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Hadrons Code

 The modified Hadrons code which can measure chiral condensate and two point meson correlator with
source-sink separation lie in x direction, y direction, z direction and t direction is located in the following
directory of Fugaku:

x dir: /home/ra000001/a04428/src/modify_mres_finiteT/20220204_Add_Z2_psibarpsi_Hadrons.v20210716
y dir: /home/ra000001/a04428/src/modify_mres_finiteT/20220214_ydir_mres_Hadrons.v20210716
z dir: /home/ra000001/a04428/src/modify_mres_finite /20220214 _zdir_mres_Hadrons.v20210716

t dir: /home/ra000001/a04428/src/20211216_Add_psibarpsi_Grid.v20210713



How to create new module

 \We need to create new modules for spatial meson
correlator and chiral condensate, this can be done by

executing the bash script add_module_list.sh in Hadrons
code.



Determining the residual mass

* Residual chiral symmetry breaking of domain wall fermion due to finite Ls is
characterized by residual mass m_...

 Measure the ratio of midpoint correlator to the pion correlator evaluated at
large source-sink separations to remove the unphysical states contribution

< 2 JUxX, t)nd(6,0)>



Determining the residual mass
> - (4, 07(0.,0) )
> (J(F, 079(0,0))

Physical four dimensional fermion:

- - 1 +
g(x) = P,Y(x,0) + PR¥P(x, L, — 1); G(x) = P(x,L,— )P, + P(x,0)Pg; Py = /s
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e Jix) = — W(x, L, — DP 1" (x,0) + P (x,0)Prt®¥(x, L, — 1) = G(x)t%y5q(x)
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Motivation

1
I'= , N, is rather short for finite T.

alV,

In this case, one usually determine the residual mass ., by computing the ratio of

the midpoint correlator to the pion correlator evaluated at source-sink separations
which lie in a spatial rather than temporal direction.

Currently, Hadrons code has program for calculating the temporal meson correlator, but don’t
have program for spatial meson correlator.

How can we build spatial meson correlator program based on
temporal meson correlator program ?
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Temporal meson correlator

27 #include <Hadrons/Application.hpp>
28 #1include <Hadrons/Modules.hpp>

30 using namespace Grid;
31 using namespace Hadrons;

32

33 int main(int argc, char xargvl[])

34 {
35
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// initialization ////////////////////////////////////J/////////
Grid_init(&argc, &argv);

Yotsuba
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HadronsLogError.Active(GridLogError. 15Act1ve0)) .mai_,flf”;Eu
HadronsLogWarning.Active(GridLogWarning. 1sAct1ve()) : mgmdes e
HadronsLogMessage.Active(GridLogMessage. 15A¢t1ve()

HadronsLogIterative.Active(GridLogIterative. 13Adt1ve())l Tead> <bods |
HadronsLogDebug.Active(GridLogDebug. isActive (9 '@%*gﬁgﬁﬁ$¢@"4ff
LOG(Message) << "Grid initialized" << std: endlu g/ /me " Ezdut>ec

11!

41_1

// run setup ///////////////////////////////////AL//(/// ////2)/{
Application application; > T < luef="http Jicgi dchan @

std::vector<std::string> flavour = {"1", "s", "gL., “CZLh “t3“}_
std: :vector<double> mass {.01, .04, LR RINITIINES
unsigned int nt GrldDefaultLattiJfTbjla x’uf‘

// global parameters
Application::GlobalPar globalPar;
globalPar.trajCounter.start
globalPar.trajCounter.end
globalPar.trajCounter.step
globalPar. runld
globalPar.genetic.maxGen
globalPar.genetic.maxCstGen
globalPar.genetic.popSize
globalPar.genetic.mutationRate
application.setPar(globalPar);

Trajectory variables can be used to
loop over configurations



Temporal meson correlator

// gauge Tield o ) Set all the link variables to one, so this program
application.createModule<tGauge: :Unit>("gauge™); calculates correlators for the free case, if one wants to
// set fermion boundary conditions to be periodic space, antiperiodic time. load nersc format configuration, use MIO::LoadNersc
std::string boundary = "1 1 1 -1";
& C 1 ", - - 7 —_—
std::string twist = "0. 0. 0. 0."; Create a sink module “sink” at p,, p,, p, = O, the value
77 sink B of sink corresponds to p = 0
MSink::Point::Par sinkPar; 1= mutgrbowd anorzn ous ganden b/ '7> < .
sinkPar.mom = "0 0 0"; “‘1f“*“-“”’”"'ﬁn”“”“”“'
application.createModule<MSink: :ScalarPoints("sink:. "',IsinkPa%) Loop over all declared quarks to set for each flavor
1{:or (unsigned int i = 0; i < flavour. 51ze(. )«'.».l ++1) e — action, solver.
// actions Stk 1 el <Aeed> S|
MAction: :DWF::Par actionPar; As action here it use domain wall fermion,
actionPar.gauge = "gauge”; where the gauge fields are from “gauge” and
actionPar.Ls = = 12; set Ls=12, M5=1.8, m rresponding t
actionPar.M5 = 1.8; =lz, =1.0, Mass CO_ esponding to
actionPar.mass = mass[il]; L , T ;-“\.‘.;: the ﬂaVOr, boundary and twist are set.
actionPar.boundary = boundary; B ';;;_*;;;jt;};*.;-;;:',‘ :r;;;:_‘;;‘-_':“;; *  In line 83, it create a DWF action for the given flavor

actionPar.twist = twist;

i 66 )
application.createModule<MAction: and name it “DWF_" + flavour(l]

// SOLVers To calculate the quark propagator, it needs to set a
MSolver: :RBPrec(G: :Par solverPar; o rgsp ngbowd Haml e solver module which is used by propagator modul
solverPar.action = "DWF_" + flavour [1] 'i /e <Ak u u y propag ule. _
solverPar.residual 1.0e-8; It use the module MSolver::RBPrecCG, where the action

solverPar.maxIteration = 10000; Is given by the previous declared one, the residual and
application.createModule<MSolver: RBPrecCG>("CG r" ~’+ flavour [i], maximal iteration steps are set

sdlverPar)

RBPrecCG is a solver, it uses red black preconditioning
and conjugate gradient method to obtain the propagator



Temporal meson correlator

for (unsigned int t = 0; t < nt; t += 1)

std::string srcName;
std::vector<std::string> gName;
std::vector<std::vector<std::string>> seqName;

// Z2 source

MSource::Z2::Par z2Par;

z2Par.tA = t;

z2Par.tB = t;

srcName = "z2 " + std::to_string(t); c 4
application.createModule<MSource::Z2>(srcName, z2Par);: =
for (unsigned int i = 0; i < flavour.size(); ++i)

{

// sequential sources

MSource: :SegGamma: :Par seqgPar; Py Bl .fl,-
gName.push_back("Qz2_" + flavour[i] + " " + std i to strlnﬁﬁt) Bopiri
segPar.q gName [i]; ﬂ

seqPar. tA (t + nt/4) % nt; aned JKLJ,x~;m
seqPar.tB (t + nt/4) % nt; o b title ="Aoo

seqPar.mom = "1. 0. 0. 0."; el % ey S0 g oty Wy o
segName.push_back(std: :vector<std::string>(Nd)); P/ ifntﬁu¢qu;LJ' ]
for (unsigned int mu = @; mu < Nd; ++mu) S Tatp/icga Schun oTg Aungbon
{ B hlfuvﬁy'f@ 1l = R
seqPar.gamma Ox1 << mu; . Tﬁmwi;7”144f»i‘

segName [1i] [mu] = "G" + std::to_string(seqPar.gamma) <sis. wuo = . ovgiemugbo
+ " " + std::to_string(seqPar.tA) +_H‘?ﬁ ¢Tg$u,¢fn§5pfi

+ gNamel[i]; Pri A lﬁgA

!~ — !T

application.createModule<MSource: Squamma>(seqName[1][mul,4§eanr)

} y:distatus  $cha
11 t 2 ¥4

// propagators me;?ﬂ ?@ .

MFermion: : GaugeProp: :Par quarkPar; avposted lere
quarkPar.solver = "CG_" + flavourl[i]; v i
quarkPar.source = srcName; o
application.createModule<MFermion: : GaugeProp>(gName[i], quarkPar);
for (unsigned int mu = 0; mu < Nd; ++mu)

{

AL

,,A —_—

quarkPar.source = seqName[i] [mul;
segName [i] [mu] = "Q " + flavour[i] + "-" + segName[i] [mu];
application.createModule<MFermion: :GaugeProp>(segName[i] [mu], quarkPar);




Temporal meson correlator

Oy (Db ()

// contractions

MContraction: :Meson::Par mesPar; <OM(I/Z) OM(Z)>DW = —1{r F <Dt_0£(mf2)>

for (unsigned int i = 0; i < flavour. 5128() ++1) 0l 0l
for (unsigned int j i; j < flavour. 51ze() ++]) ) ’ T
{ ik rw CESEL _:;._"

nesPar.output = “mesons/z2 " + flavouriil¥ ﬂ‘a‘”’“"m I", and I'; combination is set by the string parameter

mesPar.ql = gName [1i]; tElmentBy I s _i_hm4f _

mesPar.q2 = gName[j]; mesPar.gammas. For example if one wants to compute

mesPar.gammas = "all"; e ‘fabﬁﬁﬁfﬁ““?ﬁﬁi“jTQﬁ

nesPar.sink = "sink'': o e Eilaes the correlator for (I'4, ') = (¥s, yy) and (I'4,15) = (y,,1)

application.createModule<MContraction: M650n>(“mesth22 =
e_ig +5std ;fe_strlng(t)

One would write:

mesPar.gammas = “ (Gamma5 GammayY) (GammaX Identity) “
H-flaveuﬁlll

i “-~+ ﬂavodr[J]

W mespa"l “all” option in line145 means compute the correlator for
Sl all 256 combinations of gamma matrices

181 // execution
182 | application.saveParameterFile("meson2pt.xml"

183 application.run(); B After set all modules, store all the parameters in “meson2pt.xm
184 Start the execution with application.run()

185 // epillogue et .
186 L0G(Message) << "Grid is finalizing now" << std::endl; Use Grid_finalize() to destroy all created objects and

187 Grid_finalize(); free memory
188

189 return EXIT SUCCESS;

190 }




Quark propagator | + 7.
Physical four dimensional fermion: 2
g(x) = P,¥(x,0) + P¥(x, L, — 1); g(x) =¥(x,L, — 1P, +P(x,0)Pp
Physical propagator:

I [ i : _
(qmq())pw = —— J@T@T§2®QZ® G(n)q(1)e~FPonm¥=®Dp, (e
DW

1 B ~
— — ([Dmi(m)] o 1) = | Djgy(m)] Ln

l+m 1-—-m 1+ ) -1 -H)5
Dtav(m) — 2 + 2 }/5€LS(H)9 €LS(H) — ( ) ( )

. lim D, =D
A+HbL+(1-HE [ O

(bs + ¢5)Dy/(—Ms)
2 + (b5 — ¢5)Dy(—Ms)

H = }/SD kernel — 75

D.,,..; is Mobius domain wall kernel



Inversion of the Dirac operator

_ P, P 0 .. O
The connection to the DWF operator 0 P P 0
L R coe
31 — [pip=] _ f Ity
(DL (m)] = P™D5,(m)(—D_)P ]n,l;O,LS_l, P — PLr=— 5
0 0 .. P, Pg
To determine the propagator, need to do the inversion of P 0 0 P

the Dirac operator, it is time consuming

Introduce source to just invert a part of the operator, e.g. point source Y = o0, .0, 0

n,ny - a,0n a,d,
Doy (m)] | lwpls = [P'Dpym)(=DOPT]

— [[FDTDI;‘%V(m)] n.1:0.5 [(_D—)PTWO]

ol

s, L.—1

* Five dimensional point source

Solve |G = Dg‘la,(m)\I’DW,O using conjugate gradient (CG)

Then, project G back to four dimensions by PG to get [D_l(m)]

ov

n,ng,



Red black/even-odd preconditioning

D7, (m) W Woli = D7, (m) = P Dy (m)

n,n n,l;0,s

b Y
[ D W’O] [;s,L,—1
 Only calculate one column of the truncated overlap operator, reduced the time

G = Dzsxlv(m)‘PDW,o

* Need to do the above inversion for 12 sources which is all combinations of Dirac and color indices

* To further reduce the computational time, introduce red black preconditioning method

Assign for each space-time point of the four dimensional lattice a parity p = {r, b} with

p=x+y+z+1t) mod 2, O0-r,1—-0b

M€€ Meo
Dpw = (M M )



Shur decomposition

Red black/even-odd preconditioning

Dpwy =1
DUy = L™ 'p

M€€ MGO we
O DOO wO

(

Meewe _I_ M@OwO
DOOwO

Dpw = (M

M€€

MGO
MOO

_ 1 0 Mee 0 1 Me_elMeo
A\ M M1 0 Do/ \O 1

B 1 0
A\ =M, Mt 1

)=(,

Tle
o MoeMe_elne

) ) (Z) » Dooto = 1,

Solve D};ODOO@: D! n!

i —1
Put y into |, = M__ (77@ — MQO@DO) to get y,



Temporal meson correlator

Hadrons/Modules/MFermion/GaugeProp.hpp

216 template <typename FIMPOQ® |
217 void TGaugeProp<FImpl>::execute(void)

218 {

219 LOG(Message) << "Computing quark propagator
220 << std::endl;

221

222 std::string propName = (Ls_ == 1) ? getName() §getName() + " 5d");
224 if (envHasType(PropagatorField, par() suurGe)) ““,iﬁqig

225 { & renin d ,.I- I».,._..;,f.';ff:”: Frguriy ‘

226 auto &prop envGet(PropagatorFléTd propName)

227 auto &propPhysical envGet(PropagatorFaeld g‘etNang()) Using red black preconditioning and
228 auto &fullSrc P

<< getName() <<

Get (Pt torField; . .
229 eGet(Fropegator pai)ﬁ{s?{frce) the conjugate gradient method to

230 LOG(Message) << "Using source'" << parﬁlnsourcéméz PQ“ << std::endl: lve th r tor
231 (prop, propPhysical, fu%l§rf) i i SOlIve the propagato

2 3 2 _l t i/l apey u;‘-m ‘.l -"filr; ',"Ll :.

