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NM-TRAN Guide

Preface to 4d Edition

The appearance of this 4th edition of the NM-TRAN Guide coincides with the appearance of NM-TRAN
7.4.2 and NONMEM 7.4.21t contains minor changes since the 3d. edition, which appeared with NM-
TRAN 7.4.0 and NONMEM 7.4.1 andas the first ng edition since NM-TRAN Version Il and NON-
MEM IV in 1992.

Significant changes since the 2nd. edition and the 3d. edition are marked with bars. |

Versions of NM-TRAN are n@ numbered to match those of NONMEM. This version supports the ne
features of NONMEM and PREDPP Versions 7.4.0, 7.4.1, and 7.4.2 In addition, there axeimepte

in the level of support NM-TRAN pravides to usage of NONMEM and PREDPP that does na@ tak
advantage of gnnew features of these latest versions.

In the first edition of this Guide the terms widual dataand indvidual datasetwere used. In this edi-
tion these terms are replaced by single-sulglatiand single-subjealatasetThe section clarifying the
differences between population and single-subject data and between thenusedaf variables with
these tw kinds of data, section I1.C.4, has been inweth and should be consulted.

Section 11.D discusses the analysis of categorical ("odd-type") data usiripbles but nce variables
(nmv). NONMEMcan also analyze a population data set as if the data from eagtuatiivere single-
subject data ("POPULATION WITH UNCONSTRAINED ETAS"); see Section I11.B.10 (nm73).

Note the difference between a dataord(which is a single record, also called a linea data file) and
an indvidual record,which is a group of contiguous data records having the same value for the ID data
item and presumably containing data from the same subject.

General Improvements to NONMEM
NM-TRAN supports general impvements such as:

Dynamic allocation of arrays in NONMEM, PREDRRd PREDPPincluding compile-time changes to
SIZES.f90 and run-time changes using the $SIZES record (nm71).

Larger NONMEM data files (nm71)

No limit on the number of records

No limit on the length of records

No limit on the number of items per record
More characters per data item

More characters in ID item

No need for FINISH records

Increases in the numbers of &9, EPS’s, THER's; indices may ha 3 dgits (hm72).

Numerical values in $THEY, $OMEGA, and $SIGMA may be each up to 30 characters long, and may
be described in E field notation (nm72).

When initial estimates of thetas are to be estimawauations can ne be dne for FOCE and
LAPLACE, not just for FO.

Paallel processing using optiolPARAFILE of task records $SESTIMATION, $O@ RIANCE, $TA-
BLE, $SIMULATION (nm72).

The $CHAIN Record supplies initial estimates for an entire problem (nm72).

The $LEVEL record is used to define "super IData itemswhich define additional random nesting
levels abwe that of subject ID (nm73).
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The $SUPERPROBLEM Record allows multiple NONMEM problems to be grouped into superproblems
and repeated (nmv).

New resened data item&AW _(nmv), MRG_(nmv), RPT_ (nmvi) for nev features: ra data aerages,
Expectation, Repetition (hnmv)New resened variable TEMPL can be used with va data aerages.
New record $OMIT lists data item types to be excluded from template matching whelateaaerages
are computed (nmvi).

Resered variables CTLO, CTUP alloan obsenation to be thewent that the value of a normally dis-
tributed variable falls in a gén intenal. Resered variables YLO, YUP ali@ the likelihood for an
observation to be conditioned on the observation being in (or outside) an interval (nmvi).

$NONPARAMETRIC Record and Non-Parametric Step (nmvi).
BOOTSTRAP options of SNONPARAMETRIC and $SIMULATION Records (nm73)
PRIOR Feature (nmvi)

The PRIOR subroutine allows a penalty function to be specifiedaaidéd to the -2log lii-
hood function.

$PRIOR Gves instructions for generating the PRIOR subroutine. (nmvi)

Informative rames for STHETA, $SOMEGA, $SIGMA (nm73)
$THETAP Gues prior information for THETA

$THETAPV Gves variance information for THEA priors.
$OMEGAP and $OMEGAPD @és frior information for OMEGA.
$SIGMAP and $SIGMAPD @ks prior information for SIGMA.

The $DERULT record can be used to specify defaults for NONMEM (nm74).

The MISDAT option of $DATA defines one or more particular numerical values to indicate a missing
data value in the data set, which is displayed on $TABLE outputs, but is safely interpreted as 0 by other
steps of NONMEM (nm74)

Support for New Features of PREDPP

New ADVAN routines: AD/AN11, ADVAN12 (nmv), ADVAN13, ADVAN14, ADVAN15 (nm74)
Larger models with more compartments.

Compartment intialization feature (A_O, A_OFLG variables) (nmvi).

Model event times (MTIME variables) (nmvi).

Initial steady state feature (I_SS variable and |_SS option of SMODEL) (nmvi).

Extra EVID values (XVID1, XVID2, XVID3, XVID4, XVID5 variables) (nm72).

Negative values for TIME data item (hnm74).

Output-type compartments. This hawajls been a feature of PREDRRt was not documented pie
ously.

General Improvements to NM-TRAN
All control records and abbreviated code are case independent (nm72).

Continuation character & may be used at the endyfiaa of the control stream to indicate that the line
is to be continued, including control records as well as abbreviated code (hm73).

Data item labels and user-defined variable names in abbreviated codevwmayoha characters (SD),
and may use underscore " " (nm7).
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Filenames on control records may be longer and may use underscore (nmvi)

Abbreviated code INCLUDE statement (nmv) and $INCLUDE record (nmviyafiarts of the model to
be defined in other files. The file nonmem_reserved_general is of special interest (hnm73).

Changes to FSUBS:

Rearrangement of generated code (because 1st. eta partials neadysobalcomputed) (nm72)
$ABBR option NOFASTDER can be used toya® the rearrangement (nm72).
$ABBR DERIV1=NO preents the computation of 1st. eta partials (hm74)

MODULES instead of COMMONS (nm7) (Note that appendide§ and 9 sha the code as gen
erated by NONMEM VI, in which named COMMONSs were still used.)

Dynamic memory allocation: pointers (nm7)
NM-TRAN Library subroutines (with input from FLIB) are no longer supported (nm72)

NM-TRAN Data Set and Data Preprocessor

Tab character may be used to separate data items. This allows "Excel txt (tab delimited)" files (nmvi2.0)
TIME and Il data items can ta format hh:mm:ss (i.e., hours:minutes:seconds) (nm73)

More digits in relatre ime (nmv)

NM-TRAN detects blank records; $DA record option BLANKOK may be used (nmvi2.0)

Better handling of ill-formed files (nmvi2.0)

$DATA LAST20 option for 2-character years (nmv)

$DATA TRANSLATE=(list) option to cowert hours to days (nmv)

$DATA IGNORE/ACCEPT=(list) options to select records by data item value (nmvi)

$DATA NOOPEN option for multiple problem data (nmv)

$DATA RECORDS=label option to select records by contiguous values of a data item (nmvi)

A change in the rule for generated ID data item when the L2 item is defined; see Section I1.C.4.2 (nmvi)

New features of Abbeviated Code

Nested parenthesis

Nested IF statements

Re-definition of random variables

Recursie mde

CALL SIMETA, CALL SIMEPS, CALL RANDOM, CALL PASS, CALL SUPP
DO WHILE, ENDDO, RETURN , WRITE, PRINT statements

DO WHILE (DATA) statement

More FORTRAN intrinsic functions and user-written FUNC'’s

Protected versions of intrinsic functions, and $ABBFOFRCT (nm74)
Pre-defined vector variables VECTRA(10), VECTRB(10), VECTRC(10)....
User-defined functions and vectors using $ABBR FUNCTION and $ABBR VECTOR (nm74)
Tests of ICALL value

Reserved variables CNTID, IIDX

Reserved variables OMEGA(i,j), SIGMA(i,j)

Reserved variables SETHET(i,j), SETHETR(i,j), SEOMEG(i,j), SESIGM(i,))

Abbreviated code can use "END PROBLEM" phrase or reseraeidble SKIP_ to cause premature ter
mination of a problem, sub-problem, or superproblem (nmvi).
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MU_ variables may be definedNM-TRAN checks for mistakes in MU modeling and issuesnings;
$ABBR record option NOCHECKMU can be used to turfitloése warnings (nm72).

$ABBR REPLACHeft_string = right_string (nm73,nm74)

Allows for replacement of grstrings in abbreiated code. More complicated forms allceplace-
ment by data item and parametehich is a compactway of writing complicated abbxéated
code. Alsoallows symbolic labeling for thetas, etas, and epsilons (label substitution) in NON-
MEM outputs. Label substitution can be controlled with NOSUB option of $DEF as well as
individual $ESTIMATION, $TABLE and $SCRrecords (nm74).

$ABBR DECLARHtype] [DOWHILE] name [(dimension [,dimension])] ... (hm73)

Used to define user-defined arrays and vectors for abbreviated code, and INTEGER variables and
DOWHILE variables for use as subscripts and looping.

$MIX Abbreviated code for the NONMEM MIX subroutine (nmv).

New Features for PREDPP
$PK and $ERROR

Calling protocol phrases
Implicit save variables
Compartment amounts (A(i)) are reserved variables on the right

$BIND Specifies which values fronvent records are used in PK subroutines at n@meimes.
$AES, $DES Use of theta, data record items on the right

$DES and $SUBROUTINES:TOL, SSTOL, SSAOL (nm74)

$INFN Abbreviated code for the INFN subroutine (nmvi)

Other Control records
Options and records of particular interested are listed here.

$THETAI Instructions for generating a subroutine that transforms the initial values ofATHHET7 3).
$THETAR Instructions for generating a subroutine that transforms the final values oATHET 3).
$THETA, SOMEGA, $SIGMA Records Repeated value feature (nm72)

Any initial value or group of initial @lues may be enclosed in parentheses and followed by "xn",
which meansto replicate theralues within parentheses n timésalue) xn

$OMEGA, $SIGMA Records VALUES option
BLOCK(n)VALUES(diag,odiag)

Supplies initial alues for a block such that the initial estimates of the diagonal elements are all
the same, specified by "diaggnd the initialestimates of the off-diagonal elements are all the
same, specified by "odiag".

$OMEGA and $SIGMA Records Alternad Inputs for Values (nm72)

Options STANDARD CORRELATON CHOLESKYay be used as well as the default options
VARIANCECOVARIANCE

$ESTIMATION Record

A sequence of ter or more SESTIMATION records within a gen problem will result in the
sequential xecution of separate NONMEM Estimation Stepdlith earlier versions, multiple
$ESTIMATION records in the same problem were considered to continue a single SEBUNA
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record (nm7).

OptionsLIKELIHOOD and -2LOGLIKELIHOOD are used when there is odd-type daRE-
DICTION is the default for ordinary data (nmv).

There are mannew tions, e.g., for Bayesian methodSee INTRODUCTION © NONMEM 7
and Guide VIII Help.

$TABLE and $SCAT

Special diagnostic items NPRED, NRES, NWRES, etc. (nm71)
Elements of VECTR (nmvi)

Elements G11, G21, etc. of G and H (nmvi)

ETA's and ranges of Es (nm73,nm74)

New output variable OBJI and NPD (nm72)

$TABLE Record
More items per table record (50) (PDT in SIZES) (hm72)
APPEND|NOAPPEND Specifies iNDPRED, RES, WRES should be appended (nmv)
FIRSTONLY Selects only the first record of each individual record for the table (nmv)
NOFORNARD|FORNARD Controls positioning in Table file with multiple problem runs (nmv)

FORMAT, LFORMAT, RFORMAT Provides alternate formats for lines in tables and additional
output files (hm72)

EXCLUDE_BY Excludes data records (rows) from the table according to variable values (nm74)
$MSFI Options ONLYREAD (nmvi), MSFTEST (nm73), VERSION (nm74)
$SIMULATION Option STRA (nm73)
$COVARIANCE Options STRA (nm73), RESUME (nm73)

About this document ...

Vertical lines appear in the right ngaim, marking changes or additions to the text that may be of particu-
lar interest.

This preface mentions some of the most important changes to NM-TRANs hot complete. NON-
MEM Users Guide VIII and on-line help and Introduction to NONMEM 7 should also be consulted.
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I. Intr oduction

NM-TRAN stands foNONMEM Tr anslator a preprocessor to NONMEM which translates tisguts

into i) a NONMEM data set, ii) a NONMEM control stream, and iii) various subroutines which must be
included in a NONMEM load module. It is a separate computer program which is written TTRADR

90/95, and on@recedesa NONMEM run by first running it. This document describes NM-TRAN and
how to use it. In order to read this document the reader shouldrbitidr with the concepts and nomen-
clature associated with the statistical models expressible in NONMEM. drhiBdrity can be obtained

by reading modeling discussions in Guides | and M.the same time attention should also be paid to
material describing the concepts and nomenclature associated with NONMEM data records and data
items (especially Guide I, section B.1) and PRED®®terecords and data items (especially chapters |,

II, and V of Guide VI), and to the concepts and nomenclature associated with the various kinds of NON-
MEM output. However, material in these guides describingahoontrol records, file records, and user
supplied subroutines are constructed may be skippeginning NONMEM users who desire to analyze
pharmacokinetic data will find it particularly helpful to first read GuideT¥at document is written
especially for the beginning user and from the point ofv\tigat the user is going to use NM-TRAN.
Much of NM-TRAN, as well as much about NONMEM modeling, is described there.

The inputs for NM-TRAN include a data set, the NM-TRABRtaset, but this data set need not be-for
matted quite as rigidly as a NONMEM data sBtM-TRAN translates the NM-TRAN data set into a
NONMEM data set. The part of NM-TRAN which performs this translation is called the Data
Preprocessar

The inputs for NM-TRAN also include a control stream, the NM-TRzdWtrol stream, but, again, the
language for this control stream is much more user-friendly than tekfidd numerical-code type lan-
guage used for a NONMEM control strealM-TRAN translates the NM-TRAN control stream into a
NONMEM control stream.

The NM-TRAN control stream can (optionally) also include allated FORTRAN codesfrom which
various completely FORRAN-coded NONMEM subroutines are generated. Thus, for example, from
one such abbreviated code a PRED subroutine can be generated which computes the patitias deri

the statistical model with respect/@and s random variables and stores them in the G andgdnagnts

of the PRED routine. The abbreviated code itself does not direvtivepartial dervatives. In effect,
NM-TRAN performs symbolic dférentiation, and this ability probably represents its most useful pur
pose. Anabbreviated code also alles the statistical models to be represented in a natural and perspicu-
ous symbolic &y, wherein they ande variables are xplicitly expressed. Indeedne need notven un-
derstand the allusions thatveajust been made to partial dettives and G and H arrays; it is enough to
understand that a statistical model may be represented in a natural way and that from this representation
NM-TRAN automatically generates information required by NONMEM.

As powerful a device as is NM-TRAN abbkitgted code, such code is still somewhat limited, and certain
complicated subroutines which could be useful cannot be generated from it alone. It will probably be
adequate, though, for the purposes gflsegnning NONMEM user.

It should be emphasized that NONMEM can be used without NM-TRAN. NM-TRAN simplgsrihle
users tasks easierand we strongly recommend the use of this preprocesspecially for bginning
NONMEM users.

Here follows an example of an NM-TRAN control stream; it is meant to be used along wikatihele

of an NM-TRAN data set shown in Appendix Il. This NM-TRAN control stream is recorded or} the
NONMEM distribution medium as CONTBL4; see Guide Ill. NM-TRAN will translate the data set

and control stream to a NONMEM data set, a NONMEM control stream, and a completely coded PRED
subroutine. Theeffect of using these three NONMEM inputs in a NONMEM run will be to produce
essentially the same output obtained from using the NONMEM control stream and PRED subroutine
shawvn in Figures 75 and 74 of Guide I. That is, the effect will be to produce the same data analysis for




NM-TRAN Guide - Chapter | Introduction

the population theophylline data as that presented and detailed in chapter F of thaf Qeidata set,
control stream, and PRED routine produced by NM-TRAN arengh Appendix Ill. They differ some-

what from the data set, control stream and PRED routine of Figures 75 and 74. (In fact, the NONMEM
control stream of Fig. 75 contains the data itself, rather than the data being in a sepaN@NNEM

data can be embedded in a NONMEM control filejowever, the NONMEM output is the same, no
matter whether NM-TRAN is used or ndbubroutine PRED shown in Appendix Ill is a simplifiest-v |

sion of the subroutine PRED generated by NONMEMs/MB/-TRAN.t

$PROB THEOPHYLLINE POPULATION DATA

$SINPUT ID DOSE TIME CP=DV WT
$DATA THEO
$PRED

"THETA(1)=MEAN ABSORPTION RATE CONSTANT (1/HR)
"THETA(2)=MEAN ELIMINATION RATE CONSTANT (1/HR)
"THETA(3)=SLOPE OF CLEARANCE VS WEIGHT RELATIONSHIP (LITERS/HR/KG)
:DOSE=WT-ADJUSTED DOSE (MG/KG)
:DS=NON-WT-ADJUSTED DOSE (MG)
IF (DOSE.NE.O) THEN
DS=DOSE*WT
W=WT
ENDIF
KA=THETA(L)+ETA(1)
KE=THETA(2)+ETA(2)
CL=THETA(3)*W+ETA(3)
D=EXP(-KE*TIME)-EXP(-KA*TIME)
E=CL*(KA-KE)
F=DS*KE*KA/E*D
Y=F+EPS(1)

$THETA (.1,35)  (.008,.08,.5) (.004,.04,.9)
$OMEGA BLOCK(3) 6 . 005.0002 .3 .006 .4

$SIGMA 4

$EST MAXEVAL=450 PRINT=5

$COV

$TABLE ID DOSE WT TIME

$SCAT (RES WRES) VS TIME BY ID

Much of the remainder of this document isated to describing the language illustrated in this example.

An NM-TRAN control stream includes control type information. It also can include information indicat-
ing that a FORTRAN-coded PRED routine is being supplied by thearsércan include an abbveted
code from which a PRED routine can be generated (as inxd#mepée). Haovever, NM-TRAN is also
designed to makthe use of PREDPP easidfREDPP is a special, but elaborate, PRED routine that has

t In order to obtain subroutine PRED for Appendix Ill, the recBABBR NOFASTDER DERI V2=NO,

was added to the control stream so that code for eta first partiafatiees is rot collected and performed
separatelyand code for eta second detives is ot generated. Other statements usually produced|by
NM-TRAN (such as those for NMPRD4; see Chapter Il) were deleted becayseethmot needed for this
example. Othercode not releant to the Estimation Method of figure 7%svalso omitted for the salkdf
clarity.



NM-TRAN Guide - Chapter | Introduction

been deeloped to assist with the task of analyzing pharmacokinetic data; see GuicdonVihe NM-

TRAN control stream can also include special control type information which can be used only when
PREDPP is used and which facilitates the use of PRE®IER can also include abbreviated codes from
which routines for PREDRRvhich are otherwise user-supplied (INFN, MODEL, PK, ERROR, DEES,
AES), can be generated.

It may also contain abbreviated code from which a user-supplied MIX subroutine can be generated, and
control record information from which a user-supplied PRIOR subroutine can be generated. This is inde-
pendent of the choice of $PRED vs. PREDPP.

Accordingly, this document is dided into a few major parts which separate PREDPP considerations
from general NONMEM considerations (see the Table of Contents).
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Il. General Considerations

ILLIILA. Generated Subroutines and nmfe

A subroutine may be generated from an abiated code in an NM-TRAN control stream, aplained
in chapter I. Such a routine is called a generatdatoutine, or a generateccode. With NONMEM 7 |
this is the only choice because NM-TRAN Library subs are no longer supported. |

Typically, NM-TRAN is run using shell script nmfe74 and batch file nmfe74.bat (nmfe stands for "Non-
Mem Front-End"; "74" indicates the version of NONMEM). These are supplied with NONMEME. |
TRAN creates certain files for use by nmfdowever, any userwritten or third-party interface may be
used. Itmay (or may not) imoke NM-TRAN before running NONMEM.It may use ay of the files cre- |
ated by NM-TRAN.

IL11.B. Files

II.1.LB.1 NM-TRAN Files

NM-TRAN takes its input from tw files: one file contains the NM-TRAN control stream, and one file
contains the NM-TRAN data set. The control stream points to the name of the file containing the data
set. For more information about koto run NM-TRAN, see Guide [I.LNM-TRAN outputs seeral files

with names as shown:

File Name Content
1. FDATA NONMEM data set
2. FCON NONMEM control stream
3. FSUBS generated and user subroutines
4, FSTREAM NONMEM file stream
5. FREPOR report file

FDATA and FCON are needed in a NONMEM run angehdready been mentioned in chapterlf.
NM-TRAN actually modifies the NM-TRAN data set, then the modification, the NONMEM data set, is
contained in FBTA. If, though, NM-TRAN does not need to modify the NM-TRAN data set, then the
NONMEM data set is simply identified with the NM-TRAN data set and is found in wdndtke con-

tains the latter FSUBS contains the FORTRAN-coded subroutines generated from abbreviated todes.
With NONMEM 7, FSUBS contains additional subroutines; seeabefdl subroutines in FSUBS must

be compiled and the resulting object modules used in the NONMEM load module.t FSTREAM is also
needed in the NONMEM run. The NONMEM file stream is described in Guide I, sectiorSBre-

times a NONMEM run does not need a file stream (see Guide |, section G8vidver, whenerer NM-

TRAN is used before NONMEM, a NONMEM file stream is needed. (This is because with NM-TRAN,
the NONMEM data set is mer embedded in the NONMEM control stream, and the NONMEM file
stream is needed to point to the file containing the NONMEM data B&EPOR’ contains a list of all

the routines which must be present in a NONMEM load module in order to implement the NONMEM
run specified by the NM-TRAN inputdt may be useful to the user toveathis information, but this file

is not needed by NONMEMFor more about ha this information could be useful, see Guide lll, which
discusses the shell script nmfe74 and batch file nmfe74.bat.

T The NONMEM eecutable is also referred to as the NONMEM load modiiles is a different usage of
the word "module" than the Fortran 90 MODUkEiscussed below; the latter willvedys hare the word
MODULE in upper-case.
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Examples of FBTA, FCON, FSTREAM, FREPOR and FSUBS are gén in Appendix Ill. These
examples result from using the NM-TRAN control stream shown in chapter | along with the NM-TRAN
data set shown in Appendix II.

FSUBS contains seral subroutines and MODULES in addition to those generated for the dseré-
viated code, as follows.

SUBROUTINE MUMODEL2 (nm71)
The MUMODEL?2 subroutine is based on the PRED or PK subroutine in FSUBS. It contains only
statements (if any) for the MU_ model, which is used in the (Bayseian) methods of NON-
MEM. This subroutine is frequently called during the Estimation Step, more often than PRED or
PK. The faver code lines that MUMODEL?2 has to go throughvegate all the MU_s the more
efficient.

SUBROUTINE FSIZESR (nm72)
Starting with NONMEM 7.2, dynamic memory allocation is performed in NONMEM. Subroutine
FSIZESR contains the constants for the allocation in this Tine $SIZES record can be used to
overide some of the values in FSIZESRonstants set to O cannot be determined or are vt gi
by NM-TRAN and will default to the values hard-coded in resource/SIZES.f90t

MODULES NMPRD4, PRINFN, and DECLAREVARIABLES
NMPRD4 is an area of storage that is defined by NONMEM. It may be used by user-supplied and
generated code, and also by NONMEM. Variables stored in this area can be displayed by NON-
MEM in tables and scatterplots. It is possible for the user to set aside a portion of NMPRD4 for
variables defined in user-supplied code, or fariables directly controlled by the user (see
COMACT, COMRES, COMSA in Chapters Illl.B.7 and IN¥.2). The implementation of
NMPRD4 changed with NONMEM 7.

PRINFN is an area of storage that may be used by user-supplied and generated code, but not by
NONMEM. PRINFNis generated only if an $INFN block of abbreviated code is present and
defines ariables. Thémplementation of PRINFN changed with NONMEM 7.

DECLAREVARIABLES is an area ofstorage that is defined using the $ABBREVED
DECLARE control record. (nm73)

See Section D, belg for more information.

SUBROUTINE THETAISUB and SUBROUTINE THETARSUB (nm73)
These subroutines implement the $THETAI and $THETAR blocks of code, reshedtipresent
in the NM-TRAN control stream. If either or both blocks are not present, the corresponding sub-
routine is not present in FSUBS.

Several other files are also generated by NM-TRAN.

FSUBS_MU.F90
This file contains the MUMODEL2 portion of FSUBS (the MU_ model statemerkde
FSUBS_MU is produced for easy reading by the,@eris not used by the NONMEM systert.
allows the user to see easilyvinahe MU_ model is implemented in generated coéide
FSUBS_MU may be ignored.

FSIZES
File FSIZES contains the samalwes as the FSIZESR routine in FSUBS. File FSIZES is pro-
duced for easy reading by the ysed is not used by the NONMEM system. File FSIZES may be
ignored.

tThe NONMEM installation directory containsvesal subdirectories. One is resource, in which the file
SIZES.f90 may be found. Another is util, which contains utility files such as nonmem extsgeneral
(see Chapter IV.J.4).
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PRSIZES.f90 (nm72)
PRSIZES.f90 contains sizes for compiling PREDPP or asiggplied or generated PRED ("pr
recompile” in nmfe74). This is discussed in Guide VI, Chapter VIILA.

FMSG
This file contains normal and warning and error messages arising from the psogfants to
translate the NM-TRAN data set and control stream. The messages are also displayed at the termi-
nal by NM-TRAN. When errors are detected, Files 1-5 may be incomplete, and NONMEM should
not be run.Even if there are no fatal errors and NM-TRAN and NONMEM seem to terminate nor
mally, the warning messages in FMSG should lvéeveed, because tlganay describe situations in
which the NONMEM results may be incorrect.

FORIG, FREPL
When the $ABBR REPLACE statement is present in the NM-TRAN control stream, NM-TRAN
produces tw files:
FORIG - Contains the original (pre-replacement) abbreviated code &Rl ETand $SCATER
records.
FREPL - Contains the me(post-replacement) abbreviated code and $TABLE and $$ER
records.
These may be helpful for debugging.

FSUBS2, FSUBS.F90
FSUBS2 and FSUBS.F90 are copies of FSUBS.

thetair.fo0
This file contains the subroutines THETAISUB and THETARSUB, if present in FSUBS.

I.L11.B.2 NONMEM Files
NONMEM creates a number of files during the run.
INTER

If an MSF is output, and intermediate output with iteration summaries is requested (i.e., SESTIM options
MSFI and PRINT are used), then NONMEM also writes the parameter estimates of these summaries to
the console and to file INTER, whichwmeaxists after the run terminates. INTERwanclude lines gi-

ing the parameter estimates in their natural unscaled SHERAMETR) as well as the UCPalues
(PARAMETER) (nm72).

Additional output files are produced by NONMEM. These provide a more efficient af way of
extracting numerical results from the analysis. Nawiethe files start with "root", where root is the
root name (not includingextension) ofthe NM-TRAN control stream file. The filest@rames with
extensions (sudixes) .ext, .ce, .coi,

.cor, .phi, .phm, .grd, .shk, .shrmgnv, amt, .rmt, etc. The file root.ext is called thevrautput file.
The root name may be specified by $SESTIMATION record option FILE. (nm72).

ILII.C. Data Set Translation - The Data Preprocessor

I.II.C.1. Fieldless Format

A NM-TRAN data set is much l&ka NONMEM data set.In particular each data record consists of a
sequence of data items, these data items are of the the same types across all data records (unless some
data records seevas ontinuations for others), and the data records are grouped int@iradirecords.t

record, which is a group of contiguous data records having the same value for the ID data item and presum-

T Note the difference betweendata record (which is a single record in a data file) andiadividual
ably containing data from the same iridual. (Whenthe data are not population, then the all the data
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An example of a NM-TRAN data set isvgh in Appendix Il, and the first tavindividual records of this
data set are these:

1 4.02 0. 74 79.6
1 0 .25 2.84
1 0 .57 6.57
1 1 .12 10.5

1 2 .02 9.66
1 3 .82 8.58
1 5 .1 8.36
1 9 .05 6.89
1 7 .03 7.47
1 1212 5.94
1 . 2 4.37 3.28
2 4.4 0. 0. 72.4
2 27 1.72
2 . 52 7.91
2 1. 8 .31
2 1 .92 8.33
2 3 5 6.85
2 5 .02 6.08
2 7 .03 5.4

2 9 . 4 55
2 12 3.01
2 243 .90

This same data set could be used as a NONMEM data set; it conforms to all the requirements of a NON-
MEM data set.A dot (surrounded by blanks)ould be interpreted in a NONMEM run as a data item
which is 0. Dots can substitute for O data items in order to iv@the readability of the data sdtields

of blanks can also be used for the same purpose; see, for example, the NONMEM data set in Appendix
lll. This is because a FORTRAN format specification for the data sewvayslsupplied in the NON-

MEM control stream. (Such a format specification can also be supplied in the NM-TRAN control
stream, and when it is, fields of blanks can be used in the NM-TRAN datddsetyver, there are other
NM-TRAN data sets which are cesnient to use, but cannot be used as NONMEM data sets; NM-
TRAN must be used to translate these to NONMEM data sets.

In general, use of NM-TRAN simplifies things for the usésr one thing, it is not required that a FOR-
TRAN format specification be supplied in the NM-TRAN control stre&@ithout a format specification
there really need be no fields of fixed lengtiendhough in the example the data itemséhkeen lined

up (in informal fields of fixed lengths) to imm® readability NM-TRAN understands terdata items in

a data record to be separated by aamber of blanks or by a comma. It recognizes and translates the
dot to a field of blanks (or to a field consisting of a specified character preceded by blanks).

The question "When Must a Format Specification be Included or Omitisdfiscussed in NONMEM|
Users Guide - Part V Introductory Guide, Chapter 6, Section 10.4.

Another way to format these data records for NM-TRAN is this:

1,4.02,0. 74 79.6
1,,0.25 2.84
1,,0.57 6.57

records comprise a single individual record.)
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1,1.12 10.5

1,,2.02 9.66
1,,3.82 8.58
1,51 8.36
1,,9.05 6.89
1,,7.03 7.47
1,,12.12 5.94
1,,24.37 3.28
2,4.4,0. 0. 72.4
2,,.27 1.72
2,,.52 7.91
2,1 8.31
2,,1.92 8.33
2,35 6.85
2,,5.02 6.08
2,,7.03 5.4
2,,9. 4.55
2,12 3.01
2,,24.3 .90

Beginning with NONMEM 7.1, The maximum number of characters in a data itereis lgy constant |
SDF in resource/sizes.f90. This is 24/ith previous versions, the maximum number was 12.

Notice that tvo successie mmmas act as a single dot, and a record may terminate with a data item
which is not the last one if the subsequent data items in the record can be represented by dots.

Such items are referred to as null data iteffisey are replaced by a field of blanks in the NONMEM

data set.Null data items can be instead be replaced with one consisting of a specified alphanumeric char
acter The NULL option of $IATA may be used to specify a féifent character (e.g., NULL=. or
NULL=0). SeeChapter I11.B.5.

A file saved from Excel as a csv file ("comma separated values") may used as an NM-TRAN input file.

Starting with NONMEM vi.2.0, a tab character may also be used to separate dategtgmket T stand
for the tab character.

"1T2" and "1,2" are read as "1 2"

"1TT2"and "1,,2" are read as "1 0 2"

Thus, a file seed from Excel as a txt file ('8xt (tab delimited)" or "Vihdows Formatted &xt") may also
be used as an NM-TRAN input file.

Starting with NONMEM V1.2.0, MS-DOS formated files can be read in Uiliixese are control files and
data files haing a carriage return character at the end of the line. Such characters may appear as|""M" in
NONMEM output.

Useful information for operating systems as of 1992 can be found in the Introducti@rsionwI
(intro.pdf). Thisinformation may be rel@nt to more recent operating systems. In particote
Section 26. "NM-TRAN datafiles - lll-formed files"

Section 29. "NM-TRAN datafiles: Tab and "M".

Null data items as described akaonsist of a single dot (.) or consewetimmmas or consecut @bs. |

It may happen that a record in the NM-TRAN data file is totally blank. NM-TRAN will produce an érror
message unless $DA option BLANKOK is used.In this case, there is no error message and the corre-
sponding record in the NONMEM data set will contain null values.
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II.II.C.2. Day-T ime Translation
Another way to format these data records for NM-TRAN is this:

1 4.02 9:00 74 79.6
1 9 :15 2.84
1 9 34 6.57
1 1 0:07 10.5
1 11:.01 9.66
1 1 2:49 8.58
1 1 4:06 8.36
1 1 8:03 6.89
1 1 6:02 7.47
1 2 1:07 5.94
1 . 3 3:22 3.28
2 4.4 8:00 0. 72.4
2 8 :16 1.72
2 8 31 7.91
2 9 :00 8.31
2 9 55 8.33
2 1 1:30 6.85
2 1301 6.08
2 1 5:02 5.4
2 1 7:00 4.55
2 2 0:00 3.01
2 3 2:18 .90

Here the third data item of each record, which is a value of time in hours, has been expressed as a clock
time, rather than as a relaiime. NM-TRAN can accept clock time; NONMEM (and PREDPP) can-

not. NM-TRAN translates a clock time to a relaiime. Informationin the NM-TRAN control stream
indicates that translation of this type should be performed; see section IN\Bi@n this is done, all

times in the NM-TRAN data set are assumed to be clock tilsedock time is either of form hr:min, as

in the example, or tr, where fr is a decimal fraction of the hour totdigits, using a military clock in

both cases. E.g. 2:45PM can be expressed either as 14:45 or 14.75. |

Wwith NONMEM 7.3, values may alsoVete form hh:mm:ss (i.e., hours:minutes:secon&y. exam- |

ple, 8:45:29. |

NM-TRAN provides fie dgits (xxxxx.xx), which allows relatie ime to be at most approximately 4166
days. Furthermore, when the &DA record includes the option WIDE, six digits (Xxxxxx.xx) are prp-
vided.

NM-TRAN makes a distinction between population data and single-subject data; see sectibnhe.4.

data are population data, then the clock time in the first data record of an individual record is translated
to relative time 0. If the data are single-subject data, then the clock time in the first data record of the
data set is translated to relaiime 0. If PREDPP is used, then a time on a reset or reset-dede e
record is translated to rebati ime 0, whether the data type is population or single-subject.

Yet another way to format these data records for NM-TRAN is this:

1 4.02 10/1 9:00 74 79.6
1 . 101 9:15 2.84
1 . 10/1 9:34 6.57
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1 101 10:07 10.5

1 101 11:01 9.66

1 101 12:49 8.58

1 101 14:06 8.36

1 10/1 18:03 6.89

1 10/1 16:02 7.47

1 101 21:07 5.94

1 . 10/2 9:22 3.28 .
2 4.4 10/1 8:00 0. 72.4
2 101 8:16 1.72

2 10/1 8:31 7.91

2 10/1 9:00 8.31

2 101 9:55 8.33

2 101 11:30 6.85

2 101 13:01 6.08

2 101 15:02 5.4

2 10/1 17:00 4.55

2 10/1 20:00 3.01

2 10/2 08:18 .90

Here calendar datesVeabkeen included, and clock time has been treated modulo 24 hbuese dates
are called datéataitems. Information in the NM-TRAN control stream indicates that translation with
this type of data should be performed; see section Ill.Bifarmation in the NM-TRAN control stream
also indicates that the date data items should not appear in the NONMEM data set; onlyhdimedati
data items should appear where clock time data items apgdeae generallyinstead of month follwed

by day in date data items, day can fallmonth, and year can also be included at either the beginning or
end of the data item<Or, only day need be gén. Again, the choice of format in thisgad is specified

in the control streamRegardless of format, with andate data item gnnon-numeric characteexcept
comma or blank, can separate the date fields. Here are some examples of possitilitied:0-1,
10-1-1986, 10-1-86, 86-10-1eap years are recognized; yhae years 4, 8, 12, etc. If year is omitted
from the format, the year is assumed to be year 0, which is not a leapWleam the date data items on-
ly give days (months and years are missing), then these data items cangusitive a negdive inte-
gers, and for the purpose of computing retatimes, thg are ordered in the same way as are the inte-
gers.

If year is recorded with four digits, it isvedys processed correctly and thalue of LAST20 is of no
consequence. Thiellowing discussion only affects years that are recorded withdgits. Theyear

1900 was not a leap yeabut the year 2000 &as a leap year A constant LAST20 in
resource/TRGLOBAL.f90 affects lotwo dgit years are interpreted.

One or tvo digit years > LAST20 are assumed to be in the 1900's,

One or two digit years <= LAST20 are assumed to be in the 2000’s.

The default value of LAST20 is 50iwo digit years are interpreted as follows:

00-50 = 2000-2050

51-99 = 1951-1999

The option LAST20 on the $&TA record can be used to changevhwo dgit years are interpretedoF
example, LAST20=-1 can be used wherotdigit years span the year 2051. Allawdigit years will be
assumed to be in the same century.

The TRANSLATE option of the $BTA record was ne to NONMEM V and has been expanded with
NONMEM 7.3. Any values may be gen for dividing TIME and Il values, and wrmprecisions may be
requested for the result. An example is:

10
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$DATA TRANSLATE (TIME/0.01/6) |

which dvides TIME values by 0.01, and writes 6 digits to the right of the decifRANSLATE may
be used to carert hours to daysE.g., TIME/24.000 or TIME/24.00With NONEM 7.3, nw choices
are TIME/E TIME/F/D and II/F II/F/D. F (“factor") and D ("digits") may be integer or realues. This
is independent of day-time translation. That is, TRANSLATE may be specified whether or not day-time
translation occurs, and is applied by NM-TRAN after day-time translaifibe. user must insure that the
units of PK parameters such as CL or K are consistent with the units of THe& Guide VIl on-line
help description for $BTA TRANSLATE for more information.

ILII.C.3. Included Comments
Comments can be included in NM-TRAN data sets. E.g.

1 : 1212 5.94
1 : 2 4.37 3.28
C This next individual may be an outlier
2 4.4 0. 0. 72.4
2 : .27 1.72

If requested, an(FORTRAN) record with a designated character in position 1 is ignored, i.e. it does not
appear in the NONMEM data seThe character used in position 1 must be the same for all comment
records; it is specified in the $DA record using IGNORE=C (see section II.B.5).

Note that the IGNORE and ACCEPT options of theA$B record can also be used to select recofds
according to the values of specified data items. This is also discussed in section 111.B.5.

I.1I.C.4. Generated ID Data Items

I1.11.C.4.1. Background

NONMEM data records are grouped into contiguous sets of records calledluatirecords. With
population data, where there are multiple observations from multiple subjects, an individual record con-
tains the data records associated withvargsubject. Eachdata record of the individual record has the
same ID data itemNONMEM can also be used to analyze data from a single sulWéth. such data,

and when each observation consists of a single nymbérdividual record is simply angroup of con-

tiguous data records including only one observation record and having the same ID data item if the num-
ber of data records in the group iotar more. Whera nultivariate obseration is present, the inddu-

al record containing it includesw&eal observation records, each containing one element of the abserv
tion.

The inclusion of ID data items in a data set with single-subject data is a little unnatural, and it is not com-
monly required by computer programs that are meant to be used only with single-subjecitdatin-W
gle-subject data, NM-TRAN automatically generates the ID data items required in a NONMEM data set.
Such ID data items are called generdf@diataitems. Usually, this is adantageous. Therare situa-

tions, though, where the generated ID data items are not appropriate, and then generated ID data items
should be disallowed; see b&lo Most notably such a situation occurs when mudtiiate obserations

are included in the data sethe mechanism for disallowing generated ID data items/en g sections

C.4.2 and 111.B.2.

NM-TRAN "recognizes" the difference between populatiateand single-subjedata.t
(NONMEM itself also makes this distinction, which it makesilable to PRED via reseed \ariable |
IPS.)

11
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A data set consisting of population data is called a populdateset. A data set consisting of single-
subject data is called a single-subjgataset.t Theonly consequence of NM-TRAN/aility to recog-

nize this diference between data types is towll® data items to be automatically generated with sin-
gle-subject data. NM-TRAN infers from information in the control stream whether the data are of one
type or the otherThe way this is done is outlinedxte For details, see section C.4.2.

Both NONMEM and NM-TRAN explicitly recognize twtypes of random ariables,;-variables and
e-variables. Theskvo types are nested, i.e. foryaset of fixed values for the-variables, the-variables

can assume different values, but notwapsely. The ¢ variables can only occur along withvariables,

and then therepresent random intraindividual effects, while theariables represent random interindi-
vidual efects. Ifcontrol stream information indicates thatariables occur in the statistical model, then
population data are inferredo infer population data when thevariables occur is consistent with the
fact that with population data there dveth random intersubject and random intrasubject effects in the
statistical model; then the interinlual (intraindividual) effects are identified with the intersubject
(intrasubject) décts. (Havever, for noncontinuous population data see the discussiowbelo

If population data are not inferred, then onlyariables occur in the model. These variables, occuring
by themselves, are nonnesteatigbles. Thg can represent either intersubjecfeefs or intrasubject
effects. (Theterms 'intrasubject’ and ’intraindidual’ are used interchangeapbyt the term ‘interindi-
vidual’ is reserved; see b&lg With single-subject data there is no subject-to-subjaéalility, and the

n variables represent intrasubjecfesfts. Whereach observation comes from a different subject, either
the data are garded as population data andiariables are used, or more usuaihtrasubject ariability

is not distinguishable from intersubjeeriability, and ; variables only are used to represent the one type
of random dkct. Aslong as onlyn variables occur in the statistical model and the olzg@ms are
taken to be statistically independent, it really makes rfergifice whether the variables are rgarded as
representing intersubject or intrasubject randdieces. Statisticallythe observations being modeled can
be reggarded as arising from a single subject, or each observation cagabdetas coming from a -

ent subject. The NONMEM ceosntion is to tak a 'middle position". The term indidual is used to
mean an individual observation in thepulation of observationsThus no matter w the data actually
arise, thep variables can be garded as representing interindividuafeets. Morewer, in deference to
the often-occuring pharmacokinetic study where data arise from a single-subject, when the data are not
recognized as population data,\tlaee called single-subject datajea when different observations actu-
ally arise from different subjects. This a@ntion conforms with a caention of PREDPPwhereby
when only nonnested randorariables occuythe data are garded as single-subject data (Guide VI, sec-
tion IV.A).

With single-subject data, each obsgion must be in differentindividual record (this requirement is a
consequence of the fact that the@ariables represent interindividualfets). Accordinglyif one wants

to extract an indidual record from a population data set and use this record as a single-subject data set
(a nav NM-TRAN data set), the ID data items in this record must be changed sipcedlal equal.In

this case one might aloNM-TRAN to generate e ID data items for the single-subject data s&t.

the same time one might (but one need not) instruct NM-TRANdi@e the old ID data items from the
NONMEM data set (see discussion of the DROP attribute in section 111.B.2). Whether or not one does
the lattey NONMEM will be properly instructed to use only theand data items.

There are single-subject data sets where generated ID data items should heedisalloeexample is

where there are muriate obserations. Eactelement of the muliariate observation must be placed

on a diferent data record, but each of these records must be included in the same individual record.
Were generated ID data items allowed, a matiate obseration would span more than one widual

record. Inthis example, the user must include appropriate ID data items in the NM-TRAN data set.

t In the first edition of this guide and in certain other NONMEM Users Guides, the terwisliadidata
and individualdatasetare used instead of single-subject data and single-subject data set.

12
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Note that sometimes the data are population data in the sense that multiplatmimseare obtained
from multiple subjects, Wi £ variables are not used in the statistical model. This situation arises when,
for example, the data are categorical, rather than continu®hen ; variables still represent random
interindividual effects, and random intraindividual variablity exists, ibis expressed without the use ¢f

£ variables. Ifoption LIKELIHOOD or -2LL is used on the SESTIMATION record, NM-TRAN recog-
nizes this as odd-typ#ataand does not generate the ID data item. See Il.1l.Dabelo

Note that NONMEM can also analyze a population data set as if the data from each individual were sin-
gle-subject data. ("POPULATION WITH UNCONSTRAINED ETAS"); see Section 111.B.10 (hm73).

