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In 2015, �he SAP Varian� Configura�ion developmen� �eam and �he Fraunhofer Ins�i�u�e for Indus�rial

Ma�hema�ics (ITWM, h��ps://www.i�wm.fraunhofer.de/en.h�ml) in Kaiserslau�ern embarked on a common

journey. The goal of �his journey is �o develop a new s�a�e-of-�he ar� configura�ion engine for SAP S/4HANA for

advanced varian� configura�ion.

The core compe�ence of �he ITWM is indus�rial ma�hema�ics: developing and implemen�ing highly efficien�

ma�hema�ical models and algori�hms for �opics such as combina�orial op�imiza�ion, s�ochas�ics, and simula�ion.

Since i�s founda�ion in 1995, �he ITWM has shown grea� success in building ma�hema�ical bridges be�ween

applied sciences and concre�e applica�ions.

A� �he core of �he Advanced Varian� Configura�ion engine lies �he open source cons�rain� solving library Gecode

(h��p://www.gecode.org/). ITWM and SAP �oge�her are developing modular ex�ensions �o �he library �o cover �he

full func�ional scope of �he Advanced Varian� Configura�ion. This collabora�ion covers a whole number of areas.

Varian� �ables in Varian� Configura�ion are a key modeling �ool for configura�ion models. They con�ain �he

allowed combina�ions of charac�eris�ic values (posi�ive case) or �he disallowed combina�ions in nega�ive varian�

�ables, which have been newly in�roduced by Advanced Varian� Configura�ion. Bo�h �able �ypes can also be

used in condi�ions in objec� dependencies, for example in �he IF par� of a cons�rain� res�ric�ion. Varian� �ables

can freely mix �he differen� charac�eris�ic �ypes of �he Advanced Varian� Configura�ion, such as in�egers, floa�s,

and s�rings. ITWM has developed cu��ing-edge algori�hms for handling all �he men�ioned cases. In real-life

configura�ion models, �he ex�ensive usage of varian� �ables, enables performance improvemen�s for �able

processing of up �o �wo orders of magni�ude.

ITWM has developed a whole new library for cons�rain� solving over floa�ing poin� variables using decimal

floa�ing-poin� ari�hme�ic, ins�ead of �he binary floa�ing-poin� ari�hme�ic which is used by Gecode’s floa�ing poin�

library. A key advan�age of �his is �ha� mas�er da�a and user en�ered values can always be represen�ed exac�ly. In

binary floa�ing poin�s, of �he decimal numbers from 0.00 – 0.99, only 0.00, 0.25, 0.5, and 0.75 can be represen�ed

exac�ly. Ano�her key difference �o Gecode’s floa�ing poin� library is �ha� in Advanced Varian� Configura�ion

domains for floa�ing poin� variables bo�h can be discre�e (for example, �he se� “0.1, 0.3, 0.5”), con�inuous (e.g. �he

se� “0.7 – 0.9”), or a mix�ure �hereof. The floa�ing-poin� library developed by ITWM suppor�s such generalized

variable domains. I� also employs advanced algori�hms for keeping rounding errors under con�rol, like �he ones

being used in Gecode. A fur�her key fea�ure developed by ITWM is �he possibili�y �o seamlessly mix floa�ing

poin� and in�eger variables in expressions. For example, one can wri�e “X < Y + 2”, where X is an in�eger variable

and Y is a floa�ing-poin� variable.

In Advanced Varian� Configura�ion objec� dependencies can use charac�eris�ics of �ype s�ring. However, Gecode

comes wi�h no suppor� for such variables. ITWM has implemen�ed a library for cons�rain� solving over s�ring

variables, making use of a dic�ionary which is mapping s�ring li�erals �o in�eger keys, similar �o �he approach

wi�hin SAP’s HANA da�abase. The key insigh� here is �ha� compu�a�ion �imes can of�en grea�ly be reduced, as key

syn�ax elemen�s like “(no�) equal”-comparisons or �able s�a�emen�s can be evalua�ed direc�ly on �he much

more compac� in�eger represen�a�ion wi�hou� invoking �he more expensive s�ring opera�ions.

