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I.1. Intr oduction

The revised Introduction to NONMEM Version VI (2008) accompanies NONMEM VI 2.0. The
appearance of this Mach 2013 edition coincides with the appearance of NONMEM 7.3. The Guide
has been eformatted. No changes hae been made to the content. All Version VI 1.0 bugs identi-
fied as of the date of this document he been fixed. Version VI 2.0 is upwards compatible with 1.0,
1.1, 1.2 and 1.3 Changes to the October 2006 document (which accompanied NONMEM VI 1.® ar
in boldface. These are:

1.5a. Changes to SIZES

1.6a. Updated version of NONMEM Users Guide Il

1.6h Changes to SETUP and CDSETUP6 AT

1.6¢. Changes to NMFE6 and NMFE6.BT

1.6d. Html with hyperlinks

1.6e. nmsee6.for - New version of nmsee

2.1.4. Stieltjes Method is fully implemented

2.1.4a. Further Notes on Stieltjes

2.1.9a. Implementing PRIOR routines

2.1.12a. Elements of ROCM50 may be used in abbiated code
2.1.14. Default Boundary Test is User-selectable

2.2.9. Increase in the number of records

2.2.10. Increase in the maximum number of functionwaluations
2.2.11. Table: PRED, RES, and WRES with NOAPPEND; meritems
2.2.12. Table and Scatter: mag PRED-defined labels

3.5. PREDPP: New Feature: Initial Steady State

3.6. PREDPP: New in SIZES: MAXFCN

4.1.24. NM-TRAN datafiles: LAST20=50

4.1.25. NM-TRAN input files: 160 characters per line
4.1.26. NM-TRAN datafiles: lll-formed files

4.1.27. NM-TRAN datafiles: Blank lines in files (BLANKOK)
4.1.28. NM-TRAN datafiles: Filenames

4.1.29. NM-TRAN datafiles: Tab and "M

4.1.30. $[ATA record: RECORDS option

4.1.31. $PRIOR record

4.1.32. $SESTIM record: NOOMEGABOUNDTEST option
4.1.33. $ESTIM record: MAXEVAL option

4.1.34. $TABLE and $SCATTER: G and H elements
4.1.35. Abbreviated code: PHI

4.1.36. Abbreviated code: ROCM50

4.2.4. SMODEL and $PK: |_SS option (Initial Steady State)
5.4 New Reference: Wang, Y.

Appendix - Changes to Control Record Formats
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This document provides an introduction to NONMEM Version VI, indicating thefeatures and basic
changes from Version.\Perhaps the most important aspects of Version VI, keivere:

1) all Version V bugs identified as of the date of this documerst been fixed,
2) numerous small impvements to Version V he keen made, such as messages,

3) the stability and speed of Version V computationgehaen significantly impneed, and depending on
the model, size of the data set and estimation method, the user should notice this.

4) Version VI is essentially upwards compatible with VersionT¥e formatting of the report file, e
eve, is a ittle different, and there are some minor changes notedvheleections 2.2.5 and 4.1.2 and
4.1.15 and 4.1.23 Model specification files createddrgion V cannot be used with version VI and vice
versa. Therds no single-precision version of NONMEM VI.

5) There is n& a Ingle INCLUDE file named SIZESThis file contains all the constants previously con-
tained in NSIZES, PSIZES, TSIZES and LSIZES. SIZES containsvavagable, MAXIDS, the maxi-
mum number of individuals in a data set. The default value is 1000.

5a) Changes to SIZES

MAXFCN has been mwed from PREDPP code to SIZES and has beenwgin a larger value.

See 1.3.6 belw.

The following have larger values: LVR2, LNP4, LSW1, MAXIDS, PIR, DIMTMP DIMCNS,
DINEW, DIMR YV, DIMPKS.

(See the SIZES Help Item)

6) NONMEM Users Guides I-VIII and NONMEM V Supplement are provided as .pdf files on the NON-
MEM VI CD. With the exception of Guide Il, these .pdf files are searchable. At this time, Guides
and IV-VII have ot been updated for NONMEM VIHowever, Guide VIII, the Help Guide, is fully
updated to reflect changes from NONMEM V to NONMEM VI.

Changes for 2.0 ae marked with "|" in the right margin.

6a) NONMEM Users Guide 11l (Installation) has been updated for NONMEM VI 2.0

6b) Installation utilities SETUP (Unix) and CDSETUPG6.BAT havebeen changed.

SETUP now performs the complete installation on a Unix systemE.g., it makes the NONMEM VI
2.0 directory, copies tar files from the cdrom, and extracts all files from them.Previously, these
steps had to be performed by the userThus, SETUP can be used much [kCDSETUP6.BAT.

Both SETUP and CDSETUPG6.RT havea new argument, "recompile (y/n)", and will detect if the
SIZES file is newer than the binary files. If SIZES is modified after NONMEM has been installed,
or if post-installation changes or patches ar made, SETUP (or CDSETUP6) may be run with
recompile set to y and all binaries will be recompiled. (Peviously, the user had to emove dd
binary files in order to recompile.)

6¢) NONMEM execution tools NMFE6 (Unix) and NMFEG6.BAT have been changed.NM-TRAN
messages (e.g., warnings and other informational messages} aow saved in a file FMSG, and ar
copied to the NONMEM report file as well as being written to the console.

6d) Html with hyperlinks

With NONMEM VI 1.0, ther e is adir ectory html on the NONMEM distribution medium containing
html versions of the NONMEM help items. Wth NONMEM VI 2.0, the html files also include
hyperlinks between help items, and between help items and the NONMEM Users Guide pdf files,
including the present guide.

6e) nmsee6.for

There is a rew version of nmsee, nmsee6rf It is very similar to nmsee5.6r, but with a few new
options and prefixes. It is nav described in on-line help and Guide VIII. All files may be obtained
via ftp from

ftp://ftp.globomaxnm.com/Public/nonmem/nmsee6/
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Note that this utility is provided for the corvenience of the user bt is not supported bylcon
Development Solutions.

7) Updated descriptions of the NONMEM Control Recoainfats are provided in an appendix to this
document.Changes ae in boldface.

NONMEM has three major parts: NONMEM, PREDRRI NM-TRAN. Strictly speaking, "Version V"

refers to the version of NONMEM, where the releases of these parts dfeawd lll, respectrely, and

"Version VI" refers to the arsion of NONMEM, where the releases of these parts are \dnd/1V,
respectiely.

Brief descriptions of neg features and basic changes from NONMEBtsibn V that relate to the NON-

MEM program itself are found in section 2; those that relate to PREDPP are found in section 3; those that
relate to NM-TRAN are found in section 4.

Detailed descriptions may be found in the Help items (NONMEM Users Guide VIII). The Help items
should also be consulted for somavneseful xkamples. Impreements hae been made to marof the

older items, in particular NMPRD5 (auto-correlation). Some terminology has been changed refpfe
items. Whatwere previously referred to as "scaled, transformed parameters” or STRvadesignated

as "unconstrained parameters" or UCP.

[.2. NONMEM

1.2.1. Estimation

1. With the Hybrid Estimation method and an intraindividual mean-variance model (see NONMEM
Users Guide VIl ), the, e-interaction is ne allowed. Thisinteraction applies to the elementsrofor

which conditional estimates are obtained. Simply include the INTER@N option on the SESTIMA-
TION record.

(See the $ESTIMATION Help Item.).

2. With the LAPLACIAN Estimation method and a mean-variance model (see NONMEM Users Guide
VIl ), the p, e-interaction is nw alowed. Inthis case the numerical method for obtaining second patrtial
n-derivatives must be used, and therefore too, a "slow" minimization method will be uSiedply
include the INTERACTION option on the $ESTIMATION record.

(See the Help Item.)

3. Background: Wh the First-Order Estimation method, if the model is not already linegritns first
approximated by a first-order Taylor expansios sboute = 0. Thisapproximate model is then approxi-
mated further by a first-order Taylor expansiomiabouts =0, followed by they, e- interaction term
being dropped. Finallfthe Extended Least Squares Estimation method (1) is used.

Now the interaction term may be retained, resulting in the First-Order Estimation methog avittier-
action. Simplyinclude the INTERATION option on the $ESTIMATION record. The result is generally
not very different from that obtained when the interaction term is drop@etherally a dightly less
biased estimate df is obtained, and when there are systematic inteiohail differences in the magni-
tude of interindividual random variability itself, a slightly less biased estimd®bbtained.
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(See the $SESTIMATION Help Item.)

4. A new population estimation method - called the Stieltjes Estimation metioevailable in NON-

MEM VI 2.0. It is a two-stage methodA population conditional estimation method should be used to
"quickly" obtain firly reliable parameter estimates; this comprises the first stage. Include the
METHOD=CONDITIONAL option on the $ESTIMATION recordThe first-stage estimates are used as
initial estimates in the second stage, wherein another ofgdutiction is minimized to obtain a final set

of parameter estimates. The second stagestakuch more time than the first stage, and the resulting
parameter estimates are at least as good as the first-stage estimates, perhaps thetsgcond stage,
conditional estimates of are not used, but the functions that are minimized to obtain conditional esti-
mates are stillvaluated at mayvalues ofp. Generally though, sufficiently good estimates are obtained
by using conditional estimation methods, werethe First-Order Estimation method, and one needs to use
the Stieltjes Estimation method only with somewhat pathological data designs. Simply also include the
STIELTJES option (along with an optional GRID option) on the $ESTIMATION record.

4a. Further notes on Stieltjes for NONMEM VI 2.0.

