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Interrogez vos documents avec des
grands modèles de langage : 
découvrez la méthode RAG

�����������	��
�����������	������	������

�	���	����������������������������

ANF TDM & IA 2025

mailto:pierre.poulain@u-paris.fr


�����������$����!"��� %��������	�����������������������$����!"��� %��������	������������



�����������$����!"��� &��������	�����������������������$����!"��� &��������	������������



�����������$����!"��� ������������$����!"��� �



�����������$����!"��� '�����������$����!"��� '



�����������$����!"��� (

���������		�

)��*���+	,����-�.

%������	���	�����/���-�.

&��-�.���������	�����

��������/�������+������0��



�����������$����!"��� 1

��������



�����������$����!"��� 2�����������$����!"���

��������



�����������$����!"��� 3

��������������������������

��������	���

��������������������

https://bbycroft.net/llm
https://arxiv.org/abs/1706.03762
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https://x.com/AlainGoudey/status/1648805515873361922
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https://platform.openai.com/tokenizer


�����������$����!"��� )%

������

���������!��"����"���#���$�"����$������%������

https://platform.openai.com/tokenizer


�����������$����!"��� )&

������

���������!��"����"���#���$�"����$������%������

&'�)2
1�%��

'3)33

https://platform.openai.com/tokenizer


�����������$����!"��� )�

������

���������!��"����"���#���$�"����$������%������

<�%��=�	�=���

<�)��=�	�=���

<�'�=�	�=���

https://platform.openai.com/tokenizer


�����������$����!"��� )'

