Machine Programming

Lecture 13 — Pre-training and Evaluation of Coding Language Models
Ziyang Li



Logistics — Week 7

* Assignment 3: Coding Agents
* Due: Oct 23

* Oral presentation sign up sheet
* Sent out during the weekend
* Oral presentation starting on Week 9

* Forming groups for your final projects!
* Sign up form will be sent out on Thursday
* Form a group of 2-3 before Next Thursday (Oct 16)



How to obtain a “good enough” LLM

4o Dataset

/\ Learning Procedure
Model Architecture




How to obtain a “good enough” LLM

Dataset

4 - Pre-training dataset/ Fine-tuning dataset
- Instruction tuning dataset

- Alignment dataset
- Human/ Logical feedback dataset

- Evaluation dataset

\

Learning Procedure

Model Architecture - Optimization objectives
- Learning algorithm (SFT, RL, etc.)

- Continual learning, Curriculum learning
- Staged learning

- Encoder-decoder models
- Decoder-only models
- Hyper-parameter tuning
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Today’s Agenda

* Pre-training stage
s—Modetarchitecture
«—Pre-training-cataset
* Learning objectives
* Optimization
* Evaluation dataset

Pre-training Database

z28g

Pretrained
(Base) LLM
Stage D \
Continual

(Optional) Pre-training

Pre-training Database

Stage @

A

Instruction Database

=28g

Supervised
Fine-tuning
(SFT)
Stage @ \
(Optional)

Inference

Task
Description

|

Instruct

" Code LLM

A

Human Preference
Alignment with RL
(e.g., RLHF)

Preference Database

Stage @

1

Generated
Source Code

Benchmark

28g

— Evaluation




Pre-training:

* Causal Language Modeling

* Auxiliary pre-training tasks
* Masked token prediction
* (Coding) Masked identifier prediction
* (Coding) Identifier tagging
* (Coding) Text-code matching
* (Coding) Text-code contrastive learning

N N N S’



Pre-training: Learning Objectives

* Learning Objective (Machine Learning 101)
* Loss function L(x; ) where ¢ is the model parameter

6 = argming 2 L(x;0)
XED



Pre-training: Learning Objectives

* Learning Objective (Machine Learning 101)
* Loss function L(x; ) where ¢ is the model parameter

6 = argming 2 L(x;0)
XED

* Next-token prediction

n
L(x;0) = Z 1—10gP9(Xi | X<i)
1=



Pre-training: Learning Objectives

* Learning Objective (Machine Learning 101)
* Loss function L(x; ) where ¢ is the model parameter

6 = argming 2 L(x;0)
XED
* Next-token prediction
n
L066) = ) —logPglxi X<
l=

e Example [for, i, in, range, (, 10, ), :, print, (]
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Pre-training: Learning Objectives

* Next-token prediction
* Taking prefix x_; and predict the next token x;

* But what about code editing happening in the middle?

impl NodeVisitor<Variable> for LocalTypingContext {
fn visit(&mut self, node: &variable) {
// Collect the variable
if let Some(local_path: String) = FIRPath::from_ast(path:
self &mut LocalTypingContext
.variables HashMap<String, Vec<NodelLocation>>

.or_insert(default: vec![]) &mut Vec<NodelLocation>
.push(node. location().clone());

}
160 let bath = FIRPath::from_ast(node.name());

// Add the variable constraint to the context
self.constraints.push(TypeConstraint::Variable {
node: node.location().clone(),
variable: FIRPath::from_ast(path: node.name()),
3

node.name()).local_path() {

.entry(key: local_path) Entry<'_, String, Vec<NodelLocation>>




Pre-training:

* Next-token prediction
* Taking prefix and predict the next token
* But what about code editing happening in the middle?

* Infilling / Fill-in-the-Middle (FIM)
* Assume prefix and suffix , predict the middle infill
* |dea: the problem of to next-token prediction
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DeepSeek-Coder: When the Large Language Model Meets
Programming - The Rise of Code Intelligence

Daya Guo*!, Qihao Zhu*1?, Dejian Yangl, Zhenda Xie!, Kai Dongl, Wentao Zhang1
Guanting Chen!, Xiao Bi !, Y. Wu!, YK. Li!, Fuli Luo!, Yingfei Xiongz, Wenfeng Liang1

!DeepSeek-Al
2Key Lab of HCST (PKU), MOE; SCS, Peking University
{zhuqh, guodayal}@deepseek.com
https://github.com/deepseek-ai/DeepSeek-Coder
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DeepSeek-Coder: When the Large Language Model Meets
Programming - The Rise of Code Intelligence

Daya Guo*!, Qihao Zhu*!?, Dejian Yangl, Zhenda Xiel, Kai Dongl, Wentao Zhang1
Guanting Chen!, Xiao Bi !, Y. Wul!, Y.K. Li!, Fuli Luo!, Yingfei Xiongz, Wenfeng Liang1

In our implementation, we have introduced three sentinel tokens specifically for this task.
For each code file, we initially divide its content into three segments, denoted as fyre, fmidare, and

fsus. Using the PSM mode, we construct the training example as follows:
< | fim_start | >fy< | fim_hole | >f,;< | fim_end | >fyiga<|eos_token|>

We implement the Fill-in-the-Middle (FIM) method at the document level before the packing

process, as proposed in the original work by Bavarian et al. (2022). This is done with an FIM
rate of 0.5, following the PSM mode.




Infilling / Fill-in-the-Middle (FIM)

impl TypeVarAllocator {
pub fn new() —> TypeVarAllocator {
TypeVarAllocator { next_id: 1 }

by

pub fn next id(&mut self) —> FIRUnifVarId {
let id = FIRUnifVarId(self.next_id);
self.next_id += 1;
id

}

pub fn reset(&mut self) {
self.next_id = 1;
}
}
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Infilling / Fill-in-the-Middle (FIM)

impl TypeVarAllocator {
pub fn new() —> TypeVarAllocator {
TypeVarAllocator { next_id: 1 }

by

pub fn next id(&mut self) —> FIRUnifVarId {
let id = FIRUnifVarId(self.next_id);
self.next_id += 1;
id

}

pub fn reset(&mut self) {
self.next_id = 1;
}
}

impl TypeVarAllocator {
pub fn new() -> TypeVarAllocator {
TypeVarAllocator { next_id: 1 }

by

pub fn next id(&mut self) —> FIRUnifVarId {

pub fn reset(&mut self) {
self.next_id = 1;

let id = FIRUnifVarId(self.next_id);
self.next_id += 1;
id




Infilling / Fill-in-the-Middle (FIM)

<FIM_START>

impl TypeVarAllocator {
pub fn new() —> TypeVarAllocator {
TypeVarAllocator { next_id: 1 }

by

pub fn next id(&mut self) —> FIRUnifVarId {
let id = FIRUnifVarId(self.next_id);
self.next_id += 1;
id

}

pub fn reset(&mut self) {
self.next_id = 1;
}
}

impl TypeVarAllocator {
pub fn new() -> TypeVarAllocator {
TypeVarAllocator { next_id: 1 }

by

pub fn next id(&mut self) —> FIRUnifVarId {

<FIM_HOLE>

by

pub fn reset(&mut self) {
self.next_id = 1;
}
}

<FIM_END>

let id = FIRUnifVarId(self.next_id);
self.next_id += 1;
id

<EQS>




Infilling / Fill-in-the-Middle (FIM)

* Asingle data-point can be augmented
into multiple data-points for in-filling

* Suits modern developer workflow nicely:
* Developer may be working on an existing file

* Developer wants to change a function or edit
a part of the file

 Question:
* Where do we slice the program?

<FIM_START>

impl TypeVarAllocator {
pub fn new() -> TypeVarAllocator {
TypeVarAllocator { next_id: 1 }
I

pub fn next id(&mut self) —-> FIRUnifVarId {

<FIM_HOLE>

by

pub fn reset(&mut self) {
self.next_id = 1;
}
}

<FIM_END>

let id = FIRUnifVarId(self.next_id);
self.next_id += 1;
id

<EQS>




Improving FIM Code Completions via Context & Curriculum
Based Learning

Hitesh Sagtani Rishabh Mehrotra* Beyang Liu

Sourcegraph Inc Pavo Al Sourcegraph Inc

Bengaluru, India London, UK San Francisco, USA
sagtanih@gmail.com erishabh@gmail.com beyang@sourcegraph.com

Improving FIM Code Completions via Context & Curriculum Based Learning, Sagtani et. al., 2025



Improving FIM Code Completions via Context & Curriculum
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def data_editor_getchanged(edited_df, edited_rows
for row in edited_rows:
if row.get("type") == "edited":
row_data=row.get("n[CURSOR_POSITION]"

def Queues():
e String

if ids:
r = requests.delete(f"{url}quests?id=in.({',"'
assert r.ok
guilds = {x['handle']: x['id'] for x in requests.
if [CURSOR_POSITION]
ids = {id for h, id in guilds }
se IF Statement

cursor.close()
conn.close()
self._log.info(f'Position link stored in db :

def position_link_is_open(self, [CURSOR_POSITION])

Parameters

return render(request, 'directory_list.html',

def directory_detail(request, dir_id):
directory = get_object_or_404(AccessibleDirecto

[CURSOR_POSITION].

if os.path.isdir(directory.path):
Function Definition

class DocumentLoaderConfig:
def __init__(self, config_file: str):
with open(config_file) as f:
self._yaml_data = yaml.safe_load(f)
self. [CURSOR_POSITION].