IL11.C.4.2. Implementation

NM-TRAN infers that the data are population data when at least one of theirfigils true of the con-
trol stream:

1. Anabbreviated code is present which USESSs.
See section IV.A

2. Anabbreiated code is present which udeEAs, and an abbreviated code is present (perhaps the
same one) which us&sRRs.
See section IV.A

3. A $SIGMA record is used.
See section I11.B.11.

4. A $MSFI record is used with the optibcdPOPETASH, where n is posite.
See section I11.B.12.

5.  With PREDPP: no $PK record is used, and a $OMEGA record precedes a $ERROR record.
See section V.C.6

6. An $SESTIMATION record includes the option LIKELIHOOD or -2LOGLIKELIHOOD, and d,n
abbreviated code is present which usé#s.t

7. The$SESTIMATION record includes the option LIKELIHOOD or -2LOGLIKELIHOOD, and a{n
$OMEGA record is used.t

When none of the abe is true, the data are inferred to be single-subject data. In this case NM-TRAN
generates ID data items unless this is disallowed by the presence of the reservéd labe on the |
$INPUT record. Generated ID data itemsésalues 1 and 2.1

When each data record includes an actual observation, then the generated ID data items alternate between
1 and 2 with @ery data record. More preciselwhen MDV (missing dependent variable) data items do

not appear in the NM-TRAN data set, or when NM-TRAN does not automatically include them in the
NONMEM data set (see section V.B), then the generated ID data items alternate between 1 and 2 with
evey data record. Suppose, though, that eitheMMiiata items appear in the NM-TRAN data set, or are
automatically included by NM-TRAN in the NONMEM data séthen the generated ID data items
alternate between 1 and 2, remaining constasrtaogroup of contiguous data records with MDV=L1.

T This option is used with non-continuowbsenred responseslf the data are population, The data aqle
referred to as "odd-type data". See Il.1I.D helo

¥The rule can be described as falo When the data are single-subject and the L2 data item is defined to
NM-TRAN, then the L2 data item is identified to NONMEM as the ID item. No L2 item is identified to
NONMEM. The ID item may be defined to NM-TRAN, but it is not identified to NONMEM as siibl.
variables L2 and ID (if defined) may be used in abbreviated code, and tlyeefireto the corresponding
items of the data recorddowever, if the user uses the label L1 instead of the label ID, or uses the label L1
as a synoym with the ID label, then NM-TRAN does not change the designations: the items labeled L1
are taken to be the ID data items, and the items labeled L2 are taken to be the L2 data items.

13
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For an exkample, see Appendix IV. |

I1.1I.D . Odd-type Data (nmv)

By default, objectie functions used with NONMEM are least-squares type functions, and as such, need
not be considered to be related teelikood functions. Hewever, NONMEM allows data to be analyzed

with an objectie function equal to -2log lidihood for the data, and this is particularly necessary when
the intraindividual distributions of the data are non-continuous (discrete) aedyoasymmetrical Cat-
egorical data is an example of non-continuous d#ékar the purposes of this discussion, such data are
called "odd-type" data.)oTaccomplish this, the value of F returned by the PRED routine with an-obser
vation may be set to the value of the conditional likelihoog &r the obseration, gven the values of

the model parametegs, rather than set to a prediction for the observation. The matrices G and H should
be the usual desdtives of the epression used for.FThe i’s, if any, are understood to be population
etas. Nce variables may be used.

This different use of F is signaled by using the option LIKELIHOOD on the $ESTI®N record. It is
assumed that first-order type approximations are not being used, and so theGQlARL@ption should
also appearAlternatively, F may be set to the value of -2log conditionaklikood of 1- for the obseav
tion. This is signaled by using the option -2LOGLIKELIHOOD (or simply -2LL) in the SESTINDN

record.

Odd-type data may also be simulatedr. this purpose, PRED must return the value of a simulated-obser
vation as the I data item (rather than in the argumengf wth standard-type data), a technique that
will work even when the data are of standard-type.

A data set may contain both predictions and likelihoodsFs&&AGiIn chapter IV.

See Guide VIII and on-line help for "Logisticgression example” (logitxa). Seealso eamplel0.ctl
and examplelOl.ctl in the NONMEMxamples directory for simultaneous analysis of predictions and
likelihoods.

ILILLE. Implementation of NMPRD4, PRINFN and DECLAREVARIABLES in NONMEM 7

The user of NM-TRAN need not understandvhillODULES NMPRD4, PRINFN, and DECLARE-
VARIABLES are implemented in FSUBS. The following is supplied for readers who are curious or who
need to understand the implementation.

ILLIILE.1 Implementation of NMPRD4 in NONMEM 7

NMPRD4 is an area of storage that is used by-sispplied and generated code, and also by NONMEM.
Variables stored in this area can be displayed by NONMEM in tables and scatterplots. In NONMEM IV
through NONMEM VI, NMPRD4 is a named FORTRAN COMMON declared in both NONMEM and
FSUBS. Thaleclaration in NONMEM is

COMMON /NMPRD4/ VRBL(LNP4)

The allocation LNP4 can only be changed by re-compiling all of NONMEM and PREDPP and NM-
TRAN.

The same COMMON may be defined in other subroutines wifireift names for the variables. Arit
able listed in a gien location is the same variable/ea though the name dédrs. Thusa PK generated
subroutine may contain a list such as

COMMON/NMPRD4/KA K,CL,...

Within the generated PK subroutine, variable names KA, K, etc. are used. @habés are the same
variables that are known to NONMEM as VRBL(1), VRBL(2), VRBL(3),...

Another vay that user code can refer to positions in NMPRD4 is as elements of array COM, e.g.,
COM(1),COM(2),...
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The use of COM variables is described in Chapter IV.E.3.

Starting with 7.1, NMPRD4 is a FORTRAN MODULEStarting with 7.2, it is also dynamically allo-
cated as needed for the current problefiith 7.2 and higherthe declaration in NONMEM is in
resource/GLOBAL.f90:

MODULE NMPRD4
REAL(KIND=DPSIZE), ALLOCATABLE, TARGET :: VRBL()
END MODULE

The VRBL array is allocated by NONMEM according to tladue of LNP4 in resource/SIZES.f90 (or as
specified by the $SIZES record).

A user-written PRED code need only contdiSE NMPRD4, ONLY: VRBL

Because NMPRD4 is a Fortran MODULE wever, the names must match. The generated caalddv
have t refer to user variables as VRBL(1), VRBL(2), etc.

In order to use alternate names for a variable in a MODULE ,atiables must be gén atributes AR-

GET (for the real name) and POINTER (for the alternate name) and the association operator "=>" must
be used: pointer=>tget. E.g. KA=>COM(00001) The subroutine mustxecute the association state-

ment explicitly Pointer KA may nav be wsed as an alias to target COM(1).

An example may help illustrate the NM-TRAN generated code.

Suppose
$ABBR COMRES=5
is present in the control stream CONTROLS5.

With NONMEM VI, FSUBS contains
COMMON/NMPRD4/BBBBB0(0005),KA,K,CL,SC,Y,A00031,A00032,A00035
COMMON/NMPRD4/A00040,A00041,A00034,BBBBBB(01984)

DIMENSION COM(002000)

EQUIVALENCE(BBBBBO(1),COM(1))

Userdefined variables KA K, etc., and NM-TRAN generatagiables such as A00031 (which contain

the values of their eta deatives), are listed. BBBBBB is a "filler" to pad the size of the COMMON to
size LNP4, which (using the default value of LNP4) is 2000. The array BBBBBO reserves the 5 posi-
tions in NMPRD4, as requestedariables COM(n) are alterngg rames for positions in NMPRDA4.

They may be used in abbreviated and generated code, and may be displayed in tables.

With NONMEM 7, The code is more complicated.

FSUBS contains MODULE NMPRD4Rnd an included subroutine ASSOCNMPRDA4, of which the
important code follows:

MODULE NMPRD4P

USE NMPRD4,0NLY: VRBL

REAL(KIND=DPSIZE), DIMENSION (:),POINTER ::COM
REAL(KIND=DPSIZE), POINTER ::KA,K,CL

SUBROUTINE ASSOCNMPRD4
COM=>VRBL
KA=>COM(00001);K=>COM(00002); CL=>COM(00003)

END SUBROUTINE ASSOCNMPRD4
END MODULE NMPRD4P

IF (ICALL <= 1) CALL ASSOCNMPRD4

15



NM-TRAN Guide - Chapter Il General Considerations

This code defines array VRBL in MODULE NMPRDZLOM is defined as a pointer (alias), arativ
ables KA etc. are also defined as pointers. The ASSOCNMPRD4 subroutine assigns COM as an alias for
VRBL, and KA, etc. as aliases for COM(1), etc.

In FSUBS, a subroutine ASSOCNMPRD4 is called at ICALL 0 (Run Initialization) and ICALL 1 (Prob-
lem Initialization).
CALL ASSOCNMPRDASSOCNMPRD4 performs the associations for that subroutine.

With this code, COM(i) can be used in abbreviated and generated code, as with earlier versions.
Within the generated PK subroutingyiable names KA, K, etc. are used, as with previous versions of
NONMEM.

In Chapter IV Section IW.I the use of verbatim code is describedode from the FIRST block is
inserted between the last declaration and the fiesi#able statement.

ILILE.2. Implementation of PRINFN in NONMEM 7

PRINFN is an area of storage that may be used by both user-supplied and generateaat caddyyb
NONMEM. ltis part of generated code if there is an $INFN block that defines Initialization-Finalization
variables.

Prior to NONMEM 7, it was a named COMMON PRINFN, defined in FSUBS in subroutines such as
INFN, PK and ERROR.

With NONMEM 7, it is implemented much Bk NMPRD4. MODULE PRINFN is defined in
resource/GLOBAL.f90:

MODULE PRINFN
REAL(KIND=DPSIZE), TARGET, DIMENSION (DIMTMP):: ITV
END MODULE PRINFN

DIMTMP is set in SIZES.f90. The default value is 500. It may be increased using $SIZES.

Suppose this code is used:
$ABBR COMRES=1

IF (ICALL.EQ.1) SUM=0
FSUBS will contain:

MODULE INFNP

USE PRINFN, ONLY: ITV

REAL(KIND=DPSIZE), DIMENSION (;),POINTER ::TLCOM
REAL(KIND=DPSIZE), POINTER ::SUM

CONTAINS

SUBROUTINE ASSOCPRINFN

TLCOM=>ITV

SUM=>TLCOM(00001)

END SUBROUTINE ASSOCPRINFN

END MODULE INFNP

Each subroutine in FSUBS contains the same code, e.g.,

SUBROUTINE INFN(ICALL,THETA,DATREC,INDXS,NEWIND)
USE INFNP
IF (ICALL <= 1) CALL ASSOCPRINFN

In each subroutine, variables TLCOM and SUM may be used.
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ILLIILE.3. Implementation of DECLAREVARIABLES in NONMEM 7 (nm73)

The implementation of DECLAREVARIABLES is much simplévariables are listed as defineBor
example, suppose the following control record is present with $SPRED (with PREOSResened and
a dfferent name would hee o be wsed to moid a compiler error):

$ABBR DECLARE A,B(10),C(1,NO-1),INTEGER 1 J

The generated subroutine contains the following, which declares the variables and initializes them to
zero:

MODULE DECLAREVARIABLES

USE SIZES, ONLY: DPSIZE,ISIZE,NO
SAVE

REAL(KIND=DPSIZE) :: A=0.0D+00
REAL(KIND=DPSIZE) :: B(10)=0.0D+00
REAL(KIND=DPSIZE) :: C(1,NO-1)=0.0D+00
INTEGER(KIND=ISIZE) :: I=0
REAL(KIND=DPSIZE) :: J=0.0D+00

END MODULE DECLAREVARIABLES

Each subroutine in FSUBS contains the same code:
USE DECLAREVARIABLES
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I1l. Contr ol Records

lLIILA. Record Syntax - General

A partial listing of NM-TRAN control record names and options i&gin Appendix I. A complete list- |

ing of all the control records can be found in NONMEM Users Guide V AppenddCNMEM Users |
Guide VIII and on-line help describe all the optiorSeneral rules for constructing these names and
options are gien in this section. The reader may refer to the example of the control recovesa @i
chapter I.1t is not possible for NM-TRAN to generate a NONMEM control stream which contains syn-
tax errors. Errors in an NM-TRAN control stream are reported in a report file; see Chapter | (FMSG).

1. Recordnames begin wits. With NONMEM 7.2 and higherboth lower and upper case may He
used for record names and all udefined and reseed words in the control stream. Upfrse |
is used in this guide for clarity.

E.g. $OMEGA

2. Optionnames on records may also be upper-case or lower-case.

E.g.SIGDIGITS

3. Theorder of the records and the order of options within records is immatecgtevhere noted
in the particular discussion of the record or option.

4.  With record names and options prior to NONMEM 7, initial substrings of record or option names,
and of length 3 or more, are recognized as abbreviations.

E.g.$COVARIANCEr $COVor $COVAR

An abbreiation is a type of aliafor the record or option namd-or any particular record or op-

tion, there may also be other acceptable aliases; these are noted as part of the description of the
particular record or option. All aliases may be abbreviated according to thention just de-

scribed.

There are exceptions such as M@ABORTFIRSption of $THER. With NONMEM 7, some |

new record names (e.g., $ANNEAL) and options (eBESTIMATION record option ISAMPLE) |
cannot be abbreviated.

5. Text after a semicolon is garded as a comment.

E.g.$THETA 7 ;Mean Clearance
6. Blank-linerecords and records containing only comments can be included for clarity or readability.

7. With NONMEM VI 2.0 and later ersions, the length of a single record of the NM-TRAN ingut
file is at most 160 charactergPreviously it was 80 characters)Vith NONMEM 7.3, the maxi- |
mum length is gien by FSD in resource/SIZES.fO0FSD=67000 with NONMEM 7.3).

For readability a record can be continued to form a contigublagk of records.
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E.g.
$THETA 7 :Mean Clearance
20 :Mean Volume

The record name, or an alias for it, physically appears only in the first record of a contiguous
block. Thisname or alias is "understood" to appear in each continuation record of the block.
Also, a record can be continued by a series of contiguous blocksprad which need to be con-
tiguous to each othetn general, all the information from all records which use (or are understood
to use) the same name, or use (or are understood to use) an alias for this ngarded as com-

ing from a single record with that name. If this is ordered information, the ordering is determined
by the ordering of the separate records.

E.g.
$THETA 7

20
$OMEGA 5 4

$THETA .7
$OMEGA .005

is equvalent to

$THETA 7 20 .7
$OMEGA .5 4 .005

The $ESTIMATION record, lik the $TABLE and $SCATTER records, is an exception, as noted in
the descriptions of these records.

Wwith NONMEM 7.3 and higher& may be used at the end ofyaline of the control stream td
indicate that the line is to be continued, including control records as well as abbreviated code.
(This is FORTRAN 90-style continuation.) If the ampersand at the end of a line is not to be|inter
preted as a continuation markbut as a part of the record, then, place a ; after it. For exampl¢, an
option of the $TABLE record may terminate with &. |

FORMAT=s1PE15.8:160& ;

8. Optionscan be separated by commas and/grramber of spaces.

E.g. MAXEVAL=400 SIGDIGITS=4, PRINT=5

9.  Anoption of the form A=B must be contained on a single record and may contain spaces around =.
A is called the optiomame, and B is called the optiowalue.

E.g. MAXEVAL =400

With an option of form A=B, the = can be omitted.

MAX =300 or MAX 300
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10. Filename®n control records may consist of as maharacters as fit on a single line. A filenanme
may not contain embedded spaces. If it contains commas, semicolons, or parentheses, or if it starts
with an equal sign, then it must be surrounded by single quotes ’ or double quotes ". An [option
name may not be used as a filename unless it is surrounded by quotes. |

11. Thenumerical values in $STHETA, $OMEGA, and $SIGMA may be each up to 30 characters|long,
and may be described in E field notation.

In the descriptions of the particular records, which follo later sections, square brackets are used to
surround an option or group of options, none of which need actually appear in the recorg.slif-the
round a group of options, awtical line is used to separate these options in the description, and at most
one of the options may be selected to actually appear in the record. If none are selected,tthappear
the defaultoption, indicated in boldface (if there is an option so indicated), is understood to apply.

E.g. [UNCONDI TI ONAL|CONDITIONAL indicates a choice between the optitiSCONDITIONAL
andCONDITIONAL and if neither are selected to appear in the record, it is understood that the first op-
tion applies.

I1.II.B. Record Syntax - Specific Records

Specific NM-TRAN control records are described in the next subsecfidresfirst 17 records ($FBB-
LEM thru $SCATERPLOQT) were part of NONMEM IYand are discussed in detalDptions are listed|
as of NONMEM 7.4.Options added with NONMEM V and later are navajs discussed in this docu}
ment, but are discussed in the help/Guide VIII documehk® remaining records (starting with B.18.
$SUPERPRBLEM Record) is a listing of record types introduced with NONMEM V and, latith |
brief descriptions. All of these records are optionétiey are listed in order in which tlyewere added to|
NONMEM, with some rceptions. Br additional information, see Guide VIl and on-line help.
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[.111.B.1. $PR OBLEM Record

$PROBLEM text

E.g.
$PROB THEOPHYLLINE POPULATION DATA

The text becomes a heading for the NONMEM printout.

This record is required. Only $SIZES and $SUPERPROBLEM may precede @BSERI record. |
(See 111.B.28 and 111.B.18 bela) A $PROBLEM record other than the first one marks the beginning of
another problem specification.

The text must be contained on a single record, and only the first 72 charactatqsifténg with the
second character after the record name) are used in the he§gacesand semicolons in the & are
included "as is". The text is optional.
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[.111.B.2. $INPUT Record

SINPUT item item, itemg - - -

E.g.
$SINPUT ID DOSE TIME CP=DV WT

The items define the data item types that appear in the NM-TRAN data records, as well as the order of
their appearance.

This record is required, and it must precedg @her NM-TRAN control record in the problem specifi-
cation that refers to specific data item types.

Each item has form B or A=B, where A and B are data item laliglsh data item label consists of let-

ters (A-Z) and numerals (0-9), but it must begin with a let&arting with NONMEM 7.1, the under |

score character _ may be used in a data item label. Starting with NONMEM 7.1, the maximum umber
of characters in a label isvgh by SD in esource/SIZES.f90. Theefault value is 20.With previous |
versions, the maximum number of characters isThe labels may be used in subsequent NM-TRAN
control records, and thievill be used as labels for data items in NONMEM output.

NM-TRAN recognizes certain reserviabels:
ID,L1,L2, DV, MDVTIME, DATE DAT1, DAT2 DAT3 DROP
RAW_(nmv), MRG_(nmv), RPT_ (nmvi) |

The RAW_ data item identifies template records for which NONMEM computes and displays ra
data aerages. Vith this feature, the TEMPLvariable may be used in abbreviated code, and|the
$OMIT record may be used. |
The MRG_ data item identifies records for which NONMEM computes and displagsnaiaf
guantities (expectations). |
The RPT_ data item identifieNONMEM'’s repeat data item. i used to mark a data record &s
a repetition base.(Another vay of doing this is via global "Repetition Variables" RPTI, RPT]|
RPTON, PRDFL in abbreviated code.)

By usinglD, L1, L2, DV, MDVRAW, MRG, or RPT_as B, the user defines the NONMEM data

item type whose name corresponds to the label. The NONMEM data item type whose name corre-
sponds tdD is the same NONMEM data item type whose name corresponds, taut L1 has
another special meaning. Useldf not only defines thédD data item, italsosupresses automatic
generated ID data items (see section 11.C.4).

By usingTIME as B, the user defines a time data item type; time data items can be recognized as
clock times and translated to relatiimes (see section I1.C.2 and the discussion below).

By usingDATE DAT1, DAT2 or DAT3 as B, the user defines a date data item type (see section
II.C.2 and the discussion bap Usually date data items should not appear in the NONMEM
data set (see below).

By usingDROPRas B, the user defines a data item type which will not appear in the NONMEM data
set, e.g.DATE=DROP This is the one label that can be used more than once in the SINPUT
record. Ignoringtems with this label, the total number of items in a NM-TRAN data record can-
not exceed a certain limit, and, if the data set is single-subject, this limit includes generated ID data
items (which actually do not appear in the NM-TRAN data set).

Starting with NONMEM 7.2, this limit is gen by PD in esource/SIZES.f90. Thdefault value is |
50. PD may be changed using the $SIZES recBidl.also specifies the maximum number of data
items in the NONMEM data setVith previous versions, the maximum number of items in bpth
NM-TRAN and NONMEM data sets was 20.
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If the user prefers to label a NONMEM data item type or a time data item type with a label (A) other than
the reserved one (B), he may use the item A=B. In this case A is called gmsyioorB. Alternatively,

he may use the item B=A, i.e. the order of the labels A and Based in the item so that the ressav

label comes first. Either of the labels A and B may be used in subsequent control records of the problem
specification. Havever, only the synonym is used as a label in NONMEM out@mth A and B can be
resened labels. Thus one type of data item canesamultaneously as another type, elD=TIME .

Another example of this BATE=DROP

The itemsDROR A=DROP or DROP=Aare all equident. Thelabel SKIP acts just as does the label
DROP The labeIDROPmay not be used when the &DA record contains a format specification (see
section B.5).

Time data items are translated from clock times to veldthes when at least one time data item con-
tains a colon (:).Time data items are also translated from clock times toueliaties when the resezd
label DATE DATY, DAT2, or DAT3is used. In this case the order of the fields ,(danth, year) must
be the same across all the date data items. This order corresponds to which label is used:

Label Order

DATE month day year
DAT1 day month year
DAT2 year month day
DAT3 year day month

If only one field is used, it is assumed to be the day fiéltvo fields are used, thieare assumed to be
month and day fields. When tvor more fields are used, the user should be careful to usesdompée,
DATE=DROfotherwise, use of the nonumeric separator will raise an error during the NONMEM run.

If the data set is single-subject, ID data items are automatically generated, unless the resetvkedslabel
used. A+1 or L1=A can also be usedGenerated ID data items are assigned the l#bel (i.e.ID
surrounded by dots)This label can be used in subsequent NM-TRAN control records of the problem
specification.

Changes to the $SINPUT record may cause changes to generated codes. In this case care stesuld be tak
in using the previous load module.

INPT is an alias fofINPUT.
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[.111.B.3. $INDEX Record

$INDEX [label;|valug] [labeb|value] [labek|valug] ...

E.g.
$INDEX DOSE 1

The labels are those of data items, as established by the $INPUT record. The values are integers no
larger than the number of (ndROR items in the $INPUT record. Either (i) the ixdef the data items

with label labe]l, or (i) valug, whichever is chosen, is stored in INDXS(l). (The indef a data item is

its position in the NONMEM data record.fror the abee example, and using the $INPUT record wino

in chapter I: INDXS(1)=2, and INDXS(2)=1.

This record is optional, and it need not appear unless some complete FORTRAN-coded subroutines are
developed by the useend at least one of these subroutines makes explicit use of the INDXS array.

INDXS is an array which is one of the arguments to certain user-supplied subroutines; see Guide I, sec-
tion C.4.1, or Guide VI, sections III.C, B, and VI.LA. The array cannot be used with an albted

code. Thereforeghe $SINDEX record is not of interest to users of NM-TRAN who only use aiatbeel

codes.

In the abwee description INDXS(I) should be understood tavajs mean the Ith element of the INDXS
array that is ailable to a usewritten routine. With PREDPP the routine actually has access to only part
of a larger INDXS arrayonly to elements 12-50 of the larger arrd§M-TRAN stores the indices of cer
tain data items of use to PREDPP in elements 1-GtlPREDPP renumbers elements 12-50 to 1-39
before passing INDXS as an argument to the routine.

$INDXS is an alias foBSINDEX.
Commas between labels and values are optional.
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[.111.B.4. $CONTR Record

$CONTR  DATA=(label|0] [labeb|0] [labek|0])

E.g.
$CONTR DATA=(0,TYPE)

This record defines one to three types of data items defined in the SINPUT record to beatzdude to
subroutines CONTR, CCONTR, and MIX in théTA array.

This record is optional and need only appear if the CONTR, CCONTR, or MIX subroutine-gipser
plied and uses data items stored in tAGD array.

labe| is the label (or synonym)wgn in the $INPUT record for the ith data item type.

The CONTR and CCONTR subroutines are used to define an wbj&etction which differs from the
default (ELS) objectie function. TheMIX subroutine is used to describe the mixing parameter of a mix-
ture model; see Guide VI, section Ill.L.2. See also $MIX in Chapter IV.L.

These routines are called with individual records. An arrAyADis available in a NONMEM MOD-

ULE and changesalue with each individual record. It contains up to three types of data items occuring
in each observation record of an individual recdrdr any individual record, the data item occuring in
the Ith observation record of the individual record, having the Jth label occuring iiRedption of

the $CONTR record, isvailable in DATA(I,J). Ifa0 is used in the BTA option instead of a label, then

a 0is ound in DATA(I,J).

Commas between labels abd are optional.
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[1.111.B.5. $D ATA Record

$DATA [filename|*] [(format)] | GNORE=c,;] [NULL=C;]
[I GNORE=( list) ...]ACCEPT=(list) ...]
[NOW DE|W DE] [ CHECKOUT]
[RECORDS=n, |RECORDS=label]
[LRECL=n,] [ NOREW ND|REW ND]|
[NOOPEN] [LAST20=n3] [ TRANSLATE=( list) ]
[BLANKCK]
[M SDAT=r...]

E.g. SDATA DATAFILE

This record gies the name of the file containing the NM-TRAN data set.

This record is required with the first problem specification, and wittparblem specification where the
NM-TRAN data set differs from that of the preceding problem specification.

The filename must be the first option on the record.

If the $DATA record is missing from the problem specification, the problem uses the same NONMEM
data set as that used in the previous probl&fth the previous problem the user mighvénarodified

data items from those found in the NONMEM data set at the beginning of that problem (e.g. the modifi-
cation may hee caccurred in the simulation step, or in the initialization/finalization step - see Guide II,
section D.2.2, Guide VI, section VI.A), and then the data set used in the current problem (NGNMEM’
internal cop of the data set) contains the modified data items. Using an asterisk inAhA $&xord, in

place of the file name, has the same effect as omitting tA&/&ecord. Hevever, when one \&nts to

use theCHECKOU®ption, as well as use the NONMEM data set from the previous problem, the asterisk
must be used. In this case no other options should be used.

The format refers to a FORTRAN format specification to be used by NM-TRAN to read the NM-TRAN
data records. Note that this specification is to be enclosed in parentReseat codes FE, and X may

be used, but not IThe format will also be used by NONMEM to read the NONMEM data records, after

it had been modified to account for generated data itéfnasformat is provided, the label DROP cannot

be used, and the WIDE and NULL options may not be used. If a format is omitted, the NM-TRAN
records can still be read, and a format specification which is appropriate for reading the NONMEM data
records will be generated. In this case a NONMEM data set is foundAhA-(3ee section I1.B).

The IGNORE option specifies records to be dropped from the NONMEM data set.

WhenIGNORE=; is coded and the charactgrappears in column one of a (FORAN) record

of the data set, this record does not appear in the NONMEM dat&seh. records can seres
comment records in the NM-TRAN data set (see section II.C.3). The characéer lse ay char-

acter other than a blank or semicolon. In thé®® record it can be enclosed by single quotes or
by double quotes, in which case a semi-colon is permifiée. default iJGNORE=# That is, in

the absence of IGNORE option,yarecord whose first character is # is treated as a comment
record.

IGNORE=@ signifies that gndata recorchaving an alphabetic character or @ as its first non-
blank character (not just in columt) should be ignored. Alphabetic characters are the letters |A-Z
and a-z. This permits a table file having header lines to be used as an NM-TRAN data set. |

IGNORE-=(list) is nav with NONMEM 7. |
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"List" is a list of one or more data item labels, with logical operators and values, of the|form
"label=value", "label.EQ.value", "label.NE.value", "label.@dlue", "label.GE.alue",
"label.LT.value", and "label.LE.&lue". (FOR'RAN 90 logical operators such as '==""/=" "<’ '<=’
'>''>=" " may also be used.)With NONMEM 7.3, "label.NEN.&lue" and "label. EQN.value" are
permitted. (Theres no FORTRAN 90 operator for this comparison.) If the logical operataor is
omitted, the default is "="With each data record, thalue of the data item with thevgn label
and the value in the list are compared according to the logical operatdf result is "true", the
record is ignored, i.e. it is not included in the NONMEM data set (semme below). Such
records are called "dropped record®Vith "=", "==", "/=", ".EQ." and ".NE.", the value in the data
record and the value in the list are compared as character strings. Otheryisee ttverted to
numeric and compared numericallffhis is the case with .NEN. and .EQN.) This comparison is
made prior to time translation. Hence, the TIME item cannot be compared numerically if if con-
tains non-numeric characters such as ":".

Note: if the data file is a table file from a previous NONMEM run, values that had begersnte
(0,1,..) in the original data file will be reahlues (0.000E+00, 1.000E+QQ, ...) in the table file.
comparison for equality or inequality shouldanbe for the real value. E.g.
IGNORE=(OCC==1.000E+00) .

A data item label along with a logical operator and value is called a condRibist may contain
several conditions; these should be separated by commas, and the list should be enclosed in paren-
theses. Upo 100 different conditions altogether can be specifidditiple IGNORE options with
different lists may be used list may span one or more NM-TRAN records. The use of "=" after
IGNORE is optional, but parentheses are required with this form of IGNORKEes may be
alphabetic or numeric, and may optionally be surrounded by single quotes ' or double quptes ".
Quotes are required if a value contains special characters suchHxsvever, a \alue may not
contain spaces or commas. No format specification is permitted with this form of IGNORE.

A data item type may be dropped from the NONMEM data set by means of the DROP or| SKIP
synorym on the $INPUT record, after records are dropped due to a condition based on the data
item type. E.g.,

$INPUT ... GEN=SKIP ...

$DATA file IGNORE=(GEN="M’)
Records hang GEN equal to "M’ will be dropped, and the GEN data item type will then be omit-
ted from the NONMEM data sefA dropped data item may beyaaphanumeric string (without a
data item delimiter - a blank or a comma).

If there is more than one condition, then records satisfying at least one of these conditions|will be
dropped. Ireffect, the conditions for dropping a record are connected by the implied conjunction
".OR.". E.g.
IGNORE=(GEN.EQ.1,AGE.GT.60)
Records having GEN equal to 1 or AGE greater than 60 are dropped. All others are accepted.

ACCEPT=(ist)
The ACCEPT list option is identical to the IGNORE list option, except that it specifies conditions
for acceptance of records. An ACCEPT list cannot be used together with an IGNORE list.
E.g.

ACCEPT=(GEN.EQ.1,AGE.GT.60) .
Records having GEN equal to 1 or AGE greater than 60 are accepted. All others are dropped.

Suppose it is desired that records be dropped that satisfy the logical ".ANDvéefl senditions.
This can be implemented by using an ACCEPT list with thgetimes of the conditions.For
example, suppose that records to be ignored are those having GEN=1 .AND. AGH hi$thay
be done as follows:
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ACCEPT=(GEN.NE.1,AGE.LE.60)

It is possible to implement more complicated expressions, e.g., with nested parentheses.
See Guide VIl on-line help Ignore_accept example.

Option NULL=c, specifies the character used for null data values in the NONMEM datd&sety
occurrence in the NM-TRAN data set of a dot surrounded by blanks/commas/tab characters, or of con-
secutve mmmas or consecut b characters, is replaced by a null data item in the NONMEM data set.
Null data items are also supplied for data items that are missing from the end of an NM-TRAN data
record (there may be vaal missing from the end of grgiven record) but that are defined in the
$INPUT record. This null data item consists of the specified charggtanctit occupies the last posi-

tion in the field of the NONMEM data set into which it is placdthe character,ccan be enclosed by

single quotes or by double quotes. The default fas a blank.

The optionNOWIDEspecifies that the FORAN records of the NONMEM data set, generated by NM-
TRAN, are to consist of up to 80 charactehs.order to accomplish this NM-TRAN may need to sup-
press space between fields or generate multi-line NONMEM data recbhis.is the defult. The
option WIDE specifies that single-line NONMEM data records are to be generated if posHilese
records alays include at least one space between fieWlih this option the records can be up to 300
characters. (Note that thevill be multi-line if 300 characters is toowd They comprise a NONMEM
data set which may be more legible than one obtained without VW4IDB, and which can be processed
by a program other than NONMEMWith this option, therewill be no FINISH (FIN) record in the
NONMEM data set. (A FINISH record is generated with there are more than 99999999 records in the
NONMEM data set.)WIDEalso provides anxéra character for elapsed times, so thtady can accom-
modate the number of hours in (approximately) 4166 days with a leading space. Six digits (XXXXXX.XX)
are provided.

The optionCHECKOU$pecifies that NONMEM is to run in data cheakmode. In this mode, tables

and scatterplots can be requested, so that the data (as "understood by NONMEM") can be examined, b
no computations wolving the model are performed, so that this examination cannot be hindered by
problems with the logic in user-written routines or abiated codes. These routines and codes need
only be syntactically correctThe predictions, residuals, weighted residuBlEAs and PRED-defined

items that are displayed in tables and scatterplots (see sections B.16Rnaré\all 0. CHECKDATA

can be used as an alias.

When theRECORDSH; option is used, the numbey i$ the number of data records to be read from the
NM-TRAN data set. Comment records are not countetiM-TRAN does not drop anrecords from

its data set (see IGNORE list anC&EPT list), then nis also the number of records written to the
NONMEM data set. If NM-TRAN drops records, then the total number of records written to the NON-
MEM data set is np minus the number of dropped records. This number must be no more|than
99,999,999. Whethe option is omitted, then there is no limit to the number of data records in the NM-
TRAN data set. In this case the file is read to a FINISH record (se&)belao the physical end of file,
whichever comes first. However, if there are 100,000,000 or more records, then it is suggested dhat a
FINISH record be used since in this case and when, wardébe NONMEM data set happens to coin-
cide with the NM-TRAN data set, the NONMEM data set needs a FINISH record.

RECORDSabel

If the option is coded @&ECORDSabel, where label is a data item label, NM-TRAN understands

the data records for the problem to start with the first data record of the NM-TRAN data set (at the
place where the file is positioned before data records are read; see the NOREWIND option), and to
include as well, those and only those subsequent contiguous data records having the same value of
the data item as does the first record. It counts the total number of these data records,yminus an
comment or dropped records, and puts this number in the NONMEM control file.
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In particular the ID label may be used (or alternaly, the option may be coddECORDS=IR
RECORDS=INDRE®@r RECORDS=INDIVIDUALRECORDIf a label other than ID is used, the
$INPUT record must precede the AIA record. Ifthe data are single-subject data, the ID data
items used to determine the data records for the problem are those labeled ID (not .ID.).

If there is more than one problem specification with A®brecord that includes an option of the
form RECORDSabel, then either none of theseAIA records may also include a format specifi-
cation, or all of them must include the same format specification.

The LRECLoption is only needed when the format is omitted, and when either (i) the operating system
(e.g. IBM/CMS) raises a fatal error when a FBRN program tries to read more characters from a log-

ical record than the number of characters in the record, or (ii) the operating system imposes a maximum
record length which is smaller than 999 characters @RAY/CTSS). Thenumber g is the number of
characters in the NM-TRAN data records.

NOREWINDBpecifies that the file is not to bevaind before it is read, arREWINDspecifies that the

file is to be revound. Thes@ptions are ignored if used on the/IA record appearing in the first prob-
lem specification of the NM-TRAN control stream, or on aA%R record appearing in a subsequent
problem specification when this record contains a file nanferetift from that contained on the A0A
record of the prior problem specificatiom these cases the file is automatically@end. TheREWIND
andNOREWINDptions are significant only when there are multiple problem specifications in the NM-
TRAN control stream, and when the DA records appearing in twoonsecutie problem specifica-
tions, corresponding to tyroblems A and B, contain the same file name. In this situation:

When theREWINDoption is used on the the BIDA record for problem B, the first NM-TRAN

data set on the file is re-used for problem B. If NM-TRAN does not modify this data set, then an
instruction to rewind the (same) file is also contained in the NONMEM control stream problem
specification for problem B. If NM-TRAN does modify the data set, then the NONMEM data set
for problem B is placed on FAYA after the last NONMEM data set already present oATRD

and no instruction to rewind FJA is contained in the NONMEM control stream problem specifi-
cation for problem B.

If the NOREWINDption is used on the $OA record for problem B, or neither option is used,
then the file is not mound, and the NM-TRAN data set on this file that follows the one used for
problem A is used for problem B. In this case note that th&T#8Drecord with problem A must
have mntained th(RECORD®ption or the NM-TRAN data set used for problem A must end with
a ANISH record. Also in this case, no instruction to rewind the file containing the NONMEM
data set for problem B (whether this file is the file named in th&TADecord or whether it is
FDATA) is contained in the NONMEM control stream problem specification for problem B.

NOOPENpecifies that the file is not to be opened by NM-TRAN. It permits a data file to be created by
one problem and used in a subsequent problem of the same run.

Translation of NM-TRAN data records is awshr process than is translation of NM-TRAN control
records. Hwever, usually during a data analysis, changes are made to the NM-TRAN control records
between runs, but not to the NM-TRAN data recordéth large data sets once translation of the data
records has been performed successftilg output in FIBTA can be stored (in a file of a fdifent

name) and used with subsequent NM-TRAN rulmsa subsequent run, use the format specification and
value for n, found in the problem summary pages of the NONMEM output from the firstlfudata

items were dropped or generated, then use the list of "LABELS F&IR DTEMS", found in this ear

lier output, for the list of labels needed in the $INPUT record. If the data set is single-subject, and 1D
data items were generated, use L1 for the label of these data items.

LAST20, BLANKOKTRANSLATE
See Chapter Il

29



NM-TRAN Guide - Chapter I Control Records BDA Record

MISDAT (nm74) Defines one or more particular numerical values to indicate a missing data valug in the
data set, which is displayed on $TABLE outputst is safely interpreted as 0 by other steps of NON-
MEM.

See Introduction to NONMEM 7 and Guide VIII and on-line help.
SINFILE is an alias fo6DATA

When a format is omitted, a FINISH record consists of the characters FIN appamayimigerein the
record (the other characters are all blankjhen a format is provided, a FINISH record mustenhthe
form described in Guide Il, section D.2.3.
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[1.111.B.6. $SUBR OUTINES Record

$SUBROUTI NES [subnamel = namel] [subname2 = name?2] ...
[SUBROUTI NES=kind]

E.g.
$SUBROUTINES PRED=mypred

This record gies names associated withyasubroutines which are user-supplied, i.e. for which abbré
ated codes are notvgh. Usersupplied FORTRAN codes are copied to the FSUBS Tilee names and
subnames are also listed in the FREFOie. Thisfile is needed for documentation purposes, and it

also can be used as input to a program such as nmfe that creates system commands for running NON-
MEM.

This record is only required with the first problem specification, and then only if the record contains
some option.It applies to all problem specifications in the control stream, and it must not appear with a
problem specification other than the first.

A subname may be chosen from the IBRED CRIT, CONTRCCONTRCONPARUSMETASPTWO
MIX, PRIOR

The names on the right are the names of files containing RAR 90/95 code. These follothe usual
rules for filenames on control records; see A.1rabén extension such as ".f* or ".f90" may be part of
the file name for descripg purposes, but the file itself should contain HBRRN 90/95 code.A file
may contain more than one FODRAN subroutine. A name could be the same as the subname, but a
subname is generic, and a name which is more specifically related to the actual code comprising the sub-
routine can be more usefuDne subname-name pair should be used for each subroutine which ig user
supplied.

If the PRED subroutine is not usaupplied, so thaPREDis not used as a subname, then an afdtes |
code must be gen for $PRED (unless PREDPP is used; see chapteAkreviated code can also bé
given for $MIX; see Chapter I¥. The$PRIOR record can be used to provide instructions for a-gener
ated PRIOR subroutine in FSUBS; see B.23WwelBORTRAN code must be provided if the remaining
subnames are user-supplied. |

There may exist one or more "other" usapplied subroutines used by one of the subroutines listed
above. The special subnan@THERcan be used in conjunction with such a routine; it is set to a nanje of
a file to be read by NM-TRAN. (A subroutine B, called by subroutine A, can be included in the filg con-
taining A. In this cas©THERwould not be set to a name for Bynlike the other subname§THER |

can appear up to forty times in the $SSUBBRTINES record, and used for up to forty unique file namies.
Here are some examples. |

The OTHERoption is used to supply the FORAN code for user-written functions, e.g., the resdry
functions FUNCA, FUNCB, FUNCC, etc.,,arith NONMEM 74, functions declared using the $ABBR
FUNCTION option. Suppose there is one such file and its name is fungfile.funcfile may contain
more than one FUNCTION.) It should be listed on the $SUBROUTINES record. E.g.,
$SUBROUTINES ... OTHER=funcfile

Another example of the use GfTHERhas to do with the NONMEM subroutine CONSTRAILINThe
default version found in NONMEM source directory (source/CONSTRAINT.f90) performs simulated
annealing, and uses information from the $ANNEAL recosge section B.29. belo The O'HER
option is not needed if the default version is to be used. See anneal.ctl in NONI&Mple direc-
tory.

A userwritten subroutine CONSTRAINT may be used instead to provigiekigual of constraint pattern
on ary parameters. Example9.¢tl NONMEM'’s examples directory contains

31



NM-TRAN Guide - Chapter lI Control Records $SUBROUTINES Record

$SUBROUTINES ... OTHER=aneal.f90 |
File aneal.f90 contains an alterwvativersion of subroutine CONSTRAINT and is discussed in Introdjic-
tion to NONMEM 7 "Example 9: Simulated Annealing For Saem using Constraint Subroutine.” |

If the SUBROUTINESption is not used, it is understood to be present with the option "kind" equal to
DOUBLE DP andD are aliases foDOUBLE SUBSis an alias folSUBROUTINES The SUBROU-
TINES option may be coded with the p&t/BROUTINES=missing.

E.g.
$SUB DP
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[.111.B.7. $ABBREVIA TED Record

$ABBREVI ATED [COVRES=n,] [ COVBAV=n,]
[DERI V2=NQ] [ DERI V2=NOCOMVON] [ DERI V1=NC|
[FASTDER | NOFASTDER]
[CHECKMU | NOCHECKM]
[REPLACE left_string = right_string ] ...
[DECLARE [type] [DOWHILE] name [(dimension [,dimension])] ...
[FUNCTI ON functi on_nanme(i nput _vector _name, di nensi on[, usage] )]
[VECTOR i nput _vect or _nane(di nensi on)]
[PROTECT]

E.g. SABBREVIATED COMRES=2

This record gies atibutes which apply to all abbreviated codes.

This record is optional and may only appear if abbreviated codes appear it only should appear
with the first problem specification, and beforg abbreviated code.

Abbreviated code is described in Chapters IV and V.
COMRE$'common reserve") andOMSAY'common sge")

One use of the optioBOMRE®wolves the presence of both abbreviated and user-supplied subroutines.
Values for variables defined in abbreviated codes may be displayed in tables and scatldrpsatsari-
ables are listed (i.e. theiales are stored) in a NONMEM MODULE NMPRD4 in the generated sub-
routine. (Wth versions of NONMEM prior to nm7, NMPRD4as a named FORTRAN common, hence
the use of options "COM...".Jsersupplied FORTRAN routines may also list variables whadaes

are to be displayed in NMPRDZ he first n positions in NMPRD4 are reserved for the use of these rou-
tines; generated subroutines will not list variables defined in abbreviated codes in these pdfitions.
there are no abbreviated codes, not onlg@GMRESot needed for this purpose, it may not be ugdd.
variables listed in NMPRD4 must be double precisidine number pcan be nonrgetive, and if the
option is not used, it is understood to bdtOcan also be -1, in which case no variables defined in abbre-
viated codes are listed in NMPRD4. In thigael, see also section IV.H.

All variables defined in an abiwiated code are listed in NMPRD4, whether or not their values are dis-
played. Thusith PREDPPwhere there may be more than one abbreviated code, each such variable is
recognized as the samariable in all abbreviated codes in which it is used. If it desireableotd this

type of global definition, then the option value -1 can be used. See also section IV.H.

The optionCOMSAVnay be used when thenwable COMACTs used in abbreviated code (see section
IV.E.2). Itdefines the SYAE region of NMPRDA4. In this case the opti@®MREShould also be used,
and n must satisfy & n, < n,.

The next tvo options primarily concern ways tov@d changing and recompiling NM-TRAN or NON-

MEM source code when NM-TRAN produces error messages indicating that certain internal table sizes
are found to be too small for avgn problem; see Guide Ill. In this gerd, the optionCOMRES=-1can

also be useful (see also sectionH) With NONMEM 7, NM-TRAN allocates most internal arrays
dynamically as neededlhe $SIZES record can be used to metker arrays lager. Internal table sizes|

are unlikely to bexceeded. Haever, when there is a great deal of abbreviated code, the generated code
and the NONMEM load module may be very large, which caw the execution of NM-TRAN and |
NONMEM. Thefollowing options may still be useful.

