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Figure 1: The Transformer - model architecture.
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BHOL. SNHHIE:

import torch

import numpy

import torch.nn as nn

import torch.nn.functional as F




5k, X Tword embedding, EELUF BN, #E A sourcefiitarget, %
source sentencef{itarget sentence, XLCERE BHUEL, R ] DU IES T

HoEFY, PPN LUZELIIEEE R, Botggisourcefy i fiitarget)v 51, FiH:
ELfkfsource /¥ flitarget 4 2 1, JGiE L source lengthfitarget length, JHE 41K
FEEF HIR R AIHC e i— ME, AR R, SREEFLRY A, Biam 25|

src_ len = torch.randint()

torch.randintpf % /& FEALAE S — DA R K%, randintfyapi up =2 BT A B

B MIEEAE N /ME, IR SR/ MEN2
B E N RKRE, BRI RIRAENS.

BT RE=AMEERK, FE7nERE 2batch size, fr AEAERI A& L—1-batch
size, Z&A 2 [ FLRY % batch size = 2

batch_zie = 2

src_len = torch.randint(2,5, (batch_size,))
tgt_len =

src_seq =

tgt_seq =

2o DA B s RE AR SRR SR, [RIRER H AR SR, 30k AsTe_len—#¢Ry, Ji
o2 A, BiRrslsiafaz A, i,

B TR S

In [1): import torch
import numpy
import torch.nn as nn
import torch.nn.functional as F

# XFword embedding, LIFFRENH

# F@Esource sentence fl] target sentence

¥ RFFY, FINFRFUREIGRPIIRSIBEXRT
batch_size = 2

src_len = torch.randint(2, 5, (batch_size,))
tgt _len = torch.randint(2, 5, (batch _size,))
print(src_len)

print(tgt_len)

tensor([3, 4])
tensor((2, 2])



FIENG, sre_len = [3,4]). tgt_len =[2,2], X2 2 lWe? #a2viEik
batch_size=2 %85 5771 source T Al 1, B—MhFREN3, B oM TRIER
4y REEWRAIT, B NRTFIRER2, EoMFNRKREE N2, MR TR, B
S, XFEALE, FrLCA T, 57 hard code, 384745 &5, AT

import torch

import torch.nn as nn

import numpy

import torch.nn.functional as F

batch_size = 2

torch.Tensor([2,4]).to(torch.int32)
torch.Tensor([4,3]).to(torch.int32)

src_len
tgt_len

print(src_len)
print(tgt_len)

fiie: JERPARIE 2, 4, HIRPSHREEDE4,3

BEEA TIPARELUG ., AETs, RS E G T 6 Ftorch.randint 4 sl 2 {4k
B, SRt E RS, REIMNE/IME & N, BOME, B E 2 8, RFIKL

EixHEpysize, @ EL, List/dMsource len HEEI A, IXAERATERR T HE—1 A7
S A7 R HONFI R, Bk, JATFTEL, BRATARET

src_seq = [torch.randint(1,8,(L,)) for L in src_len]
print(src_seq)

Out:(tensor([7,3]),tensor([6,7,1,3])]
XA VRIS, B AR B AR FA, BErF 20 KRR WA A8

tgt_seq = [torch.randint(1,8,(L,)) for L in tgt_len]
print(tgt_seq)

4 H3r 5 max_num_ src_ words = 8 il 2P i S8, HirF5)
max_ num_ tgt_words = 8 [F]#¢

T2,



# BiERAN
max_num_src_words
max_num_tgt_words

i
o 0

[torch.randint (1, max_num_src_words, (L,)) for L in src_len]
[torch.randint (1, max_num_tgt_words, (L,)) for L in tgt_len]

src_seq
tgt_seq

print(src_seq, tgt_seq)

SERART:

import torch

import numpy

import torch.nn as nn

import torch.nn.functional as F

# XFword embedding, LUFFIERFH)
# Z[Esource sentence ff] target sentence
# 175, FIIRFRFUREGRFRIFRSIAI T

batch_size = 2

# EIGRA
max_num_src_words = 8
max_num_tgt_words = 8

#src_len
#tgt_len
src_len = torch.Tensor([2, 4]).to(torch.int32)
tgt_len = torch.Tensor([4, 3]).to(torch.int32)

torch.randint(2, 5, (batch _size,))
torch.randint(2, 5, (batch_size,))

src_seq
tgt_seq

[torch.randint (1, max_num src_words, (L,)) for L in src_len]
[torch.randint (1, max_num_tgt_words, (L,)) for L in tgt_len]

print(src_seq, tgt_seq)

[tensor([7, E]), tensor([6, 4, 5, 5])] [tensor([4, 3, 5, 1]), tensor([5, 1, 6])]

src_seq. tgt_sequi/e FIRIZE G MY A) T, WA T F NS 2 src__seqid 2tgt__seq H
A7, KEEA—FE, WERFRATE DSE R I S0 N B 2, FRATE LR IEA] 1K
FER—FER . a2 in—Padding

ARG AIWE, A skiatgtirpadfifE, pad@fefunctionalfjapidh, f#JHF.pade#
., GO EvIpadsis K, Hehniisource sequencefy kK 24, target sequencesy
KEKEREL, FrUIRMTEEEpad i KK E, B — A4k e, i
tensor([7,3]). F.pad®— "B Epadiyxdge, 6 A8 Bl Zpadiyigtk sk
I AR Epad b /0, A4 —#Apad, AipadiyickfE. a2
FAlM s W e S K GEREMIXaE) 2807, EJ5id Yara) 7K 2
. tensor([7,3]), Wi KK E R4, Frik Filpad 10, 252447 tensor([6,4,5,5]),i
HEAKE, FrUATZpad.



import torch

import numpy

import torch.nn as nn

import torch.nn.functional as F

# *XFword embedding, LA/FFYREEH
# ZEsource sentence ff] target sentence
# W5, FIIRIFIFUREIGRFRIFES IR T

batch_size = 2

# EigRAN
max_num_src_words = 8
max_num_tgt_words = 8

#src_len = torch.randint(2, 5, (batch_size,))
#tgt_len = torch.randint(2, 5, (batch_size,))
src_len = torch.Tensor([2, 4]).to(torch.int32)
tgt_len = torch.Tensor([4, 3]).to(torch.int32)

# 1RSI F
src_seq = [F.pad(torch.randint(l, max num src words, (L,)), (0, max(src_len)-L)) for L in src_len]
tgt_seq = [torch.randint(1l, max_num tgt_words, (L,)) for L in tgt_len]

print(src_seq, tgt_seq)

[tensor([7, 3]), tensor([6, 4, 5, 5])] [tensor([4, 3, 5, 1]), tensor([5, 1, 6])]

Fe R FATE LA AR BATE LA SRR BRI Hn 5. Almax_src_seq_len
=5, targetth/2 —F£f max_tgt seq len =5, tml R IRATE LR ATFIHCEE ., BRIAS
FEO, IBfTEAL,

In [6]: import torch
import numpy
import torch.nn as nn
import torch.nn.functional as F

# XFword embedding, LUFIBLENH
# Z&fsource sentence f] target sentence
# 195, FIIRIFIFAREIGRPAIFS BT

batch_size = 2

# FEFRA
max_num_src_words = 8
max_num_tgt_words = 8

# FIIRAKE
max_src_seq_len = 5
max_tgt_seq len = 5

#src_len = torch.randint(2, 5, (batch_size,))
#tgt_len = torch.randint(2, 5, (batch_size,))
src_len = torch.Tensor([2, 4]).to(torch.int32)
tgt_len = torch.Tensor([4, 3]).to(torch.int32)

# BRI HEAIE]F

src_seq = [F.pad(torch.randint(l, max_num src_words, (L,)), (0, max src_seq len-L)) for L in src_len]
tgt_seq = [torch.randint(l, max_num tgt_words, (L,)) for L in tgt_len]

print(src_seq, tgt_seq)

[tensor([2, 5, 0, 0, 0]), tensor([6, 1, 4, 1, 0])] [tensor([5, 7, 7, 7]), tensor([7, 6, 4])]
»

METH G RV, A FEEER T, S M RKREAKRE2 (B—HiH 22,
A BIEE 5) L IS, TSI AR AKE 6,1,4,1, FAMKIAEHpad)ks,
M) FIR KRS, HinFFI RO, a4, IR Dok gl 1
—AHIFER, I E AR — tensor, —4Etensor, it batch size x
max_ seq_ length ix#f —4tensor, ifidtorch.cat()ef % s



src_seq = [F.pad(
torch.randint(1,max_num_src_words, (L,)),
(0,max_src_seq_len - L)
)
for L in src_len

]

XFEEATHY, WEEAe NIk A8 Ak 2Ry, Htorch.unsqueeze, B eig M FEASEE Al —
4, REEIEW A FESSo4kcatie >k, R

src_seq = [torch.randint(1,8,(L,)) for L in src_len]
max_num_src_words = 8

# src_len = tensor([7,3])
# torch.randintf9Z%% min, max, A2IK
src_seq = [torch.randint(1,max_num_src_words, (L,)) for L in src_len]

# pad
[
F.pad(torch.randint(1,max_num_src_words, (L,)), (0,max_src_seq_len - L))
for L in src_len
]
# unsqueeze
[
torch.unsqueeze(
F.pad(torch.randint (1, max_num_src_words, (L,)), (0,max_src_seq_len -
L)) ,0)
for L in src_len
]
# concat
torch.concat( [
torch.unsqueeze(
F.pad(torch.randint(1,max_num_src_words, (L,)), (0,max_src_seq_len -
L)) ,0)
for L in src_len

1)

FTHI S 22pl 1T — 45k



In [7]: import torch
import numpy
import torch.nn as nn
import torch.nn.functional as F

# XFword embedding, LIFFIZENH)
# Z[@source sentence fll target sentence
# 173, FIIRIFRIURE SR PRIFS I T

batch_size = 2

# BIFgRA/
max_num_src_words
max_num_tgt_words

[}
@

# FIIIRAKE
max_src_seq_len = 5
max_tgt_seq len = 5

#src_len = torch.randint(2, 5, (batch_size,))
#tgt_len = torch.randint(2, 5, (batch _size,))
src_len = torch.Tensor([2, 4]).to(torch.int32)
tgt_len = torch.Tensor([4, 3]).to(torch.int32)

# 1RSI F

src_seq = torch.cat([torch.unsqueeze(F.pad(torch.randint(1l, max_num_src_words, (L,)), (0, max_src_seq_ len-L)), 0) \
for L in src_len])

tgt_seq = [torch.randint(l, max_num_tgt_words, (L,)) for L in tgt_len]

print(src_seq, tgt_seq)

tensor(((7y 2, 0, 0, 0],
(4y 7, 2, 3, 0]1]) [tensor([4, 1, 6, 7]), tensor([3, 3, 5])]

SRR

# BiAER5| MR F

src_seq = [torch.randint(1,max_num_src_words, (L,)) for L in src_len]
print(src_seq)

# pad &

src_seq_pad = [F.pad(s, (0,max_src_seq_len — len(s))) for s in src_seq |
print(src_seq_pad)

# unsqueeze T4 AT concat

src_seq_pad_unsqueeze = [torch.unsqueeze(s,@) for s in src_seq_pad]
print(src_seq_pad_unsqueeze)

# concat

src_seq_pad_unsqueeze_concat = torch.concat([s for s in
src_seq_pad_unsqueezel)

print(src_seq_pad_unsqueeze_concat)

[tensor([7, 31), tensor([1l, 6, 4, 5]1)]
[tensor([7, 3, @, @, @]), tensor([1, 6, 4, 5, 0])]
[tensor([[7, 3, 0, 0, @]]1), tensor([[1, 6, 4, 5, 0]]1)]
tensor([[7, 3, 0, 0, 0],

[1, 6, 4, 5, 0]])

FUR e 57 [ 2



In [9]: import torch
import numpy
import torch.nn as nn
import torch.nn.functional as F