( Attribute

def describe_parameters(self) -> list[Parameter]:
return [
Parameter("inverse_temperature", 0),
Parameter("cost_ratio",
Parameter("reciprocity", @)

Call Expression

plt.tight_layout()
plt.savefig('pred_phases.png', dpi=800)

def mismatch_calculation():
model_33_validation = Val[CURSOR_POSITION]
if __name__ == "__main__":
plotting()

class Parser:

[CURSOR_POSITION]

def __init__(self, tokens):
self.tokens = tokens
self.tok_idx = -1

‘ Assignment

Class Definition

Figure 1: Illustrative examples of various AST node types. The cursor position highlights the position where completions are
triggered, with the node type indicated at the bottom right of each example.

Improving FIM Code Completions via Context & Curriculum Based Learning, Sagtani et. al., 2025
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def data_editor_getchanged(edited_df, edited_rows
for row in edited_rows:
if row.get("type") == "edited":
row_data=row.get("n[CURSOR_POSITION]"

def Queues():
e String

if ids:
r = requests.delete(f"{url}quests?id=in.({',"'
assert r.ok
guilds = {x['handle']: x['id'] for x in requests.
if [CURSOR_POSITION]
ids = {id for h, id in guilds }
= IF Statement

cursor.close()
conn.close()
self._log.info(f'Position link stored in db :

position_link_is_open(self, [CURSOR_POSITION])

def

Parameters

return render(request, 'directory_list.html',

def directory_detail(request, dir_id):
directory = get_object_or_404(AccessibleDirecto

[CURSOR_POSITION].

if os.path.isdir(directory.path):
: Function Definition

class DocumentLoaderConfig:
def __init__(self, config_file: str):
with open(config_file) as f:
self._yaml_data = yaml.safe_load(f)
self.[CURSOR_POSITION].

1
Attribute s

def describe_parameters(self) -> list[Parameter]:
return [
Parameter("inverse_temperature", 0),
Parameter("cost_ratio",
Parameter("reciprocity", @)

Call Expression :

plt.tight_layout()
plt.savefig('pred_phases.png', dpi=800)

def mismatch_calculation():
model_33_validation = Val[CURSOR_POSITION]
if __name__ == "__main__":
plotting()

class Parser:

[CURSOR_POSITION]

def __init__(self, tokens):
self.tokens = tokens
self.tok_idx = -1

Class Definition

’W

Figure 1: Illustrative examples of various AST node types. The cursor position highlights the position where completions are
triggered, with the node type indicated at the bottom right of each example.

Q: How do we detect these AST node types?

Improving FIM Code Completions via Context & Curriculum Based Learning, Sagtani et. al., 2025




Improving FIM Code Completions via Context & Curriculum
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for row in edited_rows:
if row.get("type") == "edited":

def Queues():
i String

def data_editor_getchanged(edited_df, edited_rows

row_data=row.get("n[CURSOR_POSITION]"

if ids:
r = requests.delete(f"{url}quests?id=in.({',"'
assert r.ok
guilds = {x['handle']: x['id'] for x in requests.
if [CURSOR_POSITION].
ids = {id for h, id in guilds }
IF Statement

def

cursor.close()
conn.close()
self._log.info(f'Position link stored in db :

position_link_is_open(self, [CURSOR_POSITION])

Parameters

def directory_detail(request, dir_id):

return render(request, 'directory_list.html',

directory = get_object_or_404(AccessibleDirecto
[CURSOR_POSITION].
if os.path.isdir(directory.path):

Function Definition

class DocumentLoaderConfig:
def __init__(self, config_file: str):
with open(config_file) as f:
self._yaml_data = yaml.safe_load(f)
self.[CURSOR_POSITION].

1
Attribute s

def describe_parameters(self) -> list[Parameter]:
return [
Parameter("inverse_temperature", 0),
Parameter("cost_ratio",
Parameter("reciprocity", @)

def

if __name__ ==

Call Expression

plt.tight_layout()
plt.savefig('pred_phases.png', dpi=800)

mismatch_calculation():
model_33_validation = Val[CURSOR_POSITION]
Toio, e

plotting()

class Parser:

’W

[CURSOR_POSITION]

def __init__(self, tokens):
self.tokens = tokens
self.tok_idx = -1

Class Definition

Figure 1: Illustrative examples of various AST node types. The cursor position highlights the position where completions are
triggered, with the node type indicated at the bottom right of each example.

i Q: How do we detect these AST node types?

A: Using parser and static analyzers!

Improving FIM Code Completions via Context & Curriculum Based Learning, Sagtani et. al., 2025




Task: “In a Python program, randomly find a
body of an if/elif/else statement and make it a
prefix-infill-suffix datapoint for FIM training”



stmt = FunctionDef(identifier name, arguments args,
stmt* body, expr¥ decorator_list, expr? returns,
string? type_comment, type_paramx type_params)
| AsyncFunctionDef(identifier name, arguments args,
stmtx body, exprk decorator_list, expr? retu
string? type_comment, type_param* type_param

ClassDef(identifier name,
exprx bases,

keyword* keywords,

stmt* body,

exprx decorator_list,
type_param+ type_params)
Return(expr? value)

Delete(expr* targets)

Assign(expr* targets, expr value, string? type_comment)
TypeAlias(expr name, type_paramx type_params, expr value)
AugAssign(expr target, operator op, expr value)

— 'simple' indicates that we annotate simple name without pare
AnnAssign(expr target, expr annotation, expr? value, int simp

use 'orelse' because else is a keyword in target languages
For(expr target, expr iter, stmtx body, stmtx orelse, string?
AsyncFor(expr target, expr iter, stmtx body, stmtx orelse, st
While(expr test, stmt* body, stmtx orelse)

If(expr test, stmtx body, stmtx orelse)
With(withitem* items, stmtk body, string? type_comment)
AsyncWith(withitemx items, stmt* body, string? type_comment)

Match(expr subject, match_casex cases)

Raise(expr? exc, expr? cause)
Try(stmtx body, excepthandlerx handlers, stmtx orelse, stmtx
TryStar(stmtx body, excepthandlerx handlers, stmtx orelse, st
Assert(expr test, expr? msg)

Import(alias* names)
ImportFrom(identifier? module, alias* names, int? level)

Global(identifiers names) .
e Task: “In a Python program, randomly find a
Pass | Break | Continue
s L g body of an if/elif/else statement and make it a
—-— BoolOp() left & right? . . . . . . .
Pl o prefix-infill-suffix datapoint for FIM training”
BinOp(expr left, operator op, expr right)
UnaryOp(unaryop op, expr operand)

1
I
| Lambda(arguments args, expr body)

| IfExp(expr test, expr body, e§pr orelse)
|

|

|

|

expr

Dict(exprx keys, exprkx values
Set(expr* elts)
ListComp(expr elt, comprehension* generators)
SetComp(expr elt, comprehension* generators)
| DictComp(expr key, expr value, comprehensionk generators)
| GeneratorExp(expr elt, comprehension* generators)
—— the grammar constrains where yield expressions can occur
| Await(expr value)
| Yield(expr? value)
| YieldFrom(expr value)
—— need sequences for compare to distinguish between
—x<4<3and (x<4) <3
| Compare(expr left, cmpop* ops, exprk comparators)
| call(expr func, exprx args, keyword keywords)
| FormattedValue(expr value, int conversion, expr? format_spec)
| JoinedStr(exprx values)
| Constant(constant value, string? kind)

—— the following expression can appear in assignment context
| Attribute(expr value, identifier attr, expr_context ctx)

| Subscript(expr value, expr slice, expr_context ctx)

| Starred(expr value, expr_context ctx)

| Name(identifier id, expr_context ctx)
| List(expr* elts, expr_context ctx)
| Tuple(exprx elts, expr_context ctx)

—— can appear only in Subscript
| Slice(expr? lower, expr? upper, expr? step)