A set of tentative population estimates ae first obtained using some 1st- or 2nd-order method speci-
fied on the $SESTIM record in the usual way (However, the Hybrid method cannot be used).At
this first stage, for each individual, a tentatve vdue for the integral (i.e. an area) is obtained.Then
numerical integration is used to obtain second-stage estimates. The integral will be exact in the case
where the intraindividual model is of mean-variance kind and is linear in eta.A default grid on
eta-space is used for numerical integration.

This is a description of heav one might set ones owvn grid. A grid is specified in terms of ellipsoidal
coordinates, with origin at eta=0. With these coordinates, the length of a point P is\gn in fractile
units - the first-stage estimate of the fraction of area enclosing all points with same or less length as
that of P. A direction is specified by m=n-1 angles, whem is the number of (actve) etas. At the
second stage, the fraction of area enclosing all points of length less than rO isaako be identical to
that computed at the first-stage. To obtain the fraction of area enclosing points of length grater
than r0, numerical integration is used. A grid is obtained by first taking the interval [rO,r1] of the
length axis and dividing this intewval into nr equal subintervals. For each such subinteval, there is

a region enclosing all points of length lying in the subinteal. There is yet another region (the tail
region) enclosing all points of length between rl and .9999Vithin each region, the integrand is
evduated at a number of points, distrituted fairly uniformly throughout the region, but with
approximately the same length.The number of points is taken to be (ns**m)*(2**n), whee ns s
some integer Think of ns as the number of points in a single quadrant of a 2-dimensional ellipse in
n-space, and ns**m as the number of points in a orthant of m-dimensional spacg**n is the total
number of orthants. To use a different grid, include the option GRID=(nr,ns,r0,r1) on the $ESTIM
record. Constraints on these numbers a& nr<=100, ns<=9999, 0<rO<rl<l.nr and ns should be
integers. 1fr1>.9999, thee is no @il region. Thepresent default values are: GRID=(3,1,.6,.9).

(See the $SESTIMATION Help Item.)

5. With minimizations that terminate with the message "MINIMTZ@GN SUCCESSFUL" in the report
file, a warning message will mosometimes also be output:

HOWEVER, PROBLEMS OCCURRED WITH THE MINIMIZATION.
REGARD THE RESULTS OF THE ESTIMATION STEP CAREFUY,LAND ACCEPT THEM ONLY
AFTER CHECKING THA THE CO/ARIANCE STEP PRODUCES REASONABLE OUTPUT.

This may happen when e.g. the final gradient vector is too large.
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6. Alongwith the ETABAR statistic, its estimated standard error is/@so output. As with Version V
the corresponding P-value that is output relates to the hypothesis that thaltei®fvVERBAR is O.
With Version VI, this is na a default P-\alue, and one may obtain an altewvet®value. Thisis done by
implementing a subsequent NONMEM problem which simulatesnada¢a set under the model used
with the current problem and obtains parameter estimates for thesdatee along with an EABAR
statistic, and by requesting that thedte corresponding to this statistic relate to the hypothesis that the
true value of EABAR for the subsequent problem is the same as that with the original probles.
provides a type of check on the adequat the data-analytic model (b the necessity to satisfy this
check, like dl such checks, is subjeet). To get this alternatie Pvalue, generate a model specification
file with the original problem, input this file with the subsequent problem, and includewheptien
ETABARCHECK on the $ESTIMATION record of the subsequent problem.

(See the $ESTIMATION and ETABAR Help Items.)

7. With Version V there are situations where the computation GAEAR with a mixture model was not
sensible. No multiple ETABAR vectors are output, one for each subpopulatiéor. each subpopula-
tion, ETABAR is computed wer al individuals who hae keen classified (via a standard Bayesian type
computation) to be in the subpopulatiodue to possible misclassification, the default P-value may not
be reliable, and it is not output. One magweve, use the alternate Pvalue described in point 6.

8. Asimultaneous analysis of bothgtgarcontinuous and odd-type data can be implemented more easily
than can be done with Version WA flag F_FLAG can nav be £t in a NONMEM-PRED common
NMPR17 (via NM-TRAN abbreated code), which directs NONMEM to interpret the value set in Y (in
NM-TRAN abbreiated code) or in F (in a user-supplied PRED or ERROR routine) as being either a "pre-
diction" or a likelihood, on an observation-specific basis.

(See the NMPR17 Help Item.)

9. Afrequeng-prior (2) may be specified for data-analytic purposes, or to simulate paraalats (in

a 9mulation Step).Two NONMEM utility routines help in this gard. NWPRIallows the THER vec-

tor to be constrained by a "normal shaped prior”, and/or the OMEGA matrix to be constrained by an
"inverse-Wshart shaped prior", where both priors are specified by the TBEIRI allows all parameters

to be constrained by a prior that arises automatically from a NONMEM analysis of a prior data set.

(See the PRIOR and NWPRI and TNPRI Help Items and the NWPRI and TNPRI examples.)

9a. Implementing PRIOR routines has been made easier by a new NM-TRAN controkcord,
$PRIOR, which may be used instead of a user-written PRIOR routine.
(See the $PRIOR help item.)

10. WIth an intraindividual mean-variance model (see Guide VII), the conditional likelihood for an obser
vation is "conditioned" on alues of the population parametek&ith Version VI, it may easily be condi-
tioned further; the condition being that the observation is inside or outsidenaoge- or two-sided inter

val. Thisis useful if e.g. blood concentrations bela knovn gquantification limit hee been eliminated
from the data set. In this case one may use a one-sidechlntéttv lower boundary equal to the quantifi-
cation limit. It is assumed that the observations of the mean-variance model are normallytetistrib
With an obseration record simply set the boundaries of the interval, YLO and, iXRe NONMEM-
PRED common NMPR12 (via NM-TRAN abbreviated code).

(See the NMPR12 and ROCM44 Help Items, and the YLO example.)

11. WIth an intraindividual meanariance model (see Guide VII), the possible values of an aigsrv
may be categorized into one- and/or two-sided ialenand the conditional likelihood for an obsgion
may be taken to be the probability that the observation is in the category into which it idlednil.
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Categyorization may be preceded by conditioning as described in point ¢6. dlmbernal boundaries may
be random ariables. lis assumed that the observations of the meaiaivce model are normally distrib-
uted, so that the probabilities for the cpaes are essentially specified by probits. So this featunesallo
a probit analysis of data that might otherwise be handled by a logit analy/#tis.an observation record,
simply set the lower boundarCTLO, and upper boundanCTUP, (and theirn-dervatives) of the
obsered intenal in the NONMEM-PRED commons NMPR13 and NMPR14 (via NM-TRAN abbre
ated code).

(See the NMPR13 and NMPR14 and ROCM45 Help Items.)

12. The individual contributions to the objeetifunction value are mostored in ROCM50 along with the
individual ID values.
(See the ROCM50 Help Item.)

12a. Elements of ROCM50 may be used in abbviated code.
See ROCM50 bela.
(See the ROCM50 Help item and ROCM50 example )

13. There is a e option on the $SESTIMATION record. The objeaifunction value and the gradients
can be calculated after the individual contributiongehleeen sorted from the west to highest absolute
values. In some cases this may decrease rounding errors. Simply include fh@@OR on the $ESTI-
MATION record.

(See the SESTIMATION Help Item.Yhe prototype code for sorting the individual components of the
objective function value and the gradients was provided byMark Sale, Next Leel Solutions, LLC.

14. Default Boundary Test is User-selectable.

With NONMEM VI 1.0, a new test (the Default Boundary Bst) was introduced that can gie rise to
the error message

PARAMETER ESTI MATE IS NEAR | TS BOUNDARY THI S MUST BE ADDRESSED BEFORE
THE COVARI ANCE STEP CAN BE | MPLEMENTED

With NONMEM VI 2.0, this Default Boundary Test is optional for OMEGA, SIGMA, and/or
THETA.

(See the $SESTIMATION Help Item.)

1.2.2. General

1. Thereare a number of e NONMEM read-only commons, some containing particularly usedtit v
ables.

ROCM32: the numbers of the "current" irlual record (NIREC) and data record (NDREC) within the
individual record

ROCMA46: the number of individual records containing at least one observation (NINDR), and the num-
bers of the first (INDR1) and last (INDR2) such individual records

ROCMA48: the total number of data records in the "current” individual record (LIREC)

ROCM49: PRED_, RES_and WRES _, the PRED, RES and WRES data iteitehla at problem-final-
ization (ICALL=3) during ag pass through the data set
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All these variables arevalable via NM-TRAN abbreviated code.
(See the ROCM32 and ROCM46 and ROCM48 and ROCM49 Help Items.)

2. Datarecords are passed sequentially to the PRED routine; heretofeags &lom the first data record

of an individual record to the last record of the individual recaidth Version VI, variables (RPTI,
RPTO, RPTON and PRDFL) in NONMEM-PRED common NMPR10 can be set and/or tested (via NM-
TRAN abbreviated code), thus allimg a subsequence of data records to be repeatedly passed to PRED
multiple times before the next data record following the last record of the subsequence is palssed.
guences can be nested. This "repetition feature" allows e.g. kinetics to be computed bgluiaon
integral. Theuser canxercise control ger which pass through a sequence it is, during which the output
from PRED with a gien data record will be used by NONMEM. This "PRED control" allows e.g. PRED
output with a gien record to irvolve computations wer subsequent, as well as prioecords.

(See the NMPR10 Help Item and the Repetition 1 and Repetition 2 examples.)

