Méthodologie d’utilisation de Leto en python
depuis un jupyter notebook
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Problématique scientifique a I'ICOA

Générer des molécules compatibles au
sein d'un site biologique quelconque a
partir de fragments de molécules
repositionnés.
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Mon environnement de travail

, « (] Leash_bio.ipynb 1 hour age

dump_L_in txt(
Ls_nodes_cluster mol_site,
"nodes_cluster mol site.csv")
dump_L_in txt(
Ls_relations_cluster mol site CFIT site,
"relations cluster mol site CFIT site.csv")
dump L in txt(
Ls_relations SIM1 bw cluster mol site,
"relations_SIM1 bw_cluster_mel_site.csv")
dump_L_in_txt(
Ls_nodes_molecule,
"nodes_molecule.csv")
dump_L_in_txt(
Ls_relations_molecule FIT cluster mol_site,
“relations_molecule_FIT_cluster_mol_site.csv")
dump L in txt(
Ls_relations_SIM2_bw_molecule in_cluster mol_site,
“relations_SIM2_bw_molecule.csv")

2204 @bolt/localhostT687/neot) Nead) Browser

File Edit View Window Help Developer

Database Information

) cusie ot st - A
[oeca Y prow sk .

Relationship types

Property keys.

Connected as @

1hdu
dump 2652
1hnl
dump 5180
lre8
dump 2024
1slt
1slt 909
load csv
> x
-

icate("nodes molecule.csv*)

® h6:34 | basic | 2548 | load df from csv

icate("relations SIM2 bw molecule.csv")

~ N6:34 | basic | 4206 | load Ls from txt
° h6:34 | basic | 4261 |  nmax not defined
) = Gn, ["Molecule"])
10:54 | neodj_for_emolgine | 1254 |  delete_all_nodes_in_Gn

TTOTgITE e U [aUto-0 T S~ JUPy e CaU— CATUTTIaTT =
v [ Hem x| @citt x @trar x @Exp x @Pre x ®Hoo x @&SPCx @Cor x @Vot x MG x @Exex @Exex @Dé x (2450 x @ Mo x @ Tut x [@sSoi x @ No x ) upl x
€ c @ localhost:8888/lab/workspaces/auto-o/tree/Documents/Projets/062_emolgine/Notebooks/emolgine_neo4j.ipynb B a & A & i
[ File Edit View Run Kemel Tabs Settings Help
s - o c & Launcher 3 | [A uF2D_vs.ipynb % | [ emolgine_neodjipynb ® | [ Leash_bio.ipynb % | [W minhash_dstsbasesipynb X | + EMOLGINE_NEOS.LIPYNE
B+ XD » = C » Code v Notebook [ & SBC 39 @ & a -
A Triclusterf_{sitel", - Informations.
|/ - f065_Leash_bio / Notebooks / ] ST Import
b Name - Last Modified print("\t dump") Installation
B g 6 days ogo os.chdir(path_import) Test

Installation of the python module ...
~ Connect to a database
Informatians obtained from Uni
Add of all cluster_mol_site_db
~ Add of sites (site of growing an
create csv
load csv
~ Add of protein
create csv

load csv

 FROM protein

ps in different.
ter_mol_site ...
lécules associ

kter_mol_site ...

Ubuntu 22.04
+ Python 3.9
+ Jupyterlab

+ neod;

Slide 3



Problématique de parallélisation sur cluster

slurm

Chemoinformatique : ex :génération de molécules
=> besoin de réalisation une parallélisation de

données
l Cascimodot
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Cluster Computing

Anal y se des p roj ets existants Unlike SMP architectures and especially in contras to threachbased concurrency, clus

alien to uninitiated developers. In this domain, some overlap with other distributed comr

» (@ patchlib - a distributed computation system with automatic selection of proce