-- col_offset is the byte offset in the utf8 string the parser
attributes (int lineno, int col_offset, int? end_lineno, int? e

expr_context = Load | Store | Del
boolop = And | Or

operator = Add | Sub | Mult | MatMult | Div | Mod | Pow | LShift
| RShift | BitOr | BitXor | BitAnd | FloorDiv

unaryop = Invert | Not | UAdd | USub

cmpop = Eq | NotEq | Lt | LtE | Gt | GtE | Is | IsNot | In | NotIn

comprehension = (expr target, expr iter, exprx ifs, int is_async) httDS://dOCS-thhon-org/S/libra rV/aSt-html



https://docs.python.org/3/library/ast_html

import ast

class IfBodyCollector(ast.NodeVisitor):
def __init__(self):
self.bodies = [] # (label, first_node, last_node)

def visit_If(self, node: ast.If):
# the main "if" body
if node.body:

self.bodies.append(("if", node.body[0], node.body[-1]))

# walk the elif/else chain in orelse
cur = node
while True:

if not cur.orelse: break

if len(cur.orelse) == 1 and isinstance(cur.orelse[0], ast.If):

# this is an "elif"

e = cur.orelse[0]

if e.body:
self.bodies.append(("elif", e.body[@], e.body[-11))
cur = e
continue

else:
# this is the terminal "else" (a list of statements)
first = cur.orelsel0]
last = cur.orelse[-1]

self.bodies.append(("else", first, last))
break

# keep descending to catch nested ifs
self.generic_visit(node)

tree = ast.parse(src)
collector = IfBodyCollector()
collector.visit(tree)

Task: “In a Python program, randomly find a
body of an if/elif/else statement and make it a

prefix-infill-suffix datapoint for FIM training”



import ast

]

class IfBodyCollector(ast.NodeVisitor):

{ Python abstract syntax tree (AST) node visitor ]

def __init__ (self):
self.bodies = [] # (label, first_node, last_node)

def visit If(self, node: ast.If):
# the main "if" body
if node.body:

We want the visitor to visit If statements ]

self.bodies.append(("if", node.body[0], node.body[-1])) l

# walk the elif/else chain in orelse
cur = node

Collect the body of “if” ]

while True:
if not cur.orelse: break
if len(cur.orelse) == 1 and isinstance(cur.orelse[0], ast.If):
# this is an "elif"
e = cur.orelse[0]
if e.body:
self.bodies.append(("elif", e.body[@], e.body[-11))

Task: “In a Python program, randomly find a
body of an if/elif/else statement and make it a
prefix-infill-suffix datapoint for FIM training”

cur = e
continue
else:

i Collect the body of “elif” ]

# this is the terminal "else"
first = cur.orelse[0]
last = cur.orelse[-1]

(a list of statements)

self.bodies.append(("else", first, last))
break

i Collect the body of “else” ]

# keep descending to catch nested ifs
self.generic_visit(node)

tree = ast.parse(src)
collector = IfBodyCollector()
collector.visit(tree) :(

| Run the if-body collector ]7




Code Llama: Open Foundation Models for Code

Baptiste Roziére!, Jonas Gehring’, Fabian Gloeckle’*, Sten Sootlaf, Itai Gat, Xiaoqing
Ellen Tan, Yossi Adi®°, Jingyu Liu, Romain Sauvestre, Tal Remez, Jérémy Rapin, Artyom
Kozhevnikov, Ivan Evtimov, Joanna Bitton, Manish Bhatt, Cristian Canton Ferrer, Aaron
Grattafiori, Wenhan Xiong, Alexandre Défossez, Jade Copet, Faisal Azhar, Hugo Touvron,
Louis Martin, Nicolas Usunier, Thomas Scialom, Gabriel Synnaeve'

Meta AI




Code Llama: Open Foundation Models for Code
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2.3 Infilling

Code infilling is the task of predicting the missing part of a program given a surrounding context. Applications
include code completion at the cursor’s position in code IDEs, type inference and generation of in-code
documentation (e.g., docstrings).

We train infilling models following the concept of causal masking (Aghajanyan et al., 2022; Fried et al.,
2023), where parts of a training sequence are moved to the end, and the reordered sequence is predicted
autoregressively. We train the general-purpose 7B, 13B and 70B models with an infilling objective, following
the recommendations of Bavarian et al. (2022). More precisely, we split training documents at the character
level into a prefix, a middle part and a suffix with the splitting locations sampled independently from a
uniform distribution over the document length. We apply this transformation with a probability of 0.9 and
to documents that are not cut across multiple model contexts only. We randomly format half of the splits in
the prefiz-suffiz-middle (PSM) format and the other half in the compatible suffiz-prefiz-middle (SPM) format
described in Bavarian et al. (2022, App. D). We extend LLAMA 2’s tokenizer with four special tokens that
mark the beginning of the prefix, the middle part or the suffix, and the end of the infilling span. To limit the
distribution shift between autoregressive and infilling training, we suppress the implicit leading space that
SentencePiece tokenizers add upon encoding the middle part and the suffix (Kudo & Richardson, 2018). In
SPM format, we concatenate the prefix and the middle part before encoding to tokens. Note that our model
doesn’t encounter split subtokens in the SPM format while it does in the PSM format.

Results on the effect of infilling training on downstream generation tasks and the performance of our infilling
models on infilling benchmarks are reported in Section 3.2.
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2.3 Infilling

Code infilling is the task of predicting the missing part of a program given a surrounding context. Applications Aat, Xiaoqing
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Model FIM Size HumanEval MBPP Test loss
pass@l pass@10 pass@100 pass@l pass@10 pass@100

7B 33.2% 43.3%  49.9% 44.8% 52.5%  57.1%  0.408
Cope LLama (w/o LCFT) X yap g0 4909  57.0% 48.2% 57.4%  61.6%  0.372

7B 33.6% 44.0% 48.8% 44.2%  51.4% 55.5% 0.407
13B  36.2%  48.3% 54.6% 48.0%  56.8% 60.8% 0.373

Absslite. e X-v B —-04% —-0.7% 1.1%  0.6% 1.1% 1.6% 0.001
gap 13B 0.7% 0.9% 3.3% 0.2% 0.6% 0.8% —0.001

CopE LLAMA (w/o LCFT)

Table 5: Comparison of models with and without FIM training. pass@Q1, pass@10 and pass@100
scores on HumanEval and MBPP evaluated at temperature 0.1 for models trained with and without infilling
(FIM) objective. Infilling training incurs no cost on autoregressive test set loss, but a small cost on HumanEval
and MBPP pass@k metrics that is aggravated at higher sample counts k. The models are compared prior to
long context fine-tuning (LCFT).
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2.3 Infilling

Code infilling is the task of predicting the missing part of a program given a surrounding context. Applications
include code completion at the cursor’s position in code IDEs, type inference and generation of in-code

at, Xiaoqing
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Results on the ¢
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Model FIM Size HumanEval MBPP Test loss
pass@l pass@10 pass@100 pass@l pass@10 pass@100

7B 33.2% 43.3% = 49.9% 44.8% 52.5% = 57.1%  0.408

Cope LLaMA (w/o LCFT) X 10p g5'cor  499%  57.0% 482% 57.4%  61.6%  0.372
7B 33.6% 44.0% = 48.8% 44.2% 51.4%  55.5%  0.407

Cobe LLama (w/o LCFT) ' yqp 56000 483%  54.6% 48.0% 56.8%  60.8%  0.373
Absolute za x. s |B =04% —0.7% 1.1% 0.6%  1.1% 1.6%  0.001
gap 13B | 0.7%  0.9% 33% 02%  0.6% 0.8% | —0.001

Table 5: Comparison of models with and without FIM training. pass@Q1, pass@10 and pass@100
scores on HumanEval and MBPP evaluated at temperature 0.1 for models trained with and without infilling
(FIM) objective. Infilling training incurs no cost on autoregressive test set loss, but a small cost on HumanEval
and MBPP pass@k metrics that is aggravated at higher sample counts k. The models are compared prior to

long context fine-tuning (LCFT).
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Pre-training: Optimizations

* Learning Objective (Machine Learning 101)
* Loss function L(x; ) where ¢ is the model parameter

6 = argming z L(x;0)
XED

* Next-token prediction

n
L(x;0) = Z 1—10gP9(Xi | X<i)
1=



Pre-training: Optimizations

* Learning Objective (Machine Learning 101)
* Loss function L(x; 6) where 6 is the model parameter

6 = argming Z L(x;0)
XED
* Next-token prediction
n
L066) = ) —logPglxi X<
l=

* Loss function L: Negative-log likelihood (NLL) loss



Pre-training:

* How do we find the “optimal” set of parameters ?
* Back-propagation
* Optimizers
* Learning rates & schedulers
* Batching & parallelism
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Gradient: g, = Vy L(0)
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set of parameters 07
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[- Optimizers
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_____________________________________________

Gradient: g, = Vy L(0)

Optimizer: SGD, Adam, Adam\WV, Momentum

| f" Yiping Lu
‘ Anyone knows adam?

