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This standard is issued under the fixed designation E 2078; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope tocol for Mass Spectrometric D&ta

1.1 This guide covers the implementation of the Mass 2-2 Other Standard:
Spectrometric Data Protocol in analytical software applica- NECDF User’s Guide
tions. Implementation of this protocol requires: 2.3 1SO Standards: _ .
1.1.1 Specification E 2077, which contains the full set of 8601:1988 Data elements and interchange formats, (First
data definitions. The mass spectrometric data protocol is not ~ €dition published 1988-06-15; with Technical Corrigen-
based upon any specific implementation; it is designed to be ~dum 1 published 1991-05-01)
mdependent of any particular implementation so that |mpIe—3_ List of Contents and Use
mentations can change as technology evolves. The protocol Is

implemented in categories to speed its acceptance through3-1 NetCDF Toolkie—The protocol is an application pro-
actual use. gramming interface (API) layered on top of the public domain

1.1.2 Specification E 2077 contains a full description of the/NeICDF toolkit. NetCDF is a set of tools that facilitate reading

contents of the data communications protocol, including th&" Writing platform-independent, self-describing data files. All
analytical information categories with data elements and theif@t@ in @ NetCDF file is written using the external data
attributes for most aspects of mass spectrometric tests. ~ 'ePresentation (XDR). XDR was developed by Sun Microsys-

1.2 The analytical information categories are a practicaf®mS and is used for platform-independent file systems for all

convenience for breaking down the standardization proces¥orkstations and personal computers. Each NetCDF data
into smaller, more manageable pieces. It is easier for develof/ement is self-describing - it has a name, type, and dimen-
ers to build consensus and produce working systems based gipnality. A NetCDF file contains three parts:dimensions
smaller information sets, without the burden and complexity off€ction, which defines the names and size of all dimensions
the hundreds of data elements contained in all the categoriedS€d to describe variablesvariablessection, which defines
The categories also assist vendors and end users in using th¢ names, data types, dimensionality, and attributes for all
guide in their computing environments. varlables used in the file; ano_l finally, data se(_:tlon, WhICh

1.3 The network common data format (NetCDF) data inter-contains the actual v_alues as_sngned to the variables. _At'Fnbutes
change system is the container used to communicate daf§® numbers or strings which augment the description of
between applications in a way that is independent of botfyariables or the file as a whole. . .
computer architectures and end-user applications. In essence, it3-1-1 For example, a variable “x_axis_ values” might con-
is a special type of application designed for data interchangd@n an array of numbers representing the abscissa of a

1.4 The common data language (CDL) template for masgwo-dlmensmrjal d_ata set. _It would have a _dlmen5|on, possibly
spectrometry is a language specification of the mass spectroiamed “x_axis_size,” which would specify the number of
etry dataset being interchanged. With the use of the NetCDRPSCiSsa points. The variable might have some descriptive
utilities, this human-readable template can be used to genera@ilfibutes, such as “units” (with a value of* Seconds,” perhaps),

an equivalent binary file and the software subroutine callsSc@le_factor” (with a value of 1000.0, specifying that all
needed for input and output of data in analytical applications.StorEd abscissa values should be multiplied by 1000.0 to get the
actual value), or “long_name” (with value* Time”, which

2. Referenced Documents might be used to label the abscissa when drawing a plot).
2.1 ASTM Standards: 3.1.2 The NetCDF toolkit has been placed in the public

E 2077 Specification for Analytical Data Interchange Pro-domain by the Unidata Program Center, a non-profit software

L This specification is under the jurisdiction of ASTM Committee EOL on 2 Annual Book of ASTM Standardgol 03.06.
Analytical Chemistry for Metals, Ores and Related Materials and is the direct * Available for Russell K. Rew, Unidata Program Center, University Corporation
responsibility of Subcommittee E01.25 on Laboratory Data Interchange andor Atmospheric Research, P.O. Box 3000, Boulder, CO 80307-3000.
Information Management. 4 Available from 1SO, 1 Rue de Varembe, Case Postale 56, CH 1211, Geneve,
Current edition approved March 10, 2000. Published July 2000. Switzerland.
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support organization for the University Corporation for Atmo-  (3) Parameters to API functions are presenteditalic
spheric Research. The Unidata Program Center is funded kilelvetica font.
the National Science Foundation, National Center for Atmo-  (4) Example code is presented mormal Helvetica font.
spheric Research, and other organizations and provides ongo-4.2 Other Conventions-All indices begin at zero (C con-
ing development and support of NetCDF and related tools. vention). In several data structuressean_no or inst_no
3.1.3 The NetCDF version currently supported in thiselement must be loaded before reading or writing. This
implementation is 2.3.2. identifies the scan or instrument component number for which
3.2 Data Structures-Each of the analytical information data will be read or written. In all cases, scan or instrument
class tables in the specification document has a correspondim@mponent numbers begin at zero.
data structure; however, not every field in each table has a 4.2.1 All date/time stamps are formatted using the 1SO
corresponding data element in a structure, and the data strustandard 8601 format referenced in the specification. An API
tures may have elements that do not appear in any class tablgtility function is provided for conversion between date/time
Most of these differences are due to details of the implemeninformation in numeric form and 1SO-8601 string format (see
tation which could not be hidden. ms_convert_date() , below).
3.2.1 The data structures provide the mapping between the
attribute name and data type described in the specification arkl Mass Spectrometric Data Protocol Distribution Kit
the field and actual data type in the file. The actual NetCDF 5 1 |t js intended that potential users of this implementation
dimension, variable, and attribute names are hidden from thgapy gptain a complete NetCDF and API distribution kit from
API level. These names in fact are irrelevant for application arioys instrument vendors’ Web sites. Information on how to
programs; it is the data structure which provides the informagptain the kit will be posted on the ASTM website
tion interchange between the application and the file. www.astm.org) under Committee E01.25.

3.2.2 Each data structure and its mapping to an analytical g 5 The Analytical Data Interchange Protocol for Mass
information class are described in detail later in this guide. Spectrometric Data distribution kit contains:
3.2.3 Application Programming Interface Functions 5.2.1 Software—NetCDF distribution kit from Unidata
3.2.3.1 The application programming interface providesith the modified makefile needed to make the kit compile out
programmatic access to the contents of the files. Mass spectigy ihe box).
data occurs in three forms: global information, which relates to ¢ 5 5> NetCDF User's Guide-supplied by Unidata Program
the contents of the entire file, information which describes eacksanter.
part of a multi-component instrument, and information which ¢ 5 3 Specification E 2077
changes on a scan-by-scan basis for spectra and library entrie55_2_4 Guide E 2078
API functions are provided for opening a file for reading or

writing; closing a file; reading and writing global, per- ¢ 4o qware and Software

component instrument, and per-scan spectral and library infor- _ ) i
mation: initializing and clearing data structure contents; and g _6-1 This section describes the hardware and software con-

few miscellaneous utility functions. Each of these functions id!gurations used for testing. In general, the NetCDF system

described in detail in a later section of this guide. puts very few requirements on the hardware because most
3.2.4 Enumerated SetsMany of the attributes listed in the rout!nes are left on d'.Sk' Only routme_s 'be|.ng used at any

Analytical Data Interchange Protocol for Mass Spectrometrif?@rticular time are kept in memory. Any limitations found were

Data specification have an enumerated set of associated valudgically those not imposed by NetCDF but ones imposed by

The attribute may take only one value from that restricted sef€ Operating system or environment.

In the implementation, each such attribute is defined as a 6-1.1 Hardware (Personal Computers)The personal com-

formal C type, and the allowed values are defined as aRuter system hardware originally used for testing was:

enumerated set of that formal type. Each enumerated value is6-1-1.1 Intel 80286 processor,

associated with a unique string literal, and it is these string 6-1.1.2 640K minimum, _

literals, not the enumeration values, which are written to or 6:1.1.3 Monochrome, EGA, VGA graphics, o
read from the file. This practice both enforces the use of the 6.1.1.4 20 megabyte minimum, 80 megabyte hard-disk is
proper enumeration values and follows the NetCDF dictunfyPical, and _

that files be self-describing. If the enumeration values were 6.1.1.5 A mouse (optional).

written instead of the strings, then some lookup mechanism 6.1.1.6 NetCDF works well on AT-class machines and
would be required external to the NetCDF file to translate thdlgher. NetCDF does not have the items in 6.1.1.1-6.1.1.5 as

number into something meaningful. requirements. These are just the minimum, base-level systems
) that were used.
4. Conventions 6.1.2 Software—NetCDF runs on MS-DOS, 0S/2, Macin-
4.1 The format convention adopted in this guide is astosh, Windows 95, and Windows NT operating systems for
follows: personal computers. NetCDF was originally ported from UNIX
(1) Normal text is presented in this font (Times New to DOS running on an IBM-PS/2 Model 80. It was recently
Roman). ported to the Macintosh OS. NetCDF is written in the C
(2) API symbols (functions, formal types, etc.) are pre-programming language, and there are FORTRAN jackets
sented inboldface Helvetica font . available for applications that want to use FORTRAN calls.
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The personal computer software originally employed for testgiven here to facilitate its understanding. For more in-depth

ing and developing NetCDF applications was: information on CDL, please consult tiNetCDF User’s Guide
6.1.2.1 Microsoft DOS V3.3 or above, 8.2.1 A NetCDF template starts with the word “NetCDF”
6.1.2.2 Microsoft C Compiler V6.0, followed by the dataset name.
6.1.2.3 Microsoft Windows V3.0, 8.2.2 CDL comments are indicated by two forward slash
6.1.2.4 Microsoft Windows SDK, and characters (/).
6.1.2.5 NetCDF Version 2.0.1. 8.2.3 Section indicators (dimensions:, variables:, and data:)

6.1.3 Workstations and ServersNetCDF runs easily on end with a colon character (:). These are the only tokens that
UNIX workstations such as Sun 3, Sun 4, VAXstations,end with a colon character.
DECstation 3100, VAXstation Il running ULTRIX or VMS, 8.2.4 Statements within sections end with the semicolon
and IBM RS/6000. There are no particular hardware requireeharacter (;).
ments for workstation class machines, since all workstations 8.2.5 Variable names beginning with numbers must be
have the minimum hardware outlined for personal computerpreceded by an underline character (_). Otherwise the ncgen
in 6.1.1. parser will flag an error.
N 8.2.5.1 Underline characters were chosen for this protocol
7. Significance and Use over hyphen characters, because some compilers may interpret
7.1 General Coding GuidelinesThe NetCDF libraries are hyphens as subtraction operators. The feature of CDL that
supplied to developers as source code. End users receive thBows implicit numerical datatyping of attributes in not being
libraries in compiled binary form as part of a vendor's ysed in the first version of the template. Instead, all floating
application. point attributes are being handled as strings. This forces

7.1.1 Developers setting out to write a program to converprogrammers to explicitly type variables, thereby encouraging
their data files to the Mass Spectrometric Data Protocol shoulghore deliberate programming styles. For example:

consider using the NetCDF utilities ncgen and ncdump. After aia_template_revision = “0.8" //M12345
developers create the NetCDF file they should use the ncdump netcdf_revision = “2.0.1”; //M12345

program to generate the ASCII representation of the data file, ~q cuit the NetCDFE Users Guidefor more complete
and examine it to ensure the data are being correctly put intQ¢o-ation on CDL syntax and usage.

the file. . Lo - 8.2.6 Underline characters only can be used as separators
7.2 Make F|Ie§ fqr NetCDF Libraries and Ut|I|t|e_&In between words within variable names, like:

general the compilation is straightforward. The make files were

modified after they were received from the Unidata Corpora-

tion, because they did not compile the first time on PCs. The 8.2.7 Numerical data types for single values can be declared

changes needed to get the Unidata distribution to run on DO#nplicitly by putting numbers on the right side of an assign-

are (1) rename the file MAKEFILE to UNIX.MK, andg)  ment statement, like:

rename MSOFT.MK to MAKEFILE, and then run NMAKE. peak_number=2; //number of peaks

The default switches_in the_ Unidata distribution use the These numerical datatypes can be floating point or integer
switches for the floating point coprocessor and Microsoft,5,es. and can be implicitly datatyped as such.
Windows options. '

7.2.1 The protocol kit contains some complete makefile ] o
examples for Microsoft C V6.0 running on DOS. The Mi- 8.2.8 Numerical data types can be declared explicitly by
crosoft C V6.0 compiler manual should be consulted for thePreceding the variable definition by its data type. Datatype

aia-template-revision, or aia_template_revision.

