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Word2Vec GloVe Transformer
ICLR2013 EMNLP2014 NIPS2017
@ @ @ i @
2013 2014 2015 2016 2017
2022 2021 2020 2019 2018
@ ® ® ] @
ChatGPT ViT GPT-3 BERT ELMo

ICLR2021 NIPS2020 NAACL2019 NAACL2018
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BardG GPT-4® M DQurassic-2A2  [Claude Al

LLaMA '.

OPT-IML (0N

G (ChatPT® BLOOMZ) %) gctica
SparroN©
BLOOM[ ¢

Closed-Source G OPT[#,N] i
a [Chinchilld®
InstructGPT/®
TG [GDAG
CodeX®

[(urassic-142
GPT-][e}

GPT-Neo[®]

PT-3®

XLNetf¢c) | open source
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T XL

—{ AddaLayerNom |

T H « LayerNorm (H + X)

pOSItIO n [ Feed Forward Network ]
0 ay . H < FFN(H)
|: ! ! - [ Add & Layer Norm ]
. 4 H < LayerNom (H+X)
050 —»[ Multi-head Attention ]

T H.-MHm(QKV)

025
s
§
: h .
&
»
-025 T
-050
@

- 1 T
et P ) ) oot 0 =180
dim MultiHead (Q e V) TS —— (hea 4 hissd )WO S,: attend to S, tokens
: i/ dumogel Y L3 > h S,: attend to left context
PE(pos,2i) = sin(pos/100007 ) where head; = Attention(QWS, KWK, VW)
PFE - = cos(pos 100002/ dmos . KT T
(pos,2i+1) (p / ) Attention(Q, K, V) = softmax(cf/d_k |4 Att(Q,K, V) = SOftmax(Q;{E L M)V,’
Transformer4 18 5 4L & X 1E Transformer 3t &l 4 4 Attention Maski% it

4 1E = A Wk X : Pre-training + Fine-tuning
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T2 XT3 Y1 Y2 . T2 T2 T3 Y1 Y2 . Y2
ry T2 T3 U Y2 rr T3 ry X2 T3 Y1 Y2 ry T2 T3 Y1 Y2
(a) Left-to-right LM. (b) Masked LM. (c) Prefix LM. (d) Encoder-Decoder.
B (FR) E5#E Xn (B8 #=#2 RBEegEHNAE WA EE A
Rx&: R&: R R,
ELMO. SIiATL BERT. MT-DNN. ELECTRA. UniLM. GLM. BART. T5. MASS

GPT. GPT-2. GPT- SpanBERT. RoBERTa. ERNIE- M6. BIiET. VLMo
3. GPT-4. GPT-J. THU. ERNIE-Baidu-1.0/2.0/3.0
OPT. ChatGPT. ALBERT. XLNet. DeBERTa.
LLaMA. Alpaca SpellBERT. MacBERT. CoLAKE.
StructBERT. K-BERT. KEPLER.
DKPLM. LayoutLM-V1/2/3,
Longformer. Roformer



EHiEERE —KA RN

Text Task T :
WD) I3 mn1 Y2 . prediction (RCIBSSiier Classification | Start | Text | Extract H——{ Transformer H Linear |

= U s e _

Layer Norm

Be—

EEERIER R aTd I | Start | Text 1 | Delim | Text 2 | Extract |——>| Transformer
Similarity - Linear
2= | Start | Text 2 | Delim | Text 1 | Extract |*{ Transformer

(a) Left-to-right LM. F

Start | Context | Delim | Answer 1 | Extract |——| Transformer H Linear

Masked Multi |
Self Attention -
EI . . . . Multiple Choice| Start | Context | Delim | Answer 2 | Extract |_.| Transformer |_.| Linear

D EI - . . Text & Position Embed | Start | Context | Delim | Answer N | Extract |—+| Transformer |——| Linear
L1 O]

HEEEEEE GPTH A

HIEIEIE

B iEE A A A

o H {# F Transformer Decoder{E X £ A 22 44,
« Attention4E [ % Masked Attention;

o HAZRuEEEyAEKAIEERE A,

o JRMATHIERG., XK ESE,;
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RS Y SR

