
THFKHUFKH UHSURGXFWLEOH
HW

“QMHX[ HQYLURQQHPHQWDX[

&\ULOOH %RQDP\t /DXUHQW %RXUJªV

g=géc=mc=l

mailto:laurent.bourges@univ-grenoble-alpes.fr
mailto:cyrille.bonamy@univ-grenoble-alpes.fr


AD UHFKHUFKH UHSURGXFWLEOHn
/XߤHVW FH TXH FߤHVWè

MRXU QRXVn FߤHVW UHSURGXLUH XQ U«VXOWDW VFLHQWLILTXHn LVVX GtXQ ZRUNIORZ
FRPSOHWn FRPPH SDU H[HPSOH XQH H[S«ULHQFHn TXߤHOOH VRLW FRQFUªWH iGH WHUUDLQb
RX QXP«ULTXHx

0DLV TXH YHXW GLUH :ߨUHSURGXLUHߧ
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AD UHFKHUFKH UHSURGXFWLEOHn
/XߤHVW FH TXH FߤHVWè

THSURGXLUH w REWHQLU OHV P¬PHV nߨVRUWLHVߧ SRXU OHV P¬PHV ߨHQWU«HVߧ
iGRQQ«HVn SDUDPªWUHVb ¢ FKDTXH «WDSH GX ZRUNIORZ

/XHOTXHV H[HPSOHV é

Ɣ àUDQGHXUV FDUDFW«ULVWLTXHV rͮt͵s GX SK«QRPªQH «WXGL«

Ɣ =KDPSV LQVWDQWDQ«V

Ɣ =RPSDUDLVRQ DX ELW SUªV GHV ILFKLHUV GH VRUWLH

3OXVLHXUV G«FOLQDLVRQV GH OD UHSURGXFWLELOLW«
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THSURGXFWLELOLW« é
IRUWH YV IDLEOH iU«SOLFDELOLW« èb

”RUWH

!LKKLOUV ÉO VRUWLO LÉOQWLTXOV çX zLW
SUªV rKKOKNVXPs

xVSOKWV l

� OQY l çUKKLWOKWXUOt UçQÉRP VOOÉ

� KRÉO o ÉçWç çKKOVVLzOOV rYOUVLRQLQJs

� SURWRKROO l VKULSWVt SçUçPªWUOV
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7URXYHU OH ERQ FRPSURPLV

0DLV DOOHU YHUV SOXV GH UHSURGXFWLELOLW«

”DLEOH

L«VXOWçWV )VLPLOçLUOV u VOPzOçzOOV)

xVSOKWV l

� KULWªUO ÉO UOSURÉXKWLzLOLW«g SçU O[OPSOO l
ÉOOWç R OSVLORQ rQÉLNNs

� UOSURÉXKWLzLOLW« SçUWLOOOO ÉX ZRUNNORZ rKRÉO
RX ÉRQQ«V QRQ OLzUOVs

http://www.nongnu.org/numdiff/


AD UHFKHUFKH UHSURGXFWLEOHn
MRXU TXL è ) TXRL ©D VHUW è

MUHPLHU E«Q«ILFLDLUH w IRXV h

) TXRL ©D VHUW è

Ɣ çHLOOHXUH GHVFULSWLRQ GHV WUDLWHPHQWV HIIHFWX«V v H[S«ULHQFHV v
VLPXODWLRQV

Ɣ "UDQVPLVVLRQ HQWUH «TXLSHV v «WXGLDQWV v FROODERUDWHXUV

Ɣ "UD©DELOLW«n ç«WDjGRQQ«HVn rTHFHWWH GH FXLVLQHr

Ɣ "URLV DQV DSUªVn RQ SHXW HVS«UHU FRPSUHQGUH FH TXtRQ DYDLW IDLWx

g=géc=mc=l



AHV HQMHX[ HQYLURQQHPHQWDX[
GDQV WRXW ©D

“Q SUHPLªUH DSSURFKHn RQ SHXW SHQVHU TXH OD THSURGXFWLELOLW« D XQ FR½W ¢
FRXUW WHUPH iKXPDLQn ILQDQFLHU PDLV DXVVL HQYLURQQHPHQWDObn
ç)G-n VDQV SDUOHU GHV «FRQRPLHV ¢ SOXV ORQJ WHUPHn OD UHSURGXFWLELOLW« QtHVW
HOOH SDV OtHVVHQFH P¬PH GH OD THFKHUFKH è