"aimension”?

e |. 336: "Both architectures are optimized with Adam
Who/what is "Adam"? | think this is a very serious typ
that the author should have removed from the
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Pre-training: Optimizations

* How do we find the “optimal”
set of parameters 07

* Back-propagation

e Optimizers

[- Learning rates & schedulers ]

Bat

Positional Embeddings

lhimes O mmavallalinima
| 8B 70B 405B

Layers 32 80 126
Model Dimension 4,096 8192 16,384
FFN Dimension 14,336 28,672 53,248
Attention Heads 32 64 128
Key/Value Heads 8 8 8

[ Peak Learning Rate 3x107% 15x107% 8x107° ]
Activation Function SwiGLU
Vocabulary Size 128,000

RoPE (6 = 500, 000)

6 = argming 2 L(x;0)
XED

Gradient (atstep t): g, = Vg L(6;)
Optimizer: SGD, Adam, Adam\WWV, Momentum

First momentum: m, = Bym,, + (1 — By,

Second momentum: v, = B, + (1 — S,) g7

A~

We|ght Update: 6t+1 = Gt -1 (\/;—nie + ﬂ@t)
t

Learning Rate Scheduling: 1,

. t
Cosine decay: 7, = 1),,in + O'S(Hmax - nmin)(l + COS(T[?))
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The Llama 3 Herd of Models, Llama Team, Al@Meta, 2024



Pre-training: Optimizations 9 = argming ) L(x;0)

_____________________________________________

* How do we find the “optimal”
set of parameters 07

* Back-propagation

Gradient (atstep t): g, = Vg L(6;)
Optimizer: SGD, Adam, Adam\WWV, Momentum

* Optimizers
First momentum: m, = Bym,, + (1 — By,

* Learning rates & schedulers

. . Second momentum: v, = B, + (1 — By) g}
[  Batching & parallelism ] -
We|ght Update: 9t+1 = Gt -1 (\/ﬁ—t-tl-e + Agt)

Learning Rate Scheduling: 1,
Cosine decay: 17; = 1,in + 0.5 max — Tmin) (1 + Cos(n?t))

Batching: 5 < D
s VoL(x 6,)

Mini-batched gradient: g, = B
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Pre-training: Optimizations 0 = argming ) L(x;0)

GPUs TP CP PP DP Seq.Len. Batchsize/DP Tokens/Batch | TFLOPs/GPU BF16 MFU

8,192 8 1 16 64 8,192 32 16M 430 43%
16,384 8 1 16 128 8,192 16 16M 400 41%
16,384 8 16 16 8 131,072 16 16M 380 38%

Table 4 Scaling configurations and MFU for each stage of Llama 3 405B pre-training. See text and Figure 5 for descriptions
of each type of parallelism.

The Llama 3 Herd of Models, Llama Team, Al@Meta, 2024
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[ Tensor Parallelism ] [ Pipeline Parallelism ] [ Batch size per data-parallel replica ]

—\
|
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[ Tensor Parallelism ] [ Pipeline Parallelism ] [ Batch size per data-parallel replica ]
e —\ ] /) —
GPUs TP CP PP DP Seq.Len. Batchsize/DP Tokens/Batch | TFLOPs/GPU BF16 MFU
8,192 8 1 16 64 8,192 32 16M 430 43%
16,384 8 1 16 128 8,192 16 16M 400 41%
16,384 8 16 16 8 131,072 16 16M 380 38%

Table 4 Scaling configurations and MFU for each stage of Llama 3 405B pre-training. See text and Figure 5 for descriptions
of each type of parallelism.

i Q: How do we calculate #tokens per GPU per optimization step? ]
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Pre-training: Optimizations 0 = argming ) L(x;0)

[ Tensor Parallelism ] [ Pipeline Parallelism ] [ Batch size per data-parallel replica ]
e —\ ] /) —
GPUs TP CP PP DP Seq.Len. Batchsize/DP Tokens/Batch | TFLOPs/GPU BF16 MFU
8,192 8 1 16 64 8,192 32 16M 430 43%
16,384 8 1 16 128 8,192 16 16M 400 41%
16,384 8 16 16 8 131,072 16 16M 380 38%

Table 4 Scaling configurations and MFU for each stage of Llama 3 405B pre-training. See text and Figure 5 for descriptions
of each type of parallelism.

i Q: How do we calculate #tokens per GPU per optimization step? ]

[ A: (Seq. Len.) * (Batch size/DP) / (TP * PP) T

The Llama 3 Herd of Models, Llama Team, Al@Meta, 2024



Power Lines: Scaling Laws for Weight Decay and
Batch Size in LLM Pre-training

Shane Bergsma, Nolan Dey, Gurpreet Gosal, Gavia Gray, Daria Soboleva, Joel Hestness
Cerebras Systems
{shane.bergsma, joel}@cerebras.net

Power Lines: Scaling Laws for Weight Decay and Batch Size in LLM Pre-training, Bergsma et. al., 2025



Power Lines: Scaling Laws for Weight Decay and
Batch Size in LLM Pre-training

AdamW timescale decreases with TPP Optimal batch size grows with data Critical batch size grows with data
Shane Bergsma, Nolan D¢ 100 - N 103 N 10% N . 731
{s A ®11IM @178 ® 111M - ® 111M 80TPP
3 A W 266M %338 .M W 266M _ [L.7B-80TPPJ) N W 266M '
mf 4 A 610M < A 610M e A 610M o4 [33B-16TPP]
o 7l S
& 1.7B / 5 1.7B
S ! g ¢ Pe I Dy g CLLM 310TPP)
\ © o .
€ 101 £ e = ?
= = E e
£ < 'R <
S { 111M- g ,‘ £10? .
1280TPP| o o Q ¢
Tema = 1.084(TPP) 0527 102 ’ Bopt = 0.0306D°** Bit = 0.0471(Dpj ) ™%
1072
10° 10t 102 10*  10* 10° 10%0 10t 10'2 10° 100 10t
TPP (tokens-per-parameter) D (total tokens) D hin (min. tokens to reach target loss)
Figure 1: Hyperparameters and their power lines: Optimal 73\, obeys a power law in tokens-per-
parameter (left), while optimal batch size (middle) and critical batch size (right) obey power laws in
D. Faded markers indicate points not used in fitting — all fits generalize well to larger-scale runs.

Power Lines: Scaling Laws for Weight Decay and Batch Size in LLM Pre-training, Bergsma et. al., 2025
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Evaluation Benchmark

* Coding benchmarks can be used to evaluate LLMs’ abilities

o -~
2
. @ n § £ |8 < a
© N @ R & = < 5 g :;
M @© - ) - n ) = e ")
@ £ o «© [ ) «© ° Y A S
£ £ 8 E £ k E E Y Y ]
8 @ 8 o 8 o o o 8
Category Benchmark o} o = = b3 (U] | Z (U} (T} o
MMLU (s-snovy 69.4 72.3 61.1 | 836 769 70.7 | 87.3 82.6 85.1 89.1 89.9
General MMLU (o-snot, cor) 73.0 72.3% 60.5 | 86.0 79.9 69.8 | 83.6 78.77 854 887 88.3
MMLU-Pro (s-shot, cot) 48.3 - 369 | 66.4 56.3 49.2 | 73.3 62.7 64.8 74.0 77.0
IFEval 80.4 73.6 576 | 875 727 69.9 | 886  85.1 84.3 85.6 88.0
Code HumanEval (o-snot) 72.6 54.3 40.2 | 80.5 756 68.0 | 89.0 73.2 86.6 90.2 92.0
MBPP EvalPlus (o-shot) 72.8 1.7 49.5 | 86.0 78.6 82.0 | 88.6 72.8 83.6 87.8 90.5
Math GSMB8K (s-shot, coT) 84.5 76.7 53.2 | 951 88.2 81.6 | 96.8 92.3°% 94.2 96.1 96.4°
MATH (o-shot, cot) 51.9 44.3 13.0 | 68.0 54.1 43.1 | 73.8 41.1 64.5 76.6 71.1
Reasoning ARC Challenge (o-shot) 83.4 87.6 742 | 94.8 88.7 83.7 | 96.9  94.6 96.4 96.7 96.7
GPQA (0-shot, cot) 32.8 = 288 | 46.7 333 30.8 | 51.1 - 41.4 53.6 59.4
Tool use BFCL 76.1 - 60.4 | 84.8 - 859 | 88.5 86.5 88.3 80.5 90.2
Nexus 38.5 30.0 24.7 | 56.7 485 37.2 | 58.7 - 50.3 56.1 45.7
ZeroSCROLLS/QuALITY | 81.0 - - 90.5 - - 95.2 - 95.2 90.5 90.5
Long context InfiniteBench/En.MC 65.1 - - 78.2 - - 83.4 - 72.1 82.5 -
NIH/Multi-needle 98.8 - - 97.5 - - 98.1 - 100.0 100.0 90.8
Multilingual  MGSM (0-shot, cor) 68.9 53.2 299 | 869 71.1 514 | 91.6 - 85.9 90.5 91.6