3. Themaximum number of subpopulations allowed with a mixture modehisamoinstallation parame-

ter in SIZES. The default value is 4, the maximum number allowed with Versiom¥ still, a &irly

good number to useWith most data sets it is hard to discern more than 4 subpopulations. On the other
hand, a recent paper (3) describes a technique for dealing with discratates with missing alues,

which could greatly increase the required number of mixture subpopulations. (See the SIZES Help Item.)

4. With a mixture model, mixture probabilities can be individual-specific, and so the MIX routine is
called repeatedly - with each indlual. Usefulindividual-specific information for setting the probabili-
ties may be madevailable to MIX by means of the $CONTR recordith Version VI, the data record in
NONMEM read-only common ROCM31 sewto provide an additional way for individual-specific infor
mation to be madevailable (and so ne serves an additional purpose to that of providing a template data
record). Wth each individual, when MIX is called, the first data record of thevidchaial record may be
found in the common. (see Section 4.1.6 and the ROCM31 and $CONTR and $MIX Help Items.)

5. With Version \ when a model specification file (MSF) is input, and the Simulation Step is imple-
mented along with other NONMEM steps, the parametkres used in the simulation (the "tridues"),

as well as the initial parametealues used in conjunction with the other steps, are the final parameter
estimates included in the MSRVith Version VI, more flexibility is gailable with a ne option - TRUE -

on the $SIMULATION record, which allows the old betwa, but this behavior is not the default behav-

ior.

(See the $SIMULATION Help Item.)

6. At problem-finalization, a flag (SKIP_) canwmde st in NONMEM-PRED common NMPR15 (via
NM-TRAN abbreviated code), which permits a problem (with subproblems), or a superproblem ar super
problem iteration to be ended and for NONMEM to continue with th peblem, superproblem or
superproblem iteration, respeei.

(See the NMPR15 Help Item.)

7. Thereare a number of e NONMEM-PREDPP commons, some of which are describeteabof
particular additional interest:
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NMPR16: parameteralues produced during the Simulation Step when a freguaiar (see abee) is
used during that step

8. Thereis a nev step, NONRRAMETRIC. NONMEM obtains either marginal cumubags or mndi-
tional (non-parametric) estimates of etas.

(See the $SNONPARAMETRIC and $SIMULATION and ROCM18 Help items, and the

example.)

9. Increase in the number of records that may be specified

If the number of records in the input data set is not specified in the NONMEM control file, NON-
MEM reads the data set to a NONMEM FINISH record or to end of file. With all previous versions
of NONMEM, the maximum number of records that could be specified in the NONMEM contil
file was 9999.When the NONMEM data set contained moe than 9999 records, NM-TRAN put a
FINISH record at the end (unless the WIDE option of $IBTA was used). A FINISH record can
cause problems, e.gif another program is later used to process the NONMEM data set FATA.
With NONMEM VI 2.0, the maximum number of records that may be specified is 9999999@nly
if the number of records is larger than 99999999 will a FINISH record will be present in FBTA .
(See the FINISH Help Item.)

10. Increase in the maximum number of function ealuations

Previously, the maximum number of function ezaluations that could be specified for the the Estima-
tion Step was 9999.Now, the maximum is 999999991t may still be useful to specify a smaller num-
ber of function evaluations and use a Model Specification File to continue the Estimation step in a
later run, but is it not necessary.

11. Table: PRED, RES, and WRES with NOAPPEND; mag items

When the NOAPPEND option of a $TABLE record is used, PRED, RES, and WRES may be listed
anywhere in a table and will appear whek they are listed. Previously, they could listed anywhee in
the table but would appear in the NONMEM table only as the final items (unless NOAPPEND was
specified, in which case they would not appear at all).

When the NOAPPEND option of a $TABLE record is used, up to 54 items can be output in a table
file. Otherwise,the limit is 50. Previously, these limits wee 24 and 20, respectiely.

12. Table and Scatter: moe PRED-defined labels
Up to 50 distinct PRED-defined items may be displad in all tables and scatters combinedPrew-
ously, the limit was 20.

I.3. PREDPP

1. Thereis a nev feature: modelvent times. These are additional PK parameters MTIME(i) defined in
the PK routine or $PK blockA model e/ent time, like an d@sorption lag time, defines a time to which the
system is advanced, but whose value usually cannot benkimadwance. Wherthe time is reached,
certain indicator variables are set and a call to PK is mAt¢his call PK, DES, AES and ERROR can
use the indicator variables to change some aspect of the system, e.g., a terfeiardiaifequation, or
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the rate of an infusionThus, a modelwent time can be used e.g. to mark the time at which the gall blad-
der begins to emptyA model @ent time could be implemented by using an absorption lag time, and this
is what has been done untilmobut doing this is somewhat clumsy{here may be up to PCT model
event times, where PCT is aweénstallation parameter defined in SIZES. Its default value is 30.

(See the MTIME and $PK and PRDPK1 and PRDPK2 Help Items and the MODEL TIME Example)

2. Thereis a nev variable A_OFLG - the "compartment initialization flag" - in avrRREDPP read-only
common PRCMC. Whenevent records are passed to routine PK, PREDPP sets A OFLG to 1 with the
first event record of an individual record or withyareset record, and to 0 with all other recortlghen
A_OFLG=1, compartment amountsviealeen initialized to zero, i.e. the state vector A (and-tkerva-

tives) has been set to zero, but PK may reinitialize the compartment amounts to nonzero values by reset-
ting the state vector (and isderivatives) to such values (in awd’REDPP-PK common PRDPK3).

(See the $PK and PROCMC and PRDPK3 and CARIMENT INITIALIZATION BLOCK Help
Items.)

A_OFLG is a reserved variable in $PKee section 4.2 belofor further discussion as to\wdo initialize
compartment amounts.

3. With the PK routine, the compartment amounts (and theierivatives) may be found in PREDPP
read-only common PBRCM4. Thesare the latest computed compartment amounts. That ysathehe
amounts at the previouseant time, or if at a later time (but before theat time for which it may be that

PK is being called) a lagged or additional dosesgven, or a regular infusion was terminated, or an
event occurred at a modeledant time, then thgare the amounts at the latest such tifew, with Ver-

sion VI, there is a ve PREDPP read-only common PROCM9 in which the time at which these compart-
ment amounts are in fact computed may be found.

(See the PROCM4 and PROCM?9 Help Items.)

4. Whenthe value of the compartment data item (CMT) is n+1, where n is the total number of compart-
ments in the kinetic system, the data item designates the (special additional) output comp#yithent.
Version VI, this can also be done with the value 100, which is useful when n changes from run to run.

(See the CMT Help Item.)

5. PREDPP: New Feature: Initial Steady State

With NONMEM VI 2.0, PREDPP may be requested to compute steady state as the initial condition
for a model . This featur is for use with general non-linear models (ADANG6, ADVANS,
ADVAND9), when endogenous doseseapresent in the differential equations. Previously, the only
way to do this was by using a dosevent record having SS>0, AMT=0, RAE=0. With this feature,
the initial condition is computed prior to the first event record (and after a reset &ent record)
exactly as if such a dose record werpresent. It is not necessary to include the a doseaord or,
indeed, to define the data item SS, AMT or RRE. There is a rew common PRDPKA4.

(See the PRDPK4 and AMAN6 ADVANS8 and ADVAN9 and $SMODEL Help Items.)

6. PREDPP: New in SIZES: MAXFCN.

Routines ADVANG6, ADVANS8, ADVANY, and SS6 use a variable MAXFCN to specify the maximum
number of calls to FCN1 (ADVANG6, ADVANS, SS6) or RES(ADVAN9) during an integration
interval. Previously, this variable was set to 100000 in theoutines themselves, and the user could
supply a larger value by setting IMAX in PRCOMG (e.g, by using verbatim code in the $PK
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block). Now, MAXFCN is set in SIZES, and is gren a larger value 1000000. If anwen larger value

is desired, SIZES may be changed and PREDPP recompiled, or IMAX in PRCOMG may be set to
the larger value using verbatim code.

Old verbatim code that changes IMAX will work as it did with previous releases, but, if IMAX is
being set to 1000000, the verbatim code is no longer needed.

(See the SIZES and PRCOMG Help Items.)

I.4. NM-TRAN

1.4.1. General

1. The IGNORE option on the $DA record has beerxpanded so that grdata record will be dropped
when the values of one or more data items meet certain user-specified criteria, \aEICCER T option

has been introduced so thayatata records will be dropped unless the values of one or more data items
meet certain user-specified criteria.

(See the $BTA Help Item.)

2. With Version V the optionTRANSLATE=( TI ME/ 24) (or TRANSLATE=( 11/ 24)) on the $DATA
record results in the TIME (or IlI) data items in units of hours beingect@md to data items in units of
days, with tvo figures to the right of the decimal point being retainétith version VI, this option results
in three figures to the right of the decimal point being retained, as does the OBRANG-
LATE=( Tl ME/ 24. 000) (or  TRANSLATE=(11/24.000)). The option  TRANS-
LATE=( Tl ME/ 24. 00) (or TRANSLATE=(11/24. 00) ) results in tvo figures to the right of the deci-
mal point being retained.

(See the $BTA Help Item.)

3. With Version V the DO WHILE construction is aleed in an initialization/finalization block, and
when this is used in conjunction with direct calls to the NONMEM utility routine PASS, passes through
the data set may be implemented during problem initialization/finalizatimw a new DO WHILE
(DATA) construction is allowed, which automatically and transparently manages the calls to PASS.

