


As Gar tner  notes ,  Generat ive  AI  is  rap id ly  t rans i t ion ing f rom a n iche
techno logy to  a  core  component  o f  enterpr ise  in f ras t ruc tures .  The year
2024 marks  the fu l l -sca le  adopt ion o f  Generat ive  AI  across  indust r ies ,
as  organ izat ions sh i f t  f rom p i lo t  p ro jec ts  to  product ion- ready
implementa t ions and RAG is  a t  the  center  o f  i t .  

Pathway is  un ique ly  pos i t ioned to  suppor t  th is  t ransformat ion,  o f fe r ing
easy- to-use too ls  fo r  managing and dep loy ing GenAI  app l ica t ions in
rea l  t ime,  mak ing i t  a  key  p layer  in  the enterpr ise  AI  and RAG
landscape.

What is  RAG :  RAG s tands for  Ret r ieva l -Augmented Generat ion .  I t
ex tends the capab i l i t ies  o f  LLMs l ike  ChatGPT by re t r iev ing re levant
in format ion f rom a la rge corpus o f  data  and feed ing i t  in to  the model ,
a l lowing i t  to  answer  quest ions wi th  more contex t  and accuracy.
 
For  example :  I f  you ask  a  model  to  answer  a  quest ion  f rom a recent
research paper ,  i t  may not  have that  in format ion wi th in  i ts  t ra in ing set .
But  us ing RAG,  i t  can f i rs t  re t r ieve the most  re levant  in format ion f rom
the research paper ,  and then generate  an answer  w i th  th is
add i t iona l / re t r ieved knowledge.  Here are  a  few resources on RAG that
wi l l  he lp  you learn  more:  RAG In t roductory  B log and Mul t iModal  RAG
Int roductory  B log

What is  Agent ic  RAG:  Agent ic  RAG enhances s tandard RAG systems
by in t roduc ing autonomy and proact iv i ty .  The "agent "  (your  AI
app l ica t ion)  is  empowered to  make dec is ions on how to  re t r ieve
in format ion,  manage the re t r ieved data ,  and app ly  in te l l igent
s t ra teg ies ,  resu l t ing  in  a  more se l f -d i rec ted and opt imized RAG
pipe l ine .

Background of Industry

https://pathway.com/blog/retrieval-augmented-generation-beginners-guide-rag-apps
https://pathway.com/developers/templates/multimodal-rag
https://pathway.com/developers/templates/multimodal-rag


Introduction
About  the Company:  Pathway Techno logy Inc .  (pathway.com) is  the
maker  o f  the  wor ld ’s  fas tes t  g loba l  data  process ing eng ine (Gi tHub) .
Wi th  o f f i ces  in  the US,  France,  and Po land,  the i r  ~25-member  team
has deep exper t ise  f rom top AI  labs  l i ke  Microsof t  Research,  Google
Bra in ,  and ETH Zur ich .  Many o f  the i r  members  have worked a t  Google
and ho ld  degrees f rom pres t ig ious ins t i tu t ions  l i ke  Éco le
Poly techn ique,  UC Berke ley ,  CNRS,  and HEC Par is—one even earned
a PhD at  jus t  20.  the i r  CTO has co-authored notab le  works  wi th  AI
p ioneers  Geof f rey  H in ton and Yoshua Bengio .  The i r  leadersh ip
inc ludes the co- founder  o f  Spo j .com (one o f  the  ear l ies t  CP p la t fo rms
wi th  over  1M deve lopers)  and NK.p l  (Po land ’s  f i rs t  soc ia l  media  w i th
13.5M+ users) ,  and adv isors  f rom cur rent /prev ious leadersh ip  o f
OpenAI ,  SAP,  and DHL.
Jo in  the i r  open-source communi ty  by  s tar r ing  the Gi tHub repos i to r ies
be low.
ht tps : / /g i thub.com/pathwaycom/ l lm-app
ht tps : / /g i thub.com/pathwaycom/pathway

About  Pathway Framework
Pathway is  a  Python data  process ing f ramework  des igned for  ana ly t ics
and AI  p ipe l ines  over  data  s t reams.  I t  i s  the  idea l  so lu t ion  for  rea l - t ime
process ing use cases such as  s t reaming ETL or  Ret r ieva l  Augmented
Generat ion  (RAG) p ipe l ines  for  unst ruc tured,  chang ing data .