=RQFUªWHPHQWn OD UHSURGXFWLELOLW« LPSOLTXH WRXW XQ WDV GH SUDWLTXHVn HW
QRWDPPHQW YLV ¢ YLV GHV PR\HQV QXP«ULTXHV iGRQQ«HV HW ORJLFLHOVb

2Q YD VH IRFDOLVHU VXU OHV LPSDFWV
HQYLURQQHPHQWDX[ GHV DVSHFWV
QXP«ULTXHV” HW HVVHQWLHOOHPHQW VXU OHV
GRQQ«HV HW ORJLFLHOVP
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AH àê- “FRGQIR
Ɣ àURXSHPHQW GH -HUYLFH é ÉOV LQJ«QLOXUVt KKOUKKOXUV OW «WXÉLçQWV ¢ YRWUO VOUYLKO σ

Ɣ )JLU SRXU U«GXLUH OHV LPSDFWV iQ«JDWLIVb «FRORJLTXHV HW VRFL«WDX[ GHV "G=

Ɣ /XHOTXHV H[HPSOHV GH VHUYLFH +
± xXÉLW wçWçKOQWUO rfRfs

± VçWMQNR

± àKRÉLçJ

± jOQVLzLOLVçWLRQ

± !RUPçWLRQ

± =OLOOO WOKKQRORJLTXO

� THFKHUFKH

g=géc=mc=l

KWWSluuOKRLQNRqKQUVqNU



MRXUTXRL VtLQW«UHVVHU DX[
LPSDFWV HQYLURQQHPHQWDX[è
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jRXUKOl -LOUUOn5YOV SRQJçUOWWL
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jRXUKOl -LOUUOn5YOV SRQJçUOWWL

� u%QIVVA9]N P p9N%èIN ]%QIVVA9WN
� uQÉ?>N[IWp YV N’’I]A]IWp
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îPSDFWV GX QXPpULTXH+ FURLVVDQFH H[SRQHQWLHOOH p
+ûN FûI’W L%Q7N]W n qp?>Q\N% >A VQ[%IpWp
9XÉp%I<XN rg=g=cé= NW g=géc=too

J[SORVLRQ GHV GRQQpHV
FQX%]N T rkNI9VN>a qca )A9W]a ,ca k\ô9I9èa ,ca g=évo



MOXV FRQFUªWHPHQWn OtLPSDFW GX QXP«ULTXH
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KWWSVluuLQKçzLWçWqKRP

KWWSVluuMRXUQçOLQWOJUçWLRQqKRPu

Ɣ )QDO\VH GX =\FOH GH ILH GX VHUYLFH QXP«ULTXH i)=Ibn LPSDFWV PDW«ULDX[n LPSDFWV VRFLDX[n REVROHVFHQFH DFF«O«U«H

Ɣ GPSDFWV OL«V ¢ OD GXU«H GH YLH FRPSOªWH GHV VHUYLFHVn PDW«ULHOV HW OHXU FRQVRPPDWLRQ «QHUJ«WLTXH

1XPpULTXH� SDV YLUWXHOl WUqV PDWpULHO

https://inhabitat.com/
https://journalintegration.com/


/XHOTXHV FKLIIUHV GHV LPSDFWV =!L GX
QXP«ULTXH
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8QLWp HT P(E

+DUGZDUH

zA?WQ? tp= 'è 3A[ s +% rN]QôIAèo

FN%YNX% ép== 'è !çz o TU rOKRÉLçJs

8VDJH

UVAèN FN%YNX% gp== 'è fRQVRPPçWLRQ o
-Uàébqk rKOLPs

UVAèN >A?WQ? s p]%A9 réA9o é= 'è uQ9VQÉÉAWIQ9 VNX>N

éûc]QNX% r:Luo m J àVWLPçWLRQ DLMfxw

FWQ]'AèN é )Q ?A% A9 rV]%AW]ûo ép è !çz o TU o UVçJO

FWQ]'AèN é )Q ?A% A9
r%NôQ9ôA9Wo

tp è !çz o TU o UVçJO

+%A9V’N%W é)Q rLA%IV n 8%VA\o =cp è (WXôN kN9AWN% rVWAèNo

+%A9V’N%W é)Q rLA%IV n
JQ9W?N>>IN%o

écp è (WXôN kN9AWN% rVWAèNo
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PRPSDUDWLI GupPLVVLRQ HT P(E