(See the ABBREVIATED CODE and PASS Help Items.)

4. With Version V a andom variable defined in an abbreviated code fowengoutine must be com-
pletely defined with each data record that is passed to the routine. NM-TRA&Supports recurse
definition of random variables in $PRED, $PK and $ERROR blocks. Examples of velgudsfined
random variables aregn in the following fragments of code.

Example 1 - random variable retains value from previous data record.

This example illustrates oone can use abbreviated code when WT is included only on some (e.g. the
first) data records of an individual recor@Of course, this can lead to problems witlvaieping plots
involving WT.) Here K is defined in terms of ETA(1), and so it is a random variable.

| F (WI. GT.0) THEN
K=THETA( 1) *WI™* EXP( ETA(1))
ELSE
K=K
ENDI F
Example 2 - bolus dose at time 0
This example illustrates Woone can use abbreviated code to implement reauignetics in $PRED
assuming that TIME is the elapsed time since the previous data record.
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K=THETA( 1) * EXP( ETA( 1))

| F (TIME. EQ 0) OLDA=AMI

A=CLDA* EXP( - K* Tl ME)

OLDA=A
Example 3 - multiple bolus doses
This example further illustrates Wwoone can use abbreviated code to implement ragulgnetics in
$PRED assuming that TIME is the elapsed time since the previous data record.

K=THETA( 1) * EXP( ETA( 1) )
| F (TIME. EQ 0) THEN
A=AMT
ELSE
A=A* EXP( - K* TI VE) +AMT
ENDI F

5. Thevariables mentioned in sections 2 and 3: F_FLAG, YLO, YOR.O, CTUR NIREC, NDREC,
NINDR, INDR1, INDR2, LREC, PRED_, RES_, WRES_, RPTI, RRRPTON, PRDFL, and SKIP_
are all aailable with abbreviated code, as described in those sections.

6. Othervariables that ne may be used (as right-hand quantities) in abbreviated code are:

NEWL2 (from common ROCML17)
TEMPLT(n) (fromcommon ROCM31)

The TEMPLT(n) variables refer to the items of the template data redby. may be used in dataver-

age blocks (ICALL=6) and $MIX blocksThe items of the template record may be referred to by position
or by label, e.g., TEMPLT(1) or TEMPLT(ID).

(See ROCM17 and ROCM31 Help Items.)

7. With Version VI, the variables S1SC and S2SC of NONMEM read-only common ROCM14 are no
longer recognized in initialization/finalization blocks; rathiee variables SINUM and S2NUM are used.
(See ROCM14 and $SUPER Help Items.)

8. Userwritten functions FUNCA, FUNCB and FUNCC (called ahtiméed functions) may mo be wsed

as right-hand quantities in abbreviated codes. Such a function may depemggirmeras which may be
random variables, in which case the function too becomes a rarad@hle. Elementsf vectors (VEC-

TRA(n), VECTRB(n), VECTRC(n)) may be defined as left-side quantities in albbed code.A vector

may be used as an argument to an abbreviated function. The code for the function itself must be written
by the user in FORTRAN.

(See the ABBREVIATED FUNCTION Help Item.)

9. Thefunctions TAN, ASIN (arcsin), ACOS (arccosine)]AN (arctangent) may nobe wsed in abbre-
viated code. The INT function may alsowbe wsed. Wherthis function is used outside a simulation
block, INT of a random variable isgaded as a non-random variable.

10. TheNONMEM utility routine RANDOM may nw be wsed in initialization/finalization blocks.

11. The value of the RECORDS option of theA¥B record may ne be a hbel (appearing in the $INPT

record) of a data item type. In particylarmay be 1D (alternatiely, IR, INDREC, or aw initial substring

of length 3 or more of INDIVIDBWLRECORD). With this value NM-TRAN understands the data
records for the problem to start with the first data record of the NM-TRAN data set (from the place where
the NM-TRAN data set is positioned before data records are read; see the NOREWIND option) and to
include all data records in the series of contiguous data records that dotlohaving the same value of

the data item as does the first record. It counts the number of these data records (minus comment or
dropped records) and puts this number in the NONMEM control file, so that these data records (or NM-
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TRAN-modified versions of them) become the data records used in the problem.
(See the $BTA Help Item.)

There are tw dbvious applications. First, during a checkout phase, one might te see only the pre-
dictions for the first individual record, and therefore, use a data set comprised only of the data records
therein. WherRECORDS=ID is used, one need not count these data records. Second, oneamtight w
analyze each subjesttata independently of the others. One way this can be done is by creating a single
control stream with as mgmproblems as there are in@tiual records in the data, and including one each

of the following series of $BT'A records in the series of problem specifications:

$DATA fil ename RECS=n1l

$DATA fil enane RECS=n2 NOREW ND
$DATA fil enane RECS=n3 NOREW ND
etc.

where "nk" is the number of records in the kth individual rectirdiould be necessary to count theaet
number of records. Ng these records can simply be coded

$DATA fil ename RECS=I D

$DATA fil ename RECS=I D NOREW ND
$DATA fil ename RECS=I D NOREW ND
etc.

(See $IATA Help Item.)

12. With the INCLUDE record, the filename maynnioe followed by an integer n, whose defadlue is
1. ThenNM-TRAN reads n copies of the named file.

If in the example abe, where the problem specification for all subjects after the first are completely
identical, a compact ay of writing the control stream is possible. The control stream would contain the
problem specification for the first indlual, including the $SUBROUTINES record, abbreviated code,
and the $IATA record for the first subject, and would end with (if there are e.g. 12 subjects in all)

I NCLUDE ctlfile2 11

The file ctlfile2 would contain one problem specification for one subject, with no $SUBRIES
record or abbreviated code, but would include

$DATA fil ename RECS=I D NOREW ND
(See INCLUDE Help Item.)

13. The INTERACTION option may nw be wed on the $ESTIMAON record along with
METHOD=HYBRID, or METHOD=CONDITIONAL, LAPLACIAN, or METHOD=ZERO. The
ETABARCHECK option may be used on the $SESTIMATION record. (see section 1.2.1).

(See SESTIMATION Help Item.)

14. TheTRUE option may be used on the $SIMULATION record (see section 2.2
and the $SIMULATION Help Item).

15. With Version Ywhen the data are single-subject and the L2 data item is defined, NM-TRAN creates
new data items and labels them .IDNow the ID data item is tan to be the L2 data item, andangdD.

items are not createdlhe ID item may be defined, but then it is not in turn identified to NONMEM as
such. Thdabels L2 and ID (if defined) may be used in abbreviated code, and tlyaefiéreto the corre-
sponding items of the data record, as specified in the $INPUT record.

(See the L2 Help Item.)
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However, if, as preiously, the user uses the label L1 instead of the label ID, or uses the label L1 as a syn-
onym with the ID label, then NM-TRAN does not change the designation: For NONMEM, the items
labeled L1 are taken to be the ID data items.

(See the ID and L2 Help Items.

16. OMEGAC(i,j) and SIGMAC(i,j), where the subscripts i and j are geteconstants, can wdbe wsed as
right-hand quantities in $PRED, $PK, $EBR and $INFN abbreviated codes For example, when
PREDPP is used with a slope-intercept residual error model, the computation of individual weighted
residuals (with Faluated aty=0) could be done as follows:

$ERROR
Y=F+EPS( 1) +F* EPS( 2)
| F (COVACT. EQ 1) THEN
STD=SQRT( SI GVA(1) +F**2* S| GVA( 2))
| WRES=( DV- F) / STD
ENDI F
When the tw subscripts i and j are the same, only one subscript is neddel OMEGA and SIGMA
elements may be listed in WRITE and PRINT statements in initialization and finalization blocks.
(See the ROCM22 and INITIALIZATION-FINALIZATION BLOCK and WRITE/PRINT Help Items.)

17. SETHET(i,j),SEOMEG(i,j) and SESIGM(i,j), where the subscripts aregeteonstants, can wde

listed in WRITE or PRINT statements in finalization blocks. These are elements of the estimated stan-
dard error arrays for the final estimates of THETA, OMEGA and SIGMA.

(See ROCM7 Help Item.)

18. Eachof the array names THETA, OMEGA, SIGMA, SETHESEOMEG, SESIGM, and EX -
without subscripts, may be listed in a WRITE or PRINT statement, and then the entire array is written.
With a WRITE statement, the format should either be omitted or be "*"; NM-TRAN creates a suitable
format. E.g.gither of

WRI TE (99) THETA, SETHET
WRI TE (99, *) THETA, SETHET

may be usedln such a statement, only arrays may be listed, and only if these arrays share the same
dimensions. Tharray names THEY and ETA may be listed within anblock of abbreviated code in

which the elements of these arrays may appear on the right (e.g. $PRED and $TRENYray names
OMEGA and SIGMA may be listed within gninitialization/finalization block. The array names
SETHET, SEOMEG and SESIGM may be listed withinydmalization block.

With arrays OMEGA, SEOMEG, SIGMA and SESIGM, the option (BLOCK) or B)Anust be given
to indicate if the full array or just the diagonal elements are to be written. If the (BLOCK) option is used,
the array is displayed in full symmetric form. E.g.,

|F (1 CALL. EQ 3) WRI TE (99) OVEGA( BLOCK)

may be used.
(See the ROCM7 and ROCM22 and INITIALIZFON-FINALIZATION BLOCK and WRITE/PRINT
Help Items.)