DERIV2=NOandDERIV2=NOCOMMON
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When the optiodDERIV2=NOis used, code to compute second-partialvdgvies with respect toy vari-

ables is not generated from abbreviated codes. Thesattles ae only needed when the Laplacian
estimation method is used (see section B.14). So in ordevad®d time one might be tempted to use

this option when the Laplacian method is not ugddwever, when the Laplacian method is not used, the

code computing the second detives is reva executed. Thereforaisually there is little reason to
include the option. It is generally recommended that the option not agpdaat with generated sub-
routines, a load module that computes thesevatinés can also be used in a subsequent run which uses

the Laplacian methodlf it does appeaif PREDPP is not used, and if the Laplacian estimation method

is requested in a subsequent run using the same load module, then, in effect, the first-order conditional
estimation method is used in that run, although using wbatemore computer time than is necessary
However, care should be taken tead this situation. If the option appears, and PREDPP is used, then
the Laplacian estimation method must not be requested in a subsequent run using the same load module,
even when all second-partial dedives that might be computed are uniformly zero (in which case code
computing these zeros is actually not generated whether or not the option appears).

Values of second-partial degtives of a \ariable defined in an abbreviated code are stored in cdhier v
ables defined in the generated routitNormally, these variables are listed are also listed in NMPRD4
(see abwe). Whenthe optionDERIV2=NOCOMMONused, these variables are not listed in NMPRD4.
In this case these variables are not displayable. In this case also, if PREDPPne wsei@dble defined

in the abbeviated code for PKmay be referenced in the abbreviated code for ERROR.

In the generated subroutine, NM-TRAN collects (re-arranges) all code for secomtiiebmputation |
so that only a fe tests (for MSEC==1; see Chapter IV.E.4) are needed to compute them when NON-
MEM indicates that it needs second-partial aives, and skip them otherwise.

FASTDERaNdNOFASTDERYM72)

Code to compute first-partial destives with respect toy variables is alvays generated from ablwiated
codes. Theselervatives ae almost abays needed by classical NONMEM methods with population
data. Hovever, NONMEM does not alays use these destives for the never Bayesian methodsSince
NONMEM 7.2, NM-TRAN collects (re-arranges) all code for first ¢ltive computation so that only a
few tests (for FIRSTEM==1; see ChapterE\4) are needed to compute them when NONMEM indicates
that it needs first-partial degtives, and skip themotherwise. Thiss explicitly requested by option
FASTDERwhich is the dedult. Thecollection (re-arrangement) of first dettive code can be pwented

with optionNOFASTDER

DERIV1=NO(nm74) |
With NONMEM 7.4,DERIV1=NOprevents the computation of first desatives.
CHECKMENdNOCHECKMUmM73)

Abbreviated code may contain statements for the MU model, which is used in NONMEM 7 EM (Expec-
tation Maximization) methods and Gibbs sampling methods. See Chapter INMIBNONMEM 7.3,
NM-TRAN checks the MU model statements and issues warning messaggsajfibar to contain mis-
takes. This can tale a bng time for large control stream$.or some models, NM-TRAN may be
unable to do so, or may issue inappropriasenwmgs. OptionNOCHECKMtANn be used to prent NM-

TRAN from attempting to check the MU model stateme@ption CHECKMUequests that MU model
statements be checked, and is thadlkef Neitheroption affects the generated code.

$ABBREVIATED REPLACHption (nm73)

Any character string may be replaced in ablaed code. In particulathis allows for symbolic labeling
of thetas, etas, and epsilorfsor example,

$ABBR REPLACE ETA(CL)=ETA(5)
The characterETA(CL) are replaced bETA(5) where @er they appear in abbreviated code.
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With NONMEM 74, use of this option may affect the NONMEM report fikenewhen there is no
abbreviated code.

Either ETA(CL) or ER5 may be listed in the $TABLE or $SCATTER records, and the label in the
NONMEM report file is ETA(CL) ". Thisis called labekubstitution.

The $SESTIMATION, $TABLE, $SCATTER, and $DBBLT records all hee an option NOSUBhat can
be used to control label substitution for that portion of the report. In generalN@BtuUB=0label sub-
stitution occurs.E.g., the label in the NONMEM report file iETA(CL) ". Thisis the dedult. With
NOSUB=1label substitution is turnedfofE.g.,the label is ETA5".

Label substitution is nveer made in the additional output files *.ext, ,phi, etc., to maintain their third party
software readability.

The REPLACE option also allows replacement with selection. This provides a compact way of writing
complicated abbreviated codelere is an example of replacement with selection by data iBrmpose
OCC is a data item.

$ABBR REPLACE THETA(OCC)=THETA(4,7)

Supppose the abbreviated code is:

TVCL=THETA(OCC)

The generated code is:

IF (OCC==1) TVCL=THETA(4)

IF (OCC==2) TVCL=THETA(7)

Here is an example of replacement with selection by data item and parameter:

$ABBR REPLACE THETA(SID_KA)=THETA(4,6)
$ABBR REPLACE THETA(SID_CL)=THETA(5,7)

$PK
KA=THETA(SID_KA)
CL=THETA(SID_CL)

The generated code is

IF (SID==1) KA=THETA(4)

IF (SID==2) KA=THETA(6)

IF (SID==1) CL=THETA(5)

IF (SID==2) CL=THETA(7)

A short-hand notation may be used to describe a series of values, e.g.,
$ABBR REPLACE THETA(SID_KA)=THETA(,4 to 13 by 3)

is equvalent to

$ABBR REPLACE THETA(SID_KA)=THETA(4,7,10,13)

$ABBREVIATED DECLARBbption (nm73)
Integers and arrays may be declared and used in abbreviated code:

$ABBR DECLARE DOSE(100),DOSETIME(100)
$ABBR DECLARE INTEGER |
$ABBR DECLARE DOWHILE |

One or names may be coddathey are referred to as declargdriables.lf INTEGER or DOWHILE is
coded, the type of theariable is intger Otherwise, the type of the variable is double precisibn.
one or tw dimensions are declared, theriable beingdeclared is an arrayDeclared variables are
global, i.e., are defined in all blocks of abhlis¢ed code. Declared variables that are not INTEGER or
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DOWHILE will be random variables if tlyeare assigned in a statement whose right-sidelves E's
or EPSS. Declaredariables are not known to or used by NONMEM or PREDPP.

See IV.K.2 for an example.

$ABBREVIATED FUNCTIONoption (nm74) |

In NONMEM 7.4 the $ABBR FUNCTION option allows user-defined function names anelefeed
argument vector names. The dimensions of the argunmemibivand the maximum number of times a
given function name may appear in abbreviated code is user-specified.

See Chapter IV Section IV.J.7 $ABBR FUNCTION and $ABBR VECTOR
$ABBREVIATED VECTORption (nm74) |

In NONMEM 7.4 the $ABBR VECTOR option allows user-definedtor names to be defined indepen-
dently of ary function.

See Chapter IV Section IV.J.7 $ABBR FUNCTION and $ABBR VECTOR
$ABBREVIATED PROTECDption (nm74) |

With NONMEM 7.4, a series of routines areaitable that protect against domain violations,
divide by zero, and floating poinveflows. Eachof these routines start with the lettefdlowed

by the name of the mathematical operatiory thre to perform.For example, PLOG is the protec-
tive ade routine that performs the LOG operatitvith $ABBR PROTECT, NMTRAN will auto-
matically replace all rel@nt function names with the P name.

See Chapter IV Section 1V.J.6. BRECT functions
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[1.111.B.8. $PRED Record

$PRED
the abbreviated code

This record gies an d@breviated code for the PRED routine. The syntax of an abbreviated code is
described in chapter IV.

This record is optional. If it appears, it must be with the first problem specification, and only with this
problem specification.
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[.111.B.9. $THET A Record

$THETA valug [value)] [valug] ...
[(value)xn]
[NUVBERPO NTS=n]
[ABORT|NOABORT|NOABORTFI RST]

E.g.
$THETA (.1,3.,5.) (.008,.08,.5) (.004,.04,.9)

This record gies initial estimates fog’s, as well as bounds on the final estimates.

This record is required only if the statistical model cont@nmmrameters (most models do). When a
$MSFI record appears in the problem specification, the $PHEGord should not appear.

A value has one of four forms: |

init [FIXED]

(low, init, [up] [FIXED])

(low,,up)

(value)xn |

A WN P

where init is the initial estimate, andalcand up are lower and upper bounds respelgti The lover
bound can belNF , i.e. —o0, and the upper bound can HéF, i.e. co, unless form 3 is used, in which
case both bounds must be finite numbéram 3 is used when the user requires some help in obtaining
an initial estimate for the parameteassually though, the user should be able twdigp a reasonable ini-

tial estimate, and when he can, there is some savings in computatiorAtinigtial estimate equal to 0

is not allowed, unless tHeIXED option is used.Use of this option indicates that the final parameter
estimate is to be constrained to equal the initial parameter estithétés option is used with form 2,
then law, init and up must all be equal.

Another example:
$THETA 3 FIXED (-INF,.08,.5) (.004,,.9)

where the three forms used are 1,2 and 3, in that order.

Paentheses around init with form 1 are optional. The design#{ibncan also be codedNFINITY
INFIN , or 1000000 . The character+’ can precedéNF, as @n the character’. Integers need not
have decimal points.

With NONMEM 7.2, form 4 may be used\ny initial value or group of initial values may be enclosed
in parentheses and followed by "xn", which medasreplicate thevalues within parentheses n times
("repeated &lue"). Thevaues within the parenthesis maywbkany o the abee forms. Fr example,
the following two are equvalent:

$THETA 2 2 2 2 (0.001,0.1,1000) (0.001,0.1,1000) (0.001,0.1,1000)
(0.5 FIXED) (0.5 FIXED)
$THETA (2)x4 (0.001,0.1,1000)x3 (0.5 FIXED)x2

If form 3 is used, a search for an initial estimate is undertaken by NONMEM (not NM-TRAN)M-
ber of points in a subspace of thegarameter space will bexamined. Thissubspace consists of the
multidimensional rectangle formed by thevkr and upper bounds for all parameters whose values are of
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form 3. The number of points examined will be automatically determined by NONMEM, or it can be
specified by the number n with tNUMBERPOINTS®ption. TheoptionsABORTand NOABORTand |
NOABORTFIRSBpply during the search:or information concerning these option, see section IV.G.

Aliases forNUMBERPOINT&re:NUMNUMPTSNUMBERPT.SThis option can occur at the end of the
record, or at the beginning, or betweew t@lues. THTAIs an alias foTHETA

With NONMEM 7.4, when initial thetas are to be estimateeHuations can ne be cne for FOCE |
and LAPLACE, not just for FO.

Commas between values are optional, except with form 3.

Records $THETAI and $THESR may be used to generate subroutines that transform the initial and
final values of THEA. SeeChapter IV Sections M and N.
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1.11.B.10. $OMEGA Record

$OVEGA [DI AGONAL( n) |BLOCK( n) [BLOCK( n) SAME(m) | BLOCK SAME( ) ]
[ BLOCK( n) VALUES( di ag, odi ag) ]
[ VARI ANCE| STANDARD] [ COVARI ANCE| CORRELATON] [ CHOLESKY]

[[valug] [valug] [valug] ... [FIXED ]

[ (value xn]
E. g.
$OMEGA BLOCK(3) 6..005.3.0002.006 .4
This record gives initial estimates for elenents of the Q matrix, i.e.
the variances and covariances of the n variables in the statistical
nodel. Constraints on Q are al so indicated.

This record should appear only if the statistical model contauzsiables. Ifit appears, then there must

be one such record corresponding to each blo€k ahd the order of these records in the control stream
must correspond to the order of the blockfie values in an $OMEGA record are the initial estimates

for the elements of the corresponding block. Under some circumstances $SOMEGA records may or may
not appearand the equialent efect is achiged in dther case (see beld. Whena $MSFI record
appears, no SOMEGA records should app&dnen PREDPP is used, and a $PK record does not appear
while a $ERROR record does appeartain care must be tak with the $OMEGA record; see section

V.6.

Q can be considered to be in block diagonal form with blogkBR ..., B,, (submatrices of2):

B, O 00O
0o B, 00
D PR D
O O
0o 0 By [

This form need not be unique, and there may be only one block (which is most usual). Miedollo
description applies to the ith blocksil,- - -, m.

If the DIAGONALoption is used, it must precede tlaues. Irthis case Bis constrained to be diagonal,
and the walues are the initial estimates of its diagonal elemewués gi the diagonal orderThe number n

is the dimension of B In addition, a final estimate of an individual element of a diagonal block can be
constrained to be equal to the initial estimate of the element by usiR¢)@dEE option. Thevalue giv-

ing the initial estimate should be coded witly ane of the forms:

init FIXED

(init FIXED)

(FIXED init)

If the BLOCKoption is used, it must precede traues. Inthis case the form of;Bs unconstrained, and
the values are the initial estimates of itewédo triangle elementsgn in row-wise order The number n

is the dimension of B If FIXED option is usedall the final estimates of the elements gfaBe con-

strained to be equal to the initial estimates of these elements.

If the BLOCK(n) S AMEor BLOCK SAMEoption is used, Bis constrained to be equal tg_B In this
case i must be greater than 1, the number n (if itvenyimust be the dimension of B and values are
not given.
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If some of the &lues in a record are omitted (other than a record witBIt@CK(n) S AMEor BLOCK
SAMEoption), therall values in the record must be omitted, and NONMEM will try to obtain initial esti-
mates for the elements of the blodk. this case, if th®©IAGONALoption is used, it must appeapéic-

itly in the record. Often, though, the user should be able teeltg reasonable initial estimates, and
when he can, there may be a little savings in computation time.

If no SOMEGA records appeaf no $MSFI record appearsubn variables are used in an abbiaed
code, then it is assumed that a record

$OMEGA DIAGONALI()

where n is the largest indleised with arny variable in all abbreviated codes, mightveagjuivalently
been used. (If, though, with PREDPP an abbreviated code for PK is not used, while siataiobcede
for ERROR is used, see section V.6.)

With theBLOCKoption, theFIXED option can occur anywhere among the list @ues. Thesgaues
(of the lower triangle) are gn in row-wise orderi.e. B 11, Bj 21, Bi22, ..y Bint, Binzs -y Binn-
Commas between values are optional.

An initial estimate of an element of a diagonal block must be >0, or it can be OFIXE® option is
used with it. An initial estimate of a non-diagonally-constrained block must bevpadfinite, or it can
be (uniformly) O if theFIXED option is used with it. (In gncase the initial estimates & andZ cannot
both be 0 unless the Simulation Step is the only step implemented.)

With NONMEM YV, an nitial estimate of a diagonal block of either the OMEGA or SIGMA matri¢es
may hae a land symmetric form, in which case the final estimate has the same form.

The NM-TRAN translation of SOMEGA records is such that fdocks in addition to B, B,, etc. may
be created. This should be transparent to the esspt that he will see additional blocks listed in the
problem summary output by NONMEM.

With NONMEM 7.2, ag initial value or group of initial @lues may be enclosed in parentheses and fol-
lowed by "xn", which meanso replicate theralues within parentheses n times ("repeated value").

With NONMEM 7.3, n& options are wailable.

$OMEGA BLOCK(n) VALUESdiag,odiag)

This supplies initial &lues for a block such that the initial estimates of the diagonal elements are all the
same, specified by "diag'and the initialestimates of the off-diagonal elements are all the sapegi-

fied by "odiag". VALUES must follov BLOCK

The following options may followWALUES or be placed betwedBLOCKandVALUES

VARIANCEIndicates that all initial estimatesvgn for diagonal elements are understood to be initial
estimates of variances of etas. This is the default.

STANDARDNdicates that all initial estimatesvgn for diagonal elements are understood to be initial
estimates of standard deviations of etas. May also be &ided

COVARIANCHnNdicates that all initial estmatesvgn for off-diagonal elements are understood to be ini-
tial estimates of c@riances of etas. This is the default.

CORRELATOMdicates that all initial estmatesvgn for off-diagonal elements are understood to be ini-
tial estimates of correlations of etas.
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CHOLESKYndicates that the block is specified in its Choyefgkm.

OptionsVARIANCEor STANDARDnay be combined wittOVARIANCEr CORRELATON

Note that NONMEM cowerts all initial estimates to variance andvatances. Thesadlues desplayed in
the NONMEM report and in thewsand additional output files arevedys variances and gariances.

If all diagonal elements of SOMEGA are "1.0E+06 FIXED" this indicates that, in a multi-subject| data
set, each subjestthata is to be analyzed as single-subject data. This is described by NONMEM as |
ANALYSIS TYPE: POPULATION WITH UNCONSTRAINED ETAS (nm73)
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[.111.B.11. $SIGMA Record

$SI GVA [DI AGONAL( n) |BLOCK( n) [BLOCK( n) SAME(m) | BLOCK SAME( n) ]
[ BLOCK( n) VALUES( di ag, odi ag) ]
[ VARI ANCE| STANDARD] [ COVARI ANCE| CORRELATON] [ CHOLESKY]

[[valug] [valug] [valug] ... [FIXED ]

[ (value xn]
E. g.
$SIGMA 4
This record gives initial estimates for elenents of the ¥ matrix, i.e.
the variances and covariances of the & variables in the statistical
nmodel. Constraints on X are also indicated.

This record should appear only if the statistical model contauasiables. Ifit appears, then there must
be one such record corresponding to each block afd the order of these records in the control stream
must correspond to the order of the blockbe values in an $SIGMA record are the initial estimates for
the elements of the corresponding blo¢knder some circumstances no $SIGMA records need appear
(see belw). Whena $MSFI record appears, no $SIGMA records should appear.

> can be considered to be in block diagonal form with blogk8B ..., B,, (Submatrices of2):

B; O 00
0o B, 0O
0 0
0 0
0o o By, O

This form need not be unique, and there may be only one block (which is most d$walfplloving
description applies to the ith blocksil,- - -, m.

If the DIAGONALoption is used, it must precede tredues. Inthis case Bis constrained to be diagonal,
and the values are the initial estimates of its diagonal elemeaisigithe diagonal orderThe number n

is the dimension of B In addition, a final estimate of an individual element of a diagonal block can be
constrained to be equal to the initial estimate of the element by usiR)}E® option. Thevalue giv-

ing the initial estimate should be coded witly ane of the forms:

init FIXED

(init FIXED)

(FIXED init)

If the BLOCKoption is used, it must precede tt@ues. Inthis case Bis unconstrained, and thalues
are the initial estimates of its lower triangle elementgrgin row-wise order The number n is the
dimension of B If FIXED option is usedall the final estimates of the elements ¢faBe constrained to
be equal to the initial estimates of these elements.

If the BLOCK(n) S AMEor BLOCK SAMEoption is used, Bis constrained to be equal t¢_B In this
case i must be greater than 1, the number n (if itvengimust be the dimension of B and values are
not given.

If some of the values in a record are omitted (other than a record wiBL@EK({N) S AMEor BLOCK
SAMEoption), therall values in the record must be omitted, and NONMEM wiill try to obtain initial esti-

mates for the elements of the block. In this case, iDi#&GONALoption is used, it must appeapéic-
itly in the record. Often, though, the user should be able telaje reasonable initial estimates, and
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when he can, there may be a little savings in computation time.

If no $SIGMA record appears, if no $MSFI record appeassglvariables are used in an abbised
code, then it is assumed that a record

$SIGMA DIAGONAL(N)

where n is the largest indeised with are variable in the abbreviated code, mighv@aguivalently been
used.

With the BLOCKaoption, theFIXED option can occur anywhere among the list alues. Thesgaues
(of the lower triangle) are ggn in row-wise ordeyi.e. B3, Bi21, Bi2o, -y Bint, Binz, -y Binn-
Commas between values are optional.

An initial estimate of an element of a diagonal block must be >0, or it can be OFIXE® option is
used with it. An initial estimate of a non-diagonally-constrained block must bevpasfinite, or it can
be (uniformly) O if theFIXED option is used with it. (In ancase the initial estimates & andZ cannot
both be 0 unless the Simulation Step is the only step implemented.)

With NONMEM YV, an nitial estimate of a diagonal block of either the OMEGA or SIGMA matri¢es
may hae a land symmetric form, in which case the final estimate has the same form.

The NM-TRAN translation of $SIGMA records is such thawiotocks in addition to B, B,, etc. may be
created. Thisshould be transparent to the ysmcept that he will see additional blocks listed in the
problem summary output by NONMEM.

With NONMEM 7.2 and 7.3, repeated values and ogtions are aailable, the same as wiSOMEGA
VALUES VARIANCE STANDARDPCOVARIANCECORRELATONCHOLESKY

Note that NONMEM coverts all initial estimates to variance andratances. Thevalues desplayed in
the NONMEM report and in theweand additional output files arevedys variances and gariances.
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.1.B.12. $MSFI Record

$VBFI  filename NORESCAL E|RESCALE] [NPOPETAS[ =n]]
[ONLYREAD] [NOVBFTEST|VSFTEST]
[VERSI ON=n]

[NEWY

E.g.
$MSFI  MSF13

This record gres the name of a Model Specification File to be inpbitich a Model Specification File is

a file output by a previous NONMEM run, which contains certain model information pertaining to that
run. Italso contains other information which allows (i) the minimization search in that run, if terminated
unsuccessfully because the limit on thevadlole number of objeate function eauations was attained,

to be smoothly continued in the current run, and (iiyadance, Bble, and Scatterplot Steps in the-cur
rent run, which follav the successful termination of that search (in the current run or teyseun) to

be implemented.

Starting with NONMEM V a MSFI may be used to repeat the Estimation Step using a method other
than the one used to write the M3His is possible if the MSFI contains the results of a search that ter
minated successfully.

This record is required only if a Model Specification File is to be ingith PREDPPIf a $PK record
is not used, while a $ERROR record is used, the $MSFI record must precede the $SERROR record.

The filename must be the first option on the record.

If the search is continued in the current run (see section B.14), useNDBRIESCALBption means that

the search is continued just as it wouldéneen continued in the preus run had the limit on the num-

ber of function ealuations not been attained. Use of RESCALEoption means that before the search

is continued, the final estimates of the UCP (Unconstrained Parameters) from the previous run are
rescaled so that theare all 0.1. (See Guide I, section C.3.5.1, where the UCP are referred to a:F&TFF
repeating and rescaling, see Guide Il, sectiomhere the UCP are referred to as RCP).

When the $MSFI record is used in a problem specification, STHETA, $SOMEGA, and $SIGMA records
should not appear for that specification.

The number n with thBIPOPETASption is the number af variables used with population dat&/hen

n is 0, hen the data are gaded as single-subject data (see section II.Cl4)s a good practice to
include theNPOPETASoption; it is a simple thing to doHowever, the NPOPETASoption is only
needed when the data should bgarded as population data and: (i) a $PRED record is not used and the
label L1 is not used in the $INPUT record (or if PREDPP is used, (ii) $PK and $ERROR records are not
used and the label L1 is not used in the SINPUT record, or (iii) a $PK record is not used, while a
$ERROR record is used).

POPETASr ary of its abbreviations are aliases fMPOPETAS

With NONMEM VI and 7.x, other options argadable. |
ONLYREAD NOMSFTEST MSFTEYERSIONNEW |
These are described in Guide VIII On-line help |

45



NM-TRAN Guide - Chapter lI Control Records $SIMULATION Record

l.11.B.13. $SIMULA TION Record |

$SI MULATI ON  (seed1l [seed?] NORMAL | UNI FORM NONPARAMETRI C] [ NEW) ...
[ SUBPROBLEMS=n] [ ONLYSI MULATI ON] [ OM TTED|
[ REQUESTFI RST] [ REQUESTSECOND] [ PREDI CTI ON| NOPREDI CTI ON]
[ TRUE=I NI TI AL| FI NAL| PRI OR]
[ BOOTSTRAP=Nn [ REPLACE| NOREPLACE] [ STRAT=l abel ] [ STRATF=I abel ]] |
[ NOREW ND| REW ND] [ SUPRESET| NOSUPRESET]
[ RANVETHOD=[ n| S| | P] ]
[ PARAFI LE=[filename|  ON| OFF]

E.g. $SIMULATION (889215690) (2239177789 UNIFORM) |

This record requests that the Sinulation Step be inpl enented. |
This record is optional. |

Data are generated according to a statistical motlee DV data items of (NONMEMs internal cop
of) the data set are replaced by generatédtBms. Themodel is that specified in the code for PRED
(for PK, ERROR, etc. if PREDPP is used). The data are simulated using the paratetzigyen as
initial estimates; see sections B.9-11. Initial estimates muswbe fgir all parameters of the model.

The model used for data simulation may be complicated. It malvin covariables and random
interindividual and intraindividual randomfetts. Itmay be the very model used for data analySiee
reason to simulate with such a model is to explore the information content of data obtained according to
some particular design. The design is encoded into the data set. The Simulation and Estimation Steps,
and possibly the Gariance Step too, are implemented, so that one can assesgehdhe true parame-
ter values of the data analysis model can be estimateid.technique can be used during the course of a
data analysis when the adequat the design has become suspddtwever, it can also be used befor
the data are actually obtained to explore design choices.

D

If only a simulation of the structural part of the model is desired, i.e. the model without statistical compo-
nents, the model need novatve random efiects. Inthis case the $SIMULATION record need noéwe
appear If it does appeathe DV items are replaced with generated ilems based only on the structura
model. Ifit does not appeathe DV items are not replaced, but prediction items, i.e. predictions returned
by PRED, may still be displayedio smulate only the structural part of the model when a full statistical

model has already been specififid the initial estimates of the variances of the random effects, i.e| the
initial estimates of2 andZ, to zero.

Data can be simulated with one model and analyzed with andthere are tw goproaches. \th the
first approach, data are simulated in the Simulation Step and output in the Table Step (see section B.16).
The table serves as the data set for a subsequent NONMENMTHu& DROP label can be used with the
prediction, residual, and weighted residual data items of the table; see section B.2.) In the subsequent
run the data are analyzed using the analysis m&tlgh the second approach, codes for both models|are
given in PRED, but with ag particular call to PRED, one or the other codexicated according to the
value of a special variabldGALL ) that signals whether PRED is being called during the Simulation
Step or a data analysis step (see sectidd)lVTheadwantage of the first approach is that it is a bit more
flexible. Theadvantage of the second is that data sets and the analyses performed on them can be more
easily replicated; see the discussion Wwetoncerning the optioBUBPROBLEMS

A random source is an infinite sequence of pseudo-random numbers. At most 10 random sources can be
defined for a single problem. The sources are numbered according to the ordering of their definitions in
the record. The information coded within each set of parentheses defines the attributes of a sirlgle ran-
dom source.A random source can be used with the problem for which it is defifieel.same source
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can be defined for different problema. source defined for one problem can be continued in a supse-

guent problem; see b&o Unless a random source is explicitly defined fonarmgproblem, it cannot be
used with that problem.

When the model, i.eeitherthe simulation model or the data analytic model, yseariables, or bothy

and ¢ variables, and the Simulation Step is implemented, at least one random source must be |defined

(unless the variances of these variables are 0; se&)béldhenthe model is a mixture model and the

Simulation Step is implemented, at least one random source must be defined. The first source is|
NONMEM to generate realizations of theand ¢ variables and/or to randomly mix indduals into dif-
ferent subpopulations according to the mixing paramedaty the NORMAIlattribute can be used with
this source, i.e. during simulation theand e variables are understood to be normally-disttéal. (Mix-
ing, though, does notwnlve normal pseudo-random numbers.Jhe NEWAttribute cannot be used with
ary source other than this first source (see below).

The remaining defined random sources are uselisively by the PRED subroutine (by the PK and

ERROR subroutines if PREDPP is usediy.no n variables appear in the model and a mixture mode

not used, themll defined random sources can be used by PRED.the other hand, in this case, no

used by

sources needven be cefined. Ifp (and possibly) variables appear in the simulation model, but the ini-
tial estimates of) (and %) are 0, and if a mixture model is not used, then again, no sources need be

defined. Arandom source not used by NONMEM per se is called arasdomsource. Such a source
can use either thidORMAIr UNIFORMattribute (see below).

Numbers from user random sources are obtained via the NONMEM utility RAND&abbreiated
code or a user-supplied FORTRAN code can use RANDOMé&guing the FORTRAN statement

CALL RANDOM (K,R) |

Each time RANDOM is called witK set to the indeof a gven user source, the routine returns thatne
number from that source. This number is returnd® @nd is alvays a single-precision number.

Seedl and seed?2 together initiate the random so&eed2 is used only seldomly (see below), and each

seed is an integer between 0 and 214748364Wh sources are the same if yhare initiated with the
same seeds.

Suppose that the current problem specification is not the first problem specification in the control stream,

that the source is the ith source, &d that the last problem to use as ynan i ources was problem
number m. Then seedl can be -1, indicating that tBe continuatiomf the ith source, Rdefined with
problem m. That is, if the last number used frommMas %, then $ is the infinite tail sequence of R
starting with X,.

Seed? is used when it is desired that the current problera malof a continuation of a random sour¢

e

defined in a preceding NONMEM run. Examine the NONMEM output from the Simulation Step of the
last problem in the earlier run using this sourdeo ending seeds are printed in this output; often the

second seed is 0. The continuation in the current problem is defined using thesedsvas seedl angd

seed2. Whethe second seed is 0, it need not hermi

Use of theNORMAIloption means that the numbers of the source are to be pseudo-normal with m
and variance 1 (unless the source is the first and used to generate realizations, in which case the
variance-coariance of these variables is that specified in the $OMEGA and $SIGMA rectigis)of |

ean 0

the UNIFORMoption means that the numbers of the source are to be pseudo-uniform on tta ipterv

[0,1]. |

During the Simulation Step PRED has access to simulated values fprvéiables via the NONMEM |
utility routine SIMETA. WhenPRED is called with a data record from &epiindividual record, PRED|
can &ecute the abbreviated code or FORTRAN statement
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CALL SIMETA (ETA)

which results in appropriatealues being stored in the one-dimensional\ Efray; see section XK.
These values will arise from a muliiate normal pseudo-random distriton with mean 0 andaviance-
covariance as specified with the $SOMEGA record. By default, no mattemtery times this statement
is executed, as long as the inglual record is the same, the same values are stored. If, thoudtt ke
option is used, each time the statementxew@ed, ne values are storedThus, for example, when
PRED is called with the first data record of anvidlial record, PRED can in turn call SIMEultiple
times until values are obtained such that none are larger than 5 in absolute valaydse.can be
obtained from a truncated distifion. (To pursue this example, see section IV.1.)

During the Simulation Step PRED has access to simulaieess/for thes variables via the NONMEM
utility routine SIMEPS.When PRED is called, it caxeeute the abbreviated code or FORTRAN state-
ment

CALL SIMEPS (EPS)

which results in appropriate values being stored in the one-dimensional EPS array; see séction IV
These values will arise from a muliiiate normal pseudo-random distribution with mean O am@drce-
covariance as specified with the $SIGMA record. By default, no matiemhary times this statement is
executed within the same call to PRED (or more precjsedybng as PRED is being called with a data
record from the sameud-two record; see Guide |, section B.1), the samlees are stored. If, though,

the NEWbption is used, each time the statemenkéswed, nev values are stored.

Values ofp’s and ¢’s are obtained by calls to SIMBTand SIMEPS occuring in the generated subrou-
tine. Whenthe data are population data and the Simulation Step is implemented, SI8Elled once

per indvidual record, and SIMEPS is called onaerg call to PRED (oncewery call to ERROR if
PREDPP is used)When the data are single-subject data and the Simulation Step is implemented,
SIMETA is called once eery call to PRED (oncewvery call to ERROR if PREDPP is usedjhese calls

are implemented so thatem if the Simulation Step is not implemented, the load module resulting from
using an abbreviated code for PRED (for PK or EXRf PREDPP is used) can be reused with a run
implementing the Simulation Steg=or multiple calls to SIMER or SIMEPS making use of thBEW
option, additional calls can be used either in PRED (or PK or ERROR) or in the abbreviated code.

If the SUBPROBLEMG&ption is used, the entire problem is repeated n times in succegsioh.repeti-
tion of the problem is called a subprobler&gach subproblem includes the Simulation Step, ayc#mnm
er steps requested in the problem specification, but each of the random aciesinuedfrom sub-
problem to subproblem. This allows the effects of sampliagability to be directly assessedf
n =0 or 1, the result is the same as if Bl BPROBLEM&ption is omitted.

By default, when the Simulation Step is implemented, various statistics used for data analysigyare al
computed from the simulated data. These are ahgewof the objecte function at the initial parameter
estimates and if a table is requested, the weighted residuals based on these e3timatata may be
simulated in a way that\gs rise to a problem with computing these statistieéa: example, perhaps the
simulation model is not appropriate for data analysis using the NONMEMlteibjectve function.

For this reason, or for some othére Simulation Step can be implemented so that these statistics are not
computed. Thigs accomplished by including the opti@NLYSIMULATION In this case the Estima-

tion and Ceariance Steps are not implementable in the problem.

If the optionONLYSIMULATIONS used, a PRED-defined item (see section IV.F) that dependdums v
of n’s and/or £’s is dsplayed in tables and scatterplots using simulated values forsttaad £'s. See
sections B.16 and IV.F for a description of the appropriate label to Stseting with NONMEM VI,
simulated values of am variable are displayable by usitgl'A labels in $TABLE or $SCATERPLOT
records.
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Otherwise, the item is displayed either using zero values, or if it depemdsan conditional estimates
are aailable, it is displayed using conditional estimates forrtsgsee section B.14).

Another way to display a quantity computed in PRED that uses simulated valgissaod/or £'s is o
store the quantity in the data array; data items arayaldisplayable.

Transgeneration of data items is allowed during the Simulation $legnsgenerated items are stored in
the internal cop of NONMEM's data set.) This is a ay, therefore, to display the quantityea when
ONLYSIMULATIONis not used. Starting with NONMEM, \6ne can store quantities in the data arrpy
using abbreviated code (see sectiorA)V For earlier versions, either a user-supplied PRED mus{ be
used (for an example with a user-supplied PK, see Guide VI, Figure 2 and the agioggescussion |

in section 11l.L.1), or erbatim code must be used (for an example of transgeneration esbagim |
code, see section Y. Theseexamples are still of interest.

If the OMITTED option is used, the Simulation Step is not implementedn ehough the
$SIMULATION record appears. When used, no other option should be used.

When the Simulation Step is implemented, initial estimates nxpéicidly appear for all parameters of
the statistical model.

Seedl must occur first among the attributes of a random soAlidee other attributes can occur inyan
order Any two dtributes can be separated by spaces or a comma.

SIML is an alias foSIMULATION.
REQUESTFIRSTandREQUESTSECOND |

REQUESTFIRST
NONMEM sets a variable IFIRSTEM in Module ROCM_INT (referenced as FIRSTEM in aljbre-
viated code) informing PRED whether or not PRED needs to compute first-partiatidesiwith
respect to etaNormally, during the Simulation Step, these deatives ae not needed, either by
NONMEM or by the userHoweve, the user may want the first-partial eta daives of a FRED-
defined item and may want FIRSTEM to reflect thwith the REQUESTFIRSToption, the
FIRSTEM variable is set so to inform PRED that thevdéries nreed to be computed. In this casg,
if an abbreviated code is used to compute the PRED-defined item, the item should not be camputed
within a simulation block, because NM-TRAN does not providevdiives for PRED-defined
items in a simulation block.

REQUESTSECOND

NONMEM sets a ariable ISECDER in Module ROCM_INT (referenced as MSEC in afdtes
code) informing PRED whether or not PRED needs to compute second-partiativksrinith
respect to etaNormally, during the Simulation Step, these datives ae not needed, either by
NONMEM or by the user Howeve, the user may want the second-partial etaveives of a
PRED-defined item and may want the MSEC variable to reflect Wit theREQUESTSECOND
option, the MSEC variable is set so to inform PRED that theatiees nreed to be computedn
this case, if an abbrimted code is used to compute the PRED-defined item, the item should not be
computed within a simulation block, because NM-TRAN does not provideatiees for PRED-
defined items in a simulation blocREQUESTSECONMmpliesREQUESTFIRST

PREDICTION

Permitted only wittONLYSIM and is the default.
With or without ONLYSIM unless theNOPREDICTIONIs used, the simulated observation |is
taken to be the quantity to which the ‘dnable (with NM-TRAN abbreviated code) or Briable
(with a usersupplied PRED or ERROR routine) is set. In a simulation block, thedbiable may
be directly set to the simulated observatioat the Y (or F) variable should also be set to th
obseration. E.g.,f a line of codeDV=... is used in a simulation block, be sure to fallthis
line with the additional lin&/=DV.

S
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With the Simulation Step, PRED may return the simulated observation a¥ theditem, rather than ir
the argument .FVith odd-type data the simulated observation must be returned a¥ thetditem.

NOPREDICTION
Permitted only wittONLYSIM
Indicates that the simulated obsaign will be taken to be the value to which the ariable is
set. ThecodeY=... is permitted inside or outside a simulation block, but if such code appears in
a dmulation block, be sure to also include &&y/=Y. Also, etas (if any) are understood to be pop-
ulation etas, wen if epsilons do not appear.

With NONMEM VI and 7, other options argaable.
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[1.111.B.14. $ESTIMA TION Record

$ESTIMATION [METHODkind] [NO NTERACTI ONINTERACTION] [NOLAPLAC! ANJLAPLACIAN]
[NOPOSTHOCIPOSTHOT SIGDIGITS= n;] [MAXEVALSH,] [PRINT=n;]
[ABORT|NOABORJT MSFO4ilename] NOREPEAT|REPEAT [OMITTED
[PREDI CTI ON|LIKELIHOOD|-2LOGLIKELIHOOD] |
[NOSUB=0 | NOSUB=1 |

E.g. SESTIMATION MAXEVAL=450 PRINT=5

This record requests that the Estimation Step be implemented.
This record is optional.

With versions of NONMEM through VI, multiple $ESTIMAON records in the same problem were
considered to continue a single $ESTIMATION recowdith NONMEM 7, a sequence of twor more
$ESTIMATION records within a gien problem will result in the sequentiakeeution of separate NON-
MEM Estimation Steps. (A gen $ESTIMATION record may still be continued if 'SESTIMATION' is
omitted from subsequent records in the block.) KBIE statements succeed multiple $EST statements
within a run, the table results (as well as scatter plots if requested via$EBAwill pertain to the last
analysis.

The following section describes the classical methods. All estimation methods obtain parametgr esti-
mates by minimizing an objeeé function whose arguments are the parameters of the mblelmeth-
ods differ from each other becauseythee different types of objewgt functions (see Guide VII).

If the METHODption is omitted, then the first-order estimation method is ugéith single-subject
data, and when a CONTR routine is not supplied by the thserparticular method is simply the
extended least squares methdfithe option is used, then the option value (kind) ca@BRQ in which
case the first-order estimation method is used, or it ca&@¢DITIONAL in which case a conditional
estimation is used.

TheINTERACTIONoption can be used when the statistical model incladesiables (see end of chap-
ter Il for a discussion about where it does not) and whereatti@nee of some observation, conditional
on the values of the variables, depends on thesalues. Inthis case the first-order conditional estima-
tion method with interaction is used.

If the LAPLACIAN option is used, the Laplacian (conditional) estimation method is used. This option
cannot also be used with ti¢dTERACTION option.

Conditional estimates of inddual-specificy values may be obtained and display@dhese estimates are
empirical Bayesian estimates, conditional not only on the data, but, impqrastlyn values for the
population parameterdf the first-order estimation method is usedyth@y be obtainedfter the popu-

lation parameter estimates vieathemseles been obtainedTo odbtain them, include the option
POSTHOCThe term 'posthoc estimates’ is commonly applied to these particular conditional estimates.
When the first-order estimation method is used, and a mean-variance ivita@idnodel is used, the
posthoc estimates are computed under the assumption thatitmece model is that of the mean inidi

ual; see Guide VII.To dbtain posthoc estimates without this assumption use the final estimates as initial
estimates and the optioMAXEVALS=0METHOD=CONDITIONAINTERACTION((see below).

If a conditional estimation method is used, the conditional estimates are olsiaitdneouslyvith the
population parameter estimates. In this case the op@8THOGs superfluous, but it may be used.

The term 'conditional estimates’ applies when empirical Bayesian estimates are obtained, whether or not
a aonditional estimation method is used, and no matter wdlaes are used for population parameters.

For example, the term can apply to the conditional estimates associated with using the first-order condi-
tional estimation method and using the initial estimates of the population parameters (tovdee ho
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obtain these; see below).

The number nis the number of significant digits required in the final parameter estimate. If the
SIGDIGITS option is omitted, pdefaults to 3. If the option is used,;nmust be a posite integer less
than 9.

The number pis the maximum allable number of ealuations of the objecte function which can
occur during the minimization search. If tMAXEVALSoption is omitted, y defaults to a generous
number.

The number fican be 0. In this case the Estimation Step is not implemehtegever, a rumber of sta-
tistics can be obtained:

The value of the objeei function is obtained using the initial parameter estimates, unless an
$MSFI record is used, in which case the function is computed using the final parameter estimates
from the earlier problem producing the Model Specification Filee optionSMETHOPDINTER-

ACTION and LAPLACIAN can be used to specify the objeetifunction to be used (unless an
$MSFI record is used, in which case these options are ignored, and thevelfjmctiion specified

by these optionsgs thg were used with the problemegeating the Model Specificatioril€, is the

one that is used). The rulesvgming the use of these options are asmgibove.

The output from the Gariance Step is obtained if requeste®dl $SMSFI record must be used, and

the computations are based on the final parameter estimates from the earlier problem. The options
METHODINTERACTIONandLAPLACIAN are ignored; the objegt function specified by these
options,as thg were used with the mblem @neiting the Model Specificationl€, is the one that

is used.The SIGDIGITS option may be omitted, in which case the usual default valug firen

3) is used in these computations. The value used with the current problem must be no greater than
the number of digits actually obtained in the final estimate from the earlier prolfléra.value 4,

say was used in the earlier problem, and 4.4 digits were actually obtained, then althougjhehe v

3 oould be used in the current problem, it would be much betteraio age 4.The SIGDIGITS

option can be used, ang tan be ay positive integer less than 9.

Conditional estimates may be obtained and may be displayed. These estimates are based on the
initial population parameter estimates, unless a $MSFI record is used, in which gase tresed

on the final parameter estimates from the earlier problem. If posthoc estimates are desired, use the
option POSTHOCIf conditional estimates associated with some particular conditional estimation
methods are desired, uMMETHOD=CONDITIONA&long withINTERACTION or LAPLACIAN

if necessary (unless a $MSFI record is used, in which case these options are ignored, and the
effects of these options on conditional estimasssthese options weised with the mblem gn-

erating the Model Specificatiorl€, are the ones that result). The rulevgaoing the use of these

options are as gén aove. Variables defined in PRED (in PK or ERROR if PREDPP is used) that
depend om’s are displayed using the conditional estimates.

The number ncan be -1 if a $MSFI record is usetihen the maximum aleable number of objecte
function evaluations is the same as that used in the problem that produced the Model Specification File.

The number §i-1 is the number of iterations skipped between iteration summavikeen iy = 0, no
iteration summaries are printed. If tRRINT option is omitted, f defaults to 9999 so that iteration
summaries for only the Oth and last iterations are printed.

NOSUBs a nev option with NONMEM 7.4 that controls a wefeature, label substitution. |
For information concerning the optioABORTandNOABOR Tsee section IV.G.

If the MSFQoption is used, a Model Specification File is output. The name of the filgas. grhis

name should not include embedded spaces, commas, semicolons, or parentheses. The file contains cer
tain model information pertaining to the problem, and it contains other information whiels dhe
minimization search in this problem, if terminated prematurely and unsuccessfully because thddimit n

52



NM-TRAN Guide - Chapter lI Control Records $ESTIMATION Record

attained, to be smoothly continued in a succeeding run. It also contains information which allows the
Covariance, Table, and Scatterplot Steps which folibe successful termination of the search in this run

to be implemented in a succeeding rénM odel Specification File should not be output when a $SIMU-
LATION record appears and the number of subproblems exceeds 1.

If the NOREPEADption is used, the estimate obtained at the end of the minimization search is taken to
be the final parameter estimate. If REPEAToption is used, then upon successful termination of the
search, the search is repeated after the UCP are first rescaled soythe &ie0.1. (See Guide I, sec

tion C.3.5.1, where the UCP are referred to as FbP repeating and rescaling, see Guide I, sectjoriu F
where the UCP are referred to as RCR)this case jis used to limit the number of objeatifunction
evduations wer both searches combined, and a Model Specification File, if output, contains the informa-
tion holding at the termination of the second search.

The LIKELIHOOD and-2LOGLIKELIHOOD] options are used with odd-type data, discussed in Chap-
ter II.D. PREDICTIONIs the default.

If the OMITTEDoption is used, the Estimation Step is not implementesh, though the $ESTIMAION
record appears. When used, no other option should be used.