L‘[l: flcgd 4-hu. 0rg/1c/mugbon 11w

2 3 3 l (A 1 Elxl .u_I,,_ .a ‘:U ' "
;'«x’.
’ July

234 che org gt gl&ff u,j

235 auto &prop envGet(std: vector<PropagatofF1eld> propName) ;

236 auto &propPhysical = envGet(std: vector<PrqpagatofF1eld>, getName());

237 auto &fullSrc envGet(std: vector<PronagatorF1eld> par().source);
238

239 for (unsigned int i = 0; 1 < fullSrc.51z§§in»++1)

240 { ‘postt

241 LOG(Message) << "Using element " << 1 << " of source vector
242 << par().source << "'" << std::endl;

243 AR e Eaeds (prop[i], propPhysicallil, fullSrcl[i]);

244

245

246 }




Hadrons/Modules/MFermion/GaugeProp.hpp

157 // execution ///////////////////////////////////////////@/////7/17171117 190 // source conversion for 5D sources
158 template <typename FImpl> 191 else

159 void TGaugeProp<FImpl>::solvePropagator(PropagatorField &prop, 192 {

160 PropagatorField &propPhysical, |193 if (Ls_ '= env().getObjectLs(par().source))
161 const PropagatorField &fullSrc) |194 {

162 A 195 HADRONS_ERROR(Size, "Ls mismatch between quark action and source");
163 auto SETEEN: envGet(Solver, par().); 196 }

164 auto &mat .getFMat () s i, w 197 else ) S g e

165 s tme= TRATING" contena= TR T A- 04 2-1096. 1400 198 { fvuqﬁgﬁ%;aﬁﬁéb#};;;ﬁ,

. . tatic 4chan orgicssAyotsuba © css™title yotsuba*><Ilmdé @ . ~AQ~An 00000000 N ewm opm pmem w0 et ms aratatye 4l orEiess Aot uba P css™title Yotsuba“><1mi
166 envGetTmp(FermionField, source); .pﬁﬁ;sﬁﬁg{F:ME;gfﬁﬂ;is 199 PropToFerm<FImpl>(source, fullSrc,‘s, c)ﬁagmjgggﬁa;gu

167 envGetTmp(FermionField, sol); j;-ﬁ&ghﬁﬁkiﬁf“Jm%ﬁﬁaﬁiﬁfﬁ 200 ¥ e xQfsme + = LI, 1) rehim 5 ande e malexOn
168 envGetTmp(FermionField, tmp); ’ﬂimuwﬂybm. ‘wmww'wwwﬁﬁi3 201 ¥ ’f&;ﬁ?fﬁﬁﬁ;é*“”wfiﬁ”%ﬁﬁfﬁ
169 LOG(Message) << "Inverting using n2E pén() m s 1202 sol = Zero(); R T, L
170 << std::endl; ink:= 2 e e Vi ong Mjmigeﬁy 203 LOG(Message) << "Solve" << std::endl;: o A R LT S ot
171 for (unsigned int s = @; s < Ns; ++s) B A TR e "'”;#jﬁﬂ 204 HAW=L(sol, source); | vy argje/ane N
172 for (unsigned int c 0; ¢ < FImpl::Dimension; +*Q7” SEa- (e icad 1205 LOG(Message) << "Export solution" << std: en@tﬁﬁimgg,y;ﬁgng%f
173 1 ;Lullva”*‘&;fax;g} 206 FermToProp<FImpl>(prop, sol, s, c); %ﬁggzh.gg e
174 LOG(Message) << "Inversion for spin= " << s <<;ul chnr;‘w::;;c 207 // create 4D propagators from 5D one 1if neceSSﬁfy =i 7 G
175 << std::endl; S il i gen-l 208 if (Ls_ > 1) d; “fﬁgﬁgﬁfﬁlﬁQip

) [I ll s, '1“',':«';:‘_ $ gl t }7 ul" to te/TViale '>an et
176 // source conversion for 4D sources a1 ot magbowdiar - RO 209 { _ _ _ Sy hosiie: i D
177 LOG(Message) << "Import source" << Std::endl; - scwn gt goowd humal 210 mat.ExportPhysicalFermionSolution(sol, tmp) argi o bl

178 if (lenv().isObject5d(par().source)) a1 ey SRR Sy 211 FermToProp<FImpl>(propPhysical, tmp, s, c)*

L1 g rnughoad Il T Ay e B Mty 4
179 avportation >n</a> / <a fuef="Tep 212 s S CTE/ D A EroArd N1 LA
chan arg/sp/amoghoad Il title= > 7 <4 Irefm hatn  fizin deha
. — <a | Tef= atp fizap 4 L‘,q‘ 213 }. o= "TY r:;‘;"‘h‘.': & 1 N1
180 if (Ls_ == 1) ey ST
- p.fizp +dvan arg/x/angl 214 } 9 f—‘i\*q- tariie el
181 .{ aef= ..r-q- i .‘Y‘i’—l: ;-“.»".7 $chant - 04 T o
witchan' tirle="3ch <

182 PropToFerm<FImpl>(source, fullSrc, s, c)j @

183 } (g(n)q(])) [D m ]
184 else q( )Q() DW = tOV( )
185 {

186 PropToFerm<FImpl>(tmp, fullSrc, s, c);

187 mat.ImportPhysicalFermionSource(tmp, source); nl N~ [PTD W(Wl)]
188 n,l;0
189

7

Then project G back to four dimensions by PG to get [Dmv(m)]

n,ng



Grid/algorithms/iterative/SchurRedBlack.h

temp late<class Guesser>
void operator() (Matrix & _Matrix,const Field &in, Field &out,Guesser &guess)d{

// @RS CGdiagonalMee not implemented virtual function
// [@BWY use CBfactorise to control schur decomp
GridBase *xgrid = _Matrix.RedBlackGrid();

GridBase xfgrid= _Matrix.Grid();

Field resid(fgrid); g W7 3¢ the home of Anorganens, 2 2 vahac i
1 1 " EPIEIIT RATING" content="R TA-5042-1¢ ‘.’wuis‘r‘] ]
Field src_o(grid); T b JI1111111111111111111111111111777777777177711177
Field src e( g rid) ’ title=Fiztaba "><lml rel altemate sty lesh x tpe: // Fionn A2A boolean behavioural control
- - AT o : ',fﬁ:;ﬁ,;’“ﬁiiﬂ’”*’f;fﬁiﬁiti-fisﬁfu //////////////////////////////////////////////// e P o B £
Field sol O(gl’ld) ! ",j:gl’-’}f;j".f‘:‘,‘ s e ot ki s if (subGuess) sol_o= sol_o—-guess_save; ‘i i e Dot
i Bocrih i randon - ' A

Y {‘J A-; sty di ;14: " 9f:fii1%hi A-‘;f}jg,j ??iln
i == e o ;;/éggg{ggﬁ/gg{g{ggg/géggg/{gg/gggg/ggggg/ﬂ({{/‘//
// RedBlack source ”111 ///////////////////////////////////////////////////
//////////////////////////////////////////////// ‘@3;;@x" Ecclu” RedBlackSolution(_Matrix,sol_o,src_e,outd);: el TR o o)

I xg gl it le="
1At e I-L}\ < /a laef="I1t &1 4

RedBlackSource(_Matrix,in,src_e,src_o); f“L ‘argiu/angboud hel” tale= g B // Verify the IEYd residual
= , <a Iuef="Iatp //zp 4w 1' if ( ! subGuess ) {
Matrix.M(out, resid);

[1777777777777777777777777777777 $1L;yh,}hﬁff?<?fﬁfi; resid = resid-in;

. org/r/mugboard ol tatle

// Construct the guess 11 r;i*{“L’llewlvf Z”t; Eea{g ns = normggin);.d) ot ST U
S el S, el e ek ea nr = norm2(resid); , > tdvnorg/t gowd Ml
[1771777777777777777777777777777 s gk angboud bt (2L~ "B OE 2t E R

if(useSolnAsInitGuess) { ) g olig Al\,; std::cout<<GridLogMessage << "SchurRedBlackBase: so}vefu?frme resid "<< std::sqrt(nr/ns) << std::endl
pickCheckerboard(0dd, sol_o, out); o ip s org/tmgboa , \[”*1J??M=

else {

n ] 1 »] | 55 b o
} else { e port ik o> § <& Taet= D/} std::cout << GridLogMessage << "SchurRedBlackBase GueSs subt racted after solve." << std::endl;
chan arg/sp/moghoad Il tiele= Ry 11 o1
guess(src_o,sol_o); S R e i el b mporn
} , p _tTi 41'}’!,{?\, e "‘ ,’1,";"
aef="1 ITp Jistanas $chwo
1’.\%:‘;121‘; 1t\'.":»\:r"'i In*
. . { %f‘.’TI > .JI J' . .f;'w“\“
Field guess_save(grid); aposted

guess_save = sol_o; S

/1111177777777 /7//7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7777777777/77777777777777/7/7/77/777
// Call the red-black solver

[117771777777777777/777777/7/777/777777777/777/7777/777777777777777777
RedBlackSolve( Matrix,src_o,sol _o0);




Grid/algorithms/iterative/SchurRedBlack.h

virtual void RedBlackSource(Matrix & Matrix,const Field &src, Field &src _e,Field &src_ o)

{ T e e T e
GridBase *grid = _Matrix.RedBlackGrid ( );:: u = Rarnic? cma= RTL 1602 1008 141
GridBase xfgrid= Matrix.Grid(); T ST Cae= aaiba v < Imie rel= aleinate styiesheet

Field tmp(grid);
Field Mtmp(grid);

pickCheckerboard(Even,src_e,src);
pickCheckerboard(0dd ,src_o,src);

//////////////////////////////////////////////JA///%/

I</mngbou

L S8 oV v

[ 111111 LLLLLLLTLLLLLLLLLLLLLLLLLLLL LSS LS L] L LLEELL LT Lo o
Matrix.MooeeInv(src_e,tmp); assert | tmp,CﬂecKerbuardﬁ

aef="1atp

_Matrix.Meooe  (tmp,Mtmp); assert( thp.quckerboand()
tmp=src_o-Mtmp; assert tmp.Cwegkerboard )

// src_o = Mdag * (source_o - Moe MeelInv source e)W‘*xﬁ «x*kwf

3 q 1)
o w3 TR
ke ‘> <

// get the right MpcDaag o
SchurDiagMooeeOperator<Matrix, Field> MySguldd=0( Matrix);
SRR . MpcDag (tmp,src_o); assert(src o.Checkerboard()




SolverTimer.Start();

int k;

for (k = 1; k <= MaxIterations;
CpP;

MatrixTimer.Start(): R
Linop.[su0s(p, mmp); virtual void Mpc (const Field &in, Field &out) {

MatrixTimer.Stop(); i Field tmp(in.Grid()); s SR,
' tmp.Checkerboard() = !1n.Checkerboard();ggﬁ;%fi};jfﬂ

o 0 _Mat.Meooe(in, tmp);

mmp = DOODOOPO _Mat.MooeeInv(tmp,out);
(1) _Mat.Meooe(out,tmp);
_Mat.Mooee(in,out);

virtual void HermOp(const Field &in, 'Fleld &out)ll axpy (out,-1.0,tmp,out);
out.Checkerboard() = in. Checkerboard() = \}/irtual void MpcDag  (const Field &in
MpcDagMpc(in,out); Field tmp(in.Grid()); |

_Mat.MeooeDag(in, tmp);
_Mat.MooeeInvDag(tmp,out);
_Mat.MeooeDag(out,tmp);
_Mat.MooeeDag(in,out);
axpy(out,-1.0,tmp,out);

virtual void YlJeELlleIe( const Field &1n ; ;
Field tmp(in.Grid()); e e

tmp.Checkerboard() = 1n.Checkerboard()ﬁf

fpcin, tnp): out =D, D, P

MpcDag(tmp,out); e o0 00 O (i)

¥



Grid/algorithms/iterative/SchurRedBlack.h
-[)cm>:::-A4Lmo — ]vfbewﬂdc;;ljvféc>

virtual void RedBlackSolve (Matrix & _Ma*xlx,EOnSt‘Field*&s%c;o, Field &sol o)

SchurDiagMooeeOperator<Matrix, Field> HermOpEO( Mafri%)
this—> HermitianRBSolver (HMzEguedssl, src_o,sol_ o) assert(sol 0.Checkerboard()==0dd) ;

o
’

oPooo = Dyoll;

OO0 00T O




Grid/algorithms/iterative/ConjugateGradient.h

void operator()(LinearOperatorBase<Field> &Linop, const Field &src, Field &psi) {

std::cout << GridLogIterative std::setprecision(8)

<< sSsQ << std::endl;

"ConjugateGradient:

psi.Checkerboard() = src.Checkerboard();

95 std::cout << GridLogIterative << std::setprecision(8) << "ConjugateGradient: mp "
conformable(psi, src); << d << std::endl;
96 std::cout << GridLogIterative << std::setprecision(8) << "ConjugateGradient: mmp "
65 RealD cp, ¢, a, d, b, ssq, qq; << b << std::endl;
//RealD b_pred; 97 std::cout << GridLogIterative << std::setprecision(8) << "ConjugateGradient: «cp,r "
<< Ccp << std::endl;
Field p(src); 98 std::cout << GridLogIterative << stdiisetprecision(8) << "ConjugateGradient: p "
69 Field mmp(src); << a << std::endl; g TR e e e
Field r(src)ll B 99 T ST e
// Tnitial residual computaticuitset: up \ ffﬁﬁéiﬁﬁ?ii ig? RealD rsq = Tolerance x Tolerance' *ussq:qfri;ﬁmmwg@5g3g
;31 iiiéet?‘éiis Zsﬂgﬁ?ﬁﬁﬁii ; = 0); ‘ Lz V0 Cluses 47 gliess 15 ey RES good: ’) i S 2
: pane Sl e ey 12 s 103 if (cp <= rsq) { .Mvﬁxﬁu@nwgﬁfﬁ%“ﬁ
76 Linop.HermOpAndNorm(psi, mmp, d, b);  maife e e, 104 TrueResidual = std: sqrt(a/ssq) o i
77 =" 105 std::cout << GridLogMessage << “ConjuqatEGradleﬂI guess is converged already " << ¢
78 r = src — mmp; = td::endl; A
79 D = r; P TYO) b — jQZKO) 106 IterationsToComplete = 0; ﬁh:i?;d?fﬁ a$ﬁg
80 A 107 return; L IREEE
81 [ a = norm2(p); 108} e St L
82 cp = a; p(O) (0) g 109 ; "‘f?z;»ﬁ;;?
83 ssq = norm2(src); Pt 110 std::cout << GridLogIterative << std::sétprégis@éﬂ@ﬁ)
e T,. Y 111 << "ConjugateGradient: k=0 residua%m“42<”tp << " target " << rsq << std::er
// Handle trivial case of zero src nposedl di: e BT hrp i
86 if (ssq == 0.){ postr 112 f;%ﬁ‘:”;“'
87 psi = Zero(); 113 GridStopWatch LinalgTimer; oo
88 IterationsToComplete = 1; 114 GridStopWatch InnerTimer; aXposted
89 TrueResidual = 0.; 115 GridStopWatch AxpyNormTimer; i
90 return; 116 GridStopWatch LinearCombTimer; )
b 117 GridStopWatch MatrixTimer;