19. Characteconstants may be included in WRITE and PRINT statements in abbreviated code. E.g.
PRI NT *, ' CLEARANCE EQUALS: ', CLE
(See the WRITE/PRINT "Help Item

20. Thestatements OPEN(u), CLOSE(u), REWIND(u), where u is a I/O logical unit nu@benav
usable in abbreviated codes. The unit number must be ajelintenstant between 40 and 9®.file
name may be included with the OPEN statement, i.e. OPEN(u,FILE=filen&viit) OPEN and CLOSE,
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the NONMEM utility routine FILES is automatically called.

(See the Abbreviated Code and FILES Help Items.)

21. Copying blocks of abbreviated code begin with tests of the reserved variable CQM#&©IMows:
I|F (COVACT.EQ ...) THEN
ENDI F
Unlike with Version V n-derivatives ae no longer computed in a gopg block. COM(i) variables that
are used on the left in a copying block are referred to as "expligé"vasiables. Thg are automatically
stored in the SAVE region (a subien of the reserved region of common NMPRD4). When COM(i)
variables are defined in a copying block, the reserved region of common NMPRD4 must be explicitly set

up with the use of the COMRES option on the $ABBREV recautlie COMSA option need not be
used.

Variables other than COM(i) variables may be used on the left inyangpblock, and thegare referred to

as "implicit" save variables. Theseay not be defined along with COM(ianables. Implicitsave vari-
ables too are automatically stored in thevEAregion, and in this case, a reserved region of common
NMPRD4 is automatically created; neither the COMRES nor COWISptions can be used on the
$ABBREYV record. Use of implicit s variables can obviate the need for a SABBREYV record.

(See the COM COMACT COMSACOMRES Help Item.)

22. Anew NM-TRAN record concerns the computation oivrdata aerages. Heretoforeg data item
occurring in the data record after th¥ Data item was not used in template matchiNgw, by default it
is. If a data item is to be excluded from template matching, the label orwynfam this item should be
included in the n& record - SOMIT E.g.

$SOM T TIME

As always, data items required by NONMEM are automaticalgleed from template matchinghe
label of such an item may be included in the $OMIT record, but this is unnecessary.

(See the $OMIT Help Item.)

23. With Version V the OTHER option on the $SUBRJTINES record could be used at most three
times. Nav it can be used at most forty times.

24. NM-TRAN datafiles: LAST20=50
With NONMEM VI 1.0, a change was made to constant LAST20 in NM-TRAN ABLOCK. Prew-
ously, it had the value -1. Two-digit dates were assumed to be in the 19068. Now, the default value
is 50. Two digit years are interpreted by default as follows:

00-50 = 2000-2050

51-99 = 1951-1999
(See the $BTA Help Item.)

25. NM-TRAN input files: 160 characters per line
With NONMEM VI 1.0, a change was made to NM-TRAN. Previously, it read only 80 characters
per line of the NM-TRAN control stream. Thiscould lead to errors when the NM-TRAN control

14



Introduction to Version VI

stream contained moe than 80 characters in a line. Nw, it reads 160 characters per line. Hoever,
generated code (including that generatedf lines of verbatim code) still contains 72 characters per
line.

NONMEM VI 2.0 Changes

26. NM-TRAN datafiles - lll-formed files

It is possible to create a file whose last line contains non-blank characters, but which does not end
with carriage return/line feed characters (orin the Unix ervironment, a newline character). This
can be done using some editors (e.g., Wordpad, Notepad, Siffice). Sucha line is referred to here
as an ill-formed line. What happens when an ill-formed line is read by thedftran I/O library r ou-
tines is not specified by the Fortran 77 standard. Compilers differHere are a few examples.

(1) gfortran - GNU Fortran 95 compile on Linux. f90: WorkShop Compilers 5.0 98/12/21 FOR-
TRAN 90 2.0 on Solaris.

These compilers tale the correct action: the characters on the last line & read normally, and the
subsequent ead command gets an End-of-file indication. In effect, the Fortran 1/O routines hee
inserted the missing newline.

(2) g77 - GNU fortran for W indows. f77:WorkShop Compilers 5.0 98/12/15 FORTRAN 77 5.0 on
Solaris.

An End-of-file occurs when the last line is read, but the characters on the last lineeagctually read
prior to the end-of-file condition occurring.

(3) It is possible that some compilers might ign@ the characters on the ill-formed line entiely, and
produce an EOF condition without first transferring any data. It is not known if there are any such
compilers.

With compilers such as (2) and (3), and all gnvious versions of NM-TRAN, the characters on the
last line are ignored. A data file that ends with an ill-formed line will, in effect, contain one line
fewer than expected. If a control file ends with an ill-drmed line, any task or options specified on
that line will not be performed.

NM-TRAN has been modified so that, with compilers such as (2), it modetects when non-blank
characters are read prior to an EOF, and generates an error message 589 (for a control or include
file) or 590 (for a data file). The user should repair the file.

Note that with compilers (1), NM-TRAN continues to work coriectly. It will see the last line, as
before, and will not produce an error message.

27. NM-TRAN datafiles - Blank lines in files (BLANKOK)

Blank lines in the NM-TRAN data set ae no longer permitted by NM-TRAN. A new option of the
$DATA record, BLANKOK, restores the previous behavior.

(See the $BTA Help Item.)

28. NM-TRAN datafiles - Filenames

Filenames on NM-TRAN control records may nev contain embedded spaces if the file is opened by
NM-TRAN (rather than NONMEM). Filenames are now restricted to the number of characters
that can be used by NM-TRAN (80) or NONMEM (71). Previously, enmbedded spaces wernot per-
mitted, and file names larger than the maximum would be truncated.

(See the $BTA Help Item.)
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29. NM-TRAN datafiles - Tab and "M
Previously, NMTRAN did not allow a character in the control stream or the input data set that is
less than the space character in the computer'mllating sequence ("lav-value character"). In par-
ticular, this meant that tab (ASCII 011) and carriage eturn (ASCIl 015) characters wee not per-
mitted. (An exception is a data setdr which a FORTRAN format specification is provided on the
$DATA record; NMTRAN did not detect low-value characters. The result is platirm-dependent,
i.e., it depends on the action taken by the Fortran library 1/O subroutines.)
Tab characters can arise with text editors that see tab as an explicit characterrather than expand-
ing it to spaces. They ag dso present in data that is cut and pasted éim Excel to an ASCII file, or
saved directly from Excel to "Text (tab delimited)" format. (Previously, only the CSV (comma
delimited)format was acceptable to NM-TRAN.) Carriage eturn is typically seen as ""M" at end
of lines when a file is copied from MS-DOS to Unix with ftgs binary option or as an email attach-
ment.
Now, NMTRAN will permit such characters, as follows:
1) In the NMTRAN control stream, all such characters ae converted to spaces, with the exception
of verbatim code, which is left as-is.
2) When NMTRAN is reformatting the input data set (i.e., thee is no brmat specification), they ae
treated as field delimiters, exactly the same as a comma.

E.g., let T stand for the tab character.

"1T2" and "1,2"areread as "1 2

"1TT2"and "1,,2"ar ereadas "1 0 2
3) When there is a brmat specification for the input data set, NMTRAN attempts to detect la-
value characters and wan the user Low-value characters at the end of a line of data arignored,
unless the line is otherwise blank. This too is platform dependent.
Thanks to Steve Shafer for suggesting these changes. TheyVmbeen tested on Solaris, Linux, and
MS-DOS, on ASCII computers. It is expected that they will work the same on EBCDIC computers.
However,the user should check carefully what happens on a particular platform befe including
tabs in files for NMTRAN.
(See the $BTA Help Item.)

30. $DATA record (RECORDS option)

A change has been made to option RECORDS=n of the 8DA record. The value of n may nav be
as large as 99999999Previously, n could not be larger than 9999. Note that if the RECORDS=n
option is omitted, NM-TRAN reads the file to end-of-file, which with past versions was the only way
that a files could hare more than 9999 ecords. Nav, this may be specified explicitly.

31. $PRIOR record (Newfeature)
A new NM-TRAN record $PRIOR may be used instead of a user-written PRIOR subroutine.
(See the $PRIOR Help Item.)

32. SESTIMATION record: NOOMEGABOUND, etc.

There ae new options THETABOUNDTEST, OMEGABOUNDTEST, SIGMABOUNDTEST, as
well as NOTHETABOUNDTEST, NOOMEGABOUNDTEST, NOSIGMABOUNDTEST.

(See the $SESTIMATION Help Item.)

33. $ESTIMATION record
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The MAXEVALS option may now be as brge as 99999999Previously, the largest value permitted
was 9999.

34. $TABLE and $SCATTER: G and H elements
Elements of G and H can be displayed in $TABLE and $SCAER without the use of \erbatim
code. E.g,
$TABLE Gl1 &1 G31 H11l H21
(See the $TABLE and $SCATTER Help Items.)

35. Abbreviated code: PHI

The NONMEM utility function PHI may be used in all blocks of abreviated code. The agument
may be a random variable.

(See the PHI and Abbeviated Function Example Help Items.)

36. Abbreviated code: ROCM50

Arrays CNTID and IIDX from ROCM50 may be used on the right in abbreviated code in
$ERROR, $INFN, $PK, and $PRED blocks. When used in a WRITE statement, "lIDX,CNTID"
may be specified. Pairs of values ae written, one pair per line, one pair for each individual
record.

CAUTION:

With NONMEM VI 2.0, do not define common ROCM50 in verbatim code. Verbatim code will no
longer access ROCM50 correctly.

