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1 In tro duction

This do cumen t describ es the Input/Output Applications Programmer In terface

dev elop ed under the auspices of the U.S. Departmen t of Energy Scien ti�c Dis-

co v ery through Adv anced Computing (SciD A C) program.

Although the QIO I/O system w as dev elop ed to supp ort the data parallel

lattice-QCD API called QDP/C and QDP++, it is designed to function inde-

p enden tly of QDP , requiring only the lo w er lev el QMP message passing pac k age.

Three data mo dels are treated: full v olume lattice �elds, consisting of data of

the same format residing on eac h site of a h yp ercubic lattice, sub v olume lattice

�elds, consisting of data of the same format residing on a h yp ercubic subset of

a h yp ercubic lattice (e.g. a 3D time slice), and global data, constan t across all

lattice sites. Lattice �eld data is distributed among m ultiple no des.

The �le format consists of a series of logical records. Eac h record con-

tains user-con trolled metadata and binary data. An arbitrary com bination of

logical records is p ermitted. The ph ysical �le format is based on a custom

SciD A C LIME standard, (Lattice QCD In terc hange Message Encapsulation),

whic h views the �le as a series of LIME messages, eac h, in turn, consisting of a

series of LIME records. Details of the ph ysical format are hidden from the user.

The LIME pac k age is included with QIO.

2 Ov erview of Binary File F ormat

2.1 In tro duction

The binary �le format has b een designed with 
exibilit y in mind. F or arc hiving

purp oses, the allo w able logical records, metadata, and binary con ten t ma y b e

further restricted. Here w e describ e the unrestricted format. The arc hiv able

In ternational Lattice Data Group format is describ ed at the end of this section.

Three classes of �le v olumes are supp orted: single-�le v olumes, partition-�le

v olumes and m ultiple-�le v olumes. Single �les are read and written through a

single master no de; partition �les are read and written through a set of des-

ignated I/O no des; and m ultiple �les, through eac h no de. With partition-�le
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and m ultiple-�le formats the binary data is split in to separate �les, one for eac h

no de that participates in I/O. With the single-�le format, data is con tained in

a single �le. Single-pro cessor utilities are pro vided for con v erting b et w een the

partition-�le and single-�le formats.

F or single�le format, t w o mo des of �le reading and writing are supp orted,

namely serial and parallel. With serial reading or writing, all data is funneled

through the master I/O no de, whic h is the only no de op ening the �le. With

parallel reading or writing, all no des op en the same �le and participate in reading

or writing their lo cal data. Whether written serially or in parallel, the resulting

�le is exactly the same. Th us a �le can b e written serially and read in parallel or

vice v ersa, if so desired. Curren tly parallel reading/writing from/to partition-�le

formats is not supp orted.

2.1.1 Single �le format

Single binary �les are comp osed of a series of one or more logical application

records. A single logical record enco des a single lattice �eld, an arra y of lattice

�elds of the same data t yp e, or an arra y of global data. Ph ysics metadata,

managed at the con v enience of the applications programmer can b e inserted in

the �le header and separately with eac h logical record header. The applications

programmer views the �le as follo ws:

� File ph ysics metadata

� Record 1 ph ysics metadata and binary data

� Record 2 ph ysics metadata and binary data

� etc.

F or example, a �le migh t record a series of staggered fermion eigen v ectors for

a gauge �eld con�guration. Eac h record w ould then map to a single �eld for

a color v ector. The �le metadata migh t include information ab out the paren t

gauge �eld con�guration and the record metadata migh t enco de the eigen v alue

and an index for the eigen v ector.

F or another example, the gauge �eld con�guration in four dimensions is

represen ted as an arra y of four color matrix �elds. The con�guration is con v en-

tionally written so that the four color matrices asso ciated with eac h site app ear

together. A �le con taining a single gauge �eld con�guration w ould then consist

of a single logical record con taining the arra y of four color matrices.

Additional metadata is automatically managed b y QIO (without requiring

in terv en tion b y the applications programmer) to facilitate the implemen tation

and to c hec k data in tegrit y . Th us the �le actually b egins with priv ate QIO

metadata and ph ysics metadata and eac h logical application record consists of

four LIME records. Within QIO the �le is view ed as a series of LIME records

as follo ws:

� Priv ate �le QIO metadata
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� User �le ph ysics metadata

� Record 1 priv ate QIO metadata

� Record 1 user ph ysics metadata

� Record 1 binary data

� Record 1 priv ate c hec ksum

� Record 2 priv ate QIO metadata

� Record 2 user ph ysics metadata

� Record 2 binary data

� Record 2 priv ate c hec ksum

� etc.

The site order of the binary data is lexicographic according to the site co ordinate

r

i

with the �rst co ordinate r

0

v arying most rapidly . The b yte la y out of the site

data is determined b y user-supplied \factory" functions. Ph ysical b yte ordering

of IEEE n umeric data (in tegers and 
oating p oin t) is big-endian, regardless of

the arc hitecture of the pro cessor that creates the �le. T o ac hiev e this result,

n umeric site data within a giv en logical record m ust consist of a series of w ords

of the same size, suc h as an SU(3) matrix represen ted en tirely b y single precision

w ords (or en tirely double precision). Mixed precision structures are excluded,

but 32-bit in tegers and 
oats ma y co exist.

2.2 P artition �le format

With cluster computers consisting of man y h undreds of pro cessors it ma y pro v e

impractical to pro vide NFS moun ts from eac h pro cessor to a common �le system.

Instead pro cessors can b e group ed in to I/O sets, eac h with a single I/O no de

and disk. Input �les are fragmen ted and staged to disks attac hed to these

no des and output �les are reassem bled from them. Single-pro cessor utilities are

pro vided for �le disassem bly and assem bly . It is in tended that the installation

and implemen tation hide these details from the user, so the user's view of the

�le is the same as with single �le format. Ideally the lo cal soft w are en vironmen t

is designed with p ortabilit y in mind, so that user co de calling for �le input

or output will get the same result in the end without an y c hange in the co de,

whether or not the in termediate v olume format happ ens to b e single �le at one

installation and partitioned at another.

Eac h partition I/O no de pro cesses data only for sites stored on that partition.

The data for the binary �eld is divided accordingly , so eac h partition �le holds

�eld data only for the no des on its partition. F or ease in con v ersion to and

from single �le format, the site data for a �le is alw a ys arranged in a standard

\lexicographic" order according to the lattice co ordinate. The lexicographic
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rank iden ti�es the site. A binary site list is placed at the b eginning of ev ery �le

to iden tify its con ten ts. The master I/O no de, whic h m ust also b e a partition

I/O no de, handles all of the global data in the �le, including �le and record

metadata and an y global binary data. Its �le format is iden tical to the single

�le format, except for the addition of a sitelist record. The other partition �les

con tain only site lists and the binary data for the relev an t partition.