Key Components  o f  th is  def in i t ion :
Python Framework :  Wr i t ten  in  Rust  🦀  fo r  speed and e f f ic iency,
Pathway is  usab le  v ia  Python,  mak ing i t  power fu l  ye t  s imple  to  use
wi th  jus t  Python know-how.

Data Processing :  Pathway exce ls  a t  p rocess ing la rge-sca le ,  rea l - t ime
data  and is  recogn ized as  the wor ld ’s  fas tes t  data  process ing eng ine.
As a  deve loper ,  you can use i t  fo r  tasks  l i ke  per forming JOINS on
incoming data  s t reams ( rea l - t ime data  f low)  or  updat ing vector /hybr id
indexes in  rea l  t ime.  These are  jus t  s imple  examples—i ts  potent ia l
goes much fur ther .

AI Pipel ines Over  Data Streams:  Pathway he lps  AI  sys tems learn
f rom rea l - t ime data  s t reams,  enab l ing  app l ica t ions l i ke  sent iment
ana lys is ,  anomaly  detec t ion ,  and RAG p ipe l ines  that  automat ica l ly
adapt  to  incoming data .

http://pathway.com/
https://github.com/pathwaycom/pathway?tab=readme-ov-file#performance
https://github.com/pathwaycom/llm-app
https://github.com/pathwaycom/pathway


At  Pathway,  we o f fer  severa l  app templa tes  wi th  end- to-end executab le
code in  Docker ized env i ronments .  However ,  fo r  th is  cha l lenge,  we
expect  par t ic ipants  to  exp lore  and bu i ld  so lu t ions  us ing the i r  own
exper t ise ,  ra ther  than re ly ing on a  pre-def ined templa te .

In  th is  contex t ,  par t ic ipants  are  tasked wi th  bu i ld ing agents  that  can:
Autonomous ly  re t r ieve in format ion or  determine the appropr ia te
course o f  ac t ion .
Opt imize token usage for  more e f f ic ien t  process ing.
Ensure the accuracy and contex tua l  re levance o f  the  generated
output .

Now,  le t ’s  d ive  in to  the prob lem s ta tement  fo r  the  cha l lenge.

Object ive of  the Problem Statement :  
Create  an Agent ic  RAG system us ing Pathway that  autonomous ly
re t r ieves,  ana lyzes,  and synthes izes in format ion f rom mul t ip le  data
sources.  The sys tem shou ld  dynamica l ly  dec ide the best  approach for
hand l ing  complex  quer ies ,  u t i l i z ing  techn iques l i ke  cor rec t ive  RAG and
mul t i -agent  co l labora t ion  to  prov ide accura te  responses.  

Quest ions may be s imple  quest ions that  are  answered on the
documents ,  or  they may requ i re  pu l l ing  a  var ie ty  o f  paragraphs f rom
the documents ,  reason ing about  them,  and compos ing a  f ina l  response.
You are  f ree to  implement  the agents  in  any f ramework  or  p la in
Python.  

For  i ts  s impl ic i ty ,  OpenAI ’s  Swarm l ib rary  can a lso  be exp lored.
Impor tant  po in ts  are  features ,  accuracy and robustness o f  the  agent .

Problem Statement

https://github.com/openai/swarm


Key Features :

Autonomy in  decis ion-making:  The agent  dec ides how to  re t r ieve
and ana lyze in format ion based on the query 's  complex i ty  and the
ava i lab le  data .

Flexibi l i ty  in  design :  Par t ic ipants  are  f ree to  choose how to
implement  the sys tem,  us ing mul t i -agent  co l labora t ion ,  cor rec t ive
RAG,  human- in- the- loop RAG,  or  o ther  methodo log ies  as  needed.