ESTMis an alias foOESTIMATION. The number® andl1 can be used with tHdETHODption instead
of ZEROand CONDITIONAL, respectrely. LAPLACEANand hence its abbration LAPLACH is an
alias forLAPLACIAN.

Many additional methods and options ansitable. Thesere described in Guide VIII and On-line helg.
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[1.111.B.15. $CO VARIANCE Record

$COVARI ANCE [SPECI AL] [MATRI X=] [PRI NT=[E][R][S]
[COVPRESS]
[SLOWNCSLOWFAST]
[SI G.=n] [SI GLO=n]
[NOFCOV]
[PARAFI LE=[filenamePN|OFF]
[RESUME]
[CONDI TI ONAL [UNCONDI TI ONAL]
[OM TTED]

E.g.
$COVARIANCE

This record requests that thev@osance Step be implemented.
This record is optional.

The SPECIAL option should be used if the data are single-subject and a vec8RED subroutine
(such as PREDPP) is used.recursve FRED subroutine is such that the PRED computation with a data
record depends on the PRED computation(s) with previous data re®giithsPREDPP and single-sub-
ject data, this option is the default.

The character c is eith®or S. Use ofR or S means that the wariance matrix is taken to be thesénse

of the R or S matrix, respeely. The R and S matrices aredwnatrices from statistical theqrihe Hes-
sian and Cross-Product Gradient matrices reshcti See Guide 1l, section D.2.5If R is used, the
SPECIAL option need not (and best not) be usédthe MATRIX option is omitted, the s@riance

matrix is taken to be RSR™L.

When the Cuwariance Step is implemented, standard error estimatesvaagsaprinted, along with the
covariance matrix (upon which the standard error estimates are basedyetise twariance matrix, and

the correlation form of the gariance matrix. When th@RINT option is used, other outputs are also
available. Thecharacter€, R, and S, represent the eigedues of the ceariance matrix, the R matrix,
and the S matrix, respeatly. When thePRINT option is used, one or more of these characters should
be chosen. The chosen characters need not be separated, but a comma or spaces canosgzaeate tw
ters: e.gPRINT=ER or =E R, or =E,R. If the character c is chosen to R€S) with the MATRIX
option, then this character need not be chosen witRRIBIT option; in this case the eariance matrix

is the R (S) matrix.

If the CONDITIONALoption is used, the Gariance Step is implemented only when either the Estima-
tion Step terminates successfully a Model Specification File is input and the Estimation Step is not
implemented. Ithe UNCONDITIONALoption is used, then the @wiance Step is implemented when
either the Estimation Step is implemented or a Model Specification File is input.

If the OMITTED option is used, the @ariance Step is not implementedyes though the
$COVARIANCE record appears. When used, no other option should be used.

Many additional methods and options ansitable. Thesere described in Guide VIII and On-line helg.
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[1.111.B.16. $T ABLE Record

$TABLE [list1] [BY list2]
[PRI NT|NOPRI NT] [FI LE=filename]
[NOHEADER|ONEHEADER] [ ONEHEADERALL |
[NOTI TLE|NCLABEL]
[FI RSTONLY|LASTONLY|FI RSTLASTONLY]
[NOFORWARD|FORWARD]
[APPEND|NOAPPEND]
[FORVAT=s,] [LFORMAT=s;] [RFORMAT=s;]
[NOSUB=[ 0] 1] ]
[EXCLUDE_BY list3]
[PARAFI LE=[filenamePN/OFF]
[ESAMPLE=N,][WRESCHOL] [ SEED=n,]
[RANVETHOD=[n| S| M ]
[VARCALC=[ 0] 1| 2] ]
[FI XEDETAS=( list) ]
[UNCONDI T1 ONAL|CONDI TI ONAL] [OM TTED]|

E.g. $TABLE ID DOSE WT TIME

This record requests that the Table Step be implemented.

This record is optional. There should be one $TABLE record per table, up toA&biEBTecords per
problem (not counting continuation record#).$TABLE record cannot be continued by series of con-
tiguous blocks; each contiguous block defines a different table.

A table is a two-dimensional arrayrhere is a one-to-one correspondence between te oba table
and the data records of the data set. The elements of theorav items, are items associated with the
corresponding data recordlvith NONMEM 7.4, some data records may keleded from the table; se¢
EXCLUDE_BYoelow.

Listl is a list of up to eight labels (and synonyms), unlesflAPPENDption is used (see below), if
which case the list may be up to 12 labels, or th&tBBRINToption is used (see below), in which case
the list can be as long as thalue of constant PDT in resource/SIZES (default is 500). The list may
include labels used in the $INPUT record forfatiént data item types. It may include labels chosen
from the listETAL, ETA2, ..., ETA9, ETA10,..., ETA99,ETA100,..., ETA999 which label conditional
estimates of the's (calleds items). (Therecan be at most\[R 7's in the model, where LVR is a con}
stant in resource/SIZES)

The list may include labels for PRED-defined items; for a description of these labels searfokeédso
section IV.F.

The rav items of a gien row are those with labels specified in listl, along with the the dependent v
able OV), prediction PRED, residual RES, and weighted residuaiMRE¥$row items. Thesdast four

items aWays appear as the last fouwatems. Iflistl is omitted, only these four types of items appear

in the table.With NONMEM V, option NOAPPENInay be used to request that these four items not be
appended to the list, in which case each of them may be listed individually anywhere in listl and will
appear where it is listed. All four may also be explicitly appended to the list using &RBEND |
which is the dedult. With NONMEM 7, related special diagnostic items may also be listed; these¢ are
described in the Guide Introduction to NONMEM 7 and Guide VIII and on-line help faBISE.T |

T The special diagnostic items are:
NPREDNRES NWRESPREDI, RESI, WRES| CPREDCRES CWRESCPRED|, CRESI, CWRESI
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with NONMEM 7.3,MDVRE$"missing dependent variable MCfor residual RES") is a reservedri¢ |
able in abbreviated cod&/henMDVRESs set to 1 in abbwéated code for a particular record, thea-v |
ues ofRES and WRESand related special diagnostic items are 0 in tables and scattefpatsChapter|
vV J.2.

If the BY option is omitted, the order of the labels in listl determines the order in which the items with
these labels appear in the rows.

Prediction items are whys population predictions, i.e. there computed at the mean valuer{0).
Residual items areabys based on these predictions, as are weighted residual items, and with the latter
the weights are also computedsat 0. With a mixture model, each individual is classified into one of

the subpopulations of the mixture according to an empirical Bayesian computation, conditional on the
individual's data and on the final estimates of the population parameéiars data record from the indi-

vidual record, the prediction, residual, weighted residual sateins in the correspondingweare based

on the submodel defining the subpopulation into which the individual is classified.

List2 is a list comprised of labels from list1l. TB¥ option should be used only if the rows of the table

are to be sorted on the items of particular types. The rows of the table are sorted on the items corre-
sponding to the 1st label in list2, then secondarily sorted on the items corresponding to the 2nd label in
list2, etc. The items corresponding to the labels in list2, appear in the first consemlimns of the ta-

ble, and the order of the labels in list2 determines the order of these columns. The items corresponding
to the labels in listl which are not in list2 appear in the next congeantumns of the table, and the

order of these labels in listl determines the order of these columns.

If the PRINT option is used, the table is printed in the NONMEM report. This is thaulefif the |
NOPRINToption is used, the table is not printed; it is written to a formatted file and can be used as NM-
TRAN or NONMEM data sets, or can be used with other computer progdéigs option is used the

FILE option (see belw) must also be usedlo dbtain both printed copies and the formatted file, use the
PRINT option along with thé=ILE option. If the NOPRINToption is used, the maximum number of
labels in listl is gien by constant PDT in resource/SIZES.f90; default is 5Bl@wever, if the number of

labels exceeds 8 with a particular table, the rows of that table cannot be sorted.

TheFILE option gives the name of a formatted file to which tables may be written. The name may not
include embedded spaces, commas, semicolons, or parentheses. The file is calldtba table

OptionsFORMATLFORMATand RFORMATan be used toverride the dedult format for the table file,
which is s1PE11.4.
See Introduction to NONMEM 7 and Guide VIII and on-line help.

Options NOFORWARINdFORWARBSfect the positioning of the filewith NOFORWAR®hen the ta-
ble file is opened during avgn problem, it is positioned at the start of the file. This is thawlef Wth
FORWARDvhen the table file is opened during &egi problem, it is forvarded to the end of the file|
This allows a table file to accumulate tables from multiple problems.
See Introduction to NONMEM 7 and Guide VIII and on-line help.

Tables are split into ggnents of 900 rows each. Of course, a table may need only gmerse Sg-
ments usually hae headers comprised of bwecords. €xt in the first record identifies the table andse
ment, and tet in the second record\gs the labels for the tabled items. If tNNODHEADERption is

used, the headers do not appéeEris may be useful when a table is to be read by another computer pro-
gram. Ifthe ONEHEADERBption is used, only the first segment of each table has a hdddemay be
useful in order to separate tables from each other.

ONEHEADERAL({nmM74) is used only with the FILE option and RGIRRD. Onlythe first line of the |

CIPRED, CIRES,CIWRES CIPREDI, CIRESI ,CIWRESI, NIPRED, NIRES, NIWRES
IPREDI, IRESI ,IWRESI,IPRD, IRS IWRS EPREDERES EWRESECWRES
EIPRED, EIRES,EIWRES NPDE NPDQ OBJI
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table file is a header line. May also be coded ONEHEADERPERFILE.

Similar options ar&lOTITLE andNOLABELwhich suppress table titles and column labels resbcti |
With FIRSTONLY, only information corresponding to the first data record from each individual reford
appears in the table.

With LASTONLYand FIRSTLASTONLY(nm74) only information corresponding to the last data recprd
from each individual record, or from the first and last records, appear in the table.

If the UNCONDITIONALoption is used, the Table Step isvays implemented. If th€ ONDITIONAL
option is used, the Table Step is implemented only when either the Estimation Step terminates success-
fully, or the Estimation Step is not implemented.

If the OMITTEDoption is used, the Table Step is not implementeeh ¢hough the $TABLE record
appears. Wheused, no other option should be used.

Paentheses surounding a list are optiortdbwever, they should be used when a label can be confused
with an alias for an option, e.g. when a laB@NDs used. Two list items may be separated by a comma
or spaces. Options cannot be coded among the labels of either listl or list2.

Synoryms for the prediction, residual, and weighted residual item types can be defined witABh&EST
record in the same manner as synonyms for data item types can be defined with the $INPUT hecord.
resened labels for these item types #&BED RES and WRES If for example, the syngm PRis to be
defined for the prediction item type, thBR=PREDshould occur among the labels in listl. The syn-
onym will be used irall tables and scatterplots, and control records following the $TABLE record defin-
ing the synonym can use the symon Synolyms may also be used for the special diagnostic items. |

Options PRINT, NOPRINT HEADER NOHEADERNOLABEL FILE , FIRSTONLY, FORWARD|
NOFORWARBPPENDNOAPPENIFORMARpply to the individual $TABLE record. Thenust be |
specified for each table to which yhapply.

For n items, the labeETA(n) can be used instead BTAn. However, the labels in the table will be
ETAL through ETA9 followed by ET10 through ET999.

With NONMEM 7.3, instead of requesting eachAEpecifically a range of etas may be requested: |
ETAS(k:n) is equvalent toETAK, ...,ETAn (where n > k).

LAST can be used in place of n, amdquests the laghighest numberedy in the problem , e.g.
ETAS(L:LAST) . If :LAST is omitted, it is assumed, so th&TAS(1) is equialent to
ETAS(1:LAST) . Note thatETA(1) requests a singlg;, but ETAS(1) requests all the's.

With NONMEM 7.4, a more flexible syntax igafable:

The word O may be used in place of ":".

The BY expression may be used:

ETAS(1 TO 10 by 3) pints out etas 1,4,7,10

ETAS(LAST TO 1 by -3) prints out etas 10,7,4,1 (assuming LAST=10)

With NONMEM 7.4, a symbolic label specified in $ABBR RERCE may be listed in $TABLE. df

example:
$ABBR REPLACE ETA(CL)=ETA(1)

$TABLE ETA(CL)

A PRED-defined item is a value stored in sonmiable defined in PRED (in PK, ERROR, etc. if
PREDPP is used); see sectionAVIt may be displayed provided the variable is listed in MODULE
NMPRD4. Ifthe variable is defined in abbiated code, it is normally listed in NMPRD4 (faxoep-

tions see sections II1.B.7 and.Nj. Thelabel used in the $TABLE record for thalves of the ariable

can be the variable namélowever, if the name is longer than 9 characters, the label used in the |tab|e
itself is comprised of the first nine characters oljternatively, a ynorym for the label in the $9BLE |
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record can be defined in the same manner as synonyms for labels of data item types can be defjned with
the $INPUT record. E.g., suppose there is a user-defamableCLEARANCE_MThe $TABLE record
may list CLEARANCE_M=CLNh which case the label in all tables @.Mrather than truncated as
CLEARANCE

Pred-defined elements in a list may include elementeabrs used in abbreviated cCOMECTRA(1),
VECTRA(2), ... VECTRA(9), or dternatively, labelsVA_1, VA 2, ... VA 9, corresponding to VEC-
TRA(1), VECTRA(2), ..., VECTRA(9). The labels in the output will be VA_1, VA_2, .A, Y. Simi-
larly, for VECTRBandVECTRC See Chapter IVand Introduction to NONMEM 7 and Guide VIII and
on-line help. Pred-defined elements in a list may include elements of G and H. E.g.,

$TABLE G11 G21 G31 H11 H21

See Guide VIII $TABLE.ctl

The definition of a &riable in an abbreviated code can generate additional definitions of atlaras,

called generatedariables, appearing in the generated code, but not appearing in the abbreviated code.
The names of generated variables are all six characters long. Certain generated variables symbolize the
values of partial deviatives and are normally listed in NMPRDA4 so that their values can be displayed lik
other PRED-defined itemdhe names of these variables, and the four character labels used in the tables
for the values of these generatedliables, are described in sectionAVThey can look strange and unin-
formative, eg. AO0O004 and 0004 . Either the six or four character label can be used in tABSBE

record. Asynorym for the label used in the $TABLE record can be defined in the same manner as syn-
onyms for labels of data item types can be defined with the SINPUT reEogd. DCL2=A00004, in

which case the label in the tableD€L 2 rather thar0D004 . Use of a synonym in this case can be partic-
ularly helpful.

If a variable is defined in a user-supplied code, its values may be displayed provided the variable is listed
in MODULE NMPRDA4. Its name is not known to NM-TRAN. Instead, it is identified by its position in

the MODULE. If it is the Ith variable listed in the MODULE, then the label used in the $TABLE record

for its values can be eith€ OM(l) or the four character labell , where the dots indicate leadifg

digits if needed. The latter label is the one used in the table xtfeleels 999, then the label in theA$T

BLE record must b€OM(l) , and the label used in the table:i&k , where K is | (mod 1000)A syn-

onym for a label used in the table can be defined with the $TABLE record in the same manner as syn-
onyms for labels of data item types can be defined with the $INPUT reEogd.SIZE=COM(20) , in

which case the lab&IZE is used in the table rather th&Y20 . Use of a synonym in this case too can

be particularly helpful.

If no abbreiated code is present, then all the variables listed in NMPRD4 may be labeled iABIEEST
record and in the tables themselves in the manner just desciihbe€OMRES®ption in the $ABBRE-
VIATED record is set equal to the length of NMPRD4, and the option is unnecessary and, in fact, must
not be used.

If any abbreviated code is also used, t8©OMRES8ption in the SABBREVIAED record must be used to
resere n positions in NMPRD4 for the variables defined in user-supplied code; see sectioDrBtiie
$TABLE record, labels for variables defined in abbreviated code and labekrifaioles defined in user
supplied code may both be usddowever, labels of the fornCOM(l) for variables defined in ussup-
plied code must refer only to the reserved portion of the MODULE, i.e. it must be truethat |

A label for a PRED-defined item defined in an abibted code may begn in a $TABLE (or $SCA-
TERPLOT) record of a problem specification beyond the first problem specification.

The number of different types of PRED-defined items that may be displayed in all tables and scatterplots
is given by aonstant PDT in resource/SIZES.f90; default is 500.

If a synorym is defined for an item type, a different synonym for the same item type cannot be defined on
another $TABLE or $SCATTERPLDrecord for the same problem.
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With NONMEM 7.4, it is possible toxelude data records (i.e., rows) from a table file, using the
EXCLUDE_BYoption. List3is comprised of one or more items that are permitted in listl, e.g., data item
labels and labels of PRED-defined items in MODULE NMPRDR4bels in list3 are calledxelusion
variables. Ifone or more of them kia a ron-zero value for a géen data record, the w of the table cor
responding to that data record will be excluded from the tableBdkelusion variables are not listed in
the table file. They haveno efect on the printed table and scatters in the NONMEM output, e.g.dthe

not cause anrows to be @leted from the printed table and are displayed in the printed table.

For example,
$PK

EXCL=0
IF(ID.GE.45.AND.ID.LE.53) EXCL=1

$TABLE ID TIME DV IPRED CL V1 Q V2 ETAS(1:LAST) EXLUDE_BY EXCL
NOAPPEND FILE=exctable.par NOPRINT

The table file exctable.par will not contain records from subjects 45 to 53.
See Guide Introduction to NONMEM 7 and Guide VIII and on-line help for $TABLE.
NOSUBs an option of $TABLE that is similar to the same option of SESTIMATION. |

OptionsESAMPLEWRESCHQKSEEDQ RANMETHQPARAFILE, VARCALCFIXEDETASare bgond |
the scope of this guide. See Guide Introduction to NONMEM 7 and Guide VIII and on-line help for
$TABLE
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[.111.B.17. $SCATTERPLOT Record

$SCATTERPLOTIst1 VSlist2 [BY list3]
[FROM,] [TON,] [UNIT]
[ORDINOORD ABSONOABS)[FIRSTONLY] [OBSONLY
[NOSUB=0 | NOSUB=1
[UNCONDI TI ONAL |[CONDITIONAL [OMITTED

E.g.
$SCATTERPLOT (RES WRES) VS TIME BY ID

This record requests that the Scatterplot Step be implemeiéeth such record defines families of scat-
terplots. Atmost 20 &milies can be defined by all $STPERPLOT records in a single problem specifi-
cation.

This record is optional.

Listl, list2, and list3 are each lists of item labels. The same labels that may be usedBiLE $dcord
(see section B.16) may be used iy st of the $SCATERPLOT record. Synoyims may be defined in
these lists. If a synonym is defined for an item type, a different gyméor the same item type cannot
be defined on another $TABLE or $SCATTERPIL(@cord for the same problem.

A baseplot is defined by each pair of labels, (A,B), where A is from listl and B is from list2. Each data
record has associated with it a pair of items (a,b), where a andebhiealabels A and B, respediy.

The items are also refered to as thtugsof A and B. The base plot consists of all such pairsaifies,

except that if A or B iDV, RES or WRESsee section B.16), or a synonym of one of these labels, and if

the MDV data item of the data record is 1, then the paixetueled from the plot. Unless the base plot is
partitioned (see below), the values a are plotted on the ordinate axis of the base scatterplot (the long axis
on the printed output), and the values b are plotted on the abscissa axis of the base scatterplot (the short
axis on the printed output). The values that are plotted are the same onesuldagppear in a table

were the values tabled; see section B.16.

List3 is a list of at most tvitem labels.If list3 is emptyi.e. if theBY option is not used, as manecat-
terplot families are defined by a $STPERPLOT record as are the number of base plots; eaotilyf
consists of a single base plot. If list3 contains one label, C, this label is used as a sejihratmh of

the base plots. The base plot is not actually output; radheln base plot is separated into a ormg-w
partitionedfamily of scatterplots, each of which is output.different scatterplot of the family is defined
for each distinct value c of C. It consists of all pairs (a,b) of the base plot such that the value of C for the
data record associated with (a,b) equalE@.example, if C isID , the base plot A vs B is partitioned in-

to different scatterplots, where all the points of\vemgiscatterplot are all those associated with a particu-
lar individual. If there are manindividuals in the data set, it may not be wise to output a @yeparti-
tioned family usingD as a separatoilf list3 contains tw labels, these labels are used as a pair of sepa-
rators with each of the base plots; each base plot is separated iotovaytwartitioned family of scatter
plots.

If the UNIT option is used, a 45 degree line (i.e. a line of unit slope) is superimposed on the families of
scatterplots. Ithe ORDOoption is used, a horizontal line through the zealue on the ordinate axis is
superimposed on the families of scatterplots. IfABSOoption is used, aertical line through the zero

value on the abscissa axis is superimposed onaiindiés of scatterplots. If thEIRSTONLY option is

used, onlythe firstdata record from each individual record may contribujgoat to the scatterplot.

If the OBSONLYoption is used, thescatterplot will only use dat&cords with MD¥=0. Thisoption
applies independently of FIRSTONLItis mot necessarwhen either IV, RES, or WRES is plotted.
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All scatterplots resulting from a $STCTAERPLOT record usually use only the data recofdsn N, to
N,, where N =1 and N, = may be as large as the total number of data recorfisat is, only points
corresponding to these data records are included in a scatt@rp®wnumber of points in the scatterplot
may be fewer than N- N; + 1 if any point is excluded as described al@ or if the scatterplot is parti-
tioned. Pointgrom records beyond Nif any, may be displayed by using optioRROMandTO.

If the FROMbption is used, Nis set to p. If the TOoption is used, Nis set to p. Of course, B must
not be less tharn

TheNOSUBption is the same as theOSUBption of the $SESTIMATION and $TABLE records. |

If the UNCONDITIONAL option is used, the Scatterplot Step isvagls implemented. If the
CONDITIONALoption is used, the Scatterplot Step is implemented only when either the Estimation Step
terminates successfullgr the Estimation Step is not implemented.

If the OMITTED option is used, the Scatterplot Step is not implementedn dhough the
$SCATTERPLQA record appears. When used, no other option should be used.

Paentheses surounding a list are optiortdbwever, they should be used when a label can be confused
with an alias for an option, e.g. when a |laBE&NDs used. Two list items may be separated by a comma
or spaces. Options cannot be coded among the labels of either listl, list2, or list3.

Synoryms for the prediction, residual, and weighted residual item types can be defined with tiie $SCA
TERPLOT record in the same manner as syros for data item types can be defined with the $SINPUT
record. Thaesenred labels for these data item typesRRED RES and WRES If for example, the syn-
onymPRIis to be defined for the prediction item type, tiR=PREDshould occur among the labels in
listl or list2. The syngym will be used irall tables and scatterplots, and control records following the
$SCATTERPLQ record defining the synonym can use the synonym.

Each of the optionENCONDITIONAIL.CONDITIONAL and OMITTEDapplies to the Scatterplot Step

as a whole, and if one of these is used, an option contradicting it cannot be used in another
$SCATTERPLQA record for the same problem. If a synonym is defined for an item type, a different syn-
onym for the same item type cannot be defined on another BEERPLOT or $TABLE record for the

same problem.

Listl and list2 may be separated by an asterisk rather th®®.bif either list is enclosed by parenthe-
ses, or if both lists contain only one item, then the asterisiSonay be omitted, e.g.

$SCAT CP TIME

Options cannot be coded between list2 andBtfeoption, but thg can precede listl or folle the last
list.

The number of dierent types of PRED-defined items that may be displayed in all tables and scatterplots
is 20.

ORDZEROis an alias forORDO FIRSTRECORDONLYand FIRSTRECONLY are aliases for
FIRSTONLY. TheUNIT andFROMbption names cannot be abbreviated.

T To restore the NONMEM Vbehavioruse TO n1+899.
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[11.111.B.18. $SUPERPROBLEM Record (nmv)

$SUPER[SCOPE®,] [ITERATIONS=n,]
[NOPRI NT|PRINT]

E.g.
$SUPER SCOPE=2ITERATIONS=10

A superproblem is specified by including t8&UERPROBLENecord before the first SRHBLEM
record of the superproblem.

A superproblem is a sequence of problems within a NONMEM run that can be iteratedvéfitheza-
tion each problem is run exactly as was specified for the first iteratidarddi€es in the results from a
given problem between iterations are due to differences to input files thatdban made by later prob-
lems within the superproblem,orvhen the problem wrolves simulation, to different random numbers
being used. There can be a ongll@esting of superproblems, one superproblem within another.

[1.111.B.19. $W ARNING Record (nmv)

$WARNINGYNONE[n] [RESET | NORESET
[WARNINGMAXIMUMENONE n |( list) ]]
[DATAMAXIMUMZ NONH n |( list) ]]
[ERRORMAXIMUMZ

E.g.
$SWARNING WMAX=1,EMAX=9999

Limits warning messages from NM-TRAN.

NM-TRAN generates various informational and warning messages. These messagesasaib (INDMN-
MEM may still be run) and may be ignored/arning messages can be suppressed or their numbers lim-
ited for a gven run by use of the NM-TRAN control record $SWARNINGS.

[11.111.B.20. $INCLUDE Record (nmvi)

$INCLUDE filename [ n ]

E.g.
$INCLUDE ctlfile2 11

The INCLUDE statement was added to NONMEM (&ee Chapter IV K.4). The $INCLUDE record
was added to NONMEM VI.

This record causes NM-TRAN to read control stream records fralifferent file. Thecharacter "$" is
optional. (This is the only control record for which $ is optiondle filename must be the first option
on the record

n is gptional. Itgives the number of copies of the file to be read. Defaultis 1.

[1.111.B.21. $SNONP ARAMETRIC Record (nmvi)

$NONPARAMETRIQVARG NALS|ETAY [MSFO=filename ][RECOMPUTE
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[EXPAND[NPSUPPa |NPSUPPER]
[BOOTSTRAPSTRAT=label ][STRATF=label ]
[PARAFI LE=[filenamePN|OFF]

[UNCONDI TI ONAL|CONDITIONAY [OMITTEDQ

$NONPARAMETRIC ETAS

Requests that the NONMEM Nonparametric Step be implemented.

NONMEM obtains either mginal cumulaties or onditional (non-parametric) estimates of etsghen
present, the $ESTIMATION recordust also be present and must specify METHOD=1 or POSTHOC.

[.111.B.22. $OMIT Record (nmvi)

$OMIT iteml item2 item3..

E.g.
$OMIT  TIME

Defines data item types to be excluded from template matching when raw
data averages are computed. Raw data averages are computed when the
NONMEM RAW _ data item is used.

[1.111.B.23. $PRIOR Record (nmvi)

$PRIOR subroutine [(conditionatlause ), (conditional clausg ... |
[DISPLAY[= ALL|CNT]] [ICMAX=n]
[ argument , argumery ...

E.g.
$PRIOR TNPRI (PROBLEM 2) PLEV=.9999 ISS=0 IVAR=1

Starting with NONMEM VI, a frequeneprior may be specified for data-analytic purposes, or to simu-
late parameter values (in a Simulation Stepjo NONMEM uitility routines help in this gard. NWPRI

allows the THER vector to be constrained by a "normal shaped prior", and/or the OMEGA matrix to be
constrained by an "ierse-Wshart shaped prior", where both priors are specified by the TNERI

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 TX&®R! e

ples.) Implementind®RIOR routines has been made easier by control record, $PRIOR, which may be
used instead of a user-written PRIOR routine.

The $PRIOR record pvides instructions for a generated PRIOR subroutine in FSUBS. There may be at
most 10 $PRIOR records per problem. $PRIOR may not be present if a user-written PRIOR routine is
listed on the $SUBROUTINES record. $PRIOR must felthe $SUBROUTINES or $PRED record.
$PRIOR is a control record, not a block abbreviated code. Therefor@nly options of the $PRIOR
record may be used. E.g., verbatim code may not be used. NONMEM Users Guide VIII and on-line help
for $PRIOR describe all the options.

When NWPRI is used, $THEAT $SOMEGA, and $SIGMA records are used to provide prior information,

in addition to the usual $THETA, $OMEGA, and $SIGMA recoriibese additional records must be in

a ecific orderand the record names describe the structure of the information rather than the kind of
information. Thisis described in the on-line help entry for NWPRUith NONMEM 7.3, there is an
easier way to prade this information, using informat record names $THEP, etc., as described in
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the following section.
[IL111.B.24. $THET AP, $STHETAPV Record (nm73)
[L.11.B.25. $OMEGAP , $OMEGAPD Record (nm73)

[1.111.B.26. $SIGMAP , $SIGMAPD Record (nm73)

$THETAP valug [value)] [valug] ...
$THETAPWalug [value)] [valug] ...
$OMEGAR/alug [value)] [value] ...
$OMEGAPBalug [value)] [valug] ...
$SIGMAP valug [value)] [valug] ...
$SIGMAPDvalug, [valug)] [value] ...

E.g.

; P rior information of THETAS (NTHP=4 of them)

$THETAP (2.0 FIX) (2.0 FIX) (2.0 FIX) (2.0 FIX)

; V ariance to prior information of THETAS (NTHPXNTHP=4x4 of them).
$THETAPV BLOCK(4)

10000 FIX

0.00 10000

0.00 0.00 10000

0.00 0.00 0.010000

The records may be in yamrder, and the options of $PRIOR need not be specified. The name of the
record describes the kind of information iveg to NWPRI, rather than the structure of the information,
as follows:

$THETAPfor THETA priors

$THETAPVor variance-ceariance matrix for THEARS

SOMEGARor OMEGA prior

$OMEGAPIr degrees of freedom (or dispersion factor) for OMEGA prior
$SIGMAPfor SIGMA prior

$SIGMAPDfor degrees of freedom (or dispersion factor) for SIGMA prior

[.111.B.27. $CHAIN Record (nm72)

$CHAIN [FILE= filename]
[FORMATS;] [ORDERxxxf]
[NOTITLE=[0[1] ][NOLABEL=[0|1] ]
[ISAMPLE=][NSAMPLER]
[SEED=] [SELECT=]
[RANMETHOD=[n|S|m] ]
[CTYPE=[0|1[23]4] ]
[DF=N] [DFS=n] [IACCEPT=n]

E.g.
$CHAIN FILE=examplel_previous.txt NSAMPLE=0 ISAMPLE=-1000000000

Supplies initial estimates for an entire proble@ption METHOD=CHAIN of the $ESTIMAION
record will only set thetas, omas, and sigmas for initialalues of the estimation process. Its scope is
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therefore limited in that it will not impact the parameters used in simulating data for the Simulation step.
To introduce initial thetas, orges, and sigmas that will ger the entire scope of avgn problem, use
the $CHAIN record.

[.111.B.28. $SIZES Record (nm72)

$SIZES [constant=value] [constant=value] ...

E.g.
$SIZES LIM1=30000 MAXFCN=2000000 NO=500

$SIZES is optional. If present, it must precede the firstCBBIEEM or $SUPER record. by the
$ANNEAL record.

Certain constants are used in NM-TRAN, NONMEM and PREDRfese are in file resource/sizes.f90.

The user may\erride mary of the constants with the $SIZES recodhy non-zero alue specified on

the $SIZES recordwerrides both the default and thalve that NM-TRAN would hae pecified. (A

vaue of0 is ignored.) Asof NONMEM 7.3,as an alternate © modifying sizes.fo0 to ery laige
maximum sizes, you can tell NMTRAN the maximum size that may be needed by specifying a $SIZES
constant as a getive value. Thusa user can gie NMTRAN permission to deal with all problems that
have data inputfiles that hae yp to 1000 data items, and up to 150 etas and epsilons, and up to 200
thetas, by the following:

$SIZES PD=-1000 LVR=-150 LTH=-200

but the values of these constants when the NONMERcutable is constructedill be onlywhat is
needed for the particular problem.

[.111.B.29. $ANNEAL Record (nm73)

$ANNEALnumber-listl:valuel number-list2:value? ...

E.g.

$ANNEAL 1-3,5:0.36,7:1.0

Sets starting diagonal O \alues for purposes of simulated annealing by NONMEM subroutine
CONSTRAINT. This facilitates EM (Expectation Maximization) search methods.

In the abwe example, initial values of OMEGA(1,1), OMEGA(2,2), OMEGA(3,3), and OMEGA(5,5)
are set to 0.3, while initial OMEGA(6,6) and OMEGA(7,7) are set to 1.0.

[1.111.B.30. $ET AS Record (hnm73)
[.111.B.31. $PHIS Record (nm73)

$ETAS [[value; [value)] [valug] ... [valug]]
[FILE= filename FORMATs; [TBLN=]]

$PHIS [[value, [valug)] [valug] ... [valug|]]
[FILE= filename FORMATSs; [TBLN=]]

E.g.
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$ETAS 0.4 3.03.05.0

$PHIS 0.4 3.03.05.0

$ETAS FILE=myprevious.phi FORMAT=s1pE15.8 TBLN=3
$PHIS FILE=myprevious.phi FORMAT=s1pE15.8 TBLN=3
Specifies Initial Values for Etas or Phis

By default, the initial value used for BS in the Estimation Step search is 0. The $ETAS and $PHIS
records provide different initial estimates. When the record is $PHIS, values are enteredahiseghi v

convenient for EM methods. The eta values will then fdwated as eta(i phi(i) — mu(i) for each eta,
where mu(i)= mu_i is ealuated according to their definitions in the abbreviated code.

[.111.B.32. $LEVEL Record (nm73)

$LEVELitem=(ny[m4], ny[m,] ... ) ...

E.g.
$LEVEL SID=(4[1],5[2],6[3])

Specifies nested randonvéis abare aubject ID. Item is the name of a data item listed on $SINPWT

defines an additional nested randomwelleand is referred to as a "super ID" data item. The notation
n.[my] states that ETA(g) is associated with this super ID item, and ETAJns nested within ETA(R).

[1.111.B.33. $DEF AULT Record (nm74)

$DEFAULT [NOSUB=[-1/0[1] ]

E.g.
$DEFAULT NOSUB=1

Specifies certain defaults for NONMEM. If present, it must appear following $PROBLEM record.

The NOSUBoption is the same as tiNOSUBoption of the SESTIMATION and $TABLE and $SCRA
TER records.
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IV. Abbreviated Code

IV.IV.A. Intr oduction

It can be seen from the example in chapter | that an abiwd code is much l&ka FORTRAN code.

Indeed, nearly \&ry statement of an abbreviated code is syntactically a FORTRAN stateifieat.
reader is advised to become familiar with very basic FORTRAN coding, in particular the use of assign-
ment statements, conditional statements, arithmgpeessions, and logicakpressions. Heever, not

all FORTRAN constructs can be used in an abbreviated code, an abbreviated code does not constitute a
complete FORRAN coded subroutine (this is not a disadvantage), and certain symbols used in an abbre-
viated code hae (semantical) meaning different from standard FORTRAN mearftiogthe purposes of
developing usersupplied type subroutines for NONMEM, restrictions imposed by abbreviated code (on
the use of certain FORTRAN constructs) are not many; uswskyof abbréated code is quite ade-
guate. Theadwantages to using an abbreviated code are considerable and outweigh sorenigmos

which the restrictions impose.

Nonetheless, one may still want to use HBRN statements not allowed in abbreviated coda

escape mechanism igadlable. \erbatimcodecan be inserted into abbrated code. This is FORRAN

code that is itself inserted without change, i.e. verbatim, into the FORTRAN subroutine generated by
NM-TRAN. Becausdhis code is essentially not processed by NM-TRAN, other than toicopto the
generated routine, symbolic differentiation is not used with this cBdethis and other reasonsrba-

tim code should only be used by those who understand welgdoerated subroutines are structured.

The purpose of an ablwiated code is to specify the computation of special quantities called the left-
handquantities. These quantities are symbolized fegervedvariables or arrays element3here are

mandatoryleft-hand quantities and optionkdft-hand quantities.For each mandatory (optional) left-
hand quantitythere must (may)xést some assignment or conditional assignment statement in the abbre-
viated code that defines the symbol used for the quartitthe case of an abbreviated code for PRED
there is one mandatory left-hand quantiymbolized by the reservednableY, and described bela

There are other optional left-hand quantities symbolized by reserved array el€@étt , which play

a minor role; see section E.3.

There are other special quantities called right-lgurahtities, which can be used in the computation, and
these are also symbolized by reserwariables or array elements. The symbols are used invattbde

code as though thhere already defined. These quantities are: the data items of a data record, symbolized
by the variables gén by the labels and syngms specified in the $INPUT record; values of ¢hea-
rameters, symbolized by the array elemdrideTA(1) , THETA(2) , €tc.; values ofy and ¢ variables,
symbolized by the array elemed$A(1) , ETA(2) , ..., andEPS(1) , EPS(2) , ..., ; others where not-

ed.

Generated PRED subroutines contain the declaration |
USE NMPRD_REAL,ONLY: ETA,EPS |
so that EA and EPS values may be obtained from NONMEIBETETA, SIMETA, and SIMEPS sub—|
routines, as appropriate (for some discussion of SIMETA, see section I11.B.13).

The symbols can be used in the right-hands of assignment statements and, with some restrictions for
ETAs, EPSs, and all other random variables (see below)ytban also be used in the right-hands of
conditional assignment statements and in the conditional expressions of conditional statExwnis.

where noted, a symbol for a left-hand quanbtyce it has been has been defined in abbreviated code, can
also be used similarlyFor example,Y may be used on the right, el@dGY=LOG(Y) Also, \ariables |

other than left-hand quantities can be defined by alatiesl code and used similari®n the other hand,

a variable defined by abbriated code cannot be used as a label in a $SINP&Ebd This means that
guantities cannot be stored into the data record using abbreviated code (see though, section ).
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The array elementsTA(1) , ETA(2) , ..., andEPS(1) , EPS(2) , ..., can also be garded as symboliz-

ing then and ¢ random variablesnot simply values of theseaxiables. Br practical purposes, this
means that if anotheaviableA is defined in abbreviated code in terms of these elementsAttam be
viewed as a function of the and¢ variables, and NM-TRAN generates code to compute variougaderi
tives o A with respect to thg and ¢ variables. Theseleriatives ae called thej- and e-derivatives .

The variableA itself can be rgarded as symbolizing a random variable, so that if it is used to define yet
another ariableB, the n- and e-derivatives o B are also computed, and so on. In general, in addition to
then ande random variables, gnvariable or array element whose value depends on the valueyairan

e variable is itself rgarded as a randomaviable.t Inthe example of chapter I, all variables defined with
the string of assignment statements, i.e. the vari&titgs Y, are random variables.

The \ariableY is (typically) an example of a randoranable. IfPRED is called with a data record con-
taining an actual obseation, Y symbolizes the value of the observation under the statistical mtidel.
PRED is called with a data record with a missing dependagighle data item equal to ¥ symbolizes a
prediction. Thisprediction, havever, is dotainable from the same code used teghe model-based
value for the obsemtion, and one need not (although one may# gifferent code depending on the
value of the MDY/ data item. With odd-type datay is a conditional likelihood for the obsation. See |
J.1. "Indicator Variables, Random Variables and Recursion Code" foraamp of odd-type (cageri- |
cal) data.

A random wariable may be used in the right or left-hand of a conditional assignment statement, i.e., it
may be defined condtionallyA random variable may be used in the conditioxakession of a condi-

tional statement,ut in this case care should be taken that either the statemgetuseel only during the
Simulation Step (see section D), or that as a result ofxjwession being true, the EXIT statement is
executed (see section G.2A random variable mapot be defined in a nested conditional assignment
statement. Aralternatve way to code this type of computation is illustrated in section IV.K.1 Random
Variables and Recursion code bglo

An abbreviated code is part of an NM-TRAN control recoFdr example, an abbweated code for

PRED is a part of a $PRED record. The statements comprising the code are contained in one or more
continuation records of the control recordowever, only one statement can be contained iy ane

record. A$PRED record along with all its continuation records is called a $PR&ix. NM-TRAN
comments can be included in an abbreviated code in the usya.gvay

Y=THETA(L*WT+THETA(2)*AGE+ETA(L) ;linear regression model

Using symbolsy’s and ¢'s, and their counterparts in abbreviated code Bfié&s and EPSs, can be con-
fusing. Ifthe data are population data, intraindividual effects are representedabgbles, but with sin-
gle-subject data, tlyeare represented by variables; see section 11.C.4. NM-TRAN abbreviated code
offers a way to alleviate this confusioWith single-subject data the array elemeRR(n) may be used
instead ofETA(n) ; using one has the samdesft as using the othekVith population data the array ele-
mentERR(n) may be used instead BPS(n) . Therefore, in either case one can be safeviaya using
the symbolE€ERR(n) to represent the random intraindividual effects.

IV.IV .B. GeneralRestrictions

Each statement may be placed anywhere within its containing record, one statement per record. |
FORTRAN 95 continuation lines are permitted. The character & should be placed at the end of thel line to
be continued. |

tAny variableA that can be gerded as a random variable, is called a tralerevariablein the first edition

of this guide, in certain other NONMEM Users Guides, and in NM-TRAN error messages. This is because
the \ariable can also begarded as symbolizing the true, albeit unknown, value of the random variable that
gives rise to the data at hand.
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For example, the following tw code fragments are identical: |
CL=EXP(THETA(1)*WERT+EPS(1)) |

CL=EXP(THETA(1)*WERT & |
+EPS(1)) |

Comments may be included onyaiine after the semicolon character "An exception is the FOR-
TRAN continuation character &, which may not be followed by a comment. |

No statement types other than assignmentTHEN, ELSE, ELSEIFENDIF, DO WHILE, ENDDO, |
CALL, WRITE, PRINT, RETURN, OPEN, CLOSE, REWIND. e.g., no GO, READ, FORMAT.

For use of WRITE, PRINTOPEN, CLOSE, and REWIND statements in abbreviated code, see q‘;uide
VIII and on-line help.

A special statement type, EXIiE permitted. BotHower and upper case may be used for all-dséned
and reserved ards. FORRAN statement numbers may not be used.

All variables or array elements are treated asnigatype DOUBLE PRECISION i.e., as double precision
floating-point numbers, except where notédy valid FORTRAN numerical constant can be used, b
if it is an integer constant, it is treated as a DOUBLE PRECISION constant.

All variable names consist of 1-20 letters (A-Z), numerals (0-9), and the characterginhibg with a |
letter. (The length 20 is specified by constant SD in SIZES).

Names of array elements which are left- or right-hand quantities can .apaemble names ofxactly

six characters, starting with, B, or C and followed with various combinations of diwf the digits0-9
(e.qg.B00003), and the variable nani2BBBBB are reserved for internal use and may not be used in an
abbreviated code; see section F.

Use of the ponential operator ** is allwed. Havever, as with FORTRAN, it is more efficient to use
the multiplication operator * when the exponent is a snzadl)(integer. Although when B=0 and P>(
the computation R=B**P is mathematically defined and is 0, some floating point procedsaithfa
floating point errar Powers are computed as follows (NONMEM V):

Q=0

IF (B.EQ.O) Q=1

R=(1-Q)*(B+Q)**P
FORTRAN functions LOG (natural log), LOG10, EXBQRT, SN, COS, TAN, ASIN, ACOS, AAN,
ABS, INT, MIN, MAX, MOD may be used. The NONMEM functions PHI and GAMLN may be used.

Functions LOGLOG10, EXR SQRT, SN, COS, TAN, ASIN, ACOS, AAN, ABS, GAMLN may hae
random variable arguments and the partialvddvies ae computed. Note that the partial detive d

. . . : o L oX
ABS(X) with respect tg is mathematically undefined at X=0.eVete arbitrarily defining it to b%. If |

the value of X affects the value of the objeetfunction, X must alays be either posite a negdive. If
the agument of GAMLN is a random variable, it musvays be positre. Function PHI may hae a an-
dom argument but no partial deaties are computed.

The INT, MOD, MIN, and MAX functions produce discontinuous resuldo partial dewnatives ae
computed. Ifthey are used outside of a simulation block and the function valeetafthe value of the
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objective function, then an error in the NONMEM Estimation Step will probably occur. |

With NONMEM 7.4, routines arevailable that protect agnst domain violations, divide by zero, arid
floating point werflows. Eachof these routines start with the lettefélowed by the name of the math-
ematical operation tlyeare to perform.For example, PLOG is the proteed mde routine that performs

the LOG operation. The protect functions and the $SABBREVIATEIPECT record are discussed
below in section 1V.J.6. PRTECT functions.

Userwritten functions FUNCA, FUNCB and FUNCC (called abliméed functions) may be used gs
right-hand quantities in abbreviated codes. Such a function may éhangle agument. Havever, it
may be a gctor A function may depend ongrments which may be random variables, in which case
the function too becomes a random variable.

Left-hand quantities VECTRA(n), VECTRB(n), VECTRC(n) may be used, and these become elements
of reserved gctors VECTRA, VECTRB, VECTRC. Aubscript n must be a posiiinteger constant.
Any reserved vector may be used witly &UNC, e.g. X=FUNCA(VECTRB).

The code for the functions must be written by the user inTFR2R (See Guide VIII ABBREVIAED |
FUNCTION Help Item.) The code must be in a file included using the $SUBROUTINE OTHER option,
as discussed in Chapter I11.B.6.

