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&IGURE฀��฀0ARTICIPANTS฀TO฀THE฀OPENING฀WORKSHOP฀OF฀THE฀AB฀INITIO฀3IMULATION฀,ABORATORY�

!B฀INITIO฀METHODS฀PLAY฀A฀MAJOR฀ROLE฀IN฀
THE฀FIELDS฀OF฀CHEMISTRY�฀SOLID
STATE฀PHYS

ICS�฀NANO
SCIENCE฀AND฀MATERIALS฀SCI

ENCE�฀4HE฀IMPACT฀OF฀SUCH฀METHODS฀HAS฀
BEEN฀STEADILY฀GROWING�฀CURRENTLY฀GENER

ATING฀COMPUTATIONS฀WHICH฀RESULT฀IN฀SEV

ERAL฀THOUSANDS฀OF฀SCIENTIFIC฀PAPERS฀PER฀
YEAR฀;�=�฀)N฀ORDER฀TO฀KEEP฀UP฀WITH฀THIS฀
IMPRESSIVE฀OUTPUT�฀IT฀IS฀CRUCIAL฀TO฀PRE

SERVE฀THE฀PERFORMANCE฀AND฀ACCURACY฀OF฀
AB฀INITIO฀SIMULATIONS฀AS฀THE฀COMPLEXITY฀
OF฀THE฀PHYSICAL฀SYSTEMS฀UNDER฀SCRUTINY฀
IS฀INCREASED�฀-AINTAINING฀HIGH฀PERFOR

MANCE฀AND฀GREAT฀ACCURACY฀POSES฀SIGNIF

ICANT฀CHALLENGES฀SUCH฀AS�฀FOR฀INSTANCE�฀
SIMULATING฀MATERIALS฀WITH฀INTERFACES�฀
PARALLELIZING฀AND฀PORTING฀CODES฀ON฀NEW฀
ARCHITECTURES�฀AND฀CONVERGING฀THE฀SELF

CONSISTENT฀FIELD฀IN฀$ENSITY฀&UNCTIONAL฀
4HEORY฀�$&4	฀COMPUTATIONS�฀)N฀ORDER฀TO฀
ADDRESS฀THESE฀CHALLENGES�฀EXPERTISE฀IN฀
THE฀FIELDS฀OF฀NUMERICAL฀MATHEMATICS�฀

ALGORITHMIC฀DEVELOPMENT฀AND฀HARDWARE฀
EVOLUTION฀IS฀REQUIRED�

4HERE฀ARE฀THREE฀MAJOR฀FACTORS฀HINDERING฀฀
A฀STRAIGHTFORWARD฀ACHIEVEMENT฀OF฀
PERFORMANCE฀AND฀ACCURACY�฀�	฀MODEL฀
DIVERSITY�฀�	฀A฀NEED฀FOR฀SCIENTIFIC฀INTER

DISCIPLINARITY฀AND฀�	฀IMPLEMENTATION฀
HETEROGENEITY�฀-ODEL฀DIVERSITY฀EMERGES฀
FROM฀THE฀NECESSITY฀OF฀SOLVING฀FOR฀A฀
LARGE฀SPECTRUM฀OF฀DIVERSE฀SCIENTIFIC฀
PROBLEMS฀�E�G�฀BAND฀GAPS�฀STRUCTURAL฀
RELAXATION�฀MAGNETIC฀PROPERTIES�฀PHONON฀
TRANSPORT�฀CHEMICAL฀BONDS�฀CRYSTAL

LIZATION�฀ETC�	฀BY฀SIMULATING฀DIFFERENT฀
ASPECTS฀OF฀A฀PHYSICAL฀SYSTEM�฀!S฀A฀CON

SEQUENCE฀AB฀INITIO฀METHODS฀HAVE฀BEEN฀
REALIZED฀IN฀A฀RICH฀VARIETY฀OF฀MATHEMATICAL฀
MODELS�฀SOME฀EXAMPLES฀OF฀WHICH฀ARE฀
$ENSITY฀&UNCTIONAL฀4HEORY฀ASSORTED฀DIS

CRETIZATIONS�฀HYBRID฀1UANTUM฀-ECHANICS�฀
-OLECULAR฀-ECHANICS฀METHODS฀AND฀฀

THE฀&UNCTIONAL฀2ENORMALIZATION฀'ROUP฀
APPROACH�฀JUST฀TO฀NAME฀A฀FEW�฀$RIVING฀
THE฀PROGRESS฀IN฀ALL฀THESE฀METHODS฀RE

QUIRES฀AN฀INCREASING฀COOPERATION฀WITHIN฀
A฀MULTIDISCIPLINARY฀COMMUNITY฀WHICH฀
ALMOST฀NO฀WORKING฀GROUP฀WORLDWIDE฀CAN฀
AFFORD�฀3PECIFICALLY฀THERE฀IS฀A฀NECESSITY฀
TO฀ESTABLISH฀EXTENSIVE฀COLLABORATIONS฀
BETWEEN฀0HYSICISTS�฀#HEMISTS�฀#OMPUTER฀
3CIENTISTS฀AND฀!PPLIED฀-ATHEMATICIANS�฀

3TATE
OF
THE
ART฀CODES฀ARE฀USUALLY฀THE฀
RESULT฀OF฀A฀MULTI
PERSON฀EFFORT฀MAIN

TAINED฀OVER฀MANY฀YEARS�฀4HE฀OUTCOME฀
IS฀A฀LARGE฀NUMBER฀OF฀HETEROGENEOUS฀
IMPLEMENTATIONS�฀EACH฀ONE฀FOCUSING฀ON฀
DISTINCT฀PHYSICAL฀ASPECTS฀SUCH฀AS�฀FOR฀
EXAMPLE�฀FINITE
SIZE฀VERSUS฀PERIODIC฀SYS

TEMS฀OR฀MOLECULAR฀VERSUS฀SOLIDS฀COM

POUNDS�฀-OREOVER�฀CODES฀ARE฀WRITTEN฀
IN฀A฀VARIETY฀OF฀STYLES฀AND฀PROGRAMMING฀
LANGUAGES฀CULMINATING฀IN฀HUGE฀LEGACY฀
CODES฀WHICH฀ARE฀DIFFICULT฀TO฀MAINTAIN฀
AND฀PORT฀ON฀NEW฀PARALLEL฀ARCHITECTURES�

4HE฀*àLICH฀!ACHEN฀2ESEARCH฀!LLIANCEn
(IGH
0ERFORMANCE฀#OMPUTING฀�*!2!