GridStopWatch SolverTimer;

93 std::cout << GridLogIterative << std::setprecision(8) << "ConjugateGradient: guess
<< guess << std::endl;




SolverTimer.Start():
int k;
for (k = 1; k <= MaxIterations; k++) {
C = Cp; T
NOUO
MatrixTimer.Start();

Linop.HermOp(p, mmp);
MatrixTimer.Stop(); qug(i)

LinalgTimer.Start();

InnerTimer.Start();

ComplexD dc = innerProduct(p,mmp);
InnerTimer.Stop();

d = dc.real();

a c / d;

AxpyNormTimer.Start();

cp = axpy_norm(r, —a, mmp,
AXpyNormTimer.Stop();

b =cp / c;

LinearCombTimer.Start();

{
autoView( psi_ v , psi, AcceleratorWrite)
autoView( p_v , P, AcceleratorWrite);
autoView( r_v , r, AcceleratorWrite); < e
accelerator_for(ss,p_v.size(), Field::vector_object::Nsimd/( > /i scive [ it1) = T(;) + O>N\P(q

coalescedWrite(psi_viss], a x p_v(ss) + psi_v(ss) S (1) (?) (1) F(2) -

coalescedWrite(p_viIss] , b * p_v(ss) + r_v (ss) p(z’—l—l) __ T(i—l—l) +ﬁ(z’—|—1)p(i)a
y I

LinearCombTimer.Stop();
LinalgTimer.Stop();

u
’
’

1 : Q= It
' ~ 2T ] ] *lp=
LELOAA 1) t1xx)

r);

std::cout << GridLogIterative << "ConjugateGradient: Iteration " << k
<< " residual " << sqgrt(cp/ssq) << " target " << Tolerance << std::endl;




Grid/algorithms/iterative/ConjugateGradient.h

158 // Stopping conditiolj

159 if (cp <= rsq) {

160 SolverTimer.Stop();

161 Linop.HermOpAndNorm(psi, mmp, d, qq);

162 p = mmp — Src;

163

164 RealD srcnorm = std::sqrt(norm2(src));

165 RealD resnorm = std::sqrt(norm2(p));

166 RealD true_residual = resnorm / srcnorm;

167

168 std :cout << GridLogMessage << "ConjugateGradient Converged oq‘iterat1@n1”%<< Kot
169 < "\tComputed residual " << std::sqrt(cp / ssq) e o Tl L T‘_".‘ﬂ~ m

1ba B"><Iml 1="41
.y

170 < "\tTrue residual " << true_residual “_“351§“1fgﬁj.*.*"m'"***'"p

171 << "\tTarget " << Tolerance << std::endl; i2;§°»-ngfdiﬂfT?:gQi?f?3f;i;ﬁif
172 4 T mn ﬂ 4 -1:vz"‘ "2 bed of =) Y 1

173 std::cout << GridLogIterative << "Time breakdown "<<std? .enﬁt,yv, il
174 ::cout << GridLogIterative << "\tElapsed " << SolverTimer EXapsed() std'1 qhdl,1 .

175 ::cout << GridLogIterative << "\tMatrix << Mat¥FixXTimer. Elabsed()‘<<std‘*end1‘“

176 ::cout << GridLogIterative << "\tLinalg << LinalgTimer. Elaﬁseg() <<std::endlj’

177 ::cout << GridLoglIterative << "\tInner << InnerTimer.Elap8&d(.}i<<otds menidly™ i; F
178 ::cout << GridLogIterative << "\tAxpyNorm << AxpyNormTimer. Elapsedi) ﬂdétd"ehdl*']
179 ::cout << GridLogIterative << "\tLinearComb " << LinearCombTimeruﬁl @d()m} <5l edl;
180 P o\ Srg /Ay Aingbomd Jinl {ile=

181 if (ErrorOnNoConverge) assert(true_residual / Tolerance < 1@@@@»9&, ;fu_?jfﬂlgﬁ.ggg
182 l. a on g ok n-*.: P‘ 41w cat] “‘71%57::1'
183 IterationsToComplete = k; ) $dwn gt Howd ol
184  TrueResidual = true_residual; Salue nip Tg/Et mghos
185

186 return;

187 s

188 ¥

189 // Failed. Calculate true residual before giving up

190 Linop.HermOpAndNorm(psi, mmp, d, qq);

191 p = mmp — Src;

192

193 TrueResidual = sqrt(norm2(p)/ssq);

194

195 std::cout << GridLogMessage << "ConjugateGradient did NOT converge "<<k<<" / "<< MaxIterations<< std::
196

197 if (ErrorOnNoConverge) assert(0);

198 IterationsToComplete = k;

199

200




Grid/algorithms/iterative/SchurRedBlack.h

virtual void REAEIAECTANEN](Matrix& Matrix, const_Fielq&»sol_o, const Field& src e, Field& sol)
GridBasex grid _Matrix.RedBlackGrid();A‘5*iﬁgi@§ff“§f§jﬁiiﬁlﬁ

GridBasex fgrid = Matrix.Grid(); e OB e + = B Ede = 1) et A e mulex

Field tmp(grid);

Field sol _e(grid);
Field src_e_i(grid);

//////////////////////////////////////////////Zf///M }g,wfffa7fi.
// sol_e = M_ee™1 *x ( src_e — Meo sol_0 )... =@l tum el
////////////////////////////////////////////////7/%lfﬁ"
_Matrix.Meooe(sol o, tmp); assert ( @tmp Checkerboa#&

src_e_ 1 = src_e - tmp; assert( srcle. 1.Che£kﬂrgaard()
“Matrix.MooeeInv(src e i, sol e); assert( -sob e1Chéckerboard()

24 .
vy OIF1C/ gL o gl
- _—

=11 Yo

setCheckerboard(sol, sol e); assert( sol e. Checkerboard() Even );
setCheckerboard(sol, sol o); assert( sol o. Checkeﬁbgard() 0dd );

Solve DioDoo@ D! T n

Puty into | Y, = ]\46_61 (77@ — Meaw()) to get y,



Temporal meson correlator

(Op(m) Oy (D) <61f1(n)a1 wp, W, DTy qfl(l)ﬂ2> =—1gplap <qu(l)az qu(n)ﬁ1> <5]f1(n)al qfl(l)ﬁz>
DW DW DW

a 42 a, a) a d a,

_ N—1 N—1 ~ 1 _
o [F <Dmv(mﬁ)>n,z : <Dmv(mﬁ)>l,n] where <Dt0%’(mﬁ)>n,z T My (lDt"‘%(mﬁ)]n,z_ 1)

Trace is over spin and color index

* ys hermiticity : [Dtov(m)] —VS[ tov (m)] I




Temporal meson correlator

Hadrons/ModuIes/MContractlon/Meson hpp

execu lon ‘-T‘Til\ JAS S rar v A 4
#define mesonConnected(ql, g2, gSnk, gSrc) \ ‘wﬁﬁ?gﬁwﬁﬁf ;j A
(g5%(gSnk) )x(qgl)*x(adj(gSrc)*g5)*adj(qg2) | R AL R 7] Tl o e Meads <bads | . _
tgm lgte <t gname F%mgll tg enamé gIm 12> limes st batp g chan orgb/ingbourd bl Ll SHAEETEUI | LEREEEECOples, el

P yP PLs _Yp P & »fg'ﬂ;;;f' hret=hutp fforz 4 chun LOG(Message) << "(using sink '" << par().sink << "')" << std::endl;
¥01d TMeson<FImpll, FImpl2>::execute(void) DI . i e for (unsigned int i = 0; i < result.size(); ++i)

{cduvay o1 1 B ~: "‘\; "'_.i._; tal ’ ‘*{,:"L 38 {
LOG(Message) << "Computing meson contractions '" << gétNamE() << ""uSlng" Gamma R EEITEILISE [[L]] - TalPSE) f s i il iy e
<< " quarks '" << par().ql << "' and '":x <%par(9u92 ] L He Gamma gSrc(gammaList [1].second) ;i it agis oty oot tale = Notmie s i
<< Std . . endl; . J»I '.iil. / ‘{;» I o /iy 'L%{_, o ;j.'- Std L St rlng nS; s H..lii:‘ j.,\_w;;-_‘ih..‘_:.ﬁ!r;l]:]-;'.”i':'nr_-:*t_.ll.;‘ }_,]‘ le‘\

envGet (PropagatorFieldl, par().ql);

auto &gl ’
envGet (PropagatorField2, par().q2);

auto &g2

nl" tx "»’“ -'"-"a“ "‘—’-L» ioel nice < Ofirvane + * 1t ncle = 1) retvmn. ™ >mude x=nvdex O

g1t Lw‘:ﬁ“;"‘l'ha-; U FOL ulsta=length yetumn decode TTEIComponeantisubsuamgnude x ¢

Na T >a</a ¢ AUE 1aty retumn pass var dhuas="4 bed «f "ADQ ISt U XY

std: :vector<TComplex> buf; 2 fcwn g/ goowd had ns = vm().getModuleNamespace(env().getObjectMadute(par()isink)y)s
p I revy ’- l 1 * v *

std::vector<Result> result; R e e if (ns == "MSource") & ‘;i;”gi ;aﬁftﬁﬁﬂﬁ;ﬁf*
Gamma g5 ( Gamma : :A-Lgeb ra : : GammaS) ; "1: _{ :".:I»nl‘ ‘.-ﬁl_“’i‘ { | | = =R qef 1! ::1.,' . org/d "l‘c‘ oard htiml* tit

. . p _ﬁt‘iwifhzt_; ‘_* o ;:j h e
int nt = env().getDim(Tp); oo Sy st dchve r.”mﬁ

T <)< apey c = trace(mesonConnected(ql, g2, gSnk, gSTtT*Slnk), 5mf3;;?3

' i mpoad e sliceSum(c, buf, T Il til a7 %3 Tet="1y
parseGammaString(gammalList); i b . (c, p); e faat
e-Lse if (nS - "MSink“) illﬁ gAYk /nngbouad 1w :

result.resize(gammalList.size()); e S S G
for (unsigned int i = 0; i < result.size(); ++i) { , e g ;ﬁ’i&

a"

title we/lviale =>Qu

1 _ _ , _ SinkFnScalar &sink = envGet(SlnanScalar, par() 51nky'
result[i].gamma_snk = gammalList[i].first; AT, 33

result[i] .gamma_src = gammalList[i].second; c trace(mesonConnected(ql, g2, gSnk, gSrc))
result[i].corr.resize(nt); buf = sink(c): .-wm;xtt5”

lome</a>]</spu
} gif> <> <fm

L DOSTe 1] e

for (unsigned! int t = 0; t < buf.size(); ++t) ggﬁﬁxw

{

Tp denotes the lattice temporal direction, its value is

3, nt is maximal extension of temporal direction. ) b
¥

saveResult(par().outp't, "meson", result);

result[i]f corr[t] = TensorRemove(buf[t]);

q:, g, are quark propagators

gSnk, gSrc € I'; (1 = 0,1, ...15)

't — (),:1, ...I\It — ]_



Temporal meson correlator

else if (ns == "MSink"')

{

SinkFnScalar &sink = envGet(SinkFnScalar, par().sink);

C trace(mesonConnected(qgl, 92, gSnk, gSrc));
buf = sink(c);

s

for (unsigned int t = 0; t < buf.size(); ++t)

{
h

result[i].corr[t] = TensorRemove(buf[t]):

¥
¥

saveResult(par().output, "meson", result);

[/ excution //////7/777777777777777777777777777777777777/7777777777777777777
/11717

template <typename FImpl>
void TSourceSink<FImpl>::execute(void)

{

LOG(Message) << "Setting up 51nk funttlonﬁwrth source '" << par().sourc

e << as the sink" << std::endl;

b/ - Ra \'_J'AII T ext/

PropagatorField &source = envGet(;rOpagatGrFleld par().source);

auto sink = [this, source](const PropagatorFleld &field)

{ i II o/C ::%}LT .hﬁ o ""f‘ﬂilj“\A;T “o l
SlicedPropagator res; ”Tff .
PropagatorField tmp = source*flel

sliceSum(tmp, res, WY);

return res;
envGet(SinkFn, getName()) = sink; < o apsuan

C(t) — Z tr ySank QI(FsrcySyL q;
X,V,2

sliceSum function summing over all lattice sites
in slices orthogonal to the Tp direction.
Tp Is 3, represent the temporal direction.