# FFword embedding, UFFBEH M
# ZEsource sentence f{] target sentence
# HBFS, FIIRFRAIUREGRPAIFE SRR

batch_size = 2

# EFRAN
max_num_src_words
max_num_tgt_words

# FIIRIRAKE
max_src_seq_len = 5
max_tgt_seq len = 5

#src_len = torch.randint(2, 5, (batch size,))
#tgt_len = torch.randint(2, 5, (batch size,))
src_len = torch.Tensor([2, 4]).to(torch.int32)
tgt_len = torch.Tensor([4, 3]).to(torch.int32)

# EIR5IHEAIEF

src_seq = torch.cat([torch.unsqueeze(F.pad(torch.randint(1l, max_num_src_words, (L,)), (0, max_src_seq_len-L)), 0) \
for L in src_len])

tgt_seq = torch.cat([torch.unsqueeze(F.pad(torch.randint(1l, max_num_tgt_words, (L,)), (0, max_tgt_seq len-L)), 0) \
for L in tgt_len])

print(src_seq)
print(tgt_seq)

tensor(([(5, % O, 0, O],
(3, 7% 3, 3, 0]1])
tensor([([1, 5, 3, 5, 0],
(6, 2, 1, 0, 0]])

batch size=2, —-batch PiPHEA BRI 0, HURZR G T IRAFF B ARG+ HEgT
Tpadding, #lconcat, DI Ef3E|TIZEHE, £ ok fikembedding (& 4 #i
embedding? |42 pytorch embeddingf/japi

% pytorch ER embedding_BHE# X ’O Embedding — PyTorch 2.5 doct. X | +

https://www.baidu.com/s?ie=utf-8&f=8&rsv_bp=1&tn=68018901_3_dg&wd=pytorch%20... A Y 9. B
ol I

R ® [les NLEJdd Sleali | R ks ™ "I " M g el "
pytorch B M embedding X @ © BE—T

Embedding — PyTorch 2.2 documentation
BEUNITNRXEE, BT FLn

Embedding.from_pretrained(weight) >>> # Get embeddings for index 1 >>> input = torch.LongTe
nsor([1]) >>> embedding(input) tensor([[ 4.0000, 5.1000, 6.3000]]) Nex...

pytorch.org/docs/stable/genera...

[PytorchZ>]] nn.Embeddingfdiitf# f{FH-CSDN{EE

2023%11 3 1H nn.Embedding.from_pretrained & /5 X449
dingFJ IS B R E X iFitensorfEfyweight, X MNE 245
T2 R AT MNEE #FloatTensor 24§ >>>weight=tor,

@ CSDNEE

EMBEDDING

Embedding_in PyTorch - DEV Community

Buy Me a Coffee=® *Memos: My post explains Embedding Layer. My post explains manual_seed
(). My... Tagged with pytorch, embedding, embeddinglayer, layer.

dev.to/hyperkai/embedding-in-p...




2 A

% pytorch B/ embedding_HfE# X () Embedding —PyTorch 2.6 doct. X | -+

https://pytorch.org/docs/stable/generated/torch.nn.Embedding.html A 0 9% s O e u‘m (2] ] DO BN
Learn v Ecosystem + Edge v Docs v Blogs & News About + Become a Member (]
Docs > torch.nn > Embedding Shortcuts

5 Embedding Embedding

+ Embedding

CLASS | torch.nn.Embedding (num_embeddings, embedding_dim, padding_idx=None, max_norm=None,
norm_type=2.0, scale_grad_by_freq=False, sparse=False, _weight=None,
[+] _freeze=False, device=None, dtype=None) [SOURCE]

P [+]

A simple lookup table that stores embeddings of a fixed dictionary and size.

This module is often used to store word embeddings and retrieve them using indices. The input to the module is a
list of indices, and the output is the corresponding word embeddings.

Parameters

* num_embeddings (int) - size of the dictionary of embeddings

Hitembedding, pytorchfjapin] LIyi&, fembeddings, it a 5|55 41 Fi )
embedding, jEittorch.nn.Embeddingfiapi, #jitembedding#, HHER5|NELHH—
17, embeddingA W24k, —Enum_embedings, thh 2 T A TH IR 4 H BE FRERIE
5Py S. E, /=% embedding  dim, # A4E)E

« embedding dim (int) — the size of each embedding vector

A, RATDEFE & LD B — iR K/max_num_src_words
max_num_tgt_words, ©&ENLT, WARALEE, model dim, 7EIHIECHEREN
512, TEMCZHIT-, LS, A8, FEZGH T BRI A/ R RNZERE, $2 12K AT LASK
ik —1~ embedding2k 17, nn.Embedding(),%; % source embeddingfiitarget
embedding, A%, HiaF A/, max_num_ src_ words[EfEid&G+1, KA
paddingff: nn.Embedding(max_num_ src_ words+1, ), &£ Amodel dim, 75
Flnn.Embedding(max_ num_ src_ words+1, model dim), & H
src_embedding_ table, ik i Etable

RSB :

model_dim = 8
src_embedding_table = nn.Embedding(max_num_src_words+1, model_dim)

A FERY & X target embedding table

model_dim = 8
src_embedding_table
tgt_embedding_table

nn.Embedding (max_num_src_words+1, model_dim)
nn.Embedding (max_num_tgt_words+1, model_dim)



https://docs.python.org/3/library/functions.html#int

BN RA4TEIweight, &% embedding table, jx-{~embedding table&—/~ " 4k4E %,
—f1HE&—Pembeddingf i, #0f7/EpadFiFrembedding [aitt, MEHEUTEIZEOTT &
b R yembedding iy i, AR SIZZ D, WV Aembedding table
(GEI GG

print(src_embedding_table.weight)

# Hi&embedding
src_embeddingItable = nn.Embedding(max_num src_words+l, model_dim)

tgt_embedding_table = nn.Embedding(max_num_tgt_words+l, model_dim)

print(src_embedding_table.weight)

Parameter containing:

tensor([[ 0.1276, -1.3390, 0.2808, -0.7933, 2.2213, -0.7257, 0.9357, -0.3396],
[ 0.3780, 1.2084, 0.1707, 0.2238, 0.1941, 0.5684, -0.1049, 0.6978],
[ 0.3413, 0.6086, -1.7950, -1.0479, 0.0943, -0.3531, -0.9345, 1.8496],
[-1.7034, 0.6219, -2.0887, -0.6529, 0.5925, 0.3618, 1.2209, 0.1621],
[ 1.3406, 0.1540, 1.6920, 1.9183, -1.7418, -0.3558, 0.4391, -0.3817],
[ 1.6231, -0.8980, 0.4954, 0.0464, -1.7121, -0.0821, 2.6978, -2.2113],
[ 0.1899, 0.0714, 0.6193, 1.7602, -0.3290, -0.5700, -2.8945, 1.8768],
[ 0.4374, -0.5439, -0.1498, 0.1564, -0.8546, 0.0413, 0.8716, -0.2054],
[-2.1064, 0.2820, -0.6767, 1.1465, -1.4897, -0.6556, -0.8321, -2.2265]],

requires_grad=True)

BN, f5%source embedding, ffsource sequence Zj# embedding table, Ff4TEI—
Fsource embedding

src_embedding = src_embedding_table(src_seq)
print(src_embedding)

Parameter containing:

tensor([[ 0.7634, 0.1148, -0.3328, 1.0741, 0.0869, -0.2325, -0.6342, 1.4446],
[ 1.3140, 3.0582, 0.2585, -1.4647, 0.7533, 1.1781, -0.0379, -0.1095],
[ 1.1563, 0.7174, -0.3724, 0.3480, 0.5916, -0.7421, -1.0576, -0.9683],
(-1.6377, 1.7896, 1.7968, 1.8414, 0.4291, 0.4070, -1.8871, -0.9931],
[ 0.7567, 2.1290, 2.4800, -0.6606, -0.9341, -0.6014, -0.2183, 0.5124],
[ 0.7781, -0.2291, -1.4048, -0.7616, 1.1395, -0.8143, 0.8146, -0.9229],
[ 0.0331, 0.7554, 1.7491, -0.6220, 0.3246, -0.9675, 1.0886, 0.3425],
[ 0.5976, 0.4943, 0.0780, -0.0733, 0.2128, 1.6107, 0.5834, 1.7277],
[ 0.7860, 0.7582, 0.5563, 0.3092, 0.0633, -1.8518, -1.3804, -0.8642]],

requires_grad=True)
tensor([[[ 0.5976, 0.4943, 0.0780, -0.0733, 0.2128, 1.6107, 0.5834,

1.7277],
[ 0.7567, 2.1290, 2.4800, -0.6606, -0.9341, -0.6014, -0.2183,
0.5124],
[ 0.7634, 0.1148, -0.3328, 1.0741, 0.0869, -0.2325, -0.6342,
1.4446),
[ 0.7634, 0.1148, -0.3328, 1.0741, 0.0869, -0.2325, -0.6342,
1.4446),
[ 0.7634, 0.1148, -0.3328, 1.0741, 0.0869, -0.2325, -0.6342,
1.4446]1),
([ 0.7567, 2.1290, 2.4800, -0.6606, -0.9341, -0.6014, -0.2183,
0.5124],
[ 1.3140, 3.0582, 0.2585, -1.4647, 0.7533, 1.1781, -0.0379,
-0.1095],
[ 0.5976, 0.4943, 0.0780, -0.0733, 0.2128, 1.6107, 0.5834,
1.7277],
[ 0.5976, 0.4943, 0.0780, -0.0733, 0.2128, 1.6107, 0.5834,
1.7277],
[ 0.7634, 0.1148, -0.3328, 1.0741, 0.0869, -0.2325, -0.6342,
1.4446])], grad_fn=<EmbeddingBackward>)



source embedding /2 fizsource sequencef5#f, ifisource sequenceth T EH >k

print(src_embedding_table.weight)
print(src_seq)
print(src_embedding)

%
g thy 25
Parameter containing:
tensor([[ 1.3680, 0.5344, -1.2157, 0.8786, 0.6017, 1.3696, -0.7503, 1.3044],
[-0.3313, 1.8852, -0.3040, 1.6263, 1.5244, 0.3444, -0.0674, 0.0115],
[-0.9653, -1.6769, -0.0799, -0.2548, -0.4064, 0.9611, 0.2275, 2.2370],
(-0.1803, 1.3554, 0.9487, 1.2418, 0.7036, -0.8762, -0.8453, -1.0251],
[ 1.0649, 0.4704, 0.9894, -0.2527, 0.9672, 1.3744, 0.0438, 2.0881],
[ 0.9510, 0.2358, -0.3233, 0.9433, -0.0379, 0.4729, 2.1471, 1.7742)],
([ 1.1321, 3.1257, -1.1504, 0.4150, -1.4767, 0.6883, 0.0959, 1.0365],
[-0.8520, -0.6287, 0.4630, 0.0439, -1.1333, 0.1906, -1.5407, -1.7028],
[ 0.2650, -0.3006, -0.9795, -0.0842, 2.0579, 0.8820, 0.0497, 1.4250]],

requires_grad=True)
tensor([([7, 1, 0, O, O],
(2, 7, 4, 3, 0]])
tensor([[[-0.8520, -0.6287, 0.4630, 0.0439, -1.1333, 0.1906, -1.5407,