:floating_point_attribute = 1.11; //M12345

exact meaning of the compiler and linker options. assignments can be for either single value variable definitions
7.2.2 The VMS and SunOS compilation instructions are inof for array variable definitions, for example:
directories for those operating systems. float detector_maximum_value;
7.3 NetCDF Library Build Order—The NetCDF libraries float ordinate_values(point_number);
must be built in a specific order. The correct order to build the There is also a way to explicitly declare datatypes on the
NetCDF directories is: right side of an assignment operator. Please consult the
uTIL NetCDF User's Guide for details.
XDR 8.2.9 Metadata are associated with a particular variable by
A attaching it to that variable with a colon character, for example:
NCGEN ordinate_values:uniform_sampling_flag=" Y”;
NCTEST ordinate_values:autosampler_position=" 1.01";
7.3.1 The UTIL and XDR makefiles work as distributed 8.2.10 Global metadata can be declared simply by not
using NMAKE with Microsoft C V6.0. attaching it to any variable, for example:

8. CDL Template Structure :aia_template_revision= “0.8"; //M12345

8.1 ANetCDF template is built from CDL statements and is  8:2-11 String attributes can be as long as needed, and are
structured into three sectionst)(dimension declarationsy ~ declared by enclosing the strings in quotation marks, for
variable declarations, an@)(the data section. example:

8.2 Afew points of clarification about the CDL language are -retention_unit= “time in seconds™;
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8.3 Notes About the Mass Spectrometric Data Protocolcontents. These functions make several assumptions; in order
Usage of CDE-Some mandatory indicator codes (M-codes)to ensure proper interaction of the protocol and applications
for data elements such as M1234, M1, etc., are given in somand to avoid memory allocation errors, these rules must be
comment fields of the protocol template. Theseravepart of  followed:

CDL syntax. These refer to whether a given data element is (1) When using API functions to read from a filkke API
mandatory for particular information categories, for exampleallocates memory for character strings and numeric arrays
M1234 specifies that the data element is mandatory fort is the applications’ responsibility to free this memory (using
Categories 1, 2, 3, and 4. These M-codes are also given in tgee()) after the data structure contents have been used. Failure
Specification E 2077. to do so will result in a memory leak.

(2) When using API functions to write to a filéhe API

9. Other Usage Tips S
i ) _ assumes that the application has allocated memory for
9.1 Filename ExtensiorsThe recommended filename ex- character strings and numeric arrays The API file writing

tension is “.cdf,” so that the full name for a NetCDF file would fynctions do not free this memory; however, API functions

be “filename.cdf.” This is used so that parsers used to seleginich clear data structure contents assume that anyNirk:

files can parse filenames based on the “.cdf” extension rathginters reference allocated memory, and will free the memory

than some other non-standard file extension. and clear the pointers. It is acceptable to use pointers to
9.2 Handling of a Missing Variable-The absence of a gtatjcally declared storage, but the application must ensure that

variable implies that it is not in the file. For example, if a get pointers to such storage are not passed to the data structure

operation returns an error condition, this implies that thepitialization routines.

variable does not exist in that file. (3) When reading an interchange fileN&JLL pointer will

9.3 Performance Tip For Data Value Accesdhe point- o yatymed in character string or numeric array fields for which
_humber dimension was originally declared as* unlimited”; . yata is present in the file.

however, this was changed to a finite value because this change
allows getting and putting of an entire array at once. Thisbe
change is minor and will not affect programs, however, it

greatly improves performance. Using point_num as unlimitec{
restricts get/put operations to single values at a time, that is
they are treated as records.

(4) When writing an interchange fil&JULL pointers may
passed in most cases for character strings or numeric arrays
or which no data are present or which are inappropriate or
napplicable. Exceptions are noted in the sections below.

' 10.2 Administrative Information Class

9.4 Getting Valid Date Time Stampsin order to get the MS_Admin_Data . The MS_Admin_Data data structure

correct date-time-stamp values in datasets originating fronhaps the administrative information class attributes and data

DOS and OS/2 systems, the environment variable for timiypes. It is only referenced once in code, either when reading
' I

zone must be set correctly. The recommended procedure is gom or writing to aﬂle.MS_Admm_Data is a typedef. Table .
set the offset form Greenwich Mean Time (GMa) product describes the data structure fields, formal types, and mapping

installation time Some examples of how to set the time-zoneto administrative |.nformat|on class gttrlbutes.
environment variable are as follows: 10.2.1 ms_admin_expt_t: Experiment Type-The default

9.4.1 The command “DOS-PROMPT>tz pst 8 pdt” sets the/alU€ is shown in grey. See Table 2,

time-zone variable to have a GMT offset of Pacific Standard 10-3 Instrument-ID Information Class-
Time (pst), with a value 8 h offset from GMT, at Pacific MS_Instrument__Data ._Instru_ment data occurs on a per-
Daylight Time (pdt). component basis (that is, an instrument may be composed of

9.4.2 The command “DOS-PROMPT>tz est 5 edt” sets the®N€ or more instrument components. The total number of
time-zone variable to have a GMT offset of Eastern Standar§omponents is defined using tives_open_write () or is read
Time (est), with a value fo5 h ofiset for GMT, at Eastern from the interchange file duringns_open_read () (see

Daylight Time (edt). below). When writing, thé/S_Instrument_Data structure is
filled with the data for each instrument component in turn, and
10. Data Structures then is written to the interchange file using successive API

10.1 The protocol data structures form the heart of thecalls. When reading, the number of instrument components is
information interchange. When reading a file, the API loadg€turned in theMS_Admin_Data structure. Data for each
information from the file into the fields of the data structures.component is returned with successive API calls.

The application program is responsible for preparing the data 10.3.1 When both reading and writing, tirest_no field
structures for use by the API functions, for removing themust be filled with the index number of the component. These
information returned by the API, and for clearing the dataindex numbers are arbitrary, but must be sequential beginning
structures for subsequent use in another API call. When writingvith zero. Other fields must be filled in by the application when
a file, the API extracts information from the data structures andriting, or are filled by the APl when reading. The application
writes it to the file. The application program is again respons responsible for initializing theMS_Instrument_Data

sible for preparing and loading information into the datastructure before use, and for clearing its contents between API
structures and then clearing them after the API call. calls. See Table 3.

10.1.1 It is important to emphasize thtdite application 10.4 Sample  Description  Information  Class
program is responsible for the data structure contentsAPI MS_Sample _Data. The MS_Sample_Data structure oc-
functions are provided to initialize and clear data structurecurs once per interchange file. See Table 4.



A0y £ 2078 — 00
“afl

TABLE 1 Data Structure Fields

MS_Admin_Data

Type
char®
char®
char®
char®
char®
char®
char®
v°
Char®

char®
char®
char®

char®
char®
char®
char®
char®
char®
char®
char®
char®
char®
char®
Long

Long

char®
char®
char®
char®
char®

char®

char®
Long

Field Name EA ME
dataset_completeness X
ms_template_revision X
comments

dataset_origin

dataset_owner

experiment_title
experiment_date_time X
experiment_type X
experiment_x_ref_0

experiment_x_ref_1
experiment_x_ref_2
experiment_x_ref_3

netcdf_date_time X
netcdf_revision X
operator_name
source_file_reference
source_file_format
source_file_date_time
external_file_ref_0
external_file_ref_1
external_file_ref_2
external_file_ref_3

languages X
number_times_processed
number_times_calibrated
calibration_history_0
calibration_history_1
calibration_history_2
calibration_history 3
post_expt_program_name

pre_expt_program_name

error_log
number_instrument_components

Specification Attribute

data set completeness®©
template revision level©
administrative comments
data set origin

data set owner

experiment title
experiment date/time stamp
experiment type
experiment cross-
references®

experiment cross-
references®

experiment cross-
references®

experiment cross-
references®

NetCDF file date/time stamp
NetCDF revision level©
operator name

source file reference
source file format

source file date/time stamp
external file references®
external file references®
external file references®
external file references®
languages®

number of times processed
number of times calibrated
calibration history®
calibration history®
calibration history®
calibration history®
post-experiment program
name

pre-experiment program
name

error log

(none)”

A The E column indicates that this is an enumerated set field. Itis recorded in the
interchange file as a string literal, but is represented as an enumerated type in the
data structure.

B The M column indicates that this is a required field. When reading or writing an
interchange file, an error will be generated if a mandatory field is not filled in.

€ These fields are present in the data structure, but do not need to be filled by
the application program when writing an interchange file. The API fills these fields
with the appropriate values. However, on reading a file, the contents of these fields
are filled with allocated strings, and must be freed by the caller.

P (1) Data type is ms_admin_expt_t

EThese fields are defined in the specification as “string array” types. For
convenience of the implementation and to conserve space in the interchange file,
they are defined as separate strings here.

FThe number of instrument components is returned in this field only when
reading an interchange file. It is not used when writing files.

TABLE 2 Experiment Type

ms_admin_expt_t

Value
expt_centroid
expt_continuum
expt_library

String literal
Centroided Mass Spectrum
Continuum Mass Spectrum
Library Mass Spectrum

Specification description
centroided mass spectrum
continuum mass spectrum
library mass spectrum

10.4.1 ms_sample_state_t: —sample stateSee Table 5.

10.5 Test Method Information ClassMS_Test Data.
The MS_Test_Data structure occurs once per interchangeTable 7.
file. Depending on the specifics of the experiment which 10.5.2ms_test_inlet_t: —mass spectrometer inletSee
generated the data set, many fields will most likely beTable 8.
inappropriate or inapplicable. Only those fields which are 10.5.3 ms_test_ioniz_t: —ionization method See Table
appropriate need be changed from the default values set durirgy

TABLE 3 MS_Instrument_Data

Note 1—There are no enumerated sets associated MBh Instru-
ment_Data .

Note 2—All string fields in this structure are restricted to 32 characters
(including terminalNULL).