(See the ROCM50 example Help Item.)

1.4.2. PREDPPrelated

1. Thevariable A_OFLG is a n& resered variable in $PK abbveated code, which may be tested as a
right-hand quantity (see section 3). When A_OFLG=1, compartment amounts may be initialized:

|F (A OFLG EQ 1) THEN
conpartnent initialization block
ENDI F

A_0(i) also is nav a resered \ariable which may be used as a left-hand quantity in a compartment initial-
ization block. Specifically A_0(i) is the compartment initialization value of A(i), i.e., the value to which
the ith compartment amount is to be set when A_OFLGXINITIAL(i) is a synonym for A_0O(i). The
above is referred to as an explicit use of A_OFLG. There may be implicit uses.

(See the COMPARTMENT INITIALIZATION BLOCK Help Item.)

2. Variables A(n) may ne be wsed as right-hand quantities in $PK abbreviated code, wherele¢hete

the latest computed compartment amouriisat is, the A(n) are the amounts at the previaeatdime,

or if at a later time (but before theeat time for which it may be that PK is being called) a lagged or
additional dose was\gn, or a regular infusion was terminated, or seneoccurred at a modeledent
time, then the A(n) are the amounts at the latest such fine.time at which the A(n) are in fact com-
puted is found in the variable TATE (from PREDPP read-only common BRM9), also a right-hand
quantity in $PK.
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If ETA variables and A(n) variables are used in $PK abaired code, then rSOMEGA records refer

ring to these EA variables should precede the $PK record, or if an $MSFI record is used, this record
should precede the $PK record and include the option NPOP=m, where m is the number of population
ETA variables.

(See the $PK and PROCM9 Help Items.)

3. A nevw NM-TRAN record, $INFN, allows abbreviated code to substitute for user-writterT RABR
code. NM-TRANgenerates the FORTRAN INFN routine (there is also an NM-TRAN Library INFN rou-
tine). Inan $INFN block, ICALL may be tested for initialization/finalization values 0, 1 and 3:
IF (1 CALL. EQ 0) THEN

run initialization bl ock
ENDI F

IF (ICALL.EQ.1) THEN
problem initialization block ENDIF

IF (ICALL.EQ.3) THEN
problem finalization block ENDIF
ICALL may naw aso be tested for these values in $PK and $8Rmlocks, in which case the run ini-

tialization, problem initialization, or problem finalization block isve to an NFN routine. (See
$INFN and INITIALIZATION-FINALIZATION BLOCK Help Items.)

4. $SMODEL and $PK: |_SS (Initial Steady State feature)

With NONMEM VI 2.0, the $SMODEL record has a new option, |_SS. The$PK block has a new
reserved variable, |_SS.

See 1.3.5 abuee.

(See the PRDPK4 and $MODEL and $PK Help ltems.)
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Appendix I. Control Record Formats

Records marked with * may be continued.
The record name, e.g., "INDX", is not repeated on continuation(s).

FILE record

Field No. Value

1 NULL
72 chars

SUPER record

Field No. Value
1 1-9999
2 2-9999
3 0

1

PROBLEM record

Field No. Value
1 72 chars
DATA record
Field No. Value
1 01
2 Oor blank
1
-1
3 Oor blank
1
4 0
1-9999
5 1-PD
6 0
1
7 0-9999

EILE) (A4,4X,A72)

Function
no file stream
name of file stream

SUPR) (A4,4X,14,18,14)

Function

Numbenof problems in the superproblem

Numbenf iterations of the superproblem.

Input information will be printed for first problem only
Input information will be printed for all problems

PROB) (A4,4X,A72)

Function
problenneading

DATA) (A4,4X,1814)

Function

SimulationREWIND(1) or NOREWIND(0O) from SIM record
data set is embedded in the control stream

data set is in a separate file

re-usahe data set from the previous problem.
FORTRAN unit not to bewsund

FORTRAN unit to be neound

data set to be read to FINISH record or end of file
noof data records (low-order digits)

no.of data items per data record

ot data checkout

data checkout only

no.of data records (high-order digits)

The no. of data records is Field 6 * 10000 + Field 3.
When Field 6 is 0 or blank, this is simply Field 3
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ITEM record
Field No. Value
1 O-PD
2 1-PD
3 O-PD
4 O-PD
5 0

1
6 0

1
7 O-PD
8 O-PD
9 O-PD
10 0-PD
11 0-50
12 0-PD
13 0-PD
14 0-PD
15 0-PD

INDEX record
Field No. Value

1 1-PD
2 1-PD
etc.

XVID record

Field No. Value
1 1-PD
2 1-PD
3 1-PD
4 1-PD
5 1-PD

(TEM (A4,4X,18l4)

Function

inde of ID data item

inde of DV data item

index of MDV data item

no.of data item indices in INDXS

o user-supplied labels.

user-supplied labels.

dandard labels PRED,RES and WRES used.
nonstandard labels used.

index of L2 data item

inde of first data item specified in CONTR record
inde of second data item specified in CONTR record
index of third data item specified in CONTR record
no. of user-supplied labels for tables, scatters
index of MRG_ data item

index of RAW _ data item

no. of items on OMIT record

index of RPT _ data item

( NDX)* (A4,4X,1814)

Function
1stelement of INDXS
2ndelement of INDXS

(XVI D) (A4,4X,1814)

Function
XVID1
XVID2
XVID3
XVID4
XVID5
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LABEL record LABL)*

The LABL item contains a comma delimited list of labels, beginning at position 9, 3 items pewéine, o
an unlimited number of linesThe first line contains the item LABL in column 1, and subsequent lines

have Hanks in positions 1-4.

LABL I D, JI D,
CONC, DOCSE,
EVI D, MDV,

The order is as follows:

Field No. ltem

1 labelof 1st data item

2: labelof 2nd data item

m: labelof last data item

m+1: labelfor PRED (if ITEM(6)=1)

m+2: labelfor RES (if ITEM(6)=1)

m+3: labelfor WRES (if ITEM(6)=1)

m+p+1: labefor 1st variable in NMPRD4t

m+p+2: labefor 2nd variable in NMPRDA4t , etc.

m+p+qQ: labefor last displayed variable in NMPRD4

Note

m=no. of data items per data recAlA(4)

p=3 if non-standard labels for PRED, RES, WRES (ITEM(6)=1)
p=0 otherwise

g=no. of user supplied labels for tables, scatters=ITEM(11)

t Blank if this variable is not displayed

TI ME
RATE
cMr

app 3



Introduction to Version VI

STRUCTURE record for LBW1  LBW)

The LBW1 item contains a comma delimited list of labels for the additional weighted residual type
parameters, starting at position 6 in each line

LBWL | WRS, | PRD, | RS
NPRED, NRES, NV\RES
NI WRES, NI PRED, NI RES
CPRED, CRES, CV\RES
Cl VRES, CI PRED, Cl RES
PREDI , RESI , WVRESI
| WVRESI , | PREDI , | RESI
CPREDI , CRESI , C\RESI
Cl \RESI , Cl PREDI , Cl RESI
EPRED, ERES, EVRES
El WRES, El PRED, El RES
NPDE, ECVRES, NPD
oBJ|

STRUCTURE record forTHT (LTHT)
STRUCTURE record for LEA (LETA)
STRUCTURE record for LEPS  LEPS)

Any symbolic labels for THETAS, EAS, and Epsilons defined in ABBR REPLACE records are placed
on the following records, starting in position 9:

LTHT  1=THETA(CL), 2=THETA( V)
LETA  1=ETA(CL), 3=ETA(V)
LEPS  1=EPS(Q

OMIT record OM T)* (A4,4X,1814)

Field No. Value Function

1 4chars noof 1st data item omitted from template matching

2 4chars noof 2nd data item omitted from template matching
etc.

FORMAT record EORM (A4,4X,A72/A80)

Field No. Value Function

1 80 chars formaspecification

(field begins on first continuation record)
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FIND record
Field No. Value Function
1 0
2 0
3 0
1
4 0
1
5 0
1
6 o1

EIND) (A4,4X,1814)

No Model specification file (MSFI)

A Model specification file (MSFI) is to be read.
estimate on file not to be rescaled.

estimate on file to be rescaled.

No ONLYREAD option

ONLYREAD option

1=NOMSFTEST

STRUCTURE record for MSFV ~ MSFV)

Right after the FIND record for MSFI, if itxests, the MSFV (NM74) contains the MSFI filergion,

starting at position 9:

MSFV  7.2.0

STRUCTURE record for EX
STRUCTURE record for PHI

With FILE specified:

Line FieldNo.
1 1
2 1
3 1
With no FILE specified:
Line FieldNo.
1 1

(ETA) (A4,14,A)

RHI ) (A4,14,A)
Value Function
0 Oindicates file name is to bevgh (FILE)
dpha FORMA

-1-INTBIG TBLN

Value Function
LINTBIG numberof etas or phis listed starting at
position 9, on each line, comma-delimited.
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initial STRUCTURE record

Field No.

OO, WNPRE

\‘

Value
0-999
0-999
0-999
blank
blank

Oor blank
1

Oor blank
1-999

§TRC) (A4,4X,1814)

Function

lengthof THETA
dimensiorof OMEGA
dimensiorof SIGMA

OMEGA constrained with a block set partition
OMEGA constrained to be diagonal

only if field 6 has value 1

numbeof block sets for OMEGA

If the dimension of SIGMA is 0, the following fields may be ignored.