�	�����������������	������ ����
!�������"�!��	��������"�!�#������



�����������$����!"��� )(

�	�����������������	������ ����

��������&��"��������#�����������'�%�(���!��(��!��
)�%���*���+&&�,-.�/0

!�������"�!��	��������"�!�#�������$%������������&

https://en.wikipedia.org/wiki/Vector_space#/media/File:Vector_components.svg


�����������$����!"��� )1

�	�����������������	������ ����

'()((*+(!,-!%.,%!,-//0�1()(%2.+%-!!.(%+-*%%/0�()(!%*+%2!,%.-.*--,,0�()((%.-2...+2./,/(/,0�()((!+,(+(-%!%/2-**(-0�()(2!%.(,*!(+%2+%%(%0�1()(!,/*,(*-(.(+..*!,0�()(!222!/+2,(!(,.!%20�
()(22,2,-,.2///(-*0�()(!2%!%-+./.!*.(-+*0�1()(!-%%*,/.2!2+%-/-0�1()(!(/+*.-*%%.%!.//.0�()((-*!!(%!-/,%++(,./0�()((+,/2*-(*/%!-%,.20�1()((*+2!.+/22+/(*(+20�()(!--./*(%,-,,,,..20�1
()(2+(.,,,/-%-!+%//-0�()(!2/!,2-2*%+%/+.!*0�1()(%/--,2+-!%*.*+.+%0�1()(!,*-+-/-.*/%!2/!0�()(%.,(!2%+*.+!.(!..0�1()(..!.!2-22/%/2,!//0�1()((/((.*!,%,!.2/%-!0�()(./2+*+(+,!.2+*+0�
()(!,.(2++/,%%!-(2.0�()(2+2,.,.+(+(*-++-0�1()(!!%-/,(+!22/,+20�1()(!(*/2/*,,%..2,,!.0�1()(2,-(!*(2(+(*.(%/0�()(!!+*,2-(*(-((.*(-0�()(%(%/,.-,.(.((,*!0�()(..-.--+,+(/-/%-%0�1
()((/(*,+(,2+/(%,.(*0�1()(!(-*2/(/.(-2,*,0�1()(22,-,.(%!,%(++-%0�()(%(2*!%%*/.(!(*-2.0�1()((*.,.,+,+-!!(+,+0�()((%*%,+*/!-*,(/!/%/0�()(%(%/,.-,.(.((,*!0�()((%%-(*../,2%(+-+*,0�
()(%%+,2%/%-2(%22,-/0�1()(!(2(,(+%*(-2-/2*/0�1()(!2.%+!+*,*!,2+*+,0�()(!-++2,(!(+-(..2!0�()(%.(.,2+.(2+/-,/.20�()(.%/-/*.*%-!!++/!0�()(!2%%(!!//-.,-2/.-0�1()((2*+2!%-.+,/+%*%%0�
()((%-/+/!.(,2!!+/-,/0�1()(%.*2*!%,%--.(,(!20�1()(!/,(*/-*-,,,!(/220�()(.!,-22+(!-*+-+.,0�1()(/!(2,/%2+*//(%(*0�()((/*..*-.*.!/*!(%.0�()((,//2+%(*-2*.+*-/0�()(%.+.**/2!%*++,/+0�
()((.%.2%!++(/-.(*2-0�()(+%,/2*!!-!..!+(20�1()(!%.!(!!./!*%*+(,,0�1()((2!/(+2!..%2%-2(,20�1()((+/+2(.%,,(-%.!-0�()((/**-*+2.*+22.++/0�()(!-%(((2(%%%/2/!220�()(!+/22.%*!2(*!!+%,0�
()(!/2(+%+/!2%(/(/!.0�()(!*/++-/+/+-!....,0�()((%+!+%+/(%!*2(*220�()(!!!/.%.(*%+/*(%*+0�()((%2,-!%+%%(*2(-*//0�()(.+,.+,!%*+-,(,-*0�1()((*/,!2*2*/!,,2-.20�1()((,!/-%/!.-.(2*(+,0�1
()(.+./!.-.-%2%!%+!.0�()(%*!((-(.2//22/%2-0�1()((.2,-*+(.,-(+!2,!0�1()(!.!2.!/2,%2,!-,2-0�1()((,*,2-+2**,*++,0�()(.%(-(-%+/222-22.0�()(((*.((.,-!!*.+!(%,0�1()(!2,2%+-*!,+(/-,!,0�
()(2%(.22-(!,2,(%%.0�()(((--*,2,.-%++/-,,+0�()((*%/*%+%-!!2!(.+%0�()(2/%/2-.2*+*/-%**0�1()(!2(,!.*!2+2(!-!!0�1()((2-/-!/222.2(.-*(.0�()(%.(*!*,(!,//(.-+.0�1()(+/2-*-*+,(2%+*(20�1
