lambda_SR_scalar ) ;

/ / CVs f o r p r i o r s / p e n a l t i e s
i n i t _ v e c t o r recru i t_CV (1 , n_years )
! ! ICHECK( recru i t_CV ) ;
i n i t _ v e c t o r Fmult_year1_CV (1 , n _ f l e e t s )
! ! ICHECK( Fmult_year1_CV ) ;
i n i t _ v e c t o r Fmult_devs_CV (1 , n _ f l e e t s )
! ! ICHECK( Fmult_devs_CV ) ;
in i t_number N_year1_CV
! ! ICHECK( N_year1_CV ) ;
in i t_number steepness_penalty_CV
! ! ICHECK( steepness_penalty_CV ) ;
i n i t _ i n t steepness_penal ty_type
! ! ICHECK( steepness_penal ty_type ) ;
in i t_number SR_scalar_CV
! ! ICHECK( SR_scalar_CV ) ;
vec to r rec ru i t_s igma (1 , n_years )
number SR_penalty_const
vec to r Fmult_year1_sigma (1 , n _ f l e e t s )
vec to r Fmult_year1_penal ty_const (1 , n _ f l e e t s )
vec to r Fmult_devs_sigma (1 , n _ f l e e t s )
vec to r Fmult_devs_penal ty_const (1 , n _ f l e e t s )
number N_year1_sigma
number N_year1_penalty_const
number steepness_penal ty_const
number SR_scalar_sigma
number SR_scalar_penal ty_const
number steepness_penal ty_phi
number steepness_penal ty_lnorm_scale
number steepness_penalty_sigma
number steepness_penalty_a
number steepness_penalty_b
number steepness_penalty_mu

LOCAL_CALCS
f o r ( i n t y =1; y<=n_years ; y++)
{

i f ( recru i t_CV ( y ) < 1.0e−15)
{

f i x l o g << " Changed recru i t_CV ( " << y << " ) to 100" << endl ;
recru i t_CV ( y ) = C V f i l l ;

}
}
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( Fmult_year1_CV ( i ) < 1.0e−15)

42



{
f i x l o g << " Changed Fmult_year1_CV ( " << i << " ) to 100" << endl ;
Fmult_year1_CV ( i ) = C V f i l l ;

}
i f ( Fmult_devs_CV ( i ) < 1.0e−15)
{

f i x l o g << " Changed Fmult_devs_CV ( " << i << " ) to 100" << endl ;
Fmult_devs_CV ( i ) = C V f i l l ;

}
}
i f ( N_year1_CV < 1.0e−15)
{

f i x l o g << " Changed N_year1_CV to 100" << endl ;
N_year1_CV = C V f i l l ;

}
/ / steepness i s bounded between 0.2 and 1.0 so use a scaled beta p r i o r / pena l ty
i f ( s teepness_ in i < 0.2 | | s teepness_ in i > 1 .0 )
{

i f ( s teepness_ in i < 0 .2 )
{

s teepness_ in i = 0.2 + 1.0e−15;
f i x l o g << " changed i n i t i a l value f o r steepness to " << 0.2 + 1.0e−15 << " because

i t was < the lower bound , 0 .2 " << endl ;
}
e lse
{

s teepness_ in i = 1.0 − 1.0e−15;
f i x l o g << " changed i n i t i a l value f o r steepness to " << 1.0 − 1.0e−15 << " because

i t was > the upper bound , 1 .0 " << endl ;
}

}

i f ( s teepness_penal ty_type == 1)
{

double max_CV = s q r t ((1.0− s teepness_ in i ) * ( s teepness_ in i − 0 .2 ) / square ( s teepness_ in i )
) ;

i f ( steepness_penalty_CV >= max_CV)
{ / / CV( steepness ) must be < s q r t ( ( E( par ) −0.2) (1.0−E( par ) ) /E( par ) ^2)

steepness_penalty_CV = max_CV*0.9999;
f i x l o g << "Change pena l ty CV f o r steepness to " << max_CV*0.9999 << " because i t

was >= maximum" << endl ;
}
i f ( steepness_penalty_CV < 1.0e−15)
{

steepness_penalty_CV = max_CV*0.0001;
f i x l o g << " Changed pena l ty CV f o r steepness to " << max_CV*0.0001 << " because i t

was <= 0" << endl ;
}
steepness_penalty_mu = ( s teepness_ in i − 0 .2 ) / ( 1 . 0 − 0 .2 ) ;
s teepness_penal ty_phi = (1−steepness_penalty_mu ) * steepness_penalty_mu * square (1 .0 −

0 .2 ) / square ( s teepness_ in i * steepness_penalty_CV ) − 1 . 0 ;
steepness_penalty_a = steepness_penal ty_phi * steepness_penalty_mu ;
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steepness_penalty_b = steepness_penal ty_phi *(1− steepness_penalty_mu ) ;
steepness_penal ty_const = ( steepness_penal ty_phi −1.0) * log (1.0−0.2) − gammln (

steepness_penal ty_phi ) +
gammln ( steepness_penalty_a ) + gammln ( steepness_penalty_b ) ;

}
e lse
{

i f ( steepness_penalty_CV < 1.0e−15)
{

f i x l o g << " Changed steepness_penalty_CV to 100" << endl ;
steepness_penalty_CV = C V f i l l ;

}
steepness_penalty_sigma = s q r t ( log ( steepness_penalty_CV * steepness_penalty_CV +1.0) ) ;
s teepness_penal ty_lnorm_scale = cumd_norm ( ( log ( 1 . 0 )−log ( s teepness_ in i ) ) /

steepness_penalty_sigma ) −
cumd_norm ( ( log ( 0 . 2 )−log ( s teepness_ in i ) ) / steepness_penalty_sigma ) ;

steepness_penal ty_const = 0 .5* log ( 2 . 0 * PI ) + log ( steepness_penalty_sigma ) + log (
steepness_penal ty_lnorm_scale ) ;

}
i f ( SR_scalar_CV < 1.0e−15)
{

f i x l o g << " Changed SR_scalar_CV to 100" << endl ;
SR_scalar_CV = C V f i l l ;

}
/ / conver t CVs to var iances
rec ru i t_s igma= s q r t ( log ( elem_prod ( recru i t_CV , recru i t_CV ) +1.0) ) ;
Fmult_year1_sigma= s q r t ( log ( elem_prod ( Fmult_year1_CV , Fmult_year1_CV ) +1.0) ) ;
Fmult_devs_sigma= s q r t ( log ( elem_prod ( Fmult_devs_CV , Fmult_devs_CV ) +1.0) ) ;
N_year1_sigma= s q r t ( log ( N_year1_CV*N_year1_CV +1.0) ) ;
SR_scalar_sigma= s q r t ( log ( SR_scalar_CV * SR_scalar_CV +1.0) ) ;

/ / c a l c u l a t e pena l ty constants
SR_penalty_const =0.5* double ( n_years ) * log ( 2 . 0 * PI ) + sum( log ( rec ru i t_s igma ) ) ;
SR_scalar_penal ty_const =0.5* log ( 2 . 0 * PI ) + log ( SR_scalar_sigma ) ;
Fmul t_year1_penal ty_const =0.5* log ( 2 . 0 * PI ) + log ( Fmult_year1_sigma ) ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++) Fmult_devs_penal ty_const ( i ) =0.5* double ( catch_time_span ( i )

) * ( log ( 2 . 0 * PI ) + log ( Fmult_devs_sigma ( i ) ) ) ;
N_year1_penalty_const =0.5* double ( n_ages−1) * log ( 2 . 0 * PI ) + double ( n_ages−1) * log (

N_year1_sigma ) ;

END_CALCS

/ / S e l e c t i v i t y * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
/ / S e l e c t i v i t y i s def ined f o r a l l f l e e t s / surveys so t h a t s e l e c t i v i t i e s can be mixed

and matched .
/ / Also , a s e l e c t i v i t y parameter l o c a t o r a l lows parameters to be used f o r m u l t i p l e

ages i n a block
/ / or some parameters can be used i n m u l t i p l e s e l e c t i v i t y b locks

i n i t _ i n t n_se lb locks ; / / now f o r both f l e e t s and ind i ces . can be as smal l as one i f a l l
f l e e t s and surveys have the same s e l e c t i v i t y

! ! ICHECK( n_se lb locks ) ;
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i n i t _ i m a t r i x f l e e t _ s e l b l o c k _ p o i n t e r _ i n i (1 , n_years ,1 , n _ f l e e t s )
! ! ICHECK( f l e e t _ s e l b l o c k _ p o i n t e r _ i n i ) ;
i m a t r i x f l e e t _ s e l b l o c k _ p o i n t e r (1 , n_ f l ee ts ,1 , n_years )
i n i t _ i m a t r i x i n d e x _ s e l b l o c k _ p o i n t e r _ i n i (1 , n_years ,1 , n_ ind ices )
! ! ICHECK( i n d e x _ s e l b l o c k _ p o i n t e r _ i n i ) ;
i m a t r i x i ndex_se lb lock_po in te r (1 , n_indices ,1 , n_years )
i v e c t o r n_selpars_by_block (1 , n_se lb locks )
i n i t _ i v e c t o r se lb lock_ type (1 , n_se lb locks )
! ! ICHECK( se lb lock_ type ) ;

LOCAL_CALCS
f o r ( i n t i = 1 ; i <=n_selb locks ; i ++)
{

i f ( se lb lock_ type ( i ) == 1) n_selpars_by_block ( i ) = n_ages ; / / by age , est imated
s e l e c t i v i t y parameters are log ( p/(1−p ) )

e lse i f ( se lb lock_ type ( i ) == 2) n_selpars_by_block ( i ) = 2 ; / / l o g i s t i c
e lse i f ( se lb lock_ type ( i ) == 3) n_selpars_by_block ( i ) = 4 ; / / double l o g i s t i c
e lse
{

f i x l o g << " se lb lock_ type ( " << i << " ) = " << se lb lock_ type ( i ) << " i s not v a l i d .
Must be 1 , 2 , or 3" << endl ;

ad_ex i t ( 1 ) ;
}

}
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

f o r ( i n t y = 1 ; y<=n_years ; y++)
{

f l e e t _ s e l b l o c k _ p o i n t e r ( i , y ) = f l e e t _ s e l b l o c k _ p o i n t e r _ i n i ( y , i ) ;
i f ( f l e e t _ s e l b l o c k _ p o i n t e r ( i , y ) < 1 | | f l e e t _ s e l b l o c k _ p o i n t e r ( i , y ) > n_se lb locks )
{

f i x l o g << " S e l e c t i v i t y b lock f o r f l e e t " << i << " i n year " << y << " i s " <<
f l e e t _ s e l b l o c k _ p o i n t e r ( i , y ) << " , but i t must be between 1 and " <<
n_se lb locks << endl ;

ad_ex i t ( 1 ) ;
}

}
}
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

f o r ( i n t y =1; y<=n_years ; y++)
{

i ndex_se lb lock_po in te r ( i , y ) = i n d e x _ s e l b l o c k _ p o i n t e r _ i n i ( y , i ) ;
i f ( i ndex_se lb lock_po in te r ( i , y ) < 1 | | i ndex_se lb lock_po in te r ( i , y ) > n_se lb locks )
{

f i x l o g << " S e l e c t i v i t y b lock f o r index " << i << " i n year " << y << " i s " <<
index_se lb lock_po in te r ( i , y ) << " , but i t must be between 1 and " <<
n_se lb locks << endl ;

ad_ex i t ( 1 ) ;
}

}
}
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END_CALCS

i n i t _ i n t n_selpars
i n i t _ v e c t o r s e l p a r s _ i n i (1 , n_selpars ) / / i npu t i n i t i a l values
! ! ICHECK( s e l p a r s _ i n i ) ;
i n i t _ i v e c t o r phase_selpars (1 , n_selpars )
! ! ICHECK( phase_selpars ) ;
i n i t _ v e c t o r selpars_upper (1 , n_selpars )
! ! ICHECK( selpars_upper ) ;
i n i t _ v e c t o r se lpars_ lower (1 , n_selpars )
! ! ICHECK( se lpars_ lower ) ;
i n i t _ v e c t o r lambda_selpars (1 , n_selpars )
! ! ICHECK( lambda_selpars ) ;
i n i t _ v e c t o r selpars_penalty_CV (1 , n_selpars )
! ! ICHECK( selpars_penalty_CV ) ;
i n i t _ i v e c t o r se lpars_pena l ty_ type (1 , n_selpars ) / / 1 i s scaled , s h i f t e d beta , e lse

t runca ted log−normal
! ! ICHECK( se lpars_pena l ty_ type ) ;
vec to r se lpars_penal ty_ lnorm_sca le (1 , n_selpars )
vec to r selpars_penal ty_s igma (1 , n_selpars )
vec to r se lpars_pena l ty_cons t (1 , n_selpars )
vec to r se lpars_penal ty_a (1 , n_selpars )
vec to r se lpars_penal ty_b (1 , n_selpars )
vec to r selpars_penalty_mu (1 , n_selpars )
vec to r se lpars_pena l t y_ph i (1 , n_selpars )
i n i t _ i m a t r i x se lpa rs_po in te r (1 , n_selb locks ,1 , n_selpars_by_block ) / / ragged mat r i x
! ! ICHECK( se lpa rs_po in te r ) ;
i v e c t o r selpar_use_count (1 , n_selpars )
! ! selpar_use_count = 0 ;
! ! f o r ( i n t i =1; i <=n_selpars ; i ++)
! ! f o r ( i n t j =1; j <=n_se lb locks ; j ++)
! ! f o r ( i n t k =1; k<=n_selpars_by_block ( j ) ; k++)
! ! i f ( se lpa rs_po in te r ( j , k ) == i ) selpar_use_count ( i ) ++;
! ! ICHECK( selpar_use_count ) ;
i m a t r i x se lpa r_se lb locks (1 , n_selpars ,1 , selpar_use_count ) / / ragged mat r i x
i m a t r i x se lpa r_se l t ypes (1 , n_selpars ,1 , selpar_use_count ) / / ragged mat r i x
i m a t r i x s e l p a r _ s e l p o s i t i o n s (1 , n_selpars ,1 , selpar_use_count ) / / ragged mat r i x

LOCAL_CALCS
i f (max( se lpa rs_po in te r ) > n_selpars )
{

f i x l o g << " number o f s e l e c t i v i t y parameters i n d i c a t e d i n loca to r , " << max(
se lpa rs_po in te r ) <<

" i s g rea te r than the number o f parameters spec i f i ed , " << n_selpars << endl ;
ad_ex i t ( 1 ) ;

}
i f ( min ( selpar_use_count ) == 0)
{

f o r ( i n t i = 1 ; i <= n_selpars ; i ++)
{

i f ( selpar_use_count ( i ) == 0 && phase_selpars ( i ) > 0)
{
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f i x l o g << " s e l e c t i v i t y par " << i << " i s not used i n any s e l e c t i v i t y b locks and
i t s phase i s " << phase_selpars ( i ) <<

" , so s e t t i n g i t to −1" << endl ;
phase_selpars ( i ) = −1;

}
}

}
se lpa r_se lb locks = 0;
se lpa r_se l t ypes = 0;
s e l p a r _ s e l p o s i t i o n s = 0;
f o r ( i n t i =1; i <=n_selpars ; i ++)
{

i n t count = 0 ;
f o r ( i n t j =1; j <=n_se lb locks ; j ++)
{

f o r ( i n t k =1; k<=n_selpars_by_block ( j ) ; k++)
{

i f ( se lpa rs_po in te r ( j , k ) == i ) / / found where the parameter i s used
{

count ++;
se lpa r_se lb locks ( i , count ) = j ;
se lpa r_se l t ypes ( i , count ) = se lb lock_ type ( j ) ;
s e l p a r _ s e l p o s i t i o n s ( i , count ) = k ;

}
}

}
i f ( selpar_use_count ( i ) > 1)
{

i n t b lock = se lpa r_se lb locks ( i , 1 ) ;
i n t type = se lpa r_se l t ypes ( i , 1 ) ;
i n t p o s i t i o n = s e l p a r _ s e l p o s i t i o n s ( i , 1 ) ;
f o r ( i n t j =2; j <=selpar_use_count ( i ) ; j ++)
{

i f ( se lpa r_se l t ypes ( i , j ) != type ) / / parameter i s used m u l t i p l e t imes i n
d i f f e r e n t s e l e c t i v i t y types?

{
f i x l o g << " s e l e c t i v i t y parameter " << i << " i s s p e c i f i e d i n s e l e c t i v i t y b lock

" << block << " o f type " << type <<
" and also i n s e l e c t i v i t y b lock " << se lpa r_se lb locks ( i , j ) << " o f type " <<

se lb lock_ type ( i , j ) << endl ;
ad_ex i t ( 1 ) ;

}
e lse / / se l types are the same , but now check to make sure they are i n the r i g h t

p o s i t i o n
{

type = se lpa r_se l t ypes ( i , j ) ;
i f ( s e l p a r _ s e l p o s i t i o n s ( i , j ) != p o s i t i o n && type != 1) / / on ly mat ters i f

s e l e c t i v i t y type i s not age−based
{

f i x l o g << " s e l e c t i v i t y parameter " << i << " i s s p e c i f i e d i n s e l e c t i v i t y
b lock " << block << " o f type " << type <<

" a t p o s i t i o n " << p o s i t i o n << " and also i n s e l e c t i v i t y b lock " <<
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se lpa r_se lb locks ( i , j ) << " o f type " << se lpa r_se l t ypes ( i , j ) <<
" a t p o s i t i o n " << s e l p a r _ s e l p o s i t i o n s ( i , j ) << endl ;

ad_ex i t ( 1 ) ;
}
e lse p o s i t i o n = s e l p a r _ s e l p o s i t i o n s ( i , j ) ;

}
}

}
}
f o r ( i n t i =1; i <=n_selpars ; i ++)
{

i f ( se lpa r_se l t ypes ( i , 1 ) == 1) / / es t ima t i ng p ropo r t i on by age
{

i f ( se lpars_ lower ( i ) < 0 .0 )
{

se lpars_ lower ( i ) = 0 . 0 ;
f i x l o g << " Changed lower bound f o r s e l e c t i v i t y parameter " << i << " to 0

because type i s 1 ( p ropo r t i on ) and i t was less than 0" << endl ;
}
i f ( selpars_upper ( i ) > 1.0 | | selpars_upper ( i ) < se lpars_ lower ( i ) )
{

selpars_upper ( i ) = 1 . 0 ;
f i x l o g << " Changed upper bound f o r s e l e c t i v i t y parameter " << i <<

" to 1 because type i s 1 ( p ropo r t i on ) and i t was grea te r than 1 or less than
lower bound " << endl ;

}
}
e lse / / e i t h e r l o g i s t i c or double l o g i s t i c or i n c o r r e c t type
{

/ / lower bound must be >= 0 f o r a l l these parameters
i f ( se lpars_ lower ( i ) < 0 .0 )
{

se lpars_ lower ( i ) = 0 . 0 ;
f i x l o g << " Changed lower bound f o r s e l e c t i v i t y parameter " << i <<
" to 0 because type i s 2 ( l o g i s t i c ) and t h i s parameter was less than 0 ( a50 and

slope must be grea te r than 0) " << endl ;
}
i f ( se lpa r_se l t ypes ( i , 1 ) == 2) / / | | se lpa r_se l t ypes ( i , 1 ) == 3) / / l o g i s t i c parameter

a50 and inc reas ing slope
{

i f ( s e l p a r _ s e l p o s i t i o n s ( i , 1 ) == 1) / / 0<a50<n_ages
{

i f ( selpars_upper ( i ) > double ( n_ages ) | | selpars_upper ( i ) < se lpars_ lower ( i ) )
{
selpars_upper ( i ) = double ( n_ages ) ;
f i x l o g << " Changed upper bound f o r s e l e c t i v i t y parameter " << i <<

" to n_ages because type i s 2 ( l o g i s t i c ) and i t was grea te r than n_ages or
less than lower bound and t h i s i s an a50 parameter " << endl ;

}
}
e lse / / 0<slope
{
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i f ( selpars_upper ( i ) < se lpars_ lower ( i ) )
{

selpars_upper ( i ) = se lpars_ lower ( i ) +1 .0 ;
f i x l o g << " Changed upper bound f o r s e l e c t i v i t y parameter " << i << " to " <<

se lpars_ lower ( i ) +1.0 <<
" because type i s 2 ( l o g i s t i c ) and i t was less than lower bound and t h i s

i s s lope parameter " << endl ;
}

}
}
e lse
{

i f ( se lpa r_se l t ypes ( i , 1 ) == 3) / / double l o g i s t i c
{

i f ( s e l p a r _ s e l p o s i t i o n s ( i , 1 ) == 1 | | s e l p a r _ s e l p o s i t i o n s ( i , 1 ) == 3) / / 0<a50<
n_ages

{
i f ( selpars_upper ( i ) > double ( n_ages ) | | selpars_upper ( i ) < se lpars_ lower ( i ) )
{

selpars_upper ( i ) = double ( n_ages ) ;
f i x l o g << " Changed upper bound f o r s e l e c t i v i t y parameter " << i <<

" to n_ages because type i s 3 ( double l o g i s t i c ) and i t was grea te r than
n_ages or less than lower bound and t h i s i s an a50 parameter " << endl
;

}
}
e lse / / 0<slope
{

i f ( selpars_upper ( i ) < se lpars_ lower ( i ) )
{

selpars_upper ( i ) = se lpars_ lower ( i ) +1 .0 ;
f i x l o g << " Changed upper bound f o r s e l e c t i v i t y parameter " << i << " to "

<< se lpars_ lower ( i ) +1.0 <<
" because type i s 2 ( l o g i s t i c ) and i t was less than lower bound and t h i s

i s s lope parameter " << endl ;
}

}
}
e lse / / i n c o r r e c t s e l e c t i v i t y type
{

f i x l o g << " s e l e c t i v i t y type f o r parameter " << i << " i s " << se lpa r_se l t ypes (
i , 1 ) << " but i t must be 1 , 2 , or 3" << endl ;

ad_ex i t ( 1 ) ;
}

}
}
i f ( s e l p a r s _ i n i ( i ) < se lpars_ lower ( i ) | | s e l p a r s _ i n i ( i ) > selpars_upper ( i ) )
{

i f ( s e l p a r s _ i n i ( i ) < se lpars_ lower ( i ) )
{

s e l p a r s _ i n i ( i ) = se lpars_ lower ( i ) + 1.0e−15;
f i x l o g << " changed i n i t i a l value f o r s e l e c t i v i t y parameter " << i << " to " <<
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se lpars_ lower ( i ) + 1.0e−15 <<
" because i t was < the lower bound , " << se lpars_ lower ( i ) << endl ;

}
e lse
{

s e l p a r s _ i n i ( i ) = selpars_upper ( i ) − 1.0e−15;
f i x l o g << " changed i n i t i a l value f o r s e l e c t i v i t y parameter " << i << " to " <<

selpars_upper ( i ) − 1.0e−15 <<
" because i t was > the upper bound , " << selpars_upper ( i ) << endl ;

}
}
i f ( se lpars_pena l ty_ type ( i ) == 1)
{

/ / because a l l parameters are bounded we use a s h i f t e d and scaled beta p r i o r /
pena l ty

double max_CV = s q r t ( ( selpars_upper ( i )−s e l p a r s _ i n i ( i ) ) * ( s e l p a r s _ i n i ( i ) −
se lpars_ lower ( i ) ) / square ( s e l p a r s _ i n i ( i ) ) ) ;

i f ( selpars_penalty_CV ( i ) >= max_CV)
{ / / CV( par ) must be < s q r t ( ( E( par )−lower ) ( upper−E( par ) ) /E( par ) ^2)

selpars_penalty_CV ( i ) = max_CV*0.9999;
f i x l o g << " Changed pena l ty CV f o r s e l e c t i v i t y parameter " << i << " to " <<

max_CV*0.9999 << " because i t was >= maximum and pena l ty type i s beta " <<
endl ;

}
i f ( selpars_penalty_CV ( i ) < 1.0e−15)
{

selpars_penalty_CV ( i ) = max_CV*0.0001;
f i x l o g << " Changed pena l ty CV f o r s e l e c t i v i t y parameter " << i << " to " <<

max_CV*0.0001 << " because i t was <= 0 and pena l ty type i s beta " << endl ;
}
/ / beta d i s t r i b u t i o n f o r p e n a l t i e s : ph i = alpha + beta = mu/(1−mu) /CV^2 −1
selpars_penalty_mu ( i ) = ( s e l p a r s _ i n i ( i ) − se lpars_ lower ( i ) ) / ( selpars_upper ( i ) −

se lpars_ lower ( i ) ) ;
se lpa rs_pena l t y_ph i ( i ) = (1−selpars_penalty_mu ( i ) ) * selpars_penalty_mu ( i ) * square (

selpars_upper ( i ) − se lpars_ lower ( i ) ) / square ( s e l p a r s _ i n i ( i ) * selpars_penalty_CV ( i
) ) − 1 . 0 ;

se lpars_penal ty_a ( i ) = se lpars_pena l t y_ph i ( i ) * selpars_penalty_mu ( i ) ;
se lpars_penal ty_b ( i ) = se lpars_pena l t y_ph i ( i ) *(1− selpars_penalty_mu ( i ) ) ;
se lpars_pena l ty_cons t ( i ) = ( se lpars_pena l t y_ph i ( i ) −1.0) * log ( selpars_upper ( i )−

se lpars_ lower ( i ) + 1.0e−15) −
gammln ( se lpars_pena l t y_ph i ( i ) ) + gammln ( se lpars_penal ty_a ( i ) ) + gammln (

se lpars_penal ty_b ( i ) ) ;
}
e lse
{

/ / we use a t runca ted log−normal e s s e n t i a l l y the same as asap3 ( j u s t add a constant
)

i f ( selpars_penalty_CV ( i ) < 1.0e−15)
{

f i x l o g << " Changed selpars_penalty_CV ( " << i << " ) to 100" << endl ;
selpars_penalty_CV ( i ) = C V f i l l ;

}
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selpars_penal ty_s igma ( i ) = s q r t ( log ( selpars_penalty_CV ( i ) * selpars_penalty_CV ( i )
+1.0) ) ;

se lpars_penal ty_ lnorm_sca le ( i ) = cumd_norm ( ( log ( selpars_upper ( i ) )−l og ( s e l p a r s _ i n i (
i ) +1.0e−15) ) / se lpars_penal ty_s igma ( i ) ) −

cumd_norm ( ( log ( se lpars_ lower ( i ) +1.0e−15)−log ( s e l p a r s _ i n i ( i ) +1.0e−15) ) /
se lpars_penal ty_sigma ( i ) ) ;

se lpars_pena l ty_cons t ( i ) = 0 .5* log ( 2 . 0 * PI ) + log ( selpars_penal ty_sigma ( i ) ) + log (
se lpars_penal ty_ lnorm_sca le ( i ) ) ;

}
}

END_CALCS

i n i t _ i n t Freport_agemin
! ! ICHECK( Freport_agemin ) ;
i n i t _ i n t Freport_agemax
! ! ICHECK( Freport_agemax ) ;
i n i t _ i n t Frepor t_wtopt
! ! ICHECK( Frepor t_wtopt ) ;
in i t_number Fmult_max_value_ini
! ! ICHECK( Fmult_max_value_ini ) ;
i n i t _ i n t use_Fmult_max_penalty ; / / 1 = yes , 0 = no
! ! ICHECK( use_Fmult_max_penalty ) ;
i n i t _ i n t use_F_penalty ; / / 1 = yes , 0 = no
! ! ICHECK( use_F_penalty ) ;
i n i t _ i n t nXSPR
! ! ICHECK(nXSPR) ;
i n i t _ v e c t o r XSPR(1 ,nXSPR) / / percentage ( s ) o f SPR to use f o r re ference po in t ( s ) must be

between 0 and 100
! ! ICHECK(XSPR) ;
i n i t _ i n t n_SR_scalar_pars / / same approach as steepness , gene ra l l y don ’ t want to do

both a t the same t ime
! ! ICHECK( n_SR_scalar_pars ) ;
i n i t _ v e c t o r SR_scalar_pars_ in i (1 , n_SR_scalar_pars )
! ! ICHECK( SR_scalar_pars_ in i ) ;
i n i t _ m a t r i x SR_scalar_X (1 , n_years ,1 , n_SR_scalar_pars )
! ! ICHECK( SR_scalar_X ) ;
i n i t _ i n t n_steepness_pars / / need at l e a s t one parameter f o r mean , t h i s has a column

of 1 ’ s i n design mat r i x
! ! ICHECK( n_steepness_pars ) ;
i n i t _ v e c t o r s teepness_pars_ in i (1 , n_steepness_pars )
! ! ICHECK( steepness_pars_ in i ) ;
i n i t _ m a t r i x steepness_X (1 , n_years ,1 , n_steepness_pars )
! ! ICHECK( steepness_X ) ;
i n i t _ i n t SR_rat io_0_type / / 1 f o r f i r s t year , 2 f o r l a s t year , 3 f o r annual
! ! ICHECK( SR_rat io_0_type ) ;
i n i t _ i n t SR_model_type / / 1 f o r ASAP3 methods , e lse use j u s t use R0 wi thou t using

SR_ration_0 f o r average rec ru i tmen t and est imate dev ia t i ons
! ! ICHECK( SR_model_type ) ;

in i t_number ignore_guesses
! ! ICHECK( ignore_guesses ) ;
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/ / used i n c a l c u l a t i o n o f s lope f o r F_01 re ference po in t s
number de l t a
! ! de l t a =0.00001;

/ / P r o j e c t i o n I n f o * * * * * * * * * * * * * * * * * * * * *
i n i t _ i n t do_pro jec t ions
! ! ICHECK( do_pro jec t ions ) ;
i n i t _ i v e c t o r d i r e c t e d _ f l e e t (1 , n _ f l e e t s )
! ! ICHECK( d i r e c t e d _ f l e e t ) ;
in i t_number n f i n a l y e a r
! ! ICHECK( n f i n a l y e a r ) ;
i n t npro jyears
! ! npro jyears= n f i na l yea r−year1−n_years +1;
i n i t _ m a t r i x p r o j e c t _ i n i (1 , npro jyears , 1 , 5 )
! ! ICHECK( p r o j e c t _ i n i ) ;
vec to r p r o j _ r e c r u i t (1 , npro jyears )
i v e c t o r pro j_what (1 , npro jyears )
vec to r p r o j _ t a r g e t (1 , npro jyears )
vec to r pro j_F_nondi r_mul t (1 , npro jyears )