GPT-2: Reddit E #yWebText, ##E &% H£H 2480074 k& X &, ZTHRHAL40G,

GPT-3: HEIN%& T 5N T EER, 475 £1% i &8 Common Crawl, % it & i WebText2, Booksl, Books2
FrWikipedia, GPT3REHEEN AR NRER T T AR BAE, AUE B E 0 E ) S0y iz o5 7 A 3,

T 2+

Input: Google News releases that Apple founder Steve Jobs will speak

about the new iPhone 4 product
)

Generation: Google News releases that Apple founder Steve Jobs will speak
about the new iPhone 4 product at a press conference in 2014.

p(yi+1a"' ,yn|X = {xl’m%"' ’xz})
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transformer_outputs = self.transformer(
input_ids,
past_key_values=past_key_values,
attention_mask=attention_mask,
token_type_ids=token_type_ids)

hidden_states = transformer_outputs[0]

Im_logits = self.lm_head(hidden_states)

loss = None
if labels is not None:
# Shift so that tokens < n predict n
shift_logits = lm_logits[..., :-1, :].contiguous()
shift_labels = labels[..., 1:].contiguous()
# Flatten the tokens
loss_fct = CrossEntropylLoss()

loss = loss_fct(shift_logits.view(-1, shift_logits.size(-1)), shift_labels.view(-1))

if not return_dict:

output = (lm_logits,) + transformer_outputs[1:]
return ((loss,) + output) if loss is not None else output

lnput CLS| £ | X | X ||/ | B & @, ® MM — || &8  H =/ I E [BOS
Label | & | X X || &% B | @& || , ® M — ®  H || £/ It |l B BOS||-100
loss 01 04 03 07 02 01 04 03 07 02 01 04 03 07 02 02 -



REEERE —EA RN

Z2
z1 _ 3
(b) Masked LM.
S, S,

W18 = A AF A
H {# JF Transformer Encoder{E 7 15 A 22 #4
* Attention4E [% # 1~ 77 #£ Masking;;

A &Ry X B 77
SN R T XKLk,
B, REEMEE,

XABEX ., 15 840

NP Mask LM Mask LM
P *

BERT

Gl (Bl &

Masked Sentence A Masked Sentence B

*
Unlabeled Sentence A and B Pair

/@ MAD Start/End Spam

L) e (m)
BERT
(e ][ ][]

(B[N -

Question Paragraph
*
Question Answer Pair

Pre-training Fine-Tuning
BERT# &

Input [[CLS] W [ my ] (dog W ( is ” cute N [SEP] W[ he M likes W play ] [ ##ing M [SEP] 1
Tok
E?\‘]t()agddings E[CLS] Emy Edog Eis Ecute E[SEP] Ehe Elikes Eplay EMing E[SEP]

-+ 3= =+ + =+ L L + =+ + =+
Segment
Embeddings EA EA EA EA EA EA EB EB EB EB EB

L g =+ L + L L -+ L + L
Position
Embeddings Eo El Ez E3 E4 ES E6 E7 ES E9 E10
BERT Embedding
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S

Wikipedia. BookCorpus. CC-News. OpenWebText, Stories
© AT

BEBM., £EF/ (F30 . T5. wudao2.0

F %A 4|: Masked Language Modeling (MLM)

Input: Google News releases that Apple founder Steve Jobs will speak
about the new iPhone 4 product at a press conference in 2014.

MLM: Google News [MASK] that Apple [MASK] Steve Jobs will speak
about the new iPhone 4 product at a press [MASK] in 2014.

Conference Party

p(yj|X - {2131,332, T ’mn}7mj — [MASKD

ER R

o XTEANXAKR, BEALYKLE 5% token;

o X F# ik F Htoken, H P
« 80%Hytokenik # [MASK];
o 10%# token# A1 £ # 17 & + H fftoken;
e 10%H#ytokenff # 1 4% ;

H

o BINEAT, 1B+ AE13.5%Htokent 1)
.

o SZEYF, Wit FHWtokenFLEW Y LLE £,
%] 4140% .,
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transformer_outputs = self.transformer(
input_ids,
attention_mask=attention_mask,
token_type_ids=token_type_ids,
position_ids=position_ids)

sequence_output = transformer_outputs[0]

prediction_scores = self.cls(sequence_output)

masked_1lm_loss = None
if labels is not None:
loss_fct = CrossEntropyLoss() # -100 index = padding token
masked_1m_loss = loss_fct(prediction_scores.view(-1, self.config.vocab_size), labels.view(-1))

if not return_dict:
output = (prediction_scores,) + outputs[2:]
return ((masked_1lm_loss,) + output) if masked_1m_loss is not None else output