Temporal meson correlator -> Spatial meson correlator

178 template <typename FImpll, typename FImpl2>

179 void TMeson<FImpll, FImpl2>::execute(void) *lﬁ”“”

180 { Lg;w@ «L‘vj;

181 LOG(Message) << "Computing meson contractions '" << gétNQMEi) <gth

182 << " quarks
183 << std:

1 << par() ql << TN and 11 <¢fpar()u_q2 <

lt i ‘i»’-';p

184 1951 hl 45 lL_..,. oud lwm (]
"l_.g A~  J0F
vorg/et 2bown

Nat

185 std::vector<TComplex> buf; b,
186 std::vector<Result> result; hnl
187 Gamma g5(Gamma: :Algebra:
188 std::vector<GammaPair> gammalist;

int nt = env().getDim(Tp);

: Gammab) ;

// execution /////////////////////7/////////////////////////7Ps&d/77777777777
/1777

template <typename FImpl>

void TSourceSink<FImpl>::execute(void)

{

LOG(Message) << "Setting up 51nk fUﬂCtanuWLth source << par().sourc

e << "' as the sink" << std::endl; .»3%1~YP nk vl
| " ] ‘J” . 'f‘ ;l‘.IIA— I sapt r ‘ 714 X

PropagatorField &source = envGéf(Prbﬁag5$ﬁﬁﬁield par().source);

auto sink = [this, source](const PrOpagatorFleld &field)

{ m | ‘wl C 1.3 ~ (% *L*W b Jumt «
SlicedPropagator res; dm g e ,Qif
PropagatorField tmp = source*fleld% N
sliceSum(tmp, res, WY ; e 3;559@,

ud 1_1. title="Ywm'

return res;
boF

envGet (SinkFn, getName())

uslng“

él 1 ) e C
gh"rl , bUf
rendl; t="Tutp ;fmﬁjr._fug_;

¢}53 for (unsigned int t

else if (ns == "MSink"')

{

SinkFnScalar &sink = envGet(SinkFnScalar, par().sink);

trace(mesonConnected(ql, g2, gSnk, gSrc));
sink(c);

b
= 0; t < buf.size(); ++t)

{
¥

result[i].corr[t] = TensorRemove(buf([t]);

¥
by

saveResult(par().output, "meson", result);

To get meson correlator in spatial direction:
e.g. Cx) = Z tr [ySF gy (T ys)! qg ]

yazat

Change Tp of these two parts into Xp

Xp, Yp, Zp, Tp are global integer variables of Grid
and also of Hadrons, which denote the lattice directions
Its corresponding values are 0,1,2,3




160 // execution ////////////////7/7/777//////7/7///7/7/7/7//////7/7///7/7/7/////////////////////
161 template <typename FImpl>

162 void TWardIdentity<FImpl>::execute(void)

163 {

164 LOG(Message) << "Performing Ward Identity checks for propagator
165 auto &prop = envGet(PropagatorField, par().prop);

166 LOG(Message) << "Action " << par().action << std: .endlpw

167 auto &act = envGet(FMat, par().action); =

168 LOG(Message) << "Physical source " << par().sources

169 auto &phys_source = envGet(PropagatorField, par();s

170 Gamma g5(Gamma: :Algebra: :Gamma5); S, S35

171 Gamma gT(Gamma: :Algebra: :GammaT);

172

173 // Create results = zero

174 Result result;

175 result.mass = par().mass;

176 const int nx { env().getDim(X§) 3;

177 result.Dmulmu.resize(nx, 0.);

178 result.VDmuJmu.resize(nx, 0.);

179 result.PJ5q.resize(nx, 0.);

180 result.PAQ@.resize(nx, 0.);

181

182 // Compute D_mu V_mu (D here is backward derivative)

183 // There 1is no point performing Dmu on spatial directions, because after the spatial sum, these become zero
184 envGetTmp(PropagatorField, tmp);

185 envGetTmp(ComplexField, tmp_current);

186 SlicedComplex sumSV(nx);

<< par().prop << std::endl;

SlicedComplex sumVV(nx)J ﬁ?fiifﬂv» o Rl
LOG(Message) << "Getting vector conserved -current" <<: std“féndlkﬂﬁ‘ﬁm*17
act.ContractConservedCurrent(prop, prop, tmp, phys_soutrtéy’ ‘Cuﬁxéht"yecior

// Scalar-vector current density J,M‘ﬂﬁgy;umw,‘“‘ 0
tmp_current = trace(tmp); " =i 5
SliceOut(result.DmuJmu, sumSV, tmp_current, true); - S argie . gbowd bl
// Vector-vector current density

tmp_current = trace(gTxtmp);

SliceQut(result.VDmuJmu, sumVV, tmp_current, true);




207 // Test axial Ward identity for 5D actions

208 if (Ls_ > 1)

209 { ; e B 5 0> 2 s
210 LOG(Message) << "Getting axial conserved current":x&® std: endl o 4

$cluan ulc""

211 act.ContractConservedCurrent(prop, prop; tmp, phys=so urge 1Cfmﬂremt,;Axml Xdir);
212 // Pseudoscalar—-Axial current density 4 org/t/angbouwd ol titla= Reguest:

ad Il nlf ual'tu</a> ‘*}.L&- 1yg

213 tmp_current = trace(g5 * tmp); w; /i Adwn avehe/Anghomd paml' (flen

ettt meboad i

ffcgr scdhuvan oI g/ /mngboadd
214 SlicedComplex HIA(nX) ; al" title= T ume/Male "> 2~ © =2 luets

lLLH*_ d 1l

215 // Save temporal component of pseudoscalar—(partlally) cgnserved aX1al
216 // \mathcal{A} @ from eq (37) in https://arxiv. org}pdf/hep latf®612®®5 oJohi

217 SliceOut(result.PA0, HMMEN, tmp_current, false);

218 // _<P|J50>

219 act.Contractl5q(prop, tmp_current);

220 SlicedComplex sumPJ5q(nx);

221 SliceOut(result.PJ5q, sumPJ5qg, tmp_current, false);

222 I3

223 ||

224 LOG(Message) << "Writing results to " << par().output << "." << std::endl;
225 saveResult(par().output, "wardIdentity", result);

226 }




611 template <class Impl> 14 nae="RATING" congent="R T A-5042-1996-140C
612 void CayleyFerm10n5D<Impl>::ContractJSo(PropagatorFleld&qf;anbmpfexFiéid &J5q)

="text

613 { ¢ﬁ;49fﬁ&ﬁ,ws.yawuifx@gtskw;
614 conformable(this—>GaugeGrid(), 35q.Grid()); “s4 /, locallnnerproduct
615 conformable(q_in.Grid(), this->FermionGrid()); 2> template<class vobj>

) 56 inline auto locallnnerProduct (const Lattice<vobj> & ”13%??5” é?vobj> &rhs) —> Lattice<typename vobj
616 Gamma G5 (Gamma: :AlgEb HHCENERE S T : :tensor_reduced>

: 57 { \ Tuet
617 // 4d field 58 Lattice<typename vobj::tensor_reduced> ret(rhs.Gridf{

618 int Ls = this—>Ls:; 59 autoView( lhs_v , lhs, AcceleratorRead);

. . : : . 60 autoView( rhs_v , rhs, AcceleratorRead);
619 PFOpagatOl’FlEId pSl(thlS->GaU96Grld( )); 61 autoView( ret_v , ret, AcceleratorWrite);

' | §—> ' ] 62 accelerator_for(ss,rhs_v.size(),vobj::Nsimd(),{
620 PropagatorFleld p_plus (thlS GaUQEGFld( ) ) ! 63 coalescedWrite(ret_v([ss], 1nnerProduct(1hs v(ss)

‘o bed

621 PropagatorField p_minus(this—>GaugeGrid()); 61 1);

622 PropagatorField p(this—>GaugeGrid()); gg}'euwnren

623 s L P
< A 1 01 Nt n ‘l:.:l al

| | ~ (2 - o
"N g = ARl e 2 Kl 2 lawe

624 | ExtractSlice(p_plus , q_in, Ls/2-1 , 0); f oy s rgnyangboud b

625 ExtractSlice(p_minus, g_in, Ls/2 , @0); 120 accelerator_ inline ComplexD 1nnerProduct(const Complex[}& 1
626 | p_plus = p_plus + G5xp_plus;

627 | p_minus= p_minus - G5%p_minus,;

628 | p=0.5%(p_plus+p_minus);

629 | J5q = localInnerProduct(p,p);

630 }

) . L
-Pws =(1+Ys) Yo, ), Pmies=(1-Y9) i ) = 0t T+ P &)

)+

Y Ls -
p= -};[uwx)thx,_g..l) FOLY) fie, by = Wik, 24P+ §(x, é})n
PL; li_.Yé Ppu 1+Y£ PR- PL PF— PL , -~ PP~

2 X

J‘?'F P LP(‘)( —-"’OPLL['(K%)
Y, LS) mu £4)



JGrid/lattice/Lattice transfer.h

656 template<class vobj>

657 void ExtractSlice(Lattice<vobj> &lowDim,const Lattice<vobj> & higherDim,int slice, int orthog)
658 {

659 typedef typename vobj::scalar_object sobj;

660

661 GridBase x1lg = lowDim.Grid();

662 GridBase xhg = higherDim.Grid();

663 int nl = lg—>_ndimension;

664 int nh hg—>_ndimension;

665

666 assert(nl+l == nh);

667 assert(orthog<nh);
(
(

668 assert(orthog>=0);

669 assert(hg—>_processors[orthogl==1);

670

671 int dl; dl = 0;

672 for(int d=0;d<nh;d++){ M= <div id='"hea.  ~<span 1d="havtop"

673 if ( d != orthog) { -y ol R ey S i 4 s Lo . . . .

674 assert(lg->_processors [d1] hg—>_processors[d]); b Tl e " SI b d f d N
675 assert(lg—>_ldimensions [d1] hg—>_ldimensions[d]); i:‘ijﬁ_,j;‘f-;u G et el oo ICeS etween grl O ImenSIOn
676 dl++; - - :

617} oy and grid of dimensions N+1
679 // the above should guarantee that the operations are local fﬁiﬁtiffik%TQFﬁfiﬁ”‘

680 autoView(lowDimv, lowDim,CpuWrite); e R g ot I
681 autoView(higherDimv,higherDim, CpuRead) ; O
682 thread_for(idx, lg—>1Sites(),{

683 sobj B;

684 Coordinate lcoor(nl);

685 Coordinate hcoor(nh);

686 lg—>LocalIndexToLocalCoor(idx, lcoor);

687 int dd1=0;

688 hcoor[orthog] = slice;

689 for(int d=0;d<nh;d++)<{

690 if ( d!=orthog ) {

691 hcoor[d]=1lcoor [ddl++];

692 ¥

693 ¥

694 peekLocalSite(i,higherDimv,hcoor);

695 pokeLocalSite(q, lowDimv, lcoor);
696 1)
697

698 }



// Test axial Ward identity for 5D actions
if (Ls_ > 1)
{

LOG(Message) << "Getting axial conserved current“’m%$$fd endl

act.ContractConservedCurrent(prop, prop; tmp, phySML”hfﬁé,ﬁGU%fémf{ Ax1a1 Xdir);

{cdhvay.orgh n__;_,‘ board il 'th— Fequa

// Pseudoscalar—-Axial current density e et

ad Il UL = 'Yl u</a> <a Joef="1v

tmp_current = trace(g5 * tmp); 'Jtn“kwg“*M€g;;g¢;»r
2 haef="1ttp flcga +dwa & /1c gL o ut 1y

SlicedComplex U (nx); e

bllu__.,g

// Save temporal component of pseudoscalar- (partlally) conserved aXial
// \mathcal{A} 0 from eq (37) in https://arxiv. org/pdf/hep 1at70612®®5 pdf

sLHoxud Il

SliceOut(result.PA0, BN, tmp_current, false) ;o uimetelncisrfie i o

1 ] nu yourd vl ' txxle=

// <P|J50> .2%~ii:f?;?;:ﬂ
act.ContractJd5q(prop, tmp_current); v Fep tan e

[oane< /a> )< fspan

SlicedComplex sumPJ5q(nx); S

TN Tp—

SliceOut(result.PJ5q, sumPJ5q, tmp_current, false);| iew><

// Perform Slice Sum and then save delta
void SliceOut(std::vector<Complex> &0ut, SllcedComplex &Sum, const ComplexFleld &f, bool bDiff) const
sliceSum(f, Sum, Xp); Sy ”é?ﬁ;ﬁ?u%vgggﬁﬁggfigiiii
const auto nx = Sum.size(); X &a R
for (size_t t = 0; t < nx; ++t) “J;%Wmi;;;;‘vg5§§j;
{ 3__ ?EQA*‘ l‘:‘t <rveral —

Out[t] = TensorRemove(bDiff ? Sum[t] - Sum[(t= 1+nx3mﬁiim Sum[t])
} et R SR e




How to obtain the chiral condensate

Dpw R |=

o After the solver, add function

auto result = innerProduct(src, sol)



How to obtain the chiral condensate

* \WWe need to create a new module for chiral condensate
using bash script make_module_list.sh In Hadrons code
and then make some changes as mentioned in the
previous slide






84
85
86
87
83
89
90
91
92
93
94
95
96
97
938
99
100
101

5: CG I:

Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons

15: QZ2 _1I:

16: meson Z2 |lI:

: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message

R R R RPRRPRRRPRRPRERRRRPRRRRERRR

Output file:

. 2073894
. 207913
. 207926
. 207933
. 207942
. 207949
. 207957
. 207963
. 207969
. 207975
. 207981
. 207987
. 207993
. 207999
. 208005
. 208011
. 208017
. 208023

n 0 v u O v »mh o O uh nh uh O uh h O O »n

smgauge

:;‘f;‘.DWF 1
=>CG 1

: pt

: Optﬁl
: meson_ntélt
: WTI‘ptlll ,*Q;ﬁ
: wallKu¢g&;g@#i‘a§::
. Qwa bR TS s
: meson waYTK 111 e

: WTI“wallK 11 TR

r /2 :

= QZZ l
1 meson_ zzﬂll
: WIL ZZ

i 1711\11.‘:-

e 1 -—

111

of=

ad vl tals

3!