8

9

10
11
12
13

14

Oor blank
1

Oor blank
1-999

blank
blank

Oor blank
1

Oor blank
1

Oor blank
1

SIGMA constrained with a block set partition
S GMA constrained to be diagonal

SIGMA only if field 8 has value 1

numbeof block sets for SIGMA

default THEA boundary test

No default THET boundary test
default OMEGA boundary test
No default OMEGA boundary test
default SIGMA boundary test

No default SIGMA boundary test

STRUCTURE record for OMEGA STRO)* (A4,4X,1814)
STRUCTURE record for SIGMA  STRO)* (A4,4X,1814)

Field No.
1

2
3
4

Value
1-999
1-999
1-999
1-999

Function

sizeof 1st. block set

dimensiorof blocks in 1st. block set
sizeof 2nd. block set

dimensiorof blocks in 2nd. block set
etc.
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THETA CONSTRAINT record ~ THCN) (A4,4X,1814)

Field No. Value Function
1 Oor blank THET unconstrained
1 THETA constrained
2 Oor blank use default size of initial. est. search
1-9999 noof points to be examined during initial est. search.
3 Oor blank ABOR if PRED sets error return code to 1 during search
1 NOABORT - Ignore PRED error return code during search
2 NOABORTFIRST - Same ven with first values.
THETA record THTA)* (A4,4X,comma-delimitedist)
Field No. Value Function
1 initial est. ofg;
(blank if NONMEM is to obtain the inital est.)
2 initial est. ofg,
(blank if NONMEM is to obtain the inital est.)
etc.
LOWER BOUND record (OAR)* (A4,4X,(comma-delimitedist))
Field No. Value Function
1 lower bound foB;
2 lower bound fo®,
etc.
UPPER BOUND record WPPR)* (A4,4X,(comma-delimitedist))
Field No. Value Function
1 upper bound foB;
2 upper bound foB,
etc.
DIAGONAL record O AG* (A4,1X,A1,1X,Al,(comma-delimitedist))
for OMEGA or SIGMA
Field No. Value Function
Pos. 1 0 Diagonals Variance
1 Diagonals standard deviation (STANDARD)
Pos. 2 blank Notfixed.
1 Fixed.
2 NONMEM is to obtain the inital estimate(s).
1 initial est. of (1,1) element of matrix
2 initial est. of (2,2) element of matrix
etc.
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BLOCK SET record
for OMEGA or SIGMA

Field No.
Pos. 1

Pos. 2

[N

S
[
D

ank

NFR,POT”A~,WNEFO

etc.

SIMLUATION record

Field No.
1

Value
Oor blank
1

BLST)* (A4,1X,A1,1X,,Al,(comma-delimitedist))

Function

Diagonals Variance, Off-diagonalsvapaince

Diagonals standard deviation, Off-diagonalsacaince (STANDARD)
Diagonals Variance, Off-diagonals correlation (CORRELATION)
Diagonals standard deviation, Off-diagonals correlation (STANDARD CORRELATI
Cholesly format (CHOLESKY)

Notfixed.

Fixed.

NONMEM is to obtain the inital estimate(s).

initial est. of (1,1) element of matrix

initial est. of (1,2) element of matrix

use symmetric enumeration

6l ML) (A4,4X,12,13,12,113,512,113,16,16,1X,A16)

Function
Simulation Step implemented
Smulation Step not implemented

If the value is 1, the subsequent fields may be ignored.

2
3

4

10
11
12
13

1-10

Oor blank
1

2

Oor blank
1

Oor blank
1

2

01
-1-INTBIG
O-INTBIG
O-INTBIG
alpha

no.of random sources (SORC records)

da (eps) changes with each record

eta (eps) changes withwend.rec. (L2 rec) (NEW)

no.of subproblems

compute objectie function and other steps

only the simulation step

no partial devatives from PRED needed

PRED should compute 1st. degiives REQUESTFIRST)
PRED should compute 2nd. degiives REQUESTSECOND)
simulated observation ¥ or F (PREDICTION)
smulated observation is\D(NOPREDICTION)

Use inital ests. (TRUE=INITIAL)

with MSFI, use final ests. (TRUE=FINAL)

use values in NMPR16 (TRUE=PRIOR)
1=NOREPLACE

BOOTSTRAP

STRAT data column number

STRATF data column number

RANMETHOD
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ADDITIONAL RECORDS FOR SIML (A4,4X,A)

Record
SFIL

SOURCE record

Function
PARAFILE

FORC) (A4,4X,2A12,14)

random numbers are pseudo-normal (NORMAL)
random numbers are pseudo-uniform (UNIFORM)

Field No. Value Function
1 -1-21474836447 firgdeed
2 0-21474836447 secorsted
3 Oor blank
1
2

SOURCE record

Field No. Value
1 -1-1

CHAIN record

Line Format
1 (A4,4112,F12.5,112)
2 (4X,4112,A12)

random numbers are from a nongstrio (NONPARAMETRIC)

OFLT) (A4,4X,14)

Function

NOSUBoption of DERAULT record

N
FieldNo.
1
2
3
4
5
6
1
2
3
4
5

Value

0-2
INTSMALL-INTBIG
INTSMALL-INTBIG
O-INTBIG
0.0001-1.0
O-INTBIG
INTSMALL-INTBIG
03

03

-1-INTBIG

ALPHA

ADDITIONAL RECORDS FOR CHAIN (A4,4X,A)

Record
CFIL
CDLM
ORDR
CHFL

Function
FILE
FORMAT
ORDER
RARAFILE

Function
CTYPE
SEED
ISAMPLE
NSAMPLE
ICCEPT
DF
ISAMPEND
SELECT
NOTITLE(1,3),NOLABEL(2,3)
DFS
RANMETHOD
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LEVEL record OLEV)

The OLEV (NM73) contains parameters to the LEVEL commahte data column name pertaining to
the level is in columns 9 to 28, and thevid description is at position 29-80, for example:

OLEV  SID 3[1], 4[ 2]
OLEV CD 5[3], 6[ 4]

If the level description is too long, another line continues the description, but with data column name
missing (column 9-28), to indicate it is continuing from the previous line:

OLEV SID 3[1],4[2],5[6],12[4],
OLEV 27[45], 67[ 23]
ANNEAL record (ANNL)

The ANNL (NM73) contains parameters to the ANNEAL record, with ganéement, followed by its
starting value (A4,X4,A6,A6):

ANNL 3 4
ANNL 6 0.3
etc.
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ESTIMATION record ESTM (A4,4X,18l4)
Field No. Value Function
1 Oor blank Estimation Step implemented
1 Estimation Step not implemented

If the value is 1, the subsequent fields may be ignored.

Field No. Value Function
2 0-9999 maximumo. of function. galuations (low-order digits)
-1 Reuseéhe value from the previous run (with MSFI)
3 1-8 numberof significant figs. required in final est.
4 Oor blank no summarization of iterations
n>0 e/ery nth iteration summarized
5 Oor blank no second search (REPEAT)
1 scond search (REPEAT) implemented
6 Oor blank MSF not output
1 MSF output
7 Oor blank First order (FO) method
1 Conditional methodMETHOD=COND)
8 Oor blank No POSTHOC etas are to be estimated.
1 POSTHOC etas are to be estimated.
9 Oor blank Etas are 0 for comp. of intraind. error (NOINTERACTION)
1 Nonzero etas for comp. of intraind. error INTERACTION
10 Oor blank Do not use Laplacian method.
1 Laplacian method is to be used.
11 Oor blank ABOR if PRED sets error return code to 1
1 NOABORT - Attempt theta-receery when PRED error code 1.
2 NOHABORT - Attempt recwery even at first iteration
12 Oor blank Faster method of compuation (NOSLOW)
1 Sower method of computation (SLOW)
2 Sower method of computation (SLOW=2); for Stieltjes
13 Oor blank awg. cond. est. of etas unconstrained (NOCENTER)
1 avg. cond. est. of etas constrained close to 0. (CENTER)
14 Oor blank First-order model not used (NOFO)
1 Frst-order model used with METHOD=1 CENTERING (FO)
15 Oor blank Second eta-derivs. computed by PRED (NONUMERICAL)
1 Second eta-derivs. for Laplacian to be obtained numerically.
16 Oor blank Y or F (with user-supplied code) is a prediction.
1 Y or Fis a LIKELIHOOD.
2 Y or Fis a -2LOGLIKELIHOOD
17 Oor blank Not the Hybrid method
1-99 no.of etas fixed to zero by ZERrecs. (Hybrid method)
18 Oor blank Not the Stieltjes method.
1 Sieltjes method; no GRID option.
2 Sieltjes method; GRID was specified.

ESTIMATION rec. continuation reg. ) (A4,4X,1814)

Field No. Value Function
1 Oor blank Required if estimation step is omitted, otherwise:
0 or dank TheREPEAT?2 option is not coded; same as NOREPEAT?2
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1

2 Oor blank
1

3 Oor blank.
1

4 0-9999

5 1-15,100

6 1-15,100

REPEAT?2 (with Stieltjes)

No ETABARCHECK.

ETABARCHECK option is coded.

Sum contrito abj. func. in data set order.