Type Field Name E M Specification Attribute

Long inst_no X instrument component number

char? name instrument component name

char? id instrument component id

char? manufacturer instrument component manu-
facturer

char? model_number instrument component model
number

char? serial_number instrument component serial
number

char? comments instrument component id com-
ments

char? software_version instrument component software
version

char? firmware_version instrument component firmware
version

char? operating_system operating system revision

char? application_software application software revision

A These fields are present in the data structure, but do not need to be filled by
the application program when writing an interchange file. The API fills these fields
with the appropriate values. However, on reading a file, the contents of these fields
are filled with allocated strings, and must be freed by the caller.

TABLE 4 MS_Sample_Data

Type Field Name E M Specification Attribute
char? owner sample owner
char? receipt_date_time sample receipt date/time stamp
char? internal_id internal sample id
char? external_id external sample id
char? procedure_name sampling procedure name
char? prep_procedure sample preparation procedure
(1)8 state X sample state
char? matrix sample matrix
char? storage sample storage information
char? disposal sample disposal information
char? history sample history
char? prep_comments sample preparation comments
char? comments sample id comments
char? manual_handling manual handling precautions

A These fields are present in the data structure, but do not need to be filled by
the application program when writing an interchange file. The API fills these fields
with the appropriate values. However, on reading a file, the contents of these fields
are filled with allocated strings, and must be freed by the caller.

BData type is ms_sample_state_t

TABLE 5 ms_sample_state t

Value String Literal Specification Description
state_solid Solid solid

state_liquid Liquid liquid

state_gas Gas gas

state_supercrit Supercritical Fluid supercritical fluid
state_plasma Plasma plasma

state_other Other State other state

initialization, and only those which have non-default values
will be read from or written to the interchange file. See Table
6.

10.5.1 ms_test_separation_t: —separation methadSee
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TABLE 6 MS_Test Data

TABLE 8 ms_test_inlet_t

Type Field name E M Specification Value String Literal Specification Description
Attribute inlet_membrane Membrane Separator membrane separator
ms_test_separation_t separation_type X separation inlet_capillary Capillary Direct capillary direct
experiment type inlet_opensplit Open Split open split
ms_test_inlet_t ms_inlet X mass spectrometer inlet_jet Jet Separator jet separator
inlet inlet_direct Direct Inlet Probe direct inlet probe
Float ms_inlet_temperature mass spectrometer inlet_septum Septum septum
inlet temperature inlet_pb Particle Beam particle beam
ms_test_ioniz_t ionization_mode X ionization mode inlet_reservoir Reservoir reservoir
ms_test_polarity_t ionization_polarity X ionization polarity inlet_belt Moving Belt moving belt
Float electron_energy electron energy inlet_apci Atmospheric Pressure atmospheric pressure
Float laser_wavelength laser wavelength Chemical lonization Inlet chemical ionization
char? reagent_gas reagent gas inlet_fia Flow Injection Analysis flow injection analysis
Float reagent_gas_pressure reagent gas inlet_es Electrospray Inlet electrospray inlet
pressure inlet_infusion Infusion infusion
char? fab_type FAB type inlet_ts Thermospray Inlet thermospray inlet
char? fab_matrix FAB matrix inlet_probe Other Probe other probe inlet
Float source_temperature source temperature inlet_other Other Inlet other inlet
Float filament_current filament current
Float emission_current emission current
Float accelerating_potential accelerating o
potential TABLE 9 ms_test_ioniz_t
ms_test_detector_t  detector_type X detector type Value String Literal Specification Description
Float detector_potential detector potential
Float detector_entrance_potential detector entrance ionization_ei Electron Impact electron impact
potential ionization_ci Chemical lonization chemical ionization
ms_test_res_t resolution_type X resolution type ionization_fab Fast Atom Bombardment  fast atom bombardment
char? resolution method resolution method ionization_fd Field Desorption field desorption
ms_test_function_t scan_func_tion X scan function ionization_fi Field lonization field ionization
ms_test_direction t  scan_direction X scan direction ionization_es Electrospray lonization electrospray ionization
ms_test_law_t scan_law X scan law ionization_ts Thermospray lonization thermospray ionization
Float scan time scan time ionization_apci Atmospheric Pressure atmospheric pressure
char? mass_calibration_file mass calibration file Chemical lonization chemical ionization
name ionization_pd Plasma Desorption plasma desorption
char? external_reference_file external reference ionization_|d Laser Desorption laser desorption
file name ionization_spark Spark lonization sparkionization
char? internal reference file internal reference ionization_thermal Thermal lonization thermal ionization
- - file name ionization_other Other lonization other ionization
char? comments instrument
parameter
comments

TABLE 10 ms_test polarity t

A These fields are present in the data structure, but do not need to be filled by

the application program when writing an interchange file. The AP fills these fields Value String Literal Specification Description
with the appropriate values. However, on reading a file, the contents of these fields polarity_plus Positive Polarity positive
polarity_minus Negative Polarity negative

are filled with allocated strings, and must be freed by the caller.

TABLE 7 ms_test_separation_t

10.5.5 ms_test_detector_t: —detector type See Table
11.

10.5.6 ms_test_res_t: —resolution type See Table 12.

10.5.7 ms_test_function_t: —scan function See Table

Value String Literal Specification Description

separation_glc
separation_gsc
separation_nplc

Gas-Liquid Chromatography
Gas-Solid Chromatography
Normal Phase Liquid

gas-liquid chromatography
gas-solid chromatography
normal phase liquid

Chromatography chromatography
separation_rplc Reverse Phase Liquid reverse phase liquid 13.
Chromatography chromatography 10.5.8 ms_test_direction_t: —scan direction See Table
separation_ielc lon Exchange Liquid ion exchange liquid 14
Chromatography chromatography |
separation_selc Size Exclusion Liquid size exclusion liquid 10.5.9 ms_test_law_t: —scan law See Table 15.
Chromatography chromatography 10.6 Raw Data Information Classes
separation_iplc lon Pair Liquid ion pair liquid
Chromatography chromatography

separation_olc
separation_sfc

Other Liquid Chromatography
Supercritical Fluid
Chromatography

Thin Layer Chromatography thin layer chromatography
Field Flow Fractionation field flow fractionation
Capillary Zone Electrophoresis capillary zone
electrophoresis

other chromatography

no chromatography

other liquid chromatography
supercritical fluid
chromatography

TABLE 11 ms_test_detector_t

Specification Description

Value String Literal

separation_tlc
separation_fff
separation_cze

electron multiplier
photomultiplier
focal plane array
Faraday cup
conversion dynode
electron multiplier
conversion dynode
photomultiplier
multi-collector
other detector

detector_em
detector_pm
detector_focal
detector_cup
detector_dynode_em

Electron Multiplier
Photomultiplier

Focal Plane Array

Faraday Cup

Conversion Dynode Electron
Multiplier

Conversion Dynode
Photomultiplier
Multicollector

Other Detector

separation_other
separation_none

Other Chromatography
No Chromatography

detector_dynode_pm

detector_multicoll

10.5.4 ms_test_polarity_t: —ionization polarity See  jetector other

Table 10.
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TABLE 12 ms_test_res_t

TABLE 16 MS_Raw_Data_Global

Value String Literal Specification Description
resolution_constant Constant Resolution constant
resolution_proportional ~ Proportional Resolution proportional

TABLE 13 ms_test_function_t
String Literal

Value Specification Description

Mass Scan
Selected lon Detection
Other Function

function_scan
function_sid
function_other

mass scan
selected ion detection
other function

TABLE 14 ms_test_direction_t
String Literal

Value Specification Description

direction_up Up up
direction_down Down down
direction_other Other Direction other direction

TABLE 15 ms_test law_t

Value String Literal Specification Description
law_linear Linear linear
law_exponential Exponential exponential
law_quadratic Quadratic quadratic
law_other Other Law other law
10.6.1 Raw Data Global Information Class

MS_Raw_Data_Global . The MS_Raw_Data_Global

Type Field name E M Specification Attribute

Long nscans X number of scans

Long starting_scan_no starting scan number

Int has_masses (none)*

Int has_times (none)*

Double mass_factor mass axis scale factor?

Double time_factor time axis scale factor®

Double intensity_factor intensity axis scale
factor®

Double intensity_offset intensity axis offset®

ms_data_mass_t mass_units X mass axis units

ms_data_time_t time_units X time axis units

ms_data_intensity_t intensity_units X intensity axis units

ms_data_intensity_t total_intensity_units X total intensity units

ms_data_format_t mass_format X mass axis data format

ms_data_format_t time_format X time axis data format

ms_data_format_t intensity_format X intensity axis data format

char? mass_label mass axis label

char? time_label time axis label

char? intensity_label intensity axis label

Double mass_axis_global_min mass axis global range”

Double mass_axis_global_max mass axis global range®

Double time_axis_global_min time axis global range®

Double time_axis_global_max time axis global range®

Double intensity_axis_global_min intensity axis global
range”

Double intensity_axis_global_min intensity axis global
range®

Double calibrated_mass_min calibrated mass range®

Double calibrated_mass_max calibrated mass range®

Double run_time actual run time

Double delay_time actual delay time

Short uniform_flag uniform sampling flag

char? Comments raw data global

comments

A These fields are used only when reading an interchange file, and indicate the

structure occurs once per |nterchange f||e The Only requiregesence of mass or time data, or both, in the interchange file. This allows

field isnscans , the number of spectral scans or library spectr

recorded in the set. See Table 16.

10.6.1.1ms_data_mass_t: —mass axis unitsSee Table
17.

10.6.1.2ms_data_time_t: —time axis unitsSee Table 18.

10.6.1.3ms_data_intensity t: —intensity axis unitsSee
Table 19.

10.6.1.4ms_data_format_t: —data format See Table 20.

10.7 Raw Data Per-Scan Information Class

MS_Raw_Per_Scan . A copy of this structure is completed

applications to set up in advance to receive mass or time data or both.

& B 5cale factors default to 1.0. Scale factors are used as follows: When reading
data arrays, the values returned in the arrays should each be multiplied by the
respective scale factor to obtain the true values. When writing data arrays, the
scale factor represents the divisor applied to the true values to obtain the values
recorded in the interchange file. In either case, the numbers present in the mass,
time, and intensity values arrays (see MS_Raw_Per_Scan data structure, below)
represent the scaled, not the true values. The application is responsible for
performing the appropriate scaling when reading or writing.

€ The intensity axis offset defaults to 0.0. There are no offsets for the time or
mass axes. When reading, the offset should be added to the recorded intensity
values (after scaling ) to obtain the true intensity values. When writing, the offset
should be subtracted from the true values (before scaling ).

P These fields are defined in the specification as ranges; for convenience of
implementation, they are split into separate variables for minimum and maximum

once for each scan in the interchange file. When reading oflues.

writing, the scan_no field is used to indicate the index

number of the scan (beginning at zero) to be read or written,
respectively. Scans can be read or written in ascending Oslue
descending order; however, an error will occur if a scanmass m -

number outside the range of one tes¢ans (seeMS_Raw-
_Data_Global , above) is specified.

