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Codee Static Code Analyzer

Cost: Extends hardware lifespan and saves development costs
Time: Decreases development hours shortening time-to-market
Expertise: Reduces dependability on expert developers
Energy: Facilitates development of greener applications

Codee implements the first static code analysis solution specifically designed to automate 
performance optimization for C/C++/Fortran applications

Quick Assessment 
via AI Analysis of 

Source Code

Pinpoint Opportunities 
to Optimize 

Performance: 
Speed, Size & Energy

Save Development 
Costs and Empower 
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Better Testing & 
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through Performance 
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and Accurate 

Reporting
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Codee & Ecosystem
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Alternatives:
● Do nothing
● Rely on the compiler
● Manual process by experts in 

performance
● Manual process by external 

consultancy services
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Codee brings 
2x-40x 

faster code 

Codee cuts down 
months/weeks to minutes/seconds
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Proof points of Codee  |  Verifiable & reproducible performance gain
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Application code

Screening report 
from Codee

Checks report 
from Codee

pwreport --screening

How does Codee Static Code Analyzer work?
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pwreport --checks

        Quick assessment

Checks report

Support for target environments
(operating system, compiler, hardware)

         Integration with DevOps CI/CD
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First, Produce the Codee Screening Report
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$ pwreport --screening --config build/compile_commands.json --show-progress
. . .
SCREENING REPORT

Target                      Lines of code Optimizable lines Analysis time # checks  Effort  Cost      Profiling
--------------------------- ------------- ----------------- ------------- --------- ------- --------- ---------
build/compile_commands.json 325804        28095             1 m 39 s      310       1765 h  57758€    n/a
--------------------------- ------------- ----------------- ------------- --------- ------- --------- ---------
Total                       325804        28095             1 m 39 s      310       1765 h  57758€    n/a

. . .

TOTAL NUMBER OF LOOPS FOR CODEE AUTO AND GUIDED MODES
                   ---------------- # checks ----------------
Codee mode # Loops Scalar Control Memory Vector Multi Offload
---------- ------- ------ ------- ------ ------ ----- -------
Auto       105     0      0       0      105    n/a   n/a
Guided     136     17     0       137    45     n/a   n/a

Codee mode : Available Codee mode for the loop:
  - Auto: Codee optimizes the code automatically
  - Guided: Codee identifies the performance issue, and the programmer must apply the changes to the code

SUGGESTIONS

  Use --checks to find out details about the detected checks:
        pwreport --checks --config build/compile_commands.json --show-progress

370 files successfully analyzed and 0 failures in 1 m 39 s
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Second, Produce the Codee Checks Report
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$ pwreport --checks --verbose library/aes.c:mbedtls_aes_crypt_xts --config build/compile_commands.json
. . .
CHECKS REPORT

library/aes.c:1162:9 [PWR053]: consider applying vectorization to forall loop
  Suggestion: use pwdirectives to automatically optimize the code
  Documentation: https://www.codee.com/knowledge/pwr053
  AutoFix (choose one option):

* Using OpenMP pragmas (recommended):
    pwdirectives --vector omp --in-place library/aes.c:1162:9 --config build/compile_commands.json

* Using Clang compiler pragmas:
    pwdirectives --vector clang --in-place library/aes.c:1162:9 --config build/compile_commands.json

* Using GCC pragmas
    pwdirectives --vector gcc --in-place library/aes.c:1162:9 --config build/compile_commands.json

* Using ICC pragmas:
    pwdirectives --vector icc --in-place library/aes.c:1162:9 --config build/compile_commands.json

. . .

library/aes.c:1202:9 [PWR024]: the loop is currently not in OpenMP canonical form
  Suggestion: rewrite the loop in order to comply with the OpenMP Canonical Loop Form
  Documentation: https://www.codee.com/knowledge/pwr024

. . .

1 file successfully analyzed and 0 failures in 597 ms
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Open Catalog of Performance Optimization Best Practices
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https://www.codee.com/knowledge/ 

https://www.codee.com/knowledge/
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Codee goes beyond the State of the Art: Loop Interchange
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Download link: https://www.codee.com/wp-content/uploads/2023/01/Leaflet-Loop-Interchange.pdf 

https://www.codee.com/wp-content/uploads/2023/01/Leaflet-Loop-Interchange.pdf
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Codee Static Code Analyzer (& Coding Assistant)
Codee also implements a coding assistant to help develop performance-portable C/C++/Fortran code 
for GPU-based supercomputers using the industry standard compiler directives

Code rewriting features for 
C/C++/Fortran source code: 

guided & auto modes

Annotation of source code 
for offloading with compiler 

directives:
OpenMP & OpenACC

Annotation of source code 
for multi-core optimization: 

OpenMP multithreading

Annotation of source code for 
single-core optimization: 

ISA extensions, memory, control 
& vectorization

Analysis of the performance 
optimizations reported by compilers:

GCC, LLVM, ICC, CL

Analysis of memory usage:
memory access patterns,

data scoping, memory footprint
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Application code

Screening report 
from Codee

Checks report 
from Codee

pwreport --screening

How to enable Codee’s coding assistant capabilities?
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pwreport --checks

Optimized application code 
generated with Codee

pwdirectives
New optimized code

        Quick assessment

Checks report

Support for target environments
(operating system, compiler, hardware)

         Integration with DevOps CI/CD



Automated Code Inspection for Performance 12

$ pwreport --screening --config build/compile_commands.json --verbose library/aes.c
SCREENING REPORT

Target        Lines of code Optimizable lines Analysis time # checks Effort Cost    Profiling
------------- ------------- ----------------- ------------- -------- ------ ------- ---------
library/aes.c 1657          246               481 ms        20       111 h  3632€   n/a
------------- ------------- ----------------- ------------- -------- ------ ------- ---------
Total         1657          246               481 ms        20       111 h  3632€   n/a

. . .