1Lf
ool 't le="

: Schedule (memory needed: 527.0 MB):
sink

:,gauge'

I’] )

1) ’:j’l'ly"“;‘
EA""A"

setting up Schur red-black preconditioned CG for DWF
computing quark propagator using Z2 source
computing meson correlators



template<class Impl> men >s</a> 7 <a luef="ttp Aegi 4dun

iOld PartlalFract10nFerm10n5D<Impl>..ExportPhy51calFermlonSolutlamttgg?theﬁmlgnField &solutlonSd FermionField &exported4d)
int Ls = this—>Ls; e °ﬁ$3Lﬁﬁfl
conformable(solution5d.Grid(),this—>FermionGrid()); i
conformable(exported4d.Grid(),this—>GaugeGrid());
ExtractSlice(exported4d, solution5d, Ls-1, Ls-1);

$chwary cxg/c

0560 template<class vobj>

657 Moid ExtractSlice(Lattice<vobj> &lowDim,const Lattice<vobj> & higherDim,int FERds, int
658 {

659 typedef typename vobj::scalar_object sobj;

660

661 GridBase x1g lowDim.Grid();

662 GridBase xhg = higherDim.Grid();

663 int nl lg—>_ndimension;

664 int nh hg—>_ndimension;

665

666 assert(nl+l == nh);

667 assert(orthog<nh);

668 assert(orthog>=0);

669 assert(hg—>_processors[orthog]l==1);

670

671 int dl; dl = 0;

672 for(int d=0;d<nh;d++){

673 if ( d '= orthog) {

674 assert(lg—>_processors[dl] == hg->_processors[d]);
675 assert(lg—>_ldimensions[dl] == hg->_ldimensions[d]);
676 dl++;

677 Iy

678 } \ huef="1ttp #/cgd Sdum ¢
679 // the above should guarantee that the operations are locathiiiligior menon:
680 autoView(lowDimv, lowDim,CpuWrite); -
681 autoView(higherDimv,higherDim,CpuRead);

682 thread_for(idx, lg—>1Sites(),{

683 sobj s;

684 Coordinate lcoor(nl);

685 Coordinate hcoor(nh);

686 lg—>LocalIndexToLocalCoor(idx, Lcoor);

687 int dd1=0;

688 hcoor[orthog]l = FERdS;

689 for(int d=0;d<nh;d++){

690 if ( d!=orthog ) {

691 hcoor[d]l=1lcoor[ddl++];

692 ¥

693 ¥

694 peekLocalSite(s,higherDimv,hcoor);

695 pokeLocalSite(s, lowDimv, lcoor);

696 1)

697




Hadrons

: Message

: 65.

331207

n

Output file:

Meas@rement step 15/17 (module 'QZ2 1'

adrons
adrons
adrons
adrons
adrons
adrons
adrons
Grid

esidual 9.

Grid
Hadrons
Hadrons
Hadrons
Hadrons
Grid

Grid

Hadrons
Hadrons
Hadrons

Hadrons
Grid

Grid
Hadrons

: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
5689e-09 True residu
: Message
: Message
: Message
: Message
: Message
: Message
esidual 9.

: 05.
: 065.
: 065.
: 05.
: 065.
: 65.
: 05.
: 6/.

: 6/.
: 67/.
: 67/.
: 6/.
: 67/.
: /0.

331216
331259
331271
331284
331291
331297
338548
852095

860724
860793
879502
879525
886553
410080

O n n om nm L nh n nh o v v n

: |[Export selution™
: Inver51onmerL§an=f@nvcolor—
: Import source S

. Module execution
:  Computing quark propagator 'QZ2_1°
: Using source 'Z2'

: Inverting using solver 'CG_1'
: ' Inversion for.spin= 0, color= 0
: Import source Am]rT‘wr,

otsuba‘> < {‘T A}

: SplEe i
: ConjugateGradlent Converged on iteration 318

s Target le=08.:

: SchurRedB{ackBase solveﬁ true unprec resid 3.

)/ angd 1"11

el -uvr'"..rtl. fcga 4dwa

: Solve jmmmw,_. SRR
S n

62417e-09 True re51dual 9.62417e- @9 Taﬁget 1e @8

: Message
: Message
: Message
: Message
: Message
: Message
esidual 9.

: /0.
: /0.
: /0.
: /0.
: /0.
: /2.

418756
418829
437594
437619
444636
932850

S .
S
S .
S
S

S n

SchurRedBlackBase 50$ver true unprec resid 3.
: Export solutlon foe="terp 1
Inversion fer splﬁr‘ , color= 2
: Import sourﬁeﬁ*wiﬂw
1 Solve ﬁwff“‘

ConJugateGradlent Converged on iteration 314

68155e-09 True re51dua1 9.68155e-09 Target 1e-08

: Message
: Message

: 72.941565 s :
: 72.941636 s :

SchurRedBlackBase solver true unprec resid 3

Export solution

Computed r

25679e-08

Computed r

23147e-08

Computed r

.30696e-08




Output file:

589 Badrons : Message : 95.613402 s : Measurement step 16/17 (module 'meson Z2 11')

Hadrons : Message : 95.613410 S ! ..iviuennnsns . .Module execution
591 Hadrons : Message : 95.613429 : Computlng mesen contract19n51 meson /2 11" using quarks 'QZ2_1' and 'Q

Zz ‘LI rizla ﬁ”’."’““]H"1",,1.i*?'l'"f"f{l,ff.'i,'-if.,]‘"’ﬂ'.-r:"_v»ﬁf',\.
592 Hadrons : Message : 95.613522 s : (using sink: 51hk ¥ SO TComponers (bsrmg e .
593 Hadrons : Message : 96.161033 S : .veeenennss ;,1H%t11m1ngs i e
594 Hadrons : Message : 96.161071 s : * GLOBAL TIMERS: e *ﬁf%“ﬁgﬁﬁf
595 Hadrons : Message : 96.161082 : total: 547606mus (100 % )" Eictu'e
596 Hadrons : Message : 96.161098 s : execution: 547594: USx(l@@ @%)1_&@;
597 Hadrons : Message : 96.161110 s : setup: 9 us (ﬂ:ﬁrﬁm ;ﬂ»n!?ﬁ?*
598 Hadrons : Message : 96.161124 s : ... nnennnnnns EmOT e manageMGnt
599 Hadrons : Message : 96.161198

: Memory: current t6131,68“1;MB*/ -environment 464.0 MB / comms 1 GB / gr

600 Hadrons : Message : 96.161222
601 Hadrons : Message : 96.161229
602 Hadrons : Message : 96.161238
603 Hadrons : Message : 96.161249
604 Hadrons : Message : 96.161303
id 442.0 MB / peak total 68.1 M

: Garbage collectiom. i TR P

Destroying object:: 51nk"fff}¥v
Destroying object QZZ l'*'“‘

: Destroying object mESOﬁ 22 11 _tmp_c'
: Memory: current totai 68 1 MB / environment 441.1 MB / comms 1 GB / gr

S
S
S
S
S
S
S
S
id 464.9 MB / peak total 68.1 MB ‘smm;slu¢¢3%+
i |
S
S
S
S
B




o ./application-template/par-example.xml:37:
<!-- run id (is part of seed for random numbers!) —>



./Hadrons/Module.cpp

94 // make module unique string ///////////////////////7//7///7///7///7//7///7////////////
95 std::string ModuleBase: :makeSeedString(void)

96

97 ::string EN);

98

99 ' lvm().getRunId().empty())

100

101 e += vm().getRunId() + "-";
102

Hadrons : Message : / . : Measurement step 8/13 (module

103 += getName() + "-" + std::to_stri C o deple 'Z2Stochastic')

104 m= ,gg;‘hw, _;MJLﬁ}Q;ﬂ}fjﬁQfﬂ Hadrons : Message : 4149.724471 s : T .. Module execution

105 return ; “rmne/Bute < /a5 Tt i flarz Sl Hadrons : Message : 4149.730130 s : Iehl G%f‘@x51bc90® with string 'test0-z2S
106 'ga;*;g =T <u7fﬁf"24‘ tochastic-1000" _!gf* —

107 fggzﬁ?*;“Vf“ =g ’:mf‘k“ Grid : Message : 4149.730170 L Inkle T llel RNG with unique string 'te

108 // get RNGs seeded from module string ///////////////////HH///N//////[/////// g ecace 1 4149.730179 5% scok Enin ‘_,a‘d-b.cCCCgegb4fa263@4gebaa367323®

109 GridParallelRNG & ModuleBase::rng4d(void) : Wal sl vwge<ran] | 54a5ecd148a21fa2d2f064c72917
110 { “hen o ’
111 auto &r = xenv().get4dRng();

112

113 if (makeSeedString() '= seed )

114 {

115 seed_ = makeSeedString(); e

116 LOG(Message) << "Seeding 4D RNG " << &r << " with stRinge"

117 << seed_ << "'" << std::endl; Zposae

118 r.SeedUniqueString(seed );

119 s

120

121 return r;

122

123




867 // genetic scheduler ////////77///7/7/7777/7/7777777/777/7777/777777777/7/77/7/7777//7///77

868 VirtualMachine: :schedule(const GeneticPar &par)

869 {
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889

./Hadrons/VirtualMachine.cpp

:Program VirtualMachine:

typedef GeneticScheduler<Size, unsigned int> Scheduler;

auto graph

//constrained topological sort u51ng¥a§g
”Schedullng computatLQﬂ@;
- #modyte=

LOG(Message)
LOG(Message
LOG(Message

LOG(Message

( )
( )
LOG(Message)
( )
LOG(Message)

unsigned 1int
std:
Scheduler:

gpar.popSize
gpar.mutationRate

gpar . 3]

CartesianCommunicator:

<<
<<
<<
<<
<<
<<

: random_device
: Parameters gpar;

= getModuleGraph();

populatléh

MaX.e genenatlpnf;;
cst.“generation=z
mutation rfféjJL

Mmax.

gen,
rd:

par.popSize;

par. mutatlonRate,'iAﬁ

: ?; g{(‘gpa . ) ’

rd();
BroadcastWorld(

Soecgograph. size() << std:

”Clalgorlthm
gstd rendl;
' rendl;
rendl;
rendl;
rendl;

R<.pdir. popSize << std:
'§k< par.maxGen << std:
<o par.maxCstGen << std:
A<<lp@r;mutatlonRate << std:

sizeof (gpar. Xy );

rendl;

63
64
65
66

67
68
69
70
71
712
73
74
75
76
77
78
79
80
81
82
83
84
85

Hadrons
Hadrons
Badrons
Hadrons
822.db'
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons
Hadrons

: Message
: Message
: Message
: Message

: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message
: Message

OGOt Un Ul Ul U1 UTUT W W WWWW

wwww

.271217
.271232
.271239
.271320

. 409232
. 409253
. 409260
. 409266
.409272
.409278
. 350401
. 351056
.356127
. 361496
. 366835
.371969
.377149
. 382757
.387961
. 393821
. 399349
.404762
. 406637

S
: RUN ID
: Attempt( ) for resilient parallel I/0: -1
tatistics in

O un n n uu ununum nnm un nmn n n n n n nu n

HADRONS APPLICATION START

'testO’

: Generation 3012“

: Generation, 40::

: Generatlon

: Generation: e .

: Generat10n470* .6 MB
: Generation®80: .6 MB
: Generation 90: .6 MB
: Generation 100: 703.6 MB
: JAelle (memory needed: 703.6 MB):

'test@-stat-20211018-175




A70 //template <class Prop, class Ferm> 10="07 15 the home of Anarganeus, 1 2
471 template <class Fimpl> te o= RATING™ coreere="RTA 50421006 11X
472 void PropToFerm(typename Fimpl::FermionField &f, const typename Flmpl'"PrOp gatdFFleld &p, const int s, const int c)
. 73 { —=nude xObrvane+ "= ""v b nucle .'.. 1 lTilfL['l\Tf"'."'-f e O

474 for(int j = 0; j < Ns; ++j) ”53 ‘l-ifﬂﬁf“yt*””"‘”i““w'

2 75 { N et ﬂ' \Iﬂ 3| "r—;".',' . '

A76 auto pjs = peekSpin(p, ] ; ><ln

A77 auto fj peekSpin(f, j

4738

trle & ]
Uz 1el ] . )'1a'i'~mx

- p N " <\,0 (" : » R '_ ‘ 1 l‘ “.
) AT 11 il ':tl~
. - S 3 .

479 for(int i = 0; i < Fimpl::Dimension; ++i) ““ﬁ}ﬂh;ggg,y?* 1= Biigie

180 { 4 gl hgboud Jaml* utle=
11..1\1_441 title Aad _l"w .

481 pokeColour(fj, peekColour(pjs, i, c), 1i); i:i:fﬂfﬁfﬁafﬁmf :
4 82 } P /2P ¢ L‘A.Lt.:-.‘::”"'." u*_;-;';'_u,l . | 1d '

JJ t "Wallpapers /Gene

483 pokeSpin(f, fj, j); 1~i1_;;¢%;;3

lt 1 Iale

84 } 1y ,_,llll.._T,_lUlg

Nato » 1\

485 } 0 | +chun arg/e

p1s = peekSpin(p, 1, S) : pIs = Pis > fj = peekSpin(t,j) : §j = fJ

peekColour(pjs,1,¢) : pjs;  pokeColour(f], peekColour(pys, 1, ¢), 1) : f; = pjs

pokeSpin(t, fj, ) : f; = {;



—— 42 Environment::Environment(void
int Environment: :[JJ@lljj(const unsigned int mujiconstd 43 {
et 44

tdua . orgh’

{ QLLEI >Ss</2 d lm_

. . v cghv| 45 nd
return dim_ [mu] R o e

GridDefaultLatt().toVector():
dim .size();
1.;

o] 47 for (auto d: dim )
wol 48 {

49 vol = d;

50 s

51




15.2 Grid Initialization

Grid 1tself 1s 1initialized with a call:

Grid_init (&argc, &argv);

Command line options include:

——mpl n.n.n.n : default MPI decomposition
——threads n : default number of OMP threads
——grid n.n.n.n : default Grid size

where argc and argv are constructed to simulate the command-line options described above. At a minimum one
usually provides the —grid and —mpi parameters. The former specifies the lattice dimensions and the latter specifies the
grid of processors (MPI ranks). If these parameters are not specified with the Grid_init call, they need to be supplied
later when creating Grid fields.

The following Grid procedures are useful for verifying that Grid “default” values are properly initialized.