-1.7028],
[-0.3313, 1.8852, -0.3040, 1.6263, 1.5244, 0.3444, -0.0674,
0.0115)],
[ 1.3680, 0.5344, -1.2157, 0.8786, 0.6017, 1.3696, -0.7503,
1.30447],
[ 1.3680, 0.5344, -1.2157, 0.8786, 0.6017, 1.3696, -0.7503,
1.3044],
[ 1.3680, 0.5344, -1.2157, 0.8786, 0.6017, 1.3696, -0.7503,
1.3044]],
[[-0.9653, -1.67&5, -0.0799, -0.2548, -0.4064, 0.9611, 0.2275,
2.2370],
[-0.8520, -0.6287, 0.4630, 0.0439, -1.1333, 0.1906, -1.5407,
-1.7028),
[ 1.0649, 0.4704, 0.9894, -0.2527, 0.9672, 1.3744, 0.0438,
2.0881),
[-0.1803, 1.3554, 0.9487, 1.2418, 0.7036, -0.8762, -0.8453,
-1.0251),
[ 1.3680, 0.5344, -1.2157, 0.8786, 0.6017, 1.3696, -0.7503,
1.3044]]), grad_fn=<EmbeddingBackward>)

o 2 R A
_kEiZembedding table

Hr A source sentencefy) #iirlid

2RI L tablerdkEL f embedding vector, FEESE— A FHembedding
vector, N2 M rRJembedding vector EEAYE—1T, MEE— IR
embedding vector, pijZembedding tablefyZ& 5] 7, XMW AYsKE, 198, i
embedding tablerfxf iV [1) %511, £ FRIFH = HidEpad, xfi/fembedding table
55047

zi E3A(115%) 7 source embedding , target embedding /2 J5{IRY



# EESIHR G FHIE G F, HEAMTpadding, EiIAENO

src_seq = torch.cat([torch.unsqueeze(F.pad(torch.randint(1l, max_num src_words, (L,)), (0, max_src_seq len-L)), 0) \
for L in src_len])

tgt_seq = torch.cat([torch.unsqueeze(F.pad(torch.randint(1l, max_num tgt_words, (L,)), (0, max_tgt seq len-L)), 0) \
for L in tgt_len])

# #i&embedding

src_embedding_table = nn.Embedding(max_num_src_words+l, model_dim)
tgt_embedding_table = nn.Embedding(max_num_tgt_words+l, model_dim)
src_embedding = src_embedding_table(src_seq)

tgt_embedding = tgt_embedding_table(tgt_seq)

print(src_embedding_table.weight)
print(src_seq)
print(src_embedding)

X H s 2 JH A, embedding classfyforward 7, forwardyikfepytorchrf, 24+
python#EfrclassHfcalljrik, wh@xt— 526 J5m E e in— M E5 A2 call ik
s Fforward 5%

2z 1153 i A\ fyembedding ik H yembedding  «==» source embedding & target
embedding

Ll b2 4 word embedding i

TESKBRAT H b AR I BBk 7 A MR, XM e
1T A SR BTERO AL, S50 MALE BH% pad TAF, M EIRE], IR
SIHRIRE T A1 H AR T

SR Ebateh, #ygbatchiyitfe, ZhnApad, pad#tilho . #53minibatchfyzs]
PAm, i embedding, f H LA 5| Mg A 1524 embedding, #Jifirembedding
DU, B NS EgLpositon encoding s #position embedding, it b £5H
A

In this work, we use sine and cosine functions of different frequencies:

PE(pos,2i) =S Sin(pO.S’/l(;{OOOZi/dmodcl)

PE (s 2i+1) = cos(pos/100002/ dmoset)
where pos is the position and : is the dimension. That is, each dimension of the positional encoding
corresponds to a sinusoid. The wavelengths form a geometric progression from 27 to 10000 - 27. We

chose this function because we hypothesized it would allow the model to easily learn to attend by

relative positions, since for any fixed offset k, PE,,, can be represented as a linear function of
PE
pos-+

R T AT 24 X R AL E 4w RS, i sin cos embedding,

B ZACRE e, R, @ BIRIBOA Wit HY P S th REAR S EATHY
PP L, SR— PRI 1 ARBCR K

B EANFR I B A, B AE ERembedding 2 E R,



P TR UL (B i AT AL

4 embedding @ — A T 4Esk i E U MERE, ATBUVIZR A TR E R BRI 2R H
PRFEST, MR RAICEE, fF—412d_model, T L5t FATE L— oKL,

pos embeddingf¥ i A K& max_positon_len =5, ¥4 & PGS i KA ESET
5, WELEERINZGT Bra AR E R KE TS5, dimit/E model dimB&E LT, X4
position embeddingth sl &5 KA %5 A BEY], A7 coseREL HE F sinR%L |
(EANVE R SINRF A E COSPREL, HME 482 Ry, FrAnT DAERAR A P10 R4 1 A0 3fe ok
F AT LAMERLA A — A 2k, O MR . MESE L, B ARk AR P R
T, BETRE B4, EEtnERmARY,

pPOS
21
1000 %model

Him AW R, — 1 2pos, — 121, pos@MORIE AR — Mt el i, B
(CF

i — P posiy 741,45 i 44 pos matrix

max_positon_len = 5
# t9i&positon embedding
pos_mat = torch.arange(max_position_1len)

FTEIpos__mat, #it tensor([0,1,2,3,4]). pos_matfF—11#kE—FER%EL AR 4k
KR RS FORTE S BINATE, SRIE4 B0 L sinflicos, 1531 H bR M R E S F 2T 500

BE N B S BAREER SR, 5 BHERNARE S AW R, — > Eposis
HE, AR, pOSTRILEET, ARIUEES, Mt BN RS, posiX M
M —fTIER R, XN RS EER R, XFERRE R T, HE S posk
f, POSIXPMHFERATC A E X Tpos_mat, (HZHar g — P —4kna, FRITEm ek
—YE4HME, F reshapeyyk, torch.arange(max_ position_len).reshape((-1,1)),4TEl,
v -

# Higposition embedding

pos_mat = torch.arange(max_position_len).reshape((-1, 1))

print(pos_mat)

tensor([[k)],
(11,
(21,
(31,
[411)

152 T posHiFs: posHiFEIE—FT AN . Hurid# A fibroadcast, HAa—71



BN R SRR, PR 2L, & ChL_mat, imat —fE 5K 10000 (—! ) 21
%00 d_ {model} vk 77

i__mat 5% 21, ZpEXAymodel_dim Z+8, ®LAEi_mat = torch.arange(0,2,8)JH]
W2, mAES, IXHE M — T s/ IMERO s KMEES (A2, BRI ANEZATEL
5 E R EEE, HiE A Fikt B R b b RE ks E xRAR —F 55—

1000dmmkl
a"kﬂ]%li%u dmodel Xﬁ&%ﬂﬁﬁ%

i_mat = torch.arange(0,8,2)/model_dim

[ ffZireshape, screshape, Ff, reshapeff% 2 —17 ; YK HLE -1, B FR4TEN
i1 matfyfE

i_mat = torch.arange(0,8,2).reshape((1,-1))/model_dim
print(i_mat)

torch.arangefyapis; 52 min. max. patch

# HiBposition embedding
pos_mat = torch.arange(max_position_len).reshape((-1, 1))
i_mat = torch.arange(0, 8, 2).reshape((1l, -1))/model_dim

print(i_mat) I
tensor([[0.0000, 0.2500, 0.5000, 0.7500]])

XFE 22 T 1 matfFE1 T4 AH 25X 1 matiifEids = —110000 (—J3) &J7, Arbigk
11#48—§ torch pow %L

| @ J s torch pow_EEER X () Embedding — PyTorch 2.5 doct. X | —+
) https://www.baidu.com/s?ie=utf-8&f=8&rsv_bp=1&tn=68018901_3_dg&wd=torch%20po... =~ A ¥ 0. a e (] @3 = U
[ | torch pow X 0 © EEESS HEER

torch.pow(self,exponent,* out=None)—Tensor selfis a scalarfloatvalue, andexponentis a tensor. T
he returned tensoroutis of the same shape asexponent The operation...

pytorch.org/docs/2.0/generated...

torch.pow() £45]-CSDN
I 2020512517 H pow(a, 2) tensor([0.0797, 0.1380, 0.8259, 3.0980]) >>
== > >>>>>>>>> exp = torch.arange(2.0, 6.0) >>> a = torch.arange(1., 5.)

>>>atensor([1., 2., 3., 4.]) >>> exp ten...

E @ CSDNfEE
torch.mean()Altorch.pow()EAIEMH - KEUE - {ZIRE

2021512 H27H torch.pow() SHAIE D BREBREH a=torch.tensor(3) b=torch.pow(a,2)print
(b) c=torch.randn(4)print(c) d=torch.pow(c,2)print(d) AHCEBEAF EHIK....

LR I



‘ (1] |'Z¢'g torch pow_EEEER X () torch.pow — PyTorch 2.0 docur X | () Embedding — PyTorch 2.5 doct X ‘ —+

() https://pytorch.org/docs/2.0/generated/torch.pow.html A 9y s O e @ (2] a3 = O 4
rch Get Started Ecosystem Mobile Blog Tutorials Docs v Resources v GitHub
.
Docs > torch > torch.pow
-ch Docs

TORCH.POW

y [+]
torch.pow (input, exponent, *, out=None) — Tensor
Notes [ +]
pile [-] Takes the power of each element in input with exponent and returns a tensor with the result.
bo Grariay exponent can be either a single £loat number or a Tensor with the same number of elements as input.
rchDynamo . . Lo
When exponent is a scalar value, the operation applied is:
ted
view __,exponent
out; = x;
kends
10 Deeper Dive When exponent is a tensor, the operation applied is:
10 Troubleshooting
t, = exponent;
\sked Questions out; = ;

When exponent is a tensor, the shapes of input and exponent must be broadcastable.

P ters:
3indings [ +] arameters
-] e input (Tensor) - the input tensor.
¢ exponent (float or tensor) - the exponent value
Keyword Arguments:
ctional

out (Tensor, optional) - the output tensor.

e VENINIEIEE

pos
2i

1000 model

i_mat = torch.pow(10000,torch.arange(0,8,2).reshape((1,-1))/model_dim)
print(i_mat)

# #liposition embedding
pos_mat = torch.arange(max_position_len).reshape( (-1, 1))
i_mat = torch.pow(10000, torch.arange(0, 8, 2). reshapeI( (1, -1))/model_dim)

print(i_mat)

tensor([[ 1., 10., 100., 1000.]1])

10000 /)€, torch.arange(0,8,2).reshape((1,-1))/model_ dim AL,

KATE 4152 7 pos_mat #f71_mat, £ Pl pe embeding table, g JepaHLRILG L
— A TYERERE, KN RIE max_ position len(g b fr B )x model dim,

HAASIE -

pe_embedding_table = torch.zeros(max_position_len,model_dim)

SNE B AT IAE A 1, 70 A RO X



WEFNEME LR R ? Ho2 A48, BfRS 15 pe_embedding_ table[:,0::2]
ROk, EES WIE singFi%] sin(pos_mat /i__mat)

pe_embedding_tablel[:,0::2] = torch.sin(pos_mat / i_mat)

# #position embedding

pos_mat = torch.arange(max_position_len).reshape((-1, 1))

i_mat = torch.pow(10000, torch.arange(0, 8, 2).reshape((l, -1))/model_dim)
pe_embedding_table = torch.zeros(max_position_len, model_dim)
pe_embedding_table[:, 0::2] = torch.sin(pos_mat / i_mat)

print(pe_embedding_table)

tensor([[ 0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000],
{ 0.8415, 0.0000, 0.0998, 0.ch00, 0.0100, 0.0000, 0.0010, 0.0000],
[ 0.9093, 0.0000, 0.1987, 0.0000, 0.0200, 0.0000, 0.0020, 0.0000],
[ 0.1411, 0.0000, 0.2955, 0.0000, 0.0300, 0.0000, 0.0030, 0.0000],
[-0.7568, 0.0000, 0.3894, 0.0000, 0.0400, 0.0000, 0.0040, 0.0000]])

FITAT B A SRR T, DUER 80 [FFER TR T IR COSREL

pe_embedding_table[:,1::2] = torch.cos(pos_mat / i_mat)