()(((-+.!2/.!++/(*%+/0�1()((/%-+,%/!((*(.,(20�()((/-%*!2+///2,,,%%0�()(2*!,,2!,!,%%+++*/0�1()(!(!/+./+,%.-!,*/+0�()(22,*,!%-%-22+((/0�1()(!+/!+/-/%%%-%(*-.0�()(/**%/%.-*+2,--//-0�
()((%-/.,*+2%++,-.*/.0�()(%,.-/,2+2/-!!2.2.0�()((%!(-,.-+*!/!2.-,0�()(!-2!+*%+./(2./**20�1()(./((22+.2/!,2(2/0�()((+2/%-,/.,/!+(!.*0�()(!-/.!+-.,%%*-,!.+0�()((2%-(..!+%%*2!!,(/0�1
()(!%-,,-2,+-(!,+*.,0�()((*--,***!!!!!/*2%0�()((!-(*,+/(!--%-!!*-0�()(.*%/.(22,!./2%+/0�1()((!.2(/(,!-,%.%.-,.0�1()(!2+*-2//.(/..*+-,0�1()(%2--(*/*-,/*(+(*0�1()(%+/%(*-*-,2**!%(20�
()((/+22.*-+(/%+(..,0�1()((*%...%(/-/--.,-+0�()((/2,%,-%%!.2*%.%.0�1()(,,!(-!*%,(+(!/..0�1()(%/%*/+%/-,/!%*+*0�()((*%%*//+/%((!*(/.0�()((+%,+2-22+.2(-.20�1()(2+2!/%**+*+2+-0�1
()(2,+-*.%,2/2!.2-*0�1()(%.,-(,,+**22-+!/0�1()(%%(//+!*-2(-%%+-.0�1()(.2(,!%-**+*(!2-,0�()(2%!(%+!%(+!/,/2*.0�()(%.*(*.(2!,/!!//+/0�1()(2./!(/%2(+(+%/+(-0�1()(222+(*,,+(*.%*!,0�
()((!2*,**/-%,.+/%!/,0�1()(%*,(**-2!%,*,(-*/0�1()(...-+22*/2%-!2,/.0�1()((2+!*-.((%,2/*!%+0�()((!.(/.%-++2!2+,!-%0�()(2%/!+*/-+!(%2/*+0�()(!*%(%%2-(+-!2(!.%0�1()(%%/!-//.%%!/!(++,0�1
()(!-+%.%/!(.(+!-2(,0�1()(2(+/.2-+/+%2-,+*,0�()(!,.(2++/,%%!-(2.0�1()(((/+%++/%%**-((+.0�()(!.*++,.%,-+,-..*-0�()(2.(*.2,.-%-+,.*%.0�1()(!!-/%!2!/-.*!/!+0�()(!-*!2.%/!,,22/,.0�
()(2%!(%+!%(+!/,/2*.0�1()(2/%+22-+(+(+/..!-0�1()((**.%*/2.,.+!*--0�()(%.2..-2%.(%(-%.!-0�1()((-/%(++2-./+-%2.!0�1()((%/!,2%!!.,(%.-2!/0�()((%+2!%+*/..,(!/,-%0�1()(!%/--!-*,%2+-+2,0�
-)%**!(+-./!+(%.�1(/0�1()(!%,/!*.**/!(/%---0�1()(/2!,,,!(-%%/.*(-0�()(%,*!!-!(*(!2//,.20�()(2(+/.2-+/+%2-,+*,0�()(!/+%+.-*,-+!--/.%0�1()((+2,.*-*.,.*,!%*.0�1()(!*.%/!,%2/+,/!%*,0�1
()(2+(!+(/!/2.+*!!20�()((+!%%2(+!,*,2-!2,0�1()(!((-*%+./++(*+/%-0�()(((,,22(**(.-!-2%-!0�1()(!,!--(+//.!%.+2%0�1()(!,2...2/-,-*2%22/0�()(.-*-/%%%+(/,2+./0�()(!2!(!%!-.(/-2(!!%0�
()((2*-+%-2*,-%,/*%!0�()(2(/%,2*.%-.*2-..,0�()(%--22..22!(+/-+%0�()((%22,!!..!*,++!%%0�1()(!*22/**+%%%%2!+-/0�()(!2!/2%2..*-,!%-+/0�1()(%/--,2+-!%*.*+.+%0�()(!22(*%*(-2%-(///20�
()(!/!(,-.!*%,+*,*20�1()((/2%+!,.-+(.,!.%0�()(%!.2!/*++!%2.!-*0�()(%(2-!/(/..++!+%(,0�1()(%!,/+/,!%-,!%,**0�()(%%(.(*/,/+.*,,!/0�()(%%-/(2!-2/,-!%-!0�1()(%(++!-*((+.*2.%2/0�1
()(2/+!+.!%+***,!(!0�()(2,2-.!(%*(((%+%20�()(22-!+,,,**(2.!!+,0�()(!-/,!/*(-,-*(2,%/0�1()((**.%*/2.,.+!*--0�1()(.,.,(/.2/22/-2-!.0�1()(!+,.!/(!.*/%.%!%0�1()(.((*+,*((,*2//%.0�
()(2,%,.*2(-%-!/2*.-0�()(%+.2!,*//2,.,!,,0�()(%2%+*.(!(+.!+.-.,0�1()(!--,/-%-+/*(-++,0�1()(2/*-,(2,(+!,!+../0�1()(!,2%*/,2-2!%+--%0�1()(%-,/%2.!/2+--,-+0�1()(.(!+,*-%2/2%%*/%0�1
()((/(!%2.+,/**!*.(/0�()((2.*+%.(2,.(%+-+%,0�()((2!!2-,/2*-++*..+0�()((!*+(.!-.,-,%-/2%0�1()(/-%2*2,(%/---%2,0�()(!*-.+!(+-2!2,%./%0�1()(.-.((./(!,((.(!20�()((%,+%*+-,2%!**,++0�
()(!/!+*2+/(.!/*./(/0�()((!22/,/*%*,*..-(/.0�()(2!(-%..(*.--*+!*0�()(!*.**.+...*-%/(!/0�1()((2/2,%/.!,/!,!%/-0�1()((!-22((,/./(%.!/--0�()(2(%+*/*/*.---*/+0�1()(2-,**222*+*-%(%!0�1
()(+2+%.((+,(2%2!+!0�1()((-/%./**!/,%,2,-*0�1()(%%-*.*(.2/,!*.*0�()(!,+%((2%2!2.--(,%0�()((*!//%.-.%*!./22-0�()((-!(.,2/-/,/,%,.-0�()(2!..++-2..-,!%.*.0�()(2.-+++,!2/2+-.-,0�1
()(%-/%*.(/%--(.-/%.0�()((*2,(,/(,.,-%!(-0�()((,2/-+*.%(%/2(2+.0�()(.*-***(-%/*,,/!-0�1()(.!*.!,%+..%*(,220�()(!+!-!+-+-,-/.2%2-0�()((,(/%%!.+!-%!%-/.0�1()(!.(+%!2/-2%-2.!-20�
()((-/,%*(!,2-*..*!.0�()((%+/*!/-/,+,,*%%(-0�1()(.2%,*2.-(,+-2.%-0�1()((/!(!/%%+*-.2++2,0�()(2(2*2-22**!.,*+,.0�()((,(/%%!.+!-%!%-/.0�()((-((..!./%!!/,,.!/0�()(2%/,+.(+,!+!(*!20�1
()(!+-*-*!/2/+2(.*,,0�()(2+2,.,.+(+(*-++-0�1()(!-((-+!+(.!%(/.(-0�1()((+%22,,-2!-(.-,!/0�()(%-%(%.2%+!!%-(%%20�()(!%2(-(,,.(/+!(2/-0�1()(%/,%-+2-!,.,%-.+-0�()((%%//2,!(,2%-(*(2.0�1
()((+/!-!-%-22+*/+,.0�1()((+(,,,%!!!!.,-.%!0�()(((+(!-.!2,,-%(2**0�()(((--/(*%*/,%(-(,(.0�()(!+-/%2%,2/+,%%-+,0�()(!-2-2/!-..**%+%+.0�()(2-(/-%!2(+(++2(%-0�1()(%(/**2(2,-,(+/(,/0�1
()((!(*%2+,2-22!.-%+-0�()(%%,(*,--.(%+.(-!.0�1()(.2,%/%!+-%2+,-/,0�1()(!+2-**.!(.(+,2/%+0�1()(%**-%-%2.*!++2%,+0�()((%.!!.%-/!(--!+.(.0�1()(2/,++-+++(+-,*/+0�()(2%2,(22%-%+.++/.0�1
()((*.2,-2!+!/-,!*%0�1()(%,((/((2,-/%%/.!0�1()(%/2,(!2,,--((2-!0�1()(%((2./2!!2!2+-,/,0�()(!-,2/(,-*(.%*-+,/0�()((%..+/+%2%2%-+(/-0�()(%-2*/-..**%/+**/0�()(%2*.22./**2,/,%.+0�
()((2/,**+2.+,,%/%/+0�()(((,*!++,*%,22.,//,0�1()(!*..((2-%-,(.%!-0�()(!(%(2(./,*%+,,-,.0�1()(2.*+-!!*,!,2/*/.0�()(!.(2(!!,/.!//!/*0�()(%!-/./2/(+.*-%+./0�()(!%2+(2+*.*--+.(,.0�
()(!+!(%.!+-2!2!/%20�()(!!!-*!(%*,.%2-(!%0�1()((!,*-.*.!%!--2%,%.0�1()((.-!.,,*%-(((*/%,0�1()((.!!2!,%-.--!!*%*0�1()(%,!+22/%(2+%-.%,/0�1()(2!2+*.!/%-.!%*-.0�1()(%-*,/%,,+!!%+++2.0�
()(%(%/,.-,.(.((,*!0�()(!+(%+!(-/.(..!/!20�1()((!*(,*-%!.!//+/%+0�1()((*.,.,+,+-!!(+,+0�1()(!2/-!*/(**-/!+!2/0�1()(!2/(**2%*(/.2//-%0�1()(2*%--.*2!,!./2.,-0�1()(2-%(.+2,%-%-2(.-0�
()(!*/,2,*-/.(.*+,2.0�()((!%(%*%-/(/2/,(%,0�()(!(%+.,++*(-/,.%/0�()(%!2,%!.+,-,!!2-+-0�1()(2%**.//,!,%(-((!0�1()(2*/-2,.!/2.*.+2/0�1()(!((,-,!/-!(*%!2+20�()((!2%%,/.-/+,/+-.(20�
()(2/2.%+!-%-2.2,%,0�1()((2(2,/(///(2!((!/,0�()(!+.%*2*!(+-!(!/2%0�()(!.%(+.-/+!./*(./.0�1()(2.-%*.!*../**!/!-0�1()((++/(/--!!!/(/(2%0�()(2(*,2%--+!(!,+,/,0�()(%,2(%%/%!%+,%(%+.0�1
()(%%..%%.%!2(-2,!,0�1()((../+,%2/+*,,,*.-/0�1()((!,,.%((.,!!!+(*%/0�1()(%%+++!!.-,/+,*.+0�1()(!(%*%%%(+-(,!*-+0�1()(%**,,.+//2,/%+**0�()(%2/!%22/.*.!-(-/%0�1()(%!-2*-,2(2*2!,!20�1
()(!.-,--2%2/*-%2*(*0�()((*-,/.2(!22*2+,*0�1()(2-/-!/22+(+,(+!*0�1()((!..,%%,.2.%//!+%,0�()((/(,*%%*2-%2(+*,*0�()(%.*(*.(2!,/!!//+/0�1()(%%!+*/+!,--,%./+-0�()((2%*%(%.2-+.%(%.220�1
()(!/!,./%%**/*.+,*%0�()((/!,*//(.*+,%2*+.0�1()(--*.(2(,-!,!+,/0�1()(/(%2.*/.+(.!+%(/0�()(!.(/%.!(-!((%(!-0�1()((22+.*!..+%(!%2*!0�1()(!%.-%!2%-!(2+(-/0�1()(%//.+.+-(2*(.%.,20�1
()(%+.(%(-*/+2/2/!*.0�()((--.2.*+2!-.(,%(.0�()(((,.-+2-%.//%/-%+20�()(%(-!.!-/+!%,2(,*0�()(!-/,!/*(-,-*(2,%/0�()((.(-+/+//,+2/%%!20�1()((/.%.,+(2(/.,.**,0�()((/2,-.,,,%/+(2+/%0�1
()(!+...%/2!2!,.,%.-0�1()(!!(/(%(2+!/!(%/,,0�()(!*%.-+%.(+/,!%.220�1()(!(!(-..(-22/2/2+/0�()(((*,,%(2/**!,,2(!0�1()((+.-.!.2-!!.*(,%-0�+)//,.*+%%%%!-*-.�1(/0�1()(%/-+%%.+!,/!..!*-0�
()(!.2.%%%,*/(-*%!,,0�1()(!-(2-/.%!2%.*-+2.0�1()((2(-,%2(2.((*22,.20�1()(2+(,,.**,!,.,2*+.0�1()(!.2!**22*/(*(!(2!0�1()(!(!%+,22,(%((2*/-0�1()(!%!.%/*!!,+.!,%(-0�1()((-2/,2*-*/%+(,*(20�1
()((,(/*-./+2*(2//!!0�()((/.2%%!!,*2*/*!.!0�()(%+(-(%2/(+2!(2!+0�1()(%!(-((2+2/,*,2!0�()(((%.*-.%(*%*-,.(/*0�1()(%*/!-,/(*.--.(*,0�()((%*2/2%-.%/2/+-/20�()(2,+-*.%,2/2!.2-*0�
()((*.2,-2!+!/-,!*%0

3�4��5�"�!�������$�6�/*!**& " !��	��������"�!�#�������$2�(,%������)&



�����������$����!"��� )2

�	�����������������	������ ����

!) ��������#������������3���������5�7�#���������������

%) 8������������	���������7������������#�����������
�����������	��������������

!�������"�!��	��������"�!�#�������������������	������

���������!��"������*���$�������������.��*!�����.�����*������.��.�������.���1��1�."��������1.��".�����.#2#�3����� 

https://medium.com/analytics-vidhya/an-introduction-to-natural-language-processing-nlp-terms-f8fe9e0a273
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