10.7.1 There are no enumerated types in th&_Raw-
_Per_Scan data structure. See Table 21.

10.8 Library Data Per-Scan Information Class

MS_Raw_Library —This structure occurs once per spectrum,

but only for experiment typexpt_library . For other experi-

ment types, this structure is not used. An error will result when
trying to read or write library information for experiment types

other thanexpt_library . As in MS_Raw_Per_Scan, the

scan_no variable must be set to the desired scan index before
both reading and writing. An out-of-range index results in an

error. There are no enumerated types. See Table 22.

TABLE 17 ms_data_mass_t
String Literal

Specification Description

M/z m/z
mass_arbitrary Arbitrary Mass Units arbitrary units
mass_other Other Mass Units other units

10.8.1 Size Restrictions on other Library String Fields

(including terminalNULL):

entry_id 32 bytes
source_data_file_reference 32 bytes
chemical_formula 64 bytes
wiswesser 128 bytes
smiles 255 bytes
other_structure 128 bytes
retention_reference_name 128 bytes
other_info 255 bytes

10.9 Raw Data Per-Scan-Group Information Class
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TABLE 18 ms_data_time_t
Value String Literal

TABLE 21 MS_Raw_Per_Scan

Specification Description Note 1—Mass, time, and intensity arrays are declared/aid *. In

use, however, they are declared as arrays of type appropriate to the mass,
time, and intensity data format (sé4S_Raw_Data_Global , above),

time_seconds Seconds seconds
time_arbitrary Arbitrary Time Units arbitrary units

time_other Other Time Units other units and simply cast tovoid * in the data structure. On writing, the API
extracts the data and casts it back to the appropriate types before writing
to the file. On reading, the API creates new arrays of the correct types,
TABLE 19 ms_data_intensity t reads data into them, then casts void * before returning to the
Value String Literal Specification Description application.
intensity_counts Total Counts total counts Type Field name M Specification Attribute
intensity_cps Counts Per Second counts per second Long scan no X scan number
intensity_volts Volts volts Long actual_scan_no x  actual scan number
intensity_current Current current Long points X number of points
intensity_arbitrary Arbitrary Intensity Units arbitrary units voidA masses X mass axis values?
intensity_other Other Intensity other units void? times X time axis values?
voidA intensities X intensity axis values®
Long flags X number of flags
A c
TABLE 20 ms_data_format_t long A flag_peaks flagged pe?:ks
= - - short flag_values flag values
Value String Literal Specification Description Double total_intensity total intensity
data_short Short short (16-bit signed integer)* Double a_d_rate " d Samp“.ng rate
o ) B Short a_d_coadditions a/d coaddition factor
data_long Long long (32-bit signed integer) ) o
. ) : Double scan_acq_time scan acquisition time
data_float Float float (32-bit floating point) - )
. f : Double scan_duration scan duration
data_double Double double (64-bit floating point)
Double mass_range(2] mass scan range
A Default for mass and time data. Double time_range[2] time scan range
B Default for intensity data. Double inter_scan_time inter-scan time

Double resolution resolution

. : A On reading, one of these pointers may be returned as NULL if the respective
MS_Raw_Per_Group - This structure is only used when the data is not found in the file. On writing, if one of these types is not present for all

scan function is selected ion detectioimr(ction_sid), and scans in the file , a NULL pointer may be passed in for the missing type. Either
occurs once per scan group. TQE)UD no variable must be mass values, time values, or both must be present . All mass/intensity or

t to the desired ind bef B th di d iti time/intensity data occur as matched pairs; mass/time/intensity data occur as
setio the eS|re_ group in eX_ efore both reading and wri Ingnatched triplets. Therefore, if mass/time/intensity values are present for one scan,
An out-of-range index results in an error.

they must be present for all scans. Mass data is an array of mass_format type ;
There are no enumerated types. See Table 23. time data is an array of time_format type. All datum values, whether mass or

time, are recorded in ascending order.

l . . f On writing, if a scan has no data (points = 0 ), then NULL pointers may be
11. App ication PrOgrammmg Interface passed for masses, times, intensities, flag_peaks , and flag_values . On read-

11.1 There are a number of commonly used functiondd NULL pointers will be returned. — ©
. . . L . . Intensity axis values are an array of intensity_format type. There must be a
available in the appllcatlon programming interface. These alGne-to-one match between intensity datum points and the corresponding mass,
grouped as follows: time or mass/time point.
; P i : € On writing, these pointers may be passed as NULL if flags = 0. On reading,
11.1.1 Open_mg and Clc,)s_mg mterChange files, NULL pointers will be returned if there are no flagged peaks.
11.1.2 Reading and writing global data, On either reading or writing, the datum values in the flag peaks array
11.1.3 Reading and writing per-component instrument datasorrespond to the index of the peak in the mass or time values array (starting at
: iy _ . zero). For example, a scan with ten masses, the first, fifth, and sixth of which are
11.1.4 Readmg and vv_nt_mg_ per scan raw an_d I|brary data’flagged, would have a flag_peaks array containing the values (0, 4, 5).
11.1.5 Data structure initialization and clearing, and Flag_values datum points are each the logical OR of individual flag values, and
11.1.6 Uti|ity routines. apply to the corresponding datum point in the flag_peaks array.
11.2 There are some additional APl functions of lesser
importance; these are not required for normal use of the 11.3.1 ms_open_read —open an interchange file for
protocol, but are described for completeness. reading:
11.2.1 Note that, the header file “ms10.h” referenced below
existed in earlier, preliminary, non-ASTM implementations Syntax:
also named “msl11.h” and subsequently “msl12.h”. It was #include “ms10.h”
finally named, perhaps confusingly, “ms10.h” to indicate a int ms_open_read ( char * filename)
version “1.0” for the originally intended AIA standard.
11.3 File Open and Close-Interchange files are opened Description:
either for reading or writing. On most operating systems, The ms_open_read routine opens the interchange file
opening a file for writing will destroy any existing file of the named byfilename and associates a file identifier with it. Any
same name (on VMS, a new version is created). A file openedimensions and variables defined in the file are read into
for reading must already exist. There are two file open APlinternal API data structures. The file must exist, be readable,
calls, one for read access and one for write access. Thesad be an interchange format file.
functions do much more than open the file; they read in or write
out NetCDF dimension names and sizes and variable namé®eturn values:
and dimensionalities, respectively, and place the file in the If successful, thems_open_read routine returns a non-
appropriate mode for further operations. negativeint file identifier for use in subsequent API calls. On
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TABLE 22 MS_Raw_Library

Type Field name E M Specification Attribute

Long scan_no X (none)

char? entry_name X entry name?

char? entry_id entry id

Long entry_number original entry number

char? source_data_file_reference source data file reference

char? cas_name CAS name”

char? other_name_0 other names*

char? other_name_1 other names*2

char? other_name_2 other names™2

char? other_name_3 other names*

Long cas_number CAS number

char? formula chemical formula

char? wiswesser Wiswesser notation

char? smiles SMILES notation

char? molfile_reference MOL file reference name

char? other_structure other structure notation

Double  retention_index retention index

char? retention_type retention index type

Double  absolute_retention absolute retention time

Double  relative_retention relative retention

char? retention_reference retention reference name

Long retention_cas retention reference CAS
number

Float mp melting point

Float bp boiling point

Double  chemical_mass chemical mass

Long nominal_mass nominal mass

Double  accurate_mass accurate mass

char? other_info other information

AThere are a maximum of six names (entry, CAS, and four other) permitted per

entry. A limit of 255 characters per name is imposed.

BThese fields are defined as a string array in the specification document; they

are implemented are separate string variables here for convenience.

TABLE 23 MS_Raw_Per_Group

Type Field name E M Specification Attribute

Long group_no X  (none)

Long mass_count X number of masses in group
Long starting_scan X starting scan number
double” masses X group masses®

double” sampling_times sampling times”

double” delay_times delay times*

AThese are parallel arrays; that is, for every mass, there is a corresponding
sampling time and delay time entry. The delay time for the last mass in the group
may be set to zero (since there is no next mass).

Important —The API assumes that these three arrays have constant dimension-

ality equal to the maximum number

after use.

error, the routine returns the error couls_ERROR (defined

in ms10.h).

11.3.2 ms_open_write —open an interchange file for

writing:

Syntax:
#include

ms_data_format_t
_times)

Description:

The ms_open_write

“ms10.h”
int ms_open_write ( char *
_expt_t expt_type, long nscans, long ninst, ms-
_data_format_t mass fmt, ms_data_format_t time_fmt,
inty_fmt, int has_masses, int has-

filename , ms_admin-

of masses in any group. (See ms_write-
_group_global () and ms_read_group_global () , below). On input or output, the
API fills unused values with the floating point default. On file write, these arrays are
assumed to be defined (and owned) by the caller. On file read, the arrays will be
dynamically allocated by the API. It is the caller’s responsibility to free this storage

change file specified bflename and associates a file identifier
with it. The NetCDF dimension and variable definitions are
written to the file, then the file is placed in data recording
mode. The application must have the file system permissions
necessary to create and write to the file.

The other arguments are:

expt_type the enumerated set value which specifies the experi-
ment type.

nscans number of scans to be recorded

ninst number of instrument components (if zero, instrument
variables will not be defined in the file)

mass_fmt the enumerated set value which specifies the mass
values type

time_fmt the enumerated set value which specifies the time val-
ues type

inty_fmt the enumerated set value which specifies the intensity
values type

has_masses if non-zero, specifies that mass data will be recorded

has_times if non-zero, specifies that time data will be recorded;

one of these two arguments must be non-zero.

Return values:

If successful, thans_open_write routine returns a non-
negativeint file identifier for use in subsequent API calls. On
error, the routine returns the error coilssS ERROR.

11.3.3 ms_close —close an open file:

Syntax:
#include
void ms_close ( int

“ms10.h”
file_id )

Description:

The ms_close routine closes the previously opened inter-
change file associated with the file identifiéife_id and
disassociates the file identifier. No additional API calls may be
made using the file identifier after this call completes.

Return values:

No values are returned. Any errors are ignored.

11.4 Reading and Writing Global Data-Global data occurs
once per interchange file. Data structures which contain global
data areMS_Admin_Data, MS_Sample_Data, MS_Test-
_Data, and MS_Raw_Data_Global . In the implementa-
tion, most of the fields in these data structures are written as
NetCDF dimensions or global attributes.

11.4.1 ms_read_global —read global information:

Syntax:

#include “ms10.h”

int ms_read_global ( int file_id , MS_Admin_Data *
admin_data , MS_Sample_Data*sample_data , MS_Test-
_Data * test data, MS_Raw_Data_Global * raw_data )

Description:

Reads global information from the interchange file associ-
ated with file_id. The file must have been opened using
ms_open_read . Pointers to the data structures must be
nonNULL and reference valid structures. On return, the data
structure fields will be filled with values read from the
interchange file. See the discussion of data structure initializa-

routine creates and opens the inter-tion and clearing, below.
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formation.