Grid procedure returns
std::vector<int> GridDefaultLatt(); lattice size
std::vector<int> GridDefaultSimd(int Nd,vComplex::Nsimd()); | SIMD layout
std::vector<int> GridDefaultMpi(); MPI layout

int Grid::GridThread::GetThreads(); number of threads




Code running procedure




utilities/HadronsXmiIRun.cpp

32 int main(int argc, char sargv[])

33 §

34 // parse command Lline ent="fnagebourd moavan aus rawc

35 std::string parameterFileName, e e e B

36 . L

37 if (argc < 2)

38 { ch lTA'.l flc .__-;-. Iviatly raads

39 std::cerr << "usage: " << argv[0] << " <parameter files{@¥i8 options]' ;;

40 std::cerr << std::endl; S e i e _ _

j% } std: :exit(EXIT_FAILURE); gt | he main function of every GRID program
. nxt:ﬁ} l:vl <%

43 parameterFileName = argv([1]; { chan. org/u/imgboard : L Ly : ' o

o e Starts with an initialization Grid_init() and

45 // initialization _ : : : :

46 Grid_init(sargc, Sargv); s e cnds with the corresponding Grid_finalize()

48 // execution :

49 try ,“ e function call

50 { rd I 1o e Hisirore

51 Application application(parameterFileName);

52

53 application.parseParameterFile(parameterFileName);

54 application.run();

55 }

56 catch (const std::exception& e)

57 {

58 Exceptions::abort(e);

59 }

60

61 // epilogue

62 LOG(Message) << "Grid is finalizing now" << std::endl;

63 Grid_finalize();

64

65 return EXIT_SUCCESS;

66

1t p——
a=length
refumn pass var dw “a beod «f
¥
¢

|

ia



Application.cpp

222 // parse parameter file ////////////////7/7////7/7////7/7///7/7///7////7/7//////////////////
223 void Application::parseParameterFile(const std::string parameterFileName)

224 R
225 XmlReader reader(parameterFileName, false, HADRONS_XML_TOPLEV);
226 GlobalPar par;

227 Objectld id; SIS AR A

229 LOG(Message) << "Building application from '" << parameterF%léNamQ%5'““$zi“ %&‘std,,endl
230 read(reader, '"parameters', par); et MQFfHA‘R5bIA¢Cg;;3 b St e
231 setPar(par); £ tath oorhath rand

234 if (!push(reader, "modules")) e *f:ﬁﬁ“;@gr

235 { JLLA(Jg 11L ‘;_;v ieeh ;:l:,
236 HADRONS_ERROR(Parsing, "Cannot open node 'modules' in pa&gMeter flle*xi~4;télﬁ
237 + parameterFileName + "'"); *Hf"%*\“*”ﬁngr}Z“'

228 ‘ .1 ] a1y O3 1b Q ¢< ] = "] otsuiba ‘> < 1ml
Pt T
232 if (!par.database.restoreModules) e Trle g
Iel— -"’;’
ngla .l‘J. .;L,1
Q1 eY a luaet

A ] g1 Scdhuan ¢
238 } cad ol tal 1 n</az <a luoed 1Y
tp . //zap . 4c LA;L-::::“T n.g” ad vl title
1t L»—'nl \TE< )3

239 if (!push(reader, "module")) :“pﬁmkf;@l *;.Lg?fhl‘

e/l >

240 { ERs gk /g -uu"u RO]
241 HADRONS_ERROR(Parsing, '"Cannot open node modules/module in paramete? flle*'“
242 + parameterFileName + "'"); TR S e
243

244

245

246 read(reader, "id", id);

247 createModule(id.name, id.type, reader);

248 } while (reader.nextElement("module"));

249 pop(reader);

250 pop(reader);

251 I3

252 else

253 {

254 LOG(Message) << "XML module list ignored (restored from database
255 << par.database.applicationDb << "')" << std::endl;
256

257




Application.cpp

155 // execute //////////////7///7/7///7/7///7///7/7///7/7///7/7//////7/7/////////////////////////
156 void Application::run(void)

157 {

158 Database statDb;

159 StatLogger statlLogger;

160

161 LOG(Message) << HADRONS APPLICATION START S e oatdy
162 if (!parameterFileName_.empty() and (vm(). getNModule()- % et
163 { TR Ead
164 parseParameterFile(parameterFileName_);

165 s

166 if (getPar().runId.empty())

167 { 1ga ">

168 HADRONS_ERROR(Definition, "run id is empty"); ‘ '
169 Iy I‘“ﬁiﬂuLQ;u»tJ”;;‘amaw
170 LOG(Message) << "RUN ID '" << getPar().runld << "'" << stdiiendl; "‘JWT’-*giSVQ
171 BinaryIO::latticeWriteMaxRetry = getPar().parallelWriteMaxRét¥ ‘L”‘b¢115”75*ﬁfg

ul 1

172 LOG(Message) << "Attempt(s) for resilient parallel I/0: " /= tawn arghvmgboud dwal ta
173 << BinaryIO::latticeWriteMaxRetry << std: end'l;iu'I ufv S org/sc/mmgbou
174 vm().setRunId(getPar().runId); b 3{¢%ﬁ?1w
175 if (getPar().database.makeStatDb) : Jown e
176

177 std::string statDbFilename; avportati yef="

178 std::ostringstream oss; i vl <a luets e iz el

179 auto now std::chrono::system_clock::to_time t(stdl chrono* system clock:
180 auto nowLocal = xstd::localtime(&now); w/dun’ ta

181 fﬁﬁ@{;f

182 0ss << std::put_time(&nowLocal, "%Y%m%d—%H%M%S") ; ol -l

183 statDbFilename = getPar().runId + "-stat-" + oss.str() + 278b";

184 LOG(Message) << "Logging run statistics in '" << statDbFilename << "'" << std::endl;
185 if (env().getGrid()->IsBoss())

186 {

187 statDb.setFilename(statDbFilename);

188 statLogger.setDatabase(statDb);

189 statLogger.start(500);

190

191

._.’_
bt
L= -




Application.cpp

if (getPar().saveSchedule or getPar().scheduleFile.empty())
{

schedule();

if (getPar().saveSchedule)

{

std::string filename;

filename = (getPar().scheduleFile.empty()) ?
"hadrons.sched" : getPar().scheduleFileju: oA
saveSchedule(filename); 4 ue= RATING cantar
s
}

else

{

1

orintSchedule():
vim().printMemoryProfile();

if (!'getPar().graphFile.empty())
{

loadSchedule(getPar().scheduleFile);

makeFileDir(getPar().graphFile, env().getGrid());
vin( ) .dumpModuleGraph(getPar().graphFile);

F
configlLoop():

.,l ‘{
if (getPar().database.makeStatDb and env().getGrid()->IsBossi{.))
'{ AP Ortation >

¥

statLogger.stop();




VirtualMachine.cpp

867 // genetic scheduler ///////////7//7/7//77//7/7/7/7/77/7/7/7/7/7//7/7/77/7/77/7/77/777/7/77/7/777/77/777/777
868 VirtualMachine::Program VirtualMachine::schedule(const GeneticPar &par)

869 |

870 typedef GeneticScheduler<Size, unsigned int> Scheduler;

871

872 auto graph = getModuleGraph();

873 e %

874 //constrained topological sort using a genetlc algvrlthm—*f*“wff*“

875 LOG(Message) << "Scheduling computation. PR stdirendly nate se7leshaer” ipe:

876 LOG(Message) << " #module— Wi cemate: graph 51ze() ned std' end;
877 LOG(Message) << " population size= " .<<iparipopsSize << std +endl;
878 LOG(Message) << " max. generationz, " << pan.maxGen & st endl
879 LOG(Message) << " max. cst. generation="% << parimax{stGen= <<ﬂstﬁ* endl;
880 LOG(Message) << mutation rate= " << parﬁmUtatlonRate << std :endl;

881 -1.-01L ?‘]'L-i‘u‘m '-' A ;L;':i,‘l_'l p - fizp 4chan o1
882 unsigned int gen, prevPeak, nCstPeak = @fie: nf&?;ngwgﬁFff

883 std::random_device rd;

884 Scheduler: :Parameters gpar;

885

886 gpar.popSize par.popSize;

887 gpar.mutationRate par.mutationRate;

888 gpar.seed rd(); , :
889 CartesianCommunicator: BroadcastWorld(@ &(gpar. seedlfﬁ31ze0f(gpar seed) ) ;
890 Scheduler::0bjFunc memPeak = [thls](const Program &p{r>Slze

891 { m posted h

892 return memoryNeeded(p):; posa

893 rs

894 Scheduler scheduler(graph, memPeak, gpar);

895 gen = 0,

896 scheduler.initPopulation();

897 LOG(Message) << "Start: " << sizeString(scheduler.getMinValue())
398 << std::endl;

3899 do




VirtualMachine.cpp

899 do

900 {

901 scheduler.nextGeneration();

902 if (gen != 0)

903 {

904 if (prevPeak == scheduler.getMinValue())
905 {

906 nCstPeak++;

907 }

908 else

909 {

910 nCstPeak = 0;

911 }

912 I

913

914 prevPeak = scheduler.getMinValue();

915 if (gen % 10 == 0)

916 { e
917 LOG(Message) << "Generation " << gen << e o A I
918 << sizeString(scheduler.getMinValue (}}is<ustdizendl;?.
919 } .}t.J.:‘}‘_}'] IL.J_:_',‘_-(_J\Z LIl txls » |
920

921 gen++; hotp /icgs v o
922 } while ((gen < par.maxGen) and (nCstPeak < par.maxCstGen)):; m&:dk/mebou
923 if (hasDatabase() and makeScheduleDb ) : D ot
924 {

925 Program p = scheduler.getMinSchedule();

926

927 for (unsigned int i = @; i < p.size(); ++1)

928 {

929 ScheduleEntry s;

930

931 s.step =
932 s.moduleld =
033 db _—>insert("
934

935 I3

936

937 return scheduler.getMinSchedule();
938 }
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Application.cpp

334 void Application: :[oJgRgiesYe](Te[VR¥S (\

335 -

336 if (!scheduled_ and !loadedSchedule l*”ﬁfﬁﬁﬁﬁ?*g??

337 { —th.uﬁ 1wl ‘:r;‘f‘_ '::-jwr'

338 HADRONS_ERROR(Definition, ”Computat;&nfﬁot¢§Chedu1ed“)'

339 } povmgoudio’ a E

340 auto peak = vm().memoryNeeded(progranm, ) Wm“'u”””“

341 LOG(Message) << "Schedule (memory needed g vgizeString(peak) << "):
342 << std::endl; “f“*l**

343 for (unsigned int i = @; 1 < program_ Slze() C++1)

344 { T

345 LOG(Message) << std::setw(4) << i #£.1 << ": "

346 << vm().getModuleName(program_[i]) << std::endl;
347

348




Application.cpp

350 // loop on configurations ///////////////////////////////////7///7 j{l/{////f///

351 void Application::configLoop(void)

352
353
354
355
356
357
358
359
360
361
362
363
364 §

D v‘:I'T: an e+t \ t
Isa=l1layEthvaetumn cdlecor

auto range = par_.trajCounter;

for (unsigned int t = range.start; t < range.end; t = range step)

LOG(Message) << BIG_SEP << " Starting measurement for tra}eéthy_S <<¢i

<< " " << BIG_SEP << std::endl; e am T _hgw;ggm,,’ff

A —

30 XD =S Geavers
| | 2 - >
$cdwvay o1

vim().setTrajectory(t); Twet="tatp /i

b = ~
de/Iviale ">
IEAYIE /M gbon

IE

LOG(Message) << BIG_SEP << " End of measurement " << BIG_SEP:sgs.stdtiendTyfiis:
env().freeAll(); S e et Fiap e

vin() .executeProgram(program_); T TSnwe Sansras L fwe-



VirtualMachine.cpp

945 void VirtualMachine: : XEdNLSdge eIl (const Program &p)

Size memPeak = 0, sizeBefore, sizeAfter;
GarbageSchedule freeProg;

o // build garbage collection schedule
1030 void VirtualWMachine: : [ S4IdgIdgelelglll ( const std::vector<std:: str1ng>%&p ) LOG(Debug) << "Building garbage collection schedule..." << std::endl;
1031 {  Taret="Turp -/ freeProg = makeGarbageSchedule(p);
1032 Program pAddress; L L for (unsigned int i = 0; i < freeProg.size(); ++i)

o {
1033 3 2 std

1034 for (auto &n: p) stportalans
1035 { ,';;;ﬁf for (auto &a: freeProgl[i])

1036 pAddress.push_back(getModuleAddress(n)); wetes Lo {

1037 } E msg += env().getObjectName(a) + " ";
1038  [SRITLIENIREN (pAddress) ; )

2 msg += "1";
1039 } LOG(Debug) << std::setw(4) << i + 1 << ":
}

::string msg = "";

[" << msg << std @ndg

// program execution
LOG(Debug) << "Executing program..." << std::endl;
totalTime = GridTime::zero();
for (unsigned int i = 0; i < p.size(); ++1i)
{
// execute module alu
LOG(Message) << SEP << " Measurement step " << i + 1 << “/“_ (v
<< p.size() << " (module '" << module_[pl[il]- name - 1g/p
<< "'") " << SEP << std::endl; '
LOG(Message) << SMALL_SEP << " Module execution" << std::endl;
currentModule = pli];
(skmodule_[p[i]].data) ();
currentModule_ = —-1;
sizeBefore = env().getTotalSize();
// print time profile after execution
LOG(Message) << SMALL_SEP << " Timings" << std::endl;

std::map<std::string, GridTime> ctiming, gtiming;
GridTime total;




- VirtualMachine.cpp

985 ctiming = module_[p[i]].data->getTimings();

086 total = ctiming.at("_total");

087 gtiming["total"] ctiming["_total"]; ctiming.erase("_total");
088 gtiming["setup"] ctiming["_setup"]; ctiming.erase("_setup");
989 gtiming["execution"] ctiming["_execute"]; ctiming.erase('"_execute");
990 LOG(Message) << "x GLOBAL TIMERS" << std::endl;

991 printTimeProfile(gtiming, total);

992 if (!ctiming.empty())

993 {

994 LOG(Message) << "x CUSTOM TIMERS" << std::endl;
995 printTimeProfile(ctiming, total);

996 I

997 timeProfile_[module_[p[i]].name] = total;

998 totalTime_ += total;

999 // print used memory after execution 2 fath foorhath rand
1000 LOG(Message) << SMALL_SEP << " Memory management" << std*.endﬁ
1001 MemoryUtils: prlntMemory() e

1002 if (sizeBefore > memPeak)

1003 {

1004 memPeak = sizeBefore;

1005 I

L0006 // garbage collection for step 1

1007 LOG(Message) << "Garbage collection..." << std::endl;
1008 for (auto &j: freeProgl[il])

1009 {

1010 env().freeObject(j);

1011 ¥ at.
1012 // print used memory after garbage collection if necessary

1013 sizeAfter = env().getTotalSize(); wiporta

1014 if (sizeBefore != sizeAfter)