All comp onen t �les are giv en unique names, constructed b y attac hing the

�le extension .vol nnnn , where nnnn is the n um b er of the no de that reads the

�le (with leading zeros). The �le is kno wn to the user b y its unextended name.

The principal �le read b y the master no de con tains most of the metadata.

� Priv ate �le QIO metadata

� User �le ph ysics metadata

� Binary index of sites

� Record 1 priv ate QIO metadata

� Record 1 user ph ysics metadata

� Record 1 binary data

� Record 1 priv ate c hec ksum

� Record 2 priv ate QIO metadata

� Record 2 user ph ysics metadata

� Record 2 binary data

� Record 2 priv ate c hec ksum

� etc.

The secondary �les con tain these records:

� Binary index of sites

� Record 1 binary data

� Record 2 binary data

� etc.

The site index in eac h case is a table of con ten ts, that is, a list of the

lexicographic ranks of all sites con tained in the �le in the order of app earance.
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2.3 Multi�le format

The API pro vides for rapid temp orary writing of data to scratc h disks and

reading from scratc h disks. In this case it is assumed that the �les are not

in tended for longer term storage. The �le formats are iden tical to the partition

�le formats with one exception: the site order is in ternal storage order, rather

than lexicographic order. This c hoice is made to reduce cac he-misses during

I/O.

2.4 ILDG format

The recen tly adopted ILDG standard for SU(3) gauge con�guration �les is

closely compatible with the standard SciD A C �le format. The 
exibilit y of

the standard p ermits the creation of �les that meet b oth SciD A C and ILDG re-

quiremen ts. Pro vision is made within QIO to pro duce and read �les that meet

the standard, ev en if they w ere not generated b y QIO. ILDG v ersion 1.0 com-

patible �les created b y QIO ha v e only one lattice �eld and con tain the follo wing

LIME records.

� SciD A C Priv ate �le QIO metadata

� SciD A C User �le ph ysics metadata

� SciD A C Binary index of sites

� SciD A C priv ate record QIO metadata

� SciD A C user ph ysics metadata

� ILDG format record (see standard)

� ILDG LFN record (see standard)

� ILDG binary data record con taining the gauge �eld (see standard)

� SciD A C priv ate c hec ksum

The con ten t of the ILDG binary data record is iden tical to the SciD A C

binary data record for a �eld with four SU(3) color matrices p er site.

3 Metadata Standard and Manipulation

The QIO implemen tation uses an XML enco ding for its priv ate �le and record

metadata. It is hidden ab o v e the QIO API. The data is a v ailable to the user

through a C structure with accessor functions for retrieving and setting v alues.

Since QIO pro cesses the user �le and record metadata blindly as a c haracter

string, QIO places no restrictions on the format of the user metadata.
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4 QIO API

This section describ es the QIO in terface.

The QIO system pro vides for binary �le op eration for writing and reading

lattice �elds and global data. Lattice �elds consist of an y data t yp e homoge-

neous o v er lattice sites or an arra y of suc h data t yp es. Global data consists of an

arra y of data t yp es or of strings. The storage of lattice data on the no des is de-

scrib ed in a QIO_Layout structure, and the information required for presen ting

�eld data in the correct b yte order is encapsulated in \factory" functions.

4.1 The la y out structure

The structure is de�ned as follo ws:

typedef struct {

/* Data distribution */

int (*node_number)(co ns t int coords[]);

int (*node_index)(con st int coords[]);

void (*get_coords)(in t coords[], int node, int index);

size_t (*num_sites)(int node);

int *latsize;

int latdim;

size_t volume;

size_t sites_on_node;

int this_node;

int number_of_nodes;

} QIO_Layout;

The data distribution (la y out) structure has nine mem b ers. The node_number

mem b er is an implemen ter-supplied function returning the n um b er of the no de

that has the sp eci�ed lattice co ordinate. The node_index mem b er returns the

storage order index for the site on its no de. The get_coords mem b er maps the

no de n um b er and index v alues to lattice co ordinates. The num_sites mem b er

returns the n um b er of sites on the sp eci�ed no de. The next t w o mem b ers

sp ecify the lattice co ordinate exten t and spacetime dimensionalit y . The sev en th

mem b er sp eci�es the full spacetime v olume. The eigh th, the n um b er of sites on

the curren t no de, the nin th, the n um b er of the presen t no de, and the nin th, the

total n um b er of no des.

Here is an illustration of ho w the la y out structure is loaded from the data in

our implemen tation of the QDP/C API prior to a QIO_open_read or QIO_open_write

call:

QIO_Layout layout;

layout.node_numb er = QDP_node_number;

layout.node_inde x = QDP_index;

layout.get_coord s = QDP_get_coords;

6



layout.num_sites = QDP_num_sites;

layout.latdim = QDP_ndim();

layout.latsize = (int *)malloc(layout ->l at dim *s iz eof (i nt) );

QDP_latsize(layo ut .l ats iz e);

layout.volume = QDP_volume();

layout.sites_on_ no de = QDP_sites_on_node ;

layout.this_node = QDP_this_node;

layout.number_of _n od es = QDP_numnodes();

4.2 Priv ate Record Metadata

Field data is describ ed b y a priv ate QIO record metadata structure. On output

the application m ust create and p opulate the structure. On input, the structure

is p opulated from the �le.

The priv ate QIO record metadata is used for consistency c hec king and for

pro viding the user a standard to ol for recording and disco v ering the data t yp e

b eing stored. Seman tically , it serv es the same purp ose as a BinX record. It

carries enough information to completely de�ne the binary record format. The

record metadata is held in an opaque QIO_RecordInfo structure. Elemen ts are

accessed and manipulated through the follo wing functions.

Create and p opulate the priv ate record metadata structure Before

writing a record the calling program m ust create the priv ate record metadata

structure. Before reading a record, the calling program m ust allo cate space for

the priv ate record metadata structure using the same calling pro cedure.

Protot yp e QIO_RecordInfo *QIO_create_recor d_i nf o( int globaltype,

int lower[], int upper[], int n,

char *datatype, char *precision, int colors,

int spins, int typesize,

int datacount);

Example rec_info = QIO_create_recor d_i nf o(Q IO _F IEL D, "QD P_ F_R ea l" ,"F ",

0,0,0,0,0,size, 1);

Example rec_info = QIO_create_recor d_i nf o(0 , "", "", 0,0,0, 0, 0, 0, 0);

The �rst example is appropriate for output. The second, for input.

