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Mistral AI announces Pixtral !

Pixtral 12B is the first multimodal model by Mistral AI. 

Pixtral consists of a new 400M

parameter vision encoder

trained from scratch, and a 12B

parameter multimodal decoder

based on Mistral Nemo. Pixtral

supports multiple images in the

long context window of 128k

tokens.

Announced on 
September 17, 

2024

Mistral AI Blog

Pixtral supports variable image 

sizes and aspect ratios. It 

understands both natural images 

and documents, achieving 52.5% 

on the MMMU reasoning 

benchmark, surpassing a 

number of larger models

https://mistral.ai/news/pixtral-12b/
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LLMs Need Regular Updates

https://arxiv.org/pdf/2310.16218
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https://arxiv.org/pdf/2310.16218


Tanmoy Chakraborty

LLMs: Introduction and Recent AdvancesLLMs: Introduction and Recent Advances

Tanmoy Chakraborty
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances

Issues with Finetuning

▪ Computationally expensive

LLaMA was trained for 21 days on 2,048 A100 GPUs, costing over $2.4M and emitting over 1,000 tons of 
CO2 [Hartvigsen et al., NeurIPS’23]

▪ Unconstrained editing

Fine-tuning LLMs alters the pre-trained parameters without constraints, leading to the overfitting problem 
[Wortsman et al, CVPR’22]

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Knowledge Editing: Definition
Knowledge Edit: A factual information can be presented as a triplet < s, r, o >

where,
s : subject r : relation o : object

Example: “The Space Needle is located in the city of Seattle’ 

s : subject : The Space Needle
r : relation : Location
o : object : Seattle

It can be expressed as <The space Needle, Location, Seattle> 

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Goal

● Update the objective from ‘o’ to ‘o*’ i.e. < s, r, o > to < s, r, o* >

Example:

< The space Needle, Location, Seattle > -> <The space Needle, Location, Goa >
< The US, President, Barack Obama > -> < The US, President, Joe Biden >
< Earth, Highest point, Mount Everest > -> < Earth, Highest point, Mount K2 >
< Adult human, No. of  bones, 206 > -> < Adult human, No. of  bones, 300 >
< Water, Boiling point, 100 °C > -> < Water, Boiling point, 200 °C >

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Conditions for Successful Edit

Condition 1: Reliability : It expects fedit(θ’) to select yalt instead of yold for a given input triplet t 
from Dx where Dx is the set of targeted queries

Example: 

For t : < The US, President, Barack Obama > to < The US, President, Joe Biden >

Input query : The president of the US is …
Expected output : Barack Obama Joe Biden

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Conditions for Successful Edit
Condition 2: Generalization: It expects fedit(θ’) to select yalt instead of yold for the paraphrased 
versions of inputs from Dx , denoted by Px

Example: 

For t : < The US, President, Barack Obama > to < The US, President, Joe Biden >

Input query : The president of the US is
Expected output : Barack Obama Joe Biden

Input query : Who is the president of the US?
Expected output : Barack Obama Joe Biden

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Conditions for Successful Edit
Condition 3: Localization: It expects fedit(θ’) to select yold instead of yalt for a given input triplet 
t from Ox where Ox is the set of non-targeted queries. 

Example: 

For t : < Russia, President, Vladimir Putin> 

Input query : The president of Russia is
Expected output : Vladimir Putin

Input query : Who is the president of Russia?
Expected output : Vladimir Putin

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Taxonomy Where? (e.g., external parameters or internal weights) 

How? (e.g., via optimization or direct incorporation)

https://arxiv.org/pdf/2310.16218

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://arxiv.org/pdf/2310.16218
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Taxonomy

https://arxiv.org/pdf/2310.16218
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KNOWLEDGEEDITOR

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Method: KNOWLEDGE EDITOR

Seattle
The Space Needle is 
located in the city of

The parameters of a pre-trained model

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Method: KNOWLEDGE EDITOR

Seattle

Goa
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https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
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Method: KNOWLEDGE EDITOR

For Dx

For Ox

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Training Hyper-network

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
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Training Hyper-network
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Evaluation: KNOWLEDGE EDITOR

BERT-base on FEVER dataset

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Evaluation: KNOWLEDGE EDITOR
(a) Fine-tune (all layers) (b) CL2 (c) KNOWLEDGE-EDITOR with CKL  + Px

Distribution of logits in the original model and the updated model  on FEVER dataset. (a) Fine-tune all layers causes
ample amount of errors. (b)  CL2 is able to alter the predictions but fails at retaining the updates. (c) KNOWLEDGE -
EDITOR with CKL, Px has minimal errors and is able to achieve correct output with a small perturbation.

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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GRACE
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https://home.iitd.ac.in/
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Method: GRACE

200 °C

Mount K2

300Goa

Where is the Space 
Needle located?

What is the highest 
point on Earth?

How many bones are 
there in an adult human?

What is the 
boiling point of water?