Dynamic RAG with Pathway (see def in i t ion) :  The index o f  cho ice
shou ld  be e i ther  Pathway VectorStore  or  DocumentStore .

There should be a  UI  component:  UI  is  not  c ruc ia l  and i t  w i l l  no t
be pr io r i t i zed aga ins t  the  agent  implementa t ion  dur ing the
eva luat ion ;  however ,  i t  i s  n ice  to  have v isua l  e lements .  I t  may be a
St reaml i t /Grad io  app or  a  more spec ia l ized web app l ica t ion .  We
have prov ided some examples  be low.  Opt iona l ly ,  the  UI  can be
enhanced to  add t ransparency in to  the agent 's  responses such as
the reason ing process,  a l lowing users  to  unders tand and t rus t  the
agent 's  ac t ions

Make i t  a  responsible  agent:  I f  poss ib le ,  implement  guardra i ls  to
ensure  respons ib le  AI  prac t ices ,  prevent ing the agent  f rom
produc ing harmfu l  o r  un in tended outputs .

Level  2:  Res i l ience to  Er ror  Handl ing .  S imula te  ex terna l  API
fa i lu res  and ins t ruc t  the  agent  to  swi tch  to  a l te rnat ives .  For
ins tance,  i f  the  Google  Search API  fa i ls ,  the  agent  shou ld  swi tch  to
Bing Search API  or  manual  scrap ing too ls .  Test  and demonst ra te
th is  by  prov id ing the agent  w i th  mul t ip le  ways to  so lve  tasks ,
s imula t ing  ca l lback fa i lu res ,  and g iv ing the agent  space to  reso lve
them.  Focus is  not  jus t  on er ror  hand l ing  in  the app l ica t ion  but
managing fa i lu res  in  the ca l lbacks.

Here,  the  agent ic  approach comes in to  p lay  as  the sys tem doesn ’ t  jus t
re t r ieve documents—i t  ana lyzes and dec ides which approach is  the
most  re l iab le ,  demonst ra t ing  in te l l igent  dec is ion-mak ing beyond bas ic
re t r ieva l .

Note :  On Windows,  you must  use Pathway wi th  Docker .  We’ve prov ided
a bas ic  resource in  add i t iona l  l inks  i f  you ’ re  new to  conta iner iza t ion  or
Docker .

https://pathway.com/developers/templates/enterprise_rag_sharepoint#what-is-dynamic-rag
https://github.com/pathwaycom/pathway/blob/main/python/pathway/xpacks/llm/document_store.py


Par t ic ipants  can fur ther  exp lore  bu i ld ing the ent i re  RAG p ipe l ine  wi th in
Pathway or  enhanc ing one o f  i ts  ex is t ing  c lasses.  Leverag ing
Pathway ’s  dynamic  data-hand l ing  capab i l i t ies  w i l l  be  key to  success in
th is  bonus cha l lenge.

Extra/Bonus

Solu t ions must  be presented on a  Gi tHub repos i to ry  w i th  a  c lear
README,  documenta t ion  to  rep l ica te  the so lu t ion ,  the  arch i tec ture
used,  e tc .
The README must  inc lude a  work ing demo wi th  a  v ideo.
A f ina l  p resenta t ion  o f  the  pro jec t  is  a lso  requ i red.

Final Deliverables

Mid- term:  Repor t  shou ld  inc lude the prob lem s ta tement ,  approach
cons idered,  and the nove l ty  area ident i f ied .
End- term:  The f ina l  repor t  shou ld  cover  the f ina l  de l iverab les ,
inc lud ing the so lu t ion ,  implementa t ion ,  lessons learned,  and
improvements .