» @ Celery - a distributed task queue based on distributed message passing

T 4 1A A - » @ Charm4py - General-purpose parallel/distributed computing framework for th
D e n O m b re UX p rOJ ets d e d I eS a Ce S UJ et of scaling applications to supercomputers. It is based on an efficient actor mode
eXI Ste nt m ai S actor model. Supports Linux, Windows, macOS.
’ >
_ A 2 » Dynamic task scheduling optimized for computation. This is similar to Airfl
N e pe rm ette nt pas fo rce m e nt d e g e rer m a » “Big Data" collections like parallel arrays, dataframes, and lists that exten

problématique, schedles. - |
A - " - N = |t extends umpy/Fandas data structures a owing compullng on many cc
-Peuvent étre difficiles a mettre en oeuvre. >

@ Dask - Dask is a flexible library for parallel computing in Python. It offers

@ Deap is a evolutionary algorithm library, which contains a parallelization mod
compute something else than evolutionary algorithms - and offers an interface
communication and load balancing layers. It currently works over MPI, with mpi:
and so on).

@ disco - an implementation of map-reduce. Developed by (@ Nokia. Core writ

¥

@ dispy - Python module for distributing computations (functions or programs)
arguments in SIMD style of parallel processing. The nodes can be shared by mt
and scalability.

@ DistributedPython - Very simple Python distributed computing framework, us

Finalement, en faisant un effort de ynaees

@ exec ._proxy - a system for executing arbitrary programs and transferring files

p rog ram m atl O n ’ J ’al pu fai re Ce q ue Je VOU IaIS :> @ execnet - asynchronous execution of client-provided code fragments (former

: @ IPython - the IPython shell supports @ interactive parallel computing across

¥

¥

¥

@job_stream - An MPI/multiprocessing-based library for easy, distributed pipel
distributed application. Can be used to realize map/reduce or more complicated

¥

» @jug - Atask based parallel framework
» @ mpidpy - MPI-based solution
» @ NetWorkSpaces appears to be a rebranding and rebinding of @ Lindaspace
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Description d’un exemple simple de calcul sur
Cascimodot

1: Lsmile[:10]
Soit une liste de 1 145 molécules sous forme de .
SMILES 'Eiér(](c)}[g?(]:(gl%llECclc(F)c(F)c[F)c(F)ch}NC{:D)OCClc2ccccc2—c2ccccc21',

"Nclncc([N+]({=0)[0-])s1",

"NCCNC(=0)clcccncl',

"0=C{N[C@H] (Cclccc(C(F)(F)F)ccl)C(=0)0)0CC1lc2ccccc2-c2cccec2l’,
"CC(O)(CN)clcecscl',

'"Cclecc(F)ccclIN',

"Nclccc(-c2ncc[nH]2)ccl',

"NCclnc(-c2ccsc2)nol']

Je veux obtenir une liste de molécules 3D en B e
appliquant la fonction get_mol_3D_from_smile Dcluster=Dcluster,
;e . . Lmodule to update=["tools SBC", "F2D", "xScav"],
pour cela, on définit la fonction suivante : )
def get Lmol 30 from Lsmile on cluster(
Lsmile,
}:
pass
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Description d’un exemple simple de calcul sur

Cascimodot

[48]:

[40]:

Fstime

Lmol = get_Lmol 3D from Lsmile on_cluster(Lsmile)

len{Lmol)

INFO | 2024-86-20 14:83

clude.txt --delete-after /home/krezel@ICOA-03.

INFO | 2024-06-20 14:03

clude.txt --delete-after /home/krezel@ICOA-03.

INFO | 2024-06-20 14:83

clude.txt --delete-after /home/krezel@ICOA-03.
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:

INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
1.sh'
INFO
INFO
INFO
INFO

1145

2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20
2024-06-20

2024-06-20
2024-06-20
2024-06-20
2024-06-20

14.9 s

14:
14:
14:
14:

a3
a3
a3
a3
a3
a3
a3
a3
a3
a3
a3
a3
a3
a3
a3
a3
a3
a3
a3

a3
a3
a3

83 |
mnt/49e06d45-3011-4e38-3a26-3981a55ace6l/Projets/065_Leash_Bio/leash-BELKA/get_mol_3D_from_smile
INFO | 2024-06-20 14:83
smilesdir Lres
INFO | 2024-086-20 14:83
CPU times: user 45.9 ms, sys: 150 ms, total: 196 ms
Wall time:

basic

basic

1136

Brd & F 0

rsync -e ssh -az --exclude-from=/home/krezel@ICOA-83.LOCAL/Documents/Programmes/Gitlab/tools_SBC/rsync_ex