Return values:

If the call is successful, the code!lS NO ERROR is  Syntax:
returned. On an error, the coldS_ERROR is returned. An #include “ms10.h”
error will occur if the file identifier is invalid, any data structure  int ms_write_group_global (int  file_id, long number-
pointer isNULL, memory allocation fails to allocate storage of groups, long maximum_number_of_masses_in-
for input data, or on an internal NetCDF error. _group)

11.4.2 ms_write_global —uwrite global information:

Description:

Syntax: The ms_write_group_global  function defines global
#include “ms10.h” scan group information to the interchange file associated with
int ms_write_global ( int file_id, MS_Admin_Data * file_id. The file must have been opened usimg_open-

admin_data, MS_Sample_Data * sample data, MS_T-  _write . Scan group information is storealy for experiments

est_Data * test data, MS_Raw_Data_Global * raw data  for which the scan function inction_sid . Scan group data

) is stored as a block of dimensionumber_of _groups by

maximum_number_of_masses_in_group. Extra values in

Description: any group which contains fewer than theaximum_number-
Writes global information to the interchange file associated of masses_in_group will be set to the default floating point

with file_id. The file must have been opened usimg_open- value. There is no implementation-defined upper limit for

_write . Pointers to the data structures must be Ni-L and  number_of_groups or maximum_number_of _masses_in-
reference valid structures. Values are extracted from the datagroup, but when writing an interchange file, these should be
structure fields and are written to the interchange file. It isset to the actual values encountered in the file.

important to initialize the data structures (usimg_init_glo-

bal () ) before filling them. Any data structure element which Return values:

has a NULL value will not be written. See the discussion of If the call is successful, the codelS_NO_ERROR is

data structure initialization and clearing, below. returned. On an error, the cotiéS_ERROR is returned and
zeros are stored in the pointer locations. An error will occur if
Return values: the file identifier is invalid, if the interchange file is not open
If the call is successful, the codS_NO_ERROR is for writing, or on an internal NetCDF error.
returned. On an error, the coddS ERROR is returned. An 11.5 Reading and Writing Instrument Informatien
error will occur if the file identifier is invalid, any data structure Instrument information is stored in the interchange file as
pointer is NULL, or on an internal NetCDF error. arrays of fields, one array element per instrument component.
11.4.3 ms_read_group_global —read group global in- This information is read and written on a per-component basis.
formation To implement indexing into these arrays, each component is
assigned an index number, from zero to
Syntax: (number_instrument_components-1) as specified in the
#include “ms10.h” MS_Admin_Data structure (and in theninst argument to

int ms read group g|oba| ( int file [d, |0ng * num- mS_Open_WritE). The aSSignment of index numbers to com-
ber_of_groups, long* maximum_number_of masses_in- ~ Ponents is arbitrary, and since instrument component informa-

_group) tion is sim_pl_y character strings, there is_no programmatic way
of determining what each component is (for example, a gas
Description: chromatograph or a mass spectrometer). With future refine-

The ms_read_group_global  function retrieves global Ment of the data interchange specification for GLP/GALP,

scan group information from the interchange file associate§0Me€ means of identifying component types may be devel-
with file_id. The file must have been opened using open- ~ OP€d.

_read. Scan group information is stored only for experiments Ms_read_instrument or ms_write_instrument can only

for which the scan function igunction_sid . If the scan be calledafter calls toms_open_read andms_read_global
function for the file is nofunction_sid or no scan group data O ms_open_write andms_write_global, respectively.

has been recorded in the file, zeros will be stored in the 11.5.1 ms_read_instrument —read instrument informa-
locations pointed to bywmber_of groups and maximum-  tion.

_number_of _masses_in_group.

Syntax:
Return values: #include “ms10.h”
If the call is successful, the cod®lS NO ERROR is int ms_read_instrument (int  file_id, MS_Instrument-

returned. On an error, the coMS NO_ERROR is returned. _Data * component_data )
An error will occur if the file identifier is invalid, any data
structure pointer iSfNULL, or on an internal NetCDF error. Description:
11.4.4 ms_write_group_global —uwrite group global in- The ms_read_instrument routine reads information for a

10
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single instrument component from the interchange file referand intensity data format fields. Application programs are
enced byfile_id. The file must have been opened usingresponsible for ensuring that formal types and actual types are
ms_open_read. The pointer to thecomponent _data struc-  consistent for these arrays, otherwise their contents will be
ture must be valid, and thimst_no field must be set to the written or read incorrectly (and will end up as garbage in the
index number of a valid instrument component. Upon afile or in the data structure).

successful return, the other fields in the data structure will be For both reading and writing, ttezan_no field in both data
filled with component data read from the file. This routine structures must be set to the desired scan index. There is no
should be called once for each component; the data structutmncept of “the next scan”, so the scan index must be explicitly
should be cleared after each call to ensure that memorgpecified on both read and write.

allocated during the previous call is freed. ms_read_per_scan or ms_Write_per_Scan can on|y
be calledafter calls toms_open_read andms_read_glo-
Return values: bal orms_open_write andms_write_global , respectively.

On a successful return, the data structure contents are filled 11.6.1 ms_read_per_scan —read per-scan information.
out and the cod®éS_NO_ERROR is returned. On error, the
codeMS_ERROR is returned. Errors will occur if théle_id Syntax:

is not valid, the data structure pointer is NULL, thest_no #include “ms10.h"
value is out of range, or on an internal NetCDF error. On an it mgs read per scan ( int file_id, MS_Raw_Per-
error return, data structure contents are not valid. Scan * scan_data, MS_Raw_Library * library data )
11.5.2 ms_write_instrument —write instrument infor-
mation. Description:
The ms_read_per_scan routine reads information for a
Syntax: single scan from the interchange file referenced by file_id. The
#include “ms10.h” file must have been opened usimgs_open_read . The
int ms_write_instrument ( int file_id, MS_Instru- pointer to the scan_data structure must be valid, and the
ment_Data * component data ) scan_no field must be set to the index number of a valid
scan. If the experiment type é&xpt_library , thelibrary data
Description: structure pointer must also be valid, andstsan_no field set

Thems_write_instrument routine writes information for to the same scan numbédtor other experiment types, the
a single instrument component to the interchange file referkbrary data pointer MUST be NULL. Upon a successful
enced byfile id. The file must have been opened usingreturn, the other fields in the data structure(s) will be filled with
ms_open_read . The pointer to thecomponent_data struc-  raw (and library, if appropriate) data read from the file. This
ture must be valid, and thiast_no field must be set to the routine should be called once for each scan; the data struc-
index number of a valid instrument component. Upon ature(s) should be cleared after each call to ensure that memory
successful return, the other fields in the data structure must located during the previous call is freed.
filled with component data read to be written to the file. This
routine should be called once for each component; the dat&eturn values:

structure should be initialized before each call. On a successful return, the data structure contents are filled
out and the codMS _NO_ERROR is returned. On error, the
Return values: codeMS_ERROR is returned. Errors will occur if théle id

On a successful return, the coddS NO ERROR is is not valid, theMS_Raw_Per_Scan data structure pointer is
returned. On error, the coddS_ERROR is returned. Errors  NULL, thescan_no value is out of range, or on an internal
will occur if the file_id is not valid, the data structure pointer NetCDF error. Errors will also occur if a nadULL pointer is
is NULL, theinst_no value is out of range, or on an internal supplied for non-library files. On an error return, data structure
NetCDF error. contents are not valid.

11.6 Reading and Writing Scan InformatierScan infor- 11.6.2 ms_write_per_scan —write per-scan information.
mation, both raw and library, is stored in the interchange file as
arrays of fields. In each array, one field is designated for eachyntax:

scan. Information is read and written on a per-scan basis. Each#include “ms10.h”
scan has a scan number, an index in the range zero toint ms_write_per_scan ( int file_id, MS_Raw_Per-
(nscans-1) from the data structur®lS_Raw_Data_Global _Scan * scan_data, MS_Raw_Library * library data)

(and the argument tms_open_write ).

MS_Raw_Per_Scan data must be supplied for each scan, Description:
for all experiment types. For experiment typgpt_library Thems_write_per_scan routine writes information for a
only, MS_Raw_Library data must also be supplied for each single scan to the interchange file referencedily id. The file
scan. Both data structures should be properly initialized (andhust have been opened usintgs_open_write . The pointer
cleared, if appropriate). As described above, mass, time, artd the scan_data structure must be valid, and tlsean_no
intensity arrays are casttoid* pointers in the data structures, field must be set to the index number of a valid scan. If the
but are actually of formal types as specified by the mass, timeexperiment type isexpt_library , the library data structure

11



A0y £ 2078 — 00
“afl

pointer must also be valid, and iszan_no field set to the be settothélS _NULL_FLT default. The caller is responsible
same scan numbdror other experiment types, thelibrary-  for freeing the arrays after use. An initialization function,
_data pointer MUST be NULL. This routine should be called ms_init_group , is provided for this purpose (see below).
once for each scan; the data structure(s) should be initialized

(and cleared, if appropriate) before each call. See the discufketurn values:

sion of the MS_Raw_Per_Scan and MS_Raw_Library On a successful return, the valviss NO_ERROR will be

data structures above for more details returned, and the data structure completed. On error, the value
MS_ERROR will be returned and the data structure contents

Return values: will be undefined. Errors will occur if the file identifier is

On a successful completion, the cad& NO_ERROR is invalid, the file is not open for reading, the group index is out
returned. On error, the coddS_ERROR is returned. Errors of range, any pointer is NULL, or on an internal error.
will occur if the file_id is not valid, theMS Raw_Per_Scan 11.7.2 ms_write_per_group —write per-scan informa-
data structure pointer iINULL, thescan_no value is out of tion.
range, or on an internal NetCDF error. Errors will also occur if
a nonNULL pointer is supplied for non-library files. Syntax:
11.7 Reading and Writing Scan Group Informatietscan #include “ms10.h”
group information is stored for experiments in which that scan int ms_write_per_group (int  file_id, MS_Raw_Per-
function isfunction_sid . Scan groups have no meaning for _group * group _data)
other scan function types. Once scan group global information
has been written to or retrieved from an interchange file (se®escription:
ms_write_group_global  and ms_read_group_global , Thems_write_per_group function writes information for
above), data for each scan group is then written or read. Thg single scan to the interchange file referencediley id. The
MS_Raw_Per_Group data structure is filled for writing or file must have been opened usimgs_open_write . The
reading each scan group. pointer to thegroup_data structure must be valid, and the
Scan group mass, sampling time, and delay time informatiogroup_no field must be set to the index number of a valid
is stored as a rectangular block, dimensionechber of scan group. Themass_count field must be set to the actual
groups by maximum number of masses in any gr@ee number of masses in the group (which must be less than or
above). In order to ensure that unused elements in the arraggual to the maximum declared in thmes_write_group-
can be properly filled with default values, all arrays in _global call). Themasses, sampling_times , anddelay-
MS_Raw_Per_Group are of length maximum number of _times arrays must be set by the caller, and must be of a
masses in group. On writing, the API creates and fills thdength equal to the maximum number of masses. Any unused
arrays, and it is the caller’s responsibility to free them after usearray elements will be set to thdS_NULL_FLT default.
Failure to do so will cause a memory leak on successive calls

to ms_read_per_group . Return values:

ms_read_per_group can only be calledafter calls to On success, the valudS_NO_ERROR will be returned,
ms_open_read andms_read_group_global. ms_write- while on error, the valuéS_ERROR will be returned. Errors
_per_group can only be called after calls tms_open- will occur if the file identifier is invalid, the file is not open for

_write and ms_write_group_global . On both read and writing, the group index is out of range, and pointeNiJLL,
write calls, thegroup_no field must be filled with the desired or on an internal error.