With NONMEM 7.3, reserved function names are FUNCA through FUNCI. |

With NONMEM 7.4, reserd function names are FUNCA through FUNCRZesered vector names are
VECTRA through VECTRZ.

With NONMEM 7.4, the $ABBREVIATED FUNCTION and $ABBREVIATED VECTOR records m¢1y
be used to declare user-defined functions &uotbvs. Sesection 1V.J.7, below

With NONMEM 7, the $ABBREVIATED DECLARE record may be used to declare-desimed arrays|
and vectors, which may be used for random-quantitid$EGER variables anddOWHILE variables
(which are also inger) may be defined and may be used for loopimgeger variables and inger
expressions may be used as as subscripts for AdENd user-defined arrays$nteger variables and
integer expressions may be used as subscripts for other arrays, e.g., randbhes/ETA(I), but only in
a WRITE or PRINT statementDeclared variables are globak., are defined in all blocks of abbire
ated code except $MIX. Declared variables are automatically initialized to 0.
Here is an example.
$ABBR DECLARE INTEGER I, REAL X(10)
$PRED

=1

X(N=THETA(I)
For more examples, see IV.IV.J.3. The DOWHILE Statement

Previous restrictions on nested parentheses and conditional definition of random variables eed. remo
Specifically:

Paentheses may be nested, e.g.,
A=(THETA(L)+(THETA(2)+C)*2)/E

Paentheses may be used within logical expressions, e.g.,
IF (Q.EQ.(R+C)/D) A=3

Paentheses may be used within an expression for an argument of a FORTRAN library function, e.g.,
A=EXP(-(THETA(1)+C)*TIME)
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Conditional statements may be nested if random variables are not defined. The defaulvéts 19 le
nested IF’s. This may be increased. E.g.,

A=THETA(3)
IF (Q.EQ.1) THEN

A=THETA(1)

IF (R.NE.B) A=A+THETA(2)
ENDIF

An ELSE IF clause may be used.

Random variables may appear in the right and left-hands of conditional assignment statements, e.g.,
IF (Q.EQ.1) A=THETA(L)*(1+ETA(1))
IF (Q.EQ.0) A=THETA(2)*(1+ETA(1))

A random variable may be redefined, e.qg.,
A=TVV+TVV*ETA(2)
A=A+THETA(4)

A variable on the left-hand of an assignment statement may also be used on the rigketdinthe
assignment redefines the variable to be a random variable, e.g.,

A=THETA(1)

A=A*EXP(ETA(1))

The logical operators .ND, .AND., .OR., may not be used within parentheses.

Here is an example of fhoto write code to @oid this restriction. (See Guide VIII and on-line help for
ignore/accept example.)

Suppose ACC is aaviable that is to hee values 0/1 depending on the value of A and B. The desired
code is:

ACC=0

IF ((A == 1.0R.A == 2).AND.B<100) ACC=1

There are tw workarounds. Ongs to clear the parentheses:

ACC=0

IF (A==1.AND.B<100.0R.A==2.AND.B<100) ACC=1

(this is alvays possible, no matter Ywacomplicted the conditional expression).

The second is to usevgeal statements. There are may ways to do this. In the following, the .AND. of
multiple conditions is false if mof the conditions is false.

ACC=1

IF (A.NE.1.AND.A.NE.2) ACC=0

IF (B.GE.100) ACC=0

An IF-ENDIF block must be completely within a contiguous block of
the NM-TRAN record containing the abbreviated code.

71



NM-TRAN Guide - Chapter IV Abbreviated Code Abbreviated code

invalid
$PRED
IF (A.EQ.B) THEN
Y=W1
$PRED
ELSE
Y=W2
ENDIF
valid
$PRED
IF (A.EQ.B) THEN
Y=W1
ELSE
Y=W2
ENDIF

IV.IV.C. RestrictionsSpecific to an Abbeviated Code for PRED

There are further restrictions specific to each type of abbreviated Emdein dbreviated code for
PRED, certain ariables which occur as arguments to the PRED subroutine may not be used. These are
DATRECINDXS, G andH. The variableF can be used; it has no special meaning in the code.

IV.IV.D . Extensions Specific to an Abbeviated Code for PRED

Extensions specific to each type of abbreviated codexdsin én general, ay feature describedn this |
section for $SPRED may be used with some or all other blocks, such as PREDPP blocks $PK and
$ERROR. Exceptions are noted when approprider an dbreviated code for PRED, certain reseadv
variables may be used to symbolize some special right-hand quaniitiese wariables,ICALL and
NEWINDoccur as arguments to the generated PRED subrouting. afdhaav described.

The variableICALL has the glue 0 if the call to PRED is the first call to PRED in the run (the run ini-
tialization call). It has the value 1 if the call to PRED is the first call to PRED in the problem or super
problem (a problem initialization call). It has the value 3 if the call to PRED is the last call to PRED in
the problem (a problem finalization call). It has tladue 2 if the call to PRED is a regular call during
data analysis, and the value 4 if the call isgula call during data simulation. It has the value 5 if the
call to PRED occurs when expectations are being computedhithginal data item MRG_ has a norj-
zero value for some records). It has tladue 6 if the call to PRED occurs whenvreata aerages are|
being computed (the raw-dataesage data item RAW _ has a non-zero value for some records).

Abbreviated code may test the value of ICALL. Such code defines specific kinds of blocks. For example:

IF (ICALL==0) THEN
Run Initialization block
ENDIF
IF (ICALL==1) THEN
Problem Initialization block
ENDIF
IF (ICALL==2) THEN
Data Analysis block
ENDIF
IF (ICALL==3) THEN
Problem and Run Finalization block
ENDIF
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IF (ICALL==4) THEN
Simulation block

ENDIF

IF (ICALL==5) THEN
Expectation block

ENDIF

IF (ICALL==6) THEN
Data Average block

ENDIF

The specific rules for each type of block are described in the help NONMEM Users Guide VIII and on-
line help. In particularfor ICALL O, 1, 3 blocks, see help item for Initialization-Finalization block.

At initialization and finalization calls the data items occuring as right-hand quantities are those of the first
data record.At the run initialization call th&HETAs are 0. At a problem initialization (finalization)

call, theTHETAs are the initial (final) estimates. During an initialization (finalization) call, Ef&\s

are 0 (0O, or conditional estimates for the first individual if conditional estimatesiban requested).

The \ariableNEWINDhas value 0 if the data record is the first record of the datatsets the value 1|

for the first record of the data set if the THETValue doesot differ from \alue at last call with this|

record, and PRED is non-recusi(see disucussion in IIl.111.B.15), omore usuallyif the data record is|

the first data record of the second or subsequent individual reitdrads the value 2 if the data record is

the second or subsequent data record of an individual re¥dtt.single-subject data inddual records

are defined in such a way that data records are contained in a number of different individual records; see
section I1.C.4.1. Therefore, except when the data record is the first data record of the data set and the
value of NEWINBZO0, the value oNEWINDcan be 1 or 2.

IV.IV .E. SomeSpecial right-hand Quantities

Certain reservedariables listed in NONMEM MODULEs (andvalable to aiy subroutine for which an
abbreviated code may be\gin) may be used in abliated code to symbolize some special right-hand
guantitites. Somef these are no described. Thgare intended for use in advanced NONMEM appli-
cations. Thisection may be ignored by beginning NONMEM users. Some of these variables are associ-
ated with a data record or inétiual record. They change values with calls to NONMEM PASS routing.
This is discussed in section 1V.J.2, veloSee help item for variables in modules.

IV.IV.E.1. MIXNUMand MIXEST and MIXP

These are right-hand variables that can be used when a mixture model i3\ided. mixture model

there are one or more submodels that can be used to describevaiuaidicata. PREOPK, ERFOR,

etc. if PREDPP is used) must be able to compute its outputs under each of these subtoadsts,

with each call to the routine, the outputs are computed only under one subifithetlata from a gien
individual’s record, and whetCALL =2 or 4, MIXNUMs the number of the submodel of the mixture that
should be used to obtain the outputs. It is an input to PRED (or PREDPP) set by NONMEMub- |

models are enumerated 1, 2, ..., m, where m is the number of possible submodels that can be used to
describe the indidual’s data, a number returned in amament of the routine MIX; see Guide VI, sec-

tion 1ll.L.2. The number m can vary between individual records. W&&w.L =1 or 3,MIXNUMs 1.

The variableMIXEST can be used when a mixture model is us@fith data from a gen individual’s
record, and whelCALL =3, MIXEST is the number of the submodel of the mixture that "best" describes
the indvidual's data. Itis an output (result) or consequence from the estimation set by NONMEM and
changes value with calls t?ABS. Thebest submodel is selected according to a Bayesian computation,
conditional on the indidual’'s data and on the final estimates of the population parametéhen
ICALL =1, 2, or AMIXEST s 1.
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MIXP is an array &riable. Thg are the mixture probabilities P(i) computed by subroutine MIX or by the
$MIX block of abbreviated code. (In the $MIX block, MIXP is simply the P array.) |

See the $MIX block, bela

IVIV.E.2. COMACT

The \ariable COMACTan be used to identify those calls to the routine with which PRED-defined items
(see section F) are obtained by NONMEM for the purpose of displaying these items in tables and scatter
plots. COMACTS 1 or 2 or 3 with such calls; otherwise it is 0.

When COMACTs non-0, NONMEM is making a cgng pass.The data records are being passed to
PRED for the purpose of computinglues of variables which will be copied froMiMPRD4 for ta-
bles and scatterplots. NONMEM only makes a copying pass when PRED-defined iteliséearen
$TABLE or $SCATER records.

Abbreviated code that tesSB®OMACTefines a copyinglock, e.g.,

IF (COMACT>0) THEN
Copying block
ENDIF

There are (up to) three sets of calls with the data records of ardualirecord. With ETAS set to O,
there is a first set of calls witbtOMACTF1. If conditional estimates are requested, then &itAs set to
these estimates, there is a second set of callsG@MACT2. If conditional (nonparametric) estimates
of etas are requested, there is a third set of callsG@IACI3.

If a mixture model is used, with each valueMiKNUMsee section E.1) there are more thao #ets of
calls. Wth ETAs set to 0O, there is a set of cafty ead distinct valueof MIXNUMwith COMACHL. If
conditional estimates are requested, then WitAs set to these estimates, there is a set of éallsah
distinct valueof MIXNUMwith COMACH2. Notethat nonparametric estimates cannot be obtained with a
mixture model.

PRED-defined items are stored in variables defined in PRED (PK or ERROR if PREDPP is used) (see
section F). Normally, these items may change from call to cdlhat is, at one call an item is computed

and stored in aariable V then it is &ailable in V at the start of the subsequent call; at that call, though,
another item may be computed and stored. iTherefore, if an item is computed at a callv@th a par

ticular data record (of the individual record) wHe®@MACHL, it may no longer bevailable at a call ¢

with the same data record wh€OMACI2, due to there being (in general) multiple calls to PRED (PK
and ERROR) with dferent data records of the individual record betwegrai@ G. There are, ho-

eva, dtuations where it is desired that the item balable at G. This problem is sokd by making a

special use of NONMEM MODULE NMPRDA4. |

Items may change from call to call whetherytlee stored in a locally definecnable or in a globally
defined ariable listed in NMPRDA4 (see sections 111.B.16-1However, an initial section of NMPRD4
can be identified to NONMEM as thevsaegion. All items stored in this region at a call to PRED (PK
or ERROR) with a particular data record wh@®@MACT1 are aailable at a call with the same data
record wherCOMAC32. Infact, with mixture models in mind, if at wreall to PRED (PK or ERRR)
with a particular data record (Wh&OMACHF1 or 2 andMIXNUMhas awg value), an item is stored in a
variable listed in the s& regon, then the item isvailable at ay subsequent call with the same data
record (wherCOMACH1 or 2 andMIXNUNMhas ag value).

The sae regon of NMPRDA4 is comprised of the firsi positions, where nis the integer gien with the
COMSA¥Vption on the $ABBREVIATED record (see section 111.B.7). If the option is omitted, gri n
0, there is no s& regon.
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PRED-defined variables that are defined in a copying blockefegred to asmplicit SAVE variables. |
Another way to store an item in a variable listed in tive sagon is described in the next section.

IVIV.E.3. COMf)

There are additional left- and right-hand quantities symbolized by the array el€&@vify . The nth

element refers to the nth item stored in MODULE NMPRD4. These quantities are useful when a user
supplied routine has stored items in this MODULE, and these items are to be used by abbreviatéd code.
Abbreviated code may also store items in reserved COM elemawgpically, the first n positions of
NMPRD4 are reserved to allousersupplied routines to store PRED-defined items in these positions so
that thg may be displayed in tables and scatterplots (see section 111.B.16). The integer n must not
exceed the integer;nwhere 1 is the integer specified with t@OMRE®Sption on the $ABBREVIAED

record (see section III.B.7)Even if the computation cEOMG) depends om’s or £'s, COMf) is not

regarded as a randomaviable. Thalis, 77- and e-derivatives o COMf) are alays 0, but neer actually
computed.

PRED-defined items defined by ablieded code can also be stored in the figspasitions, since the
array elemen€COMf) can function as an optional left-hand quantityis can facilitate the communica-
tion in both directions between a user-supplied routine and a routine specified byatdtbreode. It
can &en be sed to allev two-way communication between twebbreviated codes.(Regular \ariables
used on the left in one abbreviated code cannot be used on the left in anothéatgdbtede, as long as
variables are listed in NMPRDA4, but see sections H and Ill.BAnpther use of these left-hand quanti-
ties is to allev abbreviated code to specify that an item be stored in thie mgon of NMPRD4 (see sec-
tion E.2). COM(j) variables that are defined in aying block are referred toas eplicit SAVE |
variables.Implicit and explicit SAVE variables cannot both appear in abbreviated code.

The rule gien above dill holds: COM@) is not legarded as a random variahleThis means that while
COMgQ) may hae a \alue that depends oris and epsilons’s, the- and e-derivatives o COMg) are

always 0. This in turn implies that abbreviated code cannot define a random variable to be listed| in the
save regon of NMPRDA4. |

IV.IV .E.4. NONMEM Counter Variables

Counter variables are right-handriables that NONMEM sets so that user code can determine where
NONMEM is in a problem.

NI REC, NDREC (nmvi)

NPROB, | PROB (nmv)

SINUM S2NUM SINIT, S2NIT, S1IT, S2IT (nmv)
NREP, | REP (nmv)

LIREC, NINDR , INDRL, |NDR2 (nmvi)

Counters include (in the order ala

record counters;

problem iteration counters;

super-problem iteration counters;

simulation repetition counters;

number of data records in the individual record; number of individual records in the data set containing
an observation record, and the indices of the first and last such individual records.

Some of these variables may be used as right-lopuahtities in abbrgated code for certain blocks of
code, e.g., only in initialization/finalization block¥hey change values if appropriate during a pass thru
the data set, e.g., during initialization/finalization. |
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IV.IV .E.5. Other Resewed Variables

The following lists some of the other reservediables. ¥riables that can be used on the left-hand pro-
vide information to NONMEM.Variables that can be used on the right-hand are set by NONMEM.

MSEC, | FI RSTEM(right-hand) (nmi, nm72)

These are the "partial deative indicator" variables set by NONMEM. NONMEM does noivals
require that first or secong and s-derivatives be omputed. MSEC=1 when NONMEM &qpecting
second-partial eta-destives with the current call to PRED; 0 otherwis#zrIRSTEM=1 when NON-

MEM is expecting first-partial eta-demtives with the current call to PRED; 0 otherwise. Thesewderi
tives ae almost akays needed by classical NONMEM methods with population détawever, NON-

MEM does not alays use these destives for the newer Bayesian methods. Generated code in FSUBS
copies IFIRSTEM to a local variable, FIRSTEM. This afothe abbreviated code to set FIRSTEM=1
so that first deviatives ae computed in unusual circumstances.

(See Turning on First Destive Assessments for EM/Bayes Analysis(NM72) in NONMEM 7 Guide.)

Note that NM-TRAN rearranges the order stitements in FSUBS. Statemethist compute second-
partial eta-deviatives are collected together into blocks second deviative code to be xecuted only
with MSEC is 1. Starting with NONMEM 7.2, statements that compute first-partial etaties ae
collected together into blocks dirst dervative mde to be xecuted onlywith FIRSTEM is 1.Option
NOFASTDER of the $ABBREVIATED record pvents NM-TRAN from doing this and restores the
order of statements in FSUBS to what it was in previous versions.

NEWL.2 (right-hand) (nmv)

NEWL2 = 1 if the data record is the first of an L2 record;

NEWL2 = 2 otherwise.

NEWL2 may be used as a right-hand quantity in $PRED and $ERROR blocks, and in an $INFN block in
conjunction with RSS. Itchanges with calls to PASS.

OBJECT (right-hand) (nmv)

The final value of the objewe# function. Thisvalue should only be used at ICALL = 3 (finalization
block) in $INFN or $PRED.

| ERE and| ERC (right-hand) (nmv) The return codes from the Estimation Step ameri@ace Steps,
respectrely. Values of O indicate normal terminatiomhey should only be used at ICALL = 3 (finaliza-
tion block) in $INFN or $PRED.

RPTI , RPTO, RPTON, PRDFL (left-hand) (nmvi)

The "Repetiton ¥riables" may be used to mark a data record as a repetition base when NONMEM’
repetition feature is used, as an altexeab use of the RPT_ data item.

With Version VI, variables RPTI, RPTO, RPTON and PRDFL can be set and/or tested, thirggadlo
subsequence of data records to be repeatedly passed to PRED multiple times befatelttia record

following the last record of the subsequence is passed. Subsequences can be nested. This "repetition fea-
ture" allows e.g. kinetics to be computed by avolution integral. The user carxecise control wer

which pass through a sequence it is, during which the output from PRED wignalafia record will be

used by NONMEM. This "PRED control" allows e.g. PRED output withvangiecord to inolve com-

putations wer subsequent, as well as prioecords. (Se¢he NMPR10 Help Item and the Repetition 1

and Repetition 2 examples.)

YLO, YUP (left-hand) (nmvi)

With a given data record, either of the limits YLO or YUP may be set so that during the analysis an inter
val is defined in which (or outside of whichan observation is conditioned t@igt. May be set in
$PRED and $ERROR.
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PR_Y (right-hand) (nmvi)

PR_Y is the estimated probability that an observation will fall within (or outside) theadhtePR_Y
may be used as a right-harmgliantity in abbreviated code f&PRED, $PK, $SERRR, and $INFN
blocks.

CTLO, CTUP (left-hand) (nmvi)

An obseration may be thevent that the value of a normally distrib- uteariable falls in a gien inter-
val. CTLO s the lower endpoint of the intexlv CTUPIs the upper endpoint of the intatv Maybe set
in $PRED or $ERROR.

PR_CT (right-hand) (nmvi)

PR_CT is the estimated probability that an observation will be of the category in question. PR_CT may
be used as a right-harguantity in abbreviated code fPRED, $PK, $ERROR, and $INFN blocks.
F_FLAG (left-hand) (nmvi)

The data may include both population data and odd-type B&&D may compute both predictions and
likelihoods. F_FLA&=0 indicates that Yor F is being set to a "prediction" of the obsatien.
F_FLAG=1 (or 2) indicates that Y or 5 being set to #kelihood (or -2log likelihood) value for
this particular obseation. Maybe set in $PRED and $ERR. Seel.1. "Indicator Variables, Random
Variables and Recursion Code" for an example.

I 1 DX, CNTI D (right-hand) (nmvi)

These array variables contaialwes of the ID data item and individual contributionsthe objectre
function. Thevalues are in data-set ordeWith NONMEM 7, the additional output file root.phi con-
tains the same information.

SKI P_ (left-hand) (nmvi)

SKIP_ is used to control premature termination of a problem (with subproblems), superproblem-or super
problem iteration.In a finalization block of abbreviated code one may set SKIP_ and/or use the follo
ing phrases:

END PROBLEM (same as SKIP_=1)
END SECOND-LEVEL SUPERPROBLEM (same as SKIP_=3)
END FIRST-LEVEL SUPERPROBLEM (same as SKIP_=5)

END SECOND-LEVEL SUPERPROBLEM ITERATION (same as SKIP_=2)
END FIRST-LEVEL SUPERPROBLEM ITERATION  (same as SKIP_=4)

TEMPLT (right-hand) (nmvi)
This right-hand array is used indwidifferent contexts.

At ICALL=6, the template data record is stored in TEMRKd may be used on the right in a data
aveage block.

When MIX is called, the first dat@cord of the individual record is stored in TEMPand
may be used in $MIX.

ltems of the template record may be referred to by position or by label, e.g., TEMPLT(1) or TEM-
PLT(ID).

OVEGA( N, M, SI GVA( n, m) (right-hand) (nmvi)

Current values of OMEGA and SIGMA in $PRED, $PK, $EMRat ICALL 2. In $INFN and $PRED

at the run initialization call, tlyeare 0's. Ata problem initialization (finalization) call, tlyeare the initial

(final) estimates.May specify individual elements or the entire arrag the case of OMEGA and
SIGMA, may also specify BLOCK or DIAG.
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SETHET( n) , SEOVEGE n, m) , SESI GM n, n) , SETHETR( n) (right-hand) (nmvi)

The standard errors of the estimates of THETA, OMEGA, and SIGMA. In $INFN and $PRED, at
ICALL 3. May specify individual elements or the entire arrtfy$THETAR is used, SETHET contains
standard error of internalalues, and SETHETR contains standard errors of repomcess If |
$THETAR record not used, SETHET=SETHETR the case of OMEGA and SIGMA, may also spec-
ify BLOCK or DIAG.

THSI MP, THSI MPR OVSI MP, SGSI MP (right-hand) (nmvi)

These are the values of THETA, THER, OMEGA and SIGMA that are produced during a Simulation
Step using the user-supplied routine PRIGRHAETA=THETAR if $THETAR record not used.) May be
used in $PK, $ERROR, $INFN and $PRED blocks. Aftebeing set during the Simulation Step,ythe
remain &ailable during problem finalization (i.e., ICALL=3).

DEN_, CDEN_(i) (right-hand) (nmvi)

The nonparametric density and the marginal cunudaglue for the ith. etaValues are computed by
NONMEM when the Nonparametric step is performed and marginal cuweslate requested ($NON-
PARAMETRIC MARGINALS). Values are \@ilable during thepass with COMACT=2 and (ifASS
is called) at ICALL=3. These variables may be used as right-hap@ntities in abbreated code
blocks $PK, $ERROR, $INFN and $PRED.

PRED , RES ,WRES (right-hand) (nmvi)

These values may be used when ICALL is 3 ($PRED and $INFN) Adeethe same values as PRED,
RES, WRES in NONMEM outputsThey change with calls toASS. Wth NONMEM 7, all the special
diagnostic items from Chapter Ill may be used in this manner.

CORRL2 (left-hand) (nm7)

CORRLZis a reserved variable used for modelling correlation across residual variables (i.e., within L2
records.) Maybe set in $ERRR or $PRED, and used in $PK and $INFN. See the example in J.3.
below.

MDVRES (left-hand) (nm73)

Set MDVRES to 1 in the $PRED or $ERROR block if you do mant to include a particular obser
vation in the computation of residual and weighted residuals.

ETASXI (left-hand) (nm73)

ETASXI stands for eta shrinkage exclude/include.

Set ETASXI(i) to 2 to include ETA(i) inve@rage eta shrinkage assessment.

Set ETASXI(i) to 1 to exclude ETA().

This variable may be used only in $PK and $ERROR and $PRED blocks. See also $EEINVIA
record ETASTYPE option.

NPDE_MODE (right-hand) (nm73)

NONMEM sets NPDE_MODE=1 when it is computing NPREd NPD (Monte-Carlo generated
normalized probability distribution error), when these are listed XB&E or $SCA TER. Otherwise,
NPDE_MODE=0.

DV_LQOQ(left-hand) (nm73)

"LOQ" stands for "limit of quantification". If the userBERROR/PRED sets DV_LOQ when NONMEM
sets NPDE_MODE-=1, then the NPDE is being@ated during this call, and this censored value is to be
treated as if it is a non-censored datum with value of DV_LOQ.

78



NM-TRAN Guide - Chapter IV Abbreviated Code Abbreviated code

IV.IV.F. PRED-Defined Items

The values of a variable defined in a vsa@pplied PRED or in an abbreviated code for PRED is called a
PRED-definedtem. For the purpose of this definition, PREDPP is not considered to be either type of
PRED specification.However, for documentation purposes, the values of a variable defined in-a user
supplied routine used by PREDRPIn an dbreviated code for such a routine is also called a PRED-de-
fined item. If, for example, the routine is PK, suchatug is also called a PK-defingdm . PRED-de-

fined items can be displayed in tables and scatterplots; see sections I11.B.16-17.

The definition of a &riable in an abbreviated code can generate additional definitions of atlasdras,

called generatedariables, appearing in the generated code but not appearing in the abbreviated code.
The names of generated variables are a#rseharacters long. Certain generated variables symbolize
the values of partial destives and are normally listed in NMPRD4 so that theatues can be displayed

like aher PRED-defined itemskFor the PRED subroutine, the names of theagables are ne de-
scribed. Br the subroutines of PREDRRey are described in sections V.C.5,6,7,9.

Variables which symbolize (first-, second-, mixed-) parpiaerivatives of random variables defined in
abbreviated code for PRED (first- and second-parti@lerivatives of random variables defined in abbre-
viated code for PK if PREDPP is used) are generated and displayélglehavenamesA..... , Where
the dots stand for various combinations of six digi&.

Variables which symbolize first-partiatderiatives of random variables defined in abbreviated code for
PRED (ERROR if PREDPP is used) are displayaBleey havenamesC..... , Where the dots stand
for various combinations of six digi@s9.

It is not possible to kne what \ariable symbolizes agn partial dervative without first obtaining and
inspecting the generated subrouti@mment lines in the code describe the correspondence. The name
for the variable can be used in 8ABLE or $SCATERPLOT record of a subsequent run (provided the
abbreviated code is the same in that ruW)ith versions of NONMEM prior to NONMEM 7.4.2, the
labels for variables which symbolize partial detives were cownerted to 4 characters, as described |in
earlier versions of the guide. The labels were netyd unique or meaningful, although thawes dis-
played were abays correct. A work-around for earlier versions is to use an alias that is meaningful to
the user For example, with CONTRL4 and NONMEM 7.4.0, NM-TRAN generates a variable named
A000039 for the "DERIXTIVE OF D W.R.T. ETA(001)" If this is to be displayed in a table and a mean-
ingful column header for the table is desired, an alias such as the following could be used:

$TABLE .... AO0O0O039=dDdETA1

IV.IV.G. PRED Error-Recovery

PRED may exit with a nonzero PRED error return cotleis section describes Wwao implement such
an «it with abbreviated code. It describes BORTand NOABOR®Bptions used in the $THEATand
SESTIMATION records.

IV.IV.G.1. Backgound

When PRED exits with a nonzero PRED error return code, either the NONMEM run is immediately
aborted or an errenecovery procedure is implemented. An erm@covery procedure entails continued

calls to PRED, but with values for tR¢dETAs or ETAS different from those with previous calls which
resulted in nonzero return codeBhere are tw aror-recovery procedures: one with which differerdlv

ues forETASs are tried, the EA-recovery , asecond with which different values foHETAs (and possi-

bly ETAS) are tried, the THEA-recovery . Wheneer it is possible to implement the Blrecovery, this

is done. If this procedurails, or if it is not possible to implement theA=Tecovery, and the error return

code is obtained during either the search in the Estimation Step or the search in the Initial Estimation
Step, then a choiceists between an abort and implementation of the TAMEECovery. If the THEA-
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recovery fails, or if it is not actually possible to implement the THAEEcovery, the NONMEM run is
aborted.

A PRED error return code canvewalues 0, 1, or 2. Thealue 0 means that the return is a normal
return. Thevalue 1 means that if the choice exists between an abort or implementation of thA-THET
recovery, then this choice is to be made using control stream informafiba.value 2 means that if the
choice gists between an abort or implementation of the TAHEScovery, then the abort should be cho-
sen.

When an abort occurs, an error message will appear in the NONMEM output, in the intermediate output
file (if such a file exists), and in the PRED Error filWhen the THEA-recovery is implemented, an

error message appears in the intermediate output file (if such aifil®) ein the PRED Error file, and if
recovery is not possible, in the NONMEM output. The error message is called a BR&hessage

When the PRED error return code is 1, and a choice exists between implementation of the THET
recovery and an abort, the THEFrecovery is implemented if theNOABORToption is used on the
$ESTIMATION ($THETA) record. If theNOABORDption is not used, then the run is abort&ften,

the most appropriate response to an abort occuring during the Initial Estimate Step, or during the Estima-
tion Step after the Oth iteration summary has been output, is to rerun the problem requesting that the
THETA-recovery procedure be implemente®Varning: If the NOABOR®ption is used before an actual

abort has occured, be sure to check the PRED Error file for possibly useful diagnostic information that is
otherwise gailable in NONMEM output when an abort occurs.

The NOABORTFIRSToption of $THER is the same aBlOABORThut also applies to thdirst value |
of the theta vector that is tried. Md NONMEM 7 and theNOABORption of $ESTIMATION, |
NONMEM will force most non-positie Hessian matrices to be poggicefinite, allowing NONMEMto |
continue. Vith NONMEM 72 and optiotNOHABOR®f $ESTIMATION, positve definite corrections|
are made at all \els of the estimationThis can hide aerious ill-posed problem, so use with care.

IV.IV.G.2. Implementation

An quick «it from PRED with a nonzero return code can be implemented in abbreviated code for PRED
(or in abbreviated code for PK, or ERROR, in which case the exit is from PREDPP) with this statement:

EXIT nk

where n is the return code (1 or 2) and k is a user code (1-8a8Bg user code is used, it can bg an
value the user wishes in the indicated range. In this case a part (shown here) of the PRED error message
gives the user code:

PRED SUBROUTINE: USER ERROR CODE = k

The user code can be omitteld.it omitted, then the return code too can be omitted, and then the return
code is 1 by defult. TheEXIT statement can be used with an IF statement or within an IF-ENDIF
block, e.g.

IF (CLLE.O) EXIT12

IV.IV .H. Pseudo-Statements

A pseudo-statemerns a statement of abbreviated code of the form of an (unconditional) assignment
statement, i.e. A=Bwhere A is a specific reserved variable, and B is an integer constant. The variable A
symbolizes a type of left-hand quantibyt, unlike aher such quantities, it cannot be used as a right-
hand quantity The variable characterizes the type of the pseudo-stateffieate are different types of
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pseudo-statements specific to each type of alziesl code. There is usually a restriction on the permit-
ted values for the integer Bzach type of pseudo-statement can appear only once in an abbreviated code
for a particular routine. It must appear before other statements o¥/&tbdecode ocurring in that rou-

tine.

For an abreviated code for PRED, there is only one abble type of pseudo-statement. The variable is
COMRESnNd the only permitted value for the integer constant is -1. So, the statement must look like

COMRES=-1

If this statement appears, then no variables defined in thevaibdecode are listed in NMPRD4n
this regard, see also the discussion of the op@MMRES=in section I1.B.7. With an abbréiated code
for PRED (where no additional abbreviated code for another routine can also be usethctlod tfe
above pseudo-statement is identical to use of that option.

IV.IV.1.1. Verbatim Code

As mentioned in section IV.A, verbatim code should be used only by those who understandwvell ho
generated codes are structurdérbatim code is FORTRAN code which may be inserted into &bbre
ated code.This code is in turn inserted unchanged, i.e. verbatim, into the generated subrbiiviine.
TRAN does not generate code for the computation-and s-derivatives based on &rbatim code, so
particular care in using verbatim code is needed wiaeiahles which are interpreted as randcem-v
ables in abbreviated code are useddrbatim code.t NM-TRAN does not check whether verbatim code
uses correct FORTRAN syntax; this check will be made by the FORTRAN compifaartion of abbre-
viated code which includes verbatim code might look like:

IF (ICALL.EQ.4.AND.NEWIND.NE.2) THEN
" 5 IF ( ABS(ETA(2)).GT.5) THEN

" CALL SIMETA (ETA)

" GO TO 5

" ENDIF

ENDIF

Neither the use of the absolutalie function, a subroutine call, the use of a statement nunabexr GO |

TO ae FORTRAN constructs which were originally a#led in abbreviated code. Starting with NON-
MEM VI, abbreviated code may use the ABS function, "CALL SIMETA", "CALL SIMEPS", "CALL
RANDOM", and the DOWHILE/ENDDO statements for loopall the verbatim examples in this sed-
tion of the guide can be implemented with abbreviated code. See section IW.J Helveve, there are |

still times that verbatim code is necessang the following discussion is retant to ary verbatim code.

Essentially any line whose first nonblank character is a double quote is recognized as conterbag v

tim code. The double quote is dropped, and the remaining characters of the line are copied to the gener
ated code.For the users mnvenience, verbatim code following a statement number is adjusted so that it
conforms to FORTRAN 77 ceentions rgarding where FORRAN code is placed in a line; see more
discussion of this bela This means that in the example the text after the 5 i&dnen hat it begins in

position 7 of the generated line; see the generated code. bhere is a leading blank before the/As

with all FORTRAN statements with statement numbers, a statement number can be placed anywhere in
positions 1-5.A single line of \erbatim code, other than a FORTRAN comment statement (see)belo

may be copied to more than one line of generated code if NM-TRAN determines that the characters of

tDo not use &rbatim code to circumvent the occurence of NM-TRAN error messages concerned with the
use of random variables in abbreviated code. If so used, computations will most likely be incorrect.
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the generated line would otherwise extend beyond position 100TRAIR continuation lines are cref
ated as necessary to limit each generated line to 100 charadteyslong strings (e.g., longaviable |
names and constants) are copied to lines of generated code of at most 160 characters, TRENFOR
continuation lines as needed. NM-TRAN does not check the number of characteesiabke \name or|
constant. Diferent compilers hee dfferent limits, and errors may occur when generated FSUBS is gom-
piled if these limits are exceeded.

In the abee example, by default the verbatim code is placed in the generated subroutine after some ini-
tial executable code required for routine initialization purposes; seavbelbis initial code contains a

call to SIMETA to obtain simulated values of th€lr'As. The effect of the verbatim code is to replace the
vaue of ETA(2) with a value less than 5 in absolutalue if necessaryFor this code to ha the
desired effect, the optiahEWnNust be used in the $SIMULATION record.

In actuality NM-TRAN does modify verbatim code. It has already been seen that a placement adjust-
ment takes placeHowever, perhaps more surprisinglgertain variables occuring in verbatim code are
replaced by certain array element& se hav this happens, recall that anable that is a label for data
items of a particular type can be used freely in abbreviated code. The mechanism by which this is
allowed does not by itself generally imply that this same variable can be used freely in verbatim code.
For example, the abbreviated code

A=THETA(2)*WT*EXP(ETA(2))
can generate the FORTRAN code

WT=DATREC(005)
BO0001=DEXP(ETA(002))
A=THETA(002)*WT*B00001

which defineswTand then uses thisakiable. Thedefinition is gven in terms of a reference to the
DATRECarray where the weight data item is to be foumtlis array is defined as an argument to the
generated routine. The analogous verbatim code

" A=THETAQQ)*WT*EXP(ETA(2))

copied without change into generated code, contains an undefined vaAidhifet e variableWTis not
used in abbreviated coddo avoid this difficulty, any instance of aariable that is a label for data items
and that is used inevbatim code is replaced with a reference to tA€ REC array (EVTREC array if
PREDD is used). Therefore, the aboebatim code is actually translated into

A=THETA(2)*DATREC(005)*EXP(ETA(2))

This rule is called the replacemente . It applies as well to instances of the variable occuring on the
left of an assignment statemerithis enables data items to be transgenerated during a Simulation Step
(e.g. see section III.B.13, and Guide VI, Figure 2 along with the accompanying discussion in section
llI.L.1). Therule applies to essentialbll instances whewer they appear Because of the replacement

rule, a more accurate name for verbatim code might be quasi-verbatim code.

Implementation of the replacement rule is most often helpful to the twveve, if truly verbatim
code, i.e. nonmodified code, is desired, there isyatay obtain it. This imolves using the character '@’
as an "escape" charactdf the escape character is used immediately before an instance afitidey
the variable is not replacedor example, if the verbatim code is
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" A=THETA(2)*@WT*EXP(ETA(2))
then the generated code is
A=THETA(2)*WT*EXP(ETA(2))
This same generated code can be obtained with the verbatim code
"@ A=THETA(2)*WT*EXP(ETA(2))

If the escape character is used immediately after the double quote, the entire line is copied without
change, except that the double quote and escape characters are deleted.

NM-TRAN comment lines are not copied to the generated cAdEORTRAN comment statement can
be inserted into the generated routine. Here is an example:

"C this line is used at debug time

If the character immediately foliing the double quote is either 'C’, °’c’, '*', ™, or '?", the line is recog{
nized to be a comment stateme6tor * in column 1 was a FORTRAN 77 cemntion and is still permit-

ted by NM-TRAN for upvards compatiblity of old control streams. The use of " was special to NON-
MEM, and is also permittedHowever, ! is the FORTRAN 95 corention, and should be used inwe
control streams. The characters fallng the double quote are copied starting at position 1 of into the
generated line, The character at position 1vigyd set to be !.

Notice that lower case can be used émbatim code.However, lower case is comrted to upper case
before the replacement rule is applied.

As mentioned abe, and as seen from some examples, verbatim code is adjusted so that it conforms to
FORTRAN 77 cowentions rgarding where FORTRAN code is placed in a linklphabetic text that
"starts" a line of verbatim code or that follows a statement number is adjusted so thasiifgosition

7 of the line of generated code, unless the line is recognized to be a FORTRAN comment line.t

FORTRAN continuation lines can begressed with verbatim code using Fortran 95 syntax. The charac-

ter & should be placed at the end of the line to be continued. The presence of a character in position 6 is
no longer of significance, so the firgaenple of verbatim code can be spaced differently without causing

a problem.

It is not obvious where exactlyerbatim code is placed in the generated code since the user xc@&mlt e
cising strict control wer the latter Howeve, some control wer where \erbatim code is placed isai-
able. Agenerated subroutine has four sections.

First section: nonecutable declaration statements

Second sectionxecutable code required for initialization purposes
Third section: code implementing abbreviated code

Fourth section: code that stores subroutine outputs

TNM-TRAN copies ay nonalphanumeric character occuring in verbatim code (other than '@’) into-gener
ated code.With UNIX systems, one can tmlkdvantage of this and use tab characters if the compiler per
mits such characterdA tab character is a nonblank, nonalphanumeric, special character other than '@’ or
'I'. It can be an actual tab charact&@hen alphabetic text that "starts" a line of verbatim code or that fol-
lows (i) a statement number or (ii) a tab character or (iii) a statement number followed by a tab clwracter
adjusted so that it begins in position 7 of the line of generated code.
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RETURN statement.

Verbatim code can be specifically placed immediately after the first section, throughout the third section,
or immediately after the fourth section (prior to RETURNstatement). ¥rbatimheadeistatementare
used for this purpose.

Verbatim code that is to go immediately after the first section must precede all abbreviated code and must
be immediately preceded by the header statement

"FIRST

Spaces before or after theom FIRST are permitted. No abbreviated code may prec&dBST
except for pseudo-statements. NM-TRAN comment lines may pré&@8&T . This block of wrbatim
code is called the FIRSHlock. FORTRAN requires that all declarations precede a#icatable state-
ments, so declarations must be placed in this block.

Verbatim code that is to be placed throughout the third section can be preceded by the header statement

"MAIN
Consider this variation of the first example of verbatim code fromeabo

"MAIN

IF (ICALL.EQ.4.AND.NEWIND.NE.2) THEN
" 5 IF ( ABS(ETA(2)).GT.5) THEN

" CALL SIMETA (ETA)

" GO TO 5

" ENDIF

ENDIF

Spaces before or after theomd MAIN are permitted.No abbreviated code may precéd#AIN except

for pseudo-statements. NM-TRAN comment lines may pretddeN . The lines of erbatim code that

go into the third section need not be contiguously placed within thevédtiee code as tlgeare in this
example. \érbatim code may be intermingled with abbreviated cddléne of verbatim code that fol-
lows a line L of abbndated code is copied to the generated code following all generated code imple-
menting L. There may be abbreviated code preceding theditsatim code that goes into the third sec-
tion, as in this xample. TherfMAIN may be omitted; by dedlt this first verbatim code goes into the
third section.

Suppose the first verbatim code that is to go into the third section precedes all lines of abbreviated code.
If there is a FIRST block, thetMAIN is necessaryln this cas€’'MAIN acts a delimiterending the
FIRST block. Without it, this verbatim code would appear to belong to the FIRST block.

Consider this extension of the previous example
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"FIRST
" DOUBLE PRECISION R

"MAIN

IF (ICALL.EQ.4.AND.NEWIND.NE.2) THEN
" 5 IF ( ABS(ETA(2)).GT.5) THEN

" CALL SIMETA (ETA)

" GO TO 5

" ENDIF

" ETAS1=ETA(1)

" ETAS2=ETA(2)

" CALL RANDOM (2,R)

" WT=70+7*R

" @WT=WT

" WGHT=WT

ENDIF

" | F (ICALL.EQ.4) @WT=WGHT

Prior to NONMEM 7, the number returnedRby the NONMEM utility routine RANDOM was walays
a dngle-precision number (see section 111.B.13), and since the FORTRAN declaration statement
IMPLICIT DOUBLE PRECISION appears in a generated code the declar&®BAL R had to be
added. Sincéeclarations must precedeeceutable code, the declaration is included in the FIRST blgck.
With NONMEM 7, R need not be declared. It is declavqigtly to be DOUBLE PRECISION for the
sale for the &ample. Aswith the previous example, the statem&IAIN may be omitted.However,
with this variation

"FIRST
" DOUBLE PRECISION R

"MAIN

" IF ( ICALL.EQ.4.AND.NEWIND.NE.2) THEN
" 5 IF ( ABS(ETA(2)).GT.5) THEN

" CALL SIMETA (ETA)

" GO TO 5

" ENDIF

" ETAS1=ETA(1)

" ETAS2=ETA(2)

" CALL RANDOM (2,R)

" WT=70+7*R

" @WT=WT

" WGHT=WT

" ENDIF

" | F (ICALL.EQ.4) @WT=WGHT

"MAIN senes as a necessary delimiter of the FIRST blothe verbatim code just shown is discussed
in greater detail at the end of this section.

Verbatim code that is to go immediately after the fourth section should be immediately preceded by the
header statement

"LAST

Spaces before or after th@rd LAST are permitted. If this statement is used, it, andctviguous lines
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of verbatim code that foll it, must be placed at the very end of the aldbted code (one can ignore the
presence of NM-TRAN comment statements). These lines of verbatim code, theblggRTare placed
altogetherimmediately before thRETURNstatement of the generated routine.

Generally a line of verbatim code that is not in a FIRST block, and not in a LAST block, goes into the
third section of generated code by default, whether or not the staté#dint actually appears.

For certain subroutines (e.g. DES), the ability to use certain verbatim header statements does not exist, or

if a header statement can be used, it has fectefDescription®f these particular cases are included
with the descriptions of each of the different abbreviated codes.

The presence of verbatim code anywhere in an abbreviated codeoh&etw side effects.

The generated code then includes needed declarations for all reserved variables that can be used in

the abbreviated code. (Wheerbpatim code is not present, only declarations for those eskerv
variables used in the abbreviated code are included.) Hepoesered variable may be used in
verbatim code without the need to also include declarations for it in verbatim code.

Lines of abbreviated code that follaome verbatim code may then include variables that are not
defined in the abbreviated code preceding #rbatim code.Normally, the presence of an unde-
fined \ariable is considered to bevatid, and this raises an errowhen verbatim code is present,
this restriction is relaxed since the variable mayehaen defined in the verbatim code.

A variable defined by verbatim code is implicitly a double precis@iable. (Theactual declaration is |
IMPLICIT REAL(KIND=DPSIZE) (A-Z) |

This implicit declaration can beverridden with an explicit type declaration in the FIRST block.
In the remainder of this section some verbatim code showreabecamined in greater detail.