LOCAL_CALCS
f o r ( i n t y =1; y<=npro jyears ; y++)
{

p r o j _ r e c r u i t ( y ) = p r o j e c t _ i n i ( y , 2 ) ;
pro j_what ( y ) = p r o j e c t _ i n i ( y , 3 ) ;
p r o j _ t a r g e t ( y ) = p r o j e c t _ i n i ( y , 4 ) ;
pro j_F_nondi r_mul t ( y ) = p r o j e c t _ i n i ( y , 5 ) ;

}
END_CALCS

/ / MCMC I n f o * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
i n i t _ i n t doMCMC
! ! ICHECK(doMCMC) ;

LOCAL_CALCS
i f (doMCMC == 1)
{

basicMCMC << " " ;
f o r ( i n t y =1; y<=n_years ; y++)
{

basicMCMC << "F_" << y+year1−1 << " " ;
}
f o r ( i n t y =1; y<=n_years ; y++)
{

f o r ( i n t a=1; a<=n_ages ; a++)
{

basicMCMC << "M_" << a << " _ " << y << " " ;
}

}
f o r ( i n t y =1; y<=n_years ; y++)
{

basicMCMC << "SSB_" << y+year1−1 << " " ;
}
/ / L i z added Fmul t_ in l a s t y e a r and to tB jan1
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f o r ( i n t y =1; y<=n_years ; y++)
{

basicMCMC << " Fmult_ " << y+year1−1 << " " ;
}
f o r ( i n t y =1; y<=n_years ; y++)
{

basicMCMC << " to tB jan1_ " << y+year1−1 << " " ;
}
f o r ( i n t i =1; i <=nXSPR; i ++)
{

f o r ( i n t y =1; y<=n_years ; y++)
{

basicMCMC << "F_" << XSPR( i ) << " _ " << y+year1−1 << " " ;
}

}
f o r ( i n t y =1; y<=n_years ; y++)
{

basicMCMC << "MSY_" << y+year1−1 << " " ;
}
f o r ( i n t y =1; y<=n_years ; y++)
{

basicMCMC << "SSB_MSY_" << y+year1−1 << " " ;
}
f o r ( i n t y =1; y<=n_years ; y++)
{

basicMCMC << "F_MSY_" << y+year1−1 << " " ;
}
f o r ( i n t y =1; y<=n_years ; y++)
{

basicMCMC << " SSB_MSY_ratio_ " << y+year1−1 << " " ;
}
f o r ( i n t y =1; y<=n_years ; y++)
{

basicMCMC << " F_MSY_ratio_ " << y+year1−1 << " " ;
}
basicMCMC << endl ; / / end of header l i n e

}
END_CALCS

i n i t _ i n t MCMCnyear_opt / / 0=output nyear NAA, 1=output nyear+1 NAA
! ! ICHECK( MCMCnyear_opt )
i n i t _ i n t MCMCnboot / / f i n a l number o f values f o r agepro boots t rap f i l e
! ! ICHECK(MCMCnboot) ;
i n i t _ i n t MCMCnthin / / t h i n n i n g ra te (1=use every value , 2=use every o ther value , 3=

use every t h i r d value , e tc )
! ! ICHECK( MCMCnthin ) ;
i n i t _ i n t MCMCseed / / l a rge p o s i t i v e i n t e g e r to seed random number generator
! ! ICHECK(MCMCseed) ;

/ / To run MCMC do the f o l l o w i n g two steps :
/ / 1 s t type " asap2 −mcmc N1 −mcsave MCMCnthin −mcseed MCMCseed"
/ / where N1 = MCMCnboot * MCMCnthin
/ / 2nd type " asap2 −mceval "
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i n i t _ i n t f i l l R _ o p t / / op t ion f o r f i l l i n g rec ru i tmen t i n t e rm ina l year+1 − used i n
agepro . bsn f i l e on ly (1=SR, 2=geomean )

! ! ICHECK( f i l l R _ o p t ) ;
i n i t _ i n t Ravg_star t
! ! ICHECK( Ravg_star t ) ;
i n i t _ i n t Ravg_end
! ! ICHECK( Ravg_end ) ;

i n i t _ i n t make_Rfi le / / op t ion to create rda t f i l e o f i npu t and output values , se t to 1
to create the f i l e , 0 to sk ip t h i s f ea tu re

! ! ICHECK( make_Rfi le ) ;

i n i t _ i n t tes t_va lue
! ! ICHECK( tes t_va lue )
! ! cout << " t e s t value = " << tes t_va lue << endl ; / /CHECK
! ! cout << " i npu t complete " << endl ;

/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
PARAMETER_SECTION

! ! cout << " begin parameter sec t ion " << endl ;
in i t_bounded_number_vector se lpars (1 , n_selpars , se lpars_lower , selpars_upper ,

phase_selpars )
in i t_number_vec tor log_Fmult_year1 (1 , n_ f l ee ts , phase_Fmult_year1 )
in i t_number_vec tor log_Fmul t_devs_ in i (1 , n_tot_Fmult_devs , phase_Fmult_devs_ini )
in i t_bounded_dev_vector l og_ rec ru i t _devs (1 , n_years ,−15. ,15. , phase_recru i t_devs )
in i t_bounded_vec tor log_N_year1_devs (2 , n_ages ,−15. ,15. , phase_N_year1_devs )
in i t_number_vec tor M_year_pars (1 , n_M_year_cov , phase_M_year_pars )
in i t_number_vec tor M_age_pars (1 , n_M_age_cov , phase_M_age_pars )
in i t_number_vec tor a v a i l a b i l i t y _ p a r s _ e s t i m a t e (1 , t o t a l _ a v a i l a b i l i t y _ p a r s ,

p h a s e _ a v a i l a b i l i t y _ p a r s ) / / ragged mat r i x
in i t_number_vec tor e f f i c i ency_pa rs_es t ima te (1 , t o t a l _ e f f i c i e n c y _ p a r s ,

phase_ef f i c iency_pars ) / / ragged mat r i x
i n i t _ v e c t o r _ v e c t o r ava i l ab i l i t y_AR1_devs (1 , n_indices , index_min_t ime +1 , index_max_time ,

phase_ava i lab i l i t y_AR1 )
i n i t _ v e c t o r SR_scalar_pars (1 , n_SR_scalar_pars , phase_SR_scalar )
i n i t _ v e c t o r steepness_pars (1 , n_steepness_pars , phase_steepness )
i n i t _ v e c t o r _ v e c t o r re l _e f f i c i ency_coe f_devs (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ,1 ,

n_ re l _ e f f i c i e nc y_ coe f , phase_ re l _e f f i c i ency )
mat r i x log_Fmult_devs (1 , n_ f l ee ts , catch_min_time +1 , catch_max_time )
vec to r log_SR_scalar (1 , n_years )
vec to r steepness (1 , n_years )
mat r i x log_Fmult (1 , n_ f l ee ts , 1 , n_years )
mat r i x Fmult (1 , n_ f l ee ts , 1 , n_years )
mat r i x M_use(1 , n_years ,1 , n_ages )
mat r i x NAA(1 , n_years ,1 , n_ages )
mat r i x FAA_tot (1 , n_years ,1 , n_ages )
mat r i x Z(1 , n_years ,1 , n_ages )
mat r i x S(1 , n_years ,1 , n_ages )
mat r i x c a t c h _ t o t _ s t d r e s i d (1 , n_ f l ee ts , 1 , n_years )
mat r i x d i s c a r d _ t o t _ s t d r e s i d (1 , n_ f l ee ts , 1 , n_years )
mat r i x ca t c h _ t o t _ f l e e t _ p r e d (1 , n_ f l ee ts , 1 , n_years )
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mat r i x d i s c a r d _ t o t _ f l e e t _ p r e d (1 , n_ f l ee ts , 1 , n_years )
3darray CAA_pred (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
3darray discard_pred (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
3darray catch_paa_pred (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
3darray discard_paa_pred (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
3darray d i rected_FAA_by_f leet (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
3darray FAA_by_f leet_discard (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
mat r i x s e l e c t i v i t y _ b l o c k s (1 , n_selb locks ,1 , n_ages )
3darray s e l _ b y _ f l e e t (1 , n_ f l ee ts ,1 , n_years ,1 , n_ages )
3darray sel_by_index (1 , n_indices ,1 , n_years ,1 , n_ages )
mat r i x a v a i l a b i l i t y _ p a r s (1 , n_indices ,1 , n _ a v a i l a b i l i t y _ p a r s )
mat r i x a v a i l a b i l i t y (1 , n_indices ,1 , n_years )
vec to r a v a i l a b i l i t y _ s t d r e s i d (1 , n_ ind ices )
vec to r a v a i l a b i l i t y _ r m s e (1 , n_ ind ices )
mat r i x e f f i c i e n c y _ p a r s (1 , n_indices ,1 , n_e f f i c i ency_pa rs )
mat r i x e f f i c i e n c y (1 , n_indices ,1 , n_years )
vec to r e f f i c i e n c y _ s t d r e s i d (1 , n_ ind ices )
vec to r e f f i c iency_rmse (1 , n_ ind ices )
mat r i x q_by_index (1 , n_indices ,1 , n_years )
mat r i x r e l _ e f f i c i e n c y _ c o e f (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ,1 , n _ r e l _ e f f i c i e n c y _ c o e f ) / /

ragged mat r i x
3darray cal ibrated_naa_obs (1 , n_indices ,1 , n_years ,1 , n_ages ) ;
3darray cal ibrated_paa_obs (1 , n_indices ,1 , n_years ,1 , n_ages ) ;
3darray index_paa_obs_use (1 , n_indices ,1 , n_years ,1 , n_ages ) ;
mat r i x ca l ib ra ted_ index_obs (1 , n_indices ,1 , n_years ) ;

mat r i x index_pred (1 , n_indices ,1 , n_years )
mat r i x index_s td res id (1 , n_indices ,1 , n_years )
mat r i x output_Nef f_ index (1 , n_indices ,1 , n_years )
3darray index_paa_pred (1 , n_indices ,1 , n_years ,1 , n_ages )
vec to r SR_S0(1 , n_years )
vec to r SR_R0(1 , n_years )
vec to r SR_alpha (1 , n_years )
vec to r SR_beta (1 , n_years )
vec to r SR_pred_recru i ts (1 , n_years +1)
vec to r SR_stdresid (1 , n_years )
vec to r se lpa rs_s td res id (1 , n_selpars )
number lambda_Fmult_max_penalty
number Fmult_max_penalty
number f p e n a l t y
number lambda_fpenal ty
vec to r Fmul t_year1_stdres id (1 , n _ f l e e t s )
mat r i x Fmul t_devs_stdres id (1 , n_ f l ee ts , catch_min_time +1 , catch_max_time )
vec to r N_year1_stdresid (1 , n_ages )
mat r i x a v a i l a b i l i t y _ A R 1 _ s t d r e s i d (1 , n_indices ,1 , index_time_span ) / / ragged mat r i x
number s teepness_stdres id
number SR_scalar_stdres id
mat r i x output_Nef f_catch (1 , n_ f l ee ts , 1 , n_years )
mat r i x ou tpu t_Nef f_d iscard (1 , n_ f l ee ts , 1 , n_years )
vec to r Nef f_stage2_mult_catch (1 , n _ f l e e t s )
vec to r Nef f_stage2_mul t_d iscard (1 , n _ f l e e t s )
vec to r Nef f_stage2_mult_ index (1 , n_ ind ices )
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vec to r mean_age_obs (1 , n_years )
vec to r mean_age_pred (1 , n_years )
vec to r mean_age_pred2 (1 , n_years )
vec to r mean_age_resid (1 , n_years )
vec to r mean_age_sigma (1 , n_years )
number mean_age_x
number mean_age_n
number mean_age_delta
number mean_age_mean
number mean_age_m2
number F re f_ repo r t
number Fre f
vec to r Freport_U (1 , n_years )
vec to r Freport_N (1 , n_years )
vec to r Freport_B (1 , n_years )
mat r i x SSBfracZ (1 , n_years ,1 , n_ages )
vec to r f i n a l _ y e a r _ t o t a l _ s e l (1 , n_ages )
mat r i x d i rec ted_F (1 , n_years ,1 , n_ages )
mat r i x nondirected_F (1 , n_years ,1 , n_ages )
mat r i x discard_F (1 , n_years ,1 , n_ages )
mat r i x d i r ec ted_se l (1 , n_years ,1 , n_ages )
mat r i x d i sca rd_se l (1 , n_years ,1 , n_ages )
vec to r p ro j_d i rec ted_F (1 , n_ages )
vec to r pro j_nondi rec ted_F (1 , n_ages )
vec to r pro j_d iscard_F (1 , n_ages )
vec to r p r o j _ d i r e c t e d _ s e l (1 , n_ages )
vec to r p ro j_d i sca rd_se l (1 , n_ages )
mat r i x proj_NAA (1 , npro jyears ,1 , n_ages )
vec to r pro j_Fmul t (1 , npro jyears )
vec to r proj_TotJan1B (1 , npro jyears )
vec to r proj_SSB (1 , npro jyears )
mat r i x p ro j_F_d i r (1 , npro jyears ,1 , n_ages )
mat r i x pro j_F_d iscard (1 , npro jyears ,1 , n_ages )
mat r i x pro j_F_nond i r (1 , npro jyears ,1 , n_ages )
mat r i x pro j_Z (1 , npro jyears ,1 , n_ages )
mat r i x proj_SSBfracZ (1 , npro jyears ,1 , n_ages )
mat r i x p ro j_ca tch (1 , npro jyears ,1 , n_ages )
mat r i x p ro j_d i sca rd (1 , npro jyears ,1 , n_ages )
mat r i x p r o j _ y i e l d (1 , npro jyears ,1 , n_ages )
vec to r p r o j _ t o t a l _ y i e l d (1 , npro jyears )
vec to r p r o j _ t o t a l _ d i s c a r d (1 , npro jyears )
vec to r NAAbsn(1 , n_ages )
number SPR_Fmult
number YPR_Fmult
number SPR
number SPRatio
number YPR
number S_F
number R_F
number Fmult_max_value
number s l ope_o r i g i n
number slope

56



vec to r SR_ratio_0 (1 , n_years )
/ / This a l lows user to spec i f y what percentage ( s ) o f SPR to make c a l c u l a t i o n s f o r .
mat r i x FXSPR(1 ,nXSPR,1 , n_years )
vec to r Fmsy(1 , n_years )
vec to r F01 (1 , n_years )
vec to r Fmax(1 , n_years )
/ / This a l lows user to spec i f y what percentage ( s ) o f SPR to make c a l c u l a t i o n s f o r .
mat r i x FXSPR_report (1 ,nXSPR,1 , n_years )
vec to r F01_report (1 , n_years )
vec to r Fmax_report (1 , n_years )
vec to r Fcur ren t (1 , n_years )
/ / This a l lows user to spec i f y what percentage ( s ) o f SPR to make c a l c u l a t i o n s f o r .
mat r i x FXSPR_slope (1 ,nXSPR,1 , n_years )
vec to r Fmsy_slope (1 , n_years )
vec to r F01_slope (1 , n_years )
vec to r Fmax_slope (1 , n_years )
vec to r F_slope (1 , n_years )
vec to r SSBmsy(1 , n_years )

sd repor t_vec to r l o g i t _ q (1 , n_tot_ index_years )
sd repor t_vec to r Frepor t (1 , n_years )
sd repor t_vec to r TotJan1B (1 , n_years )
sd repor t_vec to r SSB(1 , n_years )
sd repor t_vec to r Exp lo i tab leB (1 , n_years )
sd repor t_vec to r r e c r u i t s (1 , n_years )
sd repor t_vec to r MSY(1 , n_years )
sd repor t_vec to r SSBmsy_report (1 , n_years )
sd repor t_vec to r Fmsy_report (1 , n_years )
sd repor t_vec to r SSBmsy_ratio (1 , n_years )
sd repor t_vec to r Fmsy_rat io (1 , n_years )
sd repor t_vec to r c a t c h _ t o t _ l i k e l y (1 , n _ f l e e t s )
sd repor t_vec to r d i s c a r d _ t o t _ l i k e l y (1 , n _ f l e e t s )
sd repor t_vec to r catch_age_comp_l ikely (1 , n _ f l e e t s )
sd repor t_vec to r d iscard_age_comp_l ike ly (1 , n _ f l e e t s )
sd repor t_vec to r i n d e x _ l i k e l y (1 , n_ ind ices )
sd repor t_vec to r index_age_comp_l ikely (1 , n_ ind ices )
sd repor t_vec to r se lpars_pena l t y (1 , n_selpars )
sdreport_number SR_penalty
sd repor t_vec to r Fmult_year1_penal ty (1 , n _ f l e e t s )
sd repor t_vec to r Fmult_devs_penalty (1 , n _ f l e e t s )
sdreport_number N_year1_penalty
sd repor t_vec to r a v a i l a b i l i t y _ p e n a l t y (1 , n_ ind ices )
sd repor t_vec to r e f f i c i e n c y _ p e n a l t y (1 , n_ ind ices )
sd repor t_vec to r r e l _ e f f i c i e n c y _ p e n a l t y (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s )
sd repor t_vec to r a v a i l a b i l i t y _ A R 1 _ p e n a l t y (1 , n_ ind ices )
sdreport_number steepness_penal ty
sdreport_number SR_scalar_penal ty

vec to r NAA_year1_pred (1 , n_ages )

ob jec t i ve_ func t i on_va lue obj_ fun
! ! cout << " end parameter sec t ion " << endl ;
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PRELIMINARY_CALCS_SECTION
/ / subset on ly used index in fo rma t i on
cout << " begin p r e l i m i n a r y ca lcs " << endl ;
lambda_fpenal ty = 0 . 0 ;
f p e n a l t y = 0 . 0 ;
Fmult_max_penalty = 0 . 0 ;
Fmult_max_value = Fmult_max_value_ini ;
i f ( ignore_guesses ==0)
{

NAA( 1 ) =NAA_year1_ini ;
f o r ( i n t i =1; i <=n_SR_scalar_pars ; i ++) SR_scalar_pars ( i ) = SR_scalar_pars_ in i ( i ) ;
f o r ( i n t i =1; i <=n_steepness_pars ; i ++) steepness_pars ( i ) = s teepness_pars_ in i ( i ) ;
f o r ( i n t i =1; i <=n_selpars ; i ++)
{

se lpars ( i ) = s e l p a r s _ i n i ( i ) ;
}
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++) log_Fmult_year1 ( i ) = log ( Fmul t_year1_ in i ( i ) ) ;
f o r ( i n t i =1; i <= t o t a l _ e f f i c i e n c y _ p a r s ; i ++) e f f i c i ency_pa rs_es t ima te ( i ) =

e f f i c i e n c y _ p a r s _ i n i ( i ) ;
f o r ( i n t i =1; i <= t o t a l _ a v a i l a b i l i t y _ p a r s ; i ++) a v a i l a b i l i t y _ p a r s _ e s t i m a t e ( i ) =

a v a i l a b i l i t y _ p a r s _ i n i ( i ) ;
f o r ( i n t i =1; i <=n_M_year_cov ; i ++) M_year_pars ( i ) = M_year_pars_ini ( i ) ;
f o r ( i n t i =1; i <=n_M_age_cov ; i ++) M_age_pars ( i ) = M_age_pars_ini ( i ) ;

}

/ / se t dev vec to rs to zero
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++) re l _e f f i c i ency_coe f_devs ( i ) . i n i t i a l i z e

( ) ;
f o r ( i n t i =1; i <=n_tot_Fmult_devs ; i ++) log_Fmul t_devs_ in i ( i ) . i n i t i a l i z e ( ) ;
l og_ rec ru i t _devs . i n i t i a l i z e ( ) ;
log_N_year1_devs . i n i t i a l i z e ( ) ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++) ava i lab i l i t y_AR1_devs ( i ) . i n i t i a l i z e ( ) ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++) index_paa_obs_use ( i ) = index_paa_obs ( i ) ;
/ / i n i t i a l i z e MSY r e l a t e d sdrepor t v a r i a b l e s

MSY. i n i t i a l i z e ( ) ;
SSBmsy_report . i n i t i a l i z e ( ) ;
Fmsy_report . i n i t i a l i z e ( ) ;
SSBmsy_ratio . i n i t i a l i z e ( ) ;
Fmsy_rat io . i n i t i a l i z e ( ) ;

debug=0; / / debug checks commented out to speed c a l c u l a t i o n s
cout << " end p r e l i m i n a r y ca lcs " << endl ;

/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

PROCEDURE_SECTION
i f ( debug==1) cout << "

s t a r t i n g procedure
sec t ion " << endl ;

g e t _ s e l e c t i v i t y ( ) ; i f ( debug==1) cout << "
got s e l e c t i v i t y " << endl ;
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g e t _ c a t c h a b i l i t y ( ) ; i f ( debug==1) cout << "
got c a t c h a b i l i t y " << endl ;

g e t _ m o r t a l i t y _ r a t e s ( ) ; i f ( debug==1) cout << "
got m o r t a l i t y ra tes " << endl ;

get_SR_rat io_0 ( ) ; i f ( debug==1) cout << "
got unexp lo i ted spawners per r e c r u i t " << endl ;

get_SR ( ) ; i f ( debug==1) cout << "
got SR" << endl ;

get_numbers_at_age ( ) ; i f ( debug==1) cout << "
got numbers a t age " << endl ;

ge t_Frepor t ( ) ; i f ( debug==1) cout << "
got Frepor t " << endl ;

ge t_pred ic ted_catch ( ) ; i f ( debug==1) cout << "
got p red ic ted catch " << endl ;

i f ( c a l i b r a t e _ i n d i c e s == 1)
{

g e t _ c a l i b r a t e d _ i n d i c e s ( ) ; i f ( debug==1) cout << "
got c a l i b r a t e d ind i ces " << endl ;

}
ge t_p red ic ted_ ind i ces ( ) ; i f ( debug==1) cout << "

got p red ic ted ind i ces " << endl ;
compute_the_ob jec t ive_func t ion ( ) ; i f ( debug==1) cout << "

computed o b j e c t i v e f u n c t i o n " << endl ;
i f ( last_phase ( ) | | mceval_phase ( ) )
{

ge t_d i rec ted_and_d iscard_se l ( ) ; i f ( debug==1) cout <<"
got p r o j se l " << endl ;

ge t_Fre f ( ) ; i f ( debug==1) cout <<"
got Fre f " << endl ;

ge t_mu l t i nom ia l _mu l t i p l i e r_ca t ch_d i sca rds ( ) ; i f ( debug==1) cout <<"
got mu l t i nomia l m u l t i p l i e r f o r catch / d iscards " << endl ;

i f ( c a l i b r a t e _ i n d i c e s == 1)
{

g e t _ m u l t i n o m i a l _ m u l t i p l i e r _ i n d i c e s _ w i t h _ c a l i b r a t i o n ( ) ; i f ( debug==1) cout <<"
got mu l t i nomia l m u l t i p l i e r f o r index wi th c a l i b r a t i o n " << endl ;

}
e lse
{

g e t _ m u l t i n o m i a l _ m u l t i p l i e r _ i n d i c e s ( ) ; i f ( debug==1) cout <<"
got mu l t i nomia l m u l t i p l i e r f o r index " << endl ;

}
}
i f ( mceval_phase ( ) )
{

write_MCMC ( ) ;
} i f ( debug==1) cout << "

. . . end of procedure sec t ion " << endl ;
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

FUNCTION g e t _ s e l e c t i v i t y
dva r i ab le a50_1 = 0 . 0 ;
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dva r i ab le k_1 = 0 . 0 ;
dva r i ab le a50_2 = 0 . 0 ;
dva r i ab le k_2 = 0 . 0 ;

f o r ( i n t i =1; i <=n_selb locks ; i ++)
{

i f ( se lb lock_ type ( i ) ==1)
{ / / p ropo r t i ons a t age

f o r ( i n t a=1; a<=n_ages ; a++)
{

s e l e c t i v i t y _ b l o c k s ( i , a ) =se lpars ( se lpa rs_po in te r ( i , a ) ) ;
}

}
e lse
{ / / l o g i s t i c or double− l o g i s t i c

a50_1 = se lpars ( se lpa rs_po in te r ( i , 1 ) ) ; / / a50 parameter
k_1 = se lpars ( se lpa rs_po in te r ( i , 2 ) ) ; / / 1 / s lope
i f ( se lb lock_ type ( i ) ==2)
{ / / i nc reas ing l o g i s t i c

f o r ( i n t a=1; a<=n_ages ; a++)
{

s e l e c t i v i t y _ b l o c k s ( i , a ) = 1 . 0 / ( 1 . 0 + mfexp(−( double ( a ) − a50_1 ) / k_1 ) ) ;
}
s e l e c t i v i t y _ b l o c k s ( i ) /= max( s e l e c t i v i t y _ b l o c k s ( i ) ) ;

}
e lse
{ / / double l o g i s t i c

a50_2 = se lpars ( se lpa rs_po in te r ( i , 3 ) ) ;
k_2 = se lpars ( se lpa rs_po in te r ( i , 4 ) ) ;
f o r ( i n t a=1; a<=n_ages ; a++)
{

s e l e c t i v i t y _ b l o c k s ( i , a ) = 1 . 0 / ( 1 . 0 + mfexp(−( double ( a ) − a50_1 ) / k_1 ) ) ;
s e l e c t i v i t y _ b l o c k s ( i , a ) *= 1 . 0 / ( 1 . 0 + mfexp ( ( double ( a ) − a50_2 ) / k_2 ) ) ; //1−p

}
s e l e c t i v i t y _ b l o c k s ( i ) /= max( s e l e c t i v i t y _ b l o c k s ( i ) ) ;

}
}

}

/ / now f i l l i n s e l e c t i v i t y f o r each f l e e t and year according to b lock
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

f o r ( i n t y =1; y<=n_years ; y++)
{

s e l _ b y _ f l e e t ( i , y ) = s e l e c t i v i t y _ b l o c k s ( f l e e t _ s e l b l o c k _ p o i n t e r ( i , y ) ) ;
}

}
/ / now f i l l i n s e l e c t i v i t y f o r each index and year according to b lock
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

f o r ( i n t y =1; y<=n_years ; y++)
{
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sel_by_index ( i , y ) = s e l e c t i v i t y _ b l o c k s ( i ndex_se lb lock_po in te r ( i , y ) ) ;
}

}

FUNCTION g e t _ m o r t a l i t y _ r a t e s
/ / compute d i r ec ted and d iscard F by f l e e t then sum to form t o t a l F a t age mat r i x
FAA_tot =0 .0 ;
log_Fmult = −1000.0; / / so F i s ~0 i n years where no catch e x i s t s
i n t counter = 1 ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

log_Fmult ( i , catch_min_time ( i ) ) = log_Fmult_year1 ( i ) ;
i f ( current_phase ( ) >= phase_Fmult_devs ( i ) )
{

f o r ( i n t y =2; y<=n_catch_years ( i ) ; y++)
{

log_Fmult_devs ( i , catch_t imes ( i , y ) ) = log_Fmul t_devs_ in i ( counter ) ;
counter ++;
log_Fmult ( i , catch_t imes ( i , y ) ) = log_Fmult ( i , catch_t imes ( i , y−1) ) +log_Fmult_devs ( i

, catch_t imes ( i , y ) ) ;
}

}
e lse
{

f o r ( i n t y = 2 ; y <= n_catch_years ( i ) ; y++)
log_Fmult ( i , catch_t imes ( i , y ) ) = log_Fmult_year1 ( i ) ;

}
f o r ( i n t y =1; y<=n_years ; y++)
{

d i rec ted_FAA_by_f leet ( i , y ) =elem_prod ( mfexp ( log_Fmult ( i , y ) ) * s e l _ b y _ f l e e t ( i , y ) ,1.0−
propor t i on_ re lease ( i , y ) ) ;

FAA_by_f leet_discard ( i , y ) =elem_prod ( mfexp ( log_Fmult ( i , y ) ) * s e l _ b y _ f l e e t ( i , y ) ,
p ropor t i on_ re lease ( i , y ) * re lease_mort ( i ) ) ;

}
FAA_tot += di rected_FAA_by_f leet ( i ) +FAA_by_f leet_discard ( i ) ;

}
/ / add f i s h i n g and n a t u r a l m o r t a l i t y to get t o t a l m o r t a l i t y
i f ( estimate_M == 1)
{

f o r ( i n t y =1; y<=n_years ; y++)
{

M_use ( y ) = mfexp ( M_X_year ( y ) * M_year_pars ) ;
f o r ( i n t a=1; a<=n_ages ; a++) M_use ( y , a ) *= mfexp (M_X_age( a ) * M_age_pars ) ;

}
}
e lse M_use = M_ini ;

Z=FAA_tot+M_use ;

S=mfexp (−1.0*Z) ;
SSBfracZ=mfexp (−1.0* fracyearSSB *Z) ; / / f o r use i n SSB ca lcua t i ons
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FUNCTION get_SR_rat io_0
/ / need to do t h i s i n s i d e model because M might be est imated
SR_ratio_0 =0.0 ;
f o r ( i n t y =1; y<=n_years ; y++)
{

dva r i ab le ntemp0 =1.0 ;
f o r ( i n t a=1; a<n_ages ; a++)
{

SR_ratio_0 ( y ) +=ntemp0 * f e cu n d i t y ( y , a ) * mfexp (−1.0* fracyearSSB *M_use ( y , a ) ) ;
ntemp0*=mfexp(−M_use ( y , a ) ) ;

}
ntemp0/=(1.0−mfexp(−M_use ( y , n_ages ) ) ) ;
SR_ratio_0 ( y ) +=ntemp0 * f e cu n d i t y ( y , n_ages ) * mfexp(−1.0* fracyearSSB *M_use ( y , n_ages ) ) ;

}

FUNCTION get_SR
/ / conver ts stock rec ru i tmen t sca la r and steepness to alpha and beta f o r Beverton−Hol t

SR
/ / note use of is_SR_scalar_R v a r i a b l e to a l low user to enter guess f o r e i t h e r R0 or

SSB0
steepness = 0.2 + (1.0−0.2) / ( 1 + exp(−steepness_X * steepness_pars ) ) ;
log_SR_scalar = SR_scalar_X * SR_scalar_pars ;
/ / now compute year s p e c i f i c vec to rs o f R0, S0 , and steepness
i f ( is_SR_scalar_R ==1)
{

SR_R0=mfexp ( log_SR_scalar ) ;
i f ( SR_rat io_0_type == 1) SR_S0 = SR_ratio_0 ( 1 ) *SR_R0;
e lse i f ( SR_rat io_0_type == 2) SR_S0 = SR_ratio_0 ( n_years ) *SR_R0;
e lse SR_S0 = elem_prod ( SR_ratio_0 ,SR_R0) ;

