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Fortran is dead – Long live Fortran!
with contributions by the Alexandru Calotoiu, Philipp Schaad, and the whole SPCL team, CSCS, ECMWF, industry friends and many others
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▪ Lots of DSLs for performance portability 

▪ I somewhat see those as an attempt to uplevel performance libraries 

▪ BLAS, LINPACK, LAPACK, etc.

The core of many scientific problems is manipulation of arrays with scientific formulas

▪ The oldest DSL of all: Fortran = Formula Translator

▪ Invented by Turing Awardee John Backus in 1957 (at IBM)

▪ At the time, people were skeptical that it would beat assembly

▪ Gave rise to the first optimizing compiler!
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DSLs on the rise! …. ?

Yesterday (2023)

…



@spcl_eth

@spcl

spcl.ethz.ch

(Num)Py(thon) is the new Fortran!                      (as language frontend/ecosystem)
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Tiobe Index March’23

439,100 projects
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▪ Cloud Microphysics of IFS
▪ Resolve sub-grid features

▪ Original 2,525 SLOC of Fortran 95

▪ Rewritten for performance 
portability benchmarking
(optimization took months!)
▪ 2,635 SLOC C 

▪ 2,610 SLOC C++/CUDA

4https://github.com/ecmwf-ifs/dwarf-p-cloudsc… variable setup/initialization until line 500 ;-)

Let’s get to some real example … ECMWF’s CLOUDSC

https://github.com/ecmwf-ifs/dwarf-p-cloudsc
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Imagine being a Fortran Compiler (same for Python if it compiles)
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A first simple loop from CLOUDSC*
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do JK=1,KLEV
do JL=1,KFDIA

ZQSM(JL,JK)=ZQSM(JL,JK)/(1.0-RE*ZQSM(JL,JK))
enddo

enddo

Work KLEV * KFDIA

Depth 1

Fully data parallel

Data 
Parallelism

Average 
Parallelism

KLEV * KFDIA

* examples are simplified for presentation purposes
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A second more complex loop from CLOUDSC
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Work

Depth
Average 
Parallelism

(NSTEP-1) * KFDIA

log2(NSTEP-1)

(NSTEP-1) * KFDIA / log2(NSTEP-1)

Data 
Parallelism

x do JN=1, NSTEP-1
do JL=1, KFDIA

ZQXN(JL, NSTEP) = ZQXN(JL, NSTEP)+ZQXN(JL, JN)
enddo

enddo

(array) accumulation 
prevents parallelization 

(NSTEP-1) * KFDIA

1

(NSTEP-1) * KFDIA
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do JM=1,4
do JK=1,KLEV
do JL=1,KFDIA

if ZQX(JL,JK,JM)<RLMIN) then
ZQADJ=ZQX(JL,JK,JM)*ZQTMST
tend_q(JL,JK)=tend_q(JL,JK)+ZQADJ
tend_T(JL,JK)=tend_T(JL,JK)-RAL*ZQADJ
ZQX(JL,JK,JM)=0.0

do JK=1,KLEV
do JL=1,KFDIA

ZQSM(JL,JK)=ZQSM(JL,JK)/(1.0-RE*ZQSM(JL,JK))

do JK=1,KLEV
do JL=1,KFDIA
ZA(JL,JK)=MAX(0.0,MIN(1.0,ZA(JL,JK)))
ZLI(JL,JK)=ZQX(JL,JK,1)+ZQX(JL,JK,2)
if (ZLI(JL,JK)>RLMIN) then
ZLFRAC(JL,JK)=ZQX(JL,JK,1)/ZLI(JL,JK)

else
ZLFRAC(JL,JK)=0.0

Now multiple realistic CLOUDSC loops

Average Parallelism KLEV * KFDIA * 10/3 KLEV * KFDIA KLEV * KFDIA * 4/3 KLEV * KFDIA * 25/8

Depth log2(4) * 1 *1 * (1+2) 1 1 * 1 * (2+1) 8

Order Constraints

Happens-before

1 2
2 3
2 4
2 5

Control
RAW
RAW
WAR

No order 
constraint

5 8
8 9
9
9

RAW
RAW
Control
Control

10
11

4 * KLEV * KFDIA * (1+4)Work KLEV * KFDIA KLEV * KFDIA * 4 KLEV * KFDIA * 25

Data Parallelism
x
x
x

1
2
3
4
5

6

7
8
9

10

11

reuse of temporary variable
prevents parallelization
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Imagine being a Fortran Compiler (same for Python if it compiles)

Team up with 
Performance engineers!
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Performance Metaprogramming for Performance Portability

Parametric Dataflow 

Graphs (SDFG)

𝜕𝑢

𝜕𝑡
− 𝛼𝛻2𝑢 = 0

Graph Transformations 

(API, Interactive)

Transformed

Dataflow

Performance

Results

C++ code 

generation/runtime

𝑳 𝑹
*

*

*

*

*

*

Ben-Nun, de Fine Licht, Ziogas, TH: Stateful Dataflow Multigraphs: A Data-Centric Model for High-Performance Parallel Programs, SC19

Domain Scientist

DSLs

SDFG Builder API
Multi-Level 

Library Nodes

Applied Scientist

translate DSL into 
parametric dataflow graphs

Performance Engineer

Specialized 
Code Generation

CPU Code

GPU Code

FPGA Code

R
u

n
ti

m
e 

10s of 
SLOC

1000s of auto-
generated SLOC100s of reusable 

SLOC
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SDFG view of CLOUDSC – investigate dataflow 
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▪ Data management transformations:

▪ Changing data container lifetime

▪ Versioning data containers

▪ Loop Parallelization

▪ Specializing numerical values

▪ Changing the data layout
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Transformations in DaCe – Performance Metaprogramming!

Expose parallelism Improve performance

do JK=1,KLEV
do JL=1,KFDIA
ZQADJ=ZQX(JL,JK,1)*ZQTM
t_q(JL,JK)=t_q(JL,JK)+ZQADJ

enddo
enddo

do JK=1,KLEV
do JL=1,KFDIA
ZQADJ=ZQX(JL,JK,2)*ZQTM
t_q(JL,JK)=t_q(JL,JK)+ZQADJ

enddo
enddo

1

2

1

1

2

2
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Performance Metaprogramming Tooling!

GPU Kernel Extraction 
Transformation

                                                         
                                                    

                        
                                  

                                              
 

                                                                   
                                             

     
                                                              
     

 

                                                        
                                                            

     
                                             
                                                    
                                                  
                                                         
                                                                
                                                    

                        
                                                     

                        
                                                              

                        
                                                            

                   
                                                                     
                                                                   

                        
                                  
     

 

Extract Test Case Minimize Input Space Test Transformation

Differential gray-box 
fuzzing

100s of tests per 
second!

Isolate side effects Grow test cases to 
reduce input size
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Performance portability – all from the original, unchanged CLOUDSC code!
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Conclusions More of SPCL’s research:

… or spcl.ethz.ch

175+ Talksyoutube.com/@spcl

twitter.com/spcl_eth 1.2K+ Followers

github.com/spcl 2K+ Stars

▪ Fortran / NumPy works (somewhat)!
▪ Full automation of performance 

portability does not work!
▪ “Opening up the compiler” via 

performance metaprogramming!
▪ Achieving hand-tuned 

performance for some codes!
▪ Looking into metaprogramming 

tooling / theory for optimization!

spcl.inf.ethz.ch