group number prior to calling. Errors will result otherwise. 11.8 Data Structure Initialization and Clearing-Three rou-
11.7.1 ms_read_per_group —read per-scan group infor- tines are provided for initializing and clearing data structure
mation. contents. On writing, the API routines copy the contents of data
structures into the file; any data structure fields which have
Syntax: NULL values are generally ignored. On reading, API routines
#include “ms10.h” copy values only into data structure fields for which data is
int ms_read_per_group ( int file_id, MS_Raw_Per- present in the interchange file. Other fields are left with NULL
_Group * group_data) values.
11.8.1 The initialization and clearing routines have the
Description: following conventions for initializing data structure fields:
The ms_read_per_group function reads information for (1) All float and double fields are initialized to the
a Sing|e scan group from the interchange file referenced b?onstanMS_NULL_FLT, defined in the include file ms10.h.
file_id. The file must have been opened usimg_open- (2) All short andlong fields are initialized to the constant

_read. The pointer to the group_data structure must be validMS_NULL_INT.

and thegroup_no field must be set to the index number ofa  (3) All char * andvoid * pointers are initialized tolULL .
valid group. Upon a successful return, the fields in the data 11.8.1.1 Orclearingoperations, the memory referenced by
structure will be filled in. Themasses, sampling_times all nonNULL pointers is freed before initialization. Oni-
anddelay_times arrays will be allocated by the APl and filled tialization, the pointers are simply set dULL, regardless of
with values read from the file. Any unused array elements willcontent.Initializing data structures which contain pointers to

12



A0y £ 2078 — 00
“afl

allocated memory could cause a memory leak if the pointer The function has no return value; any internal errors are
references are not remembered elsewhere by the applicatiagnored.
Data fields containing pointers to statically allocated memory 11.8.4 ms_init_per_scan —initialize per-scan data struc-
should not becleared or memory access errors will occur.  tures

11.8.1.2 In all routines below, the first parameter is a
Boolean flag which indicates whetheickear or aninitializa- Syntax:
tion should be performed. If non-zero, the fields ateared #include “ms10.h”
otherwise they arénitialized. The remaining parameters are void ms_init_per_scan ( int clear_flag, MS_Raw-
pointers to data structures; ifNULL is passed in place of any _Per_Scan* raw_data, MS_Raw_Library * library data)
pointer, the data structure reference represented by that argu-

ment is ignored without error. Description:
11.8.2 ms_init_global —initialize global data structures The ms_init_per_scan routine initializes (and optionally
clears, ifclear_flag is non-zero) the contents of the per scan
Syntax: raw and library data structures. Any pointer passed as NULL is
#include “ms10.h” ignored. Data structures should lnitialized before use, and

clearedafter use. Allms_read_... routines allocate memory
for strings and numeric arrays; failure ¢tear data structures
containing such fields after a read will result in a memory leak
unless the pointers have been copied to other locations. New
memory is allocated for each read operation; old pointers are
not reusedand their contents will become lost if not properly
cleared.

void ms_init_global (int clear_flag, MS_Admin_Data
* admin_data, MS_Sample_Data * sample_data, MS_T-
est Data * test data, MS_Raw_Data_Global * raw-
_data)

Description:

The ms_init_global routine initializes (and optionally
clears, if clear_flag is non-zero) the contents of global data Retyrn values:
structures. Any pointer passed &ULL is ignored. Data  The function has no return value; any internal errors are
structures should baitialized before use, and cleared after ignored.
use. Allms_read_... routines allocate memory for strings and
numeric arrays; failure tolear data structures containing such
fields after a read will result in a memory leak unless the
pointers have been copied to other locations. New memory i
allocated for each read operation; old pointers are not reuse
and their contents will become lost if not properly cleared.

11.8.5 ms_init_per_group —initialize per-scan group
ata structure

ntax:
'#include “ms10.h”
void ms_init_per_group ( int  clear_flag, ms_Raw-

*
Return values: _Per_Group * group_data

The function has no return value; any internal errors Ar&escription:

ignored. S The ms_init_per_group function initializes (and option-
11.8.3 ms_init_instrument —initialize instrument data ga|ly clears, if clear flag is non-zero) the contents of the

structure per-scan group data structure. Any pointer passedUisL is
ignored. Data structures should betialized before use and
Syntax: clearedafter use. Allms_read_... routines allocate memory
#include “ms10.h” for strings and arrays; failure tdear data structures containing
void ms_init_instrument (int  clear_flag, MS_Instru- such fields after a read will result in a memory leak unless the
ment_Data * component_data ) pointers have been cached for later release by the application.
New memory is allocated for each read operation; old pointers
Description: are not reused and their contents will become lost if not

The ms_init_instrument ~ routine initializes (and option- Properly cleared.
ally clears, if clear_flag is non-zero) the contents of the
instrument component data structure. Any pointer passed 43turn values: .
NULL is ignored. Data structures should be initialized before This function has no return value; any internal errors are
use, ancclearedafter use. Allms_read_... routines allocate ignored.
memory for strings and numeric arrays; failuredear data 11.9 Utility Functions
structures containing such fields after a read will result in a 11.9.1 ms_read_TIC —read total ion chromatogram
memory leak unless the pointers have been copied to other
locations. New memory is allocated for each read operationPyntax:

old pointers areot reusedand their contents will become lost  #include “ms10.h”

if not properly cleared. int ms_read_TIC (int file_id, long * number_of poin-
ts in_TIC, double * * TIC intensities, double * * TIC-

Return values: _times)

13
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two time functions:gmtime() and localtime(), which return

Description: GMT and local time, respectively. Thgmtime() function
The ms_read_TIC routine is a convenience function to should be used if possible.

permit reading the total ion chromatogram in a single call,
rather than retrieving the TIC point-by-point through succes-Return values:
sive calls to thems_read_per_scan routine. Before this On success, the routine retu$ NO_ERROR. On error,
function can be called, the routiness_open_read and the codeMS ERROR is returned. Errors will occur if the data
ms_read_global must be called (in that order). Arguments to structure pointer iNULL, and on conversion from a string, if
this function are a pointer to a variable which will be loadedthe string pointer isNULL or the string has length shorter
with the number of points in the TIC array and pointers whichthan that of a proper 1ISO 8601 string.
will be loaded with the addresses of arrays containing the TIC 11.9.3 ms_string_to_enum —string literal to enum con-
intensity and the time values. These arrays are allocated during:rsion
the call toms_read_TIC and must be freed by the caller after

use. Syntax:
#include “ms10.h”
Return values: int ms_string_to_enum ( char * string )

On success, the valldS_NO_ERROR is returned, and the
two pointers will be set as described. If the call fails, the errorDescription:
codeMS_ERROR will be returned,number_of_points_in- The ms_string_to_enum  routine performs a lookup of

TIC will be set to zero, and/C_intensities and TIC_times  the string value and returns the corresponding enumerated type

will be set toNULL . Failure will occur if the file id is invalid, value. The lookup is case-insensitive; white space is signifi-
any pointer isNULL, or an internal error occurs. cant, and must match, however.

11.9.2 ms_convert_date —ISO 8601 date conversions
Return values:

Syn_tax: On a successful lookup, the routine returns the enumerated
#include ms10.h type value (cast tint). On error, the routine returns the code

typedef struct { _ MS_ERROR. Errors will occur if thestring pointer isNULL

icn*:ar jter;”rg or the string can not be found in the lookup table.

int month; 11.9.4 ms_enum_to_string —enum to string literal con-

int day; version

int hour;

int minute;

int second; Syntax:

int differential; #include “ms10.h”

MS_Date_Time; . .
) - char * ms_enum_to_string (int  enum_value)

int ms_convert_date (int to_string flag, MS_Date_Time * date_info)
Description:
Description: The ms_enum_to_string routine performs a lookup of

The ms convert date routine converts date and time the enum_value value (cast toint) and returns the corre-
information to or from ISO 8601 time stamp string format andSPonding string literal value. The returned striflJST be
integer values. If theto_string_flag is non-zero, thestring _treated as read-only, since the pointer references a static table
field is loaded with a time stamp in ISO 8601 format using the/® Memary.
remaining integer fields. This string is allocated from memory,
and must be freed after use. If the flag is zero, thersthing Return values:
field (which must be in ISO 8601 format) is parsed into the ©On a successful lookup, the routine returns the pointer to the
appropriate integer data fieldgear is an absolute number (for character string corresponding to the enumerated type value.
example, 1992), referenced to 0 ABour is on a 24-h system, On error, the routine returns IMULL pointer. An error will
with values from 0 to 23Minute ranges from 0 to 59. Second occur if theenum_value is out of range.
ranges from 0 to 61, allowing for two “leap seconds.” 11.9.5ms_copy_array —array data type conversion
Differential is the signed offset in hours and minutes from
Greenwich Mean Time. A complete description of the 1SOSyntax:

8601 time stamp format can be found in Specification E 2077. #include “ms10.h”

Time data shouldalways be presented as Coordinated void ms_copy_array ( void *  input_array, ms-
Universal Time (UTC or Greenwich Mean Time, as dissemi-_data_format_t input_type, long input_count, void *
nated by time signals); this is local time plus the differential,output_array, ms_data_format_t output_type, int round-
which therefore, shows the correction to local time. If only_flag)
local times were (incorrectly) used, then interchange files
recorded in different time zones would be improperly timeDescription:
stamped on the receiving end. The POSIX standard specifies The ms_copy_array copies a numeric array of one data
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type into an array of another data type, with optional rounding 11.10.3ms_write_dimensions —write dimension defini-
of floating point values to integers. This routine is useful whentions

data read from an interchange file is in a different format than

that desired for the target data file or vice versa. Both input an&yntax:

output arrays must exist, and the output array must be of a size #include “ms10.h”

sufficient to holdinput_count values. If the input is a floating int ms_write_dimensions ( int  file_id, long nscans,
point type (that isdata_float or data_double ), the outputis  |ong ninst)

an integer type (that islata_short ordata_long ), then if the

round_flag is non-zero, rounding will occur prior to truncation Description:

to the integer. No checking is made for overflow, underflow, or The ms_write_dimensions routine is used by

loss of significance. ms_open_write to define the standard dimensions to the
interchange file. It should never be used by applications unless
Return values: the standardms_open_write routine is replaced with a
There is no return value. custom versionNscans is the number of scans to be written;

11.10 Miscellaneous Internal RoutinesThe following rou-  ninst is the number of instrument components (may be zero).
tines are used internally by other API functions and are not The protocol dimension names and sizes are defined in
generally used by application developers. Under special cirinternal data structures which are inaccessible to application
cumstances, such as reading or writing vendor-specific inforprograms.
mation in interchange files, these routines may be useful.