The globaltype parameter distinguishes b et w een a record con taining a lat-

tice �eld and a record con taining a lattice constan t arra y .

QIO_FIELD, QIO_HYPER, QIO_GLOBAL

for �eld (full v olume), h yp ercub e (sub v olume), and global (constan t) record

t yp es, resp ectiv ely .

F or a h yp ercub e record, the lower and upper parameters are in teger arra ys

sp ecifying the co ordinate lo w er b ounds and co ordinate upp er b ounds of the

h yp ercub e. F or example, for the con ten ts of time slice 4 on a lattice of dimension

32

3

� 48, use
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int lower[4] = {0, 0, 0, 4}

int upper[4] = {31, 31, 31, 4}

The parameter n giv es the n um b er of spacetime dimensions of the full lattice

v olume (in this example, 4).

The datatype string is not in terpreted b y QIO. It allo ws the applications

programmer a standard w a y to iden tify the data t yp e. F or that purp ose the

name should b e unique. F or QDP/C w e use the datat yp e name of the QDP

�eld. F or USQCD standard formats, there are sp ecial names. F or global data

w e use the name of one of the QLA datat yp es.

The precision string is one of these:

F single

D double

S random n um b er generator state consisting of 32-bit 
oats and in ts

I in teger (curren tly only 32-bit is supp orted)

This string is in terpreted b y the host �le con v ersion utilit y .

The colors and spins argumen ts giv e the w orking v alue for these quan tities,

if they apply to the datat yp e. Otherwise, they should b e zero. They are not

in terpreted b y QIO.

The typesize sp eci�es the n um b er of b ytes p er site item and the datacount

sp eci�es the n um b er of suc h items p er site. The pro duct is the total n um b er of

b ytes p er site. F or example, for a single precision SU(3) gauge �eld with four

color matrices p er site, the t yp esize is 72 and the datacoun t is 4.

It is not an error to create a structure with zeros for in teger v alues and n ull

string p oin ters. Those data items are tagged as \missing". Ho w ev er, QIO_write

and QIO_read return an error condition, if the total b yte coun t p er site is

inconsisten t with the v alues in this structure.

Destro y the priv ate record metadata structure

Protot yp e void QIO_destroy_rec ord _i nf o(Q IO _Re co rd Inf o *record_info);

Example QIO_destroy_rec ord _i nfo (r ec _in fo );

Compare t w o priv ate record metadata structures T o allo w for v eri�-

cation that a record b eing read matc hes what is exp ected, the calling program

ma y create the record information structure that it exp ects and compare it with

the structure that w as read from the �le.

Protot yp e int QIO_compare_reco rd_ in fo (QI O_ Rec or dI nfo *found,

QIO_RecordInfo *expect);

Example int ok = QIO_compare_reco rd _in fo (re c_ in fo, cmp_info);

The argumen ts are not symmetric. Only those �elds that are non-empt y in the

expect structure are compared with �elds in the found structure.
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Extract v alues from the �le reader structure The follo wing accessors

p erform self-eviden t functions:

Protot yp e int QIO_get_reader_l atd im (Q IO_ Re ade r *in);

int *QIO_get_reader_ lat si ze (QI O_ Rea de r *in);

uint32_t QIO_get_reader_l as t_c he cks um a( QIO _R ead er *in);

uint32_t QIO_get_reader_l as t_c he cks um b( QIO _R ead er *in);

Extract v alues from the �le writer structure The follo wing accessors

p erform self-eviden t functions:

Protot yp e uint32_t QIO_get_writer_l as t_c he cks um a( QIO _W rit er *out);

uint32_t QIO_get_writer_l as t_c he cks um b( QIO _W rit er *out);

Extract v alues from the priv ate record metadata structure The fol-

lo wing accessors p erform self-eviden t functions:

Protot yp e int QIO_get_recordty pe( QI O_ Rec or dIn fo *record_info);

int *QIO_get_hyperlo wer (Q IO _Re co rdI nf o *record_info);

int *QIO_get_hyperup per (Q IO _Re co rdI nf o *record_info);

char *QIO_get_dataty pe( QI O_ Rec or dIn fo *record_info);

char *QIO_get_precis ion (Q IO _Re co rdI nf o *record_info);

int QIO_get_colors(Q IO_ Re co rdI nf o *record_info);

int QIO_get_spins(QI O_R ec or dIn fo *record_info);

int QIO_get_typesize (QI O_ Re cor dI nfo *record_info);

int QIO_get_datacoun t(Q IO _R eco rd Inf o *record_info);

char *QIO_get_record _da te (Q IO_ Re cor dI nf o *record_info);

4.3 Op ening and closing binary �les

The �le op ening pro cedures di�er, dep ending on whether the �le is op ened for

reading or writing.

Op en a �le for writing

Protot yp e QIO_Writer *QIO_open_write( QIO String *xml_file,

char *filename, int volfmt, QIO_Layout *layout,

QIO_Filesystem *fs, QIO_Oflag *oflag);

Purp ose Op ens a named �le for writing and writes the �le metadata.

Example QIO_Writer *outfile;

QIO_Layout layout;

outfile = QIO_open_write(xm l_f il e_o ut , filename,

QIO_SINGLEFILE, &layout, &fs,

&oflag);
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The QIO_Writer * return v alue p oin ts to the �le handle used in subsequen t

references to the �le. The �rst argumen t is the user �le XML. T o create the

QIO_String structure, starting from a plain c haracter arra y , use the command

Protot yp e void QIO_string_set( QIO String * qs, const char *const string)

Example QIO String *xml_file = QIO_string_creat e( );

QIO_string_set( xml _f ile , xmlstring);

The third-to-last argumen t is the layout structure. It is assumed that the

user has prepared it as describ ed ab o v e.

The next-to-last argumen t sp eci�es the I/O-no des in use. Here are the mem-

b ers that require de�nition:

typedef struct {

int (*my_io_node)(con st int node); /* Which node does I/O for a node */

int (*master_io_node) (v oid ); /* Which node is the master */

} QIO_Filesystem;

F or example

QIO_Filesystem fs;

fs.my_io_node = io_node;

fs.master_io_node = master_io_node;

where the io_node function io_node(node) returns the n um b er of the no de

that do es I/O for no de node and the master_io_node function returns the

n um b er of the master I/O no de. If the fs parameter is NULL (zero) in the

call to QIO_open_write , QIO assumes eac h no de is its o wn I/O no de, and the

master no de is no de 0. The same defaults apply to the separate mem b ers if the

structure p oin ter is non-n ull, but a mem b er is a n ull function p oin ter.