Af�er almos� 4 years of collabora�ion, we are convinced �ha� par�nering wi�h �he ITWM was �he bes� �hing SAP

could do �o s�reamline �he developmen� process of SAP S/4HANA for advanced varian� configura�ion. The

Fraunhofer colleagues are �he perfec� fi� – �hey have �he know-how required for developing s�a�e-of-�he-ar�

algori�hms for challenging �opics and for providing �he highly efficien� implemen�a�ions. They also show

excellen� sof�ware craf�manship, ensuring highes� sof�ware quali�y by following a �es�-driven approach, fuzzy

�es�ing, nearly comple�e code coverage, e�c.

As Dr. Pe�ra Meyer, �he Area Produc� Owner of S/4HANA for advanced varian� configura�ion, says

„Working �oge�her wi�h �he exper�s of �he Fraunhofer Ins�i�u�e Kaiserslau�ern on new solu�ions for varian�

configura�ion was a grea� experience!"

Dr. Franz-Josef Pfreund�, says:

"The developmen� of an ex�ended cons�rain� solver engine has been a challenging projec� wi�h i�s algori�hmic

and sof�ware engineering requiremen�s. The professional SAP �eam and our Fraunhofer exper� �eam worked

really seamlessly �oge�her �o crea�e innova�ive, professional solu�ions.

As Fraunhofer we are proud �o be par� of �his �eam and i�s achievemen�s."

Dr. Franz-Josef Pfreund� is �he head of �he ITWM depar�men� “High Performance Compu�ing” in Kaiserslau�ern,

Germany (h��ps://www.i�wm.fraunhofer.de/en/depar�men�s/hpc.h�ml).

High Performance Compu�ing is indispensable for research and economic compe�i�iveness. Basic research in

�he fields of energy, �he ma�erial and life sciences, or even clima�e research is un�hinkable �oday wi�hou�

de�ailed simula�ions. This is also �rue for key areas of �he German economy: Whe�her elec�ronic devices, cars,

airplanes, modern medicines, or innova�ive opera�ional processes – �hey all have �heir basis in simula�ions. High

Performance Compu�ing opens �he way for new applica�ions in �he simula�ion of complex social phenomena or

more demanding �asks in logis�ics. In close coopera�ion wi�h indus�rial and academic par�ners, �he Compe�ence

Cen�er for High Performance Compu�ing develops solu�ions of how �he increasingly complex processors and

parallel compu�ers can be used efficien�ly.

For a blog pos� describing how SAP leverages Gecode in Advanced Varian� Configura�ion, see here (LINK).

For fur�her informa�ion on S/4HANA for advanced varian� configura�ion, please go �o �he following ar�icles:

ON AIR wi�h Sven Denecken: h��ps://blogs.sap.com/2017/05/03/sap-s4hana-for-advanced-varian�-

configura�ion-on-air-wi�h-sven-dene...

Business view: h��ps://blogs.sap.com/2017/09/19/s4hana-1709-use-case-series-3a-advanced-varian�-

configura�ion-biz-v...

Technology view: h��ps://blogs.sap.com/2017/09/27/s4hana-1709-use-case-series-3b-advanced-varian�-

configura�ion-�ech-...

For fur�her informa�ion, please con�ac� us a� sapvc@sap.com
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Value nega�ion �hru Varian� �ables...Ohh Tha�s a grea� break�hrough and i� improves �he compe�ency of VC

solu�ion �o a grea�er ex�en�...

Is i� been covered in "Del�a Lis�" �oo, so �ha� i� could work in CPQ (or IPC) da�abase as well (I mean �he

ex�ernal D'base such as "Da�ahub" e�c...)
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Hello Ram,

�hanks for your ques�ion - Produc� Configura�ion on Cloud Pla�form does no� ye� suppor� nega�ive varian�

�ables. We are planning �o suppor� �hese fea�ures as well. The �iming has no� ye� been fixed.

Regards, Johann
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