,DSWRS i pFUDQ a !W P(E
àHUYHXU FDOFXO a CW P(E
àHUYHXU VWRFNDJH a OW P(E

)DV GH GRQQpHV P(E b)8 p



MKDVH GtXVDJH é
!» VRQW PHV WUDLWHPHQWV HW GRQQ«HV è

ûWW?VTeeZZZcN>N]W%I]IW\ÉA?cQ%è
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"UDYDX[ U«FHQWV VXU OHV LPSDFWV GX QXP«ULTXH
Ɣ CT“-n pab+ l
<RQçP\t fqt SONªYUOt Sq h VRUOçXt Dq pab+q =DOFXO
KDXWH SHUIRUPDQFH HW HIILFDFLW« «QHUJ«WLTXH é IRFXV
VXU !SHQ”!)çx
(VW FH TXH VFDODELOLW« LPSOLTXH VFDODELOLW« «QHUJ«WLTXH"

Ɣ jWçJO THQDWHUv“FRGQIRt papa l
VçULRQ !LKKOUt !UçQ©RLVO <OUWKRXÉt xQQOnSçXUO
SLJR]çWt -çWULKN jLJRQQOçXq �YDOXDWLRQ GH
OtHPSUHLQWH FDUERQH GH OD WUDQVPLVVLRQ GߤaàR GH
GRQQ«HV VXUH OH U«VHDX THQDWHU

Ɣ papa rx YOQLUs l
DXLOOçXPO fKçUUOWt xOO[LV xUQçXÉt !UçQ©RLVO
<OUWKRXÉq �WXGH àTG=)ê GH OߤHPSUHLQWH FDUERQH
GX VWRFNDJH GߤaàR VXU XQ DQ

Ɣ C=)êt papa l
<RQçP\t fqt <OUWKRXÉt !qt <]O]QLNt <qt “VWLPDWLRQ GH
OtHPSUHLQWH FDUERQH GtXQH KHXUHxFRHXU GH FDOFXO
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Ɣ DXLÉO “FRGQIRt papa l
<RQçP\t fqt <RXÉLQOWt fqt <RXUJªVt Sqt wçVVçVt Eqt
SONOYUOt Sqt h =LYçWt !q CH FRGH é OHV ERQQHV
SUDWLTXHV HQ «FRjFRQFHSWLRQ GH VHUYLFH
QXP«ULTXH ¢ GHVWLQDWLRQ GHV G«YHORSSHXUV GH
ORJLFLHOV

https://ecoinfo.cnrs.fr/2020/12/04/quelle-est-lempreinte-carbone-de-la-transmission-d1-go-sur-le-reseau-renater/
https://ecoinfo.cnrs.fr/2020/12/04/quelle-est-lempreinte-carbone-de-la-transmission-d1-go-sur-le-reseau-renater/
https://ecoinfo.cnrs.fr/2020/12/04/quelle-est-lempreinte-carbone-de-la-transmission-d1-go-sur-le-reseau-renater/
https://mediaserveur.u-bourgogne.fr/permalink/v125f766ebc942s6fes7/iframe/
https://mediaserveur.u-bourgogne.fr/permalink/v125f766ebc942s6fes7/iframe/
https://mediaserveur.u-bourgogne.fr/permalink/v125f766ebc942s6fes7/iframe/


/XHOTXHV ERQQHV SUDWLTXHV HQ
G«YHORSSHPHQW ORJLFLHO
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u\]>N ôN YIN ôX
VN%YI]N

9XÉp%I<XN
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)YDQW
OH G«YHORSSHPHQW ORJLFLHO

=H UpIOpFKLV DX QRPEUH GH IRQFWLRQQDOLWpV GX
ORJLFLHO + pYLWHU OuREpVLFLHO

=H IDYRULVH OH OLEUH + UpXWLOLVHU GHV EULTXHV
ORJLFLHOOHV HW FRQWULEXHU DX[ FRPPXQV

)RQFWLRQQDOLWpV MXVWLILpHV HW
VXIILVDQWHV T >pèN%a N’’I]A]N

NW SOXV DLVpPHQW UHSURGXFWLEOH d

3OXV GH IRQFWLRQQDOLWpV TXH
QpFHVVDLUH T ÉQ9 I9’%AVW%X]WX%N
9N VX’’IW ?>XVa 7N ôQIV N9
]ûA9èN% .