1015 {

1016 MemoryUtils::printMemory();

1017 by

1018 else

1019 {

1020 LOG(Message) << "Nothing to free" << std::endl;

1021 I

1022 I3

1023 // print total time profile

1024 LOG(Message) << SEP << " Measurement time profile" << SEP << std::endl;
1025 LOG(Message) << "Total measurement time: " << totalTime_ << " us" << std::
1026 LOG(Message) << SMALL_SEP << " Module breakdown" << std::endl;

1027 printTimeProfile(timeProfile_, totalTime_);

1028 }

- 1A‘. ) | AV _{v
oef="1dtp
-

1L e 1§




Modules/MSink/Point.hpp

120 // execution //////////777777777/7777777777777777777/7/7/7/77777777777777777/7/7/7/77/777/

121 template <typename Field>
122 void TPoint<Field>::execute(void)

123 {
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156 }

LOG(Message) << "Setting up point sink function for momentum [

<< par().mom << "]" << std::endl;

auto &ph = envGet(LatticeComplex, momphName_);

if (!hasPhase )
{

Complex 1(0.0,1.0);

std::vector<Real> p;

envGetTmp(LatticeComplex, coor);
p = strToVec<Real>(par().mom);
ph = Zero();
for(unsigned int mu =
{

0; mu < p.size(); mu++)

LatticeCoordinate(coor, mu);
ph = ph + (pImul/env().getDim(mu) )*coor;

h

ph = exp((Real) (2+M_PI)x*ix*ph);

hasPhase = true;

h

auto sink = [this](const PropagatorField &field)

{
SlicedPropagator res;
auto &ph
PropagatorField tmp

sliceSum(tmp, res, Tp);

return res,;
rs
envGet (SinkFn, getName())

envGet(LatticeComplex,
phxfield;

sink;

momphName_) ;&b =&

v 1 ] "M

victh="¥

Al
AL . B




Modules/MIO/LoadNersc.hpp

101 // execution ///////////////////////////////////[///////////////////////////////
102 template <typename GImpl>

103 void TLoadNersc<GImpl>::execute(void)

104 {

105 FieldMetaData header;

106 std::string fileName = par().file + "." 1
107 + std::to _string(vm().

108 LOG(Message) << "Loading NERSC configuration from file ”9_<<‘f1leName
109 << """ << std::endl; o e ddwneron gowa bt

110 ol TS S T .

111 auto &U = envGet(GaugeField, getName());

112 NerscIO::readConfiguration(U, header, fileName);

113

114




Hadrons/Modules/MGauge/StoutSmearing.hpp

104 // execution ///////////7////7/7///7/77//7/77//7/77///7/7//7/7/7/7//7/7/7/77/77/77/77/7777/7777/7/77777777
105 template <typename GImpl> TR

106 iOid TStoutSmearing<GImpl>: :execute(void) | : §9%?§gﬁ3fK#ﬂﬂiﬁﬁaif}ﬁyw
107 NI R R
108 LOG(Message) << “Smearing '"" << par().gauge << ”' W1th “?k< par()aSteps

109 << " step" << ((par().steps > 1) ? !s"s ,\,7_]':)"])-“- T
110 << " of stout smearing and rho=.' << par() rﬁo <<: sfd‘.endl“”“
111 e of—Tatp /Aing. 4 chuan org/b/Enghoad dtanl- tizie
112 Smear_Stout<GImpl> smearer(par().rho); , 1

113 auto &U envGet (GaugeField; par(). gaugéﬂl S

114 auto &Usmr = envGet(GaugeField, getName())i:: Pty

Jaanl' txxle

115 ‘zJ tj‘ : 1L‘ e St , :
116 envGetTmp (GaugeField, buf); Y“*;QQfFMG_a

117 buf = U; ' S s ;fg
118 LOG(Message) << "plaguette= " << WilsonLoops<GImp1l>: anglaquette(u) o
119 << std::endl; ,NM,_ﬁﬁmr;fﬁj'
120 for (unsigned int n = @; n < par().steps; ++n) bl s

121 { T =i 1<y

122 smearer.smear(Usmr, buf);

123 buf = Usmr; -

124 LOG(Message) << "plaguette= " << WilsonLoops<GImpl>::avgPlaquette(Usmr)
125 << std::endl;

126

127




Hadrons/Modules/MAction/ScaledDWF.hpp

103 // setup ///////7/77/77/777777/7777/777/77777/7777/777/77777/7777777/7777777/7777777777777
104 template <typename FImpl>

105 void TScaledDWF<FImp1l>::setup(void)

106 {

107 LOG(Message) << "Setting up scaled domain wall fermion matrix with m=
108 << par().mass << ", M5= " << par().M5 << ", Ls= " << par().Ls
109 << ", scale= " << par().scale

110 << " using gauge field '" << par().gauge <<
111 << std::endl;

112

113 auto &U
114 auto &g4
115 auto &grb4
116 auto &g5

117 auto &grb5

envGet (GaugeField, par().gauge);
xenvGetGrid(FermionField);

xenvGetRbGrid(FermionField);

xenvGetGrid(FermionField, par().Ls); dstr=length et d
xenvGetRbGrid(FermionField, par().Ls); 4=1 Tath floor ath rand

118 typename ScaledShamirFermion<FImpl>::ImplParams implParams; & e mo
119 if (!par().boundary.empty()) = <div id="Tea span 1d="n
120 { LA '» A : ‘:H‘:_\u}j,l“{ ,[::?‘NT—' ‘L .(‘ < oIg/L/T
121 implParams.boundary_phases strToVec<Comp1ex>(par().boundar%fﬁ%?if”

1 2 2 } [':lz:fi;.( u:;:u ;1\“;;‘;«'_" ad la
123 if (!par().twist.empty()) D i i e A d ot
124 { tdua.orgh nugbo \:‘ | e

CLAAEIN i

125 implParams.twist_n_2pi_L = strToVec<Real>(par().twist); S HChah ongA faneh
126 b e Tt o Do
127 LOG(Message) << "Fermion boundary conditions: " << implParams.bouh&&f&;pﬁég&g;
128 << std::endl; 7 NameSacis
129 LOG(Message) << "Twists: " << implParams.twist_n_2pi_ L ?

130 << std::endl;

131 if (implParams.boundary_phases.size() != env().getNd())

132 {

133 HADRONS_ERROR(Size, "Wrong number of boundary phase");

134 by

135 if (implParams.twist_n_2pi_L.size() '= env().getNd())

136 {

137 HADRONS_ERROR(Size, "Wrong number of twist");

138 by

139 envCreateDerived(FMat, ScaledShamirFermion<FImpl>, getName(), par().Ls, U, g5,
140 grb5, g4, grb4, par().mass, par().M5, par().scale,

141 implParams);

142 }

143 // execution /////////7//77/7/7/77/7/7/7/7/77//77/77/777//77/77/777/777/777/777/777/777/77777777
144 template <typename FImpl>

145 void TScaledDWF<FImpl>::execute(void)

146 {}




Hadrons/Modules/MSolver/RBPrecCG.hpp

119 W/ setup ////////////7//7//7/7//7//7//7/7/7/7/7/7/7/7/7/7/7/7/7/7/77/7/77/77/77/77/77/77777/777/7/777/777/77777
120 template <typename FImpl, int nBasis>

121 void TRBPrecCG<FImpl, nBasis>::setup(void)

122

123 if (par().maxIteration == 0)

124 {

125 HADRONS_ERROR(Argument, '"zero maximum iteration");

126 ¥

127

128 LOG(Message) << "setting up Schur red-black precondifronea CG f 12-1996-1400-1
129 << " action '" << par().action << '+ wlth reslduaLgT'“ i rel="alten
130 << par().residual << ", maximum 1terat10n e e
131 << par().maxIteration << std::endl; ar 0

132

133 S
134 &mat

135 guesserPt

env().getObjectLs(par().action);
envGet(FMat, par().action);
makeGuesser<FImpl, nBa51s>(par() elgenPa@kﬁ

. A AdLd
$ ~ + AR s o
1 : A .‘\.r'. 4L -
a org/la m gLoard Ivnal'' t £h
1 APOoILs »Jo<fa <al 11 ) P 4 AL o
1L Lle a

137 makeSolver = [&mat, guesserPt, this](bool subGuess)i(Tlmx"ﬁ al” tn

138 return [&mat, guesserPt, subGuess, this](FermionFielth &sOl, i ioudimal -
139 const FermionField &sounce) {1fiif7‘f?53

140 ConjugateGradient<FermionField> cg(par(). re51dual 19k/mugbowd la.’ atle = RO
141 par(). maxIteratlon?*l°” o
142 HADRONS_DEFAULT_SCHUR_SOLVE<FermionField> schurSolver(cg)

143 schurSolver.subtractGuess(subGuess): . A

144 schurSolver(mat, source, sol, *guesserPt);

145 ¥

146 b

147 auto solver = makeSolver(false);

148 envCreate(Solver, getName(), Ls, solver, mat);

149 auto solver_subtract = makeSolver(true);

150 envCreate(Solver, getName() + " _subtract", Ls, solver_subtract, mat);

151 }

152

153 // execution /////////////////7///7///7/7///7//7/7/7/77/7/7/7/77/7/7/77/7/777/777/7/777/777/7/77/777/7777
154 template <typename FImpl, int nBasis>

155 void TRBPrecCG<FImpl, nBasis>::execute(void)

156 {}




Hadrons/Modules/MSource/Z2.hpp

125 // execution //////7/7/77///777777/7777777/7/7/77777/7/7/7/777777/7/7/7/777777/7/7/777777/7/77777777

126 template <typename FImpl>

127 void TZ2<FImpl>::execute(void)

128 B

129 if (par().tA == par().tB)

130 { S/ s i

131 LOG(Message) << "Generating Z_2 wall source gt t—”"‘a“T‘ r(ﬁ tA*lﬂ

132 << std::endl; R AT ”-¢§ }”wﬂ-w

133 I3 :YiMfﬁﬁﬂf “§ﬂifM;fi?fﬁ{;ﬁﬁj*
134 else T Terumn pass war Chars="a bed 20 - " eADG TS 11 1
135 { o

136 LOG(Message) << "Generating Z_2 band for: i par(

137 << par().tB << std::endl; | v crg/e e

138 h *&

139 pons S a3t a1 4
140 auto &src = envGet(PropagatorField, getName()); ’Lt?w“L.ﬁ?S%%f”,T{?'
141 auto &t envGet(Lattice<iSca1ar<vInteger>>, tNamep )= tawn ervangboud iwnl tile~

U.\-— el Oelveral”

142 Complex shift(1., 1.); lyet= Tt /icgs Johun org)ic migboud I
143 N e e« laret= Tt
144 if ('hasT_) X e T
145 {

146 LatticeCoordinate(t, Tp);

147 hasT_ = true;

148 ’

149 envGetTmp(LatticeComplex, eta);

150 bernoulll(rng4d(), eta);

151 eta = (2.xeta - shlft)*(l /iisqrt(2.)); -

152 eta = where((t >= par().tA) and (t <= par().tB), eta, 0.xeta);

153 Src 1.;

154 Src srcxeta,;

155




Hadrons/Modules/MFermion/GaugeProp.hpp

216 template <typename FImpl

217 void TGaugeProp<FImpl>::execute(void)

218 {

219 LOG(Message) << "Computing quark propagator
220 << std::endl;

221

222 std::string propName = (Ls_ == 1) ? getName() QgetName() + " 5d");

223 s “M.rwwy,wyiw, 60

In 1~-i 1!.'1.\

224 if (envHasType(PropagatorField, par() saurce))ﬁnﬁwwzymgn;

225 { R e
226 auto &prop envGet(PropagatorFléId propName)
227 auto &propPhysical envGet(Propagatorfaeld getName())

228 auto &fullSrc envGet(Propagatopﬁleld par( fnééurce)

229 _.Ll*lg 1: ‘ ~;w; m ,g\t
230 << "Using source'" << parLlnsourcéi<E S oo gt rendl;

231 (prop, propPhysical, fu%lgnﬁja "gﬁik

u.l "t

s Cenenl >wg<ie>] [
232 “T~mw%;a;:+gg+44
2 'F;%ﬁﬁﬁﬁﬁl 2L~ RO
234 - vy ;

235 auto &prop

<< getName() <<

o“u» mJ

envGet (std: vector<PropagatofF1eld> propName) ;

236 auto &propPhysical = envGet(std: vector<P59@§ga§9ﬁF1eld> getName());
237 auto &fullSrc envGet(std::vector<PfoﬁégaxQTField>, par().source);
238 jid

239 for (unsigned int i = 0; i < fullSrc. 51ze()p ++1)

240 { posts

241 LOG(Message) << "Using element " << i << " of source vector
242 << par().source << "'" << std::endl;

243 (prop[i]l, propPhysicall[i]l, fullSrc[i]);

244

245

246 }




Hadrons/Modules/MFermion/GaugeProp.hpp

157 // execution ///////////////////////////////////////////W////7/7/7/17/17
158 template <typename FImpl>

159 void TGaugeProp<FImpl>::solvePropagator(PropagatorField &prop,
160 PropagatorField &propPhysical,

161 const PropagatorField &fullSrc) |190 // source conversion for 5D sources
162 191 else

163 auto SYIRIA = envGet(Solver, ar() solver)F 192 {

164 auto &mat XX :. getFMat () 193 if (Ls_ !'= env().getObjectLs(par().source))
20= 07 35 the hoie of Anorgamous, 2 35 valiaie 4. 194 {
1 6 5 ta 1 .”" A '{’ATJIT";A‘ 'T ."-:r-rl-: :1 "':'l‘l'flg'f -~'}|", 1& 2-100 \ 140 0 i . . .
166 envGetTmp(FermionField, source); ‘~‘fﬁﬁgﬂqgsxﬁ;;u;jyxm“gy 195 HADRONS_ERROR(Size, "Ls mismatch between quark action and source");
’ ’ tit]em Ptaba ><link relm'alernate stylesheet types
167 envGetTmp(FermionField, sol); 53;35555fH3fofﬁ%f$i??fﬁ %gg ilse