Input |CLS

O

mask] | K |mask) | B T , B | maskg | — il an) 7 |lmask|| B |[SEP

Label |-100||-100| X |[-100(| = ||-100]|-100||-100((-100(| 1] ||-100||-100||-100((-100(| Z% ||-100]|(-100

Loss - - 0.3 - 0.2 - - - - 0.2 - - - - 0.2 - -
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Whole Word Masking MLLM
Input [CLS|| & [| R | maskl ivaskl| | B || &F , | ivask maskl|| — || #
Label [-100|[|-100||-100| X || & ||-100[|-100((-100(| F || i1 ||-100]|-100
Loss - - - 0.3 0.2 - - - 04 0.2 - -
Spell Correction
Input |CLS|| 2 || K || X || & || B | mas«|| , [ 177 || — || &
Label [-100(| & |[-100(| X [[-100[[-100| %* ||-100]||-100]|| ] ||-100]|| #2
Loss 0.1 - 0.3 - - 0.1 - - 0.7 - 0.1

IMASK]| |MAsK] vask] | T | |SEP
e = It |-100(|-100
0.1 0.1 0.2 - -

MAsK] [mask] | BT £ |[SEP
H || & [[-100(|| B |[-100
0.4 0.3 - 0.2 -

FINSGESFARE—MHEEENSG. BRIR. HEFREZALEAEERFF I PEMR B RKRIEX 2R
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z1 ) I3 Y1 Y2
(c) Prefix LM.

PG Y

« & | Transformer Encoder
1 R AL 2244 s

« 1R #E Attention4E [ #y Masking
Wit, X4 A MiE ., A
B R A = MIE N

- BMEZIEZEM N, XA
B XA E R

o« JRNATXABE. i
BE4E

D Allow to attend
B Prevent from attending

[?H?H?H?MW
: | Transformer Block L I :
: f :
I I
| s I
: f :
: | Transformer Block 2 | :
1 1 I
: | Transformer Block 1 I :
I I
___________ . —

Token Embedding
Position Embedding
Segment Embedding

|x1||x2||x3||x4||x5|

Unified LM with
Shared Parameters

Sy S,
: 1 —— Transformer
Ooood
s, 100000
101 C 0 O
OO OO O
S [ Transformer
w2 00000
o [sos] [, ] [Eos] ['s, | [Eos]
\6\(60“ S,&S,: attend to all tokens n - " . .
2 Segment1 Segment 2
[ Transformer ]

Left-to-Right LM

[ Transformer ]
S [s0s] [5.] [5: ] [ [E0s]
q\{O\S L . 1
9 Ly, Segment 1
[ Transformer ]

-2%7, ,;:‘,’JII
T A

e o /:—r,/ 9 ¢
- 1

1 4 1

Transformer ]
|sos| | s, | [Eos| [ s, ||Eos|

S,: attend to S, tokens
S,: attend to left context

Self-attention Masks  Segment1 Segment 2

UniLM & A
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Input

Label

Loss

Input

Label

Loss

Input

Label

SOS|| & |imask | K |imask | B || &F || , ®
-100(|-100{| & ||-100|| & ||-100||-100]|-100{|-100
03 - 02 -
X 2 @ Causal T 4k
sos| & || X XK | 85 | B ¥& |, ES4
S R XKI||H  EBE % , ® |1
01 04 03 07 02 01 04 03 07
B A Mask & Causal T )| %
SOSs|| & X |lmask | & B ||mask| EOS @ F
-100| [-100[|-100|| X ||-100||-100(| #% | F& @ 1]
- 0.3 01 04 03

Loss

[MASK]

]
0.2

]