7URS GH IRQFWLRQQDOLWpV
GLVSDUDWHV T JQ9 ?I?N>I9N
ôNYIN9W X9N Yp%IWA[>N
4XVI9N j èA]4 .

uu bMnFy >>nôôc]û wpcé"

http://ll-dd.ch/
http://ll-dd.ch/
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=H UpIOpFKLV DX GpSORLHPHQW GX VHUYLFH + VuDGDSWHU DX PLHX[ DX FRQWH[WH

JQ IRQFWLRQ GHV FDUDFWpULVWLTXHV GHV SODWHIRUPHV GLVSRQLEOHV +
� ÉI]%Q]Q9W%{>NX% QX ?%Q]NVVNX% NÉ[A%<Xp
� Q%ôI9AWNX% QX VN%YNX% >Q]A>
� ?>AWN’Q%ÉN V?p]IA>IVpN T u>XVWN% V?p]IA>IVp :Lua )LUa 3L)ya ykJlm
� Q’’%N qN FN%YI]N r8qFo ôN VIWN QX ôN WXWN>>NV rudkFa U9IYN%VIWpVo
� ]>QXôV ?X[>I]V
� >INX èpQè%A?ûI<XN ôN >A ?>AWN’Q%ÉN
� ]A?A]IWpV ôIV?Q9I[>NV

JQ IRQFWLRQ GHV FRQWUDLQWHV GX VHUYLFH +
� >A9èAèNV VX??Q%WpVa ]QÉÉX9I]AWIQ9V V?p]IA>IVpNV
� èQX>QWV ô¶pW%A9è>NÉN9W T A]]qV ôIV<XNa %pVNAXa W%A9V’N%WV ÉpÉQI%N
� ?p%N99IWpa ?Q%WA[I>IWpa Vp]X%IWpa ]Q�WV j >Q9è WN%ÉNa WNÉ?V ôN %NWQX%
� >INX èpQè%A?ûI<XN ôNV XVAèNVa WXWN>>NV ]QÉÉA9ôIWAI%NV ôX VN%YI]N

àDQV RXEOLHU OHV FRQWUDLQWHV HQYLURQQHPHQWDOHV «

)YDQW
OH G«YHORSSHPHQW ORJLFLHO
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)YDQW
OH G«YHORSSHPHQW ORJLFLHO

=H SODQLILH OD JHVWLRQ GX ORJLFLHO + DFFURvWUH OD GXUpH GH YLH

U9 ?>A9 ôN èNVWIQ9 >QèI]IN> rFJL FQ’WZA%N JA9AèNÉN9W L>A9o NVW X9 QXWI> ?QX% >A ?p%N99IVAWIQ9 ôX
>QèI]IN> r]Q9WN[WN NW ]A%A]Wp%IVWI<XNV ôX >QèI]IN>a Q%èA9IVAWIQ9 ôN VA ôI’’XVIQ9 NW VNV ÉIVNV j 7QX%o
Sv SURGXLW PRGLILDEOH HW UpXWLOLVDEOH IDFLOHPHQW 8?IôQ% wpcg"a L%NVQ’W wpct"

=H SODQLILH OD JHVWLRQ GHV GRQQpHV + GXUDELOLWpq GLPLQXWLRQ GHV GpYHORSSHPHQWV UHGRQGDQWV

L%I9]I?NV 3cycRck r43I9ôA[>N y]]NVVI[>N R9WN%Q?N%A[>N kNXVA[>N4o
Sv GLIIXVLRQq SDUWDJH HW UpXWLOLVDWLRQ GHV MHX[ GH GRQQpHV

L>A9 ôN èNVWIQ9 ôN ôQ99pNV rqJLo wxcp" T AVVX%N% >A %N?%QôX]WI[I>IWp ôNV ôQ99pNVa AÉp>IQ%N% >CIÉ?A]W
ôNV ?%Q7NWV ôN %N]ûN%]ûN NW >NX% ]Q9W%I[XWIQ9 V]IN9WI’I<XN Pj ôQ99pNV 3yRkc
([NÉ?>NV T 8LRq8k wxcl"

-çM HW êçMn GHV RXWLOV IDFLOLWDQW OD UHSURGXFWLELOLW«

http://www.france-grilles.fr/wp-content/uploads/2018/04/ModeleSMP_PRESOFTV3.2.pdf
https://dmp.opidor.fr/
https://hal-univ-paris.archives-ouvertes.fr/UNIV-PARIS5/page/data-management-plan
https://dmp.opidor.fr/
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MHQGDQW
OH G«YHORSSHPHQW ORJLFLHO

