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QDP++: Low Level Plumbing for Chroma
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Basic Plumbing: QDP++ Types

* In QDP++ we try to capture the index structure of
our lattice fields:

Lattice Spin Colour Redlity =~ BaseType
Real Scalar Scalar Scalar Real REAL
LatticeColorMatrix Lattice Scalar Matrix(Nc,Nc)  Complex REAL
LatticePropagator Lattice Matrix(Ns,Ns) Matrix(Nc,Nc)  Complex REAL
LatticeFermionF Lattice Vector(Ns) Vector(Nc) Complex REAL32
DComplex Scalar Scalar Scalar Complex ~ REAL64

* To do this we use C++ templated types:

t ypedef OScal ar < PScal ar < PScal ar< RScal ar <REAL> > > > Real ;
typedef OLattice< PScal ar < PCol or Matri x< RConpl ex<REAL>, Nc> > > LatticeCol oriatri x;
typedef OLattice< PSpinMatrix< PCol orMatrix< RCompl ex<REAL>, Nc>, Ns> > Latti cePropagator;
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* QDP++ and Portable Expression Template Engine:
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* Provide expressions and recursion through type
structure




QDP++ Expressions: The power of PETE

* Use "convenient” mathematical expressions:

LatticeFermion x.y,z;
Real a = Real(1);
gaussian(x);
gaussian(y);
zZ=a*x +Yy;
int mu, nu;
multild<LatticeColorMatrix> u(Nd);
Double tmp = sum( real( trace( u[mu]

*shift(u[nu], FORWARD mu)
* adj( shift(u[mu],FORWARD,nu) )
Functions GdJ(U[nU])

bu’r array indices are expth|
).

Wowee! No indices or for loops!

multild<T> =
1 dimensional array

of T

Lattice Wide Shifts
FORWARD =
from x+mu
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QDP++ Subsets, Ordered Subsets

* Allow for partitioning the lattice
* Can be predefined: eg rb is "red-black” colouring
* Can be contiguous (OrderedSubset) or not (Subset)

* Same subset may be contiguous in one layout and not
in another

Notional Lattice
Lexicographic CB2 Layout
Layout

Subset OrderedSubset
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Storage Order:




QDP++ Sets, Subsets and Layouts

* In expressions, subset index is on the target
* bar[rb[1]] = foo (Copy foo's rb[1] subset to bar's)
* Users can define new sets
* Layout chosen at compile time with configure switch
* Default is CB2 (2 colour checkerboard) layout
* Layout needs to be initialized on entry to QDP++
mul ti 1d<i nt> nrow(4)
nr ow] 0] =nr ow{ 1] =nr ow{ 2] =4; nr ow[ 3] =8;

Layout: :setlLattSi ze(nrow;
Layout::create();
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QDP++: Reading and Writing XML

* No “static data binding” in QDP++
* Treat documents as "amorphous” (contain anything)
* Interrogate documents using XPath.

* Root of Path expression is "context node"

. —
| €8s
' ‘H 4 <?xm version="1.0" encodi ng="UTF-8" ?>
’ E root norde —— <fgo>
' =;§ <bar >
N — )5 From root: /foo/bar/fred Y __. <fred>6</fred>
: wi from /bar: ./fred <jinmp7 8 9</jinp
h'% </ bar >
g A -L g </ f oo>
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QDP++: Reading and Writing XML

XM_Reader r(“fil ename”); <?xml version="1.0"
encoding="UTF-8"7>

Doubl e vy; <foo>

mul ti 1d<Int> int_array; <cmp_array> |Array markup of

mul ti 1d<Conpl ex> cnp_arr ay; <elem> non-simple types

try { @e Path ReaEl :rri>>1-;/(;e<7|m>

read(r, “/foo/cnp_array”, cnp_array); </elem>
New Context ] <elem>

XM_Reader new r(r, “/foolb ) : <re>2</re>
%el#‘rive Paths ] <im>3</im>
read(new r, “./in+=array”, int_array); </elem> Array markup
read(new r, “./double”, y); </cmp_array> |for simple types
} <bar>
catch( const std::string& e) { <int_array>2 3 4 5</int_array>
QDPI O :cerr << “Caught exception: * <double>1.0e-7</double>
<< e <<endl: </bar>
QDA _akort (1); </foo>

QDP++ error

try-catch excep‘rioi|
handling construct

“stream”
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QDP++: Reading and Writing XML

O XML + , .
/] Wite to file pen aggro@ Wr'l‘re‘roafllej
XMLFi leWiter foo(“/Llout.xm");

push(out, “rootTag”); \\:<'?xmlver3|on =71 0"?>
|t x=9; | <rootTag>
Real y=Real (2.0e-7); <xTag>5</xTag>

write(foo, “xTag”, X); <yTag>2.0e-7</yTag>
wite(foo, “yTag”, Vy);

P
s % </rootTag>
pop(out);

i Close tag group :' g to Bufferj
XM_Buf f er W i ter f oo_buf;

push(foo_buf, “root Tag”) write tag wu’rh

int x = 5;

Real y = Real (2.0e-7); content
write(foo buf, “xTag”, x)

wite(foo buf, “yTag”, 961’ bUff@I" content

pop(foo_buf);
QDPI O : cout << “Buffer contains” << foo_buf str()
<< endl ;
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QDP++ and Custom Memory Management
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Occasionally need to allocate/free memory
explicitly - e.g. Yo provide memory to external
library.