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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GRACE Adaptor

● Uses a cache-like storage for a layer, called GRACE Adaptor

● An Adaptor contains two components:

(1) a codebook C

(2) a deferral mechanism

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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GRACE: Codebook

● The codebook C has three components

○ A set of keys (K) 
○ A set of values (V)    
○ Deferral radii (ξ)

radius ϵ            key k         value v

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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GRACE: Deferral Mechanism
● In case of no match or empty

codebook C
● A new entry will be created.

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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GRACE: Deferral Mecganism
● In case of collision, expand if the o* is 

same.

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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GRACE: Deferral Mecganism
● In case of collision, reduce if the o* is 

different. 

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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GRACE: Evaluation

● T5-60M, task: context-free QA, zSRE dataset.

● BERT-110M, task: label shifts in legal documents in US, SCOTUS dataset.

#E: the number of edits
#TRR: it evaluates the knowledge
retention rate of the edited model.
#ERR: it evaluates the retention rate of
old-edits.

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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ROME
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Method: ROME

● An in-depth analysis on the storage and recall of factual associations in autoregressive 
transformer language models.

● It provides evidence that factual associations correspond to localized, directly-editable 
computations. 

● It proposes a mechanism to update specific factual associations in feed-
forward weights using ROME.

● First to find that the mid-layer feedforward modules play a crucial 
role in storing factual associations and it can be altered with a 
direct manipulation. 

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/


Tanmoy Chakraborty

LLMs: Introduction and Recent AdvancesLLMs: Introduction and Recent Advances

Tanmoy Chakraborty
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances

Residual Stream Perspective of Transformer

https://web.stanford.edu/~jurafsky/slp3/9.pdf

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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Method: ROME
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Method: ROME
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Method: ROME

P[r] : The probability of emitting the 
expected response r under the clean
run.

A clean run

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
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Method: ROME

P*[r] : The probability of emitting the 
expected response r under the 
corrupted run.

A corrupted run

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
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https://lcs2-iitd.github.io/ELL881-AIL821-2401/


Tanmoy Chakraborty

LLMs: Introduction and Recent AdvancesLLMs: Introduction and Recent Advances

Tanmoy Chakraborty
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances

A corrupted-with-restoration run
Method: ROME
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Method: ROME

● The relative importance of a state s is approximated through the following process

○ Total Effect (TE):  difference between the probabilities of generating the true response under 
clean run and corrupted run

TE = P[r] − P∗[r]

○ Indirect Effect (IE):  

IE = P*
(k)

i[r] - P*[r]

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
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Effect of Causal Tracing

● MLP contributions dominate the early site  with their contributions peaking at an AIE 
of 6.6%.

● Attention is important at the late site , with an AIE of 1.6% at the 
last subject token..

https://www.lcs2.in/
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Method: ROME

P*
(k)

i[r]: probability of emitting the 
true response r under the corrupted-
with-restoration run with respect to 
the hidden state at the k-th layer and 
i-th token.

V.2: A corrupted-with-restoration run

corrupted state

Restoration with 
corresponding clean 
state
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Method: ROME

The localized mid-layer MLP key–value mapping recalls facts about the 

subject.
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Method: ROME

● Geva et al. (EMNLP’21) observed that MLP layers can 
act as two-layer key–value memories.

● Bau et al. (ECCV’20) observed that a new key–value pair (k∗ , v∗ ) can be 
inserted optimally into the memory by solving a constrained least-squares problem.

key space
key-value memory 
space
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Method: ROME

● The method ROME has three components

■ Key Selection
■ Value Encoding
■ Update and Save
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Method: ROME
Objective

● A constrained least-squares 
problem

● W: MLP weights
● C = KKT where, K is a set of keys
● V is the set of corresponding updated values

● Λ is defined
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Method: ROME
Key Selection

● The last subject token of the input is critical for 
a factual recall.

● The optimal key k∗ is computed over activations at layer L as

○ k∗ is set to an average value over a small set of texts containing the subject 
s.

subject s
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Method: ROME
Value Encoding

● The value v* is defined as                                         where            is   

Loss 1 Loss 2
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Method: ROME
Value Encoding

● Loss 1 is defined as,

● It finds a vector z that substituted as the output of the MLP for the token i which is the 
final part of the subject tokens.

● It will cause the network to predict the target object o∗ in response 
to the factual prompt x.

location: Goa
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Method: ROME
Value Encoding

● Loss 2 is defined as,

● It minimizes the KL divergence of predictions for the prompt p’ involving the same  to 
the unchanged model.

● It preserve the model’s understanding of the subject’s essence.

location: Goa
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ROME: Evaluation

● Score (E/P/N-S): It is the portion of cases for which P[o∗ ] > P[o ]
● Magnitude (E/P/N-M): It is the mean difference P[o∗] − P[o]

● E(S/M) : Input instances from Dx
● P(S/M) : Input instances from Px
● N(S/M) : Input instances from Ox

● GE: Fluency Degradations
● RS: Semantic Consistency
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ROME: Evaluation
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https://arxiv.org/abs/2310.16218
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