The QIO_Oflag structure is de�ned as follo ws:

typedef struct {

int serpar; /* QIO_SERIAL or QIO_PARALLEL */

int mode; /* QIO_TRUNC or QIO_APPEND */

int ildgstyle; /* QIO_ILDGNO or QIO_ILDGLAT */

QIO_String *ildgLFN; /* NULL if unknown */

} QIO_Oflag;

The serpar mem b er sp eci�es whether the comp onen t �le(s) is(are) to b e

written in parallel (man y no des writing to the same comp onen t �le) or serially

(only one writer for eac h comp onen t �le). The mode mem b er sp eci�es whether

the �le is to b e truncated or data is to b e app ended. The ildgstyle mem b er

sp eci�es whether the �le (curren tly only a lattice �le) is to b e written with

additional LIME records for ILDG compatibilit y . If so, a p oin ter to the ILDG

logical �le name (LFN) m ust b e supplied through the ildgLFN mem b er.

The structure is initialized as in the follo wing example:
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QIO_Oflag oflag;

oflag.serpar = QIO_SERIAL;

oflag.mode = QIO_TRUNC;

oflag.ildgstye = QIO_ILDGLAT;

oflag.ildgLFN = QIO_string_create ();

QIO_string_set(of lag .i ldg LF N, "MI LC .ks _i mp_ 3f la v.4 09 6f2 1b 70 8m0 03 1m0 31 b.6 96 ") ;

(Please note, this illustrativ e LFN is not v alid.)

When the &oflag parameter is passed as a n ull p oin ter, the default v alues

are serial mo de, truncate, non-ILDG, and n ull LFN. If the LFN p oin ter is n ull,

the ILDG LFN record is not written. It m ust then b e app ended later to pro duce

a �le that is fully ILDG compatible.

P arallel I/O is supp orted only in single�le format. If parallel mo de is re-

quested for other formats, the request is curren tly ignored. Of course, in a sense

m ulti�le and part�le formats are parallel formats, but the comp onen t �les are

op ened b y only one no de. So w e sa y eac h comp onen t �le is accessed serially . It

is conceiv able in future v ersions of QIO that one could ha v e a subset of no des

on a partition op en the same partition �le. W e w ould call that parallel I/O of

a partition �le.

Caution: If a �le is op ened for app ending, QIO presen tly do es not v erify

that the �elds b eing app ended conform to the lattice dimensions and la y out of

the �elds already presen t.

Op en a �le for reading

Protot yp e QIO_Reader *QIO_open_read(Q IO String *xml_file,

char *filename, QIO_Layout *layout,

QIO_Filesystem *fs, QIO_Iflag *iflag);

Purp ose Op ens a named �le for reading and reads the �le metadata.

Example QIO_Reader *infile;

QIO_Layout layout;

infile = QIO_open_read(xm l_ fil e_ in, filename,

&layout, QIO_SERIAL);

The QDP_Reader return v alue is the �le handle used in subsequen t references

to the �le. A n ull return v alue signals an error. It is assumed the user has

created the �le metadata structure with address xml_file , so it can b e read

from the head of the �le and inserted. Space for the string within the structure

is reallo cated to a su�cien t size b y QIO. The other argumen ts ha v e the same

meaning as with QIO_open_write . The v olume format is auto-detected so is

not sp eci�ed b y the calling program. It is assumed that the user has prepared

the layout argumen t as describ ed ab o v e.

The QIO_Iflag structure is de�ned as follo ws:

typedef struct {

int serpar; /* QIO_SERIAL or QIO_PARALLEL */

int volfmt; /* QIO_UNKNOWN, QIO_SINGLEFILE, QIO_PARTFILE,
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QIO_MULTIFILE */

} QIO_Iflag;

A �le is usually op ened with automatic detection of the �le format. Ho w ev er,

confusion arises when the �le app ears in b oth formats in the same directory . In

that case the volfmt mem b er is needed to sp ecify a preference. Otherwise, the

parameter can b e safely passed as QIO_UNKNOWN or QIO_SINGLEFILE , regardless

of the �le format, and the format will b e set according to the existing �le. The

structure also has a placeholder for future use for sp ecifying whether the �le is

to b e read in parallel or serially . The structure is initialized as in the follo wing

example:

QIO_Iflag iflag;

iflag.serpar = QIO_SERIAL;

iflag.mode = QIO_UNKNOWN;

These are the default v alues used when the &iflag parameter is passed as a

n ull p oin ter.

In normal op eration the user sp eci�es the lattice dimension in the QIO_Layout

structure, and an error condition o ccurs, if the dimensions in the �le do not

matc h the dimensions in the la y out structure. Pro vision is made to op erate in

disco v ery mo de. If the la y out latdim mem b er is zero when QIO_open_read is

called, no c hec king tak es place and the lattice dimensions are tak en from the

�le and k ept with the QIO_Reader structure. The user's QIO_layout structure

is not altered b y QIO. Instead, it w orks with an up dated in ternal cop y of that

structure, k ept in the opaque QIO_Reader . Tw o accessor functions are pro vided

for extracting the dimensions from the reader:

Get the n um b er of spacetime dimensions

Protot yp e int QIO_get_reader_l atd im (Q IO_ Re ade r *in);

Purp ose Returns the n um b er of spacetime dimensions.

Example int latdim = QIO_get_reader_la td im( qi o_ in) ;

Get the lattice size in eac h direction

Protot yp e int *QIO_get_reader_ lat si ze (QI O_ Rea de r *in);

Purp ose Returns a p oin ter to an in teger arra y of sizes for eac h dimension.

Example int *latsize = QIO_get_reader_la tsi ze (q io_ in );

Allo cation of the arra y is con trolled b y QIO. The arra y storage is released b y

the QIO_close_read call.

Close an output �le

Protot yp e int QIO_close_write( QIO _W ri ter *out);

Example QIO_close_write (ou tf ile );
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Close an input �le

Protot yp e int QIO_close_read(Q IO_ Re ad er *in);

Example QIO_close_read( inf il e);

In b oth cases the in teger return v alue is 0 for success and 1 for failure.