Report Required (Mid-term + End-term)

Midterm report  ( research + exper iments)  –  10%
Clar i ty  and depth  o f  research and exper iments
Unders tand ing and ana lys is  re f lec ted in  the repor t

Novel ty  of  use-case –  20%
Orig ina l i ty  and innovat ion
Requi res  h igh preparat ion  vs .  ava i lab le  examples
Improvements  over  ex is t ing  so lu t ions

Evaluation Criteria



Technical  Implementat ion –  35%
Ef f ic iency o f  RAG so lu t ion  and re t r ieva l  log ic
Ef fec t ive  use o f  Pathway ’s  dynamic  data  hand l ing
Cost  and e f f ic iency met r ics  o f  the  agent ic  RAG system
Resi l ience to  Fa i lu res :  Ab i l i t y  to  manage serv ice  fa i lu res  by
swi tch ing to  a l te rnat ive  serv ices  and hand l ing  ca l lback fa i lu res

Solut ion ut i l i ty  & s impl ic i ty  of  archi tecture –  20%
Robustness o f  the  arch i tec ture  and components
User  exper ience and UI  ( i f  app l icab le)
In tegra t ion  wi th  data  sources v ia  Pathway

End-term report  –  15%
Comple teness o f  research and resu l ts
Documenta t ion  o f  the  techn ica l  so lu t ion
Lessons learned and implementa t ion  improvements
Qual i ty  o f  p resenta t ion

Below are  some resources to  he lp  you get  s tar ted:

How to deploy agents wi th Pathway?
Here you wi l l  see how you can bu i ld  custom endpoin ts  us ing Pathway
RAG c lasses.  There  are  two ways to  serve agents :  us ing the
serve_ca l lab le  API  (wh ich is  eas ier  to  manage and recommended)  or
wi th  an ex terna l  web server  l i ke  FastAPI .  
I f  you pre fer ,  you can s tar t  w i th  an ex terna l  web server  and move the
endpoin t  to  Pathway la ter .

What type of  agents should I  use?
You are  f ree to  use any agent  pat tern  or  a  mix  o f  d i f fe rent  pat terns .
We’ve shared resources f rom LangGraph and LangChain  be low.  I f
you ' re  us ing LangGraph or  LangChain ,  make sure  to  use Pathway 's
Vectors tore  through LangChain  and Pathway for  dep loy ing your  RAG
appl ica t ion  to  the web server .  
The same app l ies  to  L lamaIndex,  where you shou ld  use Pathway
Reader  and Pathway Ret r iever .  You can a lso  exp lore  or  get  insp i ra t ion
f rom recent  research,  such as  CRAG (h t tps : / /a rx iv .org /abs/2401.15884)

References

https://pathway.com/developers/api-docs/pathway-xpacks-llm/question_answering#pathway.xpacks.llm.question_answering.AdaptiveRAGQuestionAnswerer.serve_callable
https://python.langchain.com/docs/integrations/vectorstores/pathway/
https://python.langchain.com/docs/integrations/vectorstores/pathway/
https://docs.llamaindex.ai/en/stable/examples/data_connectors/PathwayReaderDemo/
https://docs.llamaindex.ai/en/stable/examples/data_connectors/PathwayReaderDemo/
https://docs.llamaindex.ai/en/stable/examples/retrievers/pathway_retriever/
https://arxiv.org/abs/2401.15884


What  is  RAG:  Beg inner  B log on Pathway |  V ideo by  IBM
What  is  Agent ic  RAG:  CodeBas ics  Tutor ia l  |  Tutor ia l  by  IBM
Pathway Deve loper  Documenta t ion :  L ink  to  Pathway Deve loper
Docs
Pathway App Templa tes
Adapt ive  RAG to  reduce costs  w i thout  compr is ing accuracy in  RAG
Basic  RAG wi th  Open AI  models  (w i l l  be  soon ava i lab le  on
pathway.com as a  par t  o f  In t roductory  bootcamp re leas ing on 22nd
October .  Make sure  you s tay  tuned to  reg is ter  fo r  i t  when i t  opens
up)
Bas ic  RAG wi th  Gemin i  models
UI  component  fo r  RAG App example ,  us ing St reaml i t :  RAG wi th
Google  Dr ive
Sample  Pro jec t  READMEs (good to  have)  fo r  Reference