# Fiigposition embedding

pos_mat = torch.arange(max_position_len).reshape((-1, 1))

i_mat = torch.pow(10000, torch.arange(0, 8, 2).reshape((l, -1))/model_dim)
pe_embedding_table = torch.zeros(max_position_len, model_dim)
pe_embedding_table[:, 0::2] = torch.sin(pos_mat / i_mat)
pe_embedding_table[:, 1::2] = torch.cos(pos_mat / i_mat)

print(pe_embedding_table)

tensor([[ 0.0000e+00, 1.0000e+00, 0.0000e+00, 1.0000e+00, 0.0000e+00,
1.0000e+00, 0.0000e+00, 1.0000e+00],
[ 8.4147e-01, 5.4030e-01, 9.9833e-02, 9.9500e-01, 9.9998e-03,
9.9995e-01, 1.0000e-03, 1.0000e+00],
[ 9.0930e-01, -4.1615e-01, 1.9867e-01, 9.8007e-01, 1.9999e-02,
9.9980e-01, 2.0000e-03, 1.0000e+00],
[ 1.4112e-01, -9.8999e-01, 2.9552e-01, 9.5534e-01, 2.9995e-02,
9.9955e-01, 3.0000e-03, 1.0000e+00],
[-7.5680e-01, -6.5364e-01, §.8942e-01, 9.2106e-01, 3.9989e-02,
9.9920e-01, 4.0000e-03, ¥.9999e-01]])

WFTENZE B FrR sE3 T positonal embedding %041 2 Sineq% #7405 2 cos sR%L, Xit
SR R, AN R L ) position embedding, 44kt AT DL A
forfGER. A Mt A vl LU T, A1 A=

PE(pos, 2i) = sin(—5—)

10000 Zmodel
AWM — 2 pos /@2l posAFig s, 1AM FrLART DUH P 4R
Fe, —MDHERE [ posAEAY,, —MAERE [ iARY, SRR pytorch )T #5 broadcast
MU R A HIxnfy sk & Sl — nx1 fygkin, AR nxnfyikia, XEE
I f5110 2 element-wisefy3fei, MASEMEMIRL, FEAAT MILE], o7 AUk | 376k
FIFEROLERE , SR TFE T B oo &RM M3k . iXFE15 %) pe__embedding_ table




138 tableLA 5, 1532184751 (L& 44 pe_embedding, >kKEEAGE], HHIE
src_seqf & Hunid, E e — nn.Embedding, Embeddingyf1402
max_ position_len, %% dim4EE 2 model dim, 45 544 pe__embedding

pe_embedding = nn.Embedding(max_position_len,model_dim)

pe__embeddingfwieght 247 I/ [Hiweight 2% 5 —F, {5 % nn.Parameter,
Parameterll [ pe_embedding tableffhfi A, [FHfHlrequires_ grad i% & i,
false. NEEHEEL. F1HIpe_embeddingweight Ihft-2ZHiixs? 1, ST E]

pe_embedding_ table

pe_embedding = nn.Embedding(max_position_len,model_dim)
pe_embedding.weight =
nn.Parameter(pe_embedding_table, requires_grad=False)

# #iposition embedding

pos_mat = torch.arange(max_position_len).reshape((-1, 1))

i_mat = torch.pow(10000, torch.arange(0, 8, 2).reshape((l, -1))/model_dim)
pe_embedding_table = torch.zeros(max_position_len, model_dim)
pe_embedding_table[:, 0::2] = torch.sin(pos_mat / i_mat)
pe_embedding_table[:, 1::2] = torch.cos(pos_mat / i_mat)| I
print(pe_embedding_table)

pe_embedding = nn.Embedding(max_position_len, model_dim)
pe_embedding.weight = nn.Parameter(pe_embedding table, requires_grad=False)
print(pe_embedding.weight)

tensor([[ 0.0000e+00, 1.0000e+00, 0.0000e+00, 1.0000e+00, 0.0000e+00,
1.0000e+00, 0.0000e+00, 1.0000e+00],
[ 8.4147e-01, 5.4030e-01, 9.9833e-02, 9.9500e-01, 9.9998e-03,
9.9995e-01, 1.0000e-03, 1.0000e+00],
[ 9.0930e-01, -4.1615e-01, 1.9867e-01, 9.8007e-01, 1.9999e-02,
9.9980e-01, 2.0000e-03, 1.0000e+00],
[ 1.4112e-01, -9.8999e-01, 2.9552e-01, 9.5534e-01, 2.9995e-02,
9.9955e-01, 3.0000e-03, 1.0000e+00],
[-7.5680e-01, -6.5364e-01, 3.8942e-01, 9.2106e-01, 3.9989%e-02,
9.9920e-01, 4.0000e-03, 9.9999e-01]])
Parameter containing:
tensor([[ 0.0000e+00, 1.0000e+00, 0.0000e+00, 1.0000e+00, 0.0000e+00,
1.0000e+00, 0.0000e+00, 1.0000e+00],
[ 8.4147e-01, 5.4030e-01, 9.9833e-02, 9.9500e-01, 9.9998e-03,
9.9995e-01, 1.0000e-03, 1.00;5e+00],
[ 9.0930e-01, -4.1615e-01, 1.9867e-01, 9.8007e-01, 1.9999%e-02,
9.9980e-01, 2.0000e-03, 1.0000e+00],
[ 1.4112e-01, -9.8999e-01, 2.9552e-01, 9.5534e-01, 2.9995e-02,
9.9955e-01, 3.0000e-03, 1.0000e+00],
[-7.5680e-01, -6.5364e-01, 3.8942e-01, 9.2106e-01, 3.9989e-02,
9.9920e-01, 4.0000e-03, 9.9999%e-01]])

rlLIA %] pe__embedding_table,pe_embedding.weight 2 —#£H, X2 H A #d 7—
Ann.Embedding, #&jFfiweighti 5 — 1, A5 E R Hpe_embedding(E h—A4~ K%L,
1_ETE Rgsource sequencefi Ak, f53|source_pe_embedding

pe_embedding = nn.Embedding(max_position_len,model_dim)
pe_embedding.weight =

nn.Parameter (pe_embedding_table, requires_grad=False)
src_pe_embedding = pe_embedding(src_seq)




X ER4E index out of range, upEHCAHCEE R 1, S8 7, B EEEE 14
Bhpytorch embeddingfjapi, 3kZ:Piword embedding—#£fY /7= 152
pe_embedding, H A EH embedding H i) weight5 &0 —

SrC_seq e i FHY IR RG], FrZ e AISEUE (BRG], Mgk gte & T
source lenfiitarget lenf%, B4 source position, xfsource len #tf7imM, S&)51E
it torch.arange’f: ji— R\ & 2 5| src__pos = [torch.arange(L) for L in src_ len],#F
/~sourcefysentencef] A —E, FTLAML: src_pos =
[torch.arange(max(src__len)) for _ insrc_ len] 34T src__pos print( src_ pos);ixH
AR AR B 1rpe__embedding 2 Lisource postE NI AR, FATAT EAFTEI—F

# #iBposition embedding

pos_mat = torch.arange(max_position_len).reshape((-1, 1))

i_mat = torch.pow(10000, torch.arange(0, 8, 2).reshape((l, -1))/model_dim)
pe_embedding_table = torch.zeros(max position_len, model_dim)
pe_embedding_table[:, 0::2] = torch.sin(pos_mat / i_mat)
pe_embedding_table[:, 1::2] = torch.cos(pos_mat / i_mat)

# print(pe_embedding table)

e

ing = nn.Embeddi

pe_« ing(max_position_len, model_dim)
pe_embedding.weight = nn.Parameter(pe_embedding_table)

src_pos = [torch.arange(max(src_len)) for _ in src_len]
print(src_pos)

#src_pe_ embedding = pe_ embedding(src_seq)

#tgt_pe embedding = pe_embedding(tgt_seq)

It

[tensor([0, 1, 2, 3]), tensor([0, 1, 2, 3])]

XRERRATE 3] T FF 5 pos, Fiiposts Ape_embedding,tgt  posiE—HEHyHEAE, [HIFE
H—/target pos, MKIKIFES Z B AL N2 IR &S], WiZE AL B RS

torch.cat torch.unsqueeze#\ 2 — fi 24t Hi Sk 1

pe_embedding = nn.Embedding(max_position_1len,model_dim)
pe_embedding.weight = nn.Parameter(pe_embedding_table)

src_pos = torch.cat([torch.unsqueeze(torch.arange(max(src_len)),0) for _
in src_len]).to(torch.int32)
tgt_pos = torch.cat([torch.unsqueeze(torch.arange(max(tgt_len)),0) for _
in tgt_lenl).to(torch.int32)

# print(src_pos)

src_pe_embedding
tgt_pe_embedding

pe_embedding(src_pos)
pe_embedding(tgt_pos)

print(src_pe_embedding)
print(tgt_pe_embedding)
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tensor([[[ 0.
0.0000e+00,
1.
[ 8.

03,
9.
[ 9.

02,

02,

[[ o.
0.0000e+00,
1.
[ 8.

03,

02,

[ 1.
02,
9.

tensor([[[ 0.
0.0000e+00,
1.
[ 8.

03,

02,

02,

[[ o.
0.0000e+00,

0000e+00,

0000e+00,
4147e-01,

9995e-01,
0930e-01,

.9980e-01,
.4112e-01,

.9955e-01,

0000e+00,

0000e+00,
4147e-01,

.9995e-01,
.0930e-01,

.9980e-01,

4112e-01,

9955e-01,

0000e+00,

0000e+00,
4147e-01,

.9995e-01,
.0930e-01,

.9980e-01,
.4112e-01,

.9955e-01,

0000e+00,

3.
grad_fn=<EmbeddingBackwardo>)

1I

.0000e+00,

. 0000e+00,
.4030e-01,

.0000e-03,
.1615e-01,

.0000e-03,
.8999%e-01,

.0000e-03,

.0000e+00,

. 0000e+00,
.4030e-01,

.0000e-03,
.1615e-01,

.0000e-03,
.8999%e-01,

0000e-03,

0000e+00,

.0000e+00,
.4030e-01,

.0000e-03,
.1615e-01,

.0000e-03,
.8999%e-01,

.0000e-03,

. 0000e+00,

.0000e+00,

.0000e+00] ,
.9833e-02,

.0000e+00] ,
.9867e-01,

.0000e+00] ,
.9552e-01,

.0000e+00] ],

.0000e+00,

.0000e+00] ,
.9833e-02,

.0000e+00] ,
.9867e-01,

.0000e+00] ,
.9552e-01,

.0000e+00] ] ]

. 0000e+00,

.0000e+00] ,
.9833e-02,

.0000e+00] ,
.9867e-01,

.0000e+00] ,
.9552e-01,

.0000e+00] ],

. 0000e+00,

1

0.

0.

9

1I

0.

0.

0.

’

1l

0.

0.

0.

1.

.0000e+00,

9500e-01, 9.9998e-

8007e-01, 1.9999%e-

.5534e-01, 2.9995e-

0000e+00,

9500e-01, 9.9998e-

8007e-01, 1.9999%e-

5534e-01, 2.9995e-

0000e+00,

9500e-01, 9.9998e-

8007e-01, 1.9999%e-

5534e-01, 2.9995e-

0000e+00,




1.0000e+00, 0.0000e+00, 1.0000e+00],

9.9955e-01, 3.0000e-03, 1.0000e+00]]],
grad_fn=<EmbeddingBackwardo>)

[ 8.4147e-01, 5.4030e-01, 9.9833e-02, 9.9500e-01, 9.9998e-

03,
9.9995e-01, 1.0000e-03, 1.0000e+00],
[ 9.0930e-01, -4.1615e-01, 1.9867e-01, 9.8007e-01, 1.9999%e-
02,
9.9980e-01, 2.0000e-03, 1.0000e+00],
[ 1.4112e-01, -9.8999e-01, 2.9552e-01, 9.5534e-01, 2.9995e-
02,

fidm 5%, model_dim=8, P rBEAYgmLGE—FE, POS=LA Y TSR 19 Bl (1 ) 7
A ERFEALZ, X Fpos=1, model dimA AR, #¥UHcosAs, WA sina A, 5

#1581 7 source embeddingfiitarget embedding

| (1) | & torch pow_BREHER X ‘ & torch B nn.parameter_BEE# X | +

)  https://www.baidu.com/s?ie=utf-8&f=88&rsv_bp=1&tn=68018901_3_dg&wd=torch%20%2... A ¥ o]
@

ES torch B nn.parameter X \QJ © BE—T

Q MmT BA =il 57 Zio b & Ta0e X BFE B2

BEANGHINTER BRIA

torch.nn.parameter — PyTorch 2.4 documentation
BEMWMITHAEZE, BRE BFETR

parameter are changing its datatype, moving it to a different device andconverting it to a regular :

class: torch.nn.Parameter’.The default device or dtype to use ...

pytorch.org/docs/stable/_modul...