— #2 H x |lvask | B | [BOS
-100(|-100||-100|[-100|| % ||-100||-100
- 0.2 - -

— i) i * In IE | |BOS
v} i = In @ |/BOS| [-100
0.1 0.4 03 0.7 0.2 0.2

— s} H S In IE | |BOS
e = || &I || B ||BOS||-100
0.2 01 0.4 0.3 0.7 0.2

S,: attend to S, tokens
S,: attend to left context
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S PEERY
Y2 C :
Bidirectional Autoregressive
Encoder Decoder
A_C_E <ss>SABCD
(a) BERT: Random tokens are replaced with masks, and (b) GPT: Tokens are predicted auto-regressively, meaning
the document is encoded bidirectionally. Missing tokens GPT can be used for generation. However words can only
are predicted independently, so BERT cannot easily be condition on leftward context, so it cannot learn bidirec-
T T2 T3 1 Y2 used for generation. tional interactions.
(d) Encoder-Decoder. /;« ? ? I? E
Bidirectional l:> Autoregressive
< Encoder Decoder
R SRR A TIIFL FTrft
e [& B {# A Transformer Encoderfn <s>ABCD

DecoderfE 7 4% A 42 44 ;

(c) BART: Inputs to the encoder need not be aligned with decoder outputs, allowing arbitary noise transformations. Here, a

. Encoder}:{ iy ]‘J’ % )\ X $ k%48 {‘J‘ 4’[% document has been corrupted by replacing spans of text with mask symbols. The corrupted document (left) is encoded with
Ml 4 a bidirectional model, and then the likelihood of the original document (right) is calculated with an autoregressive decoder.
E% 5 DeCOder} J WA E] E:—TI )j _&L_ ﬁh For fine-tuning, an uncorrupted document is input to both the encoder and decoder, and we use representations from the final

o E}ﬁ?EL_ %,i%—é:ﬁﬁ@ %\E 77 , X%}ﬂ 7%- X Zl—‘ hidden state of the decoder.
R EE T
C FERRFXANE. NBHEE, BARTHE . TSH
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# Convert encoder inputs in embeddings if needed

encoder_outputs = self.encoder(
input_ids=input_ids,
attention_mask=attention_mask,

)

hidden_states = encoder_outputs[0]

if labels is not None and decoder_input_ids is None

and decoder_inputs_embeds is None:

# get decoder inputs from shifting lm labels to the

right

decoder_input_ids = self._shift_right(labels)

# Decode

decoder_outputs = self.decoder(
input_ids=decoder_input_ids,

nput |SOS| | £ || X || X ||& B | #& |,
Label | S || R XK ||/ B % ,
Loss 0.1 04 03 07 0.2 0.1 0.4

£5%

0.3

Conditional Generation¥ || &

sequence_output = decoder_outputs[0]

Im_logits = self.lm_head(sequence_output)
loss = None
if labels is not None:
loss_fct = CrossEntropyLoss(ignore_index=-100)

loss = loss_fct(lm_logits.view(-1
lm_logits.size(-1)), labels.view(-1))

if not return_dict:
output =

encoder_outputs

return ((loss,) + output) if loss is not None else

output

(Im_logits,) + decoder_outputs[1:

] +

x| M| — | &£ | & || =/ It | B |[BOS
1 — & & &£ I | IE  BOS |-100
07 02 01 04 03 07 02 02 -
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j(%M% I

K%Ju 5 & R

o LU

Wikipedia. BookCorpus. CC-News. OpenWebText., Stories
o P OCATUE:

BEBHM. £EF5H () . TF. wudao2.0 |

- o e e e e e e e e e e e e e Em e e mm mm e e e e Em e e e e e e e e mm e e o e e e e e

,__________
—_——— e - - ——

o e e e e e mm e mm e e e e Em e e e e e e e e Em e e e e e e e e mm e e e e e e e e e = e

 OHR M R e R
 BERT/RoBERTa-large: 770M
* Erlangshen: 1.3B
 Nezha: 4B
« GPT-3: 175B
e M6: 1000B

. * Switch-Transformer: 1600B /

N e e e e e e e e e e e e e e e e e e Em e e mm e e e e e Em e e e e e mm e e e e e e e e e e e e =

e e e = -

BAMRED )
ﬁ%ﬂ%éy\ﬂ%tm = 3 Y 4
A EFP16

- MOEJI %

* ZeRO-Offload

« Deepspeed 7 i 3\,
* Megatron

___________________________________

N e e e e e e e e e e e = e e = e e = e e e e -
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i & E A