LOCAL/Documents/Programmes/Gitlab/tools SBC pkrezel@leto.cascimodot.datacentre-valdeloire. fr:/home/pkrezel/modules

1136

rsync -e ssh -az --exclude-from=/home/krezel@ICOA-03.LOCAL/Documents/Programmes/Gitlab/tools SBC/rsync ex

LOCAL/Documents/Programmes/Gitlab/F2D pkrezel@leto.cascimodot.datacentre-valdeloire.fr:/home/pkrezel/modules

rsync -e ssh -az --exclude-from=/home/krezel@ICOA-03.LOCAL/Documents/Programmes/Gitlab/tools SBC/rsync_ex

LOCAL/Documents/Programmes,/Gitlab/xScav pkrezel@leto.cascimodot.datacentre-valdeloire. fr:/home/pkrezel/modules

basic | 1136
cluster | 221
basic | 1122
cluster | 231
basic | 1122
cluster | 239
cluster 245
cluster 247
basic 4938
basic 4945
basic 4960
basic 4972
basic 4975
basic | 5009
basic | 5025
basic | 1688
cluster 352
basic 1122
cluster 3608
basic | 1122
cluster | 368
cluster | 372
cluster | 376
basic | 1122
basic | 4364
basic | 4370

* path_local=/mnt/49e06d45-3011-4e38-a3326-3981a55ace6l/Projets/065 Leash Bio/leash-BELKA
ssh pkrezel@leto.cascimodot.datacentre-valdeloire.fr 'scancel --user pkrezel--name get_mol 3D from smile'
Remove of directory get _mol 3D from smile on cluster ...
ssh pkrezel@leto.cascimodot.datacentre-valdeloire.fr 'rm -rf /home/pkrezel/get _mol 3D_from_smile'
Remove of directory of results in local
Creation of the directory to send
copy of variables
split_L_in LL
with nLB=1145
with nL=288
with nLL max=1000
with nL=288
len{LL)=6
len{LL}=6
dump_Lvar
Transfert of get mol 3D from_ smile on cluster ...
scp -C -r get_mol 3D from smile pkrezel@leto.cascimodot.datacentre-valdeloire. fr:/home/pkrezel
Launch of jobs ...
ssh pkrezel@leto.cascimodot.datacentre-valdeloire.fr "cd /home/pkrezel/get mol_3D from_smile;bash job_al

on going ...

done in @ s

loading of the results

scp -C -r pkrezel@leto.cascimodot.datacentre-valdeloire. fr:/home/pkrezel/get_mol_3D_from_smile/dir Lres /
load_Lvar in /mnt/49e86d45-3011-4e38-aa26-3981a55ace6l/Projets/065_Leash Bio/leash-BELKA/get_mol_3D from_

6 files
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Description d’un exemple simple de calcul sur
Cascimodot
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1-Mise a jour des modules

2-Suppression de répertoires et de jobs sur le cluster.

3-Création d’un répertoire globale

4-Copie du répertoire global sur le cluster

5-Lancement du fichier bash principal et attente de la fin des calculs

6-Rapitriement des résultats en local
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Tous les fichiers nécessaires au
calcul sont rassemblés dans un
repertoire global.

Apres transfert sur le cluster, il suffit
de lancer le fichier bash principal et
d’attendre.

Fichiers
Pickle

Programme
python

Fichier txt
avec la liste

des indices 7

a traiter

Fichier
bash

principal

dir_global

Fichiers
bash
/ Fichiers
/ sbatch
<4 | 4
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Conditions nécessaires pour que ¢ca marche

Avoir un compte sur le cluster

Avoir supprimé la demande de mot de passe lié a ssh.
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Soit une liste, Lmol, de 14 534
molécules (objets rdkit) génerées au

sein d’'une cavité. Je veux les minimiser
au sein de cette méme cavité a l'aide de

I'outil SMINA.