4.4 W riting and reading �elds, arra ys of �elds, or arra ys

of global data

Protot yp e int QIO_write(QIO_Wr ite r *out,

QIO_RecordInfo *record_info,QIO String *xml_record,

void (*get)(char *buf, size_t index, size_t count, void *arg),

int datum_size, int word_size, void *arg);

Example QIO_RecordInfo *rec_info;

rec_info = QIO_create_recor d_i nf o(Q DP _F IEL D, "QD P_ F_R ea l" ,"F ",

0,0,0,0,QLA_Ns, siz e, 1);

QIO_write(outfi le, rec_info, xml_record, QDP_F_get_R,

sizeof(QLA_Real), sizeof(QLA_Real) , (void *)field);

The in teger return v alue is 0 for success and 1 for failure. It is assumed the user

has prepared the record metadata and the �eld data in adv ance.

The input argumen ts are as follo ws:

out The QIO_Writer handle returned b y QIO_open_write .

record_info The priv ate metadata for the record (see b elo w).

xml_record The user-constructed metadata for the record.

get F actory function (see b elo w).

datum_size The total n um b er of b ytes required to serialize the datum.

word_size The n um b er of b ytes in a datum w ord.

arg P ass-through parameters for the factory function.

The second argumen t, the record_info structure, con tains information ab out

the data format, as describ ed in Sec. 4.2. It m ust b e created b y the caller in

all cases. F or output, the caller m ust set its v alues. F or input, the v alues are

returned from the �le.

The fourth argumen t is a factory function that, in this example, is in v ok ed

b y QIO lik e this:

QDP_F_get_R(buf, index, count, field);

It is exp ected to �ll the QIO-supplied bu�er buf with a b yte-serialized cop y of

the �eld datum at site index index . The parameter count sp eci�es the arra y

length of the �eld datum at that site. The datum size parameter datum_size

giv es the total n um b er of b ytes to b e deliv ered as the pro duct of the coun t

parameter and the b yte length of the arra y elemen t on that site.

It is up to the applications programmer to insure that the data base-t yp e

(in t, 
oat, double) w ord order pro duced b y the factory function follo ws the
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SciD A C con v en tion for the sp eci�ed datat yp e. Ho w ev er b yte ordering within a

w ord (big endian or little endian) pro cessed b y the factory functions should b e in

the nativ e order of the arc hitecture. An y b yte rearrangemen t needed to con v ert

to and from standard �le endianness is the resp onsibilit y of QIO. T o this end

the user m ust sp ecify the base-t yp e w ord length of the data in b ytes through

the parameter word_size . All n umeric SciD A C data t yp es are homogeneous in

w ord size, so a single parameter su�ces.

F or example for an arra y of four single precision color v ector �elds, eac h

consisting of three complex n um b ers, there are 4 � 3 � 2 = 24 real v alues p er

site, eac h of them single-precision 
oating p oin t n um b ers. The w ord size for

the IEEE 
oat datat yp e is 4 (b ytes). The factory function m ust pro duce the

standard w ord order: real part of the �rst color comp onen t of the �rst color

v ector, follo w ed b y the imaginary part of the same comp onen t, follo w ed b y the

real and then imaginary parts of the second color comp onen t of the �rst color

v ector, etc. The coun t is 4 (color v ectors), and the datum size is 4 � 24 = 96

(total b ytes p er call). [The t yp e size of 3 � 2 � 4 = 12 (b ytes) and the coun t of 4

(arra y elemen ts) w ere sp eci�ed when creating the QIO_record_info structure.]

The same factory function signature is used for global and �eld data, ev en

though for global data the site index parameter has no meaning. The applica-

tions programmer w ould doubtless pro vide di�eren t functions for the t w o cases.

F or �eld data, QIO calls the factory function once p er lattice site. F or global

data, QIO calls only once and exp ects to tak e all the data in that call. It is

the resp onsibilit y of the applications programmer to pro vide the appropriate

factory function for eac h case.

Since the op en op eration has already registered a node_number function,

QIO kno ws to ask only for a site on the presen t no de. The factory function is

not required to fetc h data from a di�eren t no de.

The sev en th argumen t of QIO_write is passed through as the fourth argu-

men t of the get function. It can b e used to iden tify the �eld from whic h the

data is required. In this w a y only one factory function is needed for eac h QDP

and QLA datat yp e.

Read a �eld, arra y of �elds, or arra y of global data

Protot yp e int QIO_read(QIO_Rea der *in,

QIO_RecordInfo *record_info, QIO String *xml_record,

void (*put)(char *buf, int coords[], void *arg),

int datum_size, void *arg);

Example QIO_read(infile , rec_info, xml_record, QDP_F_put_r,

sizeof(QLA_Real), (void *)field);

The in teger return v alue is 0 for success and 1 for failure. It is assumed the user

has prepared the record metadata and the �eld data in adv ance. This op eration

is the in v erse of the write op eration describ ed. The put factory function do es

the rev erse of the get function.
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Read only the record metadata This utilit y mak es it p ossible to examine

only the header of the record in order to decide whether to con tin ue reading.

The state of the �le is remem b ered, so a subsequen t call to QIO_read reads the

full record as though this call had not b een made.

Protot yp e int QIO_read_record_ inf o( QI O_R ea der *in,

QIO_RecordInfo *record_info, QIO String *xml_record);

Example QIO_read_record _in fo (in fi le , rec_info, xml_record);

Skip to the next record

Protot yp e int QIO_next_record( QIO _R ea der *in);

Example QIO_next_record (in fi le) ;

Set and determine the v erb osit y lev el A user can con trol the v erb osit y

of QIO. Choices in increasing degree of c hatter are

QIO_VERB_OFF

QIO_VERB_LOW

QIO_VERB_MED

QIO_VERB_REG

QIO_VERB_DEBUG

Protot yp e int QIO_verbose(int level);

Example oldlevel = QIO_verbose(QIO_ OFF );

A user can also inquire ab out the curren t v erb osit y lev el with the follo wing

function.

Protot yp e level = QIO_verbosity();

4.5 File format con v ersion

The API pro vides subroutines for con v erting b et w een single �le and partition

�le format. Since the partition �le format dep ends on whic h no des are I/O

no des and it dep ends on the data la y out as it app ears on the compute no des,

the complete co de for carrying out �le con v ersion requires an implemen tation

suited to the lo cale.