XK #E

15 = K&

SQuAD

Model data  bsz steps v1.1/2.0) MNLI-m SST-2
RoBERTa

with BOOKS + WIKI 16GB 8K 100K 93.6/87.3 89.0 95.3

+ additional data (§3.2) 160GB 8K 100K 94.0/87.7 89.3 95.6

+ pretrain longer 160GB 8K 300K 94.4/88.7 90.0 96.1

+ pretrain even longer 160GB 8K 500K 94.6/89.4 90.2 96.4
BERTLARGE

with BOOKS + WIKI 13GB 256 1M  90.9/81.8 86.6 93.7
XLNet srce

with BOOKS + WIKI 13GB 256 1M  94.0/87.8 88.4 94.4

+ additional data 126GB 2K 500K 94.5/88.8 89.8 95.6
- W IEE . batchsize. ERKEK

1 pre-training il fine-tuning Z_ [7] 3 /v continual pre-training
Trick: # J # & & 15k ¥ K batch size
. BRiG: WUKEGE

Hyperparam RoBERTa; sz ROBERTa;,:
Number of Layers 24 12
Hidden size 1024 768
FFN inner hidden size 4096 3072
Attention heads 16 12
Attention head size 64 64
Dropout 0.1 0.1
Attention Dropout 0.1 0.1
Warmup Steps 30k 24k
Peak Learning Rate 4e-4 6e-4
Batch Size 8k 8k
Weight Decay 0.01 0.01
Max Steps 500k 500k
Learning Rate Decay Linear Linear
Adam € le-6 le-6
Adam (4 0.9 0.9
Adam S5 0.98 0.98
Gradient Clipping 0.0 0.0
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sign exponent(5bit) fraction(10bit)
- BAKE (Fpl6. BF16) — !
« Deepspeed (3DF1T)
 int8E
° jﬁg ))?Q ;%i %/[:{ sign exponent(8bit) fraction(23bit)
 Gradient checkpointing FP32
e Torch FSDP 6 SN L] aerlin S

* CPU offloading

Back-propagation

e s —

Forward pass

SRRl https://wjn1996.blog.csdn.net/article/details/130764843



NG ETEB R U—F W

Memory k=12
C g | w758
gPug gpy; gPUy.1 QISHME N,=64
. . Baseline 2+2+K)+W | 12068
. BA¥E (Fpl6. BFIG) { )
NL —
« Deepspeed (3DFHAT) P, 29 + 2% + = | 31468
O = d
o nt8E
. HERM Posse 2y  GHO-¥ ;I‘: ¥ | 16608
* Gradient checkpointing = : = P
* Torch FSDP Posrgen N,
* CPU offloading
w Parameters Gradients Optimizer States
E: ................................. f 'l
| Node3 ! i[0000]; {[6000]: :[0000]: | /
{[0oo0l: i[cocol: :[0oool; -
1 1 ! 1 1! 2 1! f ' ™~ R
|__Node2 | i[0000]: i[co00]: i[cooal: 2 | (fekuo g GPUS
5600 {[0000]: {[c000] i[coo0l; g
:E | Nodel |! Node2 [i Node3 | i N
l """"""""""""""" 2| |erua | Herua| Hepu2o g
---------- & &
Data Data 1 Data 2 Data 3
.
Model Parallelism Data Parallglism ... Pipeline Parallel
Ny S — N N, S— N2
A AT 5 348 HAT DeepSpeed+ZeRO——3D 1T

SRRl https://wjn1996.blog.csdn.net/article/details/130764843
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e No saturation: map |max| to 127

. -|max| 1) +|max|
- WBAFKE (Fpl6, BF16) 50— 356 — 30— 30— 30— —30-3630—09¢
« _Deepspeed (3DFH4T) :
e int8E 1k
© B B

* Gradient checkpointing
* Torch FSDP
* CPU offloading

Fp16 vector

1.2|-0.5|-4.3|1.2]|-3.1]0.8|2.4| 54| = |54 —$ 3 above |threshold| to 127

T

Quantized - int8 vector

Divide by a 3

1.2]-0.5]-4.3]11.2]-3.1]0.8|2.4| 5.4

de-Quantized - fp16 vector

AR | https://wjn1996.blog.csdn.net/article/details/130764843
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- WBAFKE (Fpl6, BF16)
Deepspeed (3DFH47)
int8 = 1,