B

pe_embedding.weight =
nn.Parameter (pe_embedding_table, requires_grad=False)

RS T S ] A -
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Baiwﬁrs torch B Parameter X 9 © BE—TF
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Parameter — PyTorch main documentation
BRINIINHPEIE, BRE BiFLn
Parameter classtorch.nn.parameter.Parameter(data=

ne,requires_grad=True)[source] A kind of
Tensor that is to be considered a module parameter. PalRyneters areTens...

pytorch.org/docs/main/generate...

torch.nn.Parameter¥2f# torch parameter-CSDN{#ZE

20202 H5H EM3dtorch.nn.Parameter()kf##2: torch.nn.Parameter@
Yk7E Btorch. Tensorfy F £, HEZVEARIERnn. Module I RTHIIZRS 21
M. EStorch.Tensorf X5l &nn.Parameter Bx...

© csDNiEE

torch.nn.parameter — PyTorch main documentation
torch.Tensor.cpu,torch.Tensor.to,torch. Tensor.get_device,torch._has_compatible_shallow_copy_t
ype,]defmaterialize(self,shape,device=None,dtype=None):r"""Create a P...

pytorch.org/docs/main/_modules...

PuTarch B & #0tarch nn Paramataer() - &R

)

ZHE: requires_grad=True

@ | % torch pow_EEEZR X | @ torch EW Parameter_&E/ X s Parameter — PyTorch ma: X ‘O torch.nn.parameter — Py X |O torch.nn.parameter — Py X ‘ () torch.nn.parameter — Py X | -
() https://pytorch.org/docs/main/generated/torch.nn.parameter.Parameter.html A 0o ™ s 0O <3 (2] a DD BN
rch Learn + Ecosystem Edge v Docs v Blogs & News + About Become a Member (w)
hgitb1b771) ¥ Docs > torch.nn > Parameter Shortcuts
Parameter parameter

ng unstable developer preview docs. Click

Parameter
docs for latest stable release.

[ [ CLASS torch.nn.parameter.Parameter (data=None, requires_grad=True) [SOURCE] &
\otes [ +]
A kind of Tensor that is to be considered a module parameter.
indings [ +]
Parameters are Tensor subclasses, that have a very special property when used with Module s - when they’re
[-1 assigned as Module attributes they are automatically added to the list of its parameters, and will appear e.g. in
parameters() iterator. Assigning a Tensor doesn’t have such effect. This is because one might want to cache some
temporary state, like last hidden state of the RNN, in the model. If there was no such class as Parameter, these
temporaries would get registered too.
tional
Parameters
utes
e data (Tensor) - parameter tensor.
¢ requires_grad (bool, optional) - if the parameter requires gradient. Note that the torch.no_grad()
l context does NOT affect the default behavior of Parameter creation-the Parameter will still have

requires_grad=True in no_grad mode. See Locally disabling gradient computation for more details.

Default: True

Zpt gk (1452 T pe__embedding, f HAURAE R E L T false

iyt FIHPEE, RA145E T position embedding, & e U 218 Bpytorchfy
nn.Embeddingfyapiilidfr B5| . BH556 BHembedding, isfF45i5HY R E R AR
A Epos indexifij & word index, word indexg1y 2 wordfr Binl RS |, TEEIAg L
‘B pos embedding




LI frfAword embeddingfiiposition embeddingfy 4N %, 2 F3k/2 encoder self
attention mask, & JECRIRK]

3.2.1 Scaled Dot-Product Attention

I
We call our particular attention "Scaled Dot-Product Attention" (Figure|2). The input consists of

queries and keys of dimension dy, and values of dimension d,,. We compute the dot products of the
query with all keys, divide each by 1/dy, and apply a softmax function to obtain the weights on the
values.

In practice, we compute the attention function on a set of queries simultaneously, packed together
into a matrix @. The keys and values are also packed together into matrices K and V. We compute
the matrix of outputs as:

QK™

Attention(Q, K, V') = softmax( Vi
k

W 6

SCE FBYR giUs BIEET), AfsiScaled, dot-product attention 2R WA AL
TERSIMUE, FERE SRR T LR — S I RAE XA AR = L
FERIEACE XHF A IACKED ; 2EREM At E— D 3RME, IR 1Ll — " aiER M
¢, nn.Linear(2,3)%— 1 "R st R =20 . R B A REAS S 0 — 1L IO
AR FEENEHRNY . midLinear ZEEHYIAMI AW, SAEEWHE—F] 51X 12,
S NB— AT T IOBCRFIS 21— 3w, JORE BERE B —(b i AR B R
[

R REEEE RN, R, Eidsoftmaxd—1biy, WEELAE, ZHi
QKA E HERR, gt dqueryfikey, Gz frencoderHy, QFIK#HSEETword
embeddingZ:it i linear 25 2QAIK, XFHAFHIAM S, PR iRz, QRKHE
P T BN EL SRS FARID . RS S A BRI AL, AT
FIXAS BRI AN P A BT A B AU AR B R, 285 Frsoftmax /i 2| — N H—{b 1
%, H— R R4 MIER . softmaxfiii N2 552 IETE55 1y, softmax &
FEefXE LA N Z — S RAGSefx, @ — M H—1k, Arilsoftmaxiréi i A 2051
7], IRFEFRAIE— OS5 R IE OS5 FTER L E) T o1z i), AR softmax prh it 2 HLid
1, @65 HE A CUE R, softmaxPUsth ook, 22— RIEmEL RN
Jo . AHSUORE— RO, Wl @ vl F—"M U E, FLLoARH H il e lL0.211
WERH AR LAME

Attention(Q, K, V') = softmax( QKT
Y Vi

N% )
firLL =g gr, scaled LR 5-dKk, A T RiEsoftmaxf R kLA, 1 EAER4 K,
[FH AR EE — i, R U] e S BOREAE %0

A K, scalediy B2 A AR 2 hr, WIRdKIRR, SURBRLMR 5-dK,
softmax ik LUS 73 AR 9Bt MERT HLAEFE st oA/ N il ARD #EA T iR
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import torch

import torch.nn as nn

import torch.nn.functional as F
import numpy

#-—— EXEE -
batch_size = 2

# BEERAN, BEFRDESVIRT
max_num_src_words = 8
max_num_tgt_words = 8

# TEBRAEE
model_dim = 8

# RIMNHAKE

max_src_seq_len = 5
max_tgt_seq_len = 5
max_position_len = 5

# batch size = 2,JF F—TEFKE = 2, EZTOTFKE = 4
src_len = torch.Tensor([2,4]). torch.int32)
tgt_len = torch.Tensor([4,3]). torch.int32)

to(
to(

# BRIRRS|MRGFHNBREF, MWiEbatch, HHftflpadding, EXIAENO
src_seq =
torch.cat([torch.unsqueeze(F.pad(torch.randint(1,max_num_src_words,
(L,)),
(0,max_src_seq_len-L)),0)
for L in src_len])

tgt_seq =
torch.cat([torch.unsqueeze(F.pad(torch.randint(1,max_num_tgt_words,
(L,)),
(0,max_tgt_seq_len-L)),0)
for L in tgt_len])

# tJiEword embedding
src_embedding_table
tgt_embedding_table

nn.Embedding (max_num_src_words+1,model_dim)
nn.Embedding (max_num_tgt_words+1,model_dim)




src_embedding_table(src_seq)
tgt_embedding_table(tgt_seq)

src_embedding
tgt_embedding

# tJiEposition embedding
pos_mat = torch.arange(max_position_len).reshape((-1,1))
i_mat = torch.pow(10000,torch.arange(0,8,2).reshape((1,-1))/model_dim)

pe_embedding_table = torch.zeros(max_position_len,model_dim)
pe_embedding_tablel[:,0::2] = torch.sin(pos_mat / i_mat)
pe_embedding_tablel[:,1::2] torch.cos(pos_mat / i_mat)

# print(pe_embedding_table)

pe_embedding = nn.Embedding(max_position_len,model_dim)
pe_embedding.weight =

nn.Parameter(pe_embedding_table, requires_grad=False)

in src_len]).to(torch.int32)

in tgt_lenl]).to(torch.int32)

# print(src_pos)

src_pe_embedding = pe_embedding(src_pos)
tgt_pe_embedding = pe_embedding(tgt_pos)

# print(src_pe_embedding)
# print(tgt_pe_embedding)

src_pos = torch.cat([torch.unsqueeze(torch.arange(max(src_len)),0) for _

tgt_pos = torch.cat([torch.unsqueeze(torch.arange(max(tgt_1len)),0) for _

AL softmaxihsy: B SEREHLA: SO ELE 25 S scorefi] ttorch.randn ()i iE 2454
ARG, BRI E5, fTHIsocre

# softmaxi&m
score = torch.randn(5) # = QK~T
print(score)

BNk fdi fsoftmax g 7IH—1k, VA1 A94EE 2 -14, tph S a4k

prob = F.softmax(score,-1)
print(prob)




# softmax&mT

score = torch.randn(5)
prob = F.softmax(score, -1)
print(score)

print(prob)

i

tensor([-0.4324, -0.2013, -1.8387, -1.1955, -1.3862])
tensor([0.2979, 0.3754, 0.0730, 0.1389, 0.1148])

FREE S HI S5 R 28— N5 2 score, 2B N5 2 scorel L LU prob, prob# s
queryix A Hin, BREEAS A AR B AU . probiflik,  FoR A BUE IR SC B
Mok, NI B R X socreTe LLl—A4 2%, E 1~ Fralpha, i%alphal = 0.1,
alpha2 =10, %5 FkfJHtiscores)J|3k alphaifiialpha2, HoilE 24240k

# softmaxi&m

alphal = 0.1

alpha2 = 10

score = torch.randn(5) # = QK*T

probl
prob2

F.softmax(scorexalphal,-1)
F.softmax(scorexalpha2,-1)

print(probl)
print(prob2)

# softmax;&r

alphal = 0.1

alpha2 = 10

score = torch.randIn(S)

probl = F.softmax(score*alphal, -1)
prob2 = F.softmax(score*alpha2, -1)

print(probl)
print(prob2)

tensor([(0.1969, 0.2135, 0.2080, 0.2051, 0.1765])
tensor([2.7361e-04, 9.1754e-01, 6.6278e-02, 1.5913e-02, 4.8829e-09])

A M aE R B —fratxtscore e LIOAMEE R, 5y ZRIB LK, EAZL
XfscoredeLATORYIf e, IXF R MERZRIFIRA T, KAYZ0.9, /MYELTO0 T

BN T AR AT score b AT — M g A SN ERER, SeLA—NHORINME,
FRHBSIGHOR, B/ N BOI N, RORAERER B BRA— 2501 An SRR P HERT LERY 3%
2B AFERINE?