168 envGetTmp(FermionField, tmp); an pas: en e los { g ouse of AnaicIaows It k¢ il ,
T I B ulm ““'?ﬁﬁﬁﬁfqﬂig“L.
L LOG(Message) << "Inverting using solver = ﬁén() m <g 199 PropToFerm<FImpl>(source, fullSrc, As, "Geavotowa B Ll
17@ << Std end .l. - .‘ . ~‘:,4: 1 \t IH»,‘_', $ clvany o1 o _-, m ] AT H 11[ ' l'l‘ 200 } . i -:;'»71 e+ x.‘ [_L:;:flli_'r!.‘.‘;l'!; »i- ]1r;|Ll-w 17”2\ y
17 1 fo r ( u n S lg n ed ln_t S — 0 S < N S - ++S ) ‘ ;\“zu{ L e ''>c< /> . t 1 Lm 201 } st 1:“[{‘1::11;21(“4\1 al -"111:-:‘:1‘ 1{1“
172 for (unsigned int c = 0; C < FImpl::Dimension; +*Q7” ngboud tml” tale=pigh B | 202 sol = Zero(); R S R e awiy
1 of="Idatp {chuan o1 < 1ml: Tel=") ="1 hnnl"></Mhead> <bod. |

ol ’Xxu_.vu\.tl 14

174 LOG(Message) << "Inversion for spin= " << s <<¢J, cnibrr‘“f<< C (204 S0 Lve r[§¥ source) \ | Erdutes
175 << std::endl; al” wmgaﬂfmxu~iif!; 205 LOG(Message) << "Export solution" << std: endti‘l Sigoud ol tales BigLE,

2 laef= 111 ficgl 1) /angboad v

176 // source conversion for 4D sources ‘F-ﬂg;ﬁ“;;@ o2 bt 206 FermToProp<FImpl>(prop, sol, s, c); N bl e ﬁgﬁgiﬁ:¥ﬁﬁf

177 LOG(Message) << "Import source" << std::end(; 4hk_gyJ§;i@ﬂ 207 // create 4D propagators from 5D one 1if necessafy ;@&M&hrl
178 if ('env().isObject5d(par().source)) Wt 1. 2 Fiwarore SRS | % Tge ggg %f (Ls_ > 1) 1}{}%ﬁ§ﬁ}ffﬂ¥3¢?ﬂ
179 e , , _ Sawe Sy
180 ! if (Ls == 1) Sie>d <a lugt=tep fiap 4w 210 mat.ExportPhysicalFermionSolution(sol, tmp) f R
181 { — AL Pyl g e o 211 FermToProp<FImpl>(propPhysical, tmp, s,;&)} ,4ﬁgtﬁ§jfg?
212
182 PropToFerm<FImpl>(source, fullSrc, s, )< <& 213 1 : S R o i 4
183 } 214 } b TR T
184 else =y S
185 {
186 PropToFerm<FImpl>(tmp, fullSrc, s, c);
187 mat.ImportPhysicalFermionSource(tmp, source);
188

189

173 { s lwal” wrle—Adoocie (a1 203 LOG(Message) << "Solve" << std::endl;: Vﬁfh’”mguﬁﬂéfﬁﬁﬂﬁﬁﬁfﬁf




Hadrons/Modules/MContraction/Meson.hpr

execution

(g5%(gSnk) )*(ql)*

volid TMeson<FImpll,
{

FImpl2>:

LOG(Message) <<

<<
<<

quarks
std:

#define mesonConnected(ql, q2,

template <typename FImpll, typename FImpl2>

endl;

gsnk’ gsrc) \ ' et Eleamn e 'r" 1:‘1 ; ' ’-.:A“‘k:

(adj(gSrc)*g5)x*adj(q2) a “}t«f@ﬂ .~¢Q¢gﬁhlhie&
— Tref="Iaty .{“::y,'_ i ;.:-4;.1l_.?g":;-f:.]'}j“: AT 11 ml* 1

:execute(void) U“tﬁlll | _{;;gif

'- w/angboad hanl" tit '5"1‘-”»1;,""‘”1;»-?

‘‘‘‘‘‘

"Computing meson contractions '" << gefmame(i <§{”'%uslng”

<< par() q1 cc I and 11 éﬂwar(g'ugz << (ll“lly

‘flJ »,[1_' 11;1.' "v‘.g_.' ;'...;v_.?. :L‘ 1 ,L.;!. ub‘?r;

R nme S« Nt
std::vector<TComplex> buf; g, SRdmeet g ﬂj?f
std::vector<Result> result; R et
Gamma g5(Gamma: :Algebra: :Gamma5); t;ﬁﬁg;ggﬁgm??iff‘
std::vector<GammaPair> gammalList; ;;Tﬁiiﬁi'”;a”
L nt = env().getDim(Tp); e

=y o

parseGammaString(gammalList); hr Vit ¢

result.resize(gammaList.size());

for (unsigned int i = 0;

{
result[i] .gamma_snk =
result[i].gamma_src =

gSnk, gSrc € T'; (2

t —

result[i].corr.resize(nt):

i < result.size(); ++i)

gammaList[i].first;
gammaList[i].second;

0,1,...15)
0,1,..N; — 1

q:, g, are quark propagators

auto &ql =
auto &g2 =

envGetTmp(LatticeComplex, c);
LOG(Message) << "(using sink
for (unsigned int i =

{

}

saveResult(par().output,

envGet (PropagatorFieldl, par().ql);
envGet (PropagatorField2, par().q2);

<< par().sink << "")" << st

0; i < result.size(); ++i)

Gamma gSnk(gammaList[i].first); e R e
. . ta name="RATING" coagent="RTA-5042-1006-140C

Gamma gSrc(gammalist[i].second); wu it ogo vppong ol Fomn i
std::string ns; u’TxfT“?LWQWQSWTﬁ}QJ“{WQJ
—=nulex ’t me+‘="'"v1f ".!w' ] J-r'-n‘ mudex=mudex

wlsta ] retimn clecocls nbstomE’x 1-‘

ns = vm().getModuleNamespace(env(). getOb]eétModule(par(

if (ns "MSource") ay. ><lmkreFd Le="llm

{ e V= urp em,_xﬂga
PropagatorFieldl &sink =

c = trace(mesonConnected(ql, g2, gSnk, gsrtf%glnk)f ;¢1tﬁﬁff
sliceSum(c, buf, Tp); B e I | G pee
/R s ey b
} n.lJ»I atp / E- 3chvay orgS ,LM;')‘A’_‘ ad I
. . ul" title=""e/Iviale '>Qu Ioref
else if (ns == "MSink") hen rgh9k/mgboud el = RO]
{ 1"' ) $chun l;t ,_t O ! ..LLLi
SinkFnScalar &sink = envGet(SlnanScalar, par() S fik 7T
7 <a o=tz
T4 -r.-1 mnl''tle=
¢ = trace(mesonConnected(ql, g2, gSnk, gSrc)} *.ii;f
buf = sink(c); wef=fump ‘r;-rr‘_.;m»_..;.;»,jn

d:

1
AV
11

envGet(PropagatoPF;eldl par(

Sin kl)\ ) ‘..A;

0]

:endl;

\w»'x" b

1'.
’111

{oane</a>]</spu
} o> <n> <

&

2 Bosted lere

for (unsigned int t =

{
}

0y t < buf.size(); ++t) ffyﬂgw

result[i].corr[t] =] TensorRemove(buf[t]):

"meson®, result);

\1

) sxnk)

High




Hadrons/Modules/MContraction/Wardldentity.hpp

160 // execution ////////7/77777777777777777777777777777777777777777777777777777777777

161 template <typename FImpl>

162 void TWardIdentity<FImpl>::execute(void)

163 {

164 LOG(Message) << "Performing Ward Identity checks for propagator " << par().prop << std::endl;
165 auto &prop = envGet(PropagatorField, par().prop);

166 LOG(Message) << "Action " << par().action << std: endl |

167 auto &act = envGet(FMat, par().action); = e o gaions 1”‘

168 LOG(Message) << "Physical source " << par().soutce: <<D§td *endl,l <l

169 auto &phys_source = envGet(PropagatorField, par()MSDUﬁcéi ' ?J:“T'”“lg\

1A1) 1) retvmy " ooude x=mudex Ot

170 Gamma g5(Gamma: :Algebra::Gamma5); ‘11{]w;tqk;L;ﬁF%W“”‘
171 Gamma gT(Gamma: :Algebra: :GammaT); *WW1F,F i T

172 i i

173 // Create results = zero g href =t/

174 Result result;

175 result.mass = par().mass;

176 const int nt { env().getDim(Tp) };

177 result.DmuJmu.resize(nt, 0.);

178 result.VDmuJmu.resize(nt, 0.);

179 result.PJ5qg.resize(nt, 0.);

180 result.PA@.resize(nt, 0.);

182 // Compute D mu V._mu (D here is backward derivative): lnlﬁ{f"“ Tl e e
183 // There 1s no point performing Dmu on spatial leECthﬂSi 5é%au%§ after the spatial sum, these become zero
184 envGetTmp(PropagatorField, tmp); yﬁaﬁ;fﬁu*

185 envGetTmp (ComplexField, tmp_current); ot <

186 SlicedComplex sumSV(nt); tr vath="<

187 SlicedComplex sumVV(nt); =

188 LOG(Message) << "Getting vector conserved current" << std::endl;

189 act.ContractConservedCurrent(prop, prop, tmp, phys_source, Current::Vector, Tdir);
190 // Scalar-vector current density

191 tmp_current = trace(tmp);

192 SliceOut(result.DmuJmu, sumSV, tmp_current, true);




Hadrons/Modules/MContraction/Wardldentity.hpp

193 // Vector—-vector current density

194 tmp_current = trace(gTxtmp);

195 SliceOQut(result.VDmuJmu, sumVV, tmp_current, true);

196 //#define COMPARE_Test_ Cayley _mres

197 #ifdef COMPARE_Test Cayley_mres

198 // For comparison with Grid Test_Cayley_mres

199 LOG(Message) << "Vector Ward Identity by timeslice" << std::endl;

200 for (int t = 0; t < nt; ++t)

201 { e e

202 LOG(Message) << " t=" << t << ", SV=" << reaI(TengarRemoveisumSY[t]

203 << ", VV=" << real(TensorRemove(sumVV[ti)1,£< stdf.endl
204 ¥ el dedodRIComponens (bsng s
205 #endif 'pjfﬂyﬁﬁﬁjy‘ e -Qfﬂfg;
206 ay. tﬁﬁfﬁjﬁ qfﬁﬂﬁiﬁ;;ﬁﬂ;?
207 // Test axial Ward identity for 5D actions@=='3 o=t f[*a;*5¥””” '
208 if (Ls_ > 1) ‘L;{ll ‘ u
209 { : /mngboud heml " title- "

a loef="1ut

210 LOG(Message) << "Getting axial conserved currents ééjéidl andl
211 act.ContractConservedCurrent(prop, prop, tmp, phyShsource“'Current :Axial, Tdir);
212 // Pseudoscalar-Axial current density 1111-&gi;qfﬁkﬁ,gfg

l Lt o als '>an

213 tmp_current = trace(g5 *x tmp); O L

214 SlicedComplex sumPA(nt); : $chan org/c? smw4ad

215

216 // \mathcal{A}_0 from eq (37) in https: //arx1v org/pd#/hEp—Latf®6120®5 pdf
217 SliceOut(result.PA®, sumPA, tmp_current, false); I;F)Qh*ijA

218 // <P|J50> %ﬁﬁTrngtiw

219 act.Contractl5q(prop, tmp_current); :%iﬁﬂﬁ?@'

220 SlicedComplex sumPJ5q(nt); 2 B e

221 SliceOut(result.PJ5q, sumPJ5q, tmp_current, false);-*"

222 }

223

224 LOG(Message) << "Writing results to " << par().output << "." << std::endl;
225 saveResult(par().output, "wardIdentity", result);

226 }




Module.hpp

08 Rdefine envGet(type, name)\

99 xenv().template getObject<type>(name)



Environment.hpp

Jac Mool el <typename > TR AR
: o[ oJfqe (const std::string.name)icorst -

return A< T>(getObjectBddress (name));




Environment.cpp

rstring name): const

X |
-

146 unsigned int Environment::getObjectAddress (const:sstd:
147 {
148 if (hasObject(name))

149 {

150 return objectAddress_.at(name);
151 }

152 else

153 K i B
154 HADRONS_ERROR (Definition, "no object with nhamé=:itsday;

= = OIPt=><saPpt v

o L7 " 2
n1=Ho 0 I

2 mre_l_ 11 ll)

&S0

DO AT
:T-{-i-,r‘n
1"~

0 "

-l

P 2D ~ Tl 49 LA . e

aef="{ TP fistatas I 5%
A wvay'' trle= "4l
{loan e < fa> |- SP a0y

:"_I -2 1

1 postecd Ivea ;
a vwwichtiy= "%
lake =




Grid/qcd/action/pseudofermion/TwoFlavour.h

13 /1117777777777 7777777777
74 // Push the gauge field in to the dops. Assume any BC's and smearing already applied

15 /1177177777777 7777777777777777777777777777777777777777/77777/77777/777777777777777/77777777
76 virtual void refresh(const GaugeField &U, GridSerialRNG &sRNG, GridParallelRNG &pRNG) A
77 // P(phi) = e”{- phi~dag (MdagM)”~-1 phi}

78 // Phi = Mdag eta

79 // P(eta) = e™{- eta”dag eta}

80 //

81 // e™x"2/2 sig™2} => sig”™2 = 0.5.

82 //

83 // So eta should be of width sig = 1/sqrt(2).

84 // and must multiply by 0.707....

85 //

86 // Chroma has this scale factor: two_flavor_monomial w.h
87 // CPS uses this factor [

‘PAaly 1 AVToP 21l
\‘ - -
$clwway o=/ DU OATT 18 B b1 L
L& 2

88 // Irolro: does not use this scale. It is absorbed by - change of vaks
89 // in the Phi integral, and thus 1s only an irrelevant prefaﬁtgrfor

o ong/lu/m C'ﬁ \4‘.;

90 // the partition function.

91 //

92

93 const RealD scale = std::sqrt(0.5);

94

95 FermionField eta(FermOp.FermionGrid());
96

97 gaussian(pRNG, eta); eta = scale *eta;
98

99 FermOp.ImportGauge(U);

100 FermOp.Mdag(eta, Phi);

101 ;