GRFXPHQWDWLRQ

,N ôQ]XÉN9WN ÉQ9 ]QôN T

� ?QX% >NV XWI>IVAWNX%Va ÉAIV AXVVI ?QX% >NV ôpYN>Q??NX%V

� 7N 9CûpVIWN ?AV j XWI>IVN% ôNV QXWI>V ?N%ÉNWWA9W ôN ÉI[N%
]QôN NW ôQ]XÉN9WAWIQ9 r9QWN[QQ'Vo

îQWpJUDWLRQ FRQWLQXH nRXL PDLV«é

� 7N %p’>p]ûIV j ÉQ9 R9Wpè%AWIQ9 uQ9WI9XN ruRoc ,N ]ûQIVIV X9
ôQ]'N% ôN WAI>>N ÉI9IÉXÉa 7¶A]WIYN ÉA uR X9I<XNÉN9W VX%
]N%WAI9NV [%A9]ûNV NW 7¶N9YIVAèN X9N N[p]XWIQ9
?%Qè%AÉÉpNc
yI9VI 7N 9¶N[p]XWN ?AV WQXV >NV WNVWV NW 9N ?%QôXIV ?AV WQXV
>NV ’I]ûIN%V j ]ûA<XN ÉQôI’I]AWIQ9

� 7N VX%YNI>>N >A ôX%pN ôNV 7Q[Va >NX% 9QÉ[%Na >A WAI>>N ôNV
A%WN’A]WVa >N W%A’I] %pVNAX

� 7N ?%IYI>pèIN >NV ’Q%èNV ÉXWXA>IVpNV

(XWLO GH YHUVLRQQLQJ nRXL PDLV«é

,CXWI>IVN X9 QXWI> ôN èNVWIQ9 ôN YN%VIQ9a ÉAIV T

� 7CpYIWN QX >IÉIWN ôC\ VWQ]'N% >NV ?A<XNWV [I9AI%NV NW >NV 7NX[
ôN ôQ99pNV 9Q9 I9ôIV?N9VA[>NV

� 7N 9N ?>A]N ?AV N9 èNVWIQ9 ôN YN%VIQ9 >NV ?%QôXIWV ôN
]QÉ?I>AWIQ9 9I >NV ’I]ûIN%V ôN VQ%WIN

%RULV 3DU\JLQ 1RWHERRN VSUHDG/ 9.,,
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MHQGDQW
OH G«YHORSSHPHQW ORJLFLHO

=uRSWLPLVH PRQ FRGH nRXL PDLVoooé
e||;m|bom ޢ Ѵŝ;==;| u;0om7 Ĺ

8?WIÉIVN% X9 >QèI]IN> ?NXW I9ôXI%N j >A9]N% ôAYA9WAèN ô¶Q?p%AWIQ9V QX W%AIWN% ôAYA9WAèN ôN
ôQ99pNVa ôQ9] >CNÉ?%NI9WN p]Q>QèI<XN ôX VN%YI]N 9N VN%A ?AV %pôXIWN rLA%AôQ[N ôN ,NYQ9Voc

zCQ?WIÉIVAWIQ9 ôNY%AIW VN%YI% VIÉ?>NÉN9W j %pôXI%N >A ]Q9VQÉÉAWIQ9 p9N%èpWI<XN NW ôNV
%NVVQX%]NVa NW VI ?QVVI[>N ô¶A%%IYN% ?>XV YIWN AX %pVX>WAWc uûA<XN N[p]XWIQ9 A X9 IÉ?A]W .

îO HVW SULPRUGLDO GH Q¶RSWLPLVHU TXH FH TXL D OH SOXV G¶LPSDFW n,RL GH )DUHWRéo

=H PuLPSRVH GHV QRUPHV GH FRGDJH
HW SUpYRLV GHV WHVWV nRXL FDUoooé

� JNI>>NX%N >IVI[I>IWp

� eYIWN% >NV %pè%NVVIQ9V

� kpnXVAèN

0DUNXV 6SLVNHk ZLNLPHGLDdRUJ
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)SUªV
OH G«YHORSSHPHQW ORJLFLHO

([NÉ?>NV ôCQXWI>V XWI>IVpV ?QX% >CAÉp>IQ%AWIQ9
]Q9WI9XN ôX VN%YI]N 9XÉp%I<XN

lVRXUFH C 31*(JJm DGDSWpH SDU &t %RQDP\u

GpSORLHPHQW + VREULpWp QXPpULTXH

� ûp[N%èNÉN9W ÉXWXA>IVpa >A[N>>IVp u8ua
AX ?>XV ?%qV ôNV ôQ99pNV NW ôNV XWI>IVAWNX%V