}
e lse
{

SR_S0=mfexp ( log_SR_scalar ) ;
i f ( SR_rat io_0_type == 1) SR_R0 = SR_S0 / SR_ratio_0 ( 1 ) ;
e lse i f ( SR_rat io_0_type == 2) SR_R0 = SR_S0 / SR_ratio_0 ( n_years ) ;
e lse SR_R0=elem_div (SR_S0, SR_ratio_0 ) ;

}
SR_alpha =4.0* elem_div ( elem_prod ( steepness ,SR_R0) ,5 .0 * steepness−1.0) ;
SR_beta=elem_div ( elem_prod (SR_S0,1.0− steepness ) ,5 .0 * steepness−1.0) ;

FUNCTION get_numbers_at_age

/ / get N at age i n year 1 other than r e c r u i t s
f o r ( i n t a=2; a<=n_ages ; a++)

NAA(1 , a ) =NAA_year1_ini ( a ) * mfexp ( log_N_year1_devs ( a ) ) ;
/ / compute i n i t i a l SSB to der i ve R i n f i r s t year
SSB( 1 ) =0 .0 ;
i f ( SR_model_type == 1)
{ / / Using the stock r e c r u i t parameters to determine annual rec ru i tment , even when

steepness i s 1 .
f o r ( i n t a=2; a<=n_ages ; a++)
{
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SSB( 1 ) +=NAA(1 , a ) * SSBfracZ (1 , a ) * f e cu n d i t y (1 , a ) ; / / note SSB i n year 1 does not
inc lude age 1 to est imate pred_R i n year 1

}
SR_pred_recru i ts ( 1 ) =SR_alpha ( 1 ) *SSB( 1 ) / ( SR_beta ( 1 ) +SSB( 1 ) ) ;
NAA(1 ,1 ) =SR_pred_recru i ts ( 1 ) * mfexp ( l og_ rec ru i t _devs ( 1 ) ) ;
SSB( 1 ) +=NAA(1 ,1 ) * SSBfracZ (1 ,1 ) * f e cu n d i t y (1 ,1 ) ; / / now SSB i n year 1 i s complete

and can be used f o r pred_R i n year 2
f o r ( i n t y =2; y<=n_years ; y++)
{

SR_pred_recru i ts ( y ) =SR_alpha ( y−1) *SSB( y−1) / ( SR_beta ( y−1)+SSB( y−1) ) ;
NAA( y , 1 ) =SR_pred_recru i ts ( y ) * mfexp ( l og_ rec ru i t _devs ( y ) ) ;
f o r ( i n t a=2; a<=n_ages ; a++) NAA( y , a ) =NAA( y−1,a−1) *S( y−1,a−1) ;
NAA( y , n_ages ) +=NAA( y−1,n_ages ) *S( y−1,n_ages ) ;

/ / compute spawning biomass t ime se r i es
SSB( y ) =elem_prod (NAA( y ) , SSBfracZ ( y ) ) * f e cu n d i t y ( y ) ;

}
}
e lse
{ / / annual r e c r u i t s are j u s t devat ions from average rec ru i tmen t determined by

SR_scalar ( poss ib l y w i th annual cova r ia tes ) .
NAA(1 ,1 ) = mfexp ( log_SR_scalar ( 1 ) + log_ rec ru i t _devs ( 1 ) ) ;
SSB( 1 ) = elem_prod (NAA( 1 ) , SSBfracZ ( 1 ) ) * f e cu n d i t y ( 1 ) ;
f o r ( i n t y =2; y<=n_years ; y++)
{

NAA( y , 1 ) = mfexp ( log_SR_scalar ( y ) + log_ rec ru i t _devs ( y ) ) ;
f o r ( i n t a=2; a<=n_ages ; a++) NAA( y , a ) =NAA( y−1,a−1) *S( y−1,a−1) ;
NAA( y , n_ages ) +=NAA( y−1,n_ages ) *S( y−1,n_ages ) ;

/ / compute spawning biomass t ime se r i es
SSB( y ) =elem_prod (NAA( y ) , SSBfracZ ( y ) ) * f e cu n d i t y ( y ) ;

}
}
/ / compute the other two biomass t ime se r i es
f o r ( i n t y =1; y<=n_years ; y++)
{

TotJan1B ( y ) =NAA( y ) *WAAjan1b ( y ) ;
Exp lo i tab leB ( y ) =elem_prod (NAA( y ) , FAA_tot ( y ) ) * WAAcatchall ( y ) /max( FAA_tot ( y ) ) ;

}
SR_pred_recru i ts ( n_years +1)=SR_alpha ( n_years ) *SSB( n_years ) / ( SR_beta ( n_years ) +SSB(

n_years ) ) ;
r e c r u i t s =column (NAA, 1 ) ;

FUNCTION get_Frepor t
/ / c a l c u l a t e s an average F f o r a range of ages i n each year under th ree weight ing

schemes
f o r ( i n t y =1; y<=n_years ; y++)
{

dva r i ab le temp = 0 . 0 ;
i f ( Frepor t_wtopt ==1) Frepor t ( y ) =mean( FAA_tot ( y ) ( Freport_agemin , Freport_agemax ) ) ;
e lse
{

i f ( Frepor t_wtopt ==2)
{
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temp = sum(NAA( y ) ( Freport_agemin , Freport_agemax ) ) ;
F repor t ( y ) = sum( elem_prod ( FAA_tot ( y ) ,NAA( y ) ) ( Freport_agemin , Freport_agemax ) ) ;

}
e lse i f ( Frepor t_wtopt ==3)
{

temp = sum( elem_prod (NAA( y ) ,WAAjan1b ( y ) ) ( Freport_agemin , Freport_agemax ) ) ;
F repor t ( y ) = sum( elem_prod ( elem_prod ( FAA_tot ( y ) ,NAA( y ) ) ,WAAjan1b ( y ) ) ) ;

}
i f ( temp <= 1.0e−15) Frepor t ( y ) =mean( FAA_tot ( y ) ( Freport_agemin , Freport_agemax ) ) ;
e lse Frepor t ( y ) /= temp ;

}
}

FUNCTION get_pred ic ted_catch
/ / assumes cont inuous F using Baranov equat ion
c a t c h _ t o t _ f l ee t _ p r e d =0.0 ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

CAA_pred ( i ) =elem_prod ( elem_div ( d i rec ted_FAA_by_f leet ( i ) ,Z ) , elem_prod (1.0−S,NAA) ) ;
d iscard_pred ( i ) =elem_prod ( elem_div ( FAA_by_f leet_discard ( i ) ,Z ) , elem_prod (1.0−S,NAA) ) ;
c a t c h _ t o t _ f l e e t _ p r e d ( i ) =rowsum ( CAA_pred ( i ) ) ;
d i s c a r d _ t o t _ f l e e t _ p r e d ( i ) =rowsum ( discard_pred ( i ) ) ;
catch_paa_pred ( i ) =0 .0 ;
discard_paa_pred ( i ) =0 .0 ;
/ / now compute p ropo r t i ons a t age and t o t a l weight o f catch
f o r ( i n t y =1; y<=n_years ; y++)
{

i f ( c a t c h _ t o t _ f l e e t _ p r e d ( i , y ) >0.0) catch_paa_pred ( i , y ) =CAA_pred ( i , y ) /
c a t c h _ t o t _ f l ee t _ p r e d ( i , y ) ;

i f ( d i s c a r d _ t o t _ f l e e t _ p r e d ( i , y ) >0.0) discard_paa_pred ( i , y ) =discard_pred ( i , y ) /
d i s c a r d _ t o t _ f l e e t _ p r e d ( i , y ) ;

c a t c h _ t o t _ f l e e t _ p r e d ( i , y ) =CAA_pred ( i , y ) * WAAcatchfleet ( i , y ) ;
d i s c a r d _ t o t _ f l e e t _ p r e d ( i , y ) =discard_pred ( i , y ) * WAAdiscardf leet ( i , y ) ;

}
}

FUNCTION g e t _ c a t c h a b i l i t y

/ / se t up q ’ s using a v a i l a b i l i t y and e f f i c i e n c y models
q_by_index = 0 . 0 ;
i n t counter1 = 0;
i n t counter2 = 0;
a v a i l a b i l i t y _ p a r s = 0 . 0 ;
a v a i l a b i l i t y = 0 . 0 ;
e f f i c i e n c y = 0 . 0 ;
q_by_index = 0 . 0 ;
dva r i ab le AR1 = 0 . 0 ;

i n t kk = 0;
l o g i t _ q = 0 . 0 ;
f o r ( i n t i = 1 ; i <= n_ ind ices ; i ++)
{

f o r ( i n t j = 1 ; j <= n _ a v a i l a b i l i t y _ p a r s ( i ) ; j ++)
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{
counter1 ++;
a v a i l a b i l i t y _ p a r s ( i , j ) = a v a i l a b i l i t y _ p a r s _ e s t i m a t e ( counter1 ) ;

}
/ / c a t c h a b i l i t y f o r each index , can be a log−AR( 1 ) process . random walk can also be

achieved wi th X( i ) = 1 , 0 , 0 , . . .
/ / when using t h i s care must be taken to l i m i t process to span of years observed i n

the given index .
i f ( a c t i v e ( ava i l ab i l i t y_AR1_devs ( i ) ) )
{

AR1 = a v a i l a b i l i t y _ X ( i , index_min_time ( i ) ) * a v a i l a b i l i t y _ p a r s ( i ) ;
a v a i l a b i l i t y ( i , index_min_time ( i ) ) = a v a i l a b i l i t y _ l o w e r ( i ) + ( a v a i l a b i l i t y _ u p p e r ( i )

− a v a i l a b i l i t y _ l o w e r ( i ) ) / ( 1 . 0 + mfexp(−AR1) ) ;
f o r ( i n t y=index_min_time ( i ) +1; y<=index_max_time ( i ) ; y++)
{

AR1 += a v a i l a b i l i t y _ X ( i , y ) * a v a i l a b i l i t y _ p a r s ( i ) + ava i lab i l i t y_AR1_devs ( i , y ) ;
a v a i l a b i l i t y ( i , y ) = a v a i l a b i l i t y _ l o w e r ( i ) + ( a v a i l a b i l i t y _ u p p e r ( i ) −

a v a i l a b i l i t y _ l o w e r ( i ) ) / ( 1 . 0 + mfexp(−AR1) ) ;
}

}
e lse
{

i f ( n_index_years ( i ) > 0)
{

f o r ( i n t y = 1 ; y <= n_index_years ( i ) ; y++)
{

i n t t h i s _ y = index_t imes ( i , y ) ;
a v a i l a b i l i t y ( i , t h i s _ y ) = ( a v a i l a b i l i t y _ l o w e r ( i ) +

( a v a i l a b i l i t y _ u p p e r ( i ) − a v a i l a b i l i t y _ l o w e r ( i ) ) / ( 1 . 0 + mfexp(− a v a i l a b i l i t y _ X
( i , t h i s _ y ) * a v a i l a b i l i t y _ p a r s ( i ) ) ) ) ;

}
}

}

f o r ( i n t j = 1 ; j <= n_e f f i c i ency_pa rs ( i ) ; j ++)
{

counter2 ++;
e f f i c i e n c y _ p a r s ( i , j ) = e f f i c i ency_pa rs_es t ima te ( counter2 ) ;

}
i f ( n_index_years ( i ) > 0)
{

f o r ( i n t y = 1 ; y <= n_index_years ( i ) ; y++)
{

i n t t h i s _ y = index_t imes ( i , y ) ;
e f f i c i e n c y ( i , t h i s _ y ) = ( e f f i c i e n c y _ l o w e r ( i ) +

( e f f i c i ency_uppe r ( i ) − e f f i c i e n c y _ l o w e r ( i ) ) / ( 1 . 0 + mfexp(−e f f i c i ency _X ( i ,
t h i s _ y ) * e f f i c i e n c y _ p a r s ( i ) ) ) ) ;

}
}
q_by_index ( i ) = elem_prod ( a v a i l a b i l i t y ( i ) , e f f i c i e n c y ( i ) ) ;
i f ( sd_phase ( ) && n_index_years ( i ) > 0)
{
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f o r ( i n t y = 1 ; y <= n_index_years ( i ) ; y++)
{

l o g i t _ q ( kk + y ) = log ( q_by_index ( i , index_t imes ( i , y ) ) − a v a i l a b i l i t y _ l o w e r ( i ) *
e f f i c i e n c y _ l o w e r ( i ) ) −

log ( a v a i l a b i l i t y _ u p p e r ( i ) * e f f i c i ency_uppe r ( i ) − q_by_index ( i , index_t imes ( i , y ) ) ) ;
}
kk += n_index_years ( i ) ;

}
}

FUNCTION g e t _ c a l i b r a t e d _ i n d i c e s

/ / f o r ( AIV :HBB) length−based r e l a t i v e catch e f f i c i e n c y
ca l ib ra ted_ index_obs = 0 . 0 ;
dvar_matr ix l o g _ r e l _ e f f i c i e n c y (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ,1 , n_lengths ) ;
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

r e l _ e f f i c i e n c y _ c o e f ( i ) = r e l _ e f f i c i e n c y _ c o e f _ i n i ( i ) + re l _e f f i c i ency_coe f_devs ( i ) ;
l o g _ r e l _ e f f i c i e n c y ( i ) = r e l _ e f f i c i e n c y _ X ( i ) * r e l _ e f f i c i e n c y _ c o e f ( i ) ;

}
dvar_vector ca l ib ra ted_na l_obs (1 , n_lengths ) ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

ca l ibrated_naa_obs ( i ) = 0 . 0 ;
ca l ibrated_paa_obs ( i ) = 0 . 0 ;
i f ( n_index_age_comp_years ( i ) >0)
{

f o r ( i n t y =1; y<=n_index_age_comp_years ( i ) ; y++)
{

i n t t h i s _ y = index_age_comp_times ( i , y ) ;
i f ( c a l i b r a t e _ t h i s _ o b s ( i , t h i s _ y ) > 0)
{

ca l ib ra ted_na l_obs = elem_prod ( unca l ib ra ted_ index_at_ len_obs ( i , t h i s _ y ) , mfexp (
l o g _ r e l _ e f f i c i e n c y ( c a l i b r a t e _ t h i s _ o b s ( i , t h i s _ y ) ) ) ) ;

ca l ib ra ted_ index_obs ( i , t h i s _ y ) = sum( ca l ib ra ted_na l_obs ) ;
ca l ibrated_naa_obs ( i , t h i s _ y ) = ca l ib ra ted_na l_obs * age_length_keys ( i , t h i s _ y ) ;
ca l ibrated_paa_obs ( i , t h i s _ y ) = cal ibrated_naa_obs ( i , t h i s _ y ) / sum(

cal ibrated_naa_obs ( i , t h i s _ y ) ) ;
index_paa_obs_use ( i , t h i s _ y ) = cal ibrated_paa_obs ( i , t h i s _ y ) ;

}
}

}
}

FUNCTION ge t_p red i c ted_ ind i ces

/ / get s e l e c t i v i t y f o r each index
dvar_matr ix temp_NAA(1 , n_years ,1 , n_ages ) ;
temp_NAA = 0 . 0 ;
i n t t h i s _ y = 0;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{
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index_pred ( i ) = 0 . 0 ;
index_paa_pred ( i ) = 0 . 0 ;
f o r ( i n t y =1; y<=n_years ; y++)
{

/ / determine when the index should be app l ied
i f ( index_month ( i , y ) ==−1) temp_NAA( y ) =elem_prod (NAA( y ) , elem_div (1.0−S( y ) ,Z ( y ) ) ) ;
e lse temp_NAA( y ) =elem_prod (NAA( y ) , mfexp (−1.0* ( ( index_month ( i , y ) −1.0) / 1 2 . 0 ) *Z ( y ) ) ) ;

}

/ / compute the pred ic ted index f o r each year where observed value > 0
i f ( index_uni ts_aggregate ( i ) ==1) / / biomass
{

temp_NAA=elem_prod ( temp_NAA , index_WAA ( i ) ) ;
}
i f ( n_index_years ( i ) > 0)
{

f o r ( i n t y =1; y<=n_index_years ( i ) ; y++)
{

t h i s _ y = index_t imes ( i , y ) ;
index_pred ( i , t h i s _ y ) =q_by_index ( i , t h i s _ y ) * sel_by_index ( i , t h i s _ y ) *temp_NAA( t h i s _ y

) ;
}

}
/ / compute index p ropo r t i ons a t age i f necessary
i f ( i ndex_un i t s_p ropo r t i ons ( i ) != index_uni ts_aggregate ( i ) ) / / need to ad jus t temp_NAA
{

i f ( i ndex_un i t s_p ropo r t i ons ( i ) == 1) / / biomass , but aggregate was numbers
temp_NAA=elem_prod ( temp_NAA , index_WAA ( i ) ) ;

e lse / / numbers , but aggregate was biomass
temp_NAA = elem_div ( temp_NAA , index_WAA ( i ) ) ;

}
i f ( n_index_age_comp_years ( i ) > 0)
{

f o r ( i n t y = 1 ; y<=n_index_age_comp_years ( i ) ; y++)
{

t h i s _ y = index_age_comp_times ( i , y ) ;
index_paa_pred ( i , t h i s _ y ) =elem_prod ( q_by_index ( i , t h i s _ y ) * sel_by_index ( i , t h i s _ y ) ,

temp_NAA( t h i s _ y ) ) ;
index_paa_pred ( i , t h i s _ y ) /=sum( index_paa_pred ( i , t h i s _ y ) ) ;

}
}

}

FUNCTION get_d i rec ted_and_d iscard_se l

/ / c reates o v e r a l l d i r ec ted and d iscard s e l e c t i v i t y pa t te rns and sets bycatch F at age
nondirected_F = 0 . 0 ;
d i rec ted_F = 0 . 0 ;
discard_F = 0 . 0 ;
d i r e c ted_s e l = 0 . 0 ;
d i sca rd_se l = 0 . 0 ;
pro j_nondi rec ted_F = 0 . 0 ;
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pro j_d i rec ted_F = 0 . 0 ;
pro j_d iscard_F = 0 . 0 ;
p r o j _ d i r e c t e d _ s e l =0 .0 ;
p ro j _d i sca rd_se l =0 .0 ;
f o r ( i n t y =1; y<=n_years ; y++)
{

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( d i r e c t e d _ f l e e t ( i ) ==1)
{

d i rec ted_F ( y ) +=di rected_FAA_by_f leet ( i , y ) ;
d iscard_F ( y ) +=FAA_by_f leet_discard ( i , y ) ;

}
e lse nondirected_F ( y ) +=di rected_FAA_by_f leet ( i , y ) ;

}
d i r e c ted_s e l ( y ) =d i rec ted_F ( y ) /max( d i rec ted_F ( y ) ) ;
d i sca rd_se l ( y ) =discard_F ( y ) /max( d i rec ted_F ( y ) ) ;

}
p ro j_d i rec ted_F = di rec ted_F ( n_years ) ;
p ro j_d iscard_F = discard_F ( n_years ) ;
pro j_nondi rec ted_F = nondirected_F ( n_years ) ;
p r o j _ d i r e c t e d _ s e l = d i r ec t ed_se l ( n_years ) ;
p ro j _d i sca rd_se l = d isca rd_se l ( n_years ) ;

FUNCTION void get_SPR ( i n t year )

/ / s imple spawners per r e c r u i t c a l c u l a t i o n s f o r year
dva r i ab le ntemp =1.0 ;
SPR =0.0 ;
dva r i ab le z ;

f o r ( i n t age=1; age<n_ages ; age++)
{

z = M_use ( year , age ) +nondirected_F ( year , age ) + SPR_Fmult * ( d i r ec te d_se l ( year , age ) +
d isca rd_se l ( year , age ) ) ;

SPR += ntemp * f e cu n d i t y ( year , age ) * mfexp (−1.0* fracyearSSB * z ) ;
ntemp*=mfexp (−1.0*z ) ;

}
z = M_use ( year , n_ages ) +nondirected_F ( year , n_ages ) +SPR_Fmult * ( d i r ec te d_se l ( year , n_ages )

+d isca rd_se l ( year , n_ages ) ) ;
ntemp /= (1.0−mfexp(−1.0*z ) ) ;
SPR += ntemp * f e cu n d i t y ( year , n_ages ) * mfexp (−1.0* fracyearSSB * z ) ;

FUNCTION void ge t_Frepor t_ re f ( i n t year )

/ / F repor t c a l c u l a t i o n s f o r each of the re ference po in t s i n year
dva r i ab le t r e f =0 .0 ;
dva r i ab le t r e f d =0 .0 ;
dvar_vector f re f temp (1 , n_ages ) ;
dvar_vector nreftemp (1 , n_ages ) ;
i n t amin = Freport_agemin ;
i n t amax = Freport_agemax ;
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nreftemp ( 1 ) =1 .0 ;
f re f temp (1 , n_ages−1)=( Fre f * ( d i r ec te d_se l ( year ) +d isca rd_se l ( year ) ) +nondirected_F ( year ) )

(1 , n_ages−1) ;
nreftemp (2 , n_ages ) = ++(mfexp (−1.0*(M_use ( n_years ) + f re f temp ) (1 , n_ages−1) ) ) ;
f re f temp ( n_ages ) =( Fre f * ( d i r ec te d_se l ( year ) +d isca rd_se l ( year ) ) +nondirected_F ( year ) ) (

n_ages ) ;
nreftemp ( n_ages ) /=(1.0−mfexp (−1.0*(M_use ( year ) + f re f temp ) ( n_ages ) ) ) ;

i f ( Frepor t_wtopt ==1) F re f_ repo r t =mean( f re f temp ( amin , amax) ) ;
i f ( Frepor t_wtopt ==2) F re f_ repo r t = f re f temp ( amin , amax) * nreftemp ( amin , amax) / sum( nreftemp (

amin , amax) ) ;
i f ( Frepor t_wtopt ==3) F re f_ repo r t =( elem_prod ( f re f temp ( amin , amax) , nreftemp ( amin , amax) ) *

WAAjan1b ( year ) ( amin , amax) ) /
( nreftemp ( amin , amax) *WAAjan1b ( year ) ( amin , amax) ) ;

FUNCTION void get_FXSPR ( i n t year )
/ / FX%SPR c a l c u l a t i o n s i n year
f o r ( i n t i = 1 ; i <= nXSPR; i ++)
{

dva r i ab le A = 0 . 0 ;
dva r i ab le B = Fmult_max_value ;
dva r i ab le C = 0 . 0 ;
Fre f = 0 . 0 ;
f o r ( i n t j =1; j <=20; j ++)
{

C=(A+B) / 2 . 0 ;
SPR_Fmult=C;
get_SPR ( year ) ;
i f (SPR/ SR_ratio_0 ( year ) < 0.01*XSPR( i ) ) B = C;
e lse A=C;

}
FXSPR( i , year ) =C;
Fre f=FXSPR( i , year ) ;
ge t_F repo r t_ re f ( year ) ;
FXSPR_report ( i , year ) = F re f_ repo r t ;
FXSPR_slope ( i , year ) =1 .0 /SPR;

}

FUNCTION void get_FMSY ( i n t year )

/ / Fmsy c a l c u l a t i o n s i n year
dva r i ab le A = 0 . 0 ;
dva r i ab le B = Fmult_max_value ;
dva r i ab le C = 0 . 0 ;
Fre f = 0 . 0 ;

f o r ( i n t i =1; i <=20; i ++)
{

C=(A+B) / 2 . 0 ;
SPR_Fmult=C+ de l t a ;
get_SPR ( year ) ;
S_F=SR_alpha ( year ) *SPR−SR_beta ( year ) ;
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R_F=S_F /SPR;
YPR_Fmult=C+ de l t a ;
get_YPR ( year ) ;
s lope=R_F*YPR;
SPR_Fmult=C;
get_SPR ( year ) ;
S_F=SR_alpha ( year ) *SPR−SR_beta ( year ) ;
R_F=S_F /SPR;
YPR_Fmult=C;
get_YPR ( year ) ;
slope−=R_F*YPR;
i f ( slope >0.0) A=C;
e lse B=C;

}
Fmsy( year ) =C;
Fre f=Fmsy( year ) ;
ge t_F repo r t_ re f ( year ) ;
Fmsy_report ( year ) = F re f_ repo r t ;
SSBmsy( year ) =S_F ;
SSBmsy_report ( year ) =SSBmsy( year ) ;
i f (SSBmsy( year ) >0.0) SSBmsy_ratio ( year ) =SSB( year ) /SSBmsy( year ) ;

MSY( year ) =YPR*R_F ;
SPR_Fmult=Fmsy( year ) ;
get_SPR ( year ) ;
Fmsy_slope ( year ) =1 .0 /SPR;
SPR_Fmult=max( FAA_tot ( year )−nondirected_F ( year )−discard_F ( year ) ) ;
get_SPR ( year ) ;
F_slope ( year ) =1 .0 /SPR;
i f (Fmsy( year ) >0.0) Fmsy_rat io ( year ) =SPR_Fmult / Fmsy( year ) ;

FUNCTION void get_F01 ( i n t year )
/ / F0 .1 c a l c u l a t i o n s i n year
dva r i ab le A = 0 . 0 ;
dva r i ab le B = Fmult_max_value ;
dva r i ab le C = 0 . 0 ;
Fre f = 0 . 0 ;

YPR_Fmult= de l t a ;
get_YPR ( year ) ;
s l op e_o r i g i n =YPR/ de l t a ;
f o r ( i n t i =1; i <=20; i ++)
{

C=(A+B) / 2 . 0 ;
YPR_Fmult=C+ de l t a ;
get_YPR ( year ) ;
s lope=YPR;
YPR_Fmult=C;
get_YPR ( year ) ;
slope−=YPR;
slope /= de l t a ;
i f ( slope <0.10* s l op e_o r i g i n ) B=C;
e lse A=C;
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}
F01 ( year ) =C;
Fre f=F01 ( year ) ;
ge t_F repo r t_ re f ( year ) ;
F01_report ( year ) = F re f_ repo r t ;
SPR_Fmult=F01 ( year ) ;
get_SPR ( year ) ;
F01_slope ( year ) =1 .0 /SPR;

FUNCTION void get_Fmax ( i n t year )
/ / Fmax c a l c u l a t i o n s i n year
dva r i ab le A = 0 . 0 ;
dva r i ab le B = Fmult_max_value ;
dva r i ab le C = 0 . 0 ;
Fre f = 0 . 0 ;
f o r ( i n t i =1; i <=20; i ++)
{

C=(A+B) / 2 . 0 ;
YPR_Fmult=C+ de l t a ;
get_YPR ( year ) ;
s lope=YPR;
YPR_Fmult=C;
get_YPR ( year ) ;
slope−=YPR;
slope /= de l t a ;
i f ( slope <0.0) B=C;
e lse A=C;

}
Fmax( year ) =C;
Fre f=Fmax( year ) ;
ge t_F repo r t_ re f ( year ) ;
Fmax_report ( year ) = F re f_ repo r t ;
SPR_Fmult=Fmax( year ) ;
get_SPR ( year ) ;
Fmax_slope ( year ) =1 .0 /SPR;

FUNCTION get_Fre f
/ / Get a l l o f the re ference po in t s f o r each year
f o r ( i n t y = 1 ; y <= n_years ; y++)
{

get_FXSPR ( y ) ;
get_FMSY ( y ) ;
get_F01 ( y ) ;
get_Fmax ( y ) ;

}

FUNCTION void get_YPR ( i n t year )
/ / s imple y i e l d per r e c r u i t c a l c u l a t i o n s

YPR=0.0 ;
dva r i ab le ntemp =1.0 ;
dva r i ab le f = 0 . 0 ;
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dva r i ab le z = 0 . 0 ;
f o r ( i n t age=1; age<n_ages ; age++)
{

f = YPR_Fmult * d i r ec ted_s e l ( year , age ) ;
z = M_use ( year , age ) + f + nondirected_F ( year , age ) + YPR_Fmult * d i sca rd_se l ( year , age

) ;
YPR += ntemp * f * WAAcatchall ( year , age ) * (1.0−mfexp(−1.0*z ) ) / z ;
ntemp*=mfexp (−1.0*z ) ;

}
f = YPR_Fmult * d i r ec ted_s e l ( year , n_ages ) ;
z = M_use ( year , n_ages ) + f + nondirected_F ( year , n_ages ) + YPR_Fmult * d i sca rd_se l ( year ,

n_ages ) ;
ntemp /= (1.0−mfexp(−1.0*z ) ) ;
YPR += ntemp * f * WAAcatchall ( year , n_ages ) * (1.0−mfexp(−1.0*z ) ) / z ;

FUNCTION p r o j e c t _ i n t o _ f u t u r e
/ / p r o j e c t popu la t ion under f i v e poss ib le scenar ios f o r each year
dvar_vector Ftemp (1 , n_ages ) ;
dvar_vector Ztemp (1 , n_ages ) ;
dva r i ab le denom ;
f o r ( i n t y =1; y<=npro jyears ; y++)
{

pro j_F_nondi r ( y ) = pro j_nondi rec ted_F * pro j_F_nondi r_mul t ( y ) ;
i f ( p r o j _ r e c r u i t ( y ) <0.0) / / use stock−r e c r u i t r e l a t i o n s h i p
{

i f ( y==1) proj_NAA ( y , 1 ) =SR_alpha ( n_years ) *SSB( n_years ) / ( SR_beta ( n_years ) +SSB(
n_years ) ) ;

e lse proj_NAA ( y , 1 ) =SR_alpha ( n_years ) * proj_SSB ( y−1) / ( SR_beta ( n_years ) +proj_SSB ( y−1)
) ;

}
e lse proj_NAA ( y , 1 ) = p r o j _ r e c r u i t ( y ) ;

i f ( y==1)
{

f o r ( i n t a=2; a<=n_ages ; a++) proj_NAA (1 , a ) =NAA( n_years , a−1) *S( n_years , a−1) ;
proj_NAA (1 , n_ages ) +=NAA( n_years , n_ages ) *S( n_years , n_ages ) ;