"FIRST
" DOUBLE PRECISION R

"MAIN

" IF ( ICALL.EQ.4.AND.NEWIND.NE.2) THEN
" 5 IF ( ABS(ETA(2)).GT.5) THEN

" CALL SIMETA (ETA)

" GO TO 5

" ENDIF

" ETASI=ETA(1)

" ETAS2=ETA(2)

" CALL RANDOM (2,R)

" WT=70+7*R

" @WT=WT

" WGHT=WT

" ENDIF

" | F (ICALL.EQ.4) @WT=WGHT

In this kampleETAS1andETAS2are the labels for data items, and by the replacement rule, these items
become the simulateciles ofp; andsn,. (During the Simulation Step, transgeneration of data items is
allowed. Transgenerated items are stored in NONMg&Mternal cop of the data set.) Weights are

also simulated (normally distributed values with mean 70Kg and standard deviation 7Kg if the option
NORMALs used in the definition of the second random sour@é)also is a data item label, and so
weights are stored as transgenerated data itSmge weight is used in subsequent computations in
abbreviated code, theariableWTis defined in the second section of generated dades keing equal
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to the weight in the dataecod as hat recod appeas when the second section of code xeaited

Since the subsequent computations shouldne ransgenerated weightyTis redefined after the trans-
generationyusing the escapéiaracter. Notice that weight is simulated only with the first data record of

the individual record, and that it is stored as a transgenerated item only with this first data Iltecord.
vaue, though, may be needed in computations during the Simulation Step with each of the data records
of the individual record WGHTs a PRED-defined item, not a data item label. Its value in all these data
records remains unchanged from the value to which it is set with the first data 1I@odrdGHTs given

the simulated value, and with each data recdfdiis redefined to be this value,ay using the escape
character WereWGHTot used, the value 8/Twith ary data record other than the first record would be

the data item in that record.

This strategy wrks if only simulation is implemented (indeed, if @8ILYSIMULATIONoption is used

in the $SIMULATION record). However, if data analysis is also implemented, then unless further steps
are talen, a problem arises when the routine is called with a data record other than the first data record of
an individual record. This is because the simulated weight value is only stored in the first data record.
Here is anotherariation of the same verbatim code, achieving the identical effect, but also addressing
this problem.

"FIRST
" DOUBLE PRECISION R

" IF ( ICALL.EQ.4.AND.NEWIND.NE.2) THEN
" CALL RANDOM (2,R)

" WT=70+7*R

" WGHT=WT

" ENDIF

" IF ( ICALL.EQ.4) WT=WGHT

"MAIN

" IF ( ICALL.EQ.4.AND.NEWIND.NE.2) THEN
" 5 IF ( ABS(ETA(2)).GT.5) THEN

" CALL SIMETA (ETA)

" GO TO 5

" ENDIF

" ETAS1=ETA(1)

" ETAS2=ETA(2)

" ENDIF

Here weight is simulated immediately after the declarations, before the second section, and because of
the replacement rule, it is stored in the data record. Therefore, Whenredefined in the second sec-

tion, it is given this value. Thisis true with the first data record of the individual record, and by virtue of

the use ofWGHTTit is aso true with subsequent data recortgwever, in this variation the escape char

acter does not need to precafl@with the statememVT=WGHTEnce it is not the ariable itself that

needs to be redefined; that happens subsequently in the second $eatiwy.the data item needs to be
transgenerated, so that when the variable is redefinedattable is defined to be the transgenerated
value. Asa result, with this variation, the transgeneratioretaklace with all data records, whereas with

the previous variation the transgeneration only takes place with the first data record ofvideahdi
record.

Here is yet a simpler variation.
"FIRST

" DOUBLE PRECISION R
" IF ( ICALL.EQ.4.AND.NEWIND.NE.2) THEN
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" CALL RANDOM (2,R)

" ENDIF

" IF ( ICALL.EQ.4) WT=70+7*R
"MAIN

" IF ( ICALL.EQ.4.AND.NEWIND.NE.2) THEN
" 5 IF ( ABS(ETA(2)).GT.5) THEN
" CALL SIMETA (ETA)

" GO TO 5

" ENDIF

" ETASI=ETA(1)

" ETAS2=ETA(2)

" ENDIF

IV.IV .1.2. Verbatim Code with NONMEM 7

(1) With NONMEM 7, the use ofxecutable statements in the "FIRST section of verbatim code is depre-
cated. Chaptell section II.II.D describes wo certain reserved variables (such as elements of the COM
array) are declared as pointeriables, and then assigned to targets Xmcwgable statementsThe
FIRST block is inserted between the declarations andxtimi@able statements, and should onlyena
declarations. Aan example, suppose the $PRED code is:

$PRED

"FIRST

"I first code here

" COM(1)=1
Y=THETA(1)+ETA(1)

The generated FSUBS contains:

REAL(KIND=DPSIZE), POINTER :: DEN_,CDEN_(:)
I f irst code here
COM(1)=1

IF (ICALL <=1) CALL ASSOCNMPRD4
Subroutine ASSOCNMPRD4 contains
COM=>VRBL

There is a segmentation violation with NONMEM 7, because COM(1) is used before it has been
assigned to a tget by subroutine ASSOCNMPRD4. This will happen in all blocks of abbreviated code,
not just $PRED.

All the examples of verbatim code in the @ebaection work correctly with NONMEM 7.4, but future
changes to NONMEM could cause problems.

A better version of the last ("simpler") example follows, in which there isxeougable code in the
FIRST block.

"FIRST
" DOUBLE PRECISION R
"MAIN
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" IF ( ICALL.EQ.4.AND.NEWIND.NE.2) THEN
" CALL RANDOM (2,R)

" ENDIF

" IF ( ICALL.EQ.4) WT=70+7*R

" @WT=WT

" IF ( ICALL.EQ.4.AND.NEWIND.NE.2) THEN
"5 IF ( ABS(ETA(2)).GT.5) THEN

" CALL SIMETA (ETA)

" GO TO 5

" ENDIF

" ETASI=ETA(1)

" ETAS2=ETA(2)

" ENDIF

Because of the replacement rule, only WT in the data file is simulated. The local variabl@sWT w
assigned before the MAIN block, and must be reassigned using

@WT=WT
(2) All the verbatim examples can be implemented using abbreviated code. For example,

IF (ICALL.EQ.4.AND.NEWIND.NE.2) THEN
CALL RANDOM (2,R)

ENDIF

IF (ICALL.EQ.4) WT=70+7*R

IF (ICALL.EQ.4.AND.NEWIND.NE.2) THEN
DOWHILE(ABS(ETA(2)).GT.5)

CALL SIMETA (ETA)

ENDDO

ETAS1=ETA(1)

ETAS2=ETA(2)

ENDIF

Each call to SIMERA replaces all the etas, so code similar the ¥ghg is needed if bounds are put on
two different etas:

IF (ICALL.EQ.4.AND.NEWIND.NE.2) THEN
DOWHILE(ABS(ETA(2)).GT.5.0R.ABS(ETA(1)).GT.0.52)
CALL SIMETA (ETA)

ENDDO

ETAS1=ETA(1)

ETAS2=ETA(2)

ENDIF

IV.IV.J . Advanced Coding Techniques |
This section desribes some advanced techinques that can be used in abbreviated code. |
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IV.IV.J .1. Indicator Variables, Random Variables and Recursion code

In abbreviated code, an indicator variable is a variable whose value is Olbomhy be identified with
an input data item, or it may be a variable defined in the abbreviated code. Indicator variables are used to
malke a doice in a computation.

Random variables may be assigned using conditional stateng@mpose, for ample, ICU is a ari-
able which is either 0 or 1. The following code can be used:

(a)
IF (ICU.EQ.0) THEN
CLM=TVCLM+ETA(1)
ELSE
CLM=TVCLM+ETA(2)
ENDIF

This can be coded unconditionally using ICU as an indicator variable:

(b)
CLM=TVCLM+(1-ICU)*ETA(1)+ICU*ETA(2)

NM-TRAN implements (a) using PRED-defined indicatariablesQ00... so that the assignment of
CLM is in fact unconditional.

Indicator variables may be usexrlpéicitly to avoid the restriction that a random variable may not be
defined in a nested .IFor example, examplel0.ctl (bayes10.exa) contains this code for simultaneous
analysis of PK and categorical data, where TYPE is listed in SINPUT:

IF (TYPE.EQ.0) THEN
; PK Data
F_FLAG=0
Y=F+F*ERR(1) ; a prediction
ELSE
; C ategorical data
F_FLAG=1
A=DEXP(EXPP)
B=1+A
Y=DV*A/B+(1-DV)/B ; a | ikelihood
ENDIF
ENDIF

The value of ¥ is 0 or 1 and is used as an indicator variable woid assigning Y in a nested,I#hich
is not permitted:
IF (TYPE.EQ.O) THEN

ELSE
IF (DV==1) Y=A/B

IF (DV==0) Y=1/B
ENDIF

Random wariables may be redefined, and may appear on the right-hand side of conditional assignment
statements. Thyemay be used recussy in their own redefinition. If a random variable is defined by
"incomplete” conditionals (i.e., conditionals which do not include both trueadsel ¢ases), and all tests
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fail, the random ariable has the value zero. This is a major difference between random and non-random
variables. Consider these examples:

IF (WT.GT.0) KEWT*THETA(L)*EXP(ETA(L))
IF (WT.GT.0) TVW=WT*THETA(1)

If WT is <= 0, K is zero. NM-TRAN prints a warning message when it detects such code.

If WT is <=0, TVV retains its prior value, which mayveakeen computed with a prieus eent record.
When a COM(i) variable is defined by incomplete conditional statements and albtedtsef\ariable
retains its value (as do all non-random variables).

In $PK, $ERROR, and $PRED records, recursion code may be used in an explicit, manndnis
example:

IF (WT.GT.0) THEN
K=THETA(1)*WT*EXP(ETA(1))
ELSE
K=K
ENDIF

If the condition is false, K retains its value set with the previous data record.

Recursion code can be used in $PRED, $PK, and $ERROR records for other purposes as well, e.g., to
implement recurse kinetics in $PRED, and to compute the sum of a randamiable in a DGVHILE

block. Thefollowing two fragments of code illustrate Woone can use abbriated code to implement
recursve kinetics in $PRED. The firsixample works with a single bolus dose and the secrachgle

works with single or multiple bolus doses. Similar code can be used in $PK and $ERROR.

K=THETA(L)*EXP(ETA(L))
IF (TIME.EQ.0) THEN
OLDA=AMT
T=TIME
ENDIF
A=OLDA*EXP(-K*(TIME-T))
OLDA=A
T=TIME

K=THETA(1)*EXP(ETA(1))
IF (TIME.EQ.0) THEN
A=AMT
T=TIME
ELSE
A=A*EXP(-K*(TIME-T))+AMT
ENDIF
T=TIME

The abee forms of recursion work for recursion from one data record to the next ("inter-record" recur
sion). ltis also possible to use recursion in a do-while loop ("intra-record"”, or "do-while" recursion).
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Example of a do-while recux& loop using a random variable:

TERM=THETA(1)*EXP(ETA(1))
SUM=0

DO WHILE(condition)
SUM=SUM+TERM

ENDDO

A product loop such as

PROD=PROD*TERM
is also possible, as are otheays the dowhile recuss variable can be used, so long as theable
appears on both sides of the equal sign within the DOWHILE loop: V= ... V ... |

IV.IV.J .2. Useof NONMEM'’ s PASS Utility

The NONMEM utility routine PASS canbe usedto read and/or to modify ("transgenerate") data
records. This can be doi ICALL O (run initialization), 1 (problem initialization) and/or 3 (problem
and run finalization). Repeated calls ("CALAFS") are used to pass through the data set. Data record
items are referred to by the nameytlaee given on he $INPUT record. NONMEM data items ID and
MDV may not be transgenerateédny other data item (including ) may be transgenerated\ddi-

tional data items can be generated at both thmbimg and ending of a problem. Since the finalization
call actually occurs before the Table and Scatterplot Stepsdaia items generated at this call can be
tabled and scatterplotted’his is described in NONMEM UsessGuide Part Il, D.2.2. See also Guide
VI, Chapter VI. See Section J.3, beldor abbreviated code.

Each call to PASS obtains the next data record, so the values of data items change with each call to
PASS. Onlythose PRED-defined items that are displayed in tables or scattersweietaes appropri-

ate to the current record; a PRED-defined item that is listed in NMPRC4 ot displayed will alvays

have the value from the first data record. NEWIND andAR/Rlues change to those appropriate to the
current record. Some of the reserved right-hand variables describeldsinochange value, as noted. |

IV.IV.J .3. TheDOWHILE Statement

The DOWHILE statement may be used for loops in abbreviated code.
An example is gien above tat uses DOWHILE during simulation. During data anaysis (with
ICALL=2), code such as this can be used:

$ABBR DECLARE DOWHILE ILOOP
$PRED
ILOOP=1
DOWHILE (condition)
.. Statements ..
ILOOP=ILOOP+1
ENDDO

A random variable may be computed rectelgiin such a loop.
Transgeneration examples

Section D.2 describes the use of NONMEMASS Utility to modify (transgenerate) the NONMEM
data set at initialization / finalization calls to PRED. Here is an example of abbreviated code that can be
used with NONMEM V:
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IF (ICALL.EQ.0) THEN
MODE=0
CALL PASS (MODE)
MODE=2
CALL PASS (MODE)
DO WHILE (MODE.EQ.2)
... transgeneration statements ...
CALL PASS (MODE)
ENDDO
ENDIF

With NONMEM VI, the DOWHILE (DATA) abbreviated code statement facilitates this feature by sup-
plying all the needed code to pass through the data set.

IF (ICALL==0) THEN
DOWHILE (DATA)
transgeneration statements ...
ENDDO

ENDIF

Here is fragment of code for modelling auto-correlatibl®© is a reserved variable giving the maximum
number of observations per indlual record; it can be used only in the context of the $ABBRHEYIA
DECLARE record. CORRL2 is a reserved variable for modelling correlation across residual variables.

$ABBR DECLARE T(NO)
$ABBR DECLARE DOWHILE J
$ABBR DECLARE INTEGER |

$PRED (or $ERROR)
IF(NEWIND.NE.2) 1=0
IF(MDV.EQ.0)THEN
I=1+1
T()=TIME
J=1
DO WHILE (J<=I)
CORRL2(J,1)=EXP(-THETA(4)*(TIME-T(J)))
J=J+1
ENDDO
ENDIF

IV.IV.J.4. MU Modelling (nm7)

Here is an example of MU modelling:

MU_2=THETA(4)

CL=MU_2+ETA(2)

Variables MU _i are reseed. Thenew NONMEM 7 EM (Expectation Maximizationymethods and
Gibbs sampling methods are most efficiently implemented if the user supplies informatiow tmeho
THETA parameters are associated arithmetically with the ETAs andidondi parameters, where
such a relationship holds. Calling the individual parameters phi, the relationship should be
phi_i=mu_i(theta)+eta(i)

for each parameter i that has an eta associated with it, and mu_i is a function &. THiERssociation
of one or more THEAs with ETA(1) must be identified by axiable called MU_1 Similarly, the asso-
ciation with ETA(2) is MU_2, that of ETA(5) is MU_5, etcetera. This is called Riéferencingor MU
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Modelling.

MU _i should be assigned unconditionallging indicator variables if necessafy.g., suppose GENDR
is 0 for males, 1 for females, and LCLM=log transformed clearance, male, etc.

A model for the mean of phi_1 could be:
MU_1=(1.0-GNDR)*(LCLM+LAGE*CLAM) + GNDR*(LCLF+LAGE*CLAF)

(See Bayes Example 2.)

Another example is with a mixture model, where Q=1 for MIXNUM=1 and Q=0 for MIXNUM=2 (See
Bayes Example 5).

MU_2=Q*THETA(2)+(1.0-Q)*THETA(3)

Option CHECKMUWf the $ABBREVIATED requests that MU model statements be @tkcknd is the
default. Option NOCHECKMthn be used to prent NM-TRAN from attempting to check the MU
model statements.

IV.IV.J.5. INCLUDE statement (nmv)

Identical to the $INCLUDE record (Chapter Il B.20). May be used in a block of abbreviated code to
read records from a different file.

An include file nonmem_researd_general may be found in the util directory of the NONMEM installa-
tion (nm73). It contains declarations for variables in MODULEs that can be used on the right or left in
abbreviated code. It also has definitions of functions that may be useéd.also useful_variables.pdf in
the guides directory for a listing of suchriables. Thidile is used in xkamples/gample8.ctl, in which
NONMEM variables BYES EXTRA and ITER_REPORare used. Some of the otheariables
defined in nonmem_reserved_general include:

MDVI1, MDVI2, MDVI3 (modifies NONMEM’s reatment of "non-impact” records with MDV>=100).
Pl

IV.IV.J.6. PROTECT functions (nm74)

With NONMEM 7.4, a versions of the functions angilable that protect against domain violations,
divide by zero, and floating poinve&flows. Theprotect functions are as follows.

For al routines, if X=not a numbeiX is corverted to machine precisioralue, which is about 1.0E-15,
before performing an operation on it. If X>INFNTY (where INFNTY is approximately 1.0E+154), then
X'is cornverted to INFNTY before an operation is performed on it.

PLOG(x)
Returns LOG of x. If x<SMALLZ, where SMALLZ is approximately 2.8E-103, then
LOG(SMALLZ) is returned.

PLOG10(x)
Returns LOG10 of x. If x<SMALLZ, where SMALLZ is approximately 2.8E-103, then
LOG10(SMALLZ) is returned.

PSQRT(x)
Returns SQR of x. If x=0.0d+00, then 0 is returned.

PEXP(x)
Returns EXP of x. If x>40.0, then PEXP(100.0) is returngdida overflow).
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PDZ(x)
Returns 1/x . Protects against divide by zero. If abs(x)<SMALLZ, then 1/SMALLZ is returned.
PZR(x)
Returns x . protects against zero. If abs(X)<SMALLZ, then SMALLZ is returned.
PNP(x)
Returns x. Protects against non-pesitif X <SMALLZ, then SMALLZ is returned.
PHE(X)
Returns x. Protects against high exponent. If X>100, then 100 is returned. Thus
PEXP(X)=EXP(PHE(X)).
PNG(x)
Returns x. Protects againsigatve. If X<0.0, then 0.0 is returned.
PTAN(x)
Returns tan(x). Protects against returning infinity on inputs near pi/2.

PATAN(x)
Returns atan(x). Protects against large intputs.

PACOS, PASIN
Returns acos(x), asin(x), respeely. If | X| is between 1.0 and 1+10**(-08), then x is submitted as
1 or -1. So, "dirty ones" are cleaned up, but values clearly beyond 1 are allowed to trip up the func-
tion, so the user isnare of the logical error in the code, and fix the issue.

In addition, there are first deative (such as PLOGD1), and second dative (such as PLOGD2) com-
panion routines\ailable which NONMEM uses for analytical destives.

If the record

$ABBREVIATED PROTECT

is present, NM-TRAN will automatically replace all LOG (or DLOG) with PLOG, EXP (or DEXP) with
PEXRP SQRT (or DSQRT) with PSQR / operations with *PDZ(), and B**E operations with
PEXP(E*PLOG(B)). Wheryou use $ABBR PRTECT, you will find a considerable impvement in
estimation stabilityregadless of estimation method usedllternately P versions can be codeaicitly

in abbreviated code.

The source code of these routines ar@lable in ..\source\PATECT.f90. If you wish to modify their
behavioy then coy PROTECT.f90 to your run directoryyrname and modify it, such as ©RECTB.f90,
then refer to this modified code with

$SUBROUTINES OTHER=PROTECTB.f90

IV.IV.J.7. $ABBR FUNCTION and $ABBR VECT OR (nm74)
With NONMEM 7.4, A user-defined function may be declared as follows:
$ABBR FUNCTION function_name(input_vector_name,dimension,usage)

function_name
is the name of the function. As with reserved functions FUNCA etc., the code for the function
must be written by the user in FORTRAN.
(See Guide VIl ABBREVIATED FUNCTION Help Item.)
The code must be in a file included using the $SOBRINE OTHER option, as discussed in
Chapter 111.B.6.

input_vector_name
is the name of an input vector that may be used to pass arguments to the function.
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dimension
specifies hev mary input arguments function_name will use, and defines inpator_name as a
vector with this length. "Dimension" is a property of both the function and of the input vector.

usage
is the maximum number of times the function may appear in thewédie code, that is, the max-
imum number of occurances of function_name. It is not an error if therewaee decuranceslf
usage is omitted, NMTRAN will supply the exact numbkusage is coded, NMTRAN will gen-
erate an error message if function_name appears invédtiececode more than "usage" number of
times.

Note that a gien function may be used with other input vectors, andvengiector may be used with
other functions.

A user-defined vector also may be declared as follows:
$ABBR VECTOR input_vector_name (dimension)

input_vector_name
is the name of an input vector.

dimension
Specifies the length of theeetor The dimension of a vector should be no less than the dimension
of all the functions which which it is used.

A vector and its length may be declared independently of a function, andevéae-wheasterisk may be
used as a place holdery.,

$ABBR FUNCTION BIVARIATE(*,5) ; when BIVARIATE is called, NDIM will be 5

Here is an example.
$ABBR FUNCTION BIVARIATE(VBI,5,3)

A vector VBI is defined of length 5There is a function called BARIATE. WhenBIVARIATE
is used, thealue 5 is passed to it as argument NDIRMMVARIATE uses 5 elements from the input
vector. Function BIVARIATE may appear in abbreviated code at most 3 times. |

IV.IV.L. $MIX Record (nmv)

$MIX
the abbreviated code

Optional. Thisrecord gves an &breviated code for the MIX subroutine. If it appears, it must be with
the first problem specification, and only with this problem specificafitve. use of $MIX is independent
of the choice of $PRED vs. PREDP®/hen MIX is called, the first datecord of the indiidual
record is stored in TEMAL General rules for abbveated code are describedbose. Specific
rules for $MIX are described in NONMEM Users Guide VIII and on-line hé¥esered \ariables
MIXP, MIXNUM, MIXEST are described alve.

Required left-hand variables are NSP®¥@ number of sub-populations, and P(i) where for each i (=1,
..., NSPOP), P(i) is the modeled fractioh the population in the ith subpopulation.

Elements of the data record can be accessed; see $CONTR anfiTtheabay Variables defined in
$MIX are not listed in MODULE NMPRD4 and may not be displayed iABOE and $SCATER.
Variables from PRINFN (from PREDPP $INFN block) and DEFINBIRIABLES (from $ABBR
DECLARE control record) are not defined in $MIX abbreviated code. |

96



NM-TRAN Guide - Chapter IV Abbreviated Code Abbreviated code

IV.IV.M. $THETAI Record (nm73)

$THETAI
the abbreviated code

Optional. Thisrecord gves an &breviated code for the THETAISUB subroutine, which transforms the
initial values in the $THEA and $THETAP records. If the initial estimate for an element of theta is
transformed, so is the upper and lower bounds for that thetay.if e record nameanay also be
coded as $THI. Ift appears, it must be with the first problem specification, and only with this problem
specification. Thaise of $THEAI is independent of the choice of $PRED vs. PREDS#cific rules

for STHETAI are described in Introduction to NONMEM 7 and Guide VIII and on-line help. |

IV.IV.N. $THETAR Record (nm73)

$THETAR
the abbreviated code

Optional. Thisrecord gves an dbreviated code for the THEAIRSUB subroutine, which transforms the
final theta alues for the NONMEM report and additional output files. The record nawag alsobe
coded as $THR.The use of $THETAR is independent of the choice of $PRED vs. PRESRRIfic
rules for $THETAR are described in Introduction to NONMEM 7 and Guide VIl and on-line help.
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V. NM-TRAN with PREDPP

V.V.A. Intr oduction

NM-TRAN is designed todcilitate the use of PREDPHhis chapter addresses special considerations
regarding the use of NM-TRAN with PREDPP.

Here follows an xample of an NM-TRAN control stream; it is meant to be used with PREDPP along
with the NM-TRAN data set shown in Appendix VThis NM-TRAN control stream is recorded on the
NONMEM distribution medium; see Guide IllThe control stream and data set are constructed so to
accomplish the same things as do the control stream and data set considered in chaptey lareut the
constructed on the assumption that PREDPP is to be used. NM-TRAN will translate the data set and
control stream to a NONMEM data set, a NONMEM control stream, and completely coded PK and
ERROR subroutines. These NM-TRAN outputs areegiin Appendix VII. The dfect of using them as

inputs to a NONMEM run will be to produce essentially the same output obtained from using the NON-
MEM control stream and PK and ERROR subroutines shown in Appendix Il of Guide VI.

$PROB THEOPHYLLINE POPULATION DATA
$INPUT ID DOSE=AMT TIME CP=DV WT
$DATA THEOPP

$SUBROUTINES ADVAN2

$PK
"THETA(1)=MEAN ABSORPTION RATE CONSTANT (1/HR)
"THETA(2)=MEAN ELIMINATION RATE CONSTANT (1/HR)
‘THETA(3)=SLOPE OF CLEARANCE VS WEIGHT RELATIONSHIP (LITERS/HR/KG)
:SCALING PARAMETER=VOLUME/WT SINCE DOSE IS WEIGHT-ADJUSTED
CALLFL=1
KA=THETA(1)+ETA(1)
K=THETA(2)+ETA(2)
CL=THETAQ)*WT+ETA(3)
SC=CL/K/WT

$THETA (.1,3,5)  (.008,.08,.5) (.004,.04,.9)
$OMEGA BLOCK(3) 6 . 005 .0002 .3 .006 .4

$ERROR
Y=F+EPS(1)

$SIGMA 4

$EST MAXEVAL=450 PRINT=5

$Cov

$TABLE ID DOSE WT TIME

$SCAT (RES WRES) VS TIME BY ID

V.V.B. DataSet Translation with PREDPP

When PREDPP is used, EVID and MDQiata items are required in the NONMEM data s&then
PREDPP is usedMDV data items need not be included in the NM-TRAN data set; NM-TRAN can
automatically include them in the NONMEM data set. SuchvMilata items are called generatd®V
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dataitems. Under certain circumstances, NM-TRAN can also automatically include EVID data items in
the NONMEM data set. Such EVID data items are called gendeatHa dataitems.

If EVID data items are not included in the NM-TRAN data sety tire generated as folks: If each of

the AMT and RAE data items in anvent record is either O, or is represented by a NM-TRAN null data
item, or is missing, then the generated EVID data item is O (meaning thatetiteésean obsemtion
event). Otherwisethe generated EVID data item is 1 (meaning that Yleatds a dosewent). If there

are other-type, or reset, or reset-dogents in the data set, then the user himself should supply EVID
data items.

If MDYV data items are not included in the NM-TRAN data sely Hne generated as follows: If the data
record is the last record of ameat record, then the generated Mdata item is O or 1 according as the
EVID data item (generated or user-supplied) is 0 or ndf the data record is not the last record of an
event record, then the generated MData item is 1.

With PREDPPinterdose interval (II) data items may appeBiM-TRAN can translate Il data items
expressed in the form hr:min to Il data itemxpeessed in the form fir, where min (minutes) can beyan
two-digit integer from 00 to 59, and fr is a decimal fraction of the hour todigits. Herehr (hours) can

be ary nonnegaive integer Examples of Il data item translation are these: 1.30.50; 1.30- 1.30.

Note that if the data item has a colon, it is translated; otherwise, it is left unchdhgedhe uses
responsibility to mak aure that the units of the TIME data items and the Il data items are consistent.
example, suppose that TIME data items in the NM-TRAN data set are expressedastirakdiin min-

utes; thg are then left unchanged by NM-TRAN. Il data items in the NM-TRAN data set should then
also be gpressed in minutes, and thehould not contain colons so that NM-TRAN vVea them
unchanged.

With NONMEM 7.3, values may also V& the form hh:mm:ss (i.e., hours:minutes:seconds. |
described in Chapter Il, the TRANSLATE option of theAFB record was ng to NONMEM V and has |
been expanded with NONMEM 7.&ny values may be gen for dividing TIME and Il values, and &n |
precisions may be requested. An example is: |

$DATA TRANSLATE (11/0.01/6) |

which divides Il values by 0.01, and writes 6 digits to the right of the decimal for the Il dataStem|
Help guide for more details.

V.V.C. Control Records with PREDPP

There are a f& control records which are specific to the use of PREDIPIeése are described in the fol-
lowing subsections, along with details concerning the nonspecific control records which are pertinent to
the use of PREDPP onl listing of NM-TRAN control records and options which should be used with
PREDPP is gien in Appendix V.
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V.V.C.1. $INPUT Record

The $INPUT record is described in detail in section I11.B.2.

NM-TRAN recognizes these PREDPP-specific resgériabels:EVID, TIME, AMT RATE SS, 1l ,
ADDL CMT PCMT CALL. By using aly one of these labels in an item of the $INPUT record, the user
defines the PREDPP data item type whose name corresponds to the label.

With NONMEM 7.2, the following labels are also recognized/ID1, XVID2, XVID3, XVID4, |
XVID5. These stand for "extra" EVIDsThey are used with the "Repeated Observation Records" fea-
ture for specialized methodologiasich as stochastic differential equations ("sd&§e Introduction to|
NONMEM 7.3 and Guide VIl and on-line help.

When PREDPP is not used,yaof these labels can be usedt kvith the exception of IME, they have
no special significance.

Ignoring items with th&®RORor SKIP labels, the total number of items in a NM-TRAN data record can-
not exceed PD in resource/SIZES.f90 (default is 50; See Chapt III), |
including generated EVID data items, generatedMMiata items, and, if the data set is single-subject,
generated ID data items (all of which actually do not appear in the NM-TRAN dataGssigrated
EVID data items are assigned the laB&ID, and generated MD data items are assigned the label
MDV These labels can be used in subsequent NM-TRAN control records of the problem specification.
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V.V.C.2. $BIND Record

$BIND valug valus, ... valug,

E.g.
SINPUT ID DOSE=AMT TIME CP=DV WT PREP
$BIND - - - - N EXT DOSE

This record is used in conjunction with the $INPUT record to further define the meaning of certain data
items occuring as right-hand quantities in an abbhted code for PK when PK is called at nesr¢ dose

times (see belw and Guide VI, section 111.B.2).(Normally, PK is not called at these times.) At such

calls, PK has access toverl different data items of the same type, frowesa different @ent records.

The definitions in the $BIND record precisely determine which of these data items are represented by the
label for the data item type used in the abbreviated code.

This record is optional. If it appears, it must be with the first problem specification, and only with this
problem specification. It can only be used when an abbreviated code for PK is also used.

There appear nalues, where n should not exceed the total number of labels listed on the $INPUT
record, including alDROPandSKIP labels. Thdth value corresponds to the ith label.

A nonevent dose time is a time that a lagged dose or additional dose enters, or starts tioeesystem.

It is some time after thevent time occuring on the dose record. When PK is called at such a time, infor
mation from three\ent records is \ailable. Theseare the dose record itself, the lagére record, and

the next gent record. The lastvent record is the lastvent record with gent time occuring before the
nonevent dose time. The nextvent record is the firstvent record with gent time occuring after the
nonesent dose time. Thisvent record is also called thegament record (see Guide VI, section 111.B.2).
PK is called at nonent dose times only if a certain PK calling-protocol is requested (see section C.5).

Some data item types are NONMEM data item tyfigsL2, MDV DV, and these are notfatted by the

$BIND definitions. At a noneent dose time, these labelsvals represent the data items from the dose
record; this is the mandatory representati8ome data items types are PREDPP data item tydés:

RATE SS,ADDQ Il , MT, CMT CALL, EVID, and these are not affected by the $BIND definitiohkese

labels also avays represent the data items from the dose record; this is the mandatory representation.
The TIME data item type is a PREDPP data item type, and it is feattefl by the $BIND definition; the

label alvays represents the time data item from the nestiterecord. The other data item types (labeled
WTand PREPIn the aboe example) are only recognized and responded to by thesuB&r'outine.

With the $BIND record the user may define the label of such a data item type to represent the data item
from the dose record, the lastent record, or the ne& event record. If a label definition for a data item

type is not gren explicitly, then by default the label represents the data item from the veettrecord.

If the value is (eplicitly) DOSELAST, or NEXT, the label represents the item from the dose record, the
last eent record, or the nextvent record, respecitly. If one of these values is used, it should not con-
tradict the mandatory representation for the label (of a NONMEM or PREDPP data item). The value -’
senes as a place holder; alve is assumed that corresponds to the mandatory or default representation.
If the number n is less than the total number of labels listed on the $INPUT record, the values corre-
sponding to the remaining labels are taken to correspond to the respertidatory and default repre-
sentations. Ithe $BIND record is not used, the values corresponding to all labels are taken to corre-
spond to the respeet mandatory and default representations.

In the aboe example, in abbreviated PK code treriablePREPdenotes the preparation indicator on the
dose record describing the dose entering the system at @enbdese time. If the $BIND record is not
used, the variable denotes the preparation indicator on theveaxtrecord, which may notven be a
dose record. The ariable WT denotes the weight on the nextest record, which is the dadlt
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representation.

If the label in the SINPUT record BROPor SKIP, the issue of label representation is moot and is
ignored. Inthis case the value can be '-', or it canddeOPRor SKIP .

$INPUT and $BIND records may be interted to help maintain a perspicuous visual relationship in the
control stream. The ale example might hee keen written thusly:

SINPUT ID DOSE=AMT TIME CP=DV
$BIND - - - -
SINPUT WT PREP

$BIND NEXT DOSE

As with changes to the $INPUT record, changes to the $BIND record may cause changes to-the gener
ated codes. In this case care should be taken in using the previous load module.

Even when a value isAST or NEXT, it is gill possible for an abbreviated code for PK to access the data
item in the dose record; see section C.5.

$BIND has no effect when PK is called at a modehetime (MTIME). |
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V.V.C.3. $SUBROUTINES Record

$SUBROUTINES[subname = namg] [subnamg = name] ...
[SUBROUTINESKind]
[TOL=;] [ATOL=,] [SSTOL=3] [SSATOL=,]
[ DES=COVPACT|DES=FULL]

E.g.
$SUBROUTINES ADVAN=ADVAN8OL=4

NM-TRAN recognizes these additional subnanfBVANSS, TRANS PK, ERRORDES AES INFN,
TOL MODEL

The first two subnamesADVANand SS, are not generic names of subroutines which can be-sispr

plied, in contrast to all other possible subnames which can appear in the $SUBROUTINES record.
Rather they are generic names of subroutines from the PREDPP Libifith PREDPP the subname
ADVANmust appear and be set equal to one of the naA®¢AN1 ADVAN2? ..., whicheer specific
ADVAN routine is chosen from the Library.t

The subnam&S need appear only if steady-state data items are included in the davesetthen, if
subroutine AI¥VANK is chosen, it will be assumed that subroutine SSk is also chosen, and the subname-
name pailSS=SSkneed not appearlf ADVAN8 or ADVAN1O0 is chosen, it will be assumed that sub-
routine SS6 is also chosen.)

The third subnameTRANS is a generic name of a subroutine which can come from the PREDPP
Library or be usesupplied. Ifthe subroutine comes from the Libraitye name must be eithERANS]

or TRANSZ2 etc. If the subroutine is user-supplied, the name must be different frgnmaane of a
TRANS routine in the Library A subname-name pair for the TRANS routine need not \mngithen
TRANS=TRANSIs "understood".

If the PK subroutine is not user-supplied, so fPidtis not used as a subname, then an abbreviated code
must be gien for PK. If the ERROR subroutine is not user-supplied soBERRORs not used as a sub-
name, then an abbreviated code must fsengior ERROR. Abbreviated codes may bewgn for neither
routine, or for only one of them, or for both of them.

Whether the DES routine is used depends on théADroutine used.Similarly, whether the AES rou-
tine is used depends on the Y¥N routine used.If the DES (AES) routine is required by the XN
routine, and if it is not user-supplied, so tBES (AES) is ot used as a subname, then an abatred
code must be gen for DES (AES). Abbreviated code for the AES routine is actuallyeyi by two
abbreviated codes; see sections C.8 and C.9.

The INFN routine is abays called by PREDPRf it is not user-supplied, the INFN routine from thie
PREDPP library is used. It is a stub that does nothiNEN may be user supplied or defined by an
$INFN routine (see section C.11).

Whether the DL routine is used depends on the VN routine used.Similarly, whether the MODEL
routine is used depends on the VN routine used.

If the TOL routine is required by the AN routine, and if it is neither ussupplied nor defined by a
$TOL record (see section C.10), so th&@Lis not used as a subname, then usingrtbe option, NM-

T ADVAN stands for AWANCE because it is the task of each Y¥EN routine to advance the stat
vector of compartment amounts (and partial aiives of the compartment amounts with respect to ran-
dom variables, when appropriate) from each point in time to tkte Aeotherpossible name for AZAN
would have keen SOLVER, because most BN routines sole a €t of differential equations, either ana-
lytically (ADVAN1-5, ADVAN7, ADVAN11, ADVAN12) or by integration (AMANG6, ADVANS8, AD-
VAN9, ADVAN13, ADVAN14, ADVAN15).
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TRAN will generate a complete FORTRAN coded TOL subroutine. The numlveitmthe TOL option
is the number of accurate digits (NRD; "Number of required digits") required in the computation
compartmental drug amountés a rule of thumb, one should begin by takingabe n+1 or n+ 2, or
with double precision, perhaps te-12 or n+ 3, where n is the option value with t8&GDIGITS option
on the $SESTIMAION record. If one succeeds with this setting, one might try increasgirstjgintly.
With ADVAN9 the number of accurate digits can be specified on a compartment-specificHmagis.
eve, to do his, either a TOL routine must be user-supplied or the $TOL record must be used.

With ADVAN13, the TOL option of the $SUBROUTINE record (or the $TOL record) is avelaler-
ance. Itshould specify larger NRDales than for other AYANs (e.g., AD/ANG). ATOL (Absolute
tolerance) may be specified dhe $SESTIMATION or $CO®ARIANCE record.

With NONMEM 7.4, one or more additional optioA3OL=,, SSTOL=;, SSATOL=, are also per
mitted on the $SUBROUTINES record.

ATOL specifies the absolute tolerander ADVAN9, ADVAN13, ADVAN14, and AD/ANI1S5.
Optional. Default is 1.0E-12.

SSTOL specifieghe relatve lerance foiSteady Statevaluation. OptionalDefault is TOL.
SSATOL specifies the absolute toleranéar Steady State veluation. OptionalDefault is AOL.

The generated TOL routine will set values as follows for the options that are coded:

NRD(1)=n, (The TOL option)
ANRD(1)=n, (The ATOL option)
NRD(0)=n; (The SSTOL option)
ANRD(0)=n, (The SSATOL option)

It is also possible to code TOL=name to specify the name of a user-supplietbdtine, or to include
$TOL abbreviated code, either of which allows all these values to be assigresipartment. Aiser-
supplied TOL routine alsallows values to be assigned for each NONMEM step and prob&ss.
also the AOL option of the $ESTIMAION record, and the TOL andT®L options of the $CWARI-
ANCE record.

If the MODEL routine is required by the ABBN routine, the MODEL routine may be ussrpplied.
Then the PK routine must also be be tmgplied If a DES (AES) routine is needed, then it too must
usersupplied. Ifthe MODEL routine is not user-supplied, so thEDDELS not used as a subname, thg
using information supplied in the $MODEL record (see next section C.4), NM-TRAN will gener
complete FORTRAN coded MODEL subroutinia this case an abbreviated code for PK may bengi
as may abbreviated codes for DES and AES.

Each of the subnam@dDVANSS, and TRANS aong with the equal sign that folis it, may be omitted
when it is follaved by a specific name of a PREDPP Library routine; see, for example, the control §
in section A. However, when the subname is not omitted, the specific name of a PREDPP Library
tine can be gien by the associated number ongg. ADVAN=1linstead ofADVAN=ADVAN1

The $SUBROUTINES record may be used with PREDPP to supHER" routines, as described i

chapter Illl. An example is g&n in NONMEM 7 guide, "Stochastic Differential Equation Plug-

IN(NM72)". Thecode in sde9.ctl is
SUBROUTINE ADVAN6 TOL=9 DP OTHER=SDE.f90

rd

of all

be
BN
ate a

stream
rou-

h

The file SDE.f90 is found in the examples directory.
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V.V.C.4. $MODEL Record

$MODEL [NCOMPARTMENTI®F[NEQUILIBRIUM=n,] [NPARAMETERS$g]
[COMPARTMENT=([name] [ attributg] [ attribute] . .)] ...
[LINK compnamg [ TOQAND] compnamg BY k[l]] ...
[I_SS= n]

E.g.

$MODEL NPARAMETERS=BICM=2t
COMP=(DEPOT DEFDOSE INITIALOFF) COMP=(CENTRAL DEFOBS NOOFF)
LINK DEPOT CENTRAL BY 3
LINK CENTRAL OUTPUT BY 1

This record gies information from which NM-TRAN can generate the complete FORTRAN coded
MODEL routine.

This record is required when the XBN routine requires a MODEL routine, and this routine is not-user
supplied. ltis only required for the first problem specification. It applies for all problem specifications
in the control stream, and it must not appear with a problem specification other than the first.

The number pis the total number of compartments other than the output compartment. The maximum
vale of n is gven by mnstant PC in resource/SIZES.fO0itWWNONMEM 7, the default is 30(The |
vaue may be wer-ridden by user via $SIZES record up to a maximum of 998 NCOMPARTMENTS
option may be coded &8CMor NCOMPS

If the NCOMPARTMENTDgtion is omitted, this number is taken to be the numb&@MPARTMENT
clauses that appear in the record (and its continuation records).

The number nis the number of equilibrium compartments; this number must not exgeel the
NEQUILIBRIUM option is omitted, this number is computed from the atteib of theCOMPARTMENT
clauses. Ithe option is used, m@ver, then the last ncompartments are understood to be equilibrium
compartments, whether or notyanf these compartments are defined wWB®@MPARTMENdlauses
which include theeQUILIBRIUM attribute.

The number gnis the number of»@licit (and implicit; see sections C.7-9) basic PK parametéfsen

an abbreviated code for the PK routine is used,NRARAMETERSption may be omitted(When
implicit basic PK parameters are defined, this is a@uant practice.) In this case, and in the case of a
general linear model, the number of basic PK parameters is the total nurkbigpefparameters recog-
nized in the abbréated code. In the case of a general nonlinear model and TRANS1, the number of
basic parameters is the larger of (i) the largest subscript used withatiay in PK code, and (ii) the
number of variables defined in PK abbated code and used in DES and/or AES abbreviated codes
when such abbreviated codes are used. See next section C.5.

Each COMPARTMENTause defines a single compartment. The compartments are numbered in the
order in which their defining clauses appear in the record (and its continuation records). The name is the
name g¥en to the compartment, 1-8 characters from the FRRN character set. If spaces or nonal-
phanumeric characters are used, enclose the name in double or single WititdSONMEM 7.4, the
maximum number of characters isgi by SD in esource/SIZES.f90 (default is 30).

The name may not be one of the compartment attributes/,baitess it is enclosed in single or double
guotes. E.g.COMP=(DEFOBS) is not permitted but COMP=("DEFOBS",DEFOBS) is permitted.

If omitted, the name&OMPnN is gven to the compartment, where n is the compartment numblee
compartment name is used in PREDPP problem summary pages lahKirclauses in the SMODEL

record. Thename of the output compartment and the aiteib of this compartment are set by PREDPP

Option NCM=2is needed with versions of NONMEM prior to NONMEM 7.4.2 twid a spurious error
message from NM-TRAN.
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For the purposes of NM-TRAN, the name of the output compartmediEPUT and its number is O or
n, + 1, either will do.

Each attribute is one ofNITIALOFF , NOOFFF NODOSEDEFOBSERVATIONDEFDOSEEQUI-
LIBRIUM, EXCLUDE When an attribute is used, it specifies the opposite of the defaultittribhe

default attributes are: The compartment is initially on, may be turned on ndayf recere a wse, is

not the default observation compartment, is not the default dose compartment, is not an equilibrium com-
partment, is included in the computation for the output compartnieatuser-defined comparment has
attributesINITIALOFFNODOSE then it is initally of, may be turned on and off, and may not reee |

dose. Sucla ompartment is called an output-typempartment. Themmay be more than one.t

AttributesEQUILIBRIUM andEXCLUDEare used only with AMAN9 and AD/AN15, and the attrilte
NODOSHnay be omitted whe&BQUILIBRIUM is also used, for it is then the daft. Definitionsfor
equilibrium compartments must follathe definitions for the nonequilibrium compartments.

If no attributes are used, the parentheses may be omittedither compartment name nor attributes are
used, i.e. the clause is SIMYOMPARTMENA compartment is defined where all defaults appiythis
case if the clause does not end the $SMODEL record, it must be followed by a comma.

If no compartment has the atinie DEFOBSERVATIONhe first compartment defined with the name
CENTRALs given the attribute.

If there is no such compartment, the first compartmenwendhe attriite DEFOBSERVATIONWi th |
versions of NONMEM prior to 7.4.2 a compartment that is initiallj @duld thus be assigned als
DEFOBSERVATIONThis results in an error message if the PCMT data item is not used to specify
explicitly which compartment should be used for the prediction associated with a dose eymehér
event. With 7.4.2, the first compartment that is WgtTIALOFF is given the attriute DEFOBSERVA- |
TION and PCMT is not needed.