Sort contrib to dbj. func. prior to sum (SORT)
maximumo. of function galuations (high-order digits)
The no. of func.ls. is Field 4 * 10000 + low-order
When Field 4 is 0 or blank, this is simply low-order
SIGL

SIGLO
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BAYES ESTIMATION record

Line Format

1 (A4,4112,F12.5,112)
2 (X4,2112,F12.5,3112)
3 (X4,112,F12.5,4112)
4 (X4,5112,F12.5)

5 (X4,4112,2E12.5)

6 (X4,5112,A12)

7 (X4,5112,E12.5)

BEST)

FieldNo.
1

mU'I-bOOI\JHOU'I-bOOI\J o Ol A WN OO, WN

Ok, wWNLOOAOR~WON
=

o

[CSIN\S)

Value
-1-16

<=0

10

11

12

13

14

15

16
-1-INTBIG
-1-INTBIG
O-INTBIG
0.0001-1.0
-1-INTBIG
-1-INTBIG
O-INTBIG
0.0001-1.0
1-INTBIG
INTSMALL-INTBIG
O-INTBIG
O-INTBIG
O-INTBIG
0.0-1.0
O-INTBIG
O-INTBIG
O-INTBIG
01
INTSMALL-INTBIG
o1

03

04
1-INTBIG
0.0000001,1
O-INTBIG
O-INTBIG
-1-INTBIG
O-INTBIG
O-INF
O-INF
O-INTBIG
015

02

02

03
ALPHA
O-INTBIG
02
INTSMALL-INTBIG

Function

BAY ES METHOD
FO/FOCE/Laplace
DIRECT

BAY ES

ITS

SAEM

IMP

IMPMAP

CHAIN

PSAMPLE_M1

PSAMPLE_M2

PSAMPLE_M3
RCCEPT

OSAMPLE_M1

OSAMPLE_M2

OSAMPLE_M3
@CCEPT

ISAMPLE/ICHAINS (non-CHAIN)

ISAMPLE (CHAIN)
ISAMPLE_M1
ISAMPLE_M2
ISAMPLE_M3
IACCEPT
NSAMPLE/NITER
NBURN

DF

EONLY

SEED

NOPRIOR

NOTITLE(1,3),NOLABEL(2,3)

CTYPE
CITER/CNSAMP
CALPHA
CINTERVAL
MAPITER
MAPINTER
ISAMPLE_M1A
ISCALE_MIN
ISCALE_MAX
CONSTRAIN
ATOL
FNLETA
OPTMAP
ETADER
RANMETHOD
MCETA
NONINFETA
ISAMPEND (CHAIN)
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01
01
0.0-1000

o 01 A

8 (X4,112,2E12.5,112,112,16) 1 0-3

9 (X4,16,16)

O-INF
O-INF
-1-INTBIG
03

01

0-1

-1-1

ORrodhwN

ADDITIONAL RECORDS FOR ESTIMATION (A4,4X,A)

Record

BFIL

BDLM

BMUM

BGRD

ORDR

PFIL

FFIL

ZERO record

Field No. Value

1 0
1

2 0
1
etc.

GRID record

Field No. Value
1

N

2
3
4

Function
FILE
FORMAT/DELIM

ETASTYPE
AUTO
STDOBJ
NUMDER
PSCALE_MIN
PSCALE_MAX
DFS
SELECT
NOCO/
DERCONT
NOSUB

MUM (may go beyond 80 characters)
GRD(may go beyond 80 characters)

ORDER
PARAFILE
FRARAFILE

ZERO* (A4,4X,1814)

Function

oonditional estimate for eta(1)

ea(l) is fixed to 0 (HYBRID method)
oonditional estimate for eta(2)

ea(2) is fixed to 0 (HYBRID method)

GRI D) (A4,4X,9A8)

Function

as ecified in GRID=(nr,ns,r0,r1)
& ecified in GRID=(nr,ns,r0,rl)
a ecified in GRID=(nr,ns,r0,rl)
as ecified in GRID=(nr,ns,r0,rl)
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NONPARAMETRIC record IKONP)  (A4,4X,614,112,16,16)
Field No. Value Function
1 Oor blank Nonparametric step implemented conditionally
1 Nonparametric step implemented unconditionally
2 Oor blank use nonparametric estimate from input MSF
1 recompute nonparametric estimate
3 Oor blank obtain marginal cumulaés
1 compute conditional nonpagtas (CNPE ETAS)
4 Oor blank no model specification file is output
1 amodel specification file is output
5 01 1=BOO'STRAP
6 03 EXPAND(1,3),NPSUPPE(2,4)
7 O-INTBIG NPSUPP(Eyalue
8 LINTBIG STRAT data column number
9 L-INTBIG STRATF data column number

COVARIANCE record COVR) (A4,4X,1814)
Field No. Value Function
1 Oor blank Cwariance Step conditionally implemented
1 Covariance Step unconditionally implemented
2 Covariance Step not implemented
2 Oor blank cwariance matrix set to (Rverse) S (R imerse)
1 covariance matrix set to Rverse
2 covariance matrix set to Svarse
3 Oor blank neither R nor S printed.
1 R matrix printed
2 Smatrix printed
3 both R and S printed
4 Oor blank eigemalues not printed
1 dgervaues printed.
5 Oor blank default computation.
1 Secial computation with a recuvsi FRED subroutine.
6 Oor blank Print Cgariance Step arrays in normal format.
1 Print Covariance Step arrays in compressed format.
7 1
8 Oor blank
9 Oor blank Normal method of computation
1 Yower method of computation (SLOW)
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Additional CO/ARIANCE record COVT) (A4,4X,1814)

Field No. Value Function

1 1-15,100 SIGL

2 1-15 TOL

3 1-15,100 SIGLO

4 1-15 ATOL

5 o1 1=NOFC

6 o1 1=CO/RESUME

Additional CO/ARIANCE record CPAR) (A4,4X,A)

Record Function

CRAR PARAFILE

initial TABLE record (TABL) (A4,4X,1814)

Field No. Value Function

1 Oor blank Table Step conditionally implemented
1 Table Step unconditionally implemented
2 Table Step not implemented

If the value is 2, the next field may be ignored, and there should not appear
ary individual TABLE records.

2 1-10 numberof tables

Add. initial TABLE record PPAR) (A4,4X,A)
Record Function
PRAR PARAFILE
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individual TABLE record

Field No.
Pos. 1

WN P

individual TABLE rec. contin. rec. (
(as needed)

TABL) (A4,1X,3A1,14,9(16,12))

Value Function
blank nooption record.
1 an option record follows.
(only if at least one item on the option rec. is non-blank)
O-PDT numbepf selected data item types
1-9999 inde of 1st selected data item type
08 sortcode for data items of 1st selected type
-1 Exclude-byitem marked by -1
1-9999 inde of 2nd selected data item type
08 sortcode for data items of 2nd selected type
etc.

Field No. Value
1 1-999 inde of 9th. selected data item type

) (A4,1X,3A1,14,9(16,12))

Function

3 1999 ind« of 10th. selected data item type

2 0
4 0
etc.

individual TABLE record option reg.

Field No.
1

2

3

P P2 OO0~

= O

Value
blank

1

1

2

bit O set
bit 1 set
bit 2 set
bit 3 set
blank

1

blank

1
INTSMALL-INTBIG
3INTBIG
dpha
o1

-1-1
alpha

) (A4,4X,514,112,112,A12,12,12,1X,A)

Function
E\ery data record appears in the table.
Only the first data rec. from each ind. rec. (FIRSTONLY)
With TABLE file, no printed table (NOPRINT)
With TABLE file, printed table appears in the NONMEM output.
ONEHEADER
NOHEADER
NOTITLE
NOLABEL
TheTABLE file is opened and is positioned at the start.
The TABLE file is positioned at the end (FGRRD)
DV, PRED, RES, WRES appear automatically
DV, PRED, RES, WRES do not appear unless listed (NOAPPEND)
SEED
ESAMPLE
RANMETHOD
WRESCHOL
NOSUB
FORMAT
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Additional TABLE records (A4,4X.A)

Record Function
FRML LFORMAT (record may be longer than 80 characters)
FRMR RFORMA (record may be longer than 80 characters)
initial SCATTERPLQ record GCAT) (A4,4X,18l4)
Field No. Value Function
1 Oor blank Scatterplot Step conditionally implemented

1 Scatterplot Step unconditionally implemented

2 Scatterplot Step not implemented

If the value is 2, the next field may be ignored, and there should not appear
ary individual SCATTERPLQ records.

2 1-20 numbeof families
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individual SCATTERPLQ record GCAT) (A4,4X,918/8X,918)

Field No.
1
2
3

Value

1-23

1-23

Oor blank
1

2

Function

inde of data items plotted on abcsissa axis
inde of data items plotted on ordinate axis
a dngle scatterplot

aone-way partitioned scatterplot

atwo-way partitioned scatterplot

If the value of field 3 is 0 or blank, the nexitfields should be ignored.

4

1-23

index of 1st separator

If the value of field 3 is 1, the next field should be ignored.

5
6

7
8
9
10

11
12

12

1-23

Oor blank

1
099999999
099999999
Oor blank

1

-1

Oor blank

1

-1

Oor blank

1

Oor blank

1

-1-1

inde of 2nd separator

no unit slope line appears
unit slope line appears

noof the first data rec. for the scatter (FROM)

noof the last data rec. for the scatter (TO)
a line through zero on the ordinate axis if appropriate.
aline through zero on the ordinate axis. (ORDO)
noline through zero on the ordinate axis.
a line through zero on the abscissa axis if appropriate.
aline through zero on the abscissa axis. (ABS0)
noline through zero on the abscissa axis.

Every data record appears in the scatter.
Only the first data rec. from each ind. rec. (FIRSTONLY)
Every data record appears in the scatter
Only data records with MDV=0 (OBSONLY).
NOSUB
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