Evaluation Benchmark

Scenario Benchmark Size #PL Date Link MBXP [16] 12.4K 13 2022-10 https://huggingface.co/datasets/mxeval/mbxp
HumanEval [48] 164 Python 2021-07 https://huggingface.co/datasets/openai_humaneval Multilingual HumanEval [16] 1.9K 12 2022-10 https://huggingface.co/datasets/mxeval/multi-humaneval
HumanEval+ [162] 164 Python 2023-05 https://huggingface.co/datasets/evalplus/humanevalplus Multilingual Python, C++,
HumanEvalPack [187] 164 6 2023-08  https://huggingface.co/datasets/bigcode/humanevalpack HumanEval-X [321] 820 Java, JavaScript, 2023-03 https://huggingface.co/datasets/ THUDM/humaneval-x
MBPP [17] 974 Python 2021-08 https://huggingface.co/datasets/mbpp Go
MBPP+ [[162]] 378 Python 2023-05  https://huggingface.co/datasets/evalplus/mbppplus MultiPL-E [39] 161 18 2022-08 https://huggingface.co/datasets/nuprl/MultiPL-E
CoNalLa [297 596.88K  Python 2018-05 https://huggingface.co/datasets/neulab/conala ~ o
Spider [300] 8,034 SQL 2018-09  https://huggingface.co/datasets/xlangai/spider xCodeEval [128] 55M i 2023-03 _ https:/github.com/ntunlp/xCodeEval
General CONCODE [113] 104K Java 2018-08 https://huggingface.co/datasets/ AhmedSSoliman/CONCOD Python, Java, . .
ODEX [273] 945 Python 2022-12  https://huggingface.co/datasets/neulab/odex MathQA-X [16] 5.6K JavaScript 2022-10  https://huggingface.co/datasets/mxeval/mathqa-x
CoderEval [299] 460 Python, Java 2023-02  hitps:/github.com/CoderEval/CoderEval . MathQA-Python [17] 23,914 Python 2021-08 https://github.com/google-research/google-research
ReCode [263] 1,138 Python 2022-12  https://github.com/amazon-science/recode Reasoning GSMSK [58] 8.5K Python 2021-10  https://huggingface.co/datasets/gsmsk
StudentEval [19] 1,749 Python 2023-06 https://huggingface.co/datasets/wellesley-easel/StudentEval . . .
. : : : . GSM-HARD [79] 1.32K Python 2022-11 https://huggingface.co/datasets/reasoning-machines/gsm-hard
BigCodeBench [333] 1,140 Python 2024-06 https://huggingface.co/datasets/bigcode/bigcodebench .
ClassEval [72] 100 Python 2023-08 https://huggingface.co/datasets/FudanSELab/ClassEval CRUXEval [82] 800 Python 2024-01 hitps://huggingface.co/datasets/cruxeval-org/cruxeval
NaturalCodeBench [314] 402 Python, Java 2024-05 https://github.com/THUDM/NaturalCodeBench RepoEval [309] 3,573 Python, Java 2023-03 https:/paperswithcode.com/dataset/repoeval
APPS [95] 10,000 Python 2021-05  https://huggingface.co/datasets/codeparrot/apps Stack-Repo [239] 200 Java 2023-06 https://huggingface.co/datasets/RepoFusion/Stack-Repo
Competitions CodeContests [151] 13,610 Ce+, Python, 2022-02 https://huggingface.co/datasets/deepmind/code_contests Repobench [167] 27k Python, Java 2023-01  https:/github.com/Leolty/repobench
Java Repository EvoCodeBench [144] 275 Python 2024-03 https://huggingface.co/datasets/LJ0815/EvoCodeBench
LiveCodeBench [188] Zjlli”dating Python 2024-03  https://github.com/LiveCodeBench/LiveCodeBench SWE-bench [123] 2,294 Python 2023-10 https://huggingface.co/datasets/princeton-nlp/SWE-bench
Python, Java, . .
DSP [41] 1,119 Python 2022-01 https://github.com/microsoft/DataScienceProblems CrossCodeEval [68] 10K TypeScript, C# 2023-10  https:/github.com/amazon-science/cceval
Data Science  DS-1000 [136] 1,000 Python 2022-11 https://huggingface.co/datasets/xlangai/DS-1000 SketchEval [308] 20.355 Python 2024-03 https:/github.com/nl2code/codes
ExeDS [107] 534 Python 2022-11  https://github.com/Jun-jie-Huang/ExeDS . - ;

A Survey on Large Language Models for Code Generation, Jiang et al., 2024



Evaluation Benchmark: HumankEval

Evaluating Large Language Models Trained on Code
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Evaluating Large Language Models Trained on Code, Chen et. al., 2021
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Mark Chen*! Jerry Two
Jared Kaplan "2 Harri Edwa|
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Scott Gray ' Nick Ryder !
Clemens Winter ! Phil
Fotios Chantzis' Elizabeth B
Nikolas Tezak ! Jie Tan,
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= Datasets: ©® openai/openai_humaneval © ©like 340 Follow ® OpenAl 23.3k
Modalities: Text Formats: < parquet Languages: @ English Size: <1K ArXiv: O arxiv:2107.03374  Tags:
¢ Dataset card 2 Data Studio ’I= Files and versions << xet ¢ Community
BB Dataset Viewer & Auto-converted to Parquet  </> API
Split (1)
test - 164 rows v
Search this dataset
task_id prompt canonical_solution
string - lengths string - Iengths string - Iengths

11 13 115 1.36k
from typing import List def
HumanEval/e has_close_elements(numbers: List[float],..
HURAREVAL/L from typing import List def .
separate_paren_groups(paren_string: str) ->..
HumanEval/2 def truncate_number(number: float) -> float: """
Given a positive floating point number, it can be..
from typing import List def below_zero(operations:
HUBAREVaL;3 List[int]) -> bool: """ You're given a list of..
from typing import List def
HumanEval/4 mean_absolute_deviation(numbers: List[float]) ->..
HumanEval/5 from typing import List def intexrsperse(numbers:

List[int], delimeter: int) -> List[int]:

Previous 1

2

16 864

for idx, elem in enumerate(numbers): for
idx2, elem2 in enumerate(numbers): if idx !..

result = [] current_string = []
current_depth = 0 for ¢ in paren_string: if..

return number % 1.0

balance = 0 for op in operations: balance +=
op if balance < 0: return True return False

mean = sum(numbers) / len(numbers) retuxn
sum(abs(x - mean) for x in numbers) /..

if not numbers: return [] result = [] for n
in numbers[:-1]: result.append(n)..

Next >

code-generation

Embed

Libraries:

BB Data Studio
test
string - Iengths

.'Il-_
117

15§

METADATA = { 'aut
def check(candidz

METADATA = { 'aut
def check(candide

METADATA = { 'aut
def check(candide

METADATA = { 'aut
def check(candide

METADATA = { 'aut
def check(candide

METADATA = { 'aut
def check(candide

Evaluating Large Language Models Trained on Code, Chen et. al., 2021




Evaluation Benchmark: HumankEval

EFywalnatina I araa T anconaaca Madaole Trainad an Cadao

~ Datasets: @ openai openai_humaneval © ©like 340 Follow @ OpenAl 233k

task_id prompt canonical_solution test entry_point
string - lengths string - lengths string - lengths string - length string - Ie
S il g & i}
1112 6. 240..365 24 .4 186..271 3.9 455..624 . 6..19
HumanEval/0 from typing import List for idx, elem in enumerate(numbers): has_close_elements
for idx2, elem2 in enumerate(numbexs):
if idx = didx2: METADATA = {
def has_close_elements(numbers: List[float], distance = abs(elem - elem2) 'author': 'jt',
threshold: float) -> bool: if distance < threshold: 'dataset': 'test'
""" Check if in given list of numbers, are any two return True ¥
numbers closer to each other than
given threshold. return False
>>> has_close_elements([1.0, 2.0, 3.0], 0.5) def check(candidate):
False assert candidate([1.0, 2.0, 3.9, 4.0, 5.0, 2.2],
>>> has_close_elements([1.0, 2.8, 3.0, 4.0, 5.0, 0.3) == True
2.0], 0.3) assert candidate([1.0, 2.0, 3.9, 4.0, 5.0, 2.2],
True 0.05) == False
e assert candidate([1.0, 2.0, 5.9, 4.0, 5.0], 0.95)
== True
assert candidate([1.0, 2.0, 5.9, 4.0, 5.0], 0.8)
== False
assert candidate([1.0, 2.0, 3.0, 4.0, 5.0, 2.0],
0.1) == True
assert candidate (1. 17 2.2, 3.1, 4.1, 5.1],; 1:0)
== True
assert candidate([1.1, 2.2, 3.1, 4.1, 5.1], 0.5)
== False