FG [l pytorch iy t
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pytorch jacobian

ogle

Q2B QAR DWW OHY

$#F%) 36,300 FKLER  (FAS 0.39 )

G pytorchjac X

/- AutoDraw

B3 IR

X

IMER: (RIBREEPXER. BAINEREPREERRES

https://pytorch.org » docs » stable » generated v EFLETT

torch.autograd.functional.jacobian - PyTorch
torch.autograd.functional.jacobian - func (function) — a Python function that takes Tensor inputs
and returns a tuple of Tensors or a Tensor. - inputs (tuple of ...

https://pytorch.org » docs » stable » autograd v BHEIETT

Automatic differentiation package - torch.autograd - PyTorch
For example, for a function f that takes three inputs, a Tensor for which we want the jacobian,
another tensor that should be considered constant and a boolean ...

https://zhuanlan.zhihu.com» ... +

Up=EAE H st o A PREIX~api, w LRI A (A R AE AT ER R

p_thoughts

X I () Transformer — PyTorch 1.1 X l Z Home Page - Select or cre. X I & Transformerf mIBRS LI X | G pytorch jacobian - Google X

cC O @& pytorch.org/docs/stable/generated/torch.autograd.functional.jacobian.html
i) reading TEaiER ERITE B WmE pytorch/tensorflow /. AutoDraw
g Tl teu Cevoyoeein ivpne wivg eI I neovuiees v
[
Docs > Automatic differentiation package - torch.autograd > torch.autograd.functional jacobian

Search Docs

s [+]

TORCH.AUTOGRAD.FUNCTIONAL.JACOBIAN

torch.autograd. functional. jacobian(func, inputs, create_graph=False, strict=False,

vectorize=False) [SOURCE]

Jage Bindings [ +]

NAPI [-]

nn

nn.functional
Tensor

r Attributes

r Views

autograd

cuda

cuda.amp
backends
distributed
distributed.algorithms.join
distributed.elastic
distributed.optim
distributions

fft

futures

fx

AT

PR, A T AER,

Parameters

Function that computes the Jacobian of a given function.

func (function) - a Pythorlfunction that takes Tensor inputs and returns a tuple of Tensors or a
Tensor.

inputs (tuple of Tensors or Tensor) - inputs to the function func.

create_graph (bool, optional) - If True, the Jacobian will be computed in a differentiable manner.
Note that when strict is False, the result can not require gradients or be disconnected from the
inputs. Defaults to False.

strict (bool, optional) - If True,an error will be raised when we detect that there exists an input such
that all the outputs are independent of it. If False, we return a Tensor of zeros as the jacobian for
said inputs, which is the expected mathematical value. Defaults to False.

vectorize (bool, optional) - This feature is experimental, please use at your own risk. When
computing the jacobian, usually we invoke autograd.grad once per row of the jacobian. If this flag is
True , we use the vmap prototype feature as the backend to vectorize calls to autograd.grad so we
only invoke it once instead of once per row. This should lead to performance improvements in many
use cases, however, due to this feature being incomplete, there may be performance cliffs. Please use

torch._C._debug_only_display_vmap_fallback_warnings(True) to show any performance warnings

HLRESE H i Ayt RO A AT LR

O Empedding X | G torchpow - X | () torch.pow- X | (& nnparamet X | O |

@& google.com.hk/search?q=pytorch+jacobian&oq=pytorch+jacobian&ags=chrome..69i57j0i51215j0i8i30I3j0i8i10i30.4422j0j4&sourceici= c A e zeie= )T F-3

C) torch.autograd.functional.] X +

(L1 TS - R . Wt
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o Tue

torch.autograd.functic



optim

ex Numbers sl
ommunication Hooks Jacobian (Tensor or nested tuple of Tensors)
\e Parallelism

ization Example

uted RPC Framework

andom >>> def exp_reducer(x):

iparse return x.exp().sum(dim=1)
storage >>> inputs = torch.rand(2, 2)
esting >>> jacobian(exp_reducer, inputs)

tensor([[[1.4917, 2.4352],
[0.0000, 0.0000]],

[[0.0000, 0.0000],
[2.4369, 2.3799111)

atils.benchmark
stils.bottleneck
atils.checkpoint
atils.cpp_extension
atils.data
atils.dlpack

tils.mobile_opt A : .
il >>> jacobian(exp_reducer, inputs, create_graph=True)

Jtils.model_zoo tensor([[[1.4917, 2.4352],

stils.tensorboard [0.0000, 0.0000]],

o [[6.0000, 0.0000],

{Tensors [2.4369, 2.3799]1]], grad_fn=<ViewBackward>)

1 Tensors operator coverage

_config__
>>> def exp_adder(x, y):
ies [+] return 2 * x.exp() + 3 *x y
. >>> inputs = (torch.rand(2), toxch.rand(2))
nunity [ +]

N P Sy e e e

B HE— R gsoftmax_ func, R Fizlsocre/E i N, & El g EF.softmax(score),
B R SRI AR LR, HERT HeAEFERYapi torch.autograd.functional.jacobian(), 5 —4>
SEAGN BRI, B S L Ascore, X —ArEjoca_mat,# ok XfLhsocrede
Plalphal, f5%jjoca_mat1, fiscorezellalpha2

# softmaxi&x

alphal = 0.1

alpha2 = 10

score = torch.randn(5)

probl = F.softmax(scorexalphal,-1) # -1H9{EFZEHA4?
prob2 = F.softmax(scorexalpha2,-1)

def softmax_func(score):
return F.softmax(score)

jaco_matl =
torch.autograd. functional. jacobian(softmax_func,scorexalphal)
jaco_mat2 =
torch.autograd. functional. jacobian(softmax_func,scorexalpha2)

print(jaco_matl)
print(jaco_mat2)




softma
alphal = 0.1
alpha2 = 10
score = torch.randn(5)
probl = F.softmax(sc lphal 1)
prob2 = F.softmax(s lpha2 1)
def ftmax_func(sc )
turn F.softmax(score )
jaco_matl torch.autograd. fi t 1.jacob. (softmax_f core*alphal)
ja mat2 torch.autograd. fi 't 1.jacob. (softmax_f core*alpha2)
print(jaco_matl)
print(jaco_mat2)
tensor ([r 0.1335, -0.0359, -0,0356, -0.0305, -0.0314],
[-0.0359, 0.1751, -0+0509, -0.0436, -0.0448],
[-0.0356, -0.0509, 0.1742, -0.0432, -0.0445],
[-0.0305, -0.0436, -0.0432, 0.1554, -0.0381],
[-0.0314, -0.0448, -0.0445, -0.0381, 0.1588]])
tensor ([[ 2.4486e-16, -1.6752e-16, -7.7339e-17, -1.4364e-23, -2.4906e-22],
[-1.6752e-16, 2.1609e-01, -2.1609e-01, -4.0133e-08, -6.9588e-07],
[-7.7339e-17, -2.1609e-01, 2.1609e-01, -1.8528e-08, -3.2127e-07],
[-1.4364e-23, -4.0133e-08, -1.8528e-08, 5.8662e-08, -5.9668e-14],
[-2.4906e-22, -6.9588e-07, -3.2127e-07, -5.9668e-14, 1.0172e-0611)

S/ HERE scorese LAOIHIRUR . XA REFEAR = T AEMOB B Jm R AL R A%, rhral A9 CRY
BRECAGHE, SRLAOLRYI, FT AR 2R BUESE L BASERY . BOA H B LT SR AY IR) AT,

SR BATS B EETR LALORY I, , ] LUE BIHERT FLRE P AR Z2 7 #3170, ISR BE SR K
ORI, WATEINZE T, NG SEENA RIS T SRhgUCRER T

DL AMBIF B, (E%0 BT LLER) i BQRTKA i ik J7 2% ki), Jr 2R H ek
1, BRI TATLIREREL MRk, RS T2 T, HAR R tiscore 7722
=R, T Rsoftmaxiis it kLU AR AKRE, RS — I, FET ARGk 2
BRSO

UL HbR [T scalel B 112 b

B3k kR encoder self-attention mask

# MiEencoderfyself attention mask

HiEmaskz i, EHEAE— A

T
QK™ v/

Attention(Q, K, V) = softmax( Vi
k

(1

— RN HEmaskE B> —HoRiEsoftmax BRI, e i1 A gmaskiy
{H. fesoftmax EE i fMICs5 1y, softmaxd— il %, Wi N\ J2 7ICs5 YT fth
LT, WmtiEhar RN 0, [ S 1 19 A B ] 2 i) ) SR IR A k0

Fr AFRAT) 75 B it —maskai B, XA an R BRscorefHaf G, EATTR ML, HA4
JCEMNMICTT, FEHIX A maskaE ke, FURAMEAE R — 1R, Rk 1Hmini batchi)i| 2
1935, B E—1 batch sizext, Shff2Wg? FAQWK/MEbatch

sizext(embedding#:E), keyik/vi i batch sizext(embeddingfy 4t &), Kidfg —
MR FrLAMANAERE T LARESE, fEWEse tx th— i, P, BRI e



—A]IEHP R A4 5 max_seq_len

Bk, A E— P mask, maskf{jgik: batch size x max_ src_len x
max_ src_len, giiZencoder [fyself attention maskf¢shape/Z batch size x

max_src_len x max_src_len, JEEE % TSR R R BEHTIR

element-wisefy 25 R HAE, HAA M1 8 -inffiicsy, HIEHRYIE £idsoftmaxH—1{t
25500, RIS HHERIH— L ab SRR

ARG BB 2T sre_len ix&t, src_lenf &2 batch size, &4t FAERM
BRI, TRFMEMEmaskiiG, E5eiyE—1valid_encoder_pos,ix/~ 1
2GEENE? W2 BATE S E— AR gL AL, B A EE? ErsExTsrc_len g7
— AN, src_len = [2,4], srcleny&— 0222, B SeHE— torch.ones,
valid_encoder_pos = torch.ones(L) for L in src_len, & —"EG85E%E, A

BUBFER XA AL E R AR

INSLZOMIE AFRIX M B TR, SREXT sre_len BEf7— iy, src_lengh @&y
IR — P RBE, B R ER2/97E, RS HEA MWL, EEpos MiZgE—MEFE —4-ik
HLOFrPASE N ERATR T pas, IAEIRMTBIBARATEI—

valid_encoder_pos =[torch.ones(L) for L in src_len]

print(valid_encoder_pos)

it [tensor([1.,1.]), tensor([1.,1.,1.,1.])]

Db 455 T BUF SN AR, M TR RN, BT, AR R
PUAS, ARG, Fel TR K BEI %, st §iE X max_src_seq_lensity
gemini batch, FFLAFRA TR B A7 B ik Fpadding#(E, 14 Tpadding s A K,
Fpad(), #—/zHdalcspadiyns, %/ 25malcsEpadiy ki, Zpfpad, 4l
padpidit K K, ELfkit:

valid_encoder_pos = [F.pad(torch.ones(L), (0,max_src_seq_len - L)) for L
in src_len]

print(valid_encoder_pos)

# #iencoderffjself-attention mask
# maskfshape: [batch _size, max src_len, max src_len],{EX18f-inf
valid_encoder_pos = [F.pad(torch.ones(L), (0, max_src_seq_ len-L)) for L in src_len]

print?valid_encoder_pos )

[tensor([l., 1., 0., 0., 0.]), temsor([l., 1., 1., 1., 0.])]

