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CHAPTER 01

microgpt &(&

Karpathy RDkFT O/ GPT £,




&FL0O - B—2J 7 IILD&/I) GPT

The most atomic way to train and run inference for a GPT in pure, dependency-free Python.

This file is the complete algorithm. Everything else is just efficiency.

AUTHOR SOURCE STDLIB

Andrej Karpathy GitHub Gist BESAISUDH
FEFEE - LM BB TER. RS RUTI(FR< BE—D Gist TA PyTorch 7@ EDAKIFIR L., Fl%
@karpathy. o Python,
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STRUCTURE

microgpt.py @ 7 ' O I8k

I Bl >—4Atwv bk

B2 h—UF 15—

B3 value (autograd)

B4 state dict
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e Im_head — logits

B 6
FHI-T

orward — loss — backward —
dam

B7
smIL—T

BOS — softmax/sample = X k—

-
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CHAPTER 02

microgpt.py Z&&#AHEE<

autograd - gpt - Z&)L—T DA,




Value — [EEDEANDS—

Value 1 fl = >—% + G + [BE

data B{=1BDME (RB>5—)
Value(2.0)

L& CETE 9 D0)EC Value(3.0)

' \ a*b # c.data == 6.0
EEOIERE (add / mul 12E)

.backward()
forward TlE%Z1E3 — backward TLJB&iR 9 -

YHAHE T grad PARE S
.grad == 3.0 # 9dc/da
.grad == 2.0 # dc/db

My osEiEZE MROZ—IE(SWS /2T autograd AARIZ S
Do
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BUILDING BLOCKS

11—+« U7« iEE — £8P Value L TR

linear rmsnorm softmax

p[i] = exp(x[i] - max) / X

exp(...)

BAHTI EDITIINRD NIUIE. B —EYTIERYE. LayerNorm X N e
LB EIC W DITE x DRESE B2 T. Lama R CHRAEH %ﬁ‘ﬁﬁifﬁ%@%&%ﬁﬁg@%' <o
BLADES, W3, ogits — HEIIRIZII 2.

Value DANS—HBZHHEHDEBIZIT. THliEEEbackward EFNTRRTES,
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MODEL

gpt — forward DN

1. Embedding

wte + wpe (token + (&)

2. Attention

Q - KT / vd » softmax » V

3. MLP

rmsnorm » fcl » ReLU » fc2 (5%#%)
v

4. Im_head

logits « n_embd » vocab_size

mojoAFqd — Part 3

STATE_DICT DI/)XS A —4%4

FETEMSNDIEHTIIOR

[vocab, n_embd] F—27 DAL
[block, n_embd] MDA
wq/wk /wv [n_embd, n_embd] Attention HE A
[n_embd, n_embd] Attention /)
fcl/fc2 [4n, n] / [n, 4n] MLP

1m_head [n_embd, vocab] #Hi&HRIE
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TRAIN & INFER

FaI—T LiEswmIL—I

FEIL—T

O 1. XEEEUS > b—U>1b

@ 2. forward (gpt) T logits

@ 3. cross-entropy T loss

@ 4. loss.backward() TAELD

@ 5. Adam T state_dict E#f

O 6. FBEXRZHFHR

NA N —:
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Lr=0.01, 61=0.85, 62=0.99

#HesmIL—T

O 1. BOS h5hRA

@ 2. forward T logits B8
@ 3. logits / temperature
© 4. softmax — XN
@© 5. multinomial TH> )L

O 6. BOS "D THERDIRT

temperature: [ - MH / 5 > ZHE
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CHAPTER 03

Mojo CEEEHY

RZElABtECHBIBE I D.




B1~B7 DE> 1—)LiERK

microgpt_mojo/ microgpt.py E DX itx

bo1l_dataset.mojo class Value B3 Tape (SoA)
b2 tokenizer.mojo
b@3_value.mojo linear / rms B5 ops

# Tape (SoA autograd)
bo4_state dict.mojo gpt() Bk B5 gpt
bo5_ops.mojo TS o

# Linear / rmsnorm / softmax TEY B6 traln

bo5 t.mojo , o .

_8p ‘ J ' Hezs L — B7 infer
bo6 train.mojo
287 eI e FTY s N B List[T] + ID B8
main.mojo
input.txt Python @ dict Mojo struct
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DESIGN SHIFT

AT SR > SoA T7—7

struct Tape:
class Value: ]
var data: List[Float64]
self.data, self.grad .
B var grad: List[Float64]
self. prev = (a, b) # #H~DO=MH

var prev_a, prev_b: List[Int] # ID

12E SoA [CZERDDh

o List[T] (CA&#NT Dzsb. 13X5 /L copy/move %k T T Mojo DOFFBHEAREI(CEEESI ()
o ID ZBR5_ ) —RAUX MDOHFTEWTERBERL — SBTIERCEBHTES

o XATFUBYEN EMNDB — data Zl3ZEESsER CENUE SIMD {bDRMNEN D
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CHAPTER 04

MAX THEE(L

Tape MEEFRDTN — TS5 TEITEWVWDER,




WHY MAX?