11.10.1 ms_associate_id —allocate protocol internal Return values:

data On a successful return, the coddS NO ERROR is
returned. On erroMS_ERROR is returned. Errors will occur
Syntax: if the file_id does not correspond to a valid interchange file, if
#include “ms10.h” the interchange file is not opened for writing, if the file is not
int ms_associate_id (int file_id) in definition mode, or on an internal NetCDF error.
11.10.4ms_read_dimensions —read protocol dimen-
Description: sion definitions

The protocol API uses a number of internal variables which
reference NetCDF variables, dimensions, and other paranByntax:
eters. When an interchange file is opened for reading or #include “ms10.h”
writing, a unique set of these internal variables is associated int ms_read_dimensions ( int  file_id)
with the NetCDF file id. This function creates the internal
variable set and the association with file id. It is the first stepDescription:

after thencopen or nccreate function call. Thems_read_dimensions routine is used byns_open-
_read to extract the standard dimensions from the interchange
Return values: file. It should never be used by applications unless the standard

On a successful return, the coddS_NO_ERROR is  ms_open_read routine is replaced with a custom version.
returned. On erroMS_ERROR is returned. Errors will occur - The protocol dimensions which have been defined in the file
if the internal variable set cannot be allocated or an internahre read into internal data structures inaccessible to application

NetCDF error occurs. programs.
11.10.2 ms_dissociate_id —free AIA MS internal data
definitions Return values:
On a successful return, the coddS_NO_ERROR is
Syntax: returned. On erroMS_ERROR is returned. Errors will occur
#include “ms10.h” if the file_id does not correspond to a valid interchange file, if
int ms_dissociate_id (int file_id) the interchange file is not opened for reading, or on an internal
NetCDF error.
Description: 11.10.5ms_write_variables —write protocol variable

The ms_dissociate_id routine removes the association definitions.
between the NetCDF file id and internal data structures, and
frees the space allocated for those data structures. This routisgyntax:

is used inms_close as the last step in closing an interchange #include “ms10.h”
file. int ms_write_variables ( int file_id, ms_admin-
_expt_t expt _type, ms_data_format_t mass_fmt, ms-
Return values: _data_format_t time_fmt, ms_data_format_t intensity-
On a successful return, the coddS_NO_ERROR is _fmt, int has_masses, int has_times)

returned. On erroMS_ERROR is returned. Errors will occur
if the file_id does not correspond to a valid interchange file Description:
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Thems_write_ variables routine is used by ms_open_write (file) basis use the constaNiC_GLOBAL .
to define the standard variables to the interchange file. It should There is no Corresponding function fw'rmng enumerated

never be used by applications unless the standasdopen-  attribute values; it is easy to write one using the functions
_write routine is replaced with a custom version. ms_enum_to_string and ncattput (from the NetCDF
The arguments are the same as those useth®yopen- toolkit).

_write . The standard variable names and dimensionalities are
defined in internal data structures which are inaccessible tReturn values:

application programs. On a successful return, the enumerated type value (cast to
_ int) is returned. On erroMS_ERROR is returned. Errors will
Return values: occur if thefile_id does not correspond to a valid interchange

On a successful return, the coddS_NO_ERROR is fjle, if the interchange file is not opened for reading, if the
returned. On erroMS_ERROR is returned. Errors will occur  attribute does not exist or have adC_CHAR type, a
if the file_id does not correspond to a valid interchange file, ifconversion for the string cannot be found, or on an internal
the interchange file is not opened for writing, if the file is not NetCDE error.

in definition mode, or onan internal NetCDF error. ) 11.10.8 ms_write_string_variable —uwrite a string vari-
11.10.6 ms_read_variables —read protocol variable gpie value

definitions

Svynt Syntax:
yntax: . ) )
#include “ms10.h” #include ms10.h

int ms_read_string_variable ( int file_id, int vari-
able_id, long index_ 1, long index 2, int max_length,
char * string )

int ms_read_variables (int file_id)

Description:

The ms_read_variables routine is used byms_open-
_read to extract the standard variable definitions from the
interchange file. It shouldever be used by applications unless
the standardms_open_read routine is replaced with a
custom version. The standard variables which have bee
defined in the file are read into internal data structure
inaccessible to application programs.

Description:
Thems_write_string_variable routine facilitates writing
an arbitrary string variable value to the interchange file
ssociated withfile_id. The variable_id is the identifier used
y NetCDF to reference the variable. This function can write
any type of string variable value: a simple string, one string
from an array of strings, and one string from a two dimensional
Return values: array of str_ings (for example, thether_name var!able_in
On a successful return, the coddS NO ERROR is MS_Raw_Library occurs as an array of four strings in an

returned. On erroMS_ERROR is returned. Errors will occur array qf scans). ) ) )
if the file_id does not correspond to a valid interchange file, if Theindex_1 andindex 2 arguments are used for indexing

the interchange file is not opened for reading, or on an interndl't© one- and two-dimensional string arrays, respectively. For
NetCDF error. simple strings, both arguments MUST be set to —1; for a

one-dimensional arrayndex_1 should be set to the appropri-
ate index value, andndex 2 set to— 1; and for two-
dimensional arrays, both indices should be set to proper values.

11.10.7 ms_read_enum_attribute —read on enumer-
ated type value

Syntax: The max_length argument specifies the maximum allowed
#include “netcdf.h” length for the string value. Strings longer than this length will
#include “ms10.h” be truncated. Thatring argument references the string to be

int ms_read_enum_attribute ( int  file id, int vari-  “Witten.

able_id, char * attribute_name)
Return values:

Description: On a successful return, the coddS_NO_ERROR is
The ms_read_enum_attribute  routine is used by rgturned. Qn error, 'the' coddS_ERROR is returned. Errors
ms_read_global to extract enumerated type values from theWill occur if the file_id does not correspond to a valid
interchange file. Enumerated types are stored in the intefnterchange file, if the interchange file is not opened for writing
change file as string literals in compliance with the conventiorfnd is in data mode, if the variable does not exist or have an
that NetCDF files be self-describing. On reading, the string®!C_CHAR type, if the indices are not valid, or on an internal

are converted to their corresponding enumerated value arl§etCDF error.
returned as such. Applications which store custom enumerated 11.10.9 ms_read_string_variable —read a string vari-
types can use this routine (and a modified string to type lookugble value
table) to extract their enumerated strings from the file.
The variable_id is the identifier assigned by NetCDF to the Syntax:
variable the attribute describes. Attributes defined on a global #include “ms10.h”
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of long integers whose values representitttices(wherezero
is the index of thefirst peak) of the peaks in thmassesor

char* ms_read_string_variable ( int  file_id, int vari-
able_id, long index_1, long index_2, int max_length)

Description:

Thems_read_string_variable

timesarrays which have flags assigned. Tlag_values field
is an array okhort integers whose values are the flags for the

routine facilitates reading corresponding peak. Flag values may be composite, formed by

an arbitrary string variable value from the interchange filethe logical OR of #define values from Table 24. For example,
associated wittfile_id. The variable _id is the identifier used
by NetCDF to reference the variable. This function can reageak, therflag_peaks andflag_values would look like:
any type of string variable value: a simple string, one string fiags: 1

from an array of strings, and one string from a two dimensional flag_peaks:
array of strings (for example, thether_name variable in

MS_Raw_Library occurs as an array of four strings in an

array of scans).

if the third peak in a scan is both saturated and a reference

{2} /* zero is the first peak */

flag_values: { MS_FLAG_SATURATED | MS_FLAG_REFERENCE }

12.3 Specific flag values may be extracted by logical AND
of the flag value array element with thiefine value: for

The index_1 andindex_2 arguments are used for indexing example, value & MS_FLAG_SATURATED ) is non-zero if
into one- and two-dimensional string arrays, respectively. Fothe MS_FLAG_SATURATED flag is set invalue.
simple strings, both arguments MUST be set to —1; for a
one-dimensional arrayndex_1 should be set to the appropri-
ate index value, andndex 2 set to— 1; and for two-
dimensional arrays, both indices should be set to proper valuedeveloping ASTM MS API applications. However, one int
The max_length argument specifies the maximum allowed variable, ncopts , is exported from the NetCDF toolkit and
length for the string value. Strings longer than this length willmust be assigned a value in order for the protocol to operate

be truncated.

13. The ncopts and ncerr Variables
13.1 The NetCDF toolkit is generally not required when

properly. This variable controls how the NetCDF toolkit

The pointer returned by this function references allocatedandles errors. There are four values (defined in the file
memory; the memory must be freed by the application after usghetcdf.h” in the NetCDF toolkit):
or a memory leak may occur.

Return values:

(1) ncopts =0 : The NetCDF toolkit ignores all errors, and
simply returns error codes.
(2) ncopts = NC_FATAL : The program exits on NetCDF

On a successful return, a pointer to an allocated and filledoolkit errors.

character string will be returned. On erroN&ILL pointer will

(3) ncopts = NC_VERBOSE : The toolkit prints an error

be returned. Errors will occur if thife_id does not correspond message and returns an error code.

to a valid interchange file, if the interchange file is not opened
for reading, if the variable does not exist or have G-
_CHAR type, if the indices are not valid, memory cannot be

allocated, or on an internal NetCDF error.

12. Peak Flags

(4) ncopts = NC_VERBOSE | NC_FATAL : The toolkit
prints an error message followed by a program exit.

13.2 Under normal usag@copts should be set to zero,
and the application should handle errors appropriately. Using
the NC_VERBOSE option is useful when developing appli-
cations, but generally should not be used for code meant for

12.1 Peak flag definitions are detailed in SpecificationPublic use.

E 2077. Flag values are implemented as a setd#fine bit

13.3 An additional externally defineidt variable,ncerr,

fields. Table 24 shows the correspondence between flag speéentains a NetCDF-specific error code which can be used after
fication and#define value. See Table 24.

12.2 Peak flags are referenced as arrays inMBe Raw-

_Per_Scan data structure. Thélag_peaks field is an array

TABLE 24 Peak Flags

#define

Specification Value

MS_FLAG_NOT_HRP
MS_FLAG_MISSED_REF
MS_FLAG_UNRESOLVED
MS_FLAG_DBL_CHARGED
MS_FLAG_REFERENCE
MS_FLAG_EXCEPTION
MS_FLAG_SATURATED
MS_FLAG_SIGNIFICANT
MS_FLAG_MERGED
MS_FLAG_FRAGMENTED
MS_FLAG_AREA_HEIGHT
MS_FLAG_MATH_MODIFIED
MS_FLAG_NEGATIVE
MS_FLAG_EXTENDED
MS_FLAG_CALCULATED
MS_FLAG_LOCK_MASS

NOT HIGH RESOLUTION
MISSED REFERENCE
UNRESOLVED
DOUBLY_CHARGED
REFERENCE
EXCEPTION
SATURATED
SIGNIFICANT

MERGED
FRAGMENTED
AREA/HEIGHT

MATH MODIFIED
NEGATIVE INTENSITY
EXTENDED ACCURACY
CALCULATED

LOCK MASS
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an error has occurred to determine the nature of the error.
However, because protocol errors can arise either at the
NetCDF or API level, this variable may not be useful as a

diagnostic.

14. Examples

14.1 Reading a Protocol Interchange Fi#eThe protocol
Application Programming Interface and data structures provide
all the tools necessary to read mass spectral data from an
interchange file. The following steps must be followed when
developing an application to read interchange files. It is not
important which is read first, instrument or scan data.

(1) Declare protocol data structure variabl®&sS_Admin-
_Data, etc.).

(2) Open the interchange file for readingg_open_read ).

(3) Initialize global data structuresns_init_global , with
clear flag set to zero).