LA



s, BAHCARMEPadly 7. itk TRF IS, B 7AW, S0
flF HA LA, (2 RATHpadiis T, BRI Muminibatch il g, FukdAlR K
REEHN

# BIFR5IREFRIEHRTF, #98@batch, #HM Tpadding, EIAENO
src_seq = torch.cat([torch.unsqueeze(F.pad(torch.randint(1l, max_num_src_words, (L,)), (0,_, 0) \
for L in src_len])

tgt_seq = torch.cat([torch.unsqueeze(F.pad(torch.randint(1, max_num_tgt_words, (L,)), (0, max_tgt_seq len-L)), 0) \
for L in tgt_len])

E— NZAiHRAS, FfiTEfpadil max_src_seq_len, FitjEword embedding , 44k
T, A LA E O AR Emax_src_seq_len, g% —padl sk

# LIRS FHIEHTF, tibatch, #EMTpadding, EIAEN0

src_seq = torch.cat([torch.unsqueeze(F.pad(torch.randint(1l, max_num_src_words, (L,)), (0,_, 0) \
for L in src_len]))

tgt_seq = torch.cat([torch.unsqueeze(F.pad(torch.randint(1l, max_num tgt_words, (L,)), (O, _, 0) \
for L in tgt_len])

# #iBword embedding

src_embedding_table = nn.Embedding(max_num_src_words+1l, model_dim)
tgt_embedding_table = nn.Embedding(max_num_tgt_words+l, model_dim)
src_embedding = src_embedding_table(src_seq)

tgt_ ing = tgt_o ing_table(tgt_seq)

# Hi8position embedding

pos_mat = torch.arange(max_position_len).reshape((-1, 1))

i_mat = torch.pow(10000, torch.arange(0, 8, 2).reshape((l, -1))/model_dim)
pe_embedding_table = torch.zeros(max position_len, model dim)
pe_embedding_table[:, 0::2] = torch.sin(pos_mat / i_mat)
pe_embedding_table[:, 1::2] = torch.cos(pos_mat / i_mat)

pe_embedding = nn.Embedding(max_position_len, model_dim)
pe_embedding.weight = nn.Parameter(pe_embedding_table, requires_grad=False)

src_pos = torch.cat([torch.unsqueeze(torch.arange_,0) for _ in src_len]).to(torch.int32)
tgt_pos = torch.cat([torch.unsqueeze(torch.arange(max(tgt_len)),0) for _ in tgt_len]).to(torch.int32)

src_pe_embedding = pe_embedding(src_pos)
tgt_pe_embedding = pe_embedding(tgt_pos)

# #jiencoderffjself-attention mask

# maskfjshape: [batch_size, max src_len, max_s. r_j
valid_encoder_pos = [F.pad(torch.ones(L), (0, ) for L in src_len]

print(valid_encoder_pos)

BUDSEGESINE

#tgt_len = torch.randint(2, 5, (batch_size,))
src_len = torch.Tensor([2, 4]).to(torch.int32)
tgt_len = torch.Tensor([4, 3]).to(torch.int32)

# BIGR5IMEREFHIEFTF, #98@batch, H#AM Tpadding, EIAEN0

src_seq = torch.cat([torch.unsqueeze(F.pad(torch.randint(1l, max_num_src_words, (L,)), (0,
for L in src_len])

tgt_seq = torch.cat([torch.unsqueeze(F.pad(torch.randint(l, max_num_tgt_words, (L,)), (0, mi
for L in tgt_len])

# #jiBword embedding

src_embedding_table = nn.Embedding(max_num_src_words+l, model_dim)
tgt_embedding_table = nn.Embedding(max_num_tgt_words+l, model_dim)
src_embedding = src_embedding_table(src_seq)

tgt_ ing = tgt_ ing_table(tgt_seq)

# #iBposition embedding

pos_mat = torch.arange(max_position_len).reshape((-1, 1))

i_mat = torch.pow(10000, torch.arange(0, 8, 2).reshape((1l, -1))/model_dim)
pe_embedding_table = torch.zeros(max_position_len, model_dim)
pe_embedding_table[:, 0::2] = torch.sin(pos_mat / i_mat)
pe_embedding_table[:, 1::2] = torch.cos(pos_mat / i_mat)

pe_¢ ing = nn.Embedding(max_position_len, model_dim)
pe_embedding.weight = nn.Parameter(pe_embedding_table, requires_grad=False)

0) for _ in src_len]).to(torch.int32)
0) for _ in tgt_len]).to(torch.int32)

src_pos = torch.cat([torch.unsqueeze(torch.arang
tgt_pos = torch.cat([torch.unsqueeze(torch.arang

orv_po_s - pe_ \orv_pus)
tgt_pe_embedding = pe_embedding(tgt_pos)

# Hji&encoderfself-attention mask

# maskfshape: [batch size, max src_len, max_src_len
valid_encoder_pos = [F.pad(torch.ones(L), (0, m
print(valid_encoder_pos)

f
for L in src_len]

[tensor([1l., 1., 0., 0.]), temsor([l., 1., 1., 1.])]




AT max(sre_len) s, A A TR ERpadl i KA K E T, a3
src_seqf, kA TRERL, FrLiEpadais 1. Frld LEEH G R KEAEL T -

Mot HZE R, BUERZIRAGESIFR, BAHEESUL— 5k, 28T
sk unsqueezeff—/~ “AESKEL, ITIEYERE §O4E, IXFERLAL P T Ar 5K -

src_pe_embedding = pe_embedding(src_pos)
tgt_pe_embedding = pe_embedding(tgt_pos)

# #ji&encoderfself-attention mask

# maskfjshape: [batch size, max src_len, max src_len],{EX18{-inf

valid_encoder_pos = [torch.unsqueeze(F.pad(torch.ones(L), (0, max(src_len)-L)),0) for L in src_len]
print(valid_encoder_pos)

[tensor ((r1., 1., 0., 0.]]), tensor (1., 1., 1., 1.11]
L3

valid_encoder_pos = [torch.unsqueeze(F.pad(torch.ones(L),
(0,max(src_len)-L)),0) for L in src_len]

i a R R AN TSR ERY SR, AR TCati®IE, PHE, BRI AR dig et
GNEVAEVIEL e

valid_encoder_pos = torch.cat([torch.unsqueezel
F.pad(torch.ones(L), (0,max(src_len)-L)),0) for L in src_len])

# #ji&encoderfjself-attention mask

# maskHshape: [batch _size, max src_len, max src_len],{H}13(-inf

valid_encoder_pos = Iorch.cat([torch.unsqueeze(F.pad(torch.ones(L), (0, max(src_len)-L)),0) for L in src_len])
print(valid_encoder_pos)

tensor(([([(1l., 1., 0., 0.],
(1., 1., 1., 1.1])

batch size=2, —/"batchH A A, ZHTUpTAEE 2 S PRt SRR, ARl
FER N ITER W2 AR — N, BUERA T T DOXREE, a2 il A HE A 8 UE RS
Tk, Fe MW B2 IR , (X ERNTE— & [RIE] . &1z
FRTCRRY, FRATE By 4,

valid_encoder_pos =
torch.unsqueeze(torch.cat([torch.unsqueeze(F.pad(torch.ones(L),
(0,max(src_len)-L)),0) for L in src_lenl),1)

IR [EIWE o4k



# #iencoderfjself-attention mask

# maskA9shape: [batch_size, max_src_len, max src_len],{HX13{-inf

valid_encoder_pos = torch.unsqueeze(torch.cat([torch.unsqueeze(F.pad(torch.ones(L), (0, max(src_len)-L)),0) \
for L in src_len]), 1)

print(valid_encoder_pos)

tensor([[[1l., 1., 0., 0.]],

(1., 1., 1., 1.111)

KB FAFEN T — D 2xIx4 I — ok, FAHTHIERshape:

~o e -~ - — e e g~ —— e~ s ey~ e = = =

src_pe_embedding = pe_embedding(src_pos)
tgt_pe_embedding = pe_embedding(tgt_pos)

# #ifencoderfiself-attention mask

# maskfJshape: [batch size, max src_len, max src_len],{HEX13{-inf

valid_encoder_pos = torch.unsqueeze(torch.cat([torch.unsqueeze(F.pad(torch.ones(L), (0, max(src_len)-L)),0) \
for L in src_len]), 1)

print(valid_encoder_pos.shape)

torch.size([2, 1, 4])

BRI 2xIx 4 — MR Bk E, 23Rbatch size, 4FREAAF padllE1
RS, FRATHEM A IR RS 25 E ook, WAl 17— 2x AL REE R, fi—1
torch batch matrix multiply, torch.bmm()%—/4~ {7 &

BT A RCY S AR 2% A1

# Hi&encoderfijself-attention mask

# maskfjshape: [batch size, max src_len, max_src_len],{E}18(-inf

valid_encoder_pos = torch.unsqueeze(torch.cat([torch.unsqueeze(F.pad(torch.ones(L), (0, max(src_len)-L)),0) \
for L in src_len]), 2)

#torch.bmm()

print(valid_encoder_pos.shape)

torch.size([2, 4, 1])

XX R, ERVEARG R — M EE, ROV A A B @ IX AR, B
AR R AR, SURERS 2PN Z [ G IR, A

valid_encoder_pos_matrix =
torch.bmm(valid_encoder_pos,valid_encoder_pos.transpose(1,2))

FATE SCER AR XAXT

valid_encoder_pos_matrix = torch.bmm(valid_encoder_pos, valId_ehcoder_pos.transpose(1, 2))
| print(valid_encoder_ pos_matrix.shape)

torch.Size([2, 4, 4])

I 2)AXAHY L BT OR BATER BRI



7 MASANYSUGPE: [MALUH_Si4S,; WGA_SLU_4Ci, MGA_SLU_LCH ]/ IB/YLFN= 4L

valid_encoder_pos = torch.unsqueeze(torch.cat([torch.unsqueeze(F.pad(torch.ones(L), (0, max(src_len)-L)),0) \
for L in src_len]), 2)

valid_encoder_pos_matrix = torch.bmm(valid_encoder_ pos, valid_encoder_pos.transpose(l, 2))

print(valid_encoder_pos_matrix)

tensor((([1l., 1., 0., 0.],
[2:5 Io5 0ss 0.7,
(0., 0., 0., 0.],
{0., 0., 0., 0.]1,
f1., 1., 1., 1.1,
[3ep 1o 1oy Loy
[X:y 1:p 1sy 215
(1., 1., 1., 1.11])

DAEFRA TR 7 WD SBRaERE 25 R AR
BB AR,

tensor([[[1.,
[1.,
(0.,
[0.,

S O K B
(SIS RN SIS
(SIS IS IS

BTN B A FEARRY

[[1.,
[1.,
[1.,
[1.,

N = N =
O =
N N

2 BRI, B DRERRARRER2M4, B MHEARERE2, B 1R -E T
SR — /1~ FRa] XA BRI — 50 R BB — S BRI R — 1~ BRI #J2 ] EAZ SR IR RY
XA BRI T SATAERY . SRR A 2SS T TR0 ? [Rh Ja TP 4> F el 2 pad iy

frisre lent ¥7 EIH 3k A5 B IE0— 15 :

print(valid_encoder_pos_matrix)
print(src_len)




tensor([[[1., 1., 0., 0.1,
[1., 1., 0., 0.1,
[0., 0., 0., 0.1,
[0., 0., 0., 0.11,
[f1., 1., 1., 1.1,
[1., 1., 1., 1.1,
[1., 1., 1., 1.1,
[1., 1., 1., 1.111)

tensor([2, 4], dtype=torch.int32)

sre lengoriiF o AT, B M RER2 B FRKERL, AROKE 24,
FoA#ERpadif T4, HB— PR (FA) W87, FoRG— 8 5 b B A2
P (1., 1, 0., 0.], S5 AFRGR] 1 ARSI ERR] A &5 B AR TR S i i A EL AT
2 padhy, FFESE = UAUR BRI AN S AR AR, S —=f7 4020 (o, 0,0,
0., BNNHE=AFIRA D2 TCR Zpadkny, SPN4HIA to2padiy, dnt rse
TR FEA R PR R

B AR RN AR EEAR T 24, Bt LA AR A B i) HR AT 2R 5
ARUEMER AL R, B ToRIMEE 215 8mask, Jeit 8 FTRUER, THRI - ARUER

# #iiencoderfself-attention mask

# maskAshape: [batch size, max src_len, max_src_len],f{HX18¢-inf

valid_encoder_pos = torch.unsqueeze(torch.cat([torch.unsqueeze(F.pad(torch.ones(L), (0, max(src_len)-L)),0) \
for L in src_len]), 2) J
ler_pos, i

valid_encoder_pos_matrix = torch.bmm(valid_encodt s, valid_encoder_pos.transpose(l, 2))

print(invalid_encoder_pos_matrix)
print(src_len)

PAE RICRUERE gt MERTost AR URETCR. Frapadiyst s #UE 0. BEk
T 4% scbool M, SR +T H