ht tps : / /g i thub.com/pathwaycom/pathway/b lob/main /examples /note
books/showcases/mis t ra l_adapt ive_rag_quest ion_answer ing. ipyn
b 
h t tps : / /g i thub.com/ leabuende/mike- l lm-s lack-p lug in /
h t tps : / /g i thub.com/abdu l756/AURA
ht tps : / /g i thub.com/AnavAgrawal /A lgoAce
ht tps : / /g i thub.com/Paulescu/v i r tua l -ass is tant - l lm

ht tps : / /pa thway.com/deve lopers /ap i -docs/pathway-xpacks-
l lm/quest ion_answer ing#pathway.xpacks. l lm.quest ion_answer ing.Ad
apt iveRAGQuest ionAnswerer .serve_ca l lab le
ht tps : / /py thon. langcha in .com/docs/ in tegra t ions/vectors tores /pathwa
y/
h t tps : / /pa thway.com/deve lopers / templa tes / langcha in- in tegra t ion
ht tps : / /docs. l lamaindex.a i /en/s tab le /examples /work f low/cor rec t ive_r
ag_pack/
h t tps : / /b log. langcha in .dev/agent ic - rag-wi th- langgraph/
h t tps : / /g i thub.com/ langcha in-
a i / langgraph/b lob/main /examples / rag/ langgraph_agent ic_rag. ipynb
ht tps : / /g i thub.com/ langcha in-
a i / langgraph/b lob/main /examples / rag/ langgraph_crag. ipynb

Leverage Gen AI  w ise ly .  I f  you see d i f f i cu l t - to -comprehend er ror
messages,  the  least  you shou ld  do is  ask  the query  on Bard /  B ing
AI  search,  e tc .
For  fas ter  reso lu t ion ,  i t  i s  best  to  ident i fy  where the gap is  and ask
re levant  doubts  on the In ter  I IT  D iscord  Server .

Additional Links and Resources:

https://pathway.com/blog/retrieval-augmented-generation-beginners-guide-rag-apps
https://youtu.be/T-D1OfcDW1M
https://youtu.be/2-JV8UxegWE
https://youtu.be/F8NKVhkZZWI
https://pathway.com/developers/user-guide/introduction/welcome
https://pathway.com/developers/user-guide/introduction/welcome
https://pathway.com/developers/templates
https://pathway.com/developers/templates/adaptive-rag
https://pathway.com/developers/templates/gemini-rag
https://blog.streamlit.io/build-a-real-time-rag-chatbot-google-drive-sharepoint/
https://blog.streamlit.io/build-a-real-time-rag-chatbot-google-drive-sharepoint/
https://github.com/pathwaycom/pathway/blob/main/examples/notebooks/showcases/mistral_adaptive_rag_question_answering.ipynb
https://github.com/pathwaycom/pathway/blob/main/examples/notebooks/showcases/mistral_adaptive_rag_question_answering.ipynb
https://github.com/pathwaycom/pathway/blob/main/examples/notebooks/showcases/mistral_adaptive_rag_question_answering.ipynb
https://github.com/leabuende/mike-llm-slack-plugin/
https://github.com/abdul756/AURA
https://github.com/abdul756/AURA
https://github.com/AnavAgrawal/AlgoAce
https://github.com/Paulescu/virtual-assistant-llm
https://pathway.com/developers/api-docs/pathway-xpacks-llm/question_answering#pathway.xpacks.llm.question_answering.AdaptiveRAGQuestionAnswerer.serve_callable
https://pathway.com/developers/api-docs/pathway-xpacks-llm/question_answering#pathway.xpacks.llm.question_answering.AdaptiveRAGQuestionAnswerer.serve_callable
https://pathway.com/developers/api-docs/pathway-xpacks-llm/question_answering#pathway.xpacks.llm.question_answering.AdaptiveRAGQuestionAnswerer.serve_callable
https://python.langchain.com/docs/integrations/vectorstores/pathway/
https://python.langchain.com/docs/integrations/vectorstores/pathway/
https://pathway.com/developers/templates/langchain-integration
https://docs.llamaindex.ai/en/stable/examples/workflow/corrective_rag_pack/
https://docs.llamaindex.ai/en/stable/examples/workflow/corrective_rag_pack/