Evaluating Large Language Models Trained on Code, Chen et. al., 2021



Evaluation Benchmark:

Program Synthesis with Large Language Models

Jacob Austin” Augustus Odena®
Maxwell Nye! Maarten Bosma  Henryk Michalewski ~ David Dohan  Ellen Jiang  Carrie Cai

Michael Terry Quoc Le Charles Sutton

Google Research
* denotes equal contribution
jaaustin@google.com, augustusodena@google.com
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Evalu

Program Sy

Jacob
Maxwell Nye!  Maarten Bos

Michael Terry

jaausti

= Datasets: #bevalplus' mbppplus T

Modalities: Text

# Dataset card

B8 Dataset Viewer

Split (1)
test - 378 rows

(L Search this dataset

task_id
inté64

2 809

5 Data Studio ’|

Formats: <% parquet Size: <1K

code
string - lengths

l-iﬁﬁ —
33 1.22k

def similar_elements(test_tupil,
test_tup2): return..

import math def is_not_prime(n):
if n == 1: return True for i in..

import heapq as hq def
heap_queue_largest(nums: list,n..

def is_Power_Of_Two(x: int):
return x > 0 and (x & (x - 1))..

import re def
find_char_long(text): return..

def square_nums(nums): return

Q like 14

Files and versions

Follow =§ EvalPlus 17

Libraries: # Datasets [ pandas

@ Croissant

xxet 3 Community
& Auto-converted to Parquet  </> API
v

prompt source_file test_imports
string - Iengths string - classes sequence - Ilengths
.l-- = — G . -
39 410 4 values C]
Write a function Benchmark 0
to find the share.. Questions..
Write a python Benchmark 0
function to.. Questions..
Write a function Benchmark 0
to find the n.. Questions..
Write a python Benchmark 0
function to check.. Questions..
Write a function Benchmark 0
to find all woxrds.. Questions..
Write a function Benchmark 0

to find squares o.. = Questions..

Previous sl 2 3 4

Next >

+1 License:

Embed

™ apache-2.0

EB Data Studio

test_list
sequence

- — — o

7

- lengths

[ "assert set(simil
5, 6),(5, 7, 4, 10)))

[ "assert is_not_prin
"assert is_not_prime(

[ "assert heap_queue_
22, 85, 14, 65; 75, 2

[ "assert differ At_C
== True", "assert..

[ "assert set(find_ch
move back to stream')

[ "assert square_nums
6I 7' 8I 91 10])==[1l

Program Synthesis with Large Language Models, Austin et. al., 2021




Evaluation Benchmark: MBPP

Maxw

Program Synthesis with Large Language Models

Datasets: ehevalplus mbppplus ©  © like Follow =¥ EvalPlus 17

Modalities: Text Formats: % parquet Size: <1K Libraries: /@ Datasets ¥ pandas

# Dataset card £ Data Studio ’I= Files and versions ¢ xet Community

@ Croissant +1 License

& apache-2.0

B Datase| task_id code

inté64 string
split (1)

test - 378 I
Search .

task_id
inté4

def similar_elements(test_tupl, test_tup2):
return tuple(set(test_tupl) & set(test_tup2))

prompt
string

Write a function to find
the shared elements from
the given two lists.

source_file test_imports
string list

Benchmark Question []
s Verification V2.
ipynb

test_list
list

[

"assert set(s
imilar_elements ((
SR AT TR 6) (SRS
4, 10))) == set((
4 5)),

"assert set(simila
r_elements((1, 2,
370 4)5 (5548 37
7))) == set((3,
an",

"assert set(simila
r_elements((11, 1
2.014;43); (A7
5, 14, 13))) == se
@z, 14))*

]

{}

Program Synthesis with Large Language Models, Austin et. al., 2021




Evaluation Metrics

* PASS@k

e Standard to evaluate code generation models
* |ntuition:

* Procedure:
 Sample kindependent code generations from the model
e Seeif code snippet satisfies

e Success criteria:
* Syntax, compilation check, no runtime error
(assumes that test cases are present)



¥ EvalPlus Leaderboard ¥

EvalPlus evaluates AI Coders with rigorous tests.

4= News: Beyond correctness, how's their code efficiency? Checkout #ZEvalPerf!

@ base @ instructed

PASS@1 (greedy decoding)

90 _____ Qwenz2.5-Coder-32B-Instruct DeepSeek=V3-(Nov-2024) - - - 89
- _emﬁ%%gé B=Instruct
¢ Codes"al'zzB'V(P!Fepseek_cofr:;asB_m:tr; i’ 34B-v2.0  Mixtral-8x22B-Iriatnag-FOB-instruct
-15b- sped@hless-codellama-34B-v2. ixtral-8x22B- -¥0B-instruc
starchat2-15b-v0.1 ® P tabricks/dbrx-instruct ° °
® ) :
Phind-Codellama-34B-@2
[ J
DeepSeek-Coder-1 BB-instrugh: 5 1 ini-ak-instruct . ) Qwen1.5-72B-Chat
60 @ ° dolphin-2.6-mixtral-8x7b Comgpand-R+
([ ] [ ]
Codellama-70B
. [
phi-2-2.7B CodeQwen1.5-78 DeepSeek-Coder-33B-base
[ L o
40 SOLAR-10.7B-InSfiH -\'/i.r&i@é’*@?oder?" 5B
) [ J

Llama3-8B-base CodeGen-16B

DeepSeek-Coder-1.3B-base CodeGen-6B ® )
® CodeGen-2B ]
[ ]
20
gemma-2b-it
[ ]
0 T T T T T T T T T T T T T T T T T T T T 1 Act. Siz
1B 2B 3B 4B 6B 7B 8B 11B 13B 15B 16B 21B 22B 32B 33B 34B 36B 37B 44B 70B 72B 104B

https://evalplus.github.io/leaderboard.html



https://evalplus.github.io/leaderboard_html

Table 1. Codex, GPT-Neo, & TabNine evaluations for HumanEval.
We find that GPT-J pass@1 is between Codex-85M and Codex-

[ Claude 3 Opus ]

——
9

2024

’

300M performance.
PASS@k

k=1 k=10 k=100
GPT-NEO 125M  0.75% 1.88% 2.97%
GPT-NtEO 1.3B 4.79% 7.47% 16.30%
GPT-NEO 2.7B 6.41% 11.27% 21.37%
GPT-J 6B 11.62% 15.74% 27.74%
TABNINE 2.58% 4.35% 7.59%
CODEX-12M 2.00% 3.62% 8.58%
CODEX-25M 3.21% 7.1% 12.89%
CODEX-42M 5.06% 8.8% 15.55%
CODEX-85M 8.22% 12.81% 22.4%
CODEX-300M 13.17% 20.37% 36.27%
CODEX-679M 16.22% 25.7% 40.95%
CODEX-2.5B 21.36% 35.42% 59.5%
CODEX-12B 28.81% 46.81% 72.31%

2021

2025

https://lLm-stats.com/benchmarks/humaneval
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CRUXEval: A Benchmark for Code Reasoning,
Understanding and Execution

Alex Gu*

MIT CSAIL
Baptiste Roziére
Meta Al

Hugh Leather
Meta Al

Armando Solar-Lezama
MIT CSAIL

Gabriel Synnaeve
Meta Al

Sida I. Wang

Meta Al

gua@mit.edu
broz@meta.com

hleather@meta.com

Listing 1: Sample problem

Listing 2: Sample problem

def f(string):
string_x = string.rstrip("a")
string = string_x.rstrip("e")
return string

# output prediction, CRUXEval-0
assert f("xxxxaaee") == 77
## GPT4: "xxxx", incorrect

# input prediction, CRUXEval-I
assert f£(??) == "xxxxaa"
## GPT4: "xxxxaae", correct

def f(nums):

count = len(nums)

for i in range(-count+1, 0):

nums . append (nums [i])

return nums
# output prediction, CRUXEval-0
assert f([2, 6, 1, 3, 1]) == 77
# GPT4: [2, 6, 1, 3, 1, 6, 1, 3, 1], incorrect

# input prediction, CRUXEval-I
assert f(??) == [2, 6, 1, 3, 1, 6, 3, 6, 6]
# GPT4: [2, 6, 1], incorrect




CRUXEval: A Benchmark for Code Reasoning,

Understanding and Execution
Listing 1: Sample problem

Alex Gt
MIT CSA
Baptiste
Meta Al
Hugh L
Meta Al
Armang
MIT CSA
Gabriel
Meta Al

Sida L.