}
e lse
{

f o r ( i n t a=2; a<=n_ages ; a++) proj_NAA ( y , a ) =proj_NAA ( y−1,a−1) * mfexp(−1.0* pro j_Z ( y
−1,a−1) ) ;

proj_NAA ( y , n_ages ) +=proj_NAA ( y−1,n_ages ) * mfexp (−1.0* pro j_Z ( y−1,n_ages ) ) ;
}
i f ( pro j_what ( y ) ==1) / / match d i r ec ted y i e l d
{

pro j_Fmul t ( y ) =3 .0 ; / / f i r s t see i f catch poss ib le
p ro j_F_d i r ( y ) =pro j_Fmul t ( y ) * p r o j _ d i r e c t e d _ s e l ;
p ro j_F_d iscard ( y ) =pro j_Fmul t ( y ) * p ro j _d i sca rd_se l ;
pro j_Z ( y ) =M_use ( n_years ) +pro j_F_nond i r ( y ) + p ro j_F_d i r ( y ) +pro j_F_d iscard ( y ) ;
p ro j_ca tch ( y ) =elem_prod ( elem_div ( p ro j_F_d i r ( y ) , pro j_Z ( y ) ) , elem_prod (1.0−mfexp

(−1.0* pro j_Z ( y ) ) , proj_NAA ( y ) ) ) ;
p ro j_d i sca rd ( y ) =elem_prod ( elem_div ( pro j_F_d iscard ( y ) , pro j_Z ( y ) ) , elem_prod (1.0−
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mfexp(−1.0* pro j_Z ( y ) ) , proj_NAA ( y ) ) ) ;
p r o j _ y i e l d ( y ) =elem_prod ( p ro j_ca tch ( y ) , WAAcatchall ( n_years ) ) ;
p r o j _ t o t a l _ y i e l d ( y ) =sum( p r o j _ y i e l d ( y ) ) ;
p r o j _ t o t a l _ d i s c a r d ( y ) =sum( elem_prod ( p ro j_d i sca rd ( y ) , WAAdiscardal l ( n_years ) ) ) ;
i f ( p r o j _ t o t a l _ y i e l d ( y ) > p r o j _ t a r g e t ( y ) ) / / i f catch poss ib le , what F needed
{

pro j_Fmul t ( y ) =0 .0 ;
f o r ( i n t i =1; i <=20; i ++)
{

Ftemp=pro j_Fmul t ( y ) * p r o j _ d i r e c t e d _ s e l ;
denom=0.0 ;
f o r ( i n t a=1; a<=n_ages ; a++)
{

Ztemp ( a ) =M_use ( n_years , a ) +pro j_F_nondi r ( y , a ) +pro j_Fmul t ( y ) * p ro j _d i sca rd_se l (
a ) +Ftemp ( a ) ;

denom+=proj_NAA ( y , a ) * WAAcatchall ( n_years , a ) * p r o j _ d i r e c t e d _ s e l ( a ) *(1.0−mfexp
(−1.0*Ztemp ( a ) ) ) / Ztemp ( a ) ;

}
pro j_Fmul t ( y ) = p r o j _ t a r g e t ( y ) / denom ;

}
}

}
e lse i f ( pro j_what ( y ) ==2) / / match F%SPR
{

dva r i ab le A=0.0 ;
dva r i ab le B=5.0 ;
dva r i ab le C = 0 . 0 ;
f o r ( i n t i =1; i <=20; i ++)
{

C=(A+B) / 2 . 0 ;
SPR_Fmult=C;
get_SPR ( n_years ) ;
SPRatio=SPR/ SR_ratio_0 ( n_years ) ;
i f ( SPRatio< p r o j _ t a r g e t ( y ) ) B=C;
e lse A=C;

}
pro j_Fmul t ( y ) =C;

}
e lse i f ( pro j_what ( y ) ==3) / / p r o j e c t Fmsy from l a s t year
{

pro j_Fmul t=Fmsy( n_years ) ;
}
e lse i f ( pro j_what ( y ) ==4) / / p r o j e c t Fcur ren t
{

pro j_Fmul t=max( FAA_tot ( n_years )−nondirected_F ( n_years )−discard_F ( n_years ) ) ;
}
e lse i f ( pro j_what ( y ) ==5) / / p r o j e c t i npu t F
{

pro j_Fmul t= p r o j _ t a r g e t ( y ) ;
}
p ro j _F_d i r ( y ) =pro j_Fmul t ( y ) * p r o j _ d i r e c t e d _ s e l ;
p ro j_F_d iscard ( y ) =pro j_Fmul t ( y ) * p ro j _d i sca rd_se l ;
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pro j_Z ( y ) =M_use ( n_years ) +pro j_F_nond i r ( y ) + p ro j_F_d i r ( y ) +pro j_F_d iscard ( y ) ;
proj_SSBfracZ ( y ) =mfexp (−1.0* fracyearSSB * pro j_Z ( y ) ) ;
p ro j_ca tch ( y ) =elem_prod ( elem_div ( p ro j_F_d i r ( y ) , pro j_Z ( y ) ) , elem_prod (1.0−mfexp(−1.0*

pro j_Z ( y ) ) , proj_NAA ( y ) ) ) ;
p ro j_d i sca rd ( y ) =elem_prod ( elem_div ( pro j_F_d iscard ( y ) , pro j_Z ( y ) ) , elem_prod (1.0−mfexp

(−1.0* pro j_Z ( y ) ) , proj_NAA ( y ) ) ) ;
p r o j _ y i e l d ( y ) =elem_prod ( p ro j_ca tch ( y ) , WAAcatchall ( n_years ) ) ;
p r o j _ t o t a l _ y i e l d ( y ) =sum( p r o j _ y i e l d ( y ) ) ;
p r o j _ t o t a l _ d i s c a r d ( y ) =sum( elem_prod ( p ro j_d i sca rd ( y ) , WAAdiscardal l ( n_years ) ) ) ;
proj_TotJan1B ( y ) =sum( elem_prod ( proj_NAA ( y ) ,WAAjan1b ( n_years ) ) ) ;
proj_SSB ( y ) =elem_prod ( proj_NAA ( y ) , proj_SSBfracZ ( y ) ) * f e cu n d i t y ( n_years ) ;

}

FUNCTION ge t_mu l t i nom ia l _mu l t i p l i e r_ca t ch_d i sca rds

/ / compute Franc is (2011) stage 2 m u l t i p l i e r f o r mu l t i nomia l to ad jus t i npu t Nef f (
method TA1 . 8 )

/ / Francis , R. I .C.C. 2011. Data weight ing i n s t a t i s t i c a l f i s h e r i e s stock assessment
models . CJFAS 68: 1124−1138

Neff_stage2_mult_catch =0 .0 ;
Nef f_stage2_mul t_d iscard =0 .0 ;

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n_catch_age_comp_years ( i ) >1)
{

dvar_vector M_obs(1 , n_catch_age_comp_years ( i ) ) , M_exp(1 ,
n_catch_age_comp_years ( i ) ) ;

dvar_vector R(1 , n_catch_age_comp_years ( i ) ) , S(1 , n_catch_age_comp_years
( i ) ) , W1(1 , n_catch_age_comp_years ( i ) ) ;

M_obs = ( catch_paa_obs ( i ) * double_ages ) ( catch_age_comp_times ( i ) ) ;
M_exp = ( catch_paa_pred ( i ) * double_ages ) ( catch_age_comp_times ( i ) ) ;
R = M_obs − M_exp ;
S = s q r t ( ( catch_paa_pred ( i ) * square ( double_ages ) ) (

catch_age_comp_times ( i ) ) − square (M_exp ) ) ;
W1 = elem_div ( elem_prod (R, s q r t ( inpu t_Nef f_ca tch ( i ) (

catch_age_comp_times ( i ) ) ) ) , S) ;
dva r i ab le W = (sum( square (W1) ) − double ( n_catch_age_comp_years ( i ) ) *

square (mean(W1) ) ) / ( double ( n_catch_age_comp_years ( i ) ) − 1 .0 ) ;
Nef f_stage2_mult_catch ( i ) = 1 . 0 /W;

}

i f ( n_discard_age_comp_years ( i ) >1)
{

dvar_vector M_obs(1 , n_discard_age_comp_years ( i ) ) , M_exp(1 ,
n_discard_age_comp_years ( i ) ) ;

dvar_vector R(1 , n_discard_age_comp_years ( i ) ) , S(1 ,
n_discard_age_comp_years ( i ) ) , W1(1 , n_discard_age_comp_years ( i ) ) ;

M_obs = ( discard_paa_obs ( i ) * double_ages ) ( discard_age_comp_times ( i ) ) ;
M_exp = ( discard_paa_pred ( i ) * double_ages ) ( discard_age_comp_times ( i ) )
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;
R = M_obs − M_exp ;
S = s q r t ( ( discard_paa_pred ( i ) * square ( double_ages ) ) (

discard_age_comp_times ( i ) ) − square (M_exp ) ) ;
W1 = elem_div ( elem_prod (R, s q r t ( i npu t_Ne f f_d i sca rd ( i ) (

discard_age_comp_times ( i ) ) ) ) , S) ;
dva r i ab le W = (sum( square (W1) ) − double ( n_discard_age_comp_years ( i ) ) *

square (mean(W1) ) ) / ( double ( n_discard_age_comp_years ( i ) ) − 1 .0 ) ;
Nef f_stage2_mul t_d iscard ( i ) = 1 . 0 /W;

}
}

FUNCTION g e t _ m u l t i n o m i a l _ m u l t i p l i e r _ i n d i c e s

/ / Ind i ces
Neff_stage2_mult_ index =0 .0 ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_index_age_comp_years ( i ) >1)
{

dvar_vector M_obs(1 , n_index_age_comp_years ( i ) ) , M_exp(1 ,
n_index_age_comp_years ( i ) ) ;

dvar_vector R(1 , n_index_age_comp_years ( i ) ) , S(1 , n_index_age_comp_years
( i ) ) , W1(1 , n_index_age_comp_years ( i ) ) ;

M_obs = ( index_paa_obs ( i ) * double_ages ) ( index_age_comp_times ( i ) ) ;
M_exp = ( index_paa_pred ( i ) * double_ages ) ( index_age_comp_times ( i ) ) ;
R = M_obs − M_exp ;
S = s q r t ( ( index_paa_pred ( i ) * square ( double_ages ) ) (

index_age_comp_times ( i ) ) − square (M_exp ) ) ;
W1 = elem_div ( elem_prod (R, s q r t ( inpu t_Nef f_ index ( i ) (

index_age_comp_times ( i ) ) ) ) , S) ;
dva r i ab le W = sum( square (W1 − mean(W1) ) ) / ( double (

n_index_age_comp_years ( i ) ) − 1 .0 ) ;
Nef f_stage2_mult_ index ( i ) = 1 . 0 /W;

}
}

FUNCTION g e t _ m u l t i n o m i a l _ m u l t i p l i e r _ i n d i c e s _ w i t h _ c a l i b r a t i o n

/ / Ind i ces
Neff_stage2_mult_ index =0 .0 ;
i n t t h i s _ y = 0;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_index_age_comp_years ( i ) >1)
{

dvar_vector M_obs(1 , n_index_age_comp_years ( i ) ) , M_exp(1 ,
n_index_age_comp_years ( i ) ) ;

dvar_vector R(1 , n_index_age_comp_years ( i ) ) , S(1 , n_index_age_comp_years
( i ) ) , W1(1 , n_index_age_comp_years ( i ) ) ;

f o r ( i n t y =1; y<=n_index_age_comp_years ( i ) ; y++)
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{
t h i s _ y =index_age_comp_times ( i , y ) ;
i f ( c a l i b r a t e _ t h i s _ o b s ( i , t h i s _ y ) > 0) M_obs ( y ) = ( cal ibrated_paa_obs ( i , t h i s _ y ) *

double_ages ) ;
e lse M_obs ( y ) = ( index_paa_obs ( i , t h i s _ y ) * double_ages ) ;

}
M_exp = ( index_paa_pred ( i ) * double_ages ) ( index_age_comp_times ( i ) ) ;
R = M_obs − M_exp ;
S = s q r t ( ( index_paa_pred ( i ) * square ( double_ages ) ) (

index_age_comp_times ( i ) ) − square (M_exp ) ) ;
W1 = elem_div ( elem_prod (R, s q r t ( inpu t_Nef f_ index ( i ) (

index_age_comp_times ( i ) ) ) ) , S) ;
dva r i ab le W = sum( square (W1 − mean(W1) ) ) / ( double (

n_index_age_comp_years ( i ) ) − 1 .0 ) ;
Nef f_stage2_mult_ index ( i ) = 1 . 0 /W;

}
}

FUNCTION g e t _ i n d e x _ l i k e l y

/ / i nd i ces ( lognormal )
i n d e x _ l i k e l y = 0 . 0 ;
i ndex_s td res id = 0 . 0 ;
i n t t h i s _ y = 0;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_index_years ( i ) >0)
{

i n d e x _ l i k e l y ( i ) = index_ l i ke_cons t ( i ) ;
f o r ( i n t y =1; y<=n_index_years ( i ) ; y++)
{

t h i s _ y = index_t imes ( i , y ) ;
i ndex_s td res id ( i , t h i s _ y ) =( log ( index_obs ( i , t h i s _ y ) + 1.0e−15)−l og ( index_pred ( i ,

t h i s _ y ) + 1.0e−15) ) / index_sigma ( i , t h i s _ y ) ;
i n d e x _ l i k e l y ( i ) +=0.5* square ( index_s td res id ( i , t h i s _ y ) ) ;

}
}

}
ob j_ fun+=lambda_index * i n d e x _ l i k e l y ;
i f ( i o ==1) ICHECK( i n d e x _ l i k e l y ) ;

FUNCTION g e t _ i n d e x _ l i k e l y _ w i t h _ c a l i b r a t i o n

/ / i nd i ces ( lognormal )
i n d e x _ l i k e l y = 0 . 0 ;
i ndex_s td res id = 0 . 0 ;
i n t t h i s _ y = 0;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_index_years ( i ) >0)
{
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/ / have to ad jus t " i ndex_ l i ke_cons t " because par ts o f i t are not constant
/ / t h i s was not done i n b u t t e r f i s h SARC 58 assessment .
i n d e x _ l i k e l y ( i ) = double ( n_index_years ( i ) ) * ( 0 . 5 * log ( 2 . 0 * PI ) ) +sum( log ( index_sigma ( i

) ( index_t imes ( i ) ) ) ) ;
f o r ( i n t y =1; y<=n_index_years ( i ) ; y++)
{

t h i s _ y = index_t imes ( i , y ) ;
i f ( c a l i b r a t e _ t h i s _ o b s ( i , t h i s _ y ) > 0)
{

i ndex_s td res id ( i , t h i s _ y ) =( log ( ca l ib ra ted_ index_obs ( i , t h i s _ y ) + 1.0e−15)−log (
index_pred ( i , t h i s _ y ) + 1.0e−15) ) / index_sigma ( i , t h i s _ y ) ;

}
e lse
{

index_s td res id ( i , t h i s _ y ) =( log ( index_obs ( i , t h i s _ y ) + 1.0e−15)−log ( index_pred ( i ,
t h i s _ y ) + 1.0e−15) ) / index_sigma ( i , t h i s _ y ) ;

}
i n d e x _ l i k e l y ( i ) +=0.5* square ( index_s td res id ( i , t h i s _ y ) ) ;

}
}

}

ob j_ fun+=lambda_index * i n d e x _ l i k e l y ;
i f ( i o ==1) ICHECK( i n d e x _ l i k e l y ) ;

FUNCTION get_index_age_comp_l ikely

/ / i nd i ces age comp ( mu l t i nomia l )
index_age_comp_l ikely = 0 . 0 ;
i n t t h i s _ y = 0;
dva r i ab le temp = 0 . 0 ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_index_age_comp_years ( i ) >0)
{

index_age_comp_l ikely ( i ) =sum( index_age_comp_like_const ( i ) ) ;
f o r ( i n t y =1; y<=n_index_age_comp_years ( i ) ; y++)
{

t h i s _ y = index_age_comp_times ( i , y ) ;
temp=index_paa_obs ( i , t h i s _ y ) * log ( index_paa_pred ( i , t h i s _ y ) + 1.0e−15) ;
index_age_comp_l ikely ( i ) −= inpu t_Nef f_ index ( i , t h i s _ y ) * temp ;

}
}

}
ob j_ fun+=sum( index_age_comp_l ikely ) ;
i f ( i o ==1) ICHECK( index_age_comp_l ikely ) ;

FUNCTION get_ index_age_comp_ l i ke ly_w i th_ca l ib ra t ion

/ / i nd i ces age comp ( mu l t i nomia l )
index_age_comp_l ikely = 0 . 0 ;
i n t t h i s _ y = 0;
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dva r i ab le temp = 0 . 0 ;
dvar_matr ix ca l ibrated_index_age_comp_l ike_const (1 , n_indices ,1 , n_years ) ;
ca l ibrated_index_age_comp_l ike_const = 0 . 0 ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_index_age_comp_years ( i ) >0)
{

f o r ( i n t y =1; y<=n_index_age_comp_years ( i ) ; y++)
{

t h i s _ y = index_age_comp_times ( i , y ) ;
i f ( c a l i b r a t e _ t h i s _ o b s ( i , t h i s _ y ) > 0)
{

/ / have to ad jus t " index_age_comp_like_const " because par ts o f i t are not
constant

ca l ibrated_index_age_comp_l ike_const ( i , t h i s _ y ) −= gammln ( inpu t_Nef f_ index ( i ,
t h i s _ y ) + 1 .0 ) ;

ca l ibrated_index_age_comp_l ike_const ( i , t h i s _ y ) += sum( gammln ( inpu t_Nef f_ index (
i , t h i s _ y ) * ca l ibrated_paa_obs ( i , t h i s _ y ) + 1 .0 ) ) ;

index_age_comp_l ikely ( i ) += cal ibrated_index_age_comp_l ike_const ( i , t h i s _ y ) ;
temp=cal ibrated_paa_obs ( i , t h i s _ y ) * log ( index_paa_pred ( i , t h i s _ y ) + 1.0e−15) ;

}
e lse
{

index_age_comp_l ikely ( i ) += index_age_comp_like_const ( i , t h i s _ y ) ;
temp=index_paa_obs ( i , t h i s _ y ) * log ( index_paa_pred ( i , t h i s _ y ) + 1.0e−15) ;

}
index_age_comp_l ikely ( i ) −= inpu t_Nef f_ index ( i , t h i s _ y ) * temp ;

}
}

}
ob j_ fun+=sum( index_age_comp_l ikely ) ;
i f ( i o ==1) ICHECK( rowsum ( index_age_comp_like_const ) ) ;
i f ( i o ==1) ICHECK( index_age_comp_l ikely ) ;

FUNCTION g e t _ c a t c h _ l i k e l y

/ / t o t a l catch and d iscards ( lognormal )
c a t c h _ t o t _ l i k e l y = 0 . 0 ;
c a t c h _ t o t _ s t d r e s i d = 0 . 0 ;
d i s c a r d _ t o t _ l i k e l y = 0 . 0 ;
d i s c a r d _ t o t _ s t d r e s i d = 0 . 0 ;
i n t t h i s _ y = 0;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n_catch_years ( i ) > 0)
{

c a t c h _ t o t _ l i k e l y ( i ) = c a t c h _ t o t _ l i k e _ c o n s t ( i ) ;
f o r ( i n t y = 1 ; y <= n_catch_years ( i ) ; y++)
{

t h i s _ y = catch_t imes ( i , y ) ;
c a t c h _ t o t _ s t d r e s i d ( i , t h i s _ y ) = ( log ( ca t ch_ to t_ f l ee t_obs ( i , t h i s _ y ) +1.0e−15)−l og (

c a t c h _ t o t _ f l e e t _ p r e d ( i , t h i s _ y ) +1.0e−15) ) / catch_tot_s igma ( i , t h i s _ y ) ;
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c a t c h _ t o t _ l i k e l y ( i ) += 0 .5* square ( c a t c h _ t o t _ s t d r e s i d ( i , t h i s _ y ) ) ;
}

}
i f ( n_discard_years ( i ) > 0)
{

d i s c a r d _ t o t _ l i k e l y ( i ) = d i s c a r d _ t o t _ l i k e _ c o n s t ( i ) ;
f o r ( i n t y = 1 ; y <= n_discard_years ( i ) ; y++)
{

t h i s _ y = d iscard_t imes ( i , y ) ;
d i s c a r d _ t o t _ s t d r e s i d ( i , t h i s _ y ) = ( log ( d i s c a r d _ t o t _ f l e e t _ o b s ( i , t h i s _ y ) +1.0e−15)−

log ( d i s c a r d _ t o t _ f l e e t _ p r e d ( i , t h i s _ y ) +1.0e−15) ) / d iscard_to t_s igma ( i , t h i s _ y ) ;
d i s c a r d _ t o t _ l i k e l y ( i ) +=0.5* square ( d i s c a r d _ t o t _ s t d r e s i d ( i , t h i s _ y ) ) ;

}
}

}
ob j_ fun+=lambda_catch_tot * c a t c h _ t o t _ l i k e l y ;
ob j_ fun+= lambda_discard_tot * d i s c a r d _ t o t _ l i k e l y ;
i f ( i o ==1) ICHECK( c a t c h _ t o t _ l i k e l y ) ;
i f ( i o ==1) ICHECK( d i s c a r d _ t o t _ l i k e l y ) ;

FUNCTION get_catch_age_comp_l ikely

/ / catch age comp ( mu l t i nomia l )
catch_age_comp_l ikely = 0 . 0 ;
d iscard_age_comp_l ike ly = 0 . 0 ;
i n t t h i s _ y = 0;
dva r i ab le temp ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n_catch_age_comp_years ( i ) > 0)
{

catch_age_comp_l ikely ( i ) = catch_age_comp_like_const ( i ) ;
f o r ( i n t y = 1 ; y <= n_catch_age_comp_years ( i ) ; y++)
{

t h i s _ y = catch_age_comp_times ( i , y ) ;
temp=catch_paa_obs ( i , t h i s _ y ) * log ( catch_paa_pred ( i , t h i s _ y ) + 1.0e−15) ;
catch_age_comp_l ikely ( i ) −= inpu t_Nef f_ca tch ( i , t h i s _ y ) * temp ;

}
}
i f ( n_discard_age_comp_years ( i ) > 0)
{

d iscard_age_comp_l ike ly ( i ) = discard_age_comp_l ike_const ( i ) ;
f o r ( i n t y = 1 ; y <= n_discard_age_comp_years ( i ) ; y++)
{

t h i s _ y = discard_age_comp_times ( i , y ) ;
/ / add i n n e g l i g i b l e amount to p red ic ted i n case re lease p ropo r t i on i s 0
temp=discard_paa_obs ( i , t h i s _ y ) * log ( discard_paa_pred ( i , t h i s _ y ) +1.0e−15) ;
d iscard_age_comp_l ike ly ( i ) −= inpu t_Ne f f_d isca rd ( i , t h i s _ y ) * temp ;

}
}

}
ob j_ fun+=sum( catch_age_comp_l ikely ) +sum( discard_age_comp_l ike ly ) ;
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i f ( i o ==1) ICHECK( catch_age_comp_l ikely ) ;
i f ( i o ==1) ICHECK( discard_age_comp_l ike ly ) ;

FUNCTION get_SR_penalty

/ / stock−rec ru i tmen t r e l a t i o n s h i p ( lognormal )
SR_penalty = 0 . 0 ;
SR_stdresid =0 .0 ;
/ / use the stock− r e c r u i t r e l a t i o n s h i p
i f ( SR_model_type == 1) SR_stdresid=elem_div ( log ( r e c r u i t s )−log ( SR_pred_recru i ts (1 ,

n_years ) ) , rec ru i t_s igma ) ;
/ / No stock−r e c r u i t r e l a t i o n s h i p , j u s t average R and dev ia t i ons
e lse SR_stdresid=elem_div ( log_rec ru i t_devs , rec ru i t_s igma ) ;

i f ( a c t i v e ( l og_ rec ru i t _devs ) && lambda_recrui t_devs > 1.0e−15)
{

SR_penalty = SR_penalty_const + 0 .5* norm2 ( SR_stdresid ) ;
ob j_ fun+=lambda_recrui t_devs * SR_penalty ;

}
i f ( i o ==1) ICHECK( SR_penalty ) ;

FUNCTION g e t _ s e l e c t i v i t y _ p e n a l t i e s

/ / s e l e c t i v i t y parameters have scaled , s h i f t e d beta d i s t r i b u t e d p e n a l t i e s
se lpars_pena l ty =0 .0 ;
se lpa rs_s td res id =0 .0 ;
f o r ( i n t i =1; i <=n_selpars ; i ++)
{

i f ( a c t i v e ( se lpars ( i ) ) && lambda_selpars ( i ) > 1.0e−15)
{

se lpars_pena l ty ( i ) +=se lpars_pena l ty_cons t ( i ) ;
i f ( se lpars_pena l ty_ type ( i ) == 1)
{

dva r i ab le p = ( se lpars ( i )−se lpars_ lower ( i ) ) / ( selpars_upper ( i )−se lpars_ lower ( i ) ) ;
se lpars_pena l ty ( i )−= ( se lpars_penal ty_a ( i ) −1.0) * log ( se lpars ( i ) − se lpars_ lower ( i

) + 1.0e−15) + ( se lpars_penal ty_b ( i ) −1.0) * log ( selpars_upper ( i ) − se lpars ( i ) +
1.0e−15) ;

se lpa rs_s td res id ( i ) = ( p − selpars_penalty_mu ( i ) ) / s q r t ( selpars_penalty_mu ( i ) *(1−
selpars_penalty_mu ( i ) ) / ( se lpa rs_pena l t y_ph i ( i ) +1) ) ;

}
e lse
{

se lpa rs_s td res id ( i ) = ( log ( se lpars ( i ) ) − log ( s e l p a r s _ i n i ( i ) ) ) /
se lpars_penal ty_sigma ( i ) ;

se lpars_pena l ty ( i ) += 0 .5* square ( se lpa rs_s td res id ( i ) ) ;
}
ob j_ fun+=lambda_selpars ( i ) * se lpars_pena l ty ( i ) ;

}
}
i f ( i o ==1) ICHECK( se lpars_pena l t y ) ;

FUNCTION get_steepness_penal ty
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steepness_penal ty =0 .0 ;
s teepness_stdres id =0 .0 ;
i f ( current_phase ( ) >= phase_steepness && lambda_steepness > 1.0e−15)
{

steepness_penal ty = steepness_penal ty_const ;
dva r i ab le mean_h = mean( steepness ) ;
i f ( s teepness_penal ty_type == 1)
{

/ / scaled beta pena l ty because steepness i s g rea te r than 0.2 and less than 1.0
dva r i ab le p = (mean_h − 0 .2 ) / ( 1 . 0 − mean_h) ;
steepness_penal ty −= ( steepness_penalty_a −1.0) * log (mean_h−0.2 + 1.0e−15) + (

steepness_penalty_b −1.0) * log (1 .0 − mean_h + 1.0e−15) ;
s teepness_stdres id = ( p − steepness_penalty_mu ) / s q r t ( steepness_penalty_mu*(1−

steepness_penalty_mu ) / ( s teepness_penal ty_phi +1) ) ;
}

e lse
{

s teepness_stdres id = ( log (mean_h) − l og ( s teepness_ in i ) ) / steepness_penalty_sigma ;
steepness_penal ty += 0.5* square ( s teepness_stdres id ) ;

}
ob j_ fun+=lambda_steepness * steepness_penal ty ;

}
i f ( i o ==1) ICHECK( steepness_penal ty ) ;

FUNCTION get_SR_scalar_penal ty
SR_scalar_penal ty =0 .0 ;
SR_scalar_stdres id =0 .0 ;
i f ( current_phase ( ) >= phase_SR_scalar && lambda_SR_scalar > 1.0e−15)
{

dva r i ab le mean_SR_scalar = mean( log_SR_scalar ) ;
SR_scalar_stdres id =( mean_SR_scalar−l og ( SR_sca lar_ in i ) ) / SR_scalar_sigma ;
/ / SR_scalar_penal ty=SR_scalar_penal ty_const + mean_SR_scalar + 0 .5* square (

SR_scalar_stdres id ) ;
SR_scalar_penal ty=SR_scalar_penal ty_const + 0 .5* square ( SR_scalar_stdres id ) ;
ob j_ fun+=lambda_SR_scalar * SR_scalar_penal ty ;

}
i f ( i o ==1) ICHECK( SR_scalar_penal ty ) ;

FUNCTION get_Fmult_year1_penal ty
Fmul t_year1_stdres id = 0 . 0 ;
Fmult_year1_penal ty = 0 . 0 ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( current_phase ( ) >= phase_Fmult_year1 ( i ) && lambda_Fmult_year1 ( i ) > 1.0e
−15)

{
Fmul t_year1_stdres id ( i ) =( log_Fmult_year1 ( i )−l og ( Fmul t_year1_ in i ( i ) ) ) /

Fmult_year1_sigma ( i ) ;
Fmul t_year1_penal ty ( i ) =Fmult_year1_penal ty_const ( i ) + 0 .5* square (

Fmul t_year1_stdres id ( i ) ) ; ;
ob j_ fun+=lambda_Fmult_year1 ( i ) * Fmult_year1_penal ty ( i ) ;

}
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}
i f ( i o ==1) ICHECK( Fmult_year1_penal ty ) ;

FUNCTION get_Fmult_devs_penal ty
Fmul t_devs_stdres id =0 .0 ;
Fmult_devs_penalty = 0 . 0 ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( current_phase ( ) >= phase_Fmult_devs ( i ) && lambda_Fmult_devs ( i ) > 1.0e−15)
{

Fmul t_devs_stdres id ( i ) =log_Fmult_devs ( i ) ( catch_min_time ( i ) +1 , catch_max_time ( i ) ) /
Fmult_devs_sigma ( i ) ;

Fmult_devs_penalty ( i ) +=Fmult_devs_penal ty_const ( i ) + 0 .5* norm2 ( Fmul t_devs_stdres id
( i ) ) ;

ob j_ fun+=lambda_Fmult_devs ( i ) * Fmult_devs_penalty ( i ) ;
}

}
i f ( i o ==1) ICHECK( Fmult_devs_penalty ) ;

FUNCTION get_N_year1_penalty
N_year1_stdresid =0 .0 ;
N_year1_penalty = 0 . 0 ;
i f ( NAA_year1_flag ==1)
{

/ / note t h a t S i s est imated when M i s est imated so the pred ic ted NAA( 1 ) va r i es
NAA_year1_pred ( 1 ) =SR_pred_recru i ts ( 1 ) ;
f o r ( i n t a=2; a<=n_ages ; a++) NAA_year1_pred ( a ) =NAA_year1_pred ( a−1) *S(1 , a−1) ;
NAA_year1_pred ( n_ages ) /=(1.0−S(1 , n_ages ) ) ;