Memory may need custom attributes (eg fast)

] . (Allocate memor%
Memory may need to be suitably aligned.|qom desired pool

. if possible, with
May want to monitor memory usage alignment suitable

to pool  /

poi nter =QDP: : Al | ocator::theQDPAl | ocator::Instance().allocate( size,
h ~ QDP: : Al | ocat or: : FAST) ;

-~
Namespace

QDP: : Al |l ocator::theQDPAlI | ocator::Instance()::free(pointer);
— 7

'
Get reference to allocator @mor‘yPoolHin’r (attribute)
(see singleton pattern later)




QDP++: moveToFastMemoryHint

* QCDOC/SP inspired construct (copy to CRAM?)
* moves/copies data to/from fast memory (eg EDRAM)

* NOP on machines where there is no fast memory

v IT I"e(]“y |S a h'hT”I Accelerate x|
Do not copy contents.

Latti ceFernion X: Contents of x lost

noveToFast Menor yHi nt ( X) ;

/[l Do sone fast conputation here
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revert FronfFast MenoryH nt ( x, true);

Bring x back to slow
memory. Copy contents
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Interface to QIO

* QIO works with record

Private File XML Data : :
Jor File XML Dere oriented LIME files
| Private Record XML Data * File is Composed of
Logical || User Record XML Data .
. Reiom” * File XML records
s Record Binary Data
$ * Record XML records
5 \ Checksum Record .
E | Private Record XML Data * Record Blnary data
':Eg Logical| | User Record XML Data * SciDAC mandates
5 Record
5 . Record Binary Data checksum records
\[___Checksum Record > ILDG mandates certain

records
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QIO Interface
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* Write with
QDPFileWriter

* Must supply user file
and user record XML as
XMLBufferWriter-s

* Read with
QDPFileReader

* User File XML and User
Record XML returned in
XML Readers

LatticeFermion ny_lattice_fermon; File XML .
XMLBufferWiter file_ netadata; - G
push(fil e_net adat a, "file_metadatal; CheCksum/ILDG deTal Is
wite(file_netadata, "annotationy/ "File Info"); .
pop(f | e_net adata) checked internally

_ . _ Record XML
QDPFi | eWiter out(file netadata, .

- file_nane,
QIO Write QDPI O_SI NGLEFI LE,
Mode Flags QDPl O_SERI AL) ;

XM.BufferWiter record_netadat a,
push(record_netadata, "record/metadata");
wite(record netadata, "an ation", "Rec Info")
pop(record_net adat a) ;
out.wite( record_netadata, ny_lattice_fermon);
out.cl ose();

; Latti ceFer m

XM_Reader fi I n_xm;
XM_Reader reco I n_xm;

Fi |l eReader in(tile in xm,
file_nane,
QDPI O_SERI AL) ;

nmnmy lattice fermon,;
in.read(record~in_xm, ny lattice_fermon);

i n.close();
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QIO and ILDG
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The underlying QIO support layer can handle ILDG
format.

Specialization of write() function and type traits:

* multild<LatticeColorMatrix> always written in ILDG
format.

* TLDG datalLFN is optional argument to the
QDPFileWriter constructor.

nersc2ildg program provided in examples/ directory

lime_contents and lime_extract_record programs
from QIO automatically built and installed
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QDP++ and Efficiency
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PETE eliminates Lattice sized temporaries

But still there are temporaries at the site level
* This really hurts performance
Workaround: Cliché Expressions Optimized
* eg: a*x +y,a*x + Py, norm2(), innerProduct() etc.
* Optimizations in C, SSE and bagel_qdp library
Non optimized expression still slow:
* eg: SU(3) matrix * matrix, matrix * vector, a*x+y+z

Next round of optimization to address this issue.




"
-
M
L] Ll
i“
]
r‘=
r=
L3
-
- _ .
-
v
!

QDP++ Summary
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QDP++ is an abstraction of a data parallel lattice
computer with:

* Data Parallel Expressions for Mathematics (PETE)
* Sophisticated I/0 Facilities (XML, Binary, QIO)

* Multiple Memory Pool Memory management

QDP++ actually has documentation (doc directory)
Solid bedrock for Chroma and other physics apps
Fast when using the Optimized Cliché Expressions

Native speed to improve in SciDAC 2.