Listing 2: Sample problem

def f(string):

return string

# output prediction,
assert f("xxxxaaee")
## GPT4: "xxxx", inc
# input prediction,
assert £(?7) == "xxx
## GPT4: "xxxxaae",

string_x = string.rstrip("a")
string = string_x.rstrip("e")

def f(nums):
count = len(nums)
for i in range(-count+1, 0):

Meta Al

VR,

input

phil

phil.5
starcoder_7B -
starcoder_16B -
mistral A
deepseek_ins_7B -
codellama_7B A
codellama_13B A
codellama_cot13B -
wizard_13B -
deepseek_7B -
wizard_34B -
codellama_34B -
deepseek_33B -
deepseek_ins_33B -
phind_34B -
gpt35_cot |

gpt35 4
codellama_cot34B -
gpt4 -

gpt4_cot -

Bl passl
I pass5

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
accuracy

(a) CRUXEvAL-I Performance

phil

phil.5 A
starcoder_7B -
mistral A
starcoder_16B A
codellama_7B -
wizard_13B
phind_34B A
codellama_13B -
codellama_cot13B A
deepseek_78B -
deepseek_ins_7B -
codellama_34B -
wizard_34B A
deepseek_33B -
deepseek_ins_33B -
codellama_cot34B -
gpt35 4

gpt35_cot A

gpt4 4

gpt4_cot

B passl
B pass5

i

(b) CRUXEVAL-O Performance

0.2

0.3

0.4 0.5 0.6 0.7
accuracy




CRUXEval: A Benchmark for Code Reasoning,
Understanding and Execution

Alex Gt
MIT CSA
Baptiste
Meta Al

Hugh L
Meta Al

Armang
MIT CSA
Gabriel
Meta Al

Sida L.

Meta Al

Listing 1: Sample problem Listing 2: Sample problem
[ ]
def £( input output
st phil 1 === B passl phil | === —em B passl
st phil.5 -— o B pass5 phil.5 e e B pass5
re starcoder_7B 1 - der 7R -
starcoder_16B - .
mistral 4 input@1 vs. HumanEval@1 output@1 vs. HumanEval@1
# outp deepseek_ins_7B
assert codellama_7B 0.7 1 gpt*
codellama_13B - i
## GPT codellama_cot13B 0.7
wizard_13B -
# inpu deepseek_7B 4 0.6 1 9ptde
assert| M0 training 0.6 training
## GPT deepseek 336 1 ® Dbase ® base
deepseek_ins_33B 1 0.5 - 9035 ® instruct ® instruct
e, phind_34B - . hind. i i
gpt35_cot - codellama:‘ﬂ% deeps*k_iﬁB d’;el:ssiﬁ — fam”y — 0.5 *pt35 fam”y
gpt35 - @ ard 348 ® llama a ® llama
codellama_cot34B g deepseek_78 W— ® gpt g deepse deepseek:i&w:l}& ® gpt
opta | 1 0.4 - godellama_ 138 pizard 138 . oth ! igde—a 48 wizard_34B, h
gpt4_cot 1| 2 ‘:g_d.ellama 78 deepseek-ins 7B, other g. 0.4 1 ma.3 = %eepseEk ins_7B " other
g skl | . + deepseek 5 gadafama 136 Grepsesk 78 ®nms sss |+ deepseek
- : o e— codellama_7B Stzard_138 "Phind_ :
starcoder_168 size itarcoder 168 - size
( 0.3 1 “tarceder 7B e 20 mistral a - e 20
< . Y 40 0.3 1 stan‘:::elria Py 40
phiL3 ® 60 ’ ‘ ® 60
0.2 1 ® 80 it ® 30
0.2 A1
phil
0.1 A
0.3 0.4 0.5 0.6 0.7 0.8 0.3 0.4 0.5 0.6 0.7 0.8

HumanEval@1l

(a) CRUXEvAL-I vs. HumanEval

HumanEval@1l

(b) CRUXEvAL-O vs. HumanEval




o090 @D v < = swebench.com & C ® (T_] + O

& SWE-bench ¥ Leaderboards
Leaderboards : . . ) i ey
There's an all-new, challenging SWE-bench Multimodal, containing software issues described with images. Learn more here.
BENCHMARKS
Bash Only Verified Lite Full Multimodal
SWE-bench

Bash Only evaluates all LMs with a minimal agent on SWE-bench Verified (details)
SWE-bench Lite
Filters: Open Scaffold ¥  All Tags ¥
SWE-bench Multilingual

Model % Resolved Avg. $ Org Date Release
SWE-bench Multimodal

&) Claude 4.5 Sonnet (20250929) 7060  $056 A 2025-09-29 1.13.3
SWE-bench Bash Only
SWE-bench Verified 2 & @ Claude 4 Opus (20250514) 67.60 $113 A 2025-08-02 1.0.0
ABOUT &) § GPT-5 (2025-08-07) (medium reasoning) 6500 $028 @&  2025-08-07 1.7.0
Paper 2 &) # Claude 4 Sonnet (20250514) 6493  $037 A 2025-07-26 1.0.0
Blog 2 @ § GPT-5 mini (2025-08-07) (medium reasoning) 5080  $004 @&  2025-08-07 1.7.0
Docs 2 & o3 (2025-04-16) 5840 $033 @&  2025-07-26 1.0.0
Contact @ 8 Qwen3-Coder 480B/A35B Instruct 55.40 $ Sy 2025-08-02 1.0.0
Citations _

& 8 cLm-4.5 (2025-08-22) 5420  $0.30 2025-08-22 1.9:1
Press N

&) # Gemini 2.5 Pro (2025-05-06) 5360  $029 4 2025-07-26 1.0.0
Submit

&) § Claude 3.7 Sonnet (20250219) 52.80 $0.35 A 2025-07-20 0.0.0
SWE-BENCH FAMILY = o

& o4-mini (2025-04-16) 45.00 $021 &  2025-07-26 1.0.0

2 SWE-agent 2

| Cava C SWE-bench Bash Only uses the SWE-bench Verified dataset with the mini-SWE-agent environment for all models [Post].
e I ‘ P
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1 : 60)
Princetor @) leeue S ( 4 Language Model ) Unit Tests

data leak in GBDT due to warm J
start (This is about the non- Pre PR PostPR Tests

histogram-based version of... 19 Generated PR join_struct_col

+20-12 HHENE
vstack_struct_col

() Codebase B sklearn
BB sklearn/ D regs.txt (3 gradient_boosting.py
BB examples/ [J setup.cfg O helper.py o]

O README.rst [ setup.py BB utils =

dstack_struct_col

matrix_transform

N2
ASAYA YA YA

euclidean_diff




SWE-BENCH: CAN LANGUAGE MODELS RESOLVE
RE

® Issue > ( f® Language Model ) DI,

data leak in GBDT due to warm 0
start (This is ab puisE"

Pre PR Poast PR Tests

Rl istosram-bass Table 1: Average and maximum numbers char-

N\l O Codebase flask (11) django (850) acterizing different attributes of a SWE-bench
| B8 sklearn/ matplotlib (184) task instance. Statistics are micro-averages cal-
ISl W examples/ pylint (57) culated without grouping by repository.
D README.rst pytest (119)
requests (44) Mean Max
astropy (95)
scikit-learn (229) Issue Text  Length (Words) 195.1 4477
xarray (110)

seaborn (22) # Files (non-test) 3,010 5,890

sphinx (187) sympy (386) Codebase # Lines (non-test) 438K 886K

# Lines edited 32.8 5888

Figure 3: Distribution of SWE-bench tasks  Gold Patch  # Files edited 1.7 31

(in parenthesis) across 12 open source GitHub # Func. edited 3 36

repositories that each contains the source code # Fail to Pass 91 1633

for a popular, widely downloaded PyPI package. ~ 1ests # Total 1208 9459




SWE-BENCH:

CAN LANGUAGE MODELS RESOLVE

RE

[ @ Lan Model | :
= £ Language Mode Unit Tests
Table 1: Average and maximum numbers char-
flask (11) django (850) acterizing different attributes of a SWE-bench Pre PR Post PR Tests

matplotlib (18 <

pylint (57)|  Model Input Gold Patch
pytest (119) sphinx/ext/napoleon/docstring.py
requests (44) ¥ Instructions *1line

scikit-learn (229)

seaborn (
sphinx

Figure 3: Di
(in parenthesis
repositories tha
for a popular, w

You will be provided with a partial code base and an issue
statement explaining a problem to resolve.