}
e lse i f ( NAA_year1_flag ==2) NAA_year1_pred=NAA_year1_ini ;

i f ( a c t i v e ( log_N_year1_devs ) && lambda_N_year1_devs > 1.0e−15)
{

N_year1_stdresid =( log (NAA( 1 ) )−log ( NAA_year1_pred ) ) / N_year1_sigma ;
N_year1_penalty = N_year1_penalty_const + 0 .5* norm2 ( N_year1_stdresid ) ;
ob j_ fun+=lambda_N_year1_devs * N_year1_penalty ;

}
i f ( i o ==1) ICHECK( N_year1_penalty ) ;

FUNCTION g e t _ a v a i l a b i l i t y _ p e n a l t y
a v a i l a b i l i t y _ p e n a l t y =0 .0 ;
a v a i l a b i l i t y _ s t d r e s i d =0 .0 ;
f o r ( i n t i = 1 ; i <= n_ ind ices ; i ++)
{

i f ( current_phase ( ) >= f i r s t _ a v a i l a b i l i t y _ p h a s e ( i ) && l a m b d a _ a v a i l a b i l i t y ( i ) >
1.0e−15)

{
a v a i l a b i l i t y _ p e n a l t y ( i ) = a v a i l a b i l i t y _ p e n a l t y _ c o n s t ( i ) ;
dva r i ab le mean_avail = mean( a v a i l a b i l i t y ( i ) ( index_t imes ( i ) ) ) ;
i f ( a v a i l a b i l i t y _ p e n a l t y _ t y p e ( i ) == 1)
{

/ / scaled beta pena l ty because a v a i l a b i l i t y i s between a v a i l a b i l i t y _ l o w e r and
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a v a i l a b i l i t y _ u p p e r
dva r i ab le p = ( mean_avail − a v a i l a b i l i t y _ l o w e r ( i ) ) / ( a v a i l a b i l i t y _ u p p e r ( i ) −

mean_avail ) ;
a v a i l a b i l i t y _ p e n a l t y ( i ) −= ( a v a i l a b i l i t y _ p e n a l t y _ a ( i ) −1.0) * log ( mean_avail−

a v a i l a b i l i t y _ l o w e r ( i ) + 1.0e−15) +
( a v a i l a b i l i t y _ p e n a l t y _ b ( i ) − 1 .0 ) * log ( a v a i l a b i l i t y _ u p p e r ( i ) − mean_avail +

1.0e−15) ;
a v a i l a b i l i t y _ s t d r e s i d ( i ) = ( p − a v a i l a b i l i t y _ p e n a l t y _ m u ( i ) ) / s q r t (

a v a i l a b i l i t y _ p e n a l t y _ m u ( i ) *(1− a v a i l a b i l i t y _ p e n a l t y _ m u ( i ) ) / (
a v a i l a b i l i t y _ p e n a l t y _ p h i ( i ) +1) ) ;

}
e lse
{

a v a i l a b i l i t y _ s t d r e s i d ( i ) = ( log ( mean_avail ) − l og ( a v a i l a b i l i t y _ i n i ( i ) + 1.0e−15)
) / a v a i l a b i l i t y _ p e n a l t y _ s i g m a ( i ) ;

a v a i l a b i l i t y _ p e n a l t y ( i ) += 0 .5* square ( a v a i l a b i l i t y _ s t d r e s i d ( i ) ) ;
}
ob j_ fun+= l a m b d a _ a v a i l a b i l i t y ( i ) * a v a i l a b i l i t y _ p e n a l t y ( i ) ;

}
}
i f ( i o ==1) ICHECK( a v a i l a b i l i t y _ p e n a l t y ) ;

FUNCTION ge t_ava i l ab i l i t y_AR1_pena l t y

a v a i l a b i l i t y _ A R 1 _ s t d r e s i d =0 .0 ;
a v a i l a b i l i t y _ A R 1 _ p e n a l t y = 0 . 0 ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( a c t i v e ( ava i l ab i l i t y_AR1_devs ( i ) ) )
{

a v a i l a b i l i t y _ A R 1 _ s t d r e s i d ( i ) =ava i l ab i l i t y_AR1_devs ( i ) / ava i l ab i l i t y_AR1_sd ( i ) ;
a v a i l a b i l i t y _ A R 1 _ p e n a l t y ( i ) = ava i l ab i l i t y_AR1_pena l t y_cons t ( i ) + 0 .5* norm2 (

a v a i l a b i l i t y _ A R 1 _ s t d r e s i d ) ;
ob j_ fun+= lambda_ava i lab i l i t y_AR1 ( i ) * a v a i l a b i l i t y _ A R 1 _ p e n a l t y ( i ) ;

}
}
i f ( i o ==1) ICHECK( a v a i l a b i l i t y _ A R 1 _ p e n a l t y ) ;

FUNCTION g e t _ e f f i c i e n c y _ p e n a l t y
e f f i c i e n c y _ p e n a l t y =0 .0 ;
e f f i c i e n c y _ s t d r e s i d =0 .0 ;
f o r ( i n t i = 1 ; i <= n_ ind ices ; i ++)
{

i f ( current_phase ( ) >= f i r s t _ e f f i c i e n c y _ p h a s e ( i ) && lambda_ef f i c iency ( i ) > 1.0
e−15)

{
e f f i c i e n c y _ p e n a l t y ( i ) = e f f i c i e n c y _ p e n a l t y _ c o n s t ( i ) ;
dva r i ab le mean_ef f ic iency = mean( e f f i c i e n c y ( i ) ( index_t imes ( i ) ) ) ;
i f ( e f f i c i e n c y _ p e n a l t y _ t y p e ( i ) == 1)
{

/ / scaled beta pena l ty because e f f i c i e n c y i s between e f f i c i e n c y _ l o w e r and
e f f i c i ency_uppe r
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dva r i ab le p = ( mean_ef f ic iency − e f f i c i e n c y _ l o w e r ( i ) ) / ( e f f i c i ency_uppe r ( i ) −
mean_ef f ic iency ) ;

e f f i c i e n c y _ p e n a l t y ( i ) −= ( e f f i c i e n c y _ p e n a l t y _ a ( i ) −1.0) * log ( mean_ef f ic iency−
e f f i c i e n c y _ l o w e r ( i ) + 1.0e−15) +

( e f f i c i e n c y _ p e n a l t y _ b ( i ) − 1 .0 ) * log ( e f f i c i ency_uppe r ( i ) − mean_ef f ic iency +
1.0e−15) ;

e f f i c i e n c y _ s t d r e s i d ( i ) = ( p − ef f i c iency_pena l ty_mu ( i ) ) / s q r t (
e f f i c iency_pena l ty_mu ( i ) *(1− ef f i c iency_pena l ty_mu ( i ) ) / ( e f f i c i e n c y _ p e n a l t y _ p h i
( i ) +1) ) ;

}
e lse
{

e f f i c i e n c y _ s t d r e s i d ( i ) = ( log ( mean_ef f ic iency ) − l og ( e f f i c i e n c y _ i n i ( i ) + 1.0e
−15) ) / e f f i c i ency_pena l t y_s igma ( i ) ;

e f f i c i e n c y _ p e n a l t y ( i ) += 0 .5* square ( e f f i c i e n c y _ s t d r e s i d ( i ) ) ;
}
ob j_ fun+= lambda_ef f i c iency ( i ) * e f f i c i e n c y _ p e n a l t y ( i ) ;

}
}

i f ( i o ==1) ICHECK( e f f i c i e n c y _ p e n a l t y ) ;

FUNCTION g e t _ r e l _ e f f i c i e n c y _ p e n a l t y

r e l _ e f f i c i e n c y _ p e n a l t y = 0 . 0 ;
f o r ( i n t i = 1 ; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

i f ( a c t i v e ( re l _e f f i c i ency_coe f_devs ( i ) ) )
{

r e l _ e f f i c i e n c y _ p e n a l t y ( i ) = r e l _ e f f i c i e n c y _ p e n a l t y _ c o n s t ( i ) + 0.5 *
re l _e f f i c i ency_coe f_devs ( i ) * i nv ( v a r _ r e l _ e f f i c i e n c y _ c o e f ( i ) ) *
r e l _e f f i c i ency_coe f_devs ( i ) ;

ob j_ fun += lambda_re l_e f f i c i ency ( i ) * r e l _ e f f i c i e n c y _ p e n a l t y ( i ) ;
}

}

i f ( i o ==1) ICHECK( r e l _ e f f i c i e n c y _ p e n a l t y ) ;

FUNCTION get_Fmult_max_penalty
dva r i ab le temp_Fmult_max ;
Fmult_max_penalty =0 .0 ;
lambda_Fmult_max_penalty = 1000.0;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

f o r ( i n t y =1; y<=n_years ; y++)
{

temp_Fmult_max=mfexp ( log_Fmult ( i , y ) ) *max( s e l _ b y _ f l e e t ( i , y ) ) ;
i f ( temp_Fmult_max>Fmult_max_value ) Fmult_max_penalty +=( temp_Fmult_max−

Fmult_max_value ) * ( temp_Fmult_max−Fmult_max_value ) ;
}

}
ob j_ fun+=lambda_Fmult_max_penalty * Fmult_max_penalty ;
i f ( i o ==1) ICHECK( Fmult_max_penalty ) ;
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FUNCTION get_F_penal ty

/ / decrease emphasis on F near M as phases increase
lambda_fpenal ty =100.0*pow(10.0 , (−1.0* current_phase ( ) ) ) ;
/ / no pena l ty i n f i n a l s o l u t i o n
i f ( last_phase ( ) ) lambda_fpenal ty =0 .0 ;

f p e n a l t y = lambda_fpenal ty * square ( log (mean( FAA_tot ) )−l og (mean(M_use ) ) ) ;
ob j_ fun+= f p e n a l t y ;
i f ( i o ==1) ICHECK( f p e n a l t y ) ;

FUNCTION compute_the_ob jec t ive_func t ion
ob j_ fun =0 .0 ;
i o =0; / / i o i f statements commented out to speed up program

i f ( c a l i b r a t e _ i n d i c e s == 1)
{

g e t _ i n d e x _ l i k e l y _ w i t h _ c a l i b r a t i o n ( ) ;
ge t_ index_age_comp_ l i ke ly_w i th_ca l ib ra t ion ( ) ;
g e t _ r e l _ e f f i c i e n c y _ p e n a l t y ( ) ;

}
e lse
{

g e t _ i n d e x _ l i k e l y ( ) ;
get_index_age_comp_l ikely ( ) ;

}
g e t _ c a t c h _ l i k e l y ( ) ;
get_catch_age_comp_l ikely ( ) ;

get_SR_penalty ( ) ;
g e t _ s e l e c t i v i t y _ p e n a l t i e s ( ) ;
get_steepness_penal ty ( ) ;
get_SR_scalar_penal ty ( ) ;
get_Fmul t_year1_penal ty ( ) ;
get_Fmult_devs_penal ty ( ) ;
get_N_year1_penalty ( ) ;
g e t _ a v a i l a b i l i t y _ p e n a l t y ( ) ;
g e t _ e f f i c i e n c y _ p e n a l t y ( ) ;
ge t_ava i l ab i l i t y_AR1_pena l t y ( ) ;
i f ( use_Fmult_max_penalty == 1) get_Fmult_max_penalty ( ) ;
i f ( use_F_penalty == 1) get_F_penal ty ( ) ;
i f ( i o == 1) ICHECK( ob j_ fun ) ;
i f ( i o == 1 && current_phase ( ) == 2) ad_ex i t ( 1 ) ;

FUNCTION write_MCMC
/ / f i r s t the output f i l e f o r AgePro
dva r i ab le tempR = 0 . 0 ;
dvar_vector tempFmult (1 , n_years ) ;
i f ( MCMCnyear_opt == 0) / / use f i n a l year
{

i f ( f i l l R _ o p t == 0) NAAbsn ( 1 ) =NAA( n_years , 1 ) ;
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else i f ( f i l l R _ o p t == 1)
{
NAAbsn ( 1 ) =SR_pred_recru i ts ( n_years ) ;
}
e lse i f ( f i l l R _ o p t == 2)
{

tempR=0.0 ;
f o r ( i n t i =Ravg_star t ; i <=Ravg_end ; i ++) tempR+= log (NAA( i−year1 +1 ,1) ) ;
NAAbsn ( 1 ) =mfexp ( tempR / ( Ravg_end−Ravg_star t +1.0) ) ;

}
f o r ( i n t a=2; a<=n_ages ; a++) NAAbsn( a ) =NAA( n_years , a ) ;

}
e lse / / use f i n a l year + 1
{

i f ( f i l l R _ o p t == 1) NAAbsn ( 1 ) =SR_pred_recru i ts ( n_years +1) ;
e lse i f ( f i l l R _ o p t == 2)
{

tempR=0.0 ;
f o r ( i n t i =Ravg_star t ; i <=Ravg_end ; i ++) tempR+= log (NAA( i−year1 +1 ,1) ) ;
NAAbsn ( 1 ) =mfexp ( tempR / ( Ravg_end−Ravg_star t +1.0) ) ;

}
f o r ( i n t a=2; a<=n_ages ; a++) NAAbsn( a ) =NAA( n_years , a−1) *S( n_years , a−1) ;
NAAbsn( n_ages ) +=NAA( n_years , n_ages ) *S( n_years , n_ages ) ;

}

f o r ( i n t y =1; y<=n_years ; y++) tempFmult ( y ) = max( FAA_tot ( y ) ) ;

/ / ou tput the NAAbsn values
ageproMCMC << NAAbsn << endl ;

/ / now the standard MCMC output f i l e
basicMCMC <<

Frepor t << " " ;
i f ( estimate_M ==1)
{

f o r ( i n t y = 1 ; y<= n_years ; y++) basicMCMC << M_use ( y ) << " " ;
}
basicMCMC <<

SSB << " " <<
tempFmult << " " <<
rowsum ( elem_prod ( WAAjan1b , NAA) ) << " " ;
f o r ( i n t i = 1 ; i <= nXSPR; i ++) basicMCMC << FXSPR_report ( i ) << " " ;
basicMCMC <<
MSY << " " <<
SSBmsy << " " <<
Fmsy << " " <<
SSBmsy_ratio << " " <<
Fmsy_rat io << " " <<
endl ;

REPORT_SECTION
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i n t t h i s _ y = 0;
r e p o r t << "Age St ruc tu red Assessment Program (ASAP) Version 4 .0 " << endl ;
r e p o r t << " S t a r t t ime f o r run : " << ct ime (& s t a r t ) << endl ;
r e p o r t << " Ob jec t i ve_ func t i on : " << obj_ fun << endl << endl ;
r e p o r t << " Component Lambda obj_ fun " << endl ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++) i f ( n_catch_years ( i ) >0)
{

r e p o r t << " Catch_Fleet_ " << i << " " << lambda_catch_tot ( i ) << "
" << lambda_catch_tot ( i ) * c a t c h _ t o t _ l i k e l y ( i ) << endl ;

}
r e p o r t << " Catch_Fleet_Tota l " << sum( lambda_catch_tot ) << " " <<

lambda_catch_tot * c a t c h _ t o t _ l i k e l y << endl ;
i f ( lambda_discard_tot * d i s c a r d _ t o t _ l i k e l y > 0 .0 )
{

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++) i f ( n_discard_years ( i ) >0)
{

r e p o r t << " Discard_Fleet_ " << i << " " << lambda_discard_tot ( i ) << "
" << lambda_discard_tot ( i ) * d i s c a r d _ t o t _ l i k e l y ( i ) << endl ;

}
r e p o r t << " D iscard_F lee t_Tota l " << sum( lambda_discard_tot ) << "

" << lambda_discard_tot * d i s c a r d _ t o t _ l i k e l y << endl ;
}
f o r ( i n t i =1; i <=n_ ind ices ; i ++) i f ( n_index_years ( i ) >0)
{

r e p o r t << " Index_F i t_ " << i << " " << lambda_index ( i ) << "
" << lambda_index ( i ) * i n d e x _ l i k e l y ( i ) << endl ;

}
r e p o r t << " Index_F i t_To ta l " << sum( lambda_index ) << " " <<

lambda_index * i n d e x _ l i k e l y << endl ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++) i f ( n_catch_age_comp_years ( i ) >0)
{

r e p o r t << " Catch_Fleet_Age_Comps_ " << i << " see_below " <<
catch_age_comp_l ikely ( i ) << endl ;

}
i f (sum( n_catch_age_comp_years ) >0)
{

r e p o r t << " Catch_Age_Comps_Total see_below " << sum( catch_age_comp_l ikely )
<< endl ;

}
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++) i f ( n_discard_age_comp_years ( i ) >0)
{

r e p o r t << " Discard_Fleet_Age_Comps_ " << i << " see_below " <<
discard_age_comp_l ike ly ( i ) << endl ;

}
i f (sum( n_discard_age_comp_years ) >0)
{

r e p o r t << " Discard_Age_Comps_Total see_below " << sum( discard_age_comp_l ike ly
) << endl ;

}
f o r ( i n t i =1; i <=n_ ind ices ; i ++) i f ( n_index_age_comp_years ( i ) >0)
{

r e p o r t << " Index_Age_Comps_ " << i << " see_below " <<
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index_age_comp_l ikely ( i ) << endl ;
}
i f (sum( n_index_age_comp_years ) >0)
{

r e p o r t << " Index_Age_Comps_Total see_below " << sum( index_age_comp_l ikely )
<< endl ;

}
dva r i ab le sum_sel_lambda =0;
dva r i ab le sum_sel_lambda_penalty =0 .0 ;
f o r ( i n t i =1; i <=n_selpars ; i ++)
{

i f ( fabs ( se lpars_pena l t y ( i ) ) >1.0e−15)
{

r e p o r t << " Se lec t i v i t y_Paramete r_ " << i ;
i f ( i < 10 ) r e p o r t << " " ;
e lse i f ( i < 100 ) r e p o r t << " " ;
e lse i f ( i < 1000) r e p o r t << " " ;
r e p o r t << lambda_selpars ( i ) << " " << lambda_selpars ( i ) * se lpars_pena l ty ( i

) << endl ;
sum_sel_lambda+=lambda_selpars ( i ) ;
sum_sel_lambda_penalty+=lambda_selpars ( i ) * se lpars_pena l ty ( i ) ;

}
}
i f (sum( fabs ( se lpars_pena l t y ) ) >1.0e−15)
{

r e p o r t << " Se lec t i v i t y_Paramete r_To ta l " << sum_sel_lambda << " " <<
sum_sel_lambda_penalty << endl ;

}
f o r ( i n t i =1; i <=n_ ind ices ; i ++) i f ( fabs ( a v a i l a b i l i t y _ p e n a l t y ( i ) ) >1.0e−15)
{

r e p o r t << " A v a i l a b i l i t y _ " << i << " " << l a m b d a _ a v a i l a b i l i t y ( i ) << "
" << l a m b d a _ a v a i l a b i l i t y ( i ) * a v a i l a b i l i t y _ p e n a l t y ( i ) << endl ;

}
i f (sum( fabs ( a v a i l a b i l i t y _ p e n a l t y ) ) >1.0e−15)
{

r e p o r t << " A v a i l a b i l i t y _ T o t a l " << sum( l a m b d a _ a v a i l a b i l i t y ) << "
" << l a m b d a _ a v a i l a b i l i t y * a v a i l a b i l i t y _ p e n a l t y << endl ;

}
f o r ( i n t i =1; i <=n_ ind ices ; i ++) i f ( fabs ( a v a i l a b i l i t y _ A R 1 _ p e n a l t y ( i ) ) >1.0e−15)
{

r e p o r t << " Ava i l ab i l i t y_AR1_ " << i << " " <<
lambda_ava i lab i l i t y_AR1 ( i ) << " " << lambda_ava i lab i l i t y_AR1 ( i ) *
a v a i l a b i l i t y _ A R 1 _ p e n a l t y ( i ) << endl ;

}
i f (sum( a v a i l a b i l i t y _ A R 1 _ p e n a l t y ) >1.0e−15)
{

r e p o r t << " Ava i l ab i l i t y_AR1_To ta l " << sum( lambda_ava i lab i l i t y_AR1 )
<< " " << lambda_ava i lab i l i t y_AR1 * a v a i l a b i l i t y _ A R 1 _ p e n a l t y << endl ;

}
f o r ( i n t i =1; i <=n_ ind ices ; i ++) i f ( fabs ( e f f i c i e n c y _ p e n a l t y ( i ) ) >1.0e−15)
{

r e p o r t << " E f f i c i e n c y _ " << i << " " << lambda_ef f i c iency ( i ) << " "
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<< lambda_ef f i c iency ( i ) * e f f i c i e n c y _ p e n a l t y ( i ) << endl ;
}
i f (sum( fabs ( e f f i c i e n c y _ p e n a l t y ) ) >1.0e−15)
{

r e p o r t << " E f f i c i e n c y _ T o t a l " << sum( lambda_ef f i c iency ) << "
" << lambda_ef f i c iency * e f f i c i e n c y _ p e n a l t y << endl ;

}
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++) i f ( fabs ( Fmult_year1_penal ty ( i ) ) >1.0e−15)
{

r e p o r t << " Fmul t_year1_f lee t_ " << i << " " << lambda_Fmult_year1 ( i ) << "
" << lambda_Fmult_year1 ( i ) * Fmul t_year1_penal ty ( i ) << endl ;

}
i f (sum( fabs ( Fmult_year1_penal ty ) ) >1.0e−15)
{

r e p o r t << " Fmult_year1_Total " << sum( lambda_Fmult_year1 ) << " " <<
lambda_Fmult_year1 * Fmult_year1_penal ty << endl ;

}
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++) i f ( fabs ( Fmult_devs_penalty ( i ) ) >1.0e−15)
{

r e p o r t << " Fmul t_devs_f leet_ " << i << " " << lambda_Fmult_devs ( i ) << "
" << lambda_Fmult_devs ( i ) * Fmult_devs_penalty ( i ) << endl ;

}
i f (sum( fabs ( Fmult_devs_penalty ) ) >1.0e−15)
{

r e p o r t << " Fmult_devs_Total " << sum( lambda_Fmult_devs ) << " " <<
lambda_Fmult_devs * Fmult_devs_penalty << endl ;

}
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++) i f ( fabs ( r e l _ e f f i c i e n c y _ p e n a l t y ( i ) )

>1.0e−15)
{

r e p o r t << " Re l_e f f i c i ency_pena l t y_ " << i << " " << lambda_re l_e f f i c i ency ( i ) <<
" " << lambda_re l_e f f i c i ency ( i ) * r e l _ e f f i c i e n c y _ p e n a l t y ( i ) << endl ;

}
i f (sum( fabs ( r e l _ e f f i c i e n c y _ p e n a l t y ) ) >1.0e−15)
{

r e p o r t << " Re l_e f f i cency_To ta l " << sum( lambda_re l_e f f i c i ency ) << "
" << lambda_re l_e f f i c i ency * r e l _ e f f i c i e n c y _ p e n a l t y << endl ;

}
i f ( fabs ( N_year1_penalty ) > 1.0e−15)
{

r e p o r t << " N_year_1 " << lambda_N_year1_devs << " " <<
lambda_N_year1_devs * N_year1_penalty << endl ;

}
i f ( fabs ( SR_penalty ) > 1.0e−15)
{

r e p o r t << " Recrui t_devs " << lambda_recrui t_devs << " " <<
lambda_recrui t_devs * SR_penalty << endl ;

}
i f ( fabs ( steepness_penal ty ) > 1.0e−15)
{

r e p o r t << " steepness " << lambda_steepness << " " <<
lambda_steepness * steepness_penal ty << endl ;
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}
i f ( fabs ( SR_scalar_penal ty ) > 1.0e−15)
{

r e p o r t << " SR_scalar " << lambda_SR_scalar << " " <<
lambda_SR_scalar * SR_scalar_penal ty << endl ;

}
i f ( fabs ( Fmult_max_penalty ) > 1.0e−15)
{

r e p o r t << " Fmult_max_penalty " << lambda_Fmult_max_penalty << "
" << Fmult_max_penalty << endl ;

}
i f ( fabs ( f p e n a l t y ) > 0)
{

r e p o r t << " F_penal ty " << lambda_fpenal ty << " " <<
f p e n a l t y << endl ;

}
r e p o r t << endl ;

i f (sum( n_catch_years ) > 0)
{

r e p o r t << " Observed and pred ic ted t o t a l f l e e t catch by year and standard ized
r e s i d u a l " << endl ;

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n_catch_years ( i ) > 0)
{

r e p o r t << " f l e e t " << i << endl ;
f o r ( i n t y =1; y<=n_catch_years ( i ) ; y++)
{

t h i s _ y = catch_t imes ( i , y ) ;
r e p o r t << catch_years ( i , y ) << " " << ca t ch_ to t_ f l ee t_obs ( i , y ) << " " <<

c a t c h _ t o t _ f l ee t _ p r e d ( i , y ) << " " << c a t c h _ t o t _ s t d r e s i d ( i , y ) << endl ;
}

}
}
r e p o r t << endl ;

}
i f (sum( n_discard_years ) >0)
{

r e p o r t << " Observed and pred ic ted t o t a l f l e e t d iscards by year and standard ized
r e s i d u a l " << endl ;

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n_discard_years ( i ) > 0)
{

r e p o r t << " f l e e t " << i << " t o t a l d iscards " << endl ;
f o r ( i n t y =1; y<=n_discard_years ( i ) ; y++)
{

t h i s _ y = d iscard_t imes ( i , y ) ;
r e p o r t << discard_years ( i , y ) << " " << d i s c a r d _ t o t _ f l e e t _ o b s ( i , t h i s _ y ) << "

" << d i s c a r d _ t o t _ f l e e t _ p r e d ( i , t h i s _ y ) << " " << d i s c a r d _ t o t _ s t d r e s i d ( i ,
t h i s _ y ) << endl ;
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}
}

}
r e p o r t << endl ;

}
i f (sum( n_catch_age_comp_years ) >0)
{

r e p o r t << " Propor t ions o f catch a t age by f l e e t " << endl ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n_catch_age_comp_years ( i ) > 0)
{

r e p o r t << " f l e e t " << i << endl ;
f o r ( i n t y =1; y<=n_catch_age_comp_years ( i ) ; y++)
{

t h i s _ y = catch_age_comp_times ( i , y ) ;
r e p o r t << " Year " << catch_age_comp_years ( i , y ) << " Obs = " << catch_paa_obs (

i , t h i s _ y ) << endl ;
r e p o r t << " Year " << catch_age_comp_years ( i , y ) << " Pred = " << catch_paa_pred

( i , t h i s _ y ) << endl ;
}

}
}
r e p o r t << endl ;

}
i f (sum( n_discard_age_comp_years ) > 0)
{

r e p o r t << " Propor t ions o f d iscards a t age by f l e e t " << endl ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n_discard_age_comp_years ( i ) > 0)
{

r e p o r t << " f l e e t " << i << endl ;
f o r ( i n t y =1; y<=n_discard_age_comp_years ( i ) ; y++)
{

t h i s _ y = discard_age_comp_times ( i , y ) ;
r e p o r t << " Year " << discard_age_comp_years ( i , y ) << " Obs = " <<

discard_paa_obs ( i , t h i s _ y ) << endl ;
r e p o r t << " Year " << discard_age_comp_years ( i , y ) << " Pred = " <<

discard_paa_pred ( i , t h i s _ y ) << endl ;
}

}
}
r e p o r t << endl ;

}

output_Nef f_catch = 0;
ou tpu t_Nef f_d iscard = 0;
i f (sum( n_catch_age_comp_years ) >0)
{

r e p o r t << " Inpu t and Est imated e f f e c t i v e sample s izes f o r catch a t age by f l e e t " <<
endl ;
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f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n_catch_age_comp_years ( i ) > 0)
{

r e p o r t << " f l e e t " << i << endl ;
f o r ( i n t y =1; y <= n_catch_age_comp_years ( i ) >0; y++)
{

t h i s _ y = catch_age_comp_times ( i , y ) ;
output_Nef f_catch ( i , t h i s _ y ) =catch_paa_pred ( i , t h i s _ y ) *(1.0− catch_paa_pred ( i ,

t h i s _ y ) ) / norm2 ( catch_paa_obs ( i , t h i s _ y )−catch_paa_pred ( i , t h i s _ y ) ) ;
r e p o r t << catch_age_comp_years ( i , y ) << " " << inpu t_Nef f_ca tch ( i , t h i s _ y ) << "

" << output_Nef f_catch ( i , t h i s _ y ) << endl ;
}
r e p o r t << " To ta l " << sum( inpu t_Nef f_ca tch ( i ) ) << " " << sum( output_Nef f_catch

( i ) ) << endl ;
}

}
r e p o r t << endl ;

}
i f (sum( n_discard_age_comp_years ) >0)
{

r e p o r t << " Inpu t and Est imated e f f e c t i v e sample s izes f o r d iscards a t age by f l e e t "
<< endl ;

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n_discard_age_comp_years ( i ) >0)
{

r e p o r t << " f l e e t " << i << endl ;
f o r ( i n t y =1; y <= n_discard_age_comp_years ( i ) >0; y++)
{

t h i s _ y = discard_age_comp_times ( i , y ) ;
ou tpu t_Nef f_d iscard ( i , t h i s _ y ) =discard_paa_pred ( i , t h i s _ y ) *(1.0− discard_paa_pred

( i , t h i s _ y ) ) / norm2 ( discard_paa_obs ( i , t h i s _ y )−discard_paa_pred ( i , t h i s _ y ) ) ;
r e p o r t << discard_age_comp_years ( i , y ) << " " << inpu t_Ne f f_d i sca rd ( i , t h i s _ y )

<< " " << outpu t_Nef f_d iscard ( i , t h i s _ y ) << endl ;
}
r e p o r t << " To ta l " << sum( inpu t_Ne f f_d i sca rd ( i ) ) << " " << sum(

outpu t_Nef f_d iscard ( i ) ) << endl ;
}

}
r e p o r t << endl ;