� YI%WXA>IVAWIQ9a
VAX’ ]AV ?A%WI]X>IN%V r:Luo

� AWWN9WIQ9 AX[ N’’NWV %N[Q9ô T
ÉX>WI?>I]AWIQ9 ôNV ÉA]ûI9NV YI%WXN>>NVa VN%YI]NV

)URGXFWLRQ + DPpOLRUDWLRQ FRQWLQXH

� VX?N%YIVIQ9 NW A>N%WNV T
?I]V uLUa %NVVQX%]NVa ]Q9VQÉÉAWIQ9 p>N]W%I<XN

� AôA?WN% VN%YI]N N9 ’Q9]WIQ9 ôNV XVAèNV
� kpôXI%N ’%p<XN9]NV NW YQ>XÉNV ôNV VAXYNèA%ôNV

([NÉ?>NV ôCQXWI>V ôN VX?N%YIVIQ9 T WQ?a YÉVWAWa
]A[[I[a V]A>AV]Aa 9AèIQVa ?%QÉNWûNXVa è%A’A9A

=H GLVWULEXH HW PDLQWLHQV PRQ FRGH + IDYRULVHU
OD GXUDELOLWp HW OD VLPSOLFLWp

GLIIXVLRQ
� 7N ôp?QVN >N >QèI]IN> N9 X9 N9ô%QIW X9I<XN NW ’A]I>NÉN9W
A]]NVVI[>N

� ôp]>A%AWIQ9 AX?%qV ôN FQ’WZA%N :N%IWAèN wéécg"

bHVWLRQ GHV PLVHV j MRXU
O 7N %pôXIV >A WAI>>N ôNV ?%QôXIWV >QèI]IN>V
O 7N %AWIQ9A>IVN >NX% 9QÉ[%N NW >NX% ’%p<XN9]N

https://www.softwareheritage.org/save-and-reference-research-software/?lang=fr
https://www.softwareheritage.org/save-and-reference-research-software/?lang=fr
https://www.softwareheritage.org/save-and-reference-research-software/?lang=fr


êDQV OH PRQGH U«HO è
MRXU FRPPHQFHUn OH PLQLPXP YLWDO

SRXU SOXV GH UHSURGXFWLELOLW«

g=géc=mc=l

ARJLFLHO
� =OUVLRQLQJ ÉOV KRÉOV OW VKULSWV

rVçQV RXzOLOU SUO OW SRVW SURKOVVLQJs

� jLPSOLKLW«t ÉXUçzLOLW«t QRUPO ÉO KRÉçJO

� �YLWOU OOV Rz«VLKLOOV

� jOQVLzLOLVOU

� jKLOQKO RXYOUWO rPSOQ jRXUKOs

êRQQ«HV
� -ULQKLSOV !xML l P«WçnÉRQQ«OV

rWUç©çzLOLW«t KXUçWLRQst NRUPçWV
VWçQÉçUÉLV«V OW zLQçLUOVt ÉXU«O ÉO YLO

� xUKKLYçJO u =ROXP«WULO l
VçYRLU VXSSULPOU

� jOQVLzLOLVOU

� jKLOQKO RXYOUWO rPSOQ wçWçs



uQ9]>XVIQ9 èp9p%A>N

zA kN?%QôX]WI[I>IWp T X9N 9p]NVVIWpa
?AV AVVN] YA>Q%IVpN .

JAIV NVVA\Q9V ôN 9N ?AV QX[>IN% >NV
IÉ?A]WV N9YI%Q99NÉN9WAX[ ôN 9QV
A]WIYIWpVc

+QXW NVW <XNVWIQ9 ôN ]QÉ?%QÉIVccc

g=géc=mc=l

ûWW?VTeeôQIcQ%èeé=cé=fteèIèAV]IN9]NeèI\=xx

https://doi.org/10.1093/gigascience/giy077


5XNVWIQ9V QXYN%WNV -

FQ[%IpWp P ]Q9VQÉÉN% >N 7XVWN 9p]NVVAI%N e 9N ?AV èAV?I>>N% T A]ûAWV ÉAWp%IN>Va
ûNX%NV ôN ]A>]X>a ÉpÉQI%Na VWQ]'AèNa A%]ûIYAèN
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