The �le con v ersion utilities require information ab out the data la y out on

the compute no des. This information is pro vided b y the QIO_Layout struc-

ture as describ ed ab o v e. F urthermore, it requires information ab out the �le

system and the iden tit y of the I/O no des. This information is encapsulated

in a QIO_FileSystem structure, whic h m ust b e completed b y the applications

programmer.
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typedef struct {

int number_io_nodes;

int type;

int (*my_io_node)(con st int node);

int (*master_io_node) (v oid );

int *io_node;

char **node_path;

} QIO_Filesystem;

The number_io_nodes mem b er sp eci�es the n um b er of I/O no des. If it is

the same as the number_of_nodes mem b er of the la y out structure, eac h no de

do es its o wn I/O.

The type mem b er is either QIO_SINGLE_PATH or QIO_MULTI_PATH . In single-

path mo de, all �les are found in the same directory . In m ulti-path mo de, a

separate directory is sp eci�ed for eac h I/O no de.

The my_io_node function maps a no de to its I/O no de, based on the logical

no de n um b er (rank). The master_io_node function returns the n um b er of the

master no de.

The io_node table lists the n um b ers of the I/O no des. If the n um b er of

I/O no des is the same as the n um b er of no des, this table is not required, since

eac h no de do es its o wn I/O. In that case the my_io_node function should b e

the iden tit y map.

The node_path table is required only in m ulti-path mo de. It lists the direc-

tories where the �les for the I/O no des are to b e placed. The table has one en try

for eac h I/O no de. The en tries m ust correlate with the en tries in the io_node

table.

Con v ert single �le to partition �le format

Protot yp e int QIO_single_to_pa rt( const char filename[],

QIO_Filesystem *fs, QIO_Layout *layout);

Purp ose Con v ert an existing �le from single to partition format.

Example QIO_single_to_p art (f ile na me , fs, mpp_layout);

When con v erting a non-SciD A C, but ILDG-compatible, �le to part�le for-

mat, the resulting part�les are written in SciD A C format. Non-ILDG LIME

records are ignored. Curren tly , the ILDG LFN record is also ignored. When

con v erting a SciD A C ILDG-compatible �le to part�le format, the ILDG records,

including the ILDG LFN, are also con v erted.

Con v ert partition �le to single �le format

Protot yp e int QIO_part_to_sing le( const char filename[],

QIO_Filesystem *fs, QIO_Layout *layout);

Purp ose Con v ert an existing �le from single to partition format.

Example QIO_part_to_sin gle (f ile na me , fs, mpp_layout);
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As a matter of con v enience, the �le con v ersion application ma y b e designed

so that the co de gets the lattice dimension and size from the �le. The �le should

b e op ened b y QIO_open_read with the la y out latdim mem b er set to zero. The

lattice dimensions are then tak en from the �le and k ept with the QIO_Reader

structure. Tw o accessor utilities are pro vided for extracting the dimensions from

the opaque structure, as describ ed ab o v e.

4.6 String Handling with QIO

A few utilities are pro vided for manipulating the QIO string t yp e QIO String

required b y the API.

Creating an empt y QIO String

Protot yp e QIO String *QIO_string_crea te (vo id );

Purp ose Creates an empt y string.

Example fileinfo = QIO_string_creat e() ;

Filling a QIO string from a n ull-terminated c haracter arra y

Protot yp e QIO String *QIO_string_set( QI O String | *qs,

const char *const string);

Purp ose Inserts the n ull-terminated

c haracter arra y string in to the string qs .

Example QIO_string *recinfo = QIO_string_crea te ();

QIO_string_set( rec in fo, st ri ng) ;

Cop ying a QIO string

Protot yp e QIO String *QIO_string_copy (Q IO String *dest, QIO String *src);

Purp ose Copies the string.

Example QIO_string_copy (ne wx ml, ol dx ml) ;

Resizing a string

Protot yp e QIO String *QIO_string_real lo c(Q IO String *dest, int length);

Purp ose Change the length of the string with truncation if necessary .

Example QIO_string_real loc (x ml, 32 );

Accessing the string length

Protot yp e size_t QIO_string_bytes (c on st QIO String *const xml);

Purp ose Returns a p oin ter to the n ull-terminated c haracter arra y

in the string.

Example printf("%s\n", QIO_string_bytes( xml )) ;
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Accessing the string c haracter arra y

Protot yp e char *QIO_string_ptr (co ns t QIO String *const xml);

Purp ose Returns the length of the string.

Example length = QIO_string_length (xm l) ;

Destro ying a QIO string

Protot yp e void QIO_string_dest roy (Q IO String *xml);

Purp ose F rees storage.

Example QIO_string_dest roy (x ml) ;

4.7 Compilation with QIO

There is a single top-lev el header �le qio.h and a single library libqio.a .

The QIO pac k age is curren tly built in conjunction with the indep enden t LIME

pac k age through configure , make and make install .

A Creating USQCD Standard Files

QIO pro vides some supp ort for reading and writing USQCD standard �le for-

mats. These standard �les conform to the generic SciD A C �le format, but

the order and con ten t of records and the user record and �le XML strings are

standardized. QIO do es not enforce the record order or con ten t. This resp onsi-

bilit y is left to the applications programmer. But it supp orts the enco ding and

deco ding of the standard record and �le XML strings.

This section describ es the standard USQCD �le formats and the QIO API

for constructing and parsing the standard XML strings.

A.1 USQCD Lattice F ormat

This format is consisten t with the ILDG standard.

There is one logical record, namely the gauge �eld. The user �le XML is not

sp eci�ed in this standard. The user record XML has the follo wing format:

<?xml version="1.0" encoding="UTF-8"? >

<usqcdInfo>

<version>1.0</ve rs io n>

<plaq>(plaquette )< /p laq >

<linktr>(link trace)</linktr>

<info>(informati on )< /in fo >

</usqcdInfo>

where the plaquette is the a v erage plaquette normalized to unit trace for the

unit matrix and the link trace is the real part of the a v erage of the trace of the

link matrices. These v alues are presen ted in standard 
oating p oin t notation
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with precision appropriate to the precision of the stored �eld. The information

�eld can b e an y string, including an XML substring. The curren t string limit is

1023 b ytes.

This XML string can b e constructed b y an y means b efore con v erting it to

a QIO_String t yp e and passing it to QIO_write . Ho w ev er, QIO pro vides a

con v enience utilit y for constructing it. Construction tak es t w o steps. First the

user record data structure is created. Then the data structure is enco ded as an

XML string.