}

i f (sum( n_index_years ) > 0)
{

r e p o r t << endl << " Index data " << endl ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_index_years ( i ) > 0)
{

r e p o r t << " index number " << i << endl ;
r e p o r t << " aggregate u n i t s = " << index_uni ts_aggregate ( i ) << endl ;
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r e p o r t << " p ropo r t i ons u n i t s = " << index_un i t s_p ropo r t i ons ( i ) << endl ;
r e p o r t << " year , month , obs index , pred index , s tandard ized r e s i d u a l " << endl ;
f o r ( i n t y =1; y<=n_index_years ( i ) ; y++)
{

t h i s _ y = index_t imes ( i , y ) ;
r e p o r t << index_years ( i , y ) << " " << index_month ( i , t h i s _ y ) << " " ;
i f ( c a l i b r a t e _ i n d i c e s == 1 && c a l i b r a t e _ t h i s _ o b s ( i , t h i s _ y ) > 0)
{

r e p o r t << ca l ib ra ted_ index_obs ( i , t h i s _ y ) ;
}
e lse r e p o r t << index_obs ( i , t h i s _ y ) ;
r e p o r t << " " << index_pred ( i , t h i s _ y ) << " " << index_s td res id ( i , t h i s _ y ) <<

endl ;
}

}
}
r e p o r t << endl ;

}
i f (sum( n_index_age_comp_years ) >0)
{

r e p o r t << " Index p ropo r t i ons a t age by index " << endl ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_index_age_comp_years ( i ) >0)
{

r e p o r t << " index " << i << endl ;
f o r ( i n t y =1; y<=n_index_age_comp_years ( i ) ; y++)
{

t h i s _ y = index_age_comp_times ( i , y ) ;
r e p o r t << " Year " << index_age_comp_years ( i , y ) << " Obs = " ;
i f ( c a l i b r a t e _ i n d i c e s ==1 && c a l i b r a t e _ t h i s _ o b s ( i , y ) > 0)
{
r e p o r t << cal ibrated_paa_obs ( i , t h i s _ y ) << endl ;
}
e lse r e p o r t << index_paa_obs ( i , t h i s _ y ) << endl ;
r e p o r t << " Year " << index_age_comp_years ( i , y ) << " Pred = " << index_paa_pred

( i , t h i s _ y ) << endl ;
}

}
}
r e p o r t << endl ;

}
output_Nef f_ index =0.0 ;
i f (sum( n_index_age_comp_years ) > 0)
{

r e p o r t << " Inpu t and Est imated e f f e c t i v e sample s izes f o r age composi t ion by index "
<< endl ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_index_age_comp_years ( i ) > 0)
{

r e p o r t << " index " << i << endl ;
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f o r ( i n t y =1; y<=n_index_age_comp_years ( i ) ; y++)
{

t h i s _ y = index_age_comp_times ( i , y ) ;
i f ( c a l i b r a t e _ i n d i c e s == 1 && c a l i b r a t e _ t h i s _ o b s ( i , y ) > 0)
{

output_Nef f_ index ( i , t h i s _ y ) =index_paa_pred ( i , t h i s _ y ) *(1.0− index_paa_pred ( i ,
t h i s _ y ) ) / norm2 ( cal ibrated_paa_obs ( i , t h i s _ y )−index_paa_pred ( i , t h i s _ y ) ) ;

}
e lse output_Nef f_ index ( i , t h i s _ y ) =index_paa_pred ( i , t h i s _ y ) *(1.0− index_paa_pred (

i , t h i s _ y ) ) / norm2 ( index_paa_obs ( i , t h i s _ y )−index_paa_pred ( i , t h i s _ y ) ) ;
r e p o r t << index_age_comp_years ( i , y ) << " " << inpu t_Nef f_ index ( i , t h i s _ y ) << "

" << output_Nef f_ index ( i , t h i s _ y ) << endl ;
}
r e p o r t << " To ta l " << sum( inpu t_Nef f_ index ( i ) ( index_t imes ( i ) ) ) << " " << sum(

output_Nef f_ index ( i ) ( index_t imes ( i ) ) ) << endl ;
}

}
r e p o r t << endl ;

}
r e p o r t << " Pena l t i es sec t ion : on ly app l i cab le f o r inc luded p e na l t i e s " << endl ;
r e p o r t << endl ;

i f (sum( fabs ( se lpars_pena l t y ) ) >1.0e−15)
{

r e p o r t << " Standardized Residuals f o r s e l e c t i v i t y parameters " << endl ;
f o r ( i n t i =1; i <=n_selpars ; i ++)
{

i f ( fabs ( se lpars_pena l t y ( i ) ) >1.0e−15) r e p o r t << i << " " << se lpa rs_s td res id ( i ) <<
endl ;

}
}

i f ( fabs ( N_year1_penalty ) > 1.0e−15)
{

r e p o r t << " Nyear1 est imate , expected , s tandard ized r e s i d u a l " << endl ;
f o r ( i n t a=2; a<=n_ages ; a++) r e p o r t << a << " " << NAA(1 , a ) << " " <<

NAA_year1_pred ( a ) << " " << N_year1_stdresid ( a ) << endl ;
r e p o r t << endl ;

}
i f (sum( fabs ( Fmult_year1_penal ty ) ) > 1.0e−15)
{

r e p o r t << " F lee t Obs , I n i t i a l , and Stadardized Residual f o r Fmult " << endl ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++) i f ( fabs ( Fmult_year1_penal ty ( i ) ) > 1.0e−15)
{

r e p o r t << i << " " << mfexp ( log_Fmult_year1 ( i ) ) << " " << Fmul t_year1_ in i ( i ) <<
" " << Fmul t_year1_stdres id ( i ) << endl ;

}
r e p o r t << endl ;

}
i f (sum( fabs ( Fmult_devs_penalty ) ) > 1.0e−15)
{

r e p o r t << " Standardized Residuals f o r Fmult_devs by f l e e t and year " << endl ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
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{
i f ( fabs ( Fmult_devs_penalty ( i ) ) > 1.0e−15)
{

r e p o r t << " f l e e t " << i << " Fmult_devs standard ized r e s i d ua l s " << endl ;
f o r ( i n t y=catch_min_time ( i ) +1; y<=catch_max_time ( i ) ; y++) r e p o r t << y << " "

<< Fmul t_devs_stdres id ( i , y ) << endl ;
}

}
r e p o r t << endl ;

}
i f (sum( fabs ( a v a i l a b i l i t y _ p e n a l t y ) ) > 1.0e−15)
{

r e p o r t << " Index average , I n i t i a l , and Standardized Residual f o r a v a i l a b i l i t y " <<
endl ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++) i f ( fabs ( a v a i l a b i l i t y _ p e n a l t y ( i ) ) > 1.0e−15)
{

r e p o r t << i << " " << mean( a v a i l a b i l i t y ( i ) ( index_t imes ( i ) ) ) << " " <<
a v a i l a b i l i t y _ i n i ( i ) << " " << a v a i l a b i l i t y _ s t d r e s i d ( i ) << endl ;

}
r e p o r t << endl ;

}
i f (sum( fabs ( a v a i l a b i l i t y _ A R 1 _ p e n a l t y ) ) > 1.0e−15)
{

r e p o r t << " Standardized Residuals f o r a v a i l a b i l i t y _ A R 1 by index and year " << endl ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( fabs ( a v a i l a b i l i t y _ A R 1 _ p e n a l t y ( i ) ) > 1.0e−15)
{

r e p o r t << " index " << i << " ava i lab i l i t y_AR1_devs standard ized r e s i d ua l s " <<
endl ;

f o r ( i n t y=index_min_time ( i ) +1; y<=index_max_time ( i ) ; y++) r e p o r t << y << " "
<< a v a i l a b i l i t y _ A R 1 _ s t d r e s i d ( i , y ) << endl ;

}
}
r e p o r t << endl ;

}
i f (sum( fabs ( e f f i c i e n c y _ p e n a l t y ) ) > 1.0e−15)
{

r e p o r t << " Index average , I n i t i a l , and Standardized Residual f o r e f f i c i e n c y " << endl
;

f o r ( i n t i =1; i <=n_ ind ices ; i ++) i f ( fabs ( e f f i c i e n c y _ p e n a l t y ( i ) ) > 1.0e−15)
{

r e p o r t << i << " " << mean( e f f i c i e n c y ( i ) ( index_t imes ( i ) ) ) << " " <<
e f f i c i e n c y _ i n i ( i ) << " " << e f f i c i e n c y _ s t d r e s i d ( i ) << endl ;

}
r e p o r t << endl ;

}
i f ( fabs ( steepness_penal ty ) > 1.0e−15)
{

r e p o r t << "Obs , I n i t i a l , and Stadardized Residual f o r SR steepness " << endl ;
r e p o r t << steepness << " " << s teepness_ in i << " " << steepness_stdres id << endl ;
r e p o r t << endl ;
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}
i f ( fabs ( SR_scalar_penal ty ) > 1.0e−15)
{

r e p o r t << "Obs , I n i t i a l , and Stadardized Residual f o r SR sca la r " << endl ;
r e p o r t << mfexp (mean( log_SR_scalar ) ) << " " << SR_sca lar_ in i << " " <<

SR_scalar_stdres id << endl ;
r e p o r t << endl ;

}
r e p o r t << "End of Pena l t i es Sect ion " << endl << endl ;

r e p o r t << " Natura l m o r t a l i t y by year and age " << endl ;
r e p o r t << " Year " ;
f o r ( i n t a=1; a<=n_ages ; a++) r e p o r t << " age_ " << a ;
r e p o r t << endl ;
f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << y + year1 − 1 << " " << M_use ( y ) << endl ;
r e p o r t << endl ;

r e p o r t << " Fmult and s e l e c t i v i t y by f l e e t and year " << endl ;
r e p o r t << " f l e e t year Fmult " ;
f o r ( i n t a=1; a<=n_ages ; a++) r e p o r t << " age_ " << a ;
r e p o r t << endl ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

f o r ( i n t y =1; y<=n_years ; y++)
{

Fmult ( i , y ) = mfexp ( log_Fmult ( i , y ) ) *max( s e l _ b y _ f l e e t ( i , y ) ) ;
r e p o r t << i << " " << y + year1 − 1 << " " << Fmult ( i , y ) << " " <<

s e l _ b y _ f l e e t ( i , y ) << endl ;
}

}
r e p o r t << endl ;
r e p o r t << " Di rec ted F by age and year f o r each f l e e t " << endl ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

r e p o r t << " f l e e t " << i << " d i r ec ted F at age " << endl ;
f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << di rected_FAA_by_f leet ( i , y ) << endl ;

}
r e p o r t << " Discard F by age and year f o r each f l e e t " << endl ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

r e p o r t << " f l e e t " << i << " Discard F at age " << endl ;
f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << FAA_by_f leet_discard ( i , y ) << endl ;

}
r e p o r t << " To ta l F" << endl ;
f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << FAA_tot ( y ) << endl ;
r e p o r t << endl ;
r e p o r t << " Average F f o r ages " << Freport_agemin << " to " << Freport_agemax << endl ;
i f ( Frepor t_wtopt ==1)
{

r e p o r t << " Frepor t unweighted i n . s td and MCMC f i l e s " << endl ;
r e p o r t << " year unweighted " << endl ;

}
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i f ( Frepor t_wtopt ==2)
{

r e p o r t << " Frepor t N weighted i n . s td and MCMC f i l e s " << endl ;
r e p o r t << " year Nweighted " << endl ;

}
i f ( Frepor t_wtopt ==3)
{

r e p o r t << " Frepor t B weighted i n . s td and MCMC f i l e s " << endl ;
r e p o r t << " year Bweighted " << endl ;

}
f o r ( i n t y =1; y<=n_years ; y++)
{

r e p o r t << y+year1−1 << " " << Frepor t ( y ) << endl ;
}
r e p o r t << endl ;

r e p o r t << " a v a i l a b i l i t y , e f f i c i e n c y , q , and s e l e c t i v i t y by index and year " << endl ;
r e p o r t << " index year a v a i l a b i l i t y e f f i c i e n c y c a t c h a b i l i t y " ;
f o r ( i n t a=1; a<=n_ages ; a++) r e p o r t << " age_ " << a ;
r e p o r t << endl ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++) i f ( n_index_years ( i ) > 0)
{

f o r ( i n t y =1; y<=n_index_years ( i ) ; y++)
{

r e p o r t << i << " " << index_years ( i , y ) << " " << a v a i l a b i l i t y ( i , index_t imes ( i , y )
) << " " << e f f i c i e n c y ( i , index_t imes ( i , y ) ) <<

" " << q_by_index ( i , index_t imes ( i , y ) ) << " " << sel_by_index ( i , index_t imes ( i , y
) ) << endl ;

}
}
r e p o r t << endl ;

r e p o r t << " Popula t ion Numbers a t the S t a r t o f the Year " << endl ;
f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << NAA( y ) << endl ;
r e p o r t << endl ;
r e p o r t << " Biomass Time Ser ies " << endl ;
r e p o r t << " Year TotJan1B SSB Exp lo i tab leB " << endl ;
f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << y+year1−1 << " " << TotJan1B ( y ) << " " <<

SSB( y ) << " " << Exp lo i tab leB ( y ) << endl ;
r e p o r t << endl ;

i n t SR_year = 1 ;
i f ( SR_rat io_0_type != 1) SR_year = n_years ;
i f ( SR_year == 1) r e p o r t << "F Reference Poin ts i n F i r s t Year " << endl ;
e lse r e p o r t << "F Reference Poin ts i n F ina l Year " << endl ;
r e p o r t << " r e f p t F slope to p l o t on SR" << endl ;
r e p o r t << "F0 .1 " << F01_report ( SR_year ) << " " << F01_slope ( SR_year ) << endl ;
r e p o r t << "Fmax " << Fmax_report ( SR_year ) << " " << Fmax_slope ( SR_year ) << endl ;
f o r ( i n t i = 1 ; i <= nXSPR; i ++) r e p o r t << "F" << XSPR( i ) << "%SPR " << FXSPR_report (

i , SR_year ) << " " << FXSPR_slope ( i , SR_year ) << endl ;
r e p o r t << "Fmsy " << Fmsy_report ( SR_year ) << " " << Fmsy_slope ( SR_year ) << "

SSBmsy " << SSBmsy_report ( SR_year ) << " MSY " << MSY( SR_year ) << endl ;
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r e p o r t << " F " << Frepor t ( SR_year ) << " " << F_slope ( SR_year ) << endl ;
r e p o r t << endl ;

i f ( SR_year == 1) r e p o r t << " Stock−Recrui tment Re la t i onsh ip Parameters i n F i r s t Year "
<< endl ;

e lse r e p o r t << " Stock−Recrui tment Re la t i onsh ip Parameters i n F ina l Year " << endl ;
r e p o r t << " alpha = " << SR_alpha ( SR_year ) << endl ;
r e p o r t << " beta = " << SR_beta ( SR_year ) << endl ;
r e p o r t << " R0 = " << SR_R0( SR_year ) << endl ;
r e p o r t << " S0 = " << SR_S0( SR_year ) << endl ;
r e p o r t << " steepness = " << steepness ( SR_year ) << endl ;
r e p o r t << " Spawning Stock , Obs Recru i t s ( year +1) , Pred Recru i t s ( year +1) , s tandard ized

r e s i d u a l " << endl ;
r e p o r t << " i n i t xxxx " << r e c r u i t s ( 1 ) << " " << SR_pred_recru i ts ( 1 ) << " " << ( log

( r e c r u i t s ( 1 ) )−log ( SR_pred_recru i ts ( 1 ) ) ) / rec ru i t_s igma ( 1 ) << endl ;
f o r ( i n t y =1; y<n_years ; y++)
{

r e p o r t << y+year1−1 << " " << SSB( y ) << " " << r e c r u i t s ( y+1) << " " <<
SR_pred_recru i ts ( y+1) << " " << SR_stdresid ( y+1) << endl ;

}
r e p o r t << n_years+year1−1 << " " << SSB( n_years ) << " xxxx " <<

SR_pred_recru i ts ( n_years +1) << endl ;
r e p o r t << endl ;

r e p o r t << " Annual s tock rec ru i tmen t parameters and those used i n stock r e c r u i t
f u n c t i o n " << endl ;

r e p o r t << " Year , SR_S0, SR_R0, steepness , alpha , beta , SR_ratio_0 , S0_used , R0_used ,
alpha_used , beta_used " << endl ;

f o r ( i n t y =1; y<=n_years ; y++)
{

r e p o r t << y+year1−1 << " " ;
i f ( is_SR_scalar_R ==1) r e p o r t << SR_R0( y ) * SR_ratio_0 ( y ) << " " << SR_R0( y ) << " " ;
e lse r e p o r t << SR_S0( y ) << " " << SR_S0( y ) / SR_ratio_0 ( y ) << " " ;
r e p o r t << steepness ( y ) << " " ;
i f ( is_SR_scalar_R ==1) r e p o r t << SR_alpha ( y ) << " " << SR_R0( y ) * SR_ratio_0 ( y ) *(1.0−

steepness ( y ) ) / ( 5 . 0 * steepness ( y ) −1.0) << " " ;
e lse r e p o r t << 4 . 0 * ( steepness ( y ) *SR_S0( y ) / SR_ratio_0 ( y ) ) / ( 5 . 0 * steepness ( y ) −1.0) << "

" << SR_beta ( y ) << " " ;
r e p o r t << SR_ratio_0 ( y ) << " " << SR_S0( y ) << " " << SR_R0( y ) << " " << SR_alpha (

y ) << " " << SR_beta ( y ) << endl ;
}
r e p o r t << endl ;

r e p o r t << " Annual re ference po in t s and slopes " << endl ;
r e p o r t << " Year Fmsy Fmsy_slope SSBmsy MSY F01 F01_slope Fmax Fmax_slope " ;
f o r ( i n t i = 1 ; i <= nXSPR; i ++) r e p o r t << " F" << XSPR( i ) << " F" << XSPR( i ) << "

_slope " ;
r e p o r t << endl ;

f o r ( i n t y =1; y<=n_years ; y++)
{

r e p o r t << y+year1−1 << " " << Fmsy_report ( y ) << " " << Fmsy_slope ( y ) << " " <<
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SSBmsy( y ) << " " << MSY( y ) << " " <<
F01_report ( y ) << " " << F01_slope ( y ) << " " << Fmax( y ) << " " << Fmax_slope ( y ) ;
f o r ( i n t i = 1 ; i <= nXSPR; i ++) r e p o r t << " " << FXSPR( i , y ) << " " << FXSPR_slope

( i , y ) ;
r e p o r t << endl ;

}
r e p o r t << endl ;

r e p o r t << " Root Mean Square Er ro r computed from Standardized Residuals " << endl ;
r e p o r t << " Component # res ids RMSE" << endl ;
dvar_vector catch_rmse (1 , n _ f l e e t s ) ;
dva r i ab le catch_tot_rmse = 0 . 0 ;
catch_rmse = 0 . 0 ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++) i f ( n_catch_years ( i ) > 0)
{

catch_rmse ( i ) = s q r t (mean( square ( c a t c h _ t o t _ s t d r e s i d ( i ) ( catch_t imes ( i ) ) ) ) ) ;
r e p o r t << " Catch_Fleet_ " << i << " " << n_catch_years ( i ) << "

" << catch_rmse ( i ) << endl ;
catch_tot_rmse += norm2 ( c a t c h _ t o t _ s t d r e s i d ( i ) ( catch_t imes ( i ) ) ) ;

}
i f (sum( n_catch_years ) >0)
{

catch_tot_rmse = s q r t ( catch_tot_rmse / double (sum( n_catch_years ) ) ) ;
r e p o r t << " Catch_Fleet_Tota l " << sum( n_catch_years ) << " " <<

catch_tot_rmse << endl ;
}
dvar_vector discard_rmse (1 , n _ f l e e t s ) ;
dva r i ab le d iscard_tot_rmse = 0 . 0 ;
discard_rmse = 0 . 0 ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n_discard_years ( i ) > 0)
{

discard_rmse ( i ) = s q r t (mean( square ( d i s c a r d _ t o t _ s t d r e s i d ( i ) ( d iscard_t imes ( i ) ) ) ) ) ;
r e p o r t << " Discard_Fleet_ " << i << " " << n_discard_years ( i ) << "

" << discard_rmse ( i ) << endl ;
d iscard_to t_rmse += norm2 ( d i s c a r d _ t o t _ s t d r e s i d ( i ) ( d iscard_t imes ( i ) ) ) ;

}
}
i f (sum( n_discard_years ) >0)
{

d iscard_to t_rmse = s q r t ( d iscard_to t_rmse / double (sum( n_discard_years ) ) ) ;
r e p o r t << " D iscard_F lee t_Tota l " << sum( n_discard_years ) << " "

<< discard_to t_rmse << endl ;
}
dvar_vector index_rmse (1 , n_ ind ices ) ;
dva r i ab le index_tot_rmse = 0 . 0 ;
index_rmse = 0 . 0 ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_index_years ( i ) >0)
{
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index_rmse ( i ) = s q r t (mean( square ( index_s td res id ( i ) ( index_t imes ( i ) ) ) ) ) ;
r e p o r t << " Index_ " << i << " " << n_index_years ( i ) << "

" << index_rmse ( i ) << endl ;
index_tot_rmse += norm2 ( index_s td res id ( i ) ( index_t imes ( i ) ) ) ;

}
}
i f (sum( n_index_years ) >0)
{

index_tot_rmse = s q r t ( index_tot_rmse / double (sum( n_index_years ) ) ) ;
r e p o r t << " Index_Tota l " << sum( n_index_years ) << " " <<

index_tot_rmse << endl ;
}

dvar_vector selpars_rmse (1 , n_selpars ) ;
dvar_vector selpars_rmse_n (1 , n_selpars ) ;
dva r i ab le se lpars_to t_rmse = 0 . 0 ;
selpars_rmse_n = 0 . 0 ;
selpars_rmse = 0 . 0 ;
f o r ( i n t i =1; i <= n_selpars ; i ++)
{

i f ( fabs ( se lpars_pena l t y ( i ) ) > 1.0e−15)
{

selpars_rmse ( i ) = s q r t ( square ( se lpa rs_s td res i d ( i ) ) ) ;
selpars_rmse_n ( i ) = 1 . 0 ;
r e p o r t << " Selpar_ " << i << " " << selpars_rmse_n ( i ) << " " <<

selpars_rmse ( i ) << endl ;
se lpars_to t_rmse += square ( se lpa rs_s td res id ( i ) ) ;

}
}
i f (sum( fabs ( se lpars_pena l t y ) ) > 1.0e−15)
{

se lpars_to t_rmse = s q r t ( se lpars_to t_rmse / sum( selpars_rmse_n ) ) ;
r e p o r t << " Se lpar_Tota l " << sum( selpars_rmse_n ) << " " <<

selpars_to t_rmse << endl ;
}
dva r i ab le N_year1_rmse = 0 . 0 ;
i f ( fabs ( N_year1_penalty ) > 1.0e−15)
{

N_year1_rmse = s q r t (mean( square ( N_year1_stdresid ) ) ) ;
r e p o r t << " Nyear1 " << n_ages << " " <<

N_year1_rmse << endl ;
}

dvar_vector Fmult_year1_rmse (1 , n _ f l e e t s ) ;
dvar_vector Fmult_year1_rmse_n (1 , n _ f l e e t s ) ;
dva r i ab le Fmult_year1_tot_rmse = 0 . 0 ;
Fmult_year1_rmse_n = 0 . 0 ;
Fmult_year1_rmse = 0 . 0 ;
f o r ( i n t i = 1 ; i <= n _ f l e e t s ; i ++)
{

i f ( fabs ( Fmult_year1_penal ty ( i ) ) > 1.0e−15)
{
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Fmult_year1_rmse ( i ) = s q r t ( square ( Fmul t_year1_stdres id ( i ) ) ) ;
Fmult_year1_rmse_n ( i ) = 1 . 0 ;
r e p o r t << " Fmul t_Year1_f leet_ " << i << " " << Fmult_year1_rmse_n (

i ) << " " << Fmult_year1_rmse ( i ) << endl ;
Fmult_year1_tot_rmse += square ( Fmul t_year1_stdres id ( i ) ) ;

}
}
i f (sum( fabs ( Fmult_year1_penal ty ) ) > 1.0e−15)
{

Fmult_year1_tot_rmse = s q r t ( Fmult_year1_tot_rmse / sum( Fmult_year1_rmse_n ) ) ;
r e p o r t << " Fmult_year1_Total " << sum( Fmult_year1_rmse_n ) << "

" << Fmult_year1_tot_rmse << endl ;
}

dvar_vector Fmult_devs_rmse (1 , n _ f l e e t s ) ;
dvar_vector Fmult_devs_rmse_n (1 , n _ f l e e t s ) ;
dva r i ab le Fmult_devs_tot_rmse = 0 . 0 ;
Fmult_devs_rmse_n = 0 . 0 ;
Fmult_devs_rmse = 0 . 0 ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++) i f ( fabs ( Fmult_devs_penalty ( i ) ) > 1.0e−15)
{

Fmult_devs_rmse ( i ) = s q r t (mean( square ( Fmul t_devs_stdres id ( i ) ) ) ) ;
Fmult_devs_rmse_n ( i ) = catch_time_span ( i ) ;
r e p o r t << " Fmul t_devs_f leet_ " << i << " " << Fmult_devs_rmse_n ( i ) << "

" << Fmult_devs_rmse ( i ) << endl ;
Fmult_devs_tot_rmse += norm2 ( Fmul t_devs_stdres id ( i ) ) ;

}
i f (sum( fabs ( Fmult_devs_penalty ) ) > 1.0e−15)
{

Fmult_devs_tot_rmse = s q r t ( Fmult_devs_tot_rmse / sum( Fmult_devs_rmse_n ) ) ;
r e p o r t << " Fmult_devs_Total " << sum( Fmult_devs_rmse_n ) << " "

<< Fmult_devs_tot_rmse << endl ;
}
dvar_vector a v a i l a b i l i t y _ r m s e (1 , n_ ind ices ) ;
dvar_vector a v a i l a b i l i t y _ r m s e _ n (1 , n_ ind ices ) ;
dva r i ab le a v a i l a b i l i t y _ t o t _ r m s e = 0 . 0 ;
a v a i l a b i l i t y _ r m s e _ n = 0 . 0 ;
a v a i l a b i l i t y _ r m s e = 0 . 0 ;
f o r ( i n t i =1; i <= n_ ind ices ; i ++) i f ( fabs ( a v a i l a b i l i t y _ p e n a l t y ( i ) ) > 1.0e−15)
{

a v a i l a b i l i t y _ r m s e ( i ) = s q r t ( square ( a v a i l a b i l i t y _ s t d r e s i d ( i ) ) ) ;
a v a i l a b i l i t y _ r m s e _ n ( i ) = 1 . 0 ;
r e p o r t << " A v a i l a b i l i t y _ i n d e x _ " << i << " " << a v a i l a b i l i t y _ r m s e _ n ( i ) << "

" << a v a i l a b i l i t y _ r m s e ( i ) << endl ;
a v a i l a b i l i t y _ t o t _ r m s e += square ( a v a i l a b i l i t y _ s t d r e s i d ( i ) ) ;

}
i f (sum( fabs ( a v a i l a b i l i t y _ p e n a l t y ) ) > 1.0e−15)
{

a v a i l a b i l i t y _ t o t _ r m s e = s q r t ( a v a i l a b i l i t y _ t o t _ r m s e / sum( a v a i l a b i l i t y _ r m s e _ n ) ) ;
r e p o r t << " A v a i l a b i l i t y _ T o t a l " << sum( a v a i l a b i l i t y _ r m s e _ n ) << "

" << a v a i l a b i l i t y _ t o t _ r m s e << endl ;
}
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dvar_vector ava i lab i l i t y_AR1_rmse (1 , n_ ind ices ) ;
dvar_vector ava i lab i l i t y_AR1_rmse_n (1 , n_ ind ices ) ;
dva r i ab le ava i l ab i l i t y_AR1_ to t_ rmse = 0 . 0 ;
ava i lab i l i t y_AR1_rmse_n = 0 . 0 ;
ava i lab i l i t y_AR1_rmse = 0 . 0 ;
f o r ( i n t i =1; i <= n_ ind ices ; i ++) i f ( fabs ( a v a i l a b i l i t y _ A R 1 _ p e n a l t y ( i ) ) > 1.0e−15)
{

ava i lab i l i t y_AR1_rmse ( i ) = s q r t (mean( square ( a v a i l a b i l i t y _ A R 1 _ s t d r e s i d ( i ) ) ) ) ;
ava i lab i l i t y_AR1_rmse_n ( i ) = index_time_span ( i ) ;
r e p o r t << " Ava i lab i l i t y_AR1_ index_ " << i << " " << ava i lab i l i t y_AR1_rmse_n (

i ) << " " << ava i lab i l i t y_AR1_rmse ( i ) << endl ;
ava i l ab i l i t y_AR1_ to t_ rmse += norm2 ( a v a i l a b i l i t y _ A R 1 _ s t d r e s i d ( i ) ) ;

}
i f (sum( fabs ( a v a i l a b i l i t y _ A R 1 _ p e n a l t y ) ) > 1.0e−15)
{

ava i l ab i l i t y_AR1_ to t_ rmse = s q r t ( ava i l ab i l i t y_AR1_ to t_ rmse / sum(
ava i lab i l i t y_AR1_rmse_n ) ) ;

r e p o r t << " Ava i l ab i l i t y_AR1_To ta l " << sum( ava i lab i l i t y_AR1_rmse_n ) << "
" << ava i l ab i l i t y_AR1_ to t_ rmse << endl ;

}
dvar_vector e f f i c iency_rmse (1 , n_ ind ices ) ;
dvar_vector e f f i c iency_rmse_n (1 , n_ ind ices ) ;
dva r i ab le e f f i c i enc y_ t o t_ rmse = 0 . 0 ;
e f f i c iency_rmse_n = 0 . 0 ;
e f f i c iency_rmse = 0 . 0 ;
f o r ( i n t i =1; i <= n_ ind ices ; i ++) i f ( fabs ( e f f i c i e n c y _ p e n a l t y ( i ) ) > 1.0e−15)
{

e f f i c iency_rmse ( i ) = s q r t ( square ( e f f i c i e n c y _ s t d r e s i d ( i ) ) ) ;
e f f i c iency_rmse_n ( i ) = 1 . 0 ;
r e p o r t << " E f f i c i ency_ index_ " << i << " " << ef f i c iency_rmse_n ( i ) << "

" << e f f i c iency_rmse ( i ) << endl ;
e f f i c i enc y_ t o t_ rms e += square ( e f f i c i e n c y _ s t d r e s i d ( i ) ) ;

}
i f (sum( fabs ( e f f i c i e n c y _ p e n a l t y ) ) > 1.0e−15)
{

e f f i c i enc y_ t o t_ rms e = s q r t ( e f f i c i en cy_ to t_ rms e / sum( ef f i c iency_rmse_n ) ) ;
r e p o r t << " E f f i c i e n c y _ T o t a l " << sum( ef f i c iency_rmse_n ) << " "