# Fii&encoderfijself-attention mask

# maskH9shape: [batch_size, max_src_len, max_src_len],ﬁﬁls‘f—inf

valid_encoder_pos = torch.unsqueeze(torch.cat([torch.unsqueeze(F.pad(torch.ones(L), (0, max(src_len)-L)),0) \
for L in src_len]), 2)

valid_encoder_pos_matrix = torch.bmm(valid_encoder_pos, valid_encoder pos.transpose(l, 2))

invalid_encoder_pos matrix = l-valid_encoder_pos_matrix

mask_encoder_self_ attention = invalid_encoder_pos_matrix.to(torch.bool)

print(mask_encoder_self_ attention)
print(src_len)

tensor([[[False, False, True, True],
[False, False, True, True],
[ True, True, True, True],
[ True, True, True, True]],

[[False, False, False, False],
[False, False, False, False],
[False, False, False, False],
[False, False, False, False]]])
tensor([2, 4], dtype=torch.int32)

i maskiERE Bk T, truekon ARLefrE 7% mask, falsekoR ARl E A
mask

HARRE2RWE, A% E—score torch.randn() batch sizepviz 22, FlK &
max(src__len),max(src_len)

score = torch.randn(batch_size,max(src_len),max(src_len))

score;g Ty R, FonEEA TR H At 1R P A G RE

FATHIX MR Ry score, ffifscore__masked_ fillix#eayea%e, 25— MENHJZEDbool K
i, mtruefyHi 7y, stmaskik— Iy, FHE Wk masked  score

masked_score = score.masked_fill(mask_encoder_self_attention,-np.inf)

Jf Hx} masked_scorejff7—> softmax, fr-14E& /7114, 15%|prob, Jf4TEIprob

prob = F.softmax(masked_score,-1)

print(prob)

[FIFTEJ score, masked score. source len

BEE—F MR g2 48 s— - mask encoder self attention thgt /2 i dnftar iy HiE
= maski g, 22— "boolifE, SA)E BT IXANERE kXt score $HfF —4> mask , H
R maskpy &, S -maskygi e o truefgih gy, EIEFE AR 055 - int SRR
sXIE Fiximasked_scorei 8 softmax, SkZE prob iXEIfAE— D =AM Y
encoder A~ & R mask

(eLE




score = torch.randn(batch_size, max(src_len), max(src_len))
#brint(scare.shape, mask _encoder self attention.shape)

masked_score = score.masked_fill(mask_encoder_self attention, -np.inf)
prob = F.softmax(masked_score, -1)

print(src_len) I

print(score)

print(masked_score)

print(prob)

+ .
45K

prob -7F.softmax(masked_sco;e, -1)

print(src_len)
print(score)

print (masked_score)
print(prob)

tensor([(2, 4), dtype=torch.int32)

tensor([[[-0.6906, 1.5425, -0.7806, -2.0940],
[ 0.6842, -0.9452, 0.1954, -0.3177],
[ 3.0649, 1.5718, 0.2037, 0.9629],
[ 1.1305, -0.4425, -0.9613, -0.9523]],

[ 1.2172, -0.3087, 0.6016,1 0.5752],

[ 0.8417, 0.2233, -0.5997,%-0.2892],

(-0.1357, -0.5631, -0.5580, -0.0171],

[ 0.3416, -0.5482, 0.5281, 2.3243]]])
tensor([[[-0

[ o

[

[

.6906, 1.5425, -inf, -inf],
.6842, -0.9452, -inf, -inf],
-inf, -inf, -inf, -inf],
-inf, -inf, -inf, -inf]],

1.2172, -0.3087, 0.6016, 0.5752],
0.8417, 0.2233, -0.5997, -0.2892],
-0.1357, -0.5631, -0.5580, -0.0171],
[ 0.3416, -0.5482, 0.5281, 2.3243]]])
tensor([[[0.0968, 0.9032, 0.0000, 0.0000],
[0.8361, 0.1639, 0.0000, 0.0000],
[ nan, nan, nan, nan],
[ nan, nan, nan, nan]],

[[0.4378, 0.0952, 0.2366, 0.2304],
[0.4766, 0.2568, 0.1128, 0.1538],
[0.2912, 0.1899, 0.1909, 0.3279],
[0.1012, 0.0416, 0.1220, 0.7352]]])

sEEaRS . masked scoreix B2

B RIRT A source len [2,4]

B ATHINZ AR score

5 = AHTEIRY5K & 2 masked score
VYT EIR R B R A R IR — E
XA A/ NK S A Anp.inf 7




masked_score = score.masked_fill(mask_encoder_self attention, [=1e9)
prob = F.softmax(masked_score, -1)

print(src_len)

print(score)

print (masked_score) I
print(prob)

tensor([2, 4], dtype=torch.int32)

tensor([[[ 0.3340, 2.2387, -0.1092, 0.5382],
[ 0.6673, 0.9443, 1.0673, -0.3969],
[-0.4240, -0.5947, -0.5410, -0.5625],
[-0.0996, -0.0271, 1.7454, 0.6641]],

[[-0.7846, -1.5655, 1.0464, -0.3124],

[-0.0495, 0.3757, -0.2082, -1.4990],

[-0.7114, 0.2253, 1.9388, 0.0783],

[-0.2760, -1.0927, -2.2223, -1.3172]]])

tensor([[[ 3.3403e-01, 2.2387e+00, -1.0000e+09, -1.0000e+09],

[ 6.6732e-01, 9.4426e-01, -1.0000e+09, -1.0000e+09],
[-1.0000e+09, -1.0000e+09, -1.0000e+09, -1.0000e+09],
[-1.0000e+09, -1.0000e+09, -1.0000e+09, -1.0000e+09]],

[[-7.8462e-01, -1.5655e+00, 1.0464e+00, -3.1242e-01],
[-4.9462e-02, 3.7565e-01, -2.0817e-01, -1.4990e+00],
[-7.1140e-01, 2.2531e-01, 1.9388e+00, 7.8335e-02],
[-2.7596e-01, -1.0927e+00, -2.2223e+00, -1.3172e+00]]])

tensor([[[0.1296, 0.8704, 0.0000, 0.0000],
[0.4312, 0.5688, 0.0000, 0.0000],
[0.2500, 0.2500, 0.2500, 0.2500],
[0.2500, 0.2500, 0.2500, 0.2500]],

% —> source len
%> score

% =/~ masked,padfAA b 77 #AE R T — MM INECEE — A RS EE N2 B LAE
THI A AR 5 T WA TR AR il T — S Jealfr)score

0 155)masked scorell 5, 4 prob, fsoftmax, A E padfi#h /s ifrmask 717
55, fEsoftmax(iHfe, MESMH N0  (MEEProby s —17) JPAlINE— i, FONHT
AT A L] 2 TR RCE Y 5 TE A~ B R IRCE #20, b e THmaskfr) 48 5

17655,  (ProbfgzE —47) [EIFESE /a2 —#Eny:  (probpy & =1rfIss ) . "ILA
G F BEEprob @y, Mt ale? Foh4A A Emaskyify, pUEimaskyi 7, fEH—1b
PO, ARSI T R A, 15 3Iprob, FEMEA I Tpad, A LAMEE
(HARRIRIE R, WA Mimaskis iy H5>

PL_ 2 encoder self attention maskig iy 2%, st af LAFEMEA— R R MM, WA F=
. AREERR . encoder@— kI AN

& ik—im, masked encoders s 2 an 1522



# fiencoderfiself-attention mask

# maskHJshape: [batch size, max src_len, max_src len],{EX13f-inf

valid_encoder pos = torch.unsqueeze(torch.cat([torch.unsqueeze(F.pad(torch.ones(L), (0, max(src
for L in src_len]), 2)

valid_encoder_pos_matrix = torch.bmm(valid_encoder_pos, valid_encoder_ pos.transpose(l, 2))

invalid encoder pos matrix = l-valid_encoder_ pos_matrix

mask_encoder_self attention = invalid encoder pos_matrix.to(torch.bool)

score = torch.randn(batch_size, max(src_len), max(src_len))
#print(score.shape, mask_encoder_self attention.shape)

masked_score = score.masked fill(mask_encoder_self attention, -1e9)
prob = F.softmax(masked_score, -1)

print(src_len)
print(score)

print (masked_score)
print(prob)

o, BAVSEI—valid, 58— MERGERE, AR R A A 2 [ T — M8
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import torch

import torch.nn as nn

import torch.nn.functional as F
import numpy

=\ Aly B

# — EXB=E
batch_size = 2
# BiEERA), BEERFEZOEBE

max_num_src_words 8
max_num_tgt_words 8




# TAEBRANEE
model_dim = 8

# FINRAKE

max_src_seq_len 5
max_tgt_seq_len 5
max_position_len = 5

# batch size = 2,/ F—TEFKE = 2, EZTOUTFKE = 4
src_len = torch.Tensor([2,4]).to(torch.int32)
tgt_len = torch.Tensor([4,3]).to(torch.int32)
# BIRRS|MARECFHBREF, MEbatch, HHfflpadding, EIAMENO
src_seq =
torch.cat([torch.unsqueeze(F.pad(torch.randint(1,max_num_src_words,
(L,)),
(0,max(src_len)-L)),0)
for L in src_len])

tgt_seq =
torch.cat([torch.unsqueeze(F.pad(torch.randint(1,max_num_tgt_words,
(L,)),
(0,max(tgt_len)-L)),0)
for L in tgt_len])

# t9i&word embedding
src_embedding_table
tgt_embedding_table

nn.Embedding(max_num_src_words+1,model_dim)
nn.Embedding (max_num_tgt_words+1,model_dim)

src_embedding
tgt_embedding

src_embedding_table(src_seq)
tgt_embedding_table(tgt_seq)

# tJiEposition embedding
pos_mat = torch.arange(max_position_1len).reshape((-1,1))
i_mat = torch.pow(10000,torch.arange(0,8,2).reshape((1,-1))/model_dim)

pe_embedding_table = torch.zeros(max_position_len,model_dim)
pe_embedding_tablel[:,0::2] torch.sin(pos_mat / i_mat)
pe_embedding_table[:,1::2] torch.cos(pos_mat / i_mat)

# print(pe_embedding_table)

pe_embedding = nn.Embedding(max_position_len,model_dim)




pe_embedding.weight =
nn.Parameter(pe_embedding_table, requires_grad=False)

src_pos = torch.cat([torch.unsqueeze(torch.arange(max(src_len)),0) for _
in src_len]).to(torch.int32)
tgt_pos = torch.cat([torch.unsqueeze(torch.arange(max(tgt_len)),0) for _
in tgt_len]).to(torch.int32)

# print(src_pos)

src_pe_embedding = pe_embedding(src_pos)
tgt_pe_embedding = pe_embedding(tgt_pos)
# print(src_pe_embedding)
# print(tgt_pe_embedding)

# #33& encoderfyself attention mask
# maskMyshape: [batch_size,max_src_len,max_src_lenl, {EAN18-inf

valid_encoder_pos =
torch.unsqueeze(torch.cat([torch.unsqueeze(F.pad(torch.ones(L),
(0,max(src_len)-L)),0) for L in src_len]),2)

valid_encoder_pos_matrix =
torch.bmm(valid_encoder_pos,valid_encoder_pos.transpose(1,2))

invalid_encoder_pos_matrix = 1-valid_encoder_pos_matrix
mask_encoder_self_attention = invalid_encoder_pos_matrix.to(torch.bool)

score = torch.randn(batch_size,max(src_len),max(src_len))
print(score.shape,mask_encoder_self_attention.shape)

masked_score = score.masked_fill(mask_encoder_self_attention,-1e9)
prob = F.softmax(masked_score,-1)

print(src_len)
print(score)
print(masked_score)
print(prob)

scalefy) & itk

# softmaxi&m
alphal = 0.1




alpha2 = 10

score = torch.randn(5)
probl = F.softmax(scorexalphal,-1) # -189{EFAE(t4?
prob2 = F.softmax(scorexalpha2,-1)

def softmax_func(score):
return F.softmax(score)

jaco_matl =
torch.autograd. functional. jacobian(softmax_func,scorexalphal)
jaco_mat2 =
torch.autograd. functional. jacobian(softmax_func, scorexalpha2)

print(jaco_matl)
print(jaco_mat2)