If no compartment has the atute DEFDOSEthe first compartment defined with the naBtEePOTand
which may receie dses is gien the attritute. If there is no such compartment, the first compartment
which may receie dses is gien the attribute.

The LINK clauses need only be used with general linear models and only when the PK routine is user
supplied. Wheran abbreiated code for PK is used, this code accomplishes whatilt€ clauses oth-
erwise accomplish, andNK clauses should not be used.LINK clause defines a route of first-order
drug distribution between the compartment A with name comppantethe compartment B with name
compnamg These names are established in @@MPARTMENJauses. Acompartment number
rather than a compartment name, can be uBetistribution occurs from A to B, th€Osymbol is used.
TheLINK clause also specifies the internal numbeergto the rate constant quantifying the first-order
distribution. Thisis the number k following thBY symbol. (Itis the number of the woof the GG array
where, as a result of basic parameter translation by the TRANS routine, the typical/subject-speeific v
andn derivatives for the rate constant can be located; see Guide VI, section Ill.M.) If distribution occurs
in both directions, th&NDsymbol is used. In this case the number k is the internal number of the rate
constant quantifying first-order distution from A to B, and | is the internal number of the rate constant
guantifying distribution from B to A. Both k and | must not excegd n

Kis an alias foLINK. Also, the symboBY may be codedS , or =, or amitted. Thisallows a unidirec-
tional link to be tersely coded akmn=k (which is equialent to LINK m TO n BY k). Whenthe |
number of compartments exceeds 10, the LINK clause sy@itoek may be ambiguous. The lett€r |
may be used to separate th® mwmpartment numbetsmTn

T Output-type compartments V& been part of PREDPP since the first version, but were not discussed in
detail. For such compartments, thalue of CMT may be mggtive an an denation record to obtain an
observation and turn the compartment off, just as it may with the default output compartment.
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Attributes DEFOBSERVATIONNd DEFDOSHENay be abbreviated by initial substrings of length 4 or
more.

|_SS= nrequests the Initial Steady-State feature of PREDPP (NONMEM IVihay be used with the
general non-linear models (MB N6, ADVANS, ADVAN9, ADVAN13, ADVAN14, ADVAN15). \al-
ues of n are

0 No initial state state (the default)

1 Initial steady state

2 Initial steady state, adds to current compartment amounts.

3 Initial steady state, use current compartment amounts as initial estimates.

The results are identical tihose that would be computed by a steady-state dese eecord with
SS=1_SS and AMT=0 and RA=0. If endogenous drug is specified in tikerential equations, non-
zero initial conditions will be computed.

The example of a SMODEL recordvgn at the beginning of this subsection serves to produce a MODEL
subroutine which, along with AVANS5 or ADVAN7 implementing a general linear model, and the (code
generated from the) abbreviated code for Piergin the exkample of section A, has the same effect as
using ADV/AN2 and the abbreviated code for PK. The same $MODEL record, withoutliie
clauses, may be used along with YWEN5 or ADVAN7, and a suitable abbreviated PK code, to aehie
the same effect; see the example in Appendix VIIl. The same $MODEL record, withoutiNiKe
clauses, may be used along with V\EN6, ADVANS8, ADVAN9, ADVAN13, ADVAN14, ADVAN15,

and suitable abbreviated PK and DES codes, to aliie same effect; see the example in Appendix
VIII.
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V.V.C.5. $PKRecord

$PK
abbreviated code

This record gies an abbreviated code for the PK routine. It, along with all its continuation records is
called a $PKblock.

This record is optionallf it appears, it must be with the first problem specification, and only with this
problem specification. It must precedey $ERROR records in the problem specification. It cannot be
used with a user-supplied MODEL subroutine (and should not be used withsuppked TRANS rou-
tine; see Guide VI, section IIl.M).

The basic PK parameters comprise the set of mandatory left-hand quantities. These depend on the
ADVAN and TRANS subroutines used.

For any ADVAN among AD/ANL1 through AD/AN4, and AD/AN10, ADVAN11, ADVAN12 (the ana- |
Iytic ADVAN'’s), and for apm TRANS which may be used with this MBN, the basic PK parameters are
given in a list with that TRANS in Guide VI, section VII.CThe reserved variables symbolizing these
parameters are those whose names are identical to the names used in the list.

For either ADVANS or ADVANTY (the general linear models), and for TRANS1 (which is the only non-
user supplied TRANS which may be used with thes&AN's), the basic PK parameters are the rate
constants. Theesened variable symbolizing the rate constant that quantifies the first-orderudistrib
of drug from compartment number m to compartment numbeKmis (Seesection C.4 for a descrip-
tion of compartment numbering.) The occurence of thisable on the left of an assignment statement
or conditional assignment statement establishes the possiblity that thisutistrikan tak pace. The
variable Km0 may be used instead imn, where n is the number of the output compartment.

When the number of compartments exceeds 10, the smtaxk may be ambiguous. The letfEmay |
be used to separate thestaompartment numbetsmTn

The rate constants are numbered (these numbers are used internally byi)Adecording to the
order in which the appear in the abbreviated code. See the first example in Appendix VIII.

For ADVANG, ADVANS, ADVAN9, ADVAN13, ADVAN14, ADVAN15 (the general nonlinear modeIsD,

and for TRANSL, the reserved array elements symbolizipiict basic PK parameters af(1) ,

P(2) , etc. Thevalue of the nth element of the P vector passed to DES and AES (see sections C.7-9 and
Guide VI, sections VI.C, VLE) is the value storedPfn) . These values, lik aher PK-defined items

may be displayed; the appropriate labels are described.bbtplicit basic PK parameters are discussed

in sections C.7-9.

The additional PK parameters comprise a set of optional left-hand quantitiesreserved ariables
symbolizing these parameters are as follows:

Name Rrameter
Sn Scaling parameter for compartment number n
Fn Bioavailability fraction for compartment n
Rn Rate parameter for compartment n
Dn Duration parameter for compartment n
ALAC Absorption lag parameter for compartment n
FO Output fraction
TSCALE Time scale parameter
MTIME(i) Model event times parameters (nmvi)
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Scaling parameters, bigalablity fractions, the ouput fraction, and the time scale parameter default to
the \alue 1 if thg do not appear in the abbreviated code. Absorption lag parameters default &dutae v
0 if they do not appear in the abbreviated code.

See section C.4 for a description of compartment numbering. ditgble FO or Fn, where n is the
number of the output compartment, may be used instefd.of he \ariableSO may be used instead of
Sn, where n is the number of the output compartment. HnemMeSCmay be used to mean the scaling
parameter with the central compartment. Tlagiable XSCALEmay be used instead dfSCALE
Whicherer of the alternate variable names is used first for a basic or additional PK paydneeteame
must be used consistently throughout the $PK block.

A model e/ent time parameteMTIME(i) defines atime to whichthe system is adnced. Wherthe
time is reached, indicatomviables are set and a call to PK is made. At this call (and/or subsetguent
this call) PKor DES or AES or ERBR can use the indicator variables to change some aspect of the
system, e.g., a ternm a differential equation,or therate of an infusion MTIME(i) parameters are
not associated with grspecific compartment or dos&hey are ignored if thg havethe value 0.MTIME
parameters he ro efect on steady-state dosesgreif PK computesMTIME(i) < Il, this produces
future changes in the system, and does not apply retregdt the preceding implied doses.

MTDIFF is an optional left-handariable. Itis of interest when model time parameters MTIME are
used. The value oMTDIFFis 0 when PK is called. If PK selTDIFF to a value other than 0, e.g|,
MTDIFF=1, then PREDPP willunderstand that with that cad PK, the values of one or more of the
MTIME(i) have possibly been reseMTDIFF=0 (the default) can sa mnsiderable run time whethere
are may model time parameters. Notieat the results are unpredictable if the times araghdhanged
whenMTDIFF=0.

Array elementA_0(1) , ..., A 0(n) may be used on the left-hand to assign initelgs to compart-
ments. Aresened right-hand ariable,A_OFLAG is %t to 1 by PREDPPwvhen PK may initialize
compartments to specific amountor example,
IF (A_OFLG.EQ.1) THEN

compartment initialization block
ENDIF
A compartment initialization block includes statements such as

A_0O(n)=....
This specifies the initial amount for compartmen®n.INITIAL(n)  is a synonym foA_0O(n) .
The abee mde fragment is anxplicit compartment initialization blockA_0(n) may beassigned a
value with an unconditional statementhis defines an implicit compartment initialization block.
NMTRAN inserts "IF (A_OFLG.EQ.1)..." before the statement and "ENDIF" after lindicator \ari-
ables may be used toad conditional assignment statements. See the help items for Compartment Ini-
tialization.

A resered left-hand ariable|_SS may be set to the same values as the I_SS option of $MODEL
record. Thisallows initial steady-state tde set conditionallye.g., if some subjects are at steady-state
and others are not.

There is a type of pseudo-statement specific to PK aiabed code. It has the for@ALLFL=n. The
different permissible values for n imply different PK calling-protocdiscalling protocol phrasean
be used instead of the CALLFL pseudostatem@éhie phrasemust be encloseid parentheses. Exam-
ples of phrases follw each value of CALLFL.

value calling-protocol

-2 PKcalled with @ery event record and atvery nonevent dose time
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$PK (NON-EVENT)
$PK (ADDITIONAL OR LAGGED)
-1  PKcalled with @ery event record (default)
$PK (EVERY EVENT)
$PK (EVERY)
0 PFK called with first @ent record of the individual record
and with @ery subsequentvent record where the time data item
differs from the time data item of the previowsrd record
$PK (NEW TIME)
$PK (NEW EVENT TIME)
1 PKcalled only with first gent record of the individual record
$PK (ONCE PER INDIVIDUAL RECORD)
$PK (ONCE/IND.REC.)

The value must be -2 when the $BIND record is used.

If the pseudo-statement does not appiaarvalue -1 is assumed. This a®PK to properly function in
most situations.

Values 0 and 1 correspond to call-limiting protocdlamiting calls to PK, when this causes no undesire-
able effect, can result in a substantial reduction in CPU tiitme CALL data item can be used with a
call-limiting protocol to @erride the protocol and force calls with specifierd records; see Guide VI,
section VJ. Whenn is 0 or 1, &ad the data are single-subject data, then PK is called with theviirdt e
record of the data set, instead of the fivenérecord of the individual record.

As usual, the label of a data item type can be used asable in the abbreviated code. When PK is
called at a nonent dose time t, the data item referenced byvangiabel may refer to the data item on
either the dose record or the nexérd record following t. The defaults are described in section C.2, and
a method (using the $BIND record) isvgh for changing them.

There are s@ral reserved variables and array elements symbolizing special right-hand quantities:

The \ariable ICALL symbolizes a special right-hand quantifjhe values are identical to those for
ICALL in PRED, as described in Chapter IN has the value 2 if the call is a regular call during data
analysis, and the value 4 if the call is a regular call during data simul#tioas the value 5 if the call to
PK occurs when expectations are being computed itiaginal data item MRG_ has a non-zewrdue

for some records).

If there is abbreiated code in the $PK block that tests for ICALL=0, ICALL=1, or ICALL=3, this code
is moved by NM-TRAN to the INFN routine as if it had been codegleitly as part of an $SINFN block.
Such code is called $PK-INFN cod&/ith verbatim code in the FIRST block (see sectiah),VCALL

will never havethe value 0 or 3ICALL has the value 1 if the call to PK is the first call to PK in the
problem. Atthis call, theTHETAs are the initial estimates; tHeTASs are undefined.Verbatim code is
not moved to the INFN routine.

The variable NEWINDsymbolizes a special right-hand quantity has the alue 0 when PK is called

with the first @ent record of the data set. It has tl@ue 1 when PK is called with the firsteat record

of the second or subsequent individual record. It has the value 2 when PK is called with the second or
subsequentvent record of an individual recorddith single-subject data individual records are defined

in such a way thatvent records are contained in a number of different individual records; see section
I1.C.4.1. Thereforeexcept when thewent record is the first data record of the data set and the value of
NEWINBE0, the value oNEWINDcan be 1 or 2.

The \ariable DOSTIM symbolizes a special right-hand quantity has a nonzero value only when
CALLFL=-2 and PK is being called at a neeat dose time (see section C.2), in which case the value is
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this time. DOSTIMshould be rgaded a random variable whemy ALAGY variable is a randomavi-
able. Inthis regad, if ary ALAGh is defined as a random variable, it must be defined as such bejore an
occurence of the variab[@OSTIMin an assignment statement.

The array elemerDOSRECK) symbolizes a special right-hand quantity has a nonzero value only
whenCALLFL=-2 and PK is being called at a n@eat dose time, in which case it is the value of the
nth data item in the (last data record of the) desateecord describing the dosA.label for a data item

in the eent record may be used instead of thegeten, e.g. one can uBEOSEC(PREP)to symbolize
the value oPREPonN the dosewent record. The $BIND record can also be used to insure traiabie
such asPREPsymbolizes the value on the doserd record. However, another example of the use of
DOSREQCwhich is sometimes useful and with which the $BIND record cannot help as réattiy use

of DOSREC(TIME)to symbolize the value GfIME on the dosewent record, i.e. the time the dosasv
actually administered.

PREDPP sets right-sideanablesMNOVWENd indicator ariablesMNEXT({) andMPAST({) when Model
Event MTIME(i) ) parameters are definedINOW! if MNEXTi)=1 for some i. MNOWD otherwise.
MNEXTi)=1 during the advance from the pieus time to MTIME(i). Otherwise, MNEXTi)=0. The
previous time may be arvent time, a non-ent time, or a modelent time. MPASTi)=0 until the call
to PK subsequent to the orier whichMNEXTi)=1. At that callMPASTi) becomes 1.

The array elementd(1) , ..., A(n) symbolize special right-hand quantities, the amounts in compart-

ments 1 through nThey are the latest computed compartment amounts when PK is called. This |s the
called the state-vector of compartment amouAtsight-hand ariableTSTATEis the state-time, i.e., the
time at which thg were computed. In a population studyherer variables afflect the drug amountsg
through their affect on PK parameters, these amounts are rardiables. $SOMEGAecords referring
to s explicitly used in $PK code shoulgrecede the $PK recordr if an $MSFI record is used, i
should precede the $PK record and include the option NPOP=m. If an elkfmnappears, then the
variable A cannot also be used.

Chapter IV describes the use of NONMEM MODULE NMPRD#.COMRES=1s not present in
$ABBREVIATED or $PK records, then PK-defined variables are listed in NMPRDA4 (see sections |II.B.7
and IV.H) and may be used in other routines and blocks of dbted code. The symb@OMg) may
be used on the left or the right if n refers to a reserved position in MODULE NMPRD4 (see section
I1l.LE.3). Variables defined in $INFN and listed in MODULE PRINFN are also global and may be used in
$PK and other blocks of ablmiated code, on the left and on the rigkfariables defined by $ABBREVI-
ATED DECLARE records are also global and may be used in $PK and other blocks wiaabdthreode,
on the left and on the right.

The abbreviated code may not use certariables which occur as arguments to the PK subroutine.
These variables artDEF, IREV, EVTRECNVNT INDXS, IRGG, GG and NETAS

Also, the array elemenBPS(1) , EPS(2) , etc. may not be used in the abbreviated code for PK.

Variables which symbolize (first-, and second-) partiaderivatives of random variables defined in
abbreviated code for PK are generated and displayablee appropriate labels are the same as those
used for the same kinds of detives computed in a generated code for PRED; see section IV.F.

Values of the ariableP(n) are displayableFor this purpose, theare stored in a variable in MODULE
NMPRD4 with naméPm, where m is an integer with 5 digits and equal to n, with led@ing needed
(invariably). Thevaues of \ariablesP00... , in particular are labeleds... in tables and scatterplots.
E.g. The values of variabRR00003 are labeledb003 and are the values B3) .

If the data are population data, calls to GEAERd SIMETA occur in PK, as theoccur in PRED when
the $PRED record is used (for some discussion of SIME&e section 111.B.13), to obtain values for all
then variables. BothPK and ERROR contain the declaration |
USE NMPRD_REAL,ONLY: ETA,EPS |
so that EA has the same value in both routind&enerated PRED also declaresAEand EPS this |
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way.)

PRED-error receery (see section IX5) is supported by PREDPP and NM-TRAN. This means that the
EXIT statement described in section IV.G.2, when used in an abbreviated code for PK (or ERROR) gen-
erates an quick return to NONMEM with a PRED return code.
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V.V.C.6. $ERROR Record

$ERROR
abbreviated code

This record gies an &breviated code for the ERROR routine. It, along with all its continuation records
is called a $ERRORIock .

This record is optional. If it appears, it must be with the first problem specification, and only this prob-
lem specification. It must succeed all $PK records in the problem specification.

There is only one mandatory left-hand quantity: the quantity symbolizéfidngd described in section
IV.A.
Y may be also used on the right, &@GY=LOG(Y) (nmv) |

There is a type of pseudo-statement specific to ERROR abbreviated code. It has tGalfafh=n.

The different permissible values for n imply different ERROR calling-protocalscalling protocol
phrase can be used instead of the CALLFL pseudostatement. The pluasdoe encloseid parenthe-
ses. Examples of phrases f@lleach value of CALLFL.

value calling-protocol

-1 ERFROR called with eery event record (default)
$ERROR (EVER EVENT)
$ERROR (EVERY)
0 ERROR called only with observationant records
$ERROR (OBSERATION EVENT)
$ERROR (OBS)
1 ERROR called only with firstwent record of the individual record
$ERROR (ONCE PER INDIVIDUAL RECORD)
$ERROR (ONCE/IND.REC.)

If the pseudo-statement does not appbarvalue -1 is assumed.

Values 0 and 1 correspond to call-limiting protocols. Limiting calls to ERROR, when this causes no
undesireable effect, can result in a substantial gain in CPU filme CALL data item can be used with a
call-limiting protocol to @erride the protocol and force calls with specifierd records; see Guide VI,
section VJ. Whenn is 1, and the data are single-subject data, BRRs called only with the firstvent

record of the data set, instead of the fivenérecord of the individual record.

Another call-limiting protocol is implementable, but not with the use of a pesudo-statement in the abbre-
viated code for ERAGR. With this protocol, calls to ERROR are limited to one per problem. This proto-
col is implemented whemer the abbreviated code consistsaofy one of the following statements:

Y=F+ERR(1)
Y=F*(1+ERR(1))
Y=F+F*ERR(1)
Y=F*EXP(ERR(1))

or with ETA or EPS occuring instead oERR This protocol is not implemented if verbatim code or a
pseudo-statement is used in the $ERROR bldbk.the last three cases the complete code instructs
dlog y

PREDPP that HH(1) contains?, and so in each case it is fafent to set HH(1) to 1, and do this
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once only at an initial problem call to ERROR.)
With ary call-limiting protocol, during the Simulation Step, ERROR is called witlneevent record.
As usual, the label of a data item type can be used as a variable in the abbreviated code.

The \ariable F symbolizes a special right-hand quantity: the value of the scaled drug amount in the
obsenation or other designated compartment (see Guide VI, sectityra¥/the gent time. In a popula-

tion study wheren variables affect the scaled drug amount through thé&cabn PK parameters, the
scaled drug amount is a random variable.

The array elementd(1) , ..., A(n) symbolize special right-hand quantities, the amounts in compart-
ments 1 through n. This is the state-vector of compartment amoltnts.population studywheren
variables affect the drug amounts through their affect on PK parameters, these amounts areaandom v
ables. Ifan elemenA(n) appears, then the varialAecannot also be used.

Variables defined in the $PK block can be used in the $ERRBlock (unless variables are not listed fin
MODULE NMPRD4 in either PK or ERROR; see sections 111.B.7 an#f)V The/ may not be used o
the left if they are random ariables. ThesymbolCOM@) may be used on the left or the right if n refefrs
to a reserved position in MODULE NMPRD4 (see section IIl.EX&riables defined in $INFN and
listed in MODULE PRINFN are also global and may be used in $ERPn the left and on the right.
Variables defined by $SABBREVIATED DECLARE records are also global and may be used iO$ERR
on the left and on the right.

The variableICALL symbolizes a special right-hand quantitiyhas the value 2 if the call to ERR is

a reqular call during data analysis, and theue 4 if the call is a regular call during data simulatitin.

has the value 5 if the call to ERROR occurs when expectations are being computethigimal data

item MRG_ has a non-zerale for some records). It has the value 6 if the call to ERROR occurs when
raw data aerages are being computed (thevtdata-aerage data item RA_ has a non-zero value for
some records).

If there is abbreviated code in the $ERROR block that tests for ICALL=0, ICALL=1, or ICALL=3, this
code is mued by NM-TRAN to the INFN routine as if it had been coded explicitly as part of an $INFN
block. Suchcode is called $ERBR-INFN code. With verbatim code in the FIRST block (see section
IV.I), ICALL will never havethe value 0 or 3ICALL has the value 1 if the call to ERROR is the first
call to ERROR in the problem. At this call, tRiélETAs ae the initial estimates; theTAs are unde-
fined. \érbatim code is not nved to the INFN routine.

The variableNEWINDsymbolizes another special right-hand quantityhas the alue 0 when ERROR is

called with the firsteent record of the data selt has the value 1 when ERROR is called with the first
event record of the second or subsequent individual record. It has the value 2 when ERROR is called
with the second or subsequere record of an individual recorddVith single-subject data inddual

records are defined in such a way thaine records are contained in a number of differentviddal
records; see section 11.C.4.1. Therefore, except whenvéimt eecord is the first data record of the data

set and the value EWINBE0, the value oNEWINDcan be 1 or 2.

The abbreiated code may not use certain variables which occur as arguments to the ERROR subroutine.
These variables artbEF, IREV, EVTRECNVNT INDXS, G, and HH

Variables which symbolize (first-, second-, mixed-) parpiaerivatives of random variables defined in
abbreviated code for ERROR are displayablehey havenamesD..... , Where the dots stand foan-

ous combinations of 5 digit3-9. The values of &riablesD00... , in particular are labeled3... in
tables and scatterplot&.g. The values ofariableD00123 are labeled123. The label for the alues

of a variableDO1... , or higher, is the first four characters of the variable name. E.g. The values of
D05677 are labeled056.

PRED-error receery (see section IV.G) is supported by PREDPP and NM-TRANs means that the
EXIT statement described in section.®2, when used in an abbreviated code for PK or GRR
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generates an quick return to NONMEM with a PRED return code.

The following discussion, relating to the $ERROR block, supplements that found in section 11.C.4.2.

If (i) EPSs are used in the $ERROR block, or (i) a $SIGMA record is used, the data are inferred to be
population data.lf (iii) a $PK record is not used and a $SOMEGA record precedes the $ERROR record,
the data are inferred to be population dathis is true een if i and ii do not hold, and if ii does not hold,

it is assumed that a record

$SIGMA DIAGONAL(N)

where n is the lgest ind& used with anEPS or ERRin the $SERROR block, might kia equivalently
been used. If (iv) thlPOPETASption is used on an $MSFI record with a pwsitiption value, the
data are inferred to be poulation data. If neither i, ii, iii, vondld, the data are inferred to be single-
subject. Sesection I.C.4

Suppose a $PK record is not used, a $8RRecord is used, and orfyTAs or only ERRs occur in the
$ERROR block. As a corollary of iii (and comments in sections 111.B.10 and IV.A), the following hold:

An SOMEGA record can precede or falldhe SERROR record, in which case the data arentak
to be population or single subject, respagtyi If the SOMEGA record precedes the $ERR
record, therERRs must be used.

If an $SOMEGA record precedes the $EBRR record, but is continued following the $EBR
record, the data are taken to be population data, and BB&s must be used.

If an $OMEGA record is not used, the data aremato be single-subject, and it is assumed that a
record

$OMEGA DIAGONALI)

where n is the largest indeised with arETA or ERRin the $SERROR block, might kia equiva-
lently been used.

If option LIKELIHOOD or -2LL is used on the $ESTIMATION record, NM-TRAN recognizes the data
as odd-type data. The data are gatial, rather than continuoudhenn variables still represent ran{

dom interindividual effects, and random intraindividuatiablity exists, but it is expressed without the
use ofe variables or $SIGMA records. If the data are population and there is no $PK record, the
$OMEGA block must precede the $ERROR block.
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V.V.C.7. $DESRecord

$DES
abbreviated code

This record gies an &breviated code for the DES routine. It, along with all its continuation records, is
called a $DE®lock .

This record is optionallf it appears, it must be with the first problem specification, and only this prob-
lem specfication.lt may not appear when the MODEL routine is es@pplied. Implicitbasic PK
parameters may be used in the $DES block (see below) only when the $PK block precedes the $DES
block.

The mandatory left-hand quantities are the first-ordevatires of the diferential equations, symbolized
by DADT(n) , for the dewnative d the amount in compartment n (excluding the output compartment)
with respect to time. At least one such array element must be defined.

Symbolic differentiation is used to obtain code used in the generated subroutine to compute the glements
of the DA, DRand DT arrays.

The allavable right-hand quantities include: current compartment amounts, symboliZgdchpyfor the
amount in the nth compartment (including both equilibrium compartments wheextbae but ecluding

the output compartment); PK parameters (obtained from TRANS1), symbolize¢nhy, for the mth
parameter; and time, symbolized By In a ppulation studywheren variables affect the PK parame-
ters, and, therefore, also affect the compartment amounts, these right-hand quantities shgaidede re
as random ariables. Huwever, n-derivatives ae not computed in the generated routine itseti tech-
nical reasons, these right-hand quantities shoulddaedex as random variablegea when the data are
single-subject. Thisneans, for example, that thesarigbles may be used in conditional assignmént
statements subject to the usual restriction on randwoiables. (Drugnput information is not\ailable

for computations; PREDPP itself incorporates this type of information appropriately.)

Also, a PK-defined item may be used as a right-hand quakhtityeve, when so used, it becomes a spe-
cial quantity called an implicthasicPK parameter and a fev special considerations apply:

Implicit basic PK parameters may be used in the $DES block only when the $PK block precedes
the $DES block.

One should think of elements of tRearray as including values fok@icit basicparametersi.e.

parameters defined in the $PK block in array eleme(ty , followed by \alues for the implicit
basic parameters. Therefore, the option value forNRARAMETERSption in the $SMODEL
record should be large enough to include all these elements oftifrisledP array Note: Explic-

it basic parameter values are displayable; see section C.5.

Even additional PK parameters become implicit basic PK parameters.

The symbolCOM) may be used on the left or the right if n refers to a reseposition in MODULE |
NMPRD4 (see section III.E.3)Variables defined in $INFN and listed in MODULE PRINFN may be
used in $DES, on the left and on the righiriables defined by $ABBREVIATED DECLARE records
are also global and may be used in $DES, on the left and on the right.

The abbreviated code may not use certain variables which occuguaseaits to the DES subroutine.
These variables artR , DA DP, and DT.

Variables which symbolize partial destives in the DA array are displayable.They have names
E... , Where the dots stand for various combinations of 5 or 6 digés (The number of digits
depends on the version of NONMEM.)
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Variables which symbolize partial destives in the DP array are displayableThey have names

F.... , Where the dots stand for various combinations of 5 or 6 digfts
Variables which symbolize partial destives of the DT array are displayableThey have names
E.... , Where the dots stand for various combinations of 5 or 6 digits

With versions of NONMEM prior to NONMEM 7.4.2, the labels for variables which symbolize pdrtial

derivatives were comerted to 4 characters, as described in earlier versions of the guide. The labels were
not alvays unigue or meaningful, although the values displayed wesyslcorrect. A work-around for
earlier versions is to use an alias that is meaningful to the Bserexample, with CONTROL7 and
NONMEM 7.4.0, NM-TRAN generates a amnable named EO000004 for the "DERW
TIVE OF DADT(1) W.R.T A(01)". If this is to be displayed in a table and a meaningful column header
for the table is desired, an alias such as the following could be used:

$TABLE .... EO0O0004=DADT1A1l

DES-defined items may be displayed in tables or scatterplots and are computedraitttime in the |
data record.

Verbatim header statemeriSIRST and"MAIN can be used.
An example of a $DES record, using implicit basic parametersas i Appendix VIII.
The following features were added starting with NONMEM V. |

The allavable right-hand side quantities include the data items of a data record, symbolized by the labels
and synonyms specified in the $INPUT record, and values of AHEYmbolized by THEA(1),
THETA(2), etc. If quantities depending only on data items and TAdg&rameters are computed
directly in $DES rather than $PK, impmnent in run time is possibleA DES routine may test DOS-

TIM and DOSREC in a logicalxpression. Itmay use them on the right-hand side of an assignment
statement. IDOSTIM is a random ariable, DOSTIM must not be used in $DESwdeer, DOSTIM

may alvays be used in a $PK block or PK routine to define a random variable which may be used in the
DES routine.

A resered right-hand ariable,ISFINL (nmvi), is set to 1 by PREDP®hen DES is called after the
final advance to arvent or non-gent time, during Simulation or Copying pass (CO®E>0). Oneuse |
of ISFINL is for DES to calculate quantities for display in tables or via WRITE statements.

ICALL cannot be used in DES abbreviated code. The generated DES routine tests for ICALL=1, per
forms PREDPP-required initialization code, and theecetes a RETURN statemenValues of DADT

are not galuated at ICALL=1, as may happen with a user-written DES routine, so there is no need for a
test of ICALL in the abbreviated code.t

With ADVAN9 and AD/AN15, a $DES block may not appear when there are only equilibrium compart-
ments. Vith ADVAN10 and steady-state doses with constant infusion doses, basic PK parameters KM
and VM may be used in the $DES abbreviated code.

NM-TRAN generates the appropriate code in FSUBS. Details are in Guide VI, Chapter VI.

The $ABBREVIATED record has an option thateats the formats of arrays in the generated DES sub-
routine:

$ABBR DES=FULL vs DES=COMPACT

T NONMEM V Supplemental Guide Section 82 ($DES Record) states incorrectly that ICALL blocks test-
ing for ICALL values 4 and 5 are permitted.
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Normally, there is no reason for the user to supply this optdi-TRAN will choose the appropriate
format. Detailsare in Guide VI, Appendix IV.
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V.V.C.8. $AESINITIAL Record

$AESINITIAL
abbreviated code

The complete AES routine can be divided into parts: code which computes the amounts in the equi-
librium compartments at the beginning of an gn&tion interval (these amounts depend on the amounts

in the nonequilibrium compartments) and code which computes values for the right sides of the algebraic
equations. Amabbre&viated code for AES is actually divided intodvebbreviated codes which corre-
spond to the te parts of the complete AES routine. This recordegian &breviated code for the first

part of the AES routine. The $AES record (see the next section @e3)agi &breviated code for the
second part. The S$AESINITIAL record, along with all its continuation records, is called a
$AESINITIAL block.

This record is optionallf it appears, it must be with the first problem specification, and only this prob-
lem specfication.If there are no equilibrium compartments, but VN9 or ADVAN15 is used, the
record need not appedt may not appear when the MODEL routine is usa@pplied. Implicitbasic PK
parameters may be used in the $AESINITIAL block (see below) only when the $PK block precedes the
$AESINITIAL block.

In order to compute the amounts in the equilibrium compartments at givening of an intgration
intenal, the algebraic system must be solv Havever, only an approximate solution is needeid.
requested, this will be used only as an initial solution, an&AN® will numerically obtain a more pre-
cise solution.

The amounts in the equilibrium compartments at the beginning of the integration interval comprise a set
of mandatory left-hand quantitie¥hey are symbolized byA(n) , where n is a number of an equilibrium
compartment. Aleast one such quantity must be defined.

The variable INIT symbolizes an optional left-hand quantity it is set to 0, the amount&(n) are
regarded as only approximations to the exact amoulristhis case ADAN9 solves numerically for

more precise amounts satisfying the algebraic equations, using the approximations as an initial solution.
If the computation of the amounts in the $AESINITIAL block determines these amounts accurately to at
least the number of digits\gin by the option @alue of theTOL option in the $SUBROUTINES record, or

by NRDor NRD(1) as gven with the $TOL record, thetNIT should either not be set, or set to 1.

The allavable right-hand quantities include: nonequilibrium compartment amounts at the beginning of
the integration interval, symbolized By n) , for the amount in the ntmonequilibriumcompartment; PK
parameters (obtained from TRANS1), symbolizedP§yn) , for the mth parameter; and the time at the
beginning of the integration interval, symbolized Dy In a population studywheren variables afect

the PK parameters, and, therefore, al$ecathe compartment amounts and (if sopredfects an absorp-

tion lag parameter) possibly as well, these right-hand quantities should lyarded as randomavi-

ables. Hwever, n-derivatives ae not computed in the generated routine itselir technical reasons,

these right-hand quantities should bgarded as random variablegea when the data are single-subject.

This means, for>ample, that these variables may be used in conditional assignment statements |subject
to the usual restriction on random variables.

Also, a PK-defined item may be used as a right-hand quahtityeve, when so used, it becomes a spe-
cial quantity called an implictbasicPK parameter and a fev special considerations apply:

Implicit basic PK parameters may be used in the $AESINITIAL block only when the $PK block
precedes the $AESINITIAL block.

One should think of elements of tRearray as including values fok@icit basicparametersi.e.
parameters defined in the $PK block in array eleme(ty , followed by \alues for the implicit
basic parameters. Therefore, the option value forNRARAMETERSption in the $MODEL
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record should be large enough to include all these elements okténisledP array Note: Explic-
it basic parameter values are displayable; see section C.5.

Even additional PK parameters become implicit basic PK parameters.

There is a type of pseudo-statement specific to AESINIT aialbeel code. It has the for@ALLFL=n.
The different permissible values for n imply different calling-protocols foVARN9 and AD/AN15,
rather than the AES subroutine. CALLFL may be used only when there are only equilibrium compart-
ments and there is no TIME data itetADVAN9 and AD/ANL15 is called by default withvery event
record. A calling protocol phrasmn be used instead of the CALLFL pseudostatement. The phrase
must be enclosed parentheses. Examples of phrasesvobach value of CALLFL.

value calling-protocol
-1  ADVANS9 or 15 called withery event record (default)
$AES (EVERY EVENT)
$AES (EVERY)
1 ADVAN9 or 15 called only with firstvent record of the individual record
$AES (ONCE PER INDIVIDUAL RECORD)
$AES (ONCE/IND.REC.)

If the pseudo-statement does not appibar\alue -1 is assumed. This allows ¥BON9 and AD/AN15 |
to properly function in most situations.

The symbolCOM) may be used on the left or the right if n refers to a reseposition in MODULE |
NMPRD4 (see section III.E.3)Variables defined in $INFN and listed in MODULE PRINFN may be
used in $AES, on the left and on the rightriables defined by $ABBREVIATED DECLARE records
are also global and may be used in $AES, on the left and on the right.

The abbreviated code may not use certain variables which occuguasesits to the AES subroutine.
These names artR , DA DP, and DT.

The verbatim header statem&nh&ST cannot be used. There is no fourth section of generated code.

Any (non-random) a&riables defined in the $SAESINITIAL block may be used in a $AES block (s¢e ne
section C.9).A random variable defined in terms of PK parametarsnbt amounts, may also be used
in a $AES block.

The following features were added starting with NONMEM V. |

The allavable right-hand side quantities include the data items of a data record, symbolized by the labels
and synogms specified in the $INPUT record, and values of THETA, symbolized by AHET
THETA(2), etc. If quantities depending only on data items and TAdg&rameters are computed
directly in $AES rather than $PK, impm@ment in run time is possibleA AES routine may test DOS-

TIM and DOSREC in a logicalxpression. Itmay use them on the right-hand side of an assignment
statement. IDOSTIM is a random ariable, DOSTIM must not be used in $AES.wdoer, DOSTIM

may aWays be used in a $PK block or PK routine to define a random variable which may be used in the
AES routine.

A resered right-hand ariable,ISFINL (nmvi), is set to 1 by PREDPP when AES is called after the
final advance to arvent or non-gent time, during Simulation or Cgng pass (COM&T>0). Oneuse |
of ISFINL is for AES to calculate quantities for display in tables or via WRITE statements.

ICALL cannot be used in AES abkrated code. The generated AES routine tests for ICALL=Z, per

forms PREDPP-required initialization code, and theecetes a RETURN statementalues of A(n)
are not galuated at ICALL=1, as may happen with a user-written AES routine, so there is no need for a
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test of ICALL in the abbreviated code.t

T NONMEM V Supplemental Guide Section 84 ($AES Record) states incorrectly that ICALL blocks test-
ing for ICALL values 4 and 5 are permitted.
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V.V.C.9. $AESRecord

$AES
abbreviated code

The complete AES routine can be divided into parts: code which computes the amounts in the equi-
librium compartments at the beginning of the integration interval (these amounts depend on the amounts
in the nonequilibrium compartments) and code which computes values for the right sides of the algebraic
equations. Amabbreviated code for AES is actually divided intodvebbreviated codes which corre-
spond to the tw parts of the complete AES routine. This recordegian dbreviated code for the sec-

ond part of the AES routine. The $AESINITIAL record (see section Cv@s gin dbreviated code for

the first part. The $AES record, along with all its continuation records, is called a $A&X . This

record is optional. If it appears, it must be with the first problem specification, and only this problem
specfication. Ithere are no equilibrium compartments, butVAIN9 or ADVANL15 is used, the record

need not appeait may not appear when the MODEL routine is esa@pplied. Implicitbasic PK param-

eters may be used in the $AES block (see below) only when the $PK block precedes the $AES block.

The mandatory left-hand quantities are valuesxpfessions which when set to 0, constitute the system

of algebraic equations describing the equilibrium kinetitsey are symbolized bye( n) . The number

n must be an equilibrium compartment numbEloweve, there need not be amparticular relationship
between the subscripts and the equilibrium compartments. At least one such quantity must be computed.

Symbolic differentiation is used to obtain code used in the generated subroutine to compute the elements
of the DA, DRand DT arrays.

The allavable right-hand quantities include: current compartment amounts, symbolizZgchpyfor the

amount in the nth compartment (including all compartmextep the output compartment); PK param-

eters (obtained from TRANS1), symbolized Bym) , for the mth parameter; and time, symbolized by

T. In a pppulation studywheren variables affect the PK parameters, and, therefore, also affect the com-
partment amounts, these right-hand quantities shouldgaedesl as randomaviables. Hwever, n-de-

rivatives ae not computed in the generated routine itsetr technical reasons, these right-hand quanti-

ties should be gerded as random variablesea when the data are single-subjeet.random wariable.

This means, for example, that these variables may be used in conditional assignment statements subject
to the usual restriction on random variables.

Also, a PK-defined item may be used as a right-hand quahtityeve, when so used, it becomes a spe-
cial quantity called an implichasicPK parameter and a fev special considerations apply:

Implicit basic PK parameters may be used in the $AES block only when the $PK block precedes
the $AES block.

One should think of elements of tRearray as including values fox@icit basicparametersi.e.
parameters defined in the $PK block in array eleme(ts , followed by values for the implicit
basic parameters. Therefore, the option value forNRARAMETERSption in the $MODEL
record should be lge enough to include all these elements of tkisreledP array Note: Explic-
it basic parameter values are displayable; see section C.5.

Even additional PK parameters become implicit basic PK parameters.
Non-random variables defined in the $SAESINITIAL block may be ugedandom variable defined in a
S$AESINITIAL block in terms of PK parameters, but not amounts, may also be used in a $AES block.

The symbolCOMf) may be used on the left or the right if n refers to a reseposition in MODULE
NMPRD4 (see section III.E.3)Variables defined in $INFN and listed in MODULE PRINFN may be
used in $AES, on the left and on the rightriables defined by $ABBREVIATED DECLARE recordb
are also global and may be used in $AES, on the left and on the right.
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The abbreviated code may not use certain variables which occuguesearts to the AES subroutine.
These names arlR , DA DP, and DT.

Variables which symbolize partial destives in the DA array are displayable.They have names
E.... , Where the dots stand for various combinations of 5 or 6 digits

Variables which symbolize partial desiives in the DP array are displayableThey have names
F... , Where the dots stand for various combinations of 5 or 6 digits Variables which symbolize
partial denvatives in the DT array are displayabl&.hey havenamesk..... , Where the dots stand for
various combinations of 5 or 6 digi@s9.

The verbatim header statemetftRST and"MAIN cannot be used.
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V.V.C.10. $TOL Record

$TOL
abbreviated code

This record can be used to specify tolerances (i.e. accuracies) to which compartment amounts are com-
puted by an ADAN or SS putine that uses numerical techniques (see Guide VI, section Mffgrent
tolerances can be specified for the compartment amounts in different compartikateas this record

may be needed with ATAN9, ADVAN13, ADVAN14, ADVAN15, which support compartment-specific
tolerances, it is not needed with all otherVN and SS routines, where only a single tolerance apply-

ing to all compartments can be specified. In these other cases usél GfLiETOL SSTOL SSATOL

options on the $SUBROUTINES record suffices.

This record is optional. If it appears, it must be with the first problem specification, and only this prob-
lem specfication. It cannot be used whenTid option is used in the $SUBROUTINES record.

The abbreviated code is very limited and brief; it is na dky other The only statements that are per
mitted hae me of the tw forms

NRD=n
NRD()= m

With NONMEM 7.4, additional statements are permitted:

ANRD()= m
NRDC{)= m
ANRDC{)=m

where

i is a mmpartment number (excluding the output compartment number),
and m is the number of accurate digits required in the computation of
the drug amounts in compartment i.

Form 1 is a shorter way of writing form 2 withril.

Once the tolerance for a compartment is explicitly specified, it cannot be respegitieldrance for a
given compartment need not be specified; seevielthe order of the statements is immaterial.

If i > 1 is the least compartment number such that the tolerance for compartment i is not specified, then
for all j =i, the tolerance for compartmejts the tolerance explicitly specified for compartmentli

This implies that if the only statement use®RD-m, the number of accurate digits required in the com-
putation of all compartmental drug amounts is Imthis case, as a rule of thumb, one should begin by
taking m to be /1 or n+ 2, or with double precision, perhaps te- & or n+ 3, where n is the option

vaue with theSIGDIGITS option on the $ESTIMATION record. If one succeeds with this setting, one
might try increasing m slightly.

If ADVAN9 and SS9 are used togethard if different tolerances are specified for different compart-
ments, only that tolerance specified as SSTOL (or compartment 1 @LSiSThot specified) is used for

the computation of steady-state compartmental amountsy KBWAN other than AIVAN9 is used, or

if SS6 is used, the tolerances specified for compartments with numbers larger than 1 are ignored, and
again only that tolerance specified as SSTOL (or compartment 1, ©5$Inot specified) is used for

the computation of all compartmental amounts.

A usersupplied TOL routine alsallows values to be assignedfdiently for each compartmentVith
NONMEM 7.4, values may be assigned differently for each NONMEM step and for each pr@sem.
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Guide VI PREDPPChapter VI, Section D.B. See also the TOL option of the $ESTINMA and
$COVARIANCE records.
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V.V.C.11. $INFNRecord (nmvi) |

$INFN
abbreviated code

This record gies an &breviated code for the INFN routindt, along with all its continuation records is
called an $INFNblock.

$INFN abbreviated code allows the user to carry outcdrhis own programmed computations at both
the beginning of a problem and again, at the ending of the problem. This record is ogfianal.
appears, it must be with the first problem specification, and only this problem specification.

If there is abbreviated code in the $PK or $SERROR blocks that test for ICALL=0, ICALL=1, or
ICALL=3, this code is meed by NM-TRAN to the INFN routine as if it had been coded explicitly as
part of an $SINFN block.Such code is called $PK-INFN and $ERROR-INFN, respdygti The order of
code in the generated INFN routine is:

1) "FIRST code from $INFN

2) "MAIN code from $INFN

3) abbreviated code from $INFN
4) $PK-INFN blocks

5) $ERROR-INFN blocks

6) "LAST code from $INFN

The following remarks apply to bothx@icitly coded $INFN blocks and to $PK-INFN and $EBR-

INFN blocks.

A $INFN block can be used to perform all the functions described in a $PRED block at ICALL values 0,
1, 3, as described in Chapter IV Section D. This functionality is also described in Guide VI Chapter
VI.A See the help item for Initialization-Finalization block

Here is a brief summary.

There are no mandatory left-hand quantities.

No variable that has a resedrmeaning in another block of abbreviated code may be defined on the left
in $INFN.

Optional left-hand variables:

INFN-defined variables (i.e.aviables defined first on the left in SINFN or in $PK-INFN or $ERR

INFN blocks) are permited. These are listed in MODULE PRINFN rather than NMPRD4. MODULE
PRINFN is declared in all generated routines PK, BRRetc., and the variables can be used on the right

or left in these routinesINFN-defined variables are natitialized or modified by NONMEM or
PREDPP Hence the variables in the MODULE may be initialized or modified at ICAdlues 0 or 1 or

3, and will retain whateer values thg are given. Thesevariables cannot be displayed in tablessmat-

terplots. Ifthey are to be displayed, WRITE statements can be used, or their values can be assigned to
variables that arelisted in MODULENMPRD4. Theimplementation of MODULE PRINFN is dis-
cussed in Chapter Il Section 11.B and II.E.