<< e f f i c i e ncy _ to t _ rm se << endl ;
}

dva r i ab le recru i t_devs_rmse = 0 . 0 ;
dva r i ab le SR_scalar_rmse = 0 . 0 ;
dva r i ab le steepness_rmse = 0 . 0 ;
i f ( fabs ( SR_penalty ) > 1.0e−15)
{

recru i t_devs_rmse = s q r t (mean( square ( SR_stdresid ) ) ) ;
r e p o r t << " Recrui t_devs " << n_years << " " <<

recru i t_devs_rmse << endl ;
}
i f ( fabs ( SR_scalar_penal ty ) > 1.0e−15)
{

SR_scalar_rmse = s q r t ( square ( SR_scalar_stdres id ) ) ;
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r e p o r t << " SR_scalar " << 1 << " " <<
SR_scalar_rmse << endl ;

}
i f ( fabs ( steepness_penal ty ) > 1.0e−15)
{

steepness_rmse = s q r t ( square ( s teepness_stdres id ) ) ;
r e p o r t << " steepness " << 1 << " " <<

steepness_rmse << endl ;
}
r e p o r t << endl ;

r e p o r t << " Stage2 M u l t i p l i e r s f o r Mu l t i nomia ls and est imated e f f e c t i v e sample s izes (
Franc is 2011) " << endl ;

i f (sum( Neff_stage2_mult_catch ) > 1.0e−15)
{

r e p o r t << " Catch age composi t ion " << endl ;
r e p o r t << " f l e e t m u l t i p l i e r " ;
f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << " " << year1 + y −1;
r e p o r t << endl ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

r e p o r t << i << " " << Neff_stage2_mult_catch ( i ) ;
f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << " " << Neff_stage2_mult_catch ( i ) *

inpu t_Nef f_ca tch ( i , y ) ;
r e p o r t << endl ;

}
r e p o r t << endl ;

}
i f (sum( Nef f_stage2_mul t_d iscard ) > 1.0e−15)
{

r e p o r t << " Discard age composi t ion " << endl ;
r e p o r t << " f l e e t m u l t i p l i e r " ;
f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << " " << year1 + y −1;
r e p o r t << endl ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

r e p o r t << i << " " << Nef f_stage2_mul t_d iscard ( i ) ;
f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << " " << Nef f_stage2_mul t_d iscard ( i ) *

i npu t_Ne f f_d isca rd ( i , y ) ;
r e p o r t << endl ;

}
r e p o r t << endl ;

}
i f (sum( Neff_stage2_mult_ index ) > 1.0e−15)
{

r e p o r t << " Index age composi t ion " << endl ;
r e p o r t << " index m u l t i p l i e r " ;
f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << " " << year1 + y −1;
r e p o r t << endl ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

r e p o r t << i << " " << Neff_stage2_mult_ index ( i ) ;
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f o r ( i n t y =1; y<=n_years ; y++) r e p o r t << " " << Neff_stage2_mult_ index ( i ) *
inpu t_Nef f_ index ( i , y ) ;

r e p o r t << endl ;
}
r e p o r t << endl ;

}

dvar_matr ix r e l _ e f f i c i e n c y _ i n i (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ,1 , n_lengths ) ;
r e l _ e f f i c i e n c y _ i n i = 0 . 0 ;
dvar_matr ix r e l _ e f f i c i e n c y (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ,1 , n_lengths ) ;
r e l _ e f f i c i e n c y = 0 . 0 ;
i f ( c a l i b r a t e _ i n d i c e s == 1)
{

r e p o r t << " Re la t i ve catch e f f i c i e n c i e s " << endl ;
r e p o r t << " I n i t i a l r e l a t i v e catch e f f i c i e n c i e s " << endl ;
r e p o r t << " Penal ty " ;
f o r ( i n t j =1; j <=n_lengths ; j ++) r e p o r t << " " << j ;
r e p o r t << endl ;
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

r e p o r t << i ;
f o r ( i n t j =1; j <=n_lengths ; j ++)
{

r e l _ e f f i c i e n c y _ i n i ( i , j ) = mfexp ( r e l _ e f f i c i e n c y _ X ( i , j ) * r e l _ e f f i c i e n c y _ c o e f _ i n i ( i )
) ;

r e p o r t << " " << r e l _ e f f i c i e n c y _ i n i ( i , j ) ;
}
r e p o r t << endl ;

}

r e p o r t << " Est imated r e l a t i v e catch e f f i c i e n c i e s " << endl ;
r e p o r t << " Penal ty " ;
f o r ( i n t j =1; j <=n_lengths ; j ++) r e p o r t << " " << j ;
r e p o r t << endl ;
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

r e p o r t << i ;
f o r ( i n t j =1; j <=n_lengths ; j ++)
{

r e l _ e f f i c i e n c y ( i , j ) = mfexp ( r e l _ e f f i c i e n c y _ X ( i , j ) * r e l _ e f f i c i e n c y _ c o e f ( i ) ) ;
r e p o r t << " " << r e l _ e f f i c i e n c y ( i , j ) ;

}
r e p o r t << endl ;

}
r e p o r t << endl ;

}

i f ( do_pro jec t ions ==1 && last_phase ( ) )
{

p r o j e c t _ i n t o _ f u t u r e ( ) ;
r e p o r t << " P r o j e c t i o n i n t o Future " << endl ;
r e p o r t << " Pro jec ted NAA" << endl ;
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r e p o r t << proj_NAA << endl ;
r e p o r t << " Pro jec ted Di rec ted FAA" << endl ;
r e p o r t << p ro j_F_d i r << endl ;
r e p o r t << " Pro jec ted d iscard FAA" << endl ;
r e p o r t << pro j_F_d iscard << endl ;
r e p o r t << " Pro jec ted Nondirected FAA" << endl ;
r e p o r t << pro j_F_nond i r << endl ;
r e p o r t << " Pro jec ted Catch a t Age" << endl ;
r e p o r t << pro j_ca tch << endl ;
r e p o r t << " Pro jec ted d iscards a t Age ( i n numbers ) " << endl ;
r e p o r t << p ro j_d i sca rd << endl ;
r e p o r t << " Pro jec ted Y ie ld a t Age" << endl ;
r e p o r t << p r o j _ y i e l d << endl ;
r e p o r t << " Year , To ta l Y ie ld ( i n weight ) , To ta l d iscards ( i n weight ) , TotJan1B , SSB,

proj_what , SS/SSBmsy" << endl ;
f o r ( i n t y =1; y<=npro jyears ; y++)
{

r e p o r t << year1+n_years−1+y << " " << p r o j _ t o t a l _ y i e l d ( y ) << " " <<
p r o j _ t o t a l _ d i s c a r d ( y ) << " " <<

proj_TotJan1B ( y ) << " " << proj_SSB ( y ) << " " << proj_what ( y ) << " " <<
proj_SSB ( y ) /SSBmsy( y ) << endl ;

}
r e p o r t << endl ;

}
e lse
{

r e p o r t << " P ro j ec t i ons not requested " << endl ;
r e p o r t << endl ;

}
r e p o r t << " tha t ’ s a l l " << endl ;

i f ( make_Rfi le==1 && last_phase ( ) )
{

# inc lude "make−Rf i le_asap4 . cxx " / / ADMB2R code i n t h i s f i l e
}

RUNTIME_SECTION
convergence_c r i t e r i a 1.0e−4
maximum_funct ion_evaluat ions 1000 ,1600 ,10000

FINAL_SECTION
/ / Ca lcu la tes how long i s tak ing to run
/ / t h i s code i s based on the Widow Rockf ish model ( from Er i k H. Wi l l iams , NMFS−Santa

Cruz , now Beaufor t )
t ime (& f i n i s h ) ;
elapsed_t ime = d i f f t i m e ( f i n i s h , s t a r t ) ;
hour = long ( elapsed_t ime ) /3600;
minute = long ( elapsed_t ime ) %3600/60;
second = ( long ( elapsed_t ime ) %3600)%60;
cout <<endl <<endl <<" s t a r t i n g t ime : "<< ct ime (& s t a r t ) ;
cout <<" f i n i s h i n g t ime : "<< ct ime (& f i n i s h ) ;
cout <<" This run took : " ;
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cout <<hour <<" hours , "<<minute <<" minutes , "<<second <<" seconds ." < < endl <<endl <<endl ;
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6.2 Auxiliary Code for Exporting Output to R

/ / t h i s i s the f i l e t h a t creates the R data ob jec t

//========================================================================
/ / Open the output f i l e using the AD Model Bu i l de r template name, and
/ / spec i f y 6 d i g i t s o f p r e c i s i o n
/ / use per iods i n R v a r i a b l e names ins tead of underscore

/ / v a r i a b l es used f o r naming f l e e t s and ind i ces
ads t r i ng i cha r ;
ads t r i ng onenum ( 4 ) ;
ads t r i ng onednm ( 4 ) ;
ads t r i ng twodnm ( 4 ) ;

open_ r_ f i l e ( adprogram_name + " . rda t " , 6 , −99999) ;

/ / metadata
o p e n _ r _ i n f o _ l i s t ( " i n f o " , t r ue ) ;

wr t_ r_ i tem ( " program " , "ASAP4" ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;

/ / bas ic parameter values
o p e n _ r _ i n f o _ l i s t ( " dimensions " , f a l s e ) ;

wr t_ r_ i tem ( " s t y r " , year1 ) ;
wr t_ r_ i tem ( " endyr " , ( year1+n_years−1) ) ;
wr t_ r_ i tem ( " n_years " , n_years ) ;
wr t_ r_ i tem ( " n_ages " , n_ages ) ;
wr t_ r_ i tem ( " n_lengths " , n_lengths ) ;
wr t_ r_ i tem ( " n _ f l e e t s " , n _ f l e e t s ) ;
wr t_ r_ i tem ( " n_se lb locks " , n_se lb locks ) ;
wr t_ r_ i tem ( " n_ ind ices " , n_ ind ices ) ;

c l o s e _ r _ i n f o _ l i s t ( ) ;
wr t_r_complete_vector ( " n_index_years " , n_index_years ) ;
wr t_r_complete_vector ( " index_min_t ime " , index_min_t ime ) ;
wr t_r_complete_vector ( " index_max_time " , index_max_time ) ;
wr t_r_complete_vector ( " n_index_age_comp_years " , n_index_age_comp_years ) ;
wr t_r_complete_vector ( " n_catch_years " , n_catch_years ) ;
wr t_r_complete_vector ( " n_catch_age_comp_years " , n_catch_age_comp_years ) ;
wr t_r_complete_vector ( " n_discard_years " , n_discard_years ) ;
wr t_r_complete_vector ( " n_discard_age_comp_years " , n_discard_age_comp_years ) ;
i f (sum( n_index_years ) >0)
{

o p e n _ r _ l i s t ( " index_t imes " ) ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_ ind ices < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " index " + onenum ;
i f ( n_index_years ( i ) >0) wr t_r_complete_vector ( ichar , index_t imes ( i ) ) ;

}
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c l o s e _ r _ l i s t ( ) ;
}
i f (sum( n_index_age_comp_years ) >0)
{

o p e n _ r _ l i s t ( " index_age_comp_times " ) ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( n_ ind ices < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " index " + onenum ;
i f ( n_index_age_comp_years ( i ) >0) wr t_r_complete_vector ( ichar ,

index_age_comp_times ( i ) ) ;
}
c l o s e _ r _ l i s t ( ) ;

}
i f (sum( n_catch_years ) >0)
{

o p e n _ r _ l i s t ( " catch_t imes " ) ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
i f ( n_catch_years ( i ) >0) wr t_r_complete_vector ( ichar , catch_t imes ( i ) ) ;

}
c l o s e _ r _ l i s t ( ) ;

}
i f (sum( n_catch_age_comp_years ) >0)
{

o p e n _ r _ l i s t ( " catch_age_comp_times " ) ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
i f ( n_catch_age_comp_years ( i ) >0) wr t_r_complete_vector ( ichar ,

catch_age_comp_times ( i ) ) ;
}
c l o s e _ r _ l i s t ( ) ;

}
i f (sum( n_discard_years ) >0)
{

o p e n _ r _ l i s t ( " d iscard_t imes " ) ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
i f ( n_discard_years ( i ) >0) wr t_r_complete_vector ( ichar , d iscard_t imes ( i ) ) ;

}
c l o s e _ r _ l i s t ( ) ;

}
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i f (sum( n_discard_age_comp_years ) >0)
{

o p e n _ r _ l i s t ( " discard_age_comp_times " ) ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
i f ( n_discard_age_comp_years ( i ) >0) wr t_r_complete_vector ( ichar ,

discard_age_comp_times ( i ) ) ;
}
c l o s e _ r _ l i s t ( ) ;

}

/ / run opt ions
o p e n _ r _ i n f o _ l i s t ( " op t ions " , f a l s e ) ;

wr t_ r_ i tem ( " is fecund " , i s fecund ) ;
wr t_ r_ i tem ( " frac_yr_spawn " , fracyearSSB ) ;
wr t_ r_ i tem ( " estimate_M " , estimate_M ) ;
wr t_ r_ i tem ( " c a l i b r a t e _ i n d i c e s " , c a l i b r a t e _ i n d i c e s ) ;
wr t_ r_ i tem ( " do_pro jec t ions " , do_pro jec t ions ) ;
wr t_ r_ i tem ( " ignore_guesses " , ignore_guesses ) ;
wr t_ r_ i tem ( " Freport_agemin " , Freport_agemin ) ;
wr t_ r_ i tem ( " Freport_agemax " , Freport_agemax ) ;
wr t_ r_ i tem ( " Frepor t_wtopt " , Frepor t_wtopt ) ;
wr t_ r_ i tem ( " Fmult_max_value " , Fmult_max_value ) ;
wr t_ r_ i tem ( " use_Fmult_max_penalty " , use_Fmult_max_penalty ) ;
wr t_ r_ i tem ( " use_F_penalty " , use_F_penalty ) ;
wr t_ r_ i tem ( " N_year1_type " , NAA_year1_flag ) ;
wr t_ r_ i tem ( " is_SR_scalar_R " , is_SR_scalar_R ) ;
wr t_ r_ i tem ( " SR_rat io_0_type " , SR_rat io_0_type ) ;
wr t_ r_ i tem ( " SR_model_type " , SR_model_type ) ;
wr t_ r_ i tem ( " do_mcmc" ,doMCMC) ;

c l o s e _ r _ i n f o _ l i s t ( ) ;
wr t_r_complete_vector ( " re lease_mort " , re lease_mort ) ;
wr t_r_complete_vector ( " use_index " , use_index ) ;
wr t_r_complete_vector ( " use_index_age_comp " , use_index_age_comp ) ;
wr t_r_complete_vector ( " d i r e c t e d _ f l e e t " , d i r e c t e d _ f l e e t ) ;
wr t_r_complete_vector ( " WAA_point_bio " , WAApointbio ) ;
wr t_r_complete_vector ( " index_uni ts_aggregate " , index_uni ts_aggregate ) ;
wr t_r_complete_vector ( " i ndex_un i t s_p ropo r t i ons " , i ndex_un i t s_p ropo r t i ons ) ;
wr t_r_complete_vector ( " index_WAA_point " , index_WAApoint ) ;
open_r_matr ix ( " index_month " ) ;

w r t_ r_mat r i x ( t rans ( index_month ) , 2 , 2) ;
wrt_r_namevector ( year1 , year1+n_years−1) ;
wrt_r_namevector (1 , n_ ind ices ) ;

c lose_r_mat r i x ( ) ;

/ / L i ke l i hood c o n t r i b u t i o n s
o p e n _ r _ i n f o _ l i s t ( " ob j_ fun " , f a l s e ) ;

wr t_ r_ i tem ( " l k _ t o t a l " , ob j_ fun ) ;
wr t_ r_ i tem ( " l k _ c a t c h _ t o t a l " , ( lambda_catch_tot * c a t c h _ t o t _ l i k e l y ) ) ;
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wr t_r_ i tem ( " l k _ d i s c a r d _ t o t a l " , ( lambda_discard_tot * d i s c a r d _ t o t _ l i k e l y ) ) ;
wr t_ r_ i tem ( " l k _ i n d e x _ f i t _ t o t a l " , ( lambda_index * i n d e x _ l i k e l y ) ) ;
wr t_ r_ i tem ( " lk_catch_age_comp_total " , sum( catch_age_comp_l ikely ) ) ;
wr t_ r_ i tem ( " lk_discards_age_comp_tota l " , sum( discard_age_comp_l ike ly ) ) ;
wr t_ r_ i tem ( " lk_index_age_comp_total " , sum( index_age_comp_l ikely ) ) ;
wr t_ r_ i tem ( " pen_se l_pars_ to ta l " , sum_sel_lambda_penalty ) ;
wr t_ r_ i tem ( " p e n _ a v a i l a b i l i t y " , ( l a m b d a _ a v a i l a b i l i t y * a v a i l a b i l i t y _ p e n a l t y ) ) ;
wr t_ r_ i tem ( " pen_ava i lab i l i t y_AR1 " , ( lambda_ava i lab i l i t y_AR1 *

a v a i l a b i l i t y _ A R 1 _ p e n a l t y ) ) ;
wr t_ r_ i tem ( " pen_e f f i i cency " , ( lambda_ef f i c iency * e f f i c i e n c y _ p e n a l t y ) ) ;
wr t_ r_ i tem ( " p e n _ r e l _ e f f i i c e n c y " , ( l ambda_re l_e f f i c i ency * r e l _ e f f i c i e n c y _ p e n a l t y

) ) ;
wr t_ r_ i tem ( " pen_Fmul t_year1_tota l " , ( lambda_Fmult_year1 * Fmult_year1_penal ty ) ) ;
wr t_ r_ i tem ( " pen_Fmult_devs_total " , ( lambda_Fmult_devs * Fmult_devs_penalty ) ) ;
wr t_ r_ i tem ( " pen_N_year1 " , ( lambda_N_year1_devs * N_year1_penalty ) ) ;
wr t_ r_ i tem ( " pen_recru i t_devs " , ( lambda_recrui t_devs * SR_penalty ) ) ;
wr t_ r_ i tem ( " pen_steepness " , ( lambda_steepness * steepness_penal ty ) ) ;
wr t_ r_ i tem ( " pen_SR_scalar " , ( lambda_SR_scalar * SR_scalar_penal ty ) ) ;
wr t_ r_ i tem ( " pen_Fmult_max " , Fmult_max_penalty ) ;
wr t_ r_ i tem ( " pen_F " , f p e n a l t y ) ;
/ / f l e e t , block , and index s p e c i f i c l i k e l i h o o d c o n t r i b u t i o n s
i f ( n_ f l ee ts >1)
{

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng l k _ c a t c h _ f l e e t = ads t r i ng ( " lk_catch_ " ) + i cha r ;
wr t_ r_ i tem ( l k _ c a t c h _ f l e e t , ( lambda_catch_tot ( i ) * c a t c h _ t o t _ l i k e l y ( i ) ) ) ;

}
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng lk_catch_age_comp = ads t r i ng ( " lk_catch_age_comp_ " ) + i cha r ;
wr t_ r_ i tem ( lk_catch_age_comp , ( catch_age_comp_l ikely ( i ) ) ) ;

}

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng l k _ d i s c a r d _ f l e e t = ads t r i ng ( " l k_d isca rd_ " ) + i cha r ;
wr t_ r_ i tem ( l k _ d i s c a r d _ f l e e t , ( lambda_discard_tot ( i ) * d i s c a r d _ t o t _ l i k e l y (

i ) ) ) ;
}
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
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else onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng lk_discard_age_comp = ads t r i ng ( " lk_discard_age_comp_ " ) +

i cha r ;
wr t_ r_ i tem ( lk_discard_age_comp , ( d iscard_age_comp_l ike ly ( i ) ) ) ;

}

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng l k_Fmu l t_year1_ f lee t = ads t r i ng ( " lk_Fmult_year1_ " ) + i cha r ;
wr t_ r_ i tem ( lk_Fmul t_year1_ f lee t , ( lambda_Fmult_year1 ( i ) *

Fmul t_year1_penal ty ( i ) ) ) ;
}

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng lk_Fmul t_devs_ f lee t = ads t r i ng ( " lk_Fmult_devs_ " ) + i cha r ;
wr t_ r_ i tem ( lk_Fmul t_devs_f lee t , ( lambda_Fmult_devs ( i ) *

Fmult_devs_penalty ( i ) ) ) ;
}

}

i f ( n_indices >1)
{

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
ads t r i ng l k _ i n d e x _ f i t _ i n d = ads t r i ng ( " l k _ i n d e x _ f i t _ " ) + twodnm ;
wr t_ r_ i tem ( l k _ i n d e x _ f i t _ i n d , ( lambda_index ( i ) * i n d e x _ l i k e l y ( i ) ) ) ;

}
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
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separa te ly
{

s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
ads t r i ng lk_index_age_comp = ads t r i ng ( " lk_index_age_comp_ " ) + twodnm ;
wr t_ r_ i tem ( lk_index_age_comp , ( index_age_comp_l ikely ( i ) ) ) ;

}

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
ads t r i ng l k _ a v a i l _ i n d = ads t r i ng ( " p e n _ a v a i l a b i l i t y _ " ) + twodnm ;
wr t_ r_ i tem ( l k _ a v a i l _ i n d , ( l a m b d a _ a v a i l a b i l i t y ( i ) * a v a i l a b i l i t y _ p e n a l t y ( i

) ) ) ;
}
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
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}
ads t r i ng lk_avai l_AR1 = ads t r i ng ( " pen_ava i lab i l i t y_AR1_ " ) + twodnm ;
wr t_ r_ i tem ( lk_avai l_AR1 , ( lambda_ava i lab i l i t y_AR1 ( i ) *

a v a i l a b i l i t y _ A R 1 _ p e n a l t y ( i ) ) ) ;
}
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
ads t r i ng l k _ e f f _ i n d = ads t r i ng ( " pen_e f f i c iency_ " ) + twodnm ;
wr t_ r_ i tem ( l k _ e f f _ i n d , ( lambda_ef f i c iency ( i ) * e f f i c i e n c y _ p e n a l t y ( i ) ) ) ;

}
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
ads t r i ng l k _ r e l _ e f f = ads t r i ng ( " p en_ r e l _e f f i c i enc y_ " ) + twodnm ;
wr t_ r_ i tem ( l k _ r e l _ e f f , ( r e l _ e f f i c i e n c y _ p e n a l t y ( i ) ) ) ;

}
}

f o r ( i n t i =1; i <=n_selpars ; i ++)
{

i f ( phase_selpars ( i ) >=1 && lambda_selpars ( i ) > 1.0e−15)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
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s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
ads t r i ng lk_se l_pars = ads t r i ng ( " pen_sel_par_ " ) + twodnm ;
wr t_ r_ i tem ( lk_se l_pars , ( lambda_selpars ( i ) * se lpars_pena l ty ( i ) ) ) ;

}
}

c l o s e _ r _ i n f o _ l i s t ( ) ; / / c lose o b j e c t i v e f u n c t i o n components l i s t

wr t_r_complete_vector ( " a v a i l a b i l i t y _ p e n a l t y _ t y p e " , a v a i l a b i l i t y _ p e n a l t y _ t y p e ) ;
wr t_r_complete_vector ( " e f f i c i e n c y _ p e n a l t y _ t y p e " , e f f i c i e n c y _ p e n a l t y _ t y p e ) ;
o p e n _ r _ i n f o _ l i s t ( " steepness_penal ty_type " , f a l s e ) ;

wr t_ r_ i tem ( " steepness " , steepness_penal ty_type ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
wr t_r_complete_vector ( " se lpars_pena l ty_ type " , se lpars_pena l ty_ type ) ;

wr t_r_complete_vector ( " M_year_pars_ini " , M_year_pars_ini ) ;
wr t_r_complete_vector ( " M_age_pars_ini " , M_age_pars_ini ) ;
wr t_r_complete_vector ( " NAA_year1_ini " , NAA_year1_ini ) ;
wr t_r_complete_vector ( " Fmul t_year1_ in i " , Fmul t_year1_ in i ) ;
wr t_r_complete_vector ( " a v a i l a b i l i t y _ i n i " , a v a i l a b i l i t y _ i n i ) ;
wr t_r_complete_vector ( " a v a i l a b i l i t y _ p a r s _ i n i " , a v a i l a b i l i t y _ p a r s _ i n i ) ;
wr t_r_complete_vector ( " e f f i c i e n c y _ i n i " , e f f i c i e n c y _ i n i ) ;
wr t_r_complete_vector ( " e f f i c i e n c y _ p a r s _ i n i " , e f f i c i e n c y _ p a r s _ i n i ) ;
o p e n _ r _ l i s t ( " r e l _ e f f i c i e n c y _ c o e f _ i n i " ) ;
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers separa te ly
{

s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
ads t r i ng r e l _ e f f = ads t r i ng ( " r e l _ e f f _ " ) + twodnm ;

wr t_r_complete_vector ( r e l _ e f f , r e l _ e f f i c i e n c y _ c o e f _ i n i ( i ) ) ;
}

114



c l o s e _ r _ l i s t ( ) ;
wr t_r_complete_vector ( " s e l p a r s _ i n i " , s e l p a r s _ i n i ) ;
o p e n _ r _ i n f o _ l i s t ( " SR_sca lar_ in i " , f a l s e ) ;

wr t_ r_ i tem ( " SR_scalar " , SR_sca lar_ in i ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " s teepness_ in i " , f a l s e ) ;

wr t_ r_ i tem ( " steepness " , s teepness_ in i ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " Fmult_max " , f a l s e ) ;

wr t_ r_ i tem ( " Fmult_max " , Fmult_max_value_ini ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
wr t_r_complete_vector ( " SR_scalar_pars_ in i " , SR_scalar_pars_ in i ) ;
wr t_r_complete_vector ( " s teepness_pars_ in i " , s teepness_pars_ in i ) ;

o p e n _ r _ i n f o _ l i s t ( " NAA_year1_CV " , f a l s e ) ;
wr t_ r_ i tem ( " NAA_year1 " , N_year1_CV ) ;

c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " SR_scalar_CV " , f a l s e ) ;

wr t_ r_ i tem ( " SR_scalar " , SR_scalar_CV ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " steepness_CV " , f a l s e ) ;

wr t_ r_ i tem ( " steepness " , steepness_penalty_CV ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
wr t_r_complete_vector ( " Fmult_year1_CV " , Fmult_year1_CV ) ;
wr t_r_complete_vector ( " Fmult_devs_CV " , Fmult_devs_CV ) ;
wr t_r_complete_vector ( " a v a i l a b i l i t y _ C V " , a v a i l a b i l i t y _ p e n a l t y _ C V ) ;
wr t_r_complete_vector ( " e f f i c iency_CV " , e f f i c iency_pena l ty_CV ) ;
wr t_r_complete_vector ( " selpars_CV " , selpars_penalty_CV ) ;
wr t_r_complete_vector ( " recru i t_CV " , recru i t_CV ) ;

wr t_r_complete_vector ( " ava i l ab i l i t y_AR1_sd " , ava i l ab i l i t y_AR1_sd ) ;

o p e n _ r _ l i s t ( " r e l _ e f f i c i e n c y _ c o e f _ v a r " ) ;
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers separa te ly
{

s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
ads t r i ng r e l _ e f f _ v a r s = ads t r i ng ( " r e l _ e f f i c i e n c y _ v a r _ " ) + twodnm ;
open_r_matr ix ( r e l _ e f f _ v a r s ) ;

w r t_ r_mat r i x ( v a r _ r e l _ e f f i c i e n c y _ c o e f ( i ) , 2 , 2) ;
wrt_r_namevector (1 , n _ r e l _ e f f i c i e n c y _ c o e f ( i ) ) ;
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wrt_r_namevector (1 , n _ r e l _ e f f i c i e n c y _ c o e f ( i ) ) ;
c lose_r_mat r i x ( ) ;