Creating the USQCD gauge �eld record information structure

Protot yp e QIO_USQCDLattic eIn fo *QIO_create_usqc d_ lat ti ce_ in fo

(char *plaq, char *linktr, char *info);

Example rec_info = QIO_create_usqcd _la tt ice _i nf o(" 0. 894 13 25" ," 0. 031 42 59" ,m yX ML) ;

Protot yp e void QIO_encode_usqc d_l at ti ce_ in fo( QI O_ Str in g *record_string,

QIO_USQCDLatticeI nf o *record_info);

Example QIO_encode_usqc d_l at tic e_ in fo( re c_s tr in g, rec_info);

The resulting string is then passed to QIO_write .

Destro ying the record information structure

Protot yp e void QIO_destroy_usq cd_ la tt ice _i nfo (Q IO _US QC DLa tt ice In fo *rec_info);

Purp ose F rees storage.

Example QIO_destroy_usq cd_ la tti ce _i nfo (r ec_ in fo );

When the �le is read, the user record XML can b e parsed b y con v erting the

XML string to a data structure and then calling accessors for the data items.

Protot yp e int QIO_decode_usqcd _la tt ic e_i nf o(Q IO _U SQC DL att ic eIn fo *record_info,

QIO_String *record_string) ;

Example status = QIO_decode_usqcd _l att ic e_i nf o( rec _i nfo , rec_string);

The return v alue is zero for success and nonzero if errors are encoun tered.

It ma y b e useful to kno w whether the �eld w as found during parsing. A set

of utilities pro vides that capabilit y .

Determining whether the �eld o ccurs

Protot yp e int QIO_defined_plaq (QI O_ US QCD La tti ce In fo *rec_info);

Protot yp e int QIO_defined_link tr( QI O_ USQ CD Lat ti ce Inf o *rec_info);

Protot yp e int QIO_defined_info (QI O_ US QCD La tti ce In fo *rec_info);

Purp ose Returns 1 if the �eld w as found and 0 if not.
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Accessing the v alues

Protot yp e char *QIO_get_plaq(Q IO_ US QC DLa tt ice In fo *rec_info);

Protot yp e char *QIO_get_linktr (QI O_ US QCD La tti ce In fo *rec_info);

Protot yp e char *QIO_get_info(Q IO_ US QC DLa tt ice In fo *rec_info);

Purp ose Returns the v alue as a p oin ter to the c haracter string.

Example sscanf(QIO_get_ pla q( rec _i nf o), "% f", &p la q);

The gauge �eld b yte order conforms to the ILDG standard. The site order

is lexicographic with the 0 ( x ) co ordinate v arying most rapidly . The data for

eac h lattice site consists of four SU(3) link matrices. Floating p oin ts v alues are

written bigendian, with eac h matrix presen ted as three ro ws of three complex

n um b ers. Single and double precision are p ermitted.

The data t yp e string is USQCD_F3_ColorMa tri x , a synon ym for QDP_F3_ColorMatri x

in older formats, or USQCD_D3_ColorMa tr ix for double precision.

Here is an example of a call to create the priv ate record XML:

QIO_RecordInfo *rec_info;

rec_info = QIO_create_record _i nfo (Q IO_ FI ELD , 0, 0, 0, "USQCD_F3_Color Mat ri x" ,

"F", 3, 72, 4);

A.2 USQCD Dirac Propagator F ormat

There are four standard propagator �le formats. Eac h �le includes the source

�eld or �elds as a complex scalar or Dirac �eld as w ell as the solution �elds.

1. C1D12 : One complex scalar source record and t w elv e solution records,

one for eac h source spin and color. The solution records corresp ond to

eac h source spin and color. The order of source spin and color should b e

sequen tial with color v arying most rapidly .

2. CD_PAIRS : Alternating source and solution for an y n um b er of pairs. The

source in eac h case is a complex �eld.

3. DD_PAIRS : Alternating source and solution for an y n um b er of pairs. The

source in eac h case is a Dirac �eld.

4. LHPC : [USQCD standard under dev elopmen t.]

In all cases the source can b e sp eci�ed either on a time slice or as a full �eld.

The CD_PAIRS and DD_PAIRS formats could b e used for a series of random

source/solution pairs, or they could b e used for a series of sequen tial sources

plus their solutions. Th us in some, but not all cases, the �le con tains t w elv e

solutions, one for eac h source color and spin. When it do es, the order of the

pairs should b e the same as for the C1D12 format, namely , sequen tial with color

v arying most rapidly .
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A.2.1 File information

In all cases the user �le information is prescrib ed as follo ws. It is passed as

the xml_file parameter to QIO_open_write and returned as the xml_file

parameter b y QIO_open_read .

<?xml version="1.0" encoding="UTF-8"? >

<usqcdPropFile>

<version>1.0</ver si on>

<type>(type string)</type>

<info>(informatio n) </i nf o>

</usqcdPropFile>

where the �le t yp e string is one of

"USQCD_DiracFerm io n_ Sca la rSo ur ce _Tw el veS in k"

"USQCD_DiracFerm io n_ Sou rc e_S in k_ Pai rs "

"USQCD_DiracFerm io n_ Sca la rSo ur ce _Si nk _Pa ir s"

"LHPC_DiracPropa ga to r"

and the information �eld is at the user's discretion.

There are con v enience function for constructing this string. The �rst step is

to create the �le info data structure:

Creating the USQCD propagator �le information data structure

Protot yp e QIO_USQCDPropFi leI nf o *QIO_create_usq cd _pr op fil e_ inf o

(int type, char *info);

Example file_info = QIO_create_usqc d_p ro pfi le _i nfo

(QIO_USQCDPROPF ILE TY PE_ C1 D1 2, myXML);

The t yp e parameter is an in teger (not a string) taking on one of these v alues:

QIO_USQCDPROPFILE TYP E_ C1D 12

QIO_USQCDPROPFILE TYP E_ DD_ PA IR S

QIO_USQCDPROPFILE TYP E_ CD_ PA IR S

QIO_USQCDPROPFILE TYP E_ LHP C

The data structure for the �le information is then con v erted to an XML

string:

Enco ding the �le information

Protot yp e void QIO_encode_usqc d_p ro pf ile _i nfo (Q IO _St ri ng *file_string,

QIO_USQCDPropFile In fo *file_info);

Example QIO_encode_usqc d_p ro pfi le _i nfo (f ile _s tr ing , file_info);

The resulting string is then passed to QIO_open_write .
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Destro ying the �le information structure

Protot yp e void QIO_destroy_usq cd_ pr op fil e_ inf o( QI O_U SQ CDP ro pFi le In fo *file_info);

Purp ose F rees storage.