TOTAL NUMBER OF LOOPS FOR CODEE AUTO AND GUIDED MODES
                                              ---------------- # checks ----------------
Codee mode File :function             # Loops Scalar Control Memory Vector Multi Offload
---------- -------------------------- ------- ------ ------- ------ ------ ----- -------
Auto                                  7       0      0       0      7      n/a   n/a
           library/aes.c
           |- :mbedtls_aes_crypt_cbc  2       0      0       0      2      n/a   n/a
           `- :mbedtls_aes_crypt_xts  5       0      0       0      5      n/a   n/a
---------- -------------------------- ------- ------ ------- ------ ------ ----- -------

Codee mode : Available Codee mode for the loop:
  - Auto: Codee optimizes the code automatically
  - Guided: Codee identifies the performance issue, and the programmer must apply the changes to the code

SUGGESTIONS

  You can automatically vectorize every vectorizable loop of one function with:
        pwdirectives --auto --simd omp --in-place --config build/compile_commands.json library/aes.c

1 file successfully analyzed and 0 failures in 481 ms

How to enable Codee’s coding assistant capabilities?
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Third, automatically rewrite & verify the optimized code
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$ pwdirectives --auto --simd omp --in-place --config build/compile_commands.json library/aes.c:mbedtls_aes_crypt_xts

C target compiler: /usr/bin/gcc, version 9.4.0

Loop                               GCC-9.4.0  Codee 1.6.0  Verified by Codee
---------------------------------- ---------- ------------ ------------------------
library/aes.c
|- mbedtls_aes_crypt_xts:1126:5    n/a        no (outr)
|- mbedtls_aes_crypt_xts:1127:5    n/a        no (outr)
|- mbedtls_aes_crypt_xts:1129:5    n/a        no (outr)
|- mbedtls_aes_crypt_xts:1130:5    n/a        no (outr)
|- mbedtls_aes_crypt_xts:1131:5    n/a        no (outr)
|- mbedtls_aes_crypt_xts:1147:5    n/a        no (outr)
|  |- mbedtls_aes_crypt_xts:1162:9 n/a        auto         vectorized by GCC-9.4.0
|  `- mbedtls_aes_crypt_xts:1169:9 n/a        auto         vectorized by GCC-9.4.0
|- mbedtls_aes_crypt_xts:1194:9    no (othr)  auto         vectorized by GCC-9.4.0
|- mbedtls_aes_crypt_xts:1202:9    no (othr)  yes
`- mbedtls_aes_crypt_xts:1211:9    auto       skipped

Loop : loop name following the syntax <file>:<function>:<line>:<column>

Codee 1.6.0 - Codee vectorization status: 
    skipped: the target compiler vectorized the loop automatically, so that Codee skipped it
    auto: Codee is able to automatically rewrite the loop using SIMD pragmas
    yes: Codee detect it as a SIMD opportunity, but it is unable to rewrite it automatically
    no: Codee vectorization cost model determines that the loop is not a worthwhile SIMD opportunity. The reason is 
indicated in brackets (same options as compiler column)

Verified by Codee - Explicit vectorization profitable (‘vectorized by GCC-9.4.0’ when Codee successfully produced an 
explicit omp|gcc|clang SIMD pragma that resulted in automatic compiler vectorization, ‘not vectorized by GCC-9.4.0’ for 
all the other cases)

1 file successfully analyzed and 0 failures in 656 ms
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Challenges in the development of GPU-enabled code
Challenges 

for 
GPU acceleration

Find 
opportunities 
for offloading

Optimize 
memory layout 

for data 
transfers

Identify 
defects in 

data transfers

Exploit massive 
parallelism 

through loop 
nest collapsing

Minimize data 
transfers 

across 
consecutive 
loop nests

Minimize data 
transfers 
through 

convergence 
loops

Identify 
auxiliary 

functions to be 
offloaded

MATMUL x x x x x

PI x

LULESHmk x x x x

MATMUL PWD006 x

ATMUX x

ZPIC x x x x x

MBEDTLS Opportunities for 
vectorization - - - - - -

NUCCOR x

Your code! Probably all of these challenges apply, and even more!
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Demo #1: Codee Static Code Analyzer & Coding Assistant
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● Codee CLI: pwreport --screening
pwreport --checks
pwreport --checks --verbose
pwdirectives

● Environment: Perlmutter with Nvidia/GNU compilers

● Application:   MATMUL-C (matrix-matrix multiplication)

● Takeaways: 
○ Codee found 8 checks applicable to MATMUL, out of 50+ checks available in the open catalog.
○ Codee reports checks to help enforcing performance optimization best practices on the code, 

related to memory efficiency, offloading, multi-threading and vectorization.
○ First, enforce single-core optimations through Loop Interchange (PWR039).
○ Second, enable offloading to GPU using OpenACC and OpenMP.
○ Benchmarking on Perlmutter: Reduce runtime from 39.6 seconds down to 5-6 seconds.
○ Overall speedup on Perlmutter GPUs is 6x-8x (using OpenACC and OpenMP).
○ Codee helps creating performance-portable code across compilers.
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