La conversion des objets rdkit en

fichiers sdf attendus par SMINA prend
un peu de temps, on souhaite donc le
faire sur le cluster. De plus, des obje

rdkit sont attendus en retour.

pS =

@do_on_cluster(
s1py = F'"
import os, sys

# == == ==

from tools SBC.logging SBC import (set log, logger)
from tools_SBC.basic import (dump_var, get line n_in file, mowe file, touch,
remove_file, remove Lfile, ya, yapa)

# == == ==

from tools_SBC.rdkit SBC import (create sdf from Lmol, load Lmol)
from tools_SBC.smina SBC import minimize sdf with_smina_core

# == == ==

i line = int(sys.argv[1])

file = get_line n_in file("Ls.txt", i line)
Lmol = load var(file)

sdf = file.replace(".p", ".sdf")

sdf_out = sdf.replace(”.sdf", "_minimized.sdf")
sdf = create sdf from Lmol(Lmol,sdf)

e o m o e m e CrEE E e e E e e e e e e e e e e e S e S e S e S S e e S S e

minimize sdf with_smina_core(
sdf,
sdf out=sdf out,
dmax_from Mp site=4,
protein="protein",
cmd smina="smina.static",
)
Lmol_min = load_Lmol(sdf out)
remove Lfile([sdf, sdf out, filel)
dump_var(Lmol_min, f"dir_Lres/{{file}}")

Dcluster=Dcluster,
with_GMNU parallel=True,
ref="minimize with_smi
level="INF0", # the I
nLmin_by job=48
ncore max=8@, num
njob_max=1808,
)
def get_Lmol minimized with_smina_on_cluster|(

Lmol,
LTvar_to_copy=[("protein")],

):
logger.info("get_Lmol_minimized with_smina on_cluster")

INFO | 2024-96-20 16:22 |

cluster | 198 | do on cluster
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Description d’un exemple un peu plus compliqué de
calcul sur Cascimodot

%time
os.chdir{f"{path_emolgine}/pdb_prepared/{pdb2}/site 08"}
Lmol_min = get_Lmol_minimized with_smina_on_cluster(
Lmol,
LTvar_to_copy=["protein.pdb"],
)
len(Lmol_min)

INFO | 2024-06-20 16:22 | basic | 1136 | rsync -e ssh -az --exclude-from=/home/krezel@ICOA-83.LOCAL/Documents/Programmes/Gitlab/tools SBC/rsync_ex
clude.txt --delete-after /home/krezel@ICOA-03.LOCAL/Documents/Programmes/Gitlab/None pkrezel@leto.cascimodot.datacentre-valdeloire.fr:/home/pkrezel/modules

INFO | 2624-086-20 16:22 | 2146362920 | 42 | get_Lmol_minimized with_smina on_cluster

INFO | 2024-06-20 16:22 | cluster | 221 |  * path_local=/mnt/49e06d45-23011-4e38-3a26-3981a55ace61/emolgine/pdb_prepared/5q@o/site @

INFO | 2024-086-20 16:22 | basic | 1122 |  ssh pkrezel@leto.cascimodot.datacentre-valdeloire.fr 'scancel --user pkrezel--name minimize with_smina’

INFO | 2024-06-20 16:22 | cluster | 231 | Remove of directory minimize with_smina on cluster ...

INFO | 2024-086-20 16:22 | basic | 1122 |  ssh pkrezel@leto.cascimodot.datacentre-valdeloire.fr 'rm -rf shome/pkrezel/minimize with_smina’

INFO | 2024-06-20 16:22 | cluster | 239 | Remove of directory of results in local

INFO | 2024-06-20 16:22 | cluster | 245 | Creation of the directory to send

INFO | 2024-06-20 16:22 | cluster | 247 |  copy of variables

INFO | 2024-06-20 16:22 | cluster | 252 | copy of protein.pdb

INFO | 2024-06-20 16:22 | basic | 4938 | split_L in LL

INFO | 2024-06-20 16:22 | basic | 4945 | with nLB=14534

INFO | 2024-86-20 16:22 | basic | 4960 | with nL=40

INFO | 2024-06-20 16:22 | basic | 4972 | with nLL_max=1000

INFO | 2624-086-20 16:22 | basic | 4975 | with nL=40

INFO | 2024-06-20 16:22 | basic | 5009 | len(LL)=364

INFO | 2624-086-20 16:22 | basic | 5025 | len(LL)=364

INFO | 2024-06-20 16:22 | basic | 1680 |  dump_Lvar

INFO | 2024-06-20 16:22 | cluster | 352 | Transfert of minimize with_smina on cluster ...