(0#	฀;�=฀HAS฀ESTABLISHED฀THE฀3IMULA

TION฀,ABORATORY฀hAB฀INITIO฀METHODS฀IN฀
#HEMISTRY฀AND฀0HYSICSv฀�3,AI	฀;�=฀WITH฀
THE฀PURPOSE฀OF฀ADDRESSING฀ALL฀THREE฀
MAIN฀CLASSES฀OF฀ISSUES�฀3,AI฀IS฀PART฀
OF฀THE฀STRATEGIC฀EFFORT฀TO฀IMPROVE฀THE฀
SCIENTIFIC฀COLLABORATION฀BETWEEN฀274(฀
!ACHEN฀AND฀THE฀&ORSCHUNGSZENTRUM฀
*àLICH�฀-ULTIDISCIPLINARITY฀IS฀DEEPLY฀EN

CODED฀IN฀THE฀$.!฀OF฀THE฀3IM,AB฀WHICH฀
CONNECTS฀THE฀LARGE฀COMMUNITY฀OF฀AB฀
INITIO฀APPLICATION฀USERS฀WITH฀THE฀CODE฀
DEVELOPERS฀AND฀THE฀SUPERCOMPUTING฀฀
SUPPORT฀TEAM�฀4HE฀MISSION฀OF฀THE฀
,AB฀IS฀TO฀PROVIDE฀EXPERTISE฀IN฀THE฀FIELD฀
OF฀AB฀INITIO฀SIMULATIONS฀FOR฀PHYSICS�฀
CHEMISTRY�฀NANO
SCIENCE฀AND฀MATERIALS฀
SCIENCE฀WITH฀A฀SPECIAL฀FOCUS฀ON฀(IGH฀
0ERFORMANCE฀#OMPUTING฀AT฀THE฀*àLICH฀
SUPERCOMPUTER฀FACILITIES�฀)T฀ALSO฀ACTS฀
AS฀A฀HIGH
LEVEL฀SUPPORT฀STRUCTURE฀IN฀

DEDICATED฀PROJECTS฀AND฀HOSTS฀RESEARCH฀
PROJECTS฀DEALING฀WITH฀FUNDAMENTAL฀AS

PECTS฀OF฀CODE฀DEVELOPMENT�฀ALGORITHMIC฀
OPTIMIZATION฀AND฀PERFORMANCE฀IMPROVE

MENT�฀%XAMPLES฀OF฀CURRENT฀3,AI฀ACTIVI

TIES฀ARE฀฀
s฀ DEVELOPMENT฀OF฀FAST฀EIGENSOLVERS฀TAI

LORED฀TO฀$&4฀METHODS�฀
s฀ IMPLEMENTATION฀OF฀EFFICIENT฀TENSOR฀
CONTRACTION฀KERNELS฀FOR฀#OUPLED฀#LUSTER฀
METHODS�฀
s฀ GENERATION฀OF฀IMPROVED฀DATA฀STRUC

TURES฀FOR฀&,!07
BASED฀METHODS�฀
s฀ DEVELOPMENT฀OF฀A฀UNIVERSAL฀PRE
CON

DITIONER฀FOR฀THE฀EFFICIENT฀CONVERGENCE฀OF฀
THE฀CHARGE฀DENSITY฀IN฀$&4�

/N฀.OVEMBER฀��฀����฀3,AI฀HELD฀ITS฀
KICK
OFF฀EVENT฀AT฀THE฀*àLICH฀3UPER
฀
COMPUTING฀#ENTRE฀2OTUNDA฀(ALL฀;�=�฀
4HE฀WORKSHOP฀WAS฀DESIGNED฀TO฀IN

TRODUCE฀THE฀3IM,AB฀TO฀THE฀LOCAL฀
CONDENSED
MATTER฀PHYSICS฀AND฀QUANTUM฀
CHEMISTRY฀COMMUNITIES�฀BRINGING฀฀
TOGETHER฀��฀SCIENTISTS฀FROM฀INSTITUTES฀
WITHIN฀*!2!�฀"Y฀SHARING฀THEIR฀WORK฀฀
AND฀SCIENTIFIC฀EXPERTISE�฀THE฀PARTICIPANTS฀฀
ESTABLISHED฀A฀PLATFORM฀DEFINING฀OPPOR

TUNITIES฀FOR฀MUTUAL฀COLLABORATION฀AND฀
PRIORITIZATION฀OF฀THE฀3IM,ABgS฀ACTIVITIES�฀
3HORT฀INFORMAL฀TALKS฀WERE฀GIVEN฀BY฀
SPEAKERS฀FROM฀EACH฀OF฀THE฀MAIN฀PAR

TICIPATING฀PARTNER฀INSTITUTES฀AND฀CROSS

SECTIONAL฀GROUPS�฀FOLLOWED฀BY฀EXTENSIVE฀
CONSTRUCTIVE฀DISCUSSIONS฀BETWEEN฀THE฀
SPEAKERS฀AND฀THE฀AUDIENCE�
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