Right side variables:
INFN-defined variables that appeared earlier as left-hand side quantities.

Previously defined PK- or ERBR-defined items that are not INFN-defindthey are listed in NMPRD4
as usual. This MODULE is declared in INFNypically, such \ariables are used HTALL=3 during
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calls to PASS or a pass through the dataset using/IDIOE(DATA). They may be used only on the
right side and may not be recomputédhey should also be displayed in tables or scatters because items
in NMPRD4 that areotdisplayed hee the value 0 at ICALL=3.

Data item labels specified on the $INPUT Record may be used on the left and on th&hignteans

that the NONMEM data set may be changBaita transgeneration may &face at ICALL values 0, 1,

3. Ateach call, the user has read-write access to his data via use of the NONMEM utility raGhe P
described in Guide II.This may be done more easily with the WBILE(DATA) statement of abbré-

ated coe. It is discussed in ChapterdI®. Thusdata can be transgenerated, and additional data items
can be produced at both thegbming and ending of a problem. Since the finalization call actually
occurs before the Table and Scatterplot Steps, data items generated by INFN at this call can be
tabled and scatterplotted.

There are sexal reserved variables and array elements symbolizing special right-hand quantitgs.
include special diagnostic items and countaiables. Theare listed in Chapter IV.E.

127



NM-TRAN Guide - Appendix |

Appendix I. NM-TRAN Control Records

$SIZES

$SUPERPROBLEM

$PROBLEM text

SINPUT item, item, itemg - - -

$INDEX [label;|valug] [labeb|value] [labek|valug] ...
$CONTR  DATA=(labek|0] [labeb|0] [labek|0])

$DATA [filename|*] [(format)] IGNORE=,] [NULL=c,] [NOWN DE|WIDH [CHECKOUT
[RECORDS¥] [LRECL=,] [NOREW ND|IREWIND

$SUBROUTINES[subname = namg] [subnamg = name] ...
[SUBROUTINESKkind]

$ABBREVIATED [COMRES%] [COMSAVR] [DERIV2=NQ [DERIV2=NOCOMMPN

$PRED
the abbreviated code

$THETA valug [value] [valug] ...
[NUMBERPOINTSH [ABORT|NOABOR]T

$OMEGADI AGONAL ( n) [BLOCK(n) [BLOCK(n) S AMEBLOCK SAME
[[value] [value)] [valug] ... [FIXED]]

$SIGMA [DI AGONAL( n) IBLOCK(n) BLOCK(n) S AMEBLOCK SAME
[[valug] [value)] [valug] ... [FIXED]]

$MSFI filename NORESCALE|JRESCALE[NPOPETASH]

$SIMULATION (seedl [seed2NORMAL |UNIFORNI[NEW) ...
[SUBPROBLEMS$#& [ONLYSIMULATION[OMITTED

$ESTIMATION [METHODkind] [NO NTERACT! ONINTERACTION] [NOLAPLAC! ANJLAPLACIAN]
[NOPOSTHOCIPOSTHOT] SIGDIGITS= ny] [MAXEVALSH,] [PRINT=n,]
[ABORTINOABOR]JT MSFOfilename] NOREPEAT|REPEAT [OMITTED

$COVARIANCE[SPECIAL] [MATRIX=c] [PRINT=[EJ[R][S]
[CONDI TI ONALJUNCONDITIONAL[OMITTED

$TABLE [list1] [BY list2] [PRI NTINOPRINT [FILE= filename] NOHEADERNEHEADER
[UNCONDI TI ONAL |[CONDITIONAL [OMITTED

$SCATTERPLOTIist1 VSlist2 [BY list3]
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[UNIT] [ORDQ[FROMy] [TON,]
[UNCONDI TI ONAL |[CONDITIONAL [OMITTED

$INCLUDE filename [}
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Appendix Il. NM-TRAN Data Set -- Example

Here is a NM-TRAN data set which NM-TRAN translates into a NONMEM data set shown in Appendix
Ill. The NONMEM data set in Appendix Il is identical to that shown in Figure 75 of NONMEM Users
Guide, Rurt I, except for spacing between fields. This NM-TRAN data set is recorded on the NONMEM
distribution medium as file THEO; see Guide lII. |

1 4.02 0. 74 79.6
1 0 .25 2.84

1 0 .57 6.57

1 1 .12 10.5

1 2 .02 9.66

1 3 .82 8.58

1 5 .1 8.36

1 7 .03 7.47

1 9 .05 6.89

1 1212 5.94

1 . 2 4.37 3.28

2 4.4 0. 0. 72.4
2 27 1.72

2 . 52 7.91

2 1. 8 .31

2 1 .92 8.33

2 3 .5 6.85

2 5 .02 6.08

2 7 .03 5.4

2 9 . 4 55

2 12 3.01

2 . 243 .90 .
3 4.53 0. 0. 70.5
3 27 4.4

3 . 58 6.9

3 1 .02 8.2

3 2 .02 7.8

3 3 .62 7.5

3 5 .08 6.2

3 7 .07 5.3

3 9 . 4.9

3 1215 3.7

3 . 2417 1.05

4 4.4 0. 0. 72.7
4 35 1.89

4 . 6 4.6

4 1 .07 8.6

4 2 .13 8.38

4 3 .5 7.54

4 5 .02 6.88

4 7 .02 5.78

4 9 .02 5.33

4 1198 4.19
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.03
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4.95
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0

4.53

o
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3.1 .0

1.15

2.02

5.63
114
9.33
8.74
7.56
7.09
5.9
4.37
1.57

1.29
3.08
6.44
6.32
5.53
4 .94
4 .02
3.46
2.78
.92

15

.85
2.35
5.02
6.58
7.09
6 .66
5.25
4 .39
3.53
1.15

3.05
3.05

7.31
7.56
6.59
5.88
4.73
4.57

1.25

7.37
9.03
7.14
6.33

54.6

8 0.

64.6

70.5

86.4

131



NM-TRAN Guide - Appendix Il

© © O OO

10

10
10
10
10
10
10
10
10
10
11
11
11
11
11
11
11
11
11
11
11
12
12
12
12
12
12
12
12
12
12
12

3 .53
5 .02
7 .17
8 .8
116
. 2 4.43
5.5 0.
37
g7
1.02
2.05
3.55
5.05
7.08
9.38
12.1
. 23.7
4.92 0.
.25

.98
1.98
3.6
5.02
7.03
9.03
12.12
. 24.08
53 0.
.25

3.52
5.07
7.07
9.03
12.05
24.15

5.66
5.67
4.24
4.11
3.16
1.12
.24
2.89
5.22
6.41
7.83
10.21
9.18
8.02
7.14
5.68
2.42

4.86
7.24

6.81
5.87
5.22
4.45
3.62
2.69
.86

1.25
3.96
7.82
9.72
9.75
8.57
6.59
6.11
4.57
1.17

58.2

65.

60.5
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Appendix Ill. NM-TRAN Outputs -- Example

The NM-TRAN outputs obtained from using the NM-TRAN control stream listed in chapter I, along
with the NM-TRAN data set listed in Appendix II, aresgi on the followving pages of this appendix|
Some code that isxganeous to the control stream was reeddfrom SUBROUTINE PRED for the pur |
poses of simplicity.
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Data Set - FBTA

B
o)
o

0. .74 79.6
0.25 2.84
0.57 6.57
1.12 105
2.02 9.66
3.82 8.58
5.1 8.36
7.03 7.47
9.05 6.89
12.12 594
24.37 3.28
4.4 0. 0. 72.4
.27 1.72
.52 791
1. 8.31
1.92 8.33
3.5 6.85
5.02 6.08
7.03 54
9. 4.55
12. 3.01
243 .90
4.53 0. 0. 70.5
.27 44
.58 6.9
1.02 82
202 738
362 75
5.08 6.2
7.07 53
9. 4.9
12.15 3.7
2417 1.05
0. 0. 72.7
.35 1.89
.6 4.6
1.07 8.6
2.13 8.38
3.5 754
5.02 6.88
7.02 5.78
9.02 5.33
11.98 4.19
2465 1.15
5.86 0. 0. 54.6
.3 2.02
.52 5.63
1. 114

GO o, EAERMERRPREPRAPOVCLOOWLWWOWWWWWWWNDNDNDNDNNNNNNNREFRERERPERPRERPERERERERER
>
SN
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2.02 9.33
3.5 8.74
5.02 7.56
7.02 7.09
9.1 5.9
12. 4.37
2435 1.57
4. 0. 0. 8 0.
.27 1.29
.58 3.08
1.15 6.44
2.03 6.32
3.57 5.53
5. 4.94
7. 4.02
9.22 3.46
121 2.78
23.85 .92
4.95 0. 15 64.6
.25 .85
.5 2.35
1.02 5.02
2.02 6.58
3.48 7.09
5. 6.66
6.98 5.25
9. 4.39
12.05 3.53
2422 1.15
4.53 0. 0. 70.5
.25 3.05
0.52 3.05
.98 7.31
2.02 7.56
3.53 6.59
5.05 5.88
7.15 4.73
9.07 4.57
121 3.
2412 1.25
3.1 .0 .0 86.4
.3 7.37
.63 9.03
1.05 7.14
2.02 6.33
3.53 5.66
5.02 5.67
7.17 4.24
8.8 4.11
11.6 3.16

O OO OWOOWOWWOWWOWWOWOMWMMWOMWOMMWMOWMWOKWWOONNNNNNANANNANNANOODOODODOOOOOOO OO OO U1 U101 01 01 01 01
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9 2443 1.12
10 5.5 0. .24 58.2
10 37 2.89
10 g7 5.22
10 1.02 6.41
10 2.05 7.83
10 3.55 10.21
10 5.05 9.18
10 7.08 8.02
10 9.38 7.14
10 12.1 5.68
10 23.7 2.42
11 4.92 0. 0. 65.
11 .25 4.86
11 5 7.24
11 .98 8.
11 1.98 6.81
11 3.6 5.87
11 5.02 5.22
11 7.03 4.45
11 9.03 3.62
11 12.12 2.69
11 24.08 .86
12 53 0. 0. 60.5
12 .25 1.25
12 5 3.96
12 1. 7.82
12 2. 9.72
12 3.52 9.75
12 5.07 8.57
12 7.07 6.59
12 9.03 6.11
12 12.05 4.57
12 24.15 1.17
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FILE
PROB
DATA
ITEM
LABL

FORM
(5E6.0)
STRC
STRC
THCN
THTA
LOWR
UPPR
BLST

DIAG
ESTM

COVR
COVT
CPAR
TABL

TABL

SCAT
SCAT

SCAT

DATA

*kkk

Control Stream - FCON

FSTREAM

THEOPHYLLINE POPULATION DATA
1 0132 5 O
1 4 0 O 1 0 O O o0 O

ID,
CP,

3 3 1 0 O
1 3
1 0 0 O
3.000000000000000E+00,
1.000000000000000E-01,
5.000000000000000E+00,
6.000000000000000E+00,
2.000000000000000E-04,
4.000000000000000E-01

DOSE,

0 0 0 0 0
TIME

WT

0 1 1 O

8.000000000000000E-02, 4.000000000000000E-02
8.000000000000000E-03, 4.000000000000000E-03
5.000000000000000E-01, 9.000000000000000E-01
5.000000000000000E-03, 3.000000000000000E-01
6.000000000000000E-03, 4.000000000000000E-01

040 3 5 0 0 0 O O O O O O O O O o o

O 0 O 0 -1
O 0 o0 o0 o

-1 -1 -1 -1 0
1 1
4 10 20
1 2

3 7

0 0

3 8

0 0

-1
0 1 0 O
0
50 30
1 1 0 0 0 0
0
1 1 0 0 0 0
0

File Stream - FSTREAM

FDATA

NM-TRAN VERSION Il LEVEL 1.0
GENERATED DP SUBROUTINES:

PRED

NONMEM SUBROUTINES: ALL

Report - FREPORT

137



NM-TRAN Guide - Appendix Il

Generated and User-Supplied Subroutines - FSUBS

SUBROUTINE PRED (ICALL,NEWIND,THETA,DATREC,INDXS,F,G,H)

USE SIZES, ONLY: DPSIZE,ISIZE
USE PRDIMS,  ONLY: GPRD,HPRD

USE NMPRD_REAL,ONLY: ETA,EPS
IMPLICIT REAL(KIND=DPSIZE) (A-Z)
REAL(KIND=DPSIZE) :: DATREC

SAVE

INTEGER(KIND=ISIZE) :: ICALL,NEWIND,INDXS
REAL(KIND=DPSIZE) :: G(GPRD,*),H(HPRD,*)
DIMENSION :: THETA(*),DATREC(*),INDXS(*)
DOSE=DATREC(002)

TIME=DATREC(003)

WT=DATREC(005)

IF(DOSE /= 0.DO)THEN

DS=DOSE*WT

W=WT

ENDIF

KA=THETA(001)+ETA(001)
KE=THETA(002)+ETA(002)
CL=THETA(003)*W+ETA(003)
B00005=-KE*TIME

B00006=-KA*TIME

B00007=DEXP(B00005)
BO0008=DEXP(B00006)

D=B00007-B00008

A 00034 = DERIVATIVE OF B00005 W.R.T. ETA(002)

A00034=-TIME

A 00035 = DERIVATIVE OF B00006 W.R.T. ETA(001)

A00035=-TIME

A 00036 = DERIVATIVE OF B00007 W.R.T. ETA(002)

A00036=B00007*A00034

A 00037 = DERIVATIVE OF B0O0008 W.R.T. ETA(001)

A00037=B00008*A00035

A 00039 = DERIVATIVE OF D W.R.T. ETA(001)

A00039=-A00037
BO0009=KA-KE
E=CL*B00009

A 00041 = DERIVATIVE OF B0O0009 W.R.T. ETA(002)

A00041=-1.D0O

A 00043 = DERIVATIVE OF E W.R.T. ETA(002)

A00043=CL*A00041
F=DS*KE*KA/E*D
B00010=DS*KA/E*D
B00011=DS*KE/E*D
B00012=-DS*KE*KA/E/E*D

A 00047 = DERIVATIVE OF F W.R.T. ETA(001)

A00047=B00012*CL+B00011

A 00048 = DERIVATIVE OF F W.R.T. ETA(002)
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A00048=B00012*A00043+B00010

A 00049 = DERIVATIVE OF F W.R.T.

A00049=B00012*B00009

B0O0013=DS*KE*KA/E

A 00050 = DERIVATIVE OF F W.R.T.

A00050=B00013*A00039+A00047

A 00051 = DERIVATIVE OF F W.R.T.

A00051=B00013*A00036+A00048

Y=F+EPS(001)

A00052=A00051
A00053=A00050
A00054=A00049

C00031=1.D0
G(001,1)=A00053
G(002,1)=A00052
G(003,1)=A00054
H(001,1)=C00031
F=Y

RETURN

END

A 00052 = DERIVATIVE OF Y W.R.T.

A 00053 = DERIVATIVE OF Y W.R.T.

A 00054 = DERIVATIVE OF Y W.R.T.

C 00031 = DERIVATIVE OF Y W.R.T.

ETA(003)

ETA(001)

ETA(002)

ETA(002)
ETA(001)
ETA(003)

EPS(001)
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Appendix IV. Another Example

Figures 1 and 2 of NONMEM Users Guide, Part |,veteo FRED routine and a NONMEM control
stream (with embedded data), respabti The NONMEM outputs resulting from Figures 1 and 2 are
shavn in Figures 3-18 of Part I. NM-TRAN inputs and outputs avergon the following pages of this
appendix. Thenputs correspond to Figures 1 andThe NONMEM outputs resulting from the NM-
TRAN outputs and corresponding to those shown in Figures 4-1&actyethe same as those shown in
Figures 4-18. The NONMEM output corresponding to that shown in Figures 3a-b, the problem sum-
mary; is a lttle different (in part because NM-TRAN generates ID data items).

140



NM-TRAN Guide - Appendix IV

NM-TRAN Data Set

320 27 1.71
320 .52 7.91
320 1. 8.31
320 1.92 8.33
320 3.5 6.85
320 5.02 6.08
320 7.03 54
320 9. 4.55
320 12. 3.01
320 24.3 .90

NM-TRAN Control Stream

$PROB SIMPLE NONLINEAR REGRESSION OF CP VS TIME DATA FROM ONE SUBJECT

$SINPUT DOSE TIME CP=DV
$DATA DATA
$PRED

‘THETA(1)=ABSORPTION RATE CONSTANT (1/HR)

"THETA(2)=ELIMINATION RATE CONSTANT (1/HR)

" THETA(3)=VOLUME OF DISTRIBUTION (LITERS)
D=EXP(-THETA(2)*TIME)-EXP(-THETA(1)*TIME)
E=THETA(3)*(THETA(1)-THETA(2))
F=DOSE*THETA(1)/E*D

Y=F+ETA(1)
$THETA (.4,1.7,7.) (.025,.102,.4) (10,29,80)
$EST MAXEVAL=240 SIGDIGITS=4 PRINT=2
$Cov
$TABLE TIME
$SCAT (CP PRED RES) VS TIME
$SCAT PRED VSCP UNIT
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NONMEM Data Set - FBTA

320 27 1711
320 52 7.912
320 1. 8311
3201.928.332
320 35 6.851
320 5.02 6.08 2
3207.03 541
320 9. 4552
320 12. 3.011
32024.3 902

NONMEM Control Stream - FCON

FILE  FSTREAM

PROB  SIMPLE NONLINEAR REGRESSION OF CP VS TIME DATA FROM ONE SUBJECT
DATA 1 0 10 4 0

ITEM 4 3 0 0O 1 0 O 0 O 0 O

LABL DOSE  TIME CP  .ID.

FORM
(3E5.0,1F2.0)

STRC 3 1
THCN 1 0
THTA 1.7 102 29
LOWR 4 025 10
UPPR 7. 4 80
DIAG 2
ESTM 0
COVR 0
TABL 1
TABL 1
SCAT 1
SCAT 2
SCAT 2
SCAT 2
SCAT 3

o UuTwhANRFR OO
[cNoNoNe
[cNoNoNe
R OOO
[oNeNeNe
[oNeoNeoNe
[ecNeoNeoNe
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Generated and User-Supplied Subroutines - FSUBS

The NONMEM VI versions are shm. With NONMEM 7 and higheMODULES are used rather thah
COMMONS.
SUBROUTINE PRED (ICALL,NEWIND,THETA,DATREC,INDXS,F,G,H)
IMPLICIT DOUBLE PRECISION (A-2)
REAL DATREC
SAVE
INTEGER ICALL,NEWIND,INDXS
DIMENSION THETA(*),DATREC(*),INDXS(*),G(10,*),H(10,*)
DIMENSION ETA(10)
COMMON/ROCM12/MSEC
INTEGER MSEC
COMMON/NMPRD4/D,E,Y,A00011,BBBBBB(0996)
IF (ICALL.EQ.4) THEN
CALL SIMETA(ETA)
ELSE
IF (NEWIND.NE.2) THEN
ETA(01)=0.D0
ENDIF
ENDIF
DOSE=DATREC(01)
TIME=DATREC(02)
B00001=-THETA(02)*TIME
B00002=-THETA(01)*TIME
B00003=DEXP(B00001)
B00004=DEXP(B00002)
D=B00003-B00004
BOO005=THETA(01)-THETA(02)
E=THETA(03)*B00005
F=DOSE*THETA(01)/E*D
Y=F+ETA(01)
C A00011 = DERIVATIVE OF Y W.R.T. ETA(01)
A00011=1.DO0
G(01,1)=A00011
F=Y
RETURN
END

NONMEM File Stream - FSTREAM

DATA FDATA

*kkk

NM-TRAN Report - FREPORT

NM-TRAN VERSION 7.3.0
GENERATED DP SUBROUTINES:
PRED

NONMEM SUBROUTINES: ALL
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Appendix V. NM-TRAN Control Records with PREDPP

$PROBLEM text

SINPUT item, item, itemg - - -

$BIND valug value ... valug,

$INDEX [label;|valug] [labeb|value] [labek|valug] ...
$CONTR  DATA=(labek|0] [labeb|0] [labek|0])

$DATA [filenamel*] [(format)] [ENORE=;] [NULL=c,] [NOW DEJWIDE [CHECKOUT
[RECORDS%] [LRECL=,] [NOREW NDIREWIND

$SUBROUTINES[subname = namg] [subnamg = name] ...
[SUBROUTINESKkind] [TOL=N,]

$MODEL [NCOMPARTMENTIS}[NEQUILIBRIUM=n,] [NPARAMETERS$5]
[COMPARTMENT=([name] [ attributg] [ attribute] . ..)] ...
[LINK compnamg [ TOQAND] compnamg BY k[l]] ...

$ABBREVIATED [COMRES=#;] [ COMSAVi] [ DERIV2=NO] [DERIV2=NOCOMMON]

$PK
abbreviated code

$ERROR
abbreviated code

$DES
abbreviated code

$AESINITIAL
abbreviated code

$AES
abbreviated code

$TOL
abbreviated code

$THETA valug [valug] [ valug] . ..
[INUMBERPOINTS=n] [ ABORT|[NOABORT]

$OMEGA [DI AGONAL( n) |BLOCK(n)|BLOCK(n) SAME|BLOCK SAME]
[[ valug] [ valug] [ valug] . ..[FIXED]]

$SIGMA [ DI AGONAL( n) |BLOCK(n)|BLOCK(n) SAME|BLOCK SAME]
[[ valug] [ valug] [ valug] . ..[FIXED]]
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$MSFI  filename [ NORESCALE|RESCALE] [NPOPETAS=n]

$SIMULATION (seedl [seed2][ NORMAL|UNIFORM][NEW]) ...
[SUBPROBLEMS=n] [ONLYSIMULATION] [OMITTED]

$ESTIMATION [METHOD=kind] [ NO NTERACTI ONJINTERACTION][ NOLAPLACI ANLAPLACIAN]
[ NOPOSTHOC|POSTHOC] [SIGDIGITS= n;] [ MAXEVALSH,] [ PRINT=n,]
[ ABORT|NOABORT] [MSFO=filename][ ~ NOREPEAT|REPEAT] [OMITTED]

$COVARIANCE [SPECIAL] [MATRIX=c] [PRINT=[E][R][S]
[ CONDI TI ONAL|[UNCONDITIONAL] [OMITTED]

$TABLE [list1] [BY list2] [ PRI NT|NOPRINT] [FILE=filename] [NOHEADER|ONEHEADER]
[ UNCONDI TI ONAL|CONDITIONAL] [OMITTED]

$SCATTERPLOT listl VS list2 [BY list3]

[UNIT] [ORDO] [FROM  ny] [ TO ny]
[ UNCONDI TI ONAL|CONDITIONAL] [OMITTED]
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Appendix VI. NM-TRAN Data Set with PREDPP -- Example

Here is a NM-TRAN data set which NM-TRAN translates into a NONMEM data set shown in Appendix
VIl. The NONMEM data set in Appendix VII is identical to that shoin Appendix Il of NONMEM
Users Guide, Part VI, except for spacing between colurihss NM-TRAN data set is recorded on the
NONMEM distribution medium; see Guide llI.

1 4.02 0. . 7 9.6
1 0 . . 74

1 0 .25 2.84

1 0 .57 6.57

1 1 .12 10.5

1 2 .02 9.66

1 3 .82 8.58

1 5 .1 8.36

1 7 .03 7.47

1 9 .05 6.89

1 1212 5.94

1 . 2 4.37 3.28 .
2 4.4 0. . 724
2 0 . 0.

2 27 1.72

2 . 52 7.91

2 1. 8 .31

2 1 .92 8.33

2 3 .5 6.85

2 5 .02 6.08

2 7 .03 5.4

2 9 . 4 .55

2 12 3.01

2 . 243 .90 .
3 4.53 0. . 7 0.5
3 0 . 0.

3 27 4.4

3 58 6.9

3 1 .02 8.2

3 2 .02 7.8

3 3 .62 7.5

3 5 .08 6.2

3 7 .07 5.3

3 9 . 4.9

3 1215 3.7

3 . 2 4.17 1.05 .
4 4.4 0. . 727
4 0 . 0.

4 35 1.89

4 . 6 4.6

4 1 .07 8.6

4 2 .13 8.38

4 3 .5 7.54
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WO NNNNNNNNNNNNOOOODOOODOOOOO OO OO0, DbD

5.86

4.95

4.53

5

7

9
1
2

o

coNMFPovuwn k. ooNPo~vNmwN k|
: . .

coNMNFPovouwnr .

~NOoTwnN

.02
.02
.02
1.98
4.65

52
.02
.02
.02

BN
()
o

27

58
15
.03
57

25

.02
.02
48

AN
N ©
N &1

. 25
.52

98
.02
.53
.05
15

6.88
5.78
5.33
4.19
1.15

2.02

5.63
114
9.33
8.74
7.56
7.09
5.9
4.37
1.57

1.29
3.08
6.44
6.32
5.53
4 .94
4 .02
3.46
2.78
.92
. 15
.85
2.35
5.02
6.58
7.09
6 .66
5.25
4 .39
3.53
1.15

3.05
3.05

7.31
7.56
6.59
5.88
4.73

546

80.

6 4.6

7 0.5
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© O O OO WO©O©WO©OWOWOOOo oo

3.1 .0

NP ovowNe
l—\
\l

1

. 4
55 0.
0

4.92 0.

5.02
7.03
9.03
12.12
24.08
53 0.

3.52
5.07
7.07
9.03
12.05

4.57

1.25

7.37
9.03
7.14
6.33
5.66
5.67
4.24
4.11
3.16
1.12

.24
2.89
5.22
6.41
7.83

10.21
9.18
8.02
7.14

5.68
2.42

4.86
7.24

6.81
5.87
5.22
4.45
3.62
2.69
.86

1.25
3.96
7.82
9.72
9.75
8.57
6.59
6.11
4.57

86.4

58.2

6 5.

60.5
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12 . 24.15 1.17
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Appendix VII. NM-TRAN Outputs with PREDPP -- Example

The NM-TRAN outputs obtained from using the NM-TRAN control stream listed in chaptdong
with the NM-TRAN data set listed in Appendix VI, aregi on the following pages of this appendix.
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Data Set - FBTA

B
o)
o

0. 79611
0. . 74 0
0.25 2.84 0
0.57 6.57 0
1.12 10.5 0
2.02 9.66 0
3.82 8.58 0
5.1 8.36 0
7.03 7.47 0
9.05 6.89 0
1212 5.94 0
24.37 3.28 0
4.4 0. 72411
0. 0.
.27 172
.52 791
1. 8.31 0
1.92 8.33
3.5 6.85
5.02 6.08
7.03 654
9. 4.55 0
12. 3.01
243 .90
4.53 0. 70511
0. 0.
.27 44
.58 6.9
1.02 8.2
202 7.8
362 75
508 6.2
7.07 53
9. 4 .9 0
1215 3.7 0
24.17 1.05 0
0. 72711
0. 0.
.35 1.89
.6 4.6 0
1.07 8.6
2.13 8.38
3.5 7.54
5.02 6.88
7.02 5.78
9.02 5.33
11.98 4.19
24.65 1.15

[cNeoNoNoNoNoNolNoNoNoNo)

OO0 ooocoo oo®©
e N=Nek=R=R=R=ReR=R=N=)

coococooo®
O0OO0O0O0O0O0OO0OO0O0O

>
N

ARRADARDRNDDRAARNRRNADRNWWWWWWWWWWWWNNNRNNNNNNNNNRPRPRPRPREPRREPRERERPR
o ©

cNoNoNoNoNeNoNo)
[cNoNoNoNoNoNolNoNoNoNo)
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O©OWOOWOOWOWMOMWMWMOWMWOMWWMOWMOAONNNNNNANNANANNNANOODOODOODOODOOOOOO OO OO1UT 01010101 0101010101 01

5.86 0. 54611
0. 0.

.3 2.02

.52 5.63

1. 114

2.02 9.33 0

3.5 8.74 0

5.02 7.56 0

7.02 7.09 0
0

0

0

1

o
o o

o
cNoNoNoNoloNoNolNoNeNe)

9.1 5.9
12. 437
2435 1.57
4. 0. 80.1
0. 0. 0
.27 1.29 0
.58 3.08 0
1.15 6.44 0
2.03 6.32 0
3.57 5.53 0
5. 4.94 0
7. 4.02 0
9.22 3.46 0
121 2.78 0
23.85 .92 0
4.95 0. 64611
0. . 15 0
.25 .85 0
.5 235 0
1.02 5.02 0
2.02 6.58 0
3.48 7.09 0
5. 6.66 0
6.98 5.25 0
9. 4.39 0
12.05 3.53 0
2422 1.15 0
4.53 0. 70511
0. 0.
.25 3.05
0.52 3.05
.98 7.31
2.02 7.56
3.53 6.59
5.05 5.88
7.15 4.73
9.07 4.57
121 3.
2412 1.25
3.1 .0 86.41
.0 0. 0

o

RPOOOOO0OO0OO0OO0OO0OO0o

ecNoNoNoNoNoloNoNoNoNe) eoNeololoNolololololeNo)

cNoNoNoNoloNoNoNoNoNe)

o
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9 .3 7.37 0 O
9 .63 9.03 00
9 1.05 7.14 00
9 2.02 6.33 00
9 3.53 5.66 00
9 5.02 5.67 00
9 7.17 4.24 00
9 8.8 4.11 00
9 11.6 3.16 00
9 2443 1.12 00
10 55 0. 582 11
10 0. 24 0 O
10 37 2.89 0 O
10 a7 5.22 0 O
10 1.02 6.41 0 O
10 2.05 7.83 0O O
10 355 10.21 0 O
10 5.05 9.18 0O O
10 7.08 8.02 0 O
10 9.38 7.14 0 O
10 121 5.68 0 O
10 23.7 242 0O O
11 492 0. 65. 11
11 0. 0. 0O O
11 .25 4.86 0 O
11 5 7.24 0 O
11 .98 8. 0 O
11 1.98 6.81 0O O
11 3.6 5.87 0O O
11 5.02 5.22 0O O
11 7.03 4.45 0 O
11 9.03 3.62 0 O
11 12.12 2.69 0 0
11 24.08 .86 0 0
12 53 0. 605 11
12 0. 0. 0O O
12 .25 1.25 0 O
12 5 3.96 0 O
12 1. 7.82 0 O
12 2. 9.72 0O O
12 3.52 9.75 0O O
12 5.07 8.57 0O O
12 7.07 6.59 0 O
12 9.03 6.11 0 O
12 12.05 4.57 0 0
12 2415 1.17 0 0
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Control Stream - FCON

FILE FSTREAM
PROB THEOPHYLLINE POPULATION DATA

DATA 1 0144 7 O

ITEM 1 4 7 11 1 0 0O O O O O
INDX 6 3 2 0 0 O 0 0O O 0 O
LABL ID DOSE  TIME cP WT  EVID
FORM

(5E6.0,2F2.0)

STRC 3 3 1. 0 0 0 1 1 0

STRC 1 3

THCN 1 0 0

THTA 3 .08 .04

LOWR 1 008  .004

UPPR 5 5 9

BLST 6 .005 3 .0002  .006
DIAG 4

ESTM 0450 3 5 0 0 0 0 0O O O
COVR O 0 0 0 O

TABL 1 1 0 0

TABL 4 1 0 2 0 5 0 3 0

SCAT 1 2

SCAT 3 9 1 1 0 O 0 0 0
SCAT 3 10 1 1 0 0 0 0 0

File Stream - FSTREAM

DATA FDATA

*kkk

Report - FREPORT

NM-TRAN VERSION Il LEVEL 1.0
SUBROUTINES FROM THE PREDPP LIBRAR

PRED PREDI CHECK SADVAN ADVAN2 SSSO TRANS1 INFN

GENERATED DP SUBROUTINES:
PK ERFOR
NONMEM SUBROUTINES: ALL

MDV
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Generated and User-Supplied Subroutines - FSUBS

The NONMEM VI versions are shown. With NONMEM 7 and high¢©ODULES are used rather thah
COMMONS.

SUBROUTINE PK(ICALL,IDEF, THETA,IREV,EVTREC,N,INDXS,IRGG,GG,NETAS)
IMPLICIT DOUBLE PRECISION (A-2)
REAL EVTREC
SAVE
INTEGER ICALL,IDEF,IREV,N,INDXS,IRGG,NETAS
DIMENSION IDEF(7,*), THETA(*),EVTREC(IREV,*),INDXS(*),GG(IRGG,11,*)
COMMON/PRRAND/ETA(10),EPS(10)
COMMON/PROCM1/NEWIND
INTEGER NEWIND
COMMON/ROCM12/MSEC
INTEGER MSEC
COMMON/NMPRD4/KA K,CL,SC,Y,A00011,A00012,A00015,A00020,A00021
COMMON/NMPRD4/A00014,BBBBBB(0989)
IF (ICALL.LE.1) THEN
IDEF(1,01)=-9
IDEF(1,02)= 1
IDEF(3,02)= 4
CALL GETETA(ETA)
RETURN
ENDIF
IF (NEWIND.NE.2) THEN

IF (ICALL.EQ.4) THEN

CALL SIMETA(ETA)
ELSE
CALL GETETA(ETA)

ENDIF
ENDIF
WT=EVTREC(N,05)
KA=THETA(01)+ETA(01)

C £00011 = DERIVATIVE OF KA W.R.T. ETA(01)
A00011=1.D0
K=THETA(02)+ETA(02)

C £00012 = DERIVATIVE OF K W.R.T. ETA(02)
A00012=1.D0
CL=THETA(03)*WT+ETA(03)
SC=CL/K/WT
B00001=1.DO/K/WT

C £00014 = DERIVATIVE OF SC W.R.T. ETA(03)

A00014=B00001
B00002=-CL/K/K/WT

C £00015 = DERIVATIVE OF SC W.R.T. ETA(02)
A00015=B00002*A00012
GG(01,1,1)=K
GG(01,03,1)=A00012
GG(03,1,1)=KA
GG(03,02,1)=A00011
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GG(04,1,1)=SC
GG(04,03,1)=A00015
GG(04,04,1)=A00014
IF (MSEC.EQ.1) THEN
B00003=-1.DO/K/K/WT
C £00016 = DERIVATIVE OF B00001 W.R.T. ETA(02)
A00016=B00003*A00012
B00004=-1.DO/K/K/WT
B00005=CL/K/K/K/WT
C £00018 = DERIVATIVE OF B00002 W.R.T. ETA(02)
A00018=B00005*A00012
B00006=CL/K/K/K/WT

C A00019 = DERIVATIVE OF B00002 W.R.T. ETA(02)
A00019=B00006*A00012+A00018

C A00020 = DERIVATIVE OF A00015 W.R.T. ETA(02)
A00020=A00012*A00019

C A00021 = DERIVATIVE OF A00015 W.R.T. ETA(03)

A00021=A00012*B00004

GG(04,03,03)=A00020

GG(04,04,03)=A00021

ENDIF

RETURN

END

SUBROUTINE ERROR (ICALL,IDEF, THETA,IREV,EVTREC,N,INDXS,F,G,HH)
IMPLICIT DOUBLE PRECISION (A-2)

REAL EVTREC

SAVE

INTEGER ICALL,IDEF,IREV,N,INDXS

DIMENSION IDEF(*), THETA(*),EVTREC(IREV,*),INDXS(*),G(10,¥)
DIMENSION HH(10,%)

COMMON/PRRAND/ETA(10),EPS(10)
COMMON/ROCM12/MSEC

INTEGER MSEC
COMMON/NMPRD4/KAK,CL,SC,Y,A00011,A00012,A00015,A00020,A00021
COMMON/NMPRD4/A00014,BBBBBB(0989)

IF (ICALL.LE.1) THEN

IDEF(2)=2

HH(1,1)=1.0D0

RETURN

ENDIF

IF (ICALL.EQ.4) THEN

CALL SIMEPS(EPS)

ENDIF

Y=F+EPS(01)

F=Y

RETURN

END
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Appendix VIII. Additional NM-TRAN Control Streams

The NM-TRAN control stream listed in chapter V specifies thaWVAN2 be used. The results from
NONMEM-PREDPPRusing this control stream along with the NM-TRAN data set listed in Appendix VI,
can be essentially duplicated, using NM-TRAN control streams which specify differafi /B, hut
which name the the same data sBwo such control streams arevegn here, one specifying AZAN7

and the other specifying AIANG6. SeeGuide Il for some relate performance statistics. The dweon-

trol streams are recorded on the NONMEM distribution medium; see Guide Ill.
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NM-TRAN Control Stream Specifying AVAN7

$PROB THEOPHYLLINE POPULATION DATA
SINPUT ID DOSE=AMT TIME CP=DV WT
$DATA THEOPP

$SUBROUTINES ADVAN7
$MODEL COMP=(DEPOT,INITIALOFF,DEFDOSE) COMP=(CENTRAL,DEFOBS,NOOFF)

$PK
“THETA(1)=MEAN ABSORPTION RATE CONSTANT (1/HR)
“THETA(2)=MEAN ELIMINATION RATE CONSTANT (1/HR)
"THETA(3)=SLOPE OF CLEARANCE VS WEIGHT RELATIONSHIP (LITERS/HR/KG)
'SCALING PARAMETER=VOLUME/WT SINCE DOSE IS WEIGHT-ADJUSTED
CALLFL=1
K12=THETA(1)+ETA(1)
K20=THETA(2)+ETA(2)
CL=THETAQ)*WT+ETA(3)
S2=CL/K20/WT

$THETA (.1,3,5)  (.008,.08,.5) (.004,.04,.9)
$OMEGA BLOCK(3) 6 . 005 .0002 .3 .006 .4

$ERROR
Y=F+EPS(1)

$SIGMA 4

$EST MAXEVAL=450 PRINT=5

$COV

$TABLE ID DOSE WT TIME

$SCAT (RES WRES) VS TIME BY ID
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NM-TRAN Control Stream Specifying ATANG6

$PROB THEOPHYLLINE POPULATION DATA
SINPUT ID DOSE=AMT TIME CP=DV WT
$DATA THEOPP

$SUBROUTINES ADVAN6 TOL=5
$MODEL COMP=(DEPOT,INITIALOFF,DEFDOSE) COMP=(CENTRAL,DEFOBS,NOOFF)

$PK
“THETA(1)=MEAN ABSORPTION RATE CONSTANT (1/HR)
“THETA(2)=MEAN ELIMINATION RATE CONSTANT (1/HR)
"THETA(3)=SLOPE OF CLEARANCE VS WEIGHT RELATIONSHIP (LITERS/HR/KG)
'SCALING PARAMETER=VOLUME/WT SINCE DOSE IS WEIGHT-ADJUSTED
CALLFL=1
KA=THETA(1)+ETA(L)
KE=THETA(2)+ETA(2)
CL=THETA(3)*WT+ETA(3)
S2=CL/KE/WT

$THETA (.1,3,5)  (.008,.08,.5) (.004,.04,.9)
$OMEGA BLOCK(3) 6 . 005 .0002 .3 .006 .4

$DES
DADT(1)=-KA*A(1)
DADT(2)= KA*A(1)-KE*A(2)

$ERROR
Y=F+EPS(1)

$SIGMA 4

$SEST MAXEVAL=450 PRINT=5

$COV

$TABLE ID DOSE WT TIME

$SCAT (RES WRES) VS TIME BY ID
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Appendix IX. Another Example with PREDPP

Figures 7, 11, and 25 of NONMEM Users Guide, Part Vinwshd’K outine, an ERRR routine and a
NONMEM control stream (with embedded data), respelgti Problem summary pages from NON-
MEM and PREDPPresulting from Figures 7, 11, and 25 are shown in Figures 27-28roVP NM-
TRAN inputs and outputs arevgh on the following pages of this appendix. The inputs correspond to
Figures 7, 11, and 25The resulting problem summary page from NONMEM is a just a littfereifit
from that shown in Figure 27 of Part VI due to the fact that NM-TRAN generates EVIN, aiD ID
data items.The NM-TRAN data set and control stream are recorded on the NONMEM ufiistinb
medium; see Guide lll.
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NM-TRAN Data Set

320 .0 .
.27 1.71
. 52 7.91
1. 8 .31
1.92 8.33
3.5 6.85
5.02 6.08
7 .03 5.4
9. 4 55
12. 3.01
243 .90

NM-TRAN Control Stream

$PROBLEM THEOPHYLLINE SINGLE SUBJECT DATA
$INPUT DOSE=AMT TIME CP=DV

$DATA DATA3

$SUBROUTINES ADVAN2

$PK
CALLFL=1
KA=THETA(1)
K=THETA(2)
SC=THETA(3)

$ERROR
Y=F+ERR(1)

$THETA (0,1.7) (0,.102) (0,29)

$ESTIMATION MAXEVAL=240 PRINT=2
$COVR

$TABLE TIME

$SCAT CP VS TIME

$SCAT PRED VS TIME

$SCAT RES VS TIME

$SCAT PRED VS CP UNIT
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NONMEM Data Set - FBTA

NONMEM Control Stream - FCON

THEOPHYLLINE SINGLE SUBJECT DATA

0
1

0

CP

0

320 .0 111
27171001
527.91002
1.8.31001

1.928.33002
3.56.85001
5.026.0800 2
703 54 001
9.4.55002
12.3.01001
243 90 002

FILE FSTREAM

PROB

DATA 1 0 11 6

ITEM 6 3 5 11

INDX 4 2 1 0

LABL DOSE  TIME

FORM

(3E5.0,3F2.0)

STRC 3 1 0 0

THCN 1 0 O

THTA 1.7 102

LOWR 0 0

UPPR 1000000 1000000 1000000

DIAG 2

ESTM 0240 3 2

COVR O 0 0 O

TABL 1 1 0 o0

TABL 1 2 0

SCAT 1 4

SCAT 2 3 0 O

SCAT 2 7 0 0

SCAT 2 8 0 O

SCAT 3 7 0 O

[cNoNoNe

0

OOOoO

0
0
EVID

0

0

[oNeoNoNe

0O O
0
MDV

[oNeoNeoNe

0
0

ID.

[oNeoNeoNe

0
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Generated and User-Supplied Subroutines - FSUBS

The NONMEM VI versions are shm. With NONMEM 7 and higheMODULES are used rather thah
COMMONS.
SUBROUTINE PK(ICALL,IDEF, THETA,IREV,EVTREC,N,INDXS,IRGG,GG,NETAS)
IMPLICIT DOUBLE PRECISION (A-2)
REAL EVTREC
SAVE
INTEGER ICALL,IDEF,IREV,N,INDXS,IRGG,NETAS
DIMENSION IDEF(7,*), THETA(*),EVTREC(IREV,*),INDXS(*),GG(IRGG,11,*)
COMMON/PRRAND/ETA(10),EPS(10)
COMMON/ROCM12/MSEC
INTEGER MSEC
COMMON/NMPRD4/KA,K,SC,Y,BBBBBB(0996)
IF (ICALL.LE.1) THEN
IDEF(1,01)=-9
IDEF(1,02)=1
IDEF(3,02)= 4
RETURN
ENDIF
KA=THETA(01)
K=THETA(02)
SC=THETA(03)
GG(01,1,1)=K
GG(03,1,1)=KA
GG(04,1,1)=SC
RETURN
END
SUBROUTINE ERROR (ICALL,IDEF, THETA,IREV,EVTREC,N,INDXS,F,G,HH)
IMPLICIT DOUBLE PRECISION (A-2)
REAL EVTREC
SAVE
INTEGER ICALL,IDEF,IREV,N,INDXS
DIMENSION IDEF(*), THETA(*),EVTREC(IREV,*),INDXS(*),G(10,*)
DIMENSION HH(10,*)
COMMON/PRRAND/ETA(10),EPS(10)
COMMON/ROCM12/MSEC
INTEGER MSEC
COMMON/NMPRD4/KA,K,SC,Y,BBBBBB(0996)
IF (ICALL.LE.1) THEN
IDEF(2)=2
HH(1,1)=1.0D0
RETURN
ENDIF
IF (ICALL.EQ.4) THEN
CALL SIMETA(ETA)
ENDIF
Y=F+ETA(01)
F=Y
RETURN
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END
NONMEM File Stream - FSTREAM

DATA FDATA

*kkk

NM-TRAN Report - FREPORT

NM-TRAN VERSION Il LEVEL 1.0

SUBROUTINES FROM THE PREDPP LIBRAR

PRED PREDI CHECK SADVAN ADVAN2 SSSO TRANS1 INFN
GENERATED DP SUBROUTINES:

PK  ERFOR

NONMEM SUBROUTINES: ALL