V Issue * 67 lines
napoleon_use_param should also affect "other
parameters” section Subject: napoleon_use_param

should also affect "other parameters” section

### Problem

Currently, napoleon always renders the Other parameters
section as if napoleon_use_param was False, see source

def _parse_other_parameters_section(self, se...
# type: (unicode) -> List[unicode]
return self._format_fields(_('Other Para...

def _parse_parameters_section(self, section):
# type: (unicode) -> List[unicode]
fields = self._consume_fields()
if self._config.napoleon_use_param:
¥ Code +1431lines
» README.rst +132 lines
» sphinx/ext/napoleon/docstring.py -1295 lines

» Additional Instructions + 57 lines

def _parse_other_parameters_section(self, section: str) -> List[str]:
return self._format_fields(_('Other Parameters'), self._consume_fields())
if self._config.napoleon_use_param:
# Allow to declare multiple parameters at once (ex: x, y:
fields = self._consume_fields(multiple=True)
return self._format_docutils_params(fields)

+ + + + + + +

else:

fields = self._consume_fields(Q)

return self._format_fields(_('Other Parameters'), fields)

Generated Patch
sphinx/ext/napoleon/docstring.py
def _parse_other_parameters_section(self, section: str) -> List[str]:

return self._format_fields(_('Other Parameters'), self._consume_fields())
return self._format_docutils_params(self._consume_fields())

Generated Patch Test Results

PASSED
PASSED
PASSED
PASSED
PASSED
FAILED
FAILED

NumpyDocstringTest
TestNumpyDocstring
TestNumpyDocstring
TestNumpyDocstring
TestNumpyDocstring
NumpyDocstringTest
TestNumpyDocstring

2 failed, 45 passed,

(test_yield_types)
(test_escape_args_and_kwargs 1)
(test_escape_args_and_kwargs 2)
(test_escape_args_and_kwargs 3)
(test_pep526_annotations)
(test_parameters_with_class_reference)
(test_token_type_invalid)

8 warnings in 5.16s =====

int)




SWE-BENCH: CAN LANGUAGE MODELS RESOLVE

> ( 2 Language Model 1 Unit Tests
Table 1: Average and maximum numbers char-
flask (11) django (850) acterizing different attributes of a SWE-bench Pre PR PostPR Tests
mge
Ca Kleselua Gsorluc:xF/,::i’a‘ oleon/docstring. v jOin_Stl’UCt_COl
py ; Ins,t”rlé‘:tionz A wis . “”i"e : def ,p::‘se,other,pagr;:eters,section(selF, section: str) -> List[str]: |
ou will be pravided with a nartial code hase and an issue. d . P a L a _co
Shi req """ Sparse retrieval. Dense retrieval methods are ill-suited to our setting due to very long key and ol
scikit| rereeen-y query lengths, and especially the unusual setting of retrieving code documents with natural language |~
lPr should also queries' T rafara sua choanca taica RAMIK ratrioval (Dahartcan at al _INNOQ) ta ratriova ralaxvzant flac [OFM
?frfe:{l‘;f"; to provide { Table 5: We compare models against each other using the BM25 retriever as described in Section 4.
Fiourd & sored limits, and
igure Tt .. ;
(inpq  reur| oD all limit SWE-bench SWE-bench Lite
reposi s pars{ MoOdels per
forag LU Oracle” 1 Model % Resolved % Apply % Resolved % Apply
if se
veode | edited by tt Claude 3 Opus 3.79 46.56 4.33 51.67
o since an en Claude 2 1.97 43.07 3.00 33.00
> Addition mo@iﬁed. I ChatGPT-3.5 0.17 26.33 0.33 10.00
not include GPT-4-turbo 1.31 26.90 2.67 29.67
with unseer SWE-Llama 7b 0.70 51.74 1.33 38.00
SWE-Llama 13b 0.70 53.62 1.00 38.00
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gpt-0ss-120b & gpt-o0ss-20b Model Card

Table 3: Evaluations across multiple benchmarks and reasoning levels.

& deepsecek

DeepSeek-V3 Technical Report

gpt-oss-120b gpt-o0ss-20b
Benchmark (Accuracy (%)) | low medium high | low medium high
AIME 2024 (no tools) 56.3 804 958 | 421 800 921
AIME 2024 (with tools) 75.4 87.9 96.6 | 61.2 86.0 96.0
AIME 2025 (no tools) 50.4 80.0 92,5 | 37.1 72.1 91.7
AIME 2025 (with tools) 72.9 91.6 97.9 | 57.5 90.4 98.7
GPQA Diamond (no tools) 67.1 73.1 80.1 | 56.8 66.0 71.5
GPQA Diamond (with tools) 68.1 73.5 80.9 | 58.0 67.1 74.2
HLE (no tools) 5.2 8.6 149 | 4.2 7.0 10.9
HLE (with tools) 9.1 113 190 | 63 8.8 17.3
MMLU 85.9 88.0 90.0 | 80.4 84.0 85.3
SWE-Bench Verified 47.9 52.6 62.4 | 374 53.2 60.7
Tau-Bench Retail 49.4 62.0 67.8 | 35.0 47.3 54.8
Tau-Bench Airline 42.6 48.6 49.2 | 32.0 42.6 38.0
Aider Polyglot 24.0 34.2 44.4 | 16.6 26.6 34.2
MMMLU (Average) 74.1 79.3 81.3 | 67.0 73.5 75.7
Benchmark (Score (%)) low medium high | low medium high
HealthBench 53.0 55.9 57.6 | 40.4 41.8 42.5
HealthBench Hard 22.8 26.9 30.0 | 9.0 12.9 10.8
HealthBench Consensus 90.6 90.8 89.9 | 84.9 83.0 82.6
Benchmark (Elo) low medium high | low medium high
Codeforces (no tools) 1595 2205 2463 | 1366 1998 2230
Codeforces (with tools) 1653 2365 2622 | 1251 2064 2516

9;/.2
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Bash Only Verified Lite Full Multimodal

Bash Only evaluates all LMs with a minimal agent on SWE-bench Verified (details)

Filters: Open Scaffold ¥  All Tags ¥
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&J # GPT-5 (2025-08-07) (medium reasoning)
&J # Claude 4 Sonnet (20250514)
&J # GPT-5 mini (2025-08-07) (medium reasoning)
& o3 (2025-04-16)
&J # Qwen3-Coder 480B/A35B Instruct
& ¥ 6wM-4.5 (2025-08-22)
&J # Gemini 2.5 Pro (2025-05-06)
&) Claude 3.7 Sonnet (20250219)

& o4-mini (2025-04-16)

% Resolved

70.60

67.60

65.00

64.93

59.80

58.40

55.40

54.20

53.60

52.80

45.00

Avg. $

$0.56

$1.13

$0.28

$0.37

$0.04

$0.33

$0.30

$0.29

$0.35

$0.21

Org
A

A

A

v © ©
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Date

2025-09-29

2025-08-02

2025-08-07

2025-07-26

2025-08-07

2025-07-26

2025-08-02

2025-08-22

2025-07-26

2025-07-20

2025-07-26

Release

1.13.3

1.0.0




Evaluating Coding Language Models

* High-level Task

* Function implementation, Resolve GitHub issues, Fixing vulnerability, etc.

e Mid-level Task

* |In-place code completion, Patch generation, Bash operation, etc.

* Low-level Task
* Next-token prediction

 Evaluation Dataset
« MBPP, HumanEval, BigCodeBench, ClassEval, NaturalCodeBench, etc.
« CRUXEval, SWE-Bench (different variants), etc.

 Evaluation Metric
e Pass@k, %Resolved, $Cost, Token Cost, Time, BLEU score, etc.



Today’s Agenda

* Pre-training stage
«—Modetarchitecture

* Post-training stage
* Supervised fine-tuning
* Reinforcement learning

-

Pre-training Database

z28g

Pretrained
(Base) LLM
Stage D \

(Optional)

Continual
Pre-training

Pre-training Database

Stage @

A

Instruction Database

=28g

Supervised
Fine-tuning
(SFT)
Stage @ \
(Optional)

" Code LLM

A

Human Preference
Alignment with RL
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How to obtain a “good enough” LLM

Dataset

4 - Pre-training dataset/ Fine-tuning dataset
- Instruction tuning dataset

- Alignment dataset
- Human/ Logical feedback dataset

- Evaluation dataset

\

Learning Procedure

Model Architecture - Optimization objectives
- Learning algorithm (SFT, RL, etc.)

- Continual learning, Curriculum learning
- Staged learning

- Encoder-decoder models
- Decoder-only models
- Hyper-parameter tuning



Logistics — Week 7

* Assignment 3: Coding Agents
* Due: Oct 23

* Oral presentation sign up sheet
* Sent out during the weekend
* Oral presentation starting on Week 9

* Forming groups for your final projects!
* Sign up form will be sent out on Thursday
* Form a group of 2-3 before Next Thursday (Oct 16)