INFO | 2024-06-20 16:22 | basic | 1122 |  scp -C -r minimize with_smina pkrezel@leto.cascimodot.datacentre-valdeloire.fr:/home/pkrezel

INFO | 2024-06-20 16:22 | cluster | 360 | Launch of jobs ..

INFO | 2024-06-20 16:22 | basic | 1122 |  ssh pkrezel@leto.cascimodot.datacentre-valdeloire.fr 'cd /home/pkrezel/minimize with_smina;bash job all.s
h

INFO | 2024-86-20 16:24 | cluster | 368 | on going ..

INFO | 2024-06-20 16:24 | cluster | 372 | done in @ s

INFO | 2624-06-20 16:24 | cluster | 376 | loading of the results

INFO | 2024-06-20 16:24 | basic | 1122 | scp -C -r pkrezel@leto.cascimodot.datacentre-valdeloire.fr:/home/pkrezel/minimize with_smina/dir Lres /mn
t/49206d45-3011-4e38-3a26-3981a55ace6]l/emolgine/pdb prepared/5q@o/site @/minimize with smina

INFO | 2024-06-20 16:24 | basic | 4364 | load_Lvar in /mnt/49e86d45-a811-4e38-a3326-3981a55ace6l/emolgine/pdb_prepared/5q8o/site_8/minimize with_sm
inasdir Lres

INFO | 2024-06-20 16:24 | basic | 4370 | 364 files

CPU times: user 5.54 s, sys: 628 ms, total: 6.16 s
Wall time: 2min 1s
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Description d’un exemple un peu plus compliqué de
calcul sur Cascimodot

104 1

107 1

Population
=t
A

10! 1

107 -

misd

Toute les moléculé
minimisées!

hs étaient bien
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* En appliquant cette méthodologie, tout le monde peut lancer des
calculs « simples » de parallélisation des données en python sur
Cascimodot ou autre cluster utilisant slurm

* Nécessite un effort de programmation en écrivant des scripts python
sous forme de string.

« Actuellement, les fonctions ne peuvent pas étre definies dans un
module : Il faut le faire dans le notebook.

* Toute personne connaissant les déecorateurs en python peut contribuer
a I'amélioration du code.
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Précisions sur le code

def do on cluster(

fo=None,

s1 py=None,
user_local="krezel@icoa-03.local",
IP_local="192.168.11.160",

Dcluster=None,

user_cluster=None,

IP_cluster=None,

cmd_smina=None,

conda_env=None,

queue=None,

with_GNU parallel=True,

ref=None,

level="INFO", # the logging level on the cluster
nlmin_by job=200, # Number min of cases to treat by job
ncore_max=88, # number max of core to use
njob_max=1000,

dir_Lres="dir Lres",

with_return Lres=True,

with_fuse LL=True, # to fuse the differents results of the parall
Lmodule_to_update=None,

N

logger.info("do_on_cluster")

if Dcluster is not None:
user_cluster = Dcluster("user_cluster"]
IP cluster = Dcluster["IP cluster"]
conda_env = Dcluster[conda_env"]
emd_smina = Dcluster[*cmd_smina”]
queue = Dcluster["gueue"]

if ref is None:
ref = fa.__name__

def decorator(func):
def wrapped(*args,sl_py = s1_py, **kwargs

#

update_module_on_cluster(
Lmodule_to_update,
IP_cluster,
user_cluster,

)

func(*args, **kwargs)
¥ -

Lkw = list(kwargs.keys())

path cluste f"/home/{user_cluste

path_local = get_path()

logger.info(f"* path local={path local}"}

# to be sure that the same job is not still running
¥ -
cnd = f"scancel --user {user cluste
bash_on_remote(

cmd,

user_remote=user cluster,
IP_remote=IP cluster,

logger.info(f*Remove of directory {ref} on cluster ...
Lemd = [f"rm -rf {path_cluster}/{re
bash on_remote(
Lemd,
user_cluster,