Tape DRF & D S ITREGTNADBIT

937 > A2IAI) - BT

e JHEC &IC/—R%&E 1 EEE o KBTS I =R
o H#EH 1 ATV ITETF~EH /) —R o JEHERIS (kernel fusion)

SIMD/GPU D5ERHVEE LU
BEN (C(Fm < HYHER(SEL

SIMD/GPU "\ODOBE#EI<w E>
AXEY LA 77 Sl

t.add(a, b) - BFt » HIZFEAT
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Graph / Module / Weight — 3 DOHUEE=

sTEH DT BEEHDFEEED FETEEI\SA—H

AN — EE - BHZEETRIICE PyTorch @ nn.Module (TiFL WES ANFTVIL (BOREDD) L8dy
#9 D. InferenceSession (TEL . 188D Weight SiEEZ 1 B (BxE) 7220 =7 L TRE(CIXEIT
<a>J)\AIbs TEIHE, Do

class LinearlLayer(Module): Weight(TensorType(...),

with Graph(...) as g:

self.w = Weight(...) default value=w_init)

out = ops.matmul(w, x)
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MAX x MOJO

F38(3X Mojo / Him

Mojo Tape + Adam

t.node_data - numpy

mld MAX N\

Python interop #%H

gl
=

SIMD / GPU T3F4T

=& 58
° EFILDEI S I7ZEED

e %3 (autograd / Adam)

MAX (Python API)

Mojo Tape

o 1REE(CIRNER T EERER

o HESRODEERET

Mojo (custom ops)

MAX
(InferenceSession)

FB(ZE Tape DFFENU. HFRITIT MAX (CIDBR D — BIENEERILDE—S,
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CHAPTER 05

PyTorch / MLX Lt

SR EEH CREZD IC17<,




FEE=SHTEIERI(E — PyTorch + MPS

PyTorch Z{ES Eh#
O FEHHERS autograd
MAX (3R EM. FBAHLS PyTorch, ‘mps*® 1f torch.backends.mps
.is_available() else "cpu"
O Apple Silicon MPS it
GPU J\wW AT > RT CPU DEZ~+E04=, model = MicroGPT(...).to(device)
- — opt = Adam(model.parameters(),
O nn.Module T3 A5 A lr=1r, betas=(bl,b2))
Adam / Linear / Embedding h'EM#EX 3.
logits = model(tokens[:, :-1])
- \~ - -~ =
O MOJO "5 mterop TIRMF loss = F.cross_entropy(...)
main.mojo 7'5 Python BEBFENITE 3, loss.backward(); opt.step()
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MLX

Apple Silicon A — MLX TH®

CPU / GPU h'EIUAEV

PyTorch MPS (3 CPU<GPU JE—H%4, MLX (IAE . R -
AT, XE Blg /OE $e / JE—KE
API 241l AT T NEFE NumPy & BI%gE:
LAZY EVALUATION - -
=1 \\—“ .
EREDT T A )L MEE SRS HW LA + MPS Apple Silicon 5

mx.eval() CTHEI DX TCEREENFI1—(TEED. 2D
e CREbans.
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CHAPTER 06

SAFTEIE & TERELEER

99.5 M5 3.0 B\ — Mojo & ML XF v,




LINEAGE

7 DDREDH G

microgpt.py

microgpt_mojo

Mojo Tape

microgpt_mojo_max

Tape + MAX #t:&
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microgpt_torch.py

PyTorch + MPS

microgpt_mlx.py

MLX Lazy Eval

microgpt_torch_mojo

Mojo + interop

microgpt_mlx_mojo

Mojo + interop
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F8 1000 X7 J DEER;ET

h INSIGHTS
3

33X

MLX (& Python iRD#I33fEHEL (Unified
Memory)

8x

PyTorch (& Python IRDFI8E (1TH/EE)

microgpt_mlx_mojo
microgpt_mlx.py l 3
microgpt_torch_mojo - 12

microgpt_torch.py - 12

nicrogpt_nojo_nex | 52 1.9x
microgpt_mojo _ 52 ggjo (& Python MRD¥I245 (BFHIEY - 15«
microgpt . py _ 100 =
6 2'0 4'0 6IO 8I0 160 150 Mojo + interop (&Python Rk & (Z(FRE%E
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CONCLUSION

AFY D DisEINE E X E DGR

I Mojo Ry N CRDBLGEER F#IEY / PRAEHE / interop

EsmDEEML (Graph API) > J)8A)L - HW $h54b

I PyTorch ZB8JL—-AD—72 (MPSMI&)  autograd - nn.Module

I MLX Apple Silicon ${bDZFE /L_chg//ed Memory - Lazy

AETREALEMLEH L. KDXRERET I EHEHES LEBICRSD.

MOJO O E({f

Python OEZEP9 = +
C DELSRIERE

B RXF I - FRABIET
TR EREZ MU,
Python T2 X5 /AC
EDOFEITENS.