}
c l o s e _ r _ l i s t ( ) ;

o p e n _ r _ i n f o _ l i s t ( " N_year1_devs_phase " , f a l s e ) ;
wr t_ r_ i tem ( " N_year1_devs " , phase_N_year1_devs ) ;

c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " recru i tment_phase " , f a l s e ) ;

wr t_ r_ i tem ( " rec ru i tmen t " , phase_recru i t_devs ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " SR_scalar_phase " , f a l s e ) ;

wr t_ r_ i tem ( " SR_scalar " , phase_SR_scalar ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " steepness_phase " , f a l s e ) ;

wr t_ r_ i tem ( " steepness " , phase_steepness ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
wr t_r_complete_vector ( " Fmult_year1_phase " , phase_Fmult_year1 ) ;
wr t_r_complete_vector ( " M_year_pars_phase " , phase_M_year_pars ) ;
wr t_r_complete_vector ( " M_age_pars_phase " , phase_M_age_pars ) ;
wr t_r_complete_vector ( " Fmult_devs_phase " , phase_Fmult_devs ) ;
wr t_r_complete_vector ( " a v a i l a b i l i t y _ p a r s _ p h a s e " , p h a s e _ a v a i l a b i l i t y _ p a r s ) ;
wr t_r_complete_vector ( " ava i lab i l i t y_AR1_phase " , phase_ava i lab i l i t y_AR1 ) ;
wr t_r_complete_vector ( " e f f i c iency_pars_phase " , phase_ef f i c iency_pars ) ;
wr t_r_complete_vector ( " r e l _e f f i c i ency_phase " , phase_ re l_e f f i c i ency ) ;
wr t_r_complete_vector ( " selpars_phase " , phase_selpars ) ;

o p e n _ r _ i n f o _ l i s t ( " N_year1_devs_lambda " , f a l s e ) ;
wr t_ r_ i tem ( " N_year1_devs " , lambda_N_year1_devs ) ;

c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " recrui tment_lambda " , f a l s e ) ;

wr t_ r_ i tem ( " rec ru i tmen t " , lambda_recrui t_devs ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " steepness_lambda " , f a l s e ) ;

wr t_ r_ i tem ( " steepness " , lambda_steepness ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " SR_scalar_lambda " , f a l s e ) ;

wr t_ r_ i tem ( " SR_scalar " , lambda_SR_scalar ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " Fmult_max_lambda " , f a l s e ) ;

wr t_ r_ i tem ( " Fmult_max " , lambda_Fmult_max_penalty ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
o p e n _ r _ i n f o _ l i s t ( " fpenal ty_lambda " , f a l s e ) ;

wr t_ r_ i tem ( " f p e n a l t y " , lambda_fpenal ty ) ;
c l o s e _ r _ i n f o _ l i s t ( ) ;
wr t_r_complete_vector ( " Fmult_year1_lambda " , lambda_Fmult_year1 ) ;
wr t_r_complete_vector ( " Fmult_devs_lambda " , lambda_Fmult_devs ) ;
wr t_r_complete_vector ( " a v a i l a b i l i t y _ l a m b d a " , l a m b d a _ a v a i l a b i l i t y ) ;
wr t_r_complete_vector ( " ava i lab i l i t y_AR1_lambda " , lambda_ava i lab i l i t y_AR1 ) ;
wr t_r_complete_vector ( " e f f i c iency_ lambda " , lambda_ef f i c iency ) ;
wr t_r_complete_vector ( " re l_e f f i c i ency_ lambda " , l ambda_re l_e f f i c i ency ) ;
wr t_r_complete_vector ( " selpars_lambda " , lambda_selpars ) ;
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o p e n _ r _ l i s t ( " parameter_ in fo " ) ;
/ / s e l e c t i v i t y i npu t matr ices f o r f l e e t s and ind i ces
/ / i npu t s e l e c t i v i t y s p e c i f i c a t i o n s
open_r_matr ix ( " f l e e t _ s e l b l o c k _ p o i n t e r " ) ;

w r t_ r_mat r i x ( f l e e t _ s e l b l o c k _ p o i n t e r _ i n i , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;

c lose_r_mat r i x ( ) ;
open_r_matr ix ( " i n d e x _ s e l b l o c k _ p o i n t e r _ i n i " ) ;

w r t_ r_mat r i x ( i ndex_se lb l ock_po in te r_ i n i , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ ind ices ) ;

c lose_r_mat r i x ( ) ;
wr t_r_complete_vector ( " se lb lock_ type " , se lb lock_ type ) ;
wr t_r_complete_vector ( " se lpars_ lower " , se lpars_ lower ) ;
wr t_r_complete_vector ( " selpars_upper " , selpars_upper ) ;
wr t_r_complete_vector ( " a v a i l a b i l i t y _ l o w e r " , a v a i l a b i l i t y _ l o w e r ) ;
wr t_r_complete_vector ( " a v a i l a b i l i t y _ u p p e r " , a v a i l a b i l i t y _ u p p e r ) ;
wr t_r_complete_vector ( " e f f i c i e n c y _ l o w e r " , e f f i c i e n c y _ l o w e r ) ;
wr t_r_complete_vector ( " e f f i c i ency_uppe r " , e f f i c i ency_uppe r ) ;

c l o s e _ r _ l i s t ( ) ; / / c lose parameter_ in fo l i s t

o p e n _ r _ i n f o _ l i s t ( " mcmc_info " , f a l s e ) ;
wr t_ r_ i tem ( " mcmc_nyear_opt " , MCMCnyear_opt ) ;
wr t_ r_ i tem ( " mcmc_n_boot " ,MCMCnboot) ;
wr t_ r_ i tem ( " mcmc_n_thin " , MCMCnthin ) ;
wr t_ r_ i tem ( " mcmc_seed " ,MCMCseed) ;
wr t_ r_ i tem ( " f i l l R _ o p t " , f i l l R _ o p t ) ;
wr t_ r_ i tem ( " Ravg_star t " , Ravg_star t ) ;
wr t_ r_ i tem ( " Ravg_end " , Ravg_end ) ;

c l o s e _ r _ i n f o _ l i s t ( ) ;

/ / Weight a t Age matr ices
o p e n _ r _ l i s t ( " WAA_mats " ) ;

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng WAA_c_fleet = ads t r i ng ( " WAA_catch_ " ) + i cha r ;
open_r_matr ix ( WAA_c_fleet ) ;

w r t_ r_mat r i x ( WAAcatchfleet ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;
ads t r i ng WAA_d_fleet = ads t r i ng ( " WAA_discard_ " ) + i cha r ;
open_r_matr ix ( WAA_d_fleet ) ;

w r t_ r_mat r i x ( WAAdiscardf leet ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;
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}
open_r_matr ix ( " WAA_catch_all " ) ;

w r t_ r_mat r i x ( WAAcatchall , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " WAA_discard_all " ) ;
w r t_ r_mat r i x ( WAAdiscardall , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " WAA_ssb " ) ;
w r t_ r_mat r i x (WAAssb, 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " WAA_jan1 " ) ;
w r t_ r_mat r i x ( WAAjan1b , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( index_uni ts_aggregate ( i ) ==1 | | i ndex_un i t s_p ropo r t i ons ( i ) ==1)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
ads t r i ng index_WAA_name = ads t r i ng ( " index_WAA_ " ) + twodnm ;
open_r_matr ix ( index_WAA_name ) ;

wr t_ r_mat r i x ( index_WAA ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;
}

}
c l o s e _ r _ l i s t ( ) ; / / c lose WAA_mats l i s t
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/ / Year by Age Matr ices ( not f l e e t s p e c i f i c ) : M, matu r i t y , fecund i t y , N, Z , F ,
open_r_matr ix ( " M_age " ) ;

w r t_ r_mat r i x (M_use , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " M_age_X " ) ;
w r t_ r_mat r i x (M_X_age , 2 , 2) ;
wrt_r_namevector (1 , n_ages ) ;
wrt_r_namevector (1 , n_M_age_cov ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " M_year_X " ) ;
w r t_ r_mat r i x ( M_X_year , 2 , 2) ;
wrt_r_namevector (1 , n_years ) ;
wrt_r_namevector (1 , n_M_year_cov ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " ma tu r i t y " ) ;
w r t_ r_mat r i x ( mature , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " f e c un d i t y " ) ;
w r t_ r_mat r i x ( fecund i t y , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " N_age " ) ;
w r t_ r_mat r i x (NAA, 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " Z_age " ) ;
w r t_ r_mat r i x (Z , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " F_age " ) ;
w r t_ r_mat r i x ( FAA_tot , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

/ / F lee t by Year Matr ices : Catch_tot_obs , Catch_tot_pred , Catch_ to t_ res id ) ,
Discard_tot_obs , Discard_tot_pred , D i sca rd_ to t_ res id
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open_r_matr ix ( " catch_obs " ) ;
w r t_ r_mat r i x ( ca tch_ to t_ f l ee t_obs , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " catch_pred " ) ;
w r t_ r_mat r i x ( ca t ch_ to t_ f l ee t_p red , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " ca tch_s td_res id " ) ;
w r t_ r_mat r i x ( ca t ch_ to t_s td res id , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " discard_obs " ) ;
w r t_ r_mat r i x ( d i sca rd_ to t_ f l ee t_obs , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " d iscard_pred " ) ;
w r t_ r_mat r i x ( d i sca rd_ to t_ f l ee t_p red , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " d i sca rd_s td_ res id " ) ;
w r t_ r_mat r i x ( d i sca rd_ to t_s td res i d , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " ca tch_ to t_cv " ) ;
w r t_ r_mat r i x ( catch_tot_CV , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " d i sca rd_ to t_cv " ) ;
w r t_ r_mat r i x ( discard_tot_CV , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;

c lose_r_mat r i x ( ) ;

wr t_r_complete_vector ( " lambda_catch_tot " , lambda_catch_tot ) ;
wr t_r_complete_vector ( " lambda_discard_tot " , lambda_discard_tot ) ;

/ / Age Composit ions : Catch and Discards observed and pred ic ted by f l e e t
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o p e n _ r _ l i s t ( " catch_comp_mats " ) ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng ccomp_ob = i cha r + ads t r i ng ( " _ob " ) ;
open_r_matr ix ( ccomp_ob ) ;

wr t_ r_mat r i x ( catch_paa_obs ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

ads t r i ng ccomp_pr = i cha r + ads t r i ng ( " _pr " ) ;
open_r_matr ix ( ccomp_pr ) ;

w r t_ r_mat r i x ( catch_paa_pred ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;
}

c l o s e _ r _ l i s t ( ) ;

o p e n _ r _ l i s t ( " discard_comp_mats " ) ;
f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng dcomp_ob = i cha r + ads t r i ng ( " _ob " ) ;
open_r_matr ix ( dcomp_ob ) ;

wr t_ r_mat r i x ( discard_paa_obs ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

ads t r i ng dcomp_pr = i cha r + ads t r i ng ( " _pr " ) ;
open_r_matr ix ( dcomp_pr ) ;

w r t_ r_mat r i x ( discard_paa_pred ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;
}

c l o s e _ r _ l i s t ( ) ;

/ / p ropo r t i on re lease year by age matr ices by f l e e t
o p e n _ r _ l i s t ( " f l ee t_p rop_ re lease " ) ;

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng f l ee t_p rop_ re lease = i cha r ;
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open_r_matr ix ( f l ee t_p rop_ re lease ) ;
w r t_ r_mat r i x ( p ropor t i on_ re lease ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;
}

c l o s e _ r _ l i s t ( ) ;

/ / f l e e t s p e c i f i c annual e f f e c t i v e sample s izes i npu t and est imated f o r catch and
d iscards

open_r_matr ix ( " f l e e t _ c a t c h _ N e f f _ i n i t " ) ;
w r t_ r_mat r i x ( input_Nef f_catch , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " f l ee t_ca t ch_Ne f f _es t " ) ;
w r t_ r_mat r i x ( output_Nef f_catch , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " f l e e t _ d i s c a r d _ N e f f _ i n i t " ) ;
w r t_ r_mat r i x ( inpu t_Nef f_d iscard , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " f l e e t _ d i s c a r d _ N e f f _ e s t " ) ;
w r t_ r_mat r i x ( output_Nef f_d iscard , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

/ / f l e e t s e l e c t i v i t y b locks
open_r_matr ix ( " f l e e t _ s e l _ b l o c k s " ) ;

w r t_ r_mat r i x ( f l e e t _ s e l b l o c k _ p o i n t e r , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

/ / s e l e c i v i t y matr ices f o r each f l e e t
o p e n _ r _ l i s t ( " f l ee t_se l_mats " ) ;

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng s e l _ f l e e t _ c h a r = i cha r ;
open_r_matr ix ( s e l _ f l e e t _ c h a r ) ;

w r t_ r_mat r i x ( s e l _ b y _ f l e e t ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
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wrt_r_namevector (1 , n_ages ) ;
c lose_r_mat r i x ( ) ;

}
c l o s e _ r _ l i s t ( ) ;

/ / Fmults by f l e e t
open_r_matr ix ( " f l ee t_Fmu l t " ) ;

w r t_ r_mat r i x ( Fmult , 2 , 2) ;
wrt_r_namevector (1 , n _ f l e e t s ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

/ / FAA by f l e e t d i r ec ted and discarded
o p e n _ r _ l i s t ( " f leet_FAA " ) ;

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng f lee t_FAA_d i r = ads t r i ng ( " d i rec ted_ " ) + i cha r ;
open_r_matr ix ( f l ee t_FAA_d i r ) ;

w r t_ r_mat r i x ( d i rec ted_FAA_by_f leet ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

ads t r i ng f leet_FAA_discard = ads t r i ng ( " discarded_ " ) + i cha r ;
open_r_matr ix ( f leet_FAA_discard ) ;

w r t_ r_mat r i x ( FAA_by_f leet_discard ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;
}

c l o s e _ r _ l i s t ( ) ;

/ / index s t u f f s t a r t s here
/ / index observat ions
open_r_matr ix ( " index_obs " ) ;

w r t_ r_mat r i x ( index_obs , 2 , 2) ;
wrt_r_namevector (1 , n_ ind ices ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;
/ / index p r e d i c t i o n s
open_r_matr ix ( " index_pred " ) ;

w r t_ r_mat r i x ( index_pred , 2 , 2) ;
wrt_r_namevector (1 , n_ ind ices ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;
/ / index CV
open_r_matr ix ( " index_cv " ) ;

w r t_ r_mat r i x ( index_cv , 2 , 2) ;
wrt_r_namevector (1 , n_ ind ices ) ;
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wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
c lose_r_mat r i x ( ) ;
/ / index sigma
open_r_matr ix ( " index_sigma " ) ;

w r t_ r_mat r i x ( index_sigma , 2 , 2) ;
wrt_r_namevector (1 , n_ ind ices ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

/ / index standard ized r e s i d u a l s
open_r_matr ix ( " index_s td_res id " ) ;

w r t_ r_mat r i x ( index_s td res id , 2 , 2) ;
wrt_r_namevector (1 , n_ ind ices ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

wr t_r_complete_vector ( " lambda_index " , lambda_index ) ;

/ / Index Age Comp
o p e n _ r _ l i s t ( " index_comp_mats " ) ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " index " + twodnm ;
ads t r i ng acomp_ob = i cha r + ads t r i ng ( " _ob " ) ;
open_r_matr ix ( acomp_ob ) ;

wr t_ r_mat r i x ( index_paa_obs_use ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;

ads t r i ng acomp_pr = i cha r + ads t r i ng ( " _pr " ) ;
open_r_matr ix ( acomp_pr ) ;

w r t_ r_mat r i x ( index_paa_pred ( i ) , 2 , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;
}

c l o s e _ r _ l i s t ( ) ;
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/ / Nef f f o r i nd i ces i n i t i a l guess
open_r_matr ix ( " i n d e x _ N e f f _ i n i t " ) ;

w r t_ r_mat r i x ( input_Nef f_ index , 2 , 2) ;
wrt_r_namevector (1 , n_ ind ices ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

/ / Nef f f o r i nd i ces est imated
open_r_matr ix ( " index_Nef f_est " ) ;

w r t_ r_mat r i x ( output_Nef f_ index , 2 , 2) ;
wrt_r_namevector (1 , n_ ind ices ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

/ / index s e l e c t i v i t y b locks
open_r_matr ix ( " index_se l_b locks " ) ;

w r t_ r_mat r i x ( index_se lb lock_po in te r , 2 , 2) ;
wrt_r_namevector (1 , n_ ind ices ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " a v a i l a b i l i t y " ) ;
w r t_ r_mat r i x ( a v a i l a b i l i t y , 2 , 2) ;
wrt_r_namevector (1 , n_ ind ices ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " e f f i c i e n c y " ) ;
w r t_ r_mat r i x ( e f f i c i e n c y , 2 , 2) ;
wrt_r_namevector (1 , n_ ind ices ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

open_r_matr ix ( " q " ) ;
w r t_ r_mat r i x ( q_by_index , 2 , 2) ;
wrt_r_namevector (1 , n_ ind ices ) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;

c lose_r_mat r i x ( ) ;

/ / a v a i l a b i l i t y _ X by index
o p e n _ r _ l i s t ( " a v a i l a b i l i t y _ X " ) ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
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{
s p r i n t f ( twodnm , "%d " , i ) ;

}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " index " + twodnm ;
ads t r i ng ava i l_X = i cha r ;

open_r_matr ix ( ava i l_X ) ;
wr t_ r_mat r i x ( a v a i l a b i l i t y _ X ( i ) , 2 , 2) ;
wrt_r_namevector (1 , n_years ) ;
wrt_r_namevector (1 , n _ a v a i l a b i l i t y _ p a r s ( i ) ) ;

c lose_r_mat r i x ( ) ;
}

c l o s e _ r _ l i s t ( ) ;

/ / e f f i c i e ncy_X by index
o p e n _ r _ l i s t ( " e f f i c i ency_ X " ) ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " index " + twodnm ;
ads t r i ng ef f_X = i cha r ;

open_r_matr ix ( e f f_X ) ;
wr t_ r_mat r i x ( e f f i c i e ncy_X ( i ) , 2 , 2) ;
wrt_r_namevector (1 , n_years ) ;
wrt_r_namevector (1 , n_e f f i c i ency_pa rs ( i ) ) ;

c lose_r_mat r i x ( ) ;
}

c l o s e _ r _ l i s t ( ) ;

/ / s e l e c t i v i t y by index
o p e n _ r _ l i s t ( " index_sel_mats " ) ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
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s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " index " + twodnm ;
ads t r i ng index_se l = i cha r ;

open_r_matr ix ( index_se l ) ;
w r t_ r_mat r i x ( sel_by_index ( i ) , 2 , 2) ;
wrt_r_namevector (1 , n_years ) ;
wrt_r_namevector (1 , n_ages ) ;

c lose_r_mat r i x ( ) ;
}

c l o s e _ r _ l i s t ( ) ;
/ / vec to rs f o r Frepor t and Biomasses ( TotJan1B , SSB, Exp lo i tab leB )
wr t_r_complete_vector ( " F_repor t " , F repor t ) ;
wr t_r_complete_vector ( " to t_ jan1_B " , TotJan1B ) ;
wr t_r_complete_vector ( "SSB" ,SSB) ;
wr t_r_complete_vector ( " exp lo i tab le_B " , Exp lo i tab leB ) ;

/ / F re ference values
o p e n _ r _ l i s t ( " F re f " ) ;

wr t_r_complete_vector ( " Fmax" , Fmax_report ) ;
wr t_r_complete_vector ( " F01 " , F01_report ) ;

open_r_matr ix ( "FXSPR" ) ;
w r t_ r_mat r i x ( FXSPR_report , 2 , 2) ;

wrt_r_namevector (XSPR) ;
wrt_r_namevector (1 , n_years ) ;

c lose_r_mat r i x ( ) ;
wr t_r_complete_vector ( " F " , F repor t ) ;

c l o s e _ r _ l i s t ( ) ;

/ / SR curve parameters
o p e n _ r _ l i s t ( " SR_parms " ) ;

wr t_r_complete_vector ( " alpha " , SR_alpha ) ;
wr t_r_complete_vector ( " beta " , SR_beta ) ;
wr t_r_complete_vector ( "SPR0" , SR_ratio_0 ) ;
wr t_r_complete_vector ( " S0 " ,SR_S0) ;
wr t_r_complete_vector ( " R0" ,SR_R0) ;
wr t_r_complete_vector ( " steepness " , steepness ) ;

c l o s e _ r _ l i s t ( ) ;

/ / SR obs , pred , devs , and standard ized res ids
/ / note year coresponds to age−1 recru i tment , when p l o t SR curve have to o f f s e t SSB

and R by one year
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open_r_df ( " SR_resids " , year1 , ( year1+n_years−1) , 2) ;
wrt_r_namevector ( year1 , ( year1+n_years−1) ) ;
w r t_ r_d f_co l ( " year " , year1 , ( year1+n_years−1) ) ;
w r t_ r_d f_co l ( " r e c r u i t s " , r e c r u i t s , year1 ) ;
w r t_ r_d f_co l ( " R_no_devs " , SR_pred_recrui ts , year1 ) ;
w r t_ r_d f_co l ( " logR_dev " , log_rec ru i t_devs , year1 ) ;
w r t_ r_d f_co l ( " SR_std_resid " , SR_stdresid , year1 ) ;

c lose_r_d f ( ) ;

/ / dev ia t i ons sec t ion : on ly repor ted i f assoc ia ted wi th lambda > 0
i f ( lambda_N_year1_devs > 0)
{

/ / note : obs and pred inc lude age 1 whi le s td_ res id does not − do not use age 1
when p l o t t i n g

o p e n _ r _ l i s t ( " deviat ions_N_year1 " ) ;
wr t_r_complete_vector ( " N_year1_obs " ,NAA( 1 ) ) ;
wr t_r_complete_vector ( " N_year1_pred " , NAA_year1_pred ) ;
wr t_r_complete_vector ( " N_year1_std_resid " , N_year1_stdresid ) ;

c l o s e _ r _ l i s t ( ) ;
}

/ / RMSE number o f observat ions sec t ion
o p e n _ r _ i n f o _ l i s t ( "RMSE_n" , f a l s e ) ;

i f ( n_ f l ee ts >1)
{

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng rmse_n_catch_f leet = ads t r i ng ( " catch_ " ) + i cha r ;
wr t_ r_ i tem ( rmse_n_catch_f leet , n_catch_years ( i ) ) ;

}
}
wr t_ r_ i tem ( " ca t ch_ to t " ,sum( n_catch_years ) ) ;

i f ( n_ f l ee ts >1)
{

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng rmse_n_discard_f lee t = ads t r i ng ( " d iscard_ " ) + i cha r ;
wr t_ r_ i tem ( rmse_n_discard_f leet , n_discard_years ( i ) ) ;

}
}
wr t_ r_ i tem ( " d i s c a r d _ t o t " ,sum( n_discard_years ) ) ;

i f ( n_indices >1)
{
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f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " index " + twodnm ;
ads t r i ng rmse_n_ind = i cha r ;
wr t_ r_ i tem ( rmse_n_ind , n_index_years ( i ) ) ;

}
}
wr t_ r_ i tem ( " i n d e x _ t o t a l " ,sum( n_index_years ) ) ;

f o r ( i n t i =1; i <=n_selpars ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " se lpar " + twodnm ;
ads t r i ng rmse_n_selpar = i cha r ;
wr t_ r_ i tem ( rmse_n_selpar , selpars_rmse_n ( i ) ) ;

}
wr t_ r_ i tem ( " s e l p a r s _ t o t a l " ,sum( selpars_rmse_n ) ) ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
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else i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " a v a i l a b i l i t y " + twodnm ;
ads t r i ng rmse_n_avai l = i cha r ;
wr t_ r_ i tem ( rmse_n_avail , a v a i l a b i l i t y _ r m s e _ n ( i ) ) ;

}
wr t_ r_ i tem ( " a v a i l a b i l i t y _ t o t a l " ,sum( a v a i l a b i l i t y _ r m s e _ n ) ) ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " a v a i l a b i l i t y _ A R 1 " + twodnm ;
ads t r i ng rmse_n_avail_AR1 = i cha r ;
wr t_ r_ i tem ( rmse_n_avail_AR1 , ava i lab i l i t y_AR1_rmse_n ( i ) ) ;

}
wr t_ r_ i tem ( " a v a i l a b i l i t y _ A R 1 _ t o t a l " ,sum( ava i lab i l i t y_AR1_rmse_n ) ) ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " e f f i c i e n c y " + twodnm ;
ads t r i ng rmse_n_eff = i cha r ;
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wr t_r_ i tem ( rmse_n_eff , e f f i c iency_rmse_n ( i ) ) ;
}

wr t_ r_ i tem ( " e f f i c i e n c y _ t o t a l " ,sum( ef f i c iency_rmse_n ) ) ;

wr t_ r_ i tem ( " N_year1 " , n_ages ) ;
wr t_ r_ i tem ( " rec ru i t _devs " , n_years ) ;
wr t_ r_ i tem ( " SR_steepness " , 1 ) ;
wr t_ r_ i tem ( " SR_scalar " , 1 ) ;

i f ( n_ f l ee ts >1)
{

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng rmse_n_Fmult_year1_f leet = ads t r i ng ( " Fmult_year1_ " ) + i cha r ;
wr t_ r_ i tem ( rmse_n_Fmult_year1_f leet , Fmult_year1_rmse_n ( i ) ) ;

}
}
wr t_ r_ i tem ( " Fmul t_year1_ to ta l " ,sum( Fmult_year1_rmse_n ) ) ;
i f ( n_ f l ee ts >1)
{

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng rmse_n_Fmult_devs_f leet = ads t r i ng ( " Fmult_devs_ " ) + i cha r ;
wr t_ r_ i tem ( rmse_n_Fmult_devs_fleet , Fmult_devs_rmse_n ( i ) ) ;

}
}
wr t_ r_ i tem ( " Fmul t_devs_to ta l " ,sum( Fmult_devs_rmse_n ) ) ;

c l o s e _ r _ i n f o _ l i s t ( ) ;

/ / RMSE sec t ion
o p e n _ r _ i n f o _ l i s t ( "RMSE" , f a l s e ) ;

i f ( n_ f l ee ts >1)
{

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng rmse_catch_f lee t = ads t r i ng ( " catch_ " ) + i cha r ;
wr t_ r_ i tem ( rmse_catch_f leet , catch_rmse ( i ) ) ;

}
}
wr t_ r_ i tem ( " ca t ch_ to t " , catch_tot_rmse ) ;

i f ( n_ f l ee ts >1)
{
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f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng rmse_d iscard_ f lee t = ads t r i ng ( " d iscard_ " ) + i cha r ;
wr t_ r_ i tem ( rmse_d iscard_f lee t , discard_rmse ( i ) ) ;

}
}
wr t_ r_ i tem ( " d i s c a r d _ t o t " , d iscard_tot_rmse ) ;

i f ( n_indices >1)
{

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t
numbers separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " index " + twodnm ;

ads t r i ng rmse_ind = i cha r ;
wr t_ r_ i tem ( rmse_ind , index_rmse ( i ) ) ;

}
}
wr t_ r_ i tem ( " i n d e x _ t o t a l " , index_tot_rmse ) ;

f o r ( i n t i =1; i <=n_selpars ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
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i c ha r = " se lpar " + twodnm ;
ads t r i ng rmse_selpar = i cha r ;
wr t_ r_ i tem ( rmse_selpar , selpars_rmse ( i ) ) ;

}
wr t_ r_ i tem ( " s e l p a r s _ t o t a l " , se lpars_to t_rmse ) ;

wr t_ r_ i tem ( " N_year1 " , N_year1_rmse ) ;

i f ( n_ f l ee ts >1)
{

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng rmse_Fmult_year1 = ads t r i ng ( " Fmult_year1_ " ) + i cha r ;
wr t_ r_ i tem ( rmse_Fmult_year1 , Fmult_year1_rmse ( i ) ) ;

}
}
wr t_ r_ i tem ( " Fmul t_year1_tot " , Fmult_year1_tot_rmse ) ;

i f ( n_ f l ee ts >1)
{

f o r ( i n t i =1; i <= n _ f l e e t s ; i ++)
{

i f ( n _ f l e e t s < 10) s p r i n t f (onenum , "%d " , i ) ;
e lse onenum = " 0 " ;
i cha r = " f l e e t " + onenum ;
ads t r i ng rmse_Fmult_devs = ads t r i ng ( " Fmult_devs_ " ) + i cha r ;
wr t_ r_ i tem ( rmse_Fmult_devs , Fmult_devs_rmse ( i ) ) ;

}
}
wr t_ r_ i tem ( " Fmul t_devs_to ta l " , Fmult_devs_tot_rmse ) ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " a v a i l a b i l i t y " + twodnm ;
ads t r i ng rmse_avai l = i cha r ;
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wr t_r_ i tem ( rmse_avai l , a v a i l a b i l i t y _ r m s e ( i ) ) ;
}

wr t_ r_ i tem ( " a v a i l a b i l i t y _ t o t a l " , a v a i l a b i l i t y _ t o t _ r m s e ) ;
f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " a v a i l a b i l i t y _ A R 1 " + twodnm ;
ads t r i ng rmse_avail_AR1 = i cha r ;
wr t_ r_ i tem ( rmse_avail_AR1 , ava i lab i l i t y_AR1_rmse ( i ) ) ;

}
wr t_ r_ i tem ( " a v a i l a b i l i t y _ A R 1 _ t o t a l " , ava i l ab i l i t y_AR1_ to t_ rmse ) ;

f o r ( i n t i =1; i <=n_ ind ices ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers
separa te ly

{
s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
i cha r = " e f f i c i e n c y " + twodnm ;
ads t r i ng rmse_eff = i cha r ;
wr t_ r_ i tem ( rmse_eff , e f f i c i ency_rmse ( i ) ) ;

}
wr t_ r_ i tem ( " e f f i c i e n c y _ t o t a l " , e f f i c i en cy_ to t _ rms e ) ;

wr t_ r_ i tem ( " rec ru i t _devs " , recru i t_devs_rmse ) ;
wr t_ r_ i tem ( " SR_steepness " , steepness_rmse ) ;
wr t_ r_ i tem ( " SR_scalar " , SR_scalar_rmse ) ;

c l o s e _ r _ i n f o _ l i s t ( ) ;

o p e n _ r _ l i s t ( " Nef f_stage2_mult " ) ;
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wrt_r_complete_vector ( " Nef f_stage2_mul t_catch " , Nef f_stage2_mult_catch ) ;
wr t_r_complete_vector ( " Nef f_stage2_mul t_d iscard " , Nef f_stage2_mul t_d iscard ) ;
wr t_r_complete_vector ( " Nef f_stage2_mul t_ index " , Nef f_stage2_mult_ index ) ;

c l o s e _ r _ l i s t ( ) ;

open_r_matr ix ( " r e l _ e f f i c i e n c y _ i n i " ) ;
w r t_ r_mat r i x ( r e l _ e f f i c i e n c y _ i n i , 2 , 2) ;
wrt_r_namevector (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ) ;
wrt_r_namevector (1 , n_lengths ) ;

c lose_r_mat r i x ( ) ;
open_r_matr ix ( " r e l _ e f f i c i e n c y " ) ;

w r t_ r_mat r i x ( r e l _ e f f i c i e n c y , 2 , 2) ;
wrt_r_namevector (1 , n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ) ;
wrt_r_namevector (1 , n_lengths ) ;

c lose_r_mat r i x ( ) ;

o p e n _ r _ l i s t ( " r e l _ e f f i c i e n c y _ c o e f _ e s t " ) ;
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers separa te ly
{

s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
ads t r i ng r e l _ e f f _ c o e f = ads t r i ng ( " r e l _ e f f _ " ) + twodnm ;

wr t_r_complete_vector ( r e l _ e f f _ c o e f , r e l _ e f f i c i e n c y _ c o e f ( i ) ) ;
}
c l o s e _ r _ l i s t ( ) ;
o p e n _ r _ l i s t ( " r e l _ e f f i c i e n c y _ X " ) ;
f o r ( i n t i =1; i <= n _ r e l _ e f f i c i e n c y _ p e n a l t i e s ; i ++)
{

i f ( i <= 9) / / note have to deal w i th one d i g i t and two d i g i t numbers separa te ly
{

s p r i n t f (onednm , "%d " , i ) ;
twodnm = "0 " + onednm ;

}
e lse i f ( i <=99)
{

s p r i n t f ( twodnm , "%d " , i ) ;
}
e lse
{

twodnm = " 0 0 " ;
}
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ads t r i ng r e l _ e f f _ X = ads t r i ng ( " r e l _ e f f _ " ) + twodnm ;
open_r_matr ix ( r e l _e f f _ X ) ;

wr t_ r_mat r i x ( r e l _ e f f i c i e n c y _ X ( i ) , 2 , 2) ;
wrt_r_namevector (1 , n_lengths ) ;
wrt_r_namevector (1 , n _ r e l _ e f f i c i e n c y _ c o e f ( i ) ) ;

c lose_r_mat r i x ( ) ;
}
c l o s e _ r _ l i s t ( ) ;

/ / c lose f i l e
c l o s e _ r _ f i l e ( ) ;
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