IP_cluster,

#!/bin/bash

#
# Creation of a new directory to gather all the informations
# usefull to launch the script on the cluster.

logger.info(f"Creation of the directory to send")
make_dir(ref)
logger.info("copy of variables")
if "LTvar to copy" in Lkw:
LTvar_to_copy = kwargs["LTvar_to_copy"]
for T in LTvar_to_copy:
if type(T) is str:
logger.infol(f"\t copy of {T}")
copy_file in dir(T, ref)
else:
logger.info(f"copy of {T[@]}")
dump_var(TI1], f"{ref}/{Tl0I}")
os.chdir(ref)
make dir(dir Lres)

LL = split_L_in_LL{
args[a],
nL=nlmin_by_job,
nLL_max=njob_max,

)

if len(LL) < ncore_max:
n core = len(LL)
else
n_core = ncore max

Ls = dump_Lvar(LL, "L")
create_txt_from L(Ls, "Ls.txt")

nLs = len(Ls)
create_txt_from_s({str(nLs), "nLs.txt")

# Creation of job all.sh to launch of the different jobs
# can be sbatch or bash

# -
Ls = f

sbatch --wait jobl.sh

wait

e split("yn")

create_txt_from_L{Ls[1:], "job_all.sh")
#
# Creation of jobl.sh slurm file
B .
create_slurm_job(
"dol.py",
with GNU parallel=with GNU parallel,
ref=ref,
queue=queue,

fname="jobl.sh",

n_core=n_core,

user_cluster=user_cluster,

conda_env=conda_env,

cmd_to_insert in @=f"cd /home/{user cluster}/{ref}",
5 _parallel="parallell",

)

B o
# dol.py file
¥ --
#
if fe:
module = f@. module
sfo = fi name__
s1py
s_py
import sys
import os

inport traceback
sys.path.insert(8, */home/{user_cluster}/modules®)
#

from tools SBC.logging SBC import (set log, logger)

from tools SBC.basic import (load var, dump var, get line n_in file, move file, tou
remove file, remove Lfile)

#

from {module} impert {sfe}

#

ine = int(sys.argv[1])

= get_line n_in_file("Ls.txt", i_line)
Lx = load_var(file)
exec("Lx2 = [{sf0}(x) for x in Lx]")

dump_var(Lx2, f*{dir_Lres}/{{file}}"}
remove_file(file)

elif sl py :

s_py = "

import sys
import os
import traceback
sys.path.insert(®, "/home/{user_cluster}/modules”)
#
from tools_SBC.basic import (load_var)

Ls2 = []

if "LTvar_to_copy’ in Lkw:

for T in LTvar to_copy:
if "." not in TIB]:
Ls2.append (f"{T[81} = Lload var('{TI81}")")

Ls = s py.split("\n"}[1:] + Ls2 # sl py.split{"\n")[1:]
create txt from L(Ls, "dol.py")

#
# Export of the directory on the cluster and launch of the job
#

logger.info(f"Transfert of {ref} on cluster ...")
bash(
frsep -C -r {ref} {user_cluster}@[IP_cluster}:{path_cluster
info=True,
)
#

#
#
logger.info(f"Launch of jobs .
Lemd = [frcd {path_cluster}/{ref}",
"bash job_all.sh"]

bash_on_remote(

Lend,

user_cluster,

1P_cluster,

)

Llogger.info{fon going ...")
Llogger .debug(f*wait for results")
start_time = time.time()
¥ --
Tlogger.infolf"done in {round(time.time() - start time)} s")
#

os.chdir(path_local_ref)

remove dir(dir Lres)

bash(
fscp -C -1 {user cluster}@{IP_cluster}:{path cluster}/{ref}/{dir
info=True,

“rm -rf {path_cluster}/{ref}"]
#bash_on_remote(Lcmd, user cluster, IP cluster)
if with_return Lres:

0s.chdir (dir_Lres)
LLres = load Lvar("L*")
0s.chdir (path_Local)
if with_fuse_L|
return fuse_LL(LLres)
else:
return LLres
os.chdir(path local)
return wrapped
return decorator
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