Example QIO_destroy_usq cd_ pr opf il e_ inf o( fil e_ in fo) ;

Con v ersely , after obtaining the string from QIO_open_read , it can b e de-

co ded (con v erted to a data structure) as follo ws:

Protot yp e int QIO_decode_usqcd _pr op fi le_ in fo( QI O_ USQ CD Pro pf ile In fo *file_info,

QIO_String *file_string);

Example status = QIO_decode_usqcd _p rop fi le_ in fo (fi le _in fo , file_string);

after whic h the information can b e extracted with the accessors.

Determining whether the �eld o ccurs

Protot yp e int QIO_defined_prop fil e_ ty pe( QI O_U SQ CD Pro pF ile In fo *file_info);

Protot yp e int QIO_defined_prop fil e_ in fo( QI O_U SQ CD Pro pF ile In fo *file_info);

Purp ose Returns 1 if the �eld w as found and 0 if not.

Accessing the v alues

Protot yp e int QIO_get_propfile _ty pe (Q IO_ US QCD Pr op Fil eI nfo *file_info);

Protot yp e char *QIO_get_propfi le_ in fo (QI O_ USQ CD Pr opF il eIn fo *file_info);

The returned in teger �le t yp e is one of the v alues listed ab o v e for creating

the �le info data structure or QIO_ERR_FILE_INF O if the t yp e is unrecognized.

A.2.2 Source information

F or eac h of the formats there are one or more source records. The user record

XML is prescrib ed as follo ws.

The record information string for the source record is also prescrib ed.

<?xml version="1.0" encoding="UTF-8"? >

<usqcdSourceInfo >

<version>1.0</ve rs ion >

<info> collaboration use </info>

</usqcdSourceInf o>

The op erations for creating, enco ding, deco ding, and accessing v alues follo w

the same pattern as with the �le information, so w e simply list them:
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Con v enience functions for the propagator source record

Protot yp e QIO_USQCDPropSo urc eI nfo *QIO_create_usq cd_ pr ops ou rce _i nf o

(char *info);

Protot yp e void QIO_destroy_usq cd_ pr op sou rc e_i nf o

(QIO_USQCDPropS our ce Inf o *rec_info);

Protot yp e void QIO_encode_usqc d_p ro ps our ce _in fo

(QIO_String *record_string,

QIO_USQCDPropSour ce Inf o *record_info);

Protot yp e int QIO_decode_usqcd _pr op so urc e_ inf o

(QIO_USQCDPropS our ce Inf o *record_info,

QIO_String *record_string) ;

Protot yp e char *QIO_get_usqcd_ pro ps ou rce _i nfo

(QIO_USQCDPropS our ce Inf o *record_info);

Protot yp e int QIO_defined_usqc d_p ro ps our ce _in fo

(QIO_USQCDPropS our ce Inf o *record_info);

As with all QIO records, in addition to pro viding the user record informa-

tion, it is necessary to supply the priv ate record information. The follo wing

parameters are passed to QIO_create_reco rd _in fo b efore writing the record:

QIO_RecordInfo *QIO_create_rec or d_i nf o(i nt recordtype, int lower[],

int upper[], int n,

char *datatype, char *precision,

int colors, int spins, int typesize,

int datacount);

The record t yp e �eld is QIO_FIELD or QIO_HYPER . In the former case it is p er-

missible to pass n ull p oin ters for lower and upper and a zero v alue for n . F or a

source sp eci�ed on a single time slice, these arra ys sp ecify the b ounds of the time

slice, as illustrated in Sec. 4.2 ab o v e. F or complex source �elds, the data t yp e

�eld is "USQCD_F_Complex " or "USQCD_D_Complex" and for Dirac v ector source

�elds, the data t yp e �eld is "USQCD_F3_DiracFe rm io n" or "USQCD_D3_Dirac Fer mi on " .

The precision �eld in either case is "F" or "D" . The colors and spins parameters

apply to a Dirac spinor �eld and should b e zero for a complex source �eld. The

t yp e size sp eci�es the b yte coun t for the site data, and the data coun t �eld

should alw a ys b e 1.

A.2.3 Dirac solution �elds

F or eac h of the ab o v e �le formats there are Dirac solution �elds. The user record

information is prescrib ed as follo ws:

<?xml version="1.0" encoding="UTF-8"? >

<usqcdPropInfo>

<version>1.0</ver si on>

<spin>(spin)</spi n>
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<color>(color)</c ol or>

<info>(informatio n) </i nf o>

</usqcdPropInfo>

The spin and color v alues are required for the C1D12 format and are optional

for the other formats. QIO do es not enforce this requiremen t, but pro vides t w o

con v enience functions for creating the data structure for this string dep ending

on whether the spin and color are to b e enco ded.

Con v enience functions for the propagator source record

Protot yp e QIO_USQCDPropRe cor dI nfo *QIO_create_usq cd_ pr opr ec ord _i nf o

(char *info);

Protot yp e QIO_USQCDPropRe cor dI nfo *QIO_create_usq cd_ pr opr ec ord _s c_ inf o

(int spin, int color, char *info);

Protot yp e void QIO_destroy_usq cd_ pr op rec or d_i nf o

(QIO_USQCDPropRec or dIn fo *rec_info);

Protot yp e void QIO_encode_usqc d_p ro pr eco rd _in fo

(QIO_String *record_string,

QIO_USQCDPropReco rd Inf o *record_info);

Protot yp e int QIO_decode_usqcd _pr op re cor d_ inf o

(QIO_USQCDPropRec or dIn fo *record_info,

QIO_String *record_string) ;

Protot yp e int QIO_defined_usqc d_p ro pr eco rd _sp in

(QIO_USQCDPropRec or dIn fo *record_info);

Protot yp e int QIO_defined_usqc d_p ro pr eco rd _co lo r

(QIO_USQCDPropR eco rd Inf o *record_info);

Protot yp e int QIO_defined_usqc d_p ro pr eco rd _in fo

(QIO_USQCDPropR eco rd Inf o *record_info);

Protot yp e int QIO_get_usqcd_pr opr ec or d_s pi n

(QIO_USQCDPropR eco rd Inf o *record_info);

Protot yp e int QIO_get_usqcd_pr opr ec or d_c ol or

(QIO_USQCDPropR eco rd Inf o *record_info);

Protot yp e char *QIO_get_usqcd_ pro pr ec ord _i nfo

(QIO_USQCDPropR eco rd Inf o *record_info);

F or the priv ate record information structure, the follo wing �elds are used:

The data t yp e is either "USQCD_F3_DiracF erm io n" or "USQCD_D3_Dirac Fe rmi on "

for single or double precision, resp ectiv ely , and the precision is lik ewise either

"F" or "D" .
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