(4) Read global informationngs_read_global ), then do
something with it (for example, write it back out in another
format).
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(5) If the file contains instrument data and the applicationWhich choice is taken determines whetheirtitialize or clear
wants to read it, then for each instrument component, do: the data structures later.
(a) initialize the instrument component data structure (5) Write the global informationros_write_global ).

(ms_init_instrument  with the clear_flag set to zero), (6) If instrument data is available and the application wants
(b) set theinst_no field of the MS_Instrument_Data to write it, then for each instrument component, do:
structure to the index of the component, and (a) initialize the instrument component data structure

(c) read the component dateng_read_instrument ) and  (ms_init_instrument  with the clear_flag set to zero),

do something with it. o (b) set theinst no field of the MS_Instrument_Data
(d) clear the instrument component data structums (init-  girycture to the index of the component,

_instrument with the clear_flag set to one).
(6) Optionally, read the total ion chromatogram d
(ms_read_TIC), and free the TIC values array after use.

(c) fill the remaining instrument data structure fields with
ata; the same consideration with respect to strings applies

ere,
(7) Optionally, if the file contains selected ion detection data: (d) write the component datam@_write_instrument )
(a) read global group informatiorm(s_read_group_glo- and P - - '

bal), then for each group do:

(b) initialize the per-group data structureng init_per-
_group with the clear_flag set to zero,

(c) set thegroup _no field to the index of the group,

(d) read the group datams_read_per_group ) and do
something with it, and

(e) clear (if string copies were loaded) or initialize (if
pointers to static strings were loaded) the instrument compo-
nent data structurar(s_init_instrument ).

(7) Optionally, if the experiment contains selected ion
detection data:

(e) clear the per-group data structureq_init_per_group (a) write global group information nis_write_group-
with the clear_flag set to one). _global ), then for each group do:
(8) For each scan, do: (b) initialize the per-group data structureng_init_per-
(a) initialize the raw per-scan (and library, if the file contains _group with the clear_flag set to zero),
library data) data structure(siné_init_per_scan , with the (c) set thegroup_no field to the index of the group,
clear flag set to zero), (d) fill the remaining per-group structure field with data,
(b) set thescan_no field of theMS_Raw_Per_Scan (and  making sure that all arrays are dimensioned to the maximum
MS_Raw_Library ) data structure(s) to the scan index, number of masses in any group,
(c) read the per-scan datan¢_read_per_scan ) and do (e) write the group datanis_write_per_group ), and
something with it, and (f) clear (if data arrays were allocated) dnitialize (if
(d) clear the per-scan data structure(shs(init_per- pointers to static arrays were copied) the per-group data
_scan, with the clear_flag set to one). structure ns_init_per_group ).
(9) Clear global data structurem§_init_global with the (8) For each scan, do:
clear_flag set to one). (a) initialize the raw per-scan (and library, if the file contains
(10) Close the file ihs_close ). library data) data structure(siné_init_per_scan , with the
14.1.1 The code fragment in Fig. 1 provides an example otjear flag set to zero),
reading a protocol interchange file. (b) set thescan_no field of theMS_Raw_Per_Scan (and

14.2 Writing a Rrotocol Intgrchange File-Writing inter- MS_Raw_Library ) data structure(s) to the scan index,
change files is similar to reading them; most of the same steps () fill the remaining raw data (and library) fields with
are followed, but instead of reading information and removing¢ormation

it from data structures, information is placed in data structures
and then written to the interchange file. The following steps

should be followed (again, it does not matter whether scan datl?
or instrument data is written first): —

(d) write the per-scan datans_write_per_scan ), and
(e) clear or initialize the per-scan data structure(s)q_in-
per_scan ).

(1) Declare data structure variableM$ Admin_Data , b (8) Clear or initialize global data structuresrs_init_glo-
- - al).
etc.). .
(2) Open the interchange file for writingms_open- (10) Close the file |(ns_close_). ) . .
write ). 14.2.1 The code fragment in Fig. 2 illustrates writing an

(3) Initialize global data structuresn_init_global , with  interchange file.
clear flag set to zero).

(4) Fill the global data structures with information; there are 19 Keywords
two ways to handle character strings: either allocate space for 15.1 analytical; data; data communications; good automated
the strings in the MS data structures and copy the string valudaboratory practices (GALP); good laboratory practices (GLP);
into them, or simply load pointers to statically allocated stringsmass spectrometric data; method: NetCDF; raw data: results
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static
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static
static
static

extern

main ()

{
lon
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lon
int
int
ms

/*

if

}
/*
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de <stdio.h>
de <stdlib.h>
de "netcdf.h" /* only because of NC VERBOSE */
de "ms10.h"
a structure declarations */
MS Admin Data admin data;
MS Sample Data sample data;
MS Test Data test data;
MS Raw Data Global raw global data;
MS Instrument Data inst data;
MS Raw Per Scan raw_data;
MS Raw Library 1ib data;
int ncopts = NC VERBOSE; /* change to 0 when code is

delivered as product */
g nscans;
g ninst;
g index;

file id;
err code;

admin expt t expt type;
open the interchange file for reading */
( MS ERROR == (file id = ms open read{ "test.cdf" )) ) {
fprintf( stderr, "Failed to open interchange file\n" );
exit( 1 );
initialize global data structures */

ms_init global{ O, &admin data, &sample data,

/*

if

}

(do

&test data, é&raw global data );

read global information */
( MS_ERROR ==
ms_read global( file id, &admin data, &sample data,

&test:data, &raw _global data ) ) {
fprintf( stderr, "ms read global failed\n" );
exit( 1 );

something with the raw data)
FIG. 1 Code Fragment
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nscans = raw_global data.nscans;
ninst = admin data.number instrument components;
expt type = admin data.experiment type;

/* initialize the instrument data structure */
ms init instrument( O, &inst data );

/* For each instrument component, read its data, do something
with it, then clear the data structure */

for ( index = 0; index < ninst; index++ )} {
inst data.inst no = index;

if ( M5 _ERROR == ms read instrument( file id, &inst data ) ) {
fprintf( stderr, "ms read instrument (component %1d) failed\n",
index );
exit( 1 );
}

(do something with the instrument component data)

ms init instrument( 1, &inst data );

}

/* read the total chromatogram */
if ( MS ERROR == ms read TIC ( file id, &nTic, &tic _values ) )
fprintf ( stderr, “ms_read_TIC failed\n” );
exit (1 );

}
(do something with the TIC data)

/* free the TIC values array (it was allocated during the call to

ms read TIC) */
free ( tic _values );
/* initialize the per-scan data structures */

ms_init per scan( 0, &raw_data, &lib data );

/* for each scan, read its data, do something with it, then

clear the data structure */
for ( index = 0; index < nscans; index++ ) {
raw_data.scan no = index;

if ( expt library == expt type ) {

1lib data.scan no = index;

err code = ms read per scan( file id, &raw data, &lib_data );
}
else

err code = ms read per scan( file id, &raw data, NULL );
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if ( MS ERROR == err code ) {
fprintf( stderr, "ms read per scan (scan %1ld) failed\n",
index );

exit( 1 );
}

(do something with the raw and library data)

ms_init per_scan( 1, &raw_data, &lib data );

}

/* clear the global data structures */

ms init global({ 1, &admin data, &sample data, &test data,
&raw_global data );

/* close the file */
ms_close( file id );

exit( 0 );
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#include <stdio.h>
#include <stdlib.h>
#include "netcdf.h" /* only because of NC VERBOSE */
#include "ms10.h"
/* data structure declarations */
static M5 Admin Data admin data;:
static M3 Sample Data sample data;
static MS Test Data test data;
static M3 Raw Data Global raw_global data;
static MS Instrument Data inst data;
static Ms:Raw_Per_chn raw_aata;
static MS Raw Library lib data;
extern int ncopts = NC VERBOSE; /* change to 0 when code is
delivered as product */
main ()
{
long nscans;
long ninst;
long index;
int file id;
int err code;
ms_admin_expt t expt type;

/* open the interchange file for writing; we will assume the

following:

experiment type is expt library,

only mass data (no time data) is available,
there are 5 scans in the library,

there are two instrument components,

mass data is in data_short format, and

intensity data is in data_long format */
nscans = 5;
ninst = 2;

if ( MS_ERROR ==

(file id = ms open write( "test.cdf", expt library, nscans,
ninst, data_short, data short,

data long, TRUE, FALSE }) )
fprintf( stderr, "Failed to open interchange file\n" );
exit( 1 );

FIG. 2 Code Fragment
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/* initialize global data structures */

ms_init global( 0, &admin data, &sample data,
&test data, &raw global data );

/* write global information, but first fill out some mandatory
fields. Note that there are four mandatory fields in admin data
which are automatically loaded by the API (see the
documentation of MS Admin Data, above). These can be
ignored. Also, we have chosen to assign static strings
rather than allocated storage for the two time stamps.

Unless we manually clear these pointers, we must make
sure to initialize rather than clear the global data. */

admin data.experiment type = expt library;

/* note: both dates represent 11:48 pm, December 2, 1992 plus
a few seconds, Greenwich Mean Time. The time differential,
-0800, tells us that the local machine time is actually
3:48 pm., a much more reasonable time to be at work. */

admin data.experiment date time = "19521202234825-0800";
admin_data.netcdf date time = "19921202234857-0800";

raw global data.nscans = nscans;
raw_global_data.mass format = data_short;
raw:global:data.time:format = data_short;

raw global data.intensity format = data long;

(fill out any other global data fields of interest)

if ( MS_ERROR ==
ms write global( file id, &admin data, é&sample data,
B B &test aata, &raw global data ) ) {
fprintf( stderr, "ms_ﬁrite_global failed\n" ):
exit( 1 );
}

/* initialize the instrument data structure */
ms _init instrument({ 0, &inst data ) ;

/* For each instrument component, fill out the data structure,
write the data, then clear the data structure. */

for { index = 0; index < ninst; index++ ) {
inst data.inst no = index;

(fill out other instrument component fields)

if ( M3 ERROR == ms write instrument( file id, &inst data ) ) {
fprintf{ stderr,
"ms write instrument (component 3%1d) failed\n",
index );
exit( 1 )
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/* this assumes inst data strings were static... */

ms_init instrument( 0, &inst data );

}
/* initialize the per-scan data structures */
ms_init per scan( 0, &raw data, &lib data );

/* for each scan, read its data, do something with it, then

clear the data structure */
for ( index = 0; index < nscans; index++ )} {
raw data.scan no = index;

(fill out other raw per-scan fields. The number of points,
number of flags, masses, (optionally times), and intensities
are all required fields)

if ( expt library == expt type ) {
1lib data.scan no = index;

(fill out library fields)

err code = ms_write per scan( file id, &raw data, &lib data ):;
}
else

err code = ms write per scan( file id, &raw data, NULL );

if ( MS ERROR == err code ) |{
fprintf( stderr, "ms write per scan (scan %1ld) failed\n",
index );

exit{ 1 );

/* It is assumed that the raw per—scan and library data were
loaded from dynamically allocated strings. The clear flag
argument is therefore set to TRUE. */

ms_init_per_scan( 1, &raw data, &lib data );

}

/* initialize the global data structures */

ms_init global( 0, &admin data, &sample data, &test data,
&raw_global data );

/* close the file */
ms close( file id );

exit( 0 );
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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