R RN

Gradient checkpointing
Torch FSDP

* CPU offloading

B E R

— % Batch# A BB BB, 3T 43
H, A% F %L %Batchty # 2 2 5 B3
#o AM L% T K 7T Batch size,

Gradient Checkpointing:
EHATREEEITERER, FLEEENKE
(BT WIME, MEENTEME, HRT L
AF@EHE S ANER,

Torch FSDP+CPU Ofﬂoadlng
Pytorchs2 I iy 2 A7 XY G AE R, [F B f5 BICPU
FEAGMR. FEHERPTANFELFZHH
KERE

AR | https://wjn1996.blog.csdn.net/article/details/130764843
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A
(

[Adapter - A‘

+
hy

@“

Wp,,

wn

hey
—————| Add & Norm

Feedforward

———————— | Add &Norm

l Multi-Head Attention

I_'__l

_’ ilxtumng K/,IEI:I

LoRA
+

[T

S i W%E@

|
k hin

28R B S

Adapter & Prefix & LoRA

LA\ SRAM: 19TB/s (20 MB)
SRAM

HBM: 1.5TB/s (40 GB)

LUETLE T TSV DRAM: 12.8 GB/s
(>17B)

Memory Hierarchy with
Bandwidth & Memory Size

Inner Loop

sm(QK)V: Nxd

Outer Loop

............ 1
| Co
Compute Block | <
on SRAM | 5
3
1L
-
e
11°
[ ——
Output to HBEM

Inner Loop

PR s stoiech brsvod 3. s V:NXd

doon 121n0

Attention on GPT-2
15+ ;l Matmul
Dropout
) H
£104 "1
© Softmax
B ~
= 54 Fused
Mask Kernel
" oo |
] Matmul
o —

Self-Attentionff; ft.: Flash-Attention

SRRl https://wjn1996.blog.csdn.net/article/details/130764843

PyTorch FlashAttention
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Prompt-tuning (1€~ % >/ )

In-Context Learning ( L |~ X oF 2 )
Instruction-tuning (3§ 4% &)
Chain-of-Thought (& % &%)

( Bestpizzaever! +1 )eT Just gross. € D
Best pizza ever!
: Itwas ____. -
Mm:  PLM Lee @00
great : 0.8 \ &
bad :0.2 +1:0.1
l .......... Just gross.  -1:0.9
O\ ¥
+1:0.8
-1:02 <

Pattern Verbalizer
= = !

Pi(a) = CE i F2(0) = SN v(1l) = terrible v(2) =bad  v(3) = okay

P3(a) = a. Allin all, it was ____. v(4) = good  (5) = great

Py(a) = a || In summary, the restaurant is ____.

P1 (X) = “q”9 || _— “p? PQ(X) — B ” ., b V1 (0) = Wrong 'Ul(l) = nght V1 (2) = Maybe
v2(0) = v9(1) = Yes  v9(2) = Maybe

p. Question: g? Answer: ___. Yes / No

p. Based on the previous passage, q7 ___.

Based on the following passage, ¢? —__. p

SRR | https://wjn1996.blog.csdn.net/article/details/120607050
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«_Prompt-tuning (52 ] )

 In-Context Learning ( £ T X% >])

» Instruction-tuning (35 2 7% ) )
 Chain-of-Thought (B % 4%)

Learning via SGD during unsupervised pre-training N
3 3 3
i
o =: = i (v}
5+8=13 8 gaot => goat 8 thanks => merci 8
3 = 3
- - -
7+2=9 2 sakne => snake 3 hello => bonjour Q
- - -
o o o
TR0 = o brid => bird ] mint => menthe I
= = =
S 3, =,
3 3 3
3+4=7 «Q fsih => fish «Q wall => mur «Q
5+9 =14 dcuk => duck otter => loutre
9 +8=17 cmihp => chimp bread => pain

sequence #1

sequence #2

GPT-3

sequence #3

Demonstrations
Circulation revenue has increased by 5% in Finland. \n
Panostaja did not disclose the purchase price. \n

Paying off the national debt will be extremely painful.  \n
The acquisition will have an immediate positive impact. \n

Test input

Positive

Prediction

In-Context Learning

SR https://wjn1996.blog.csdn.net/article/details/120607050

Positive
Neutral
Negative
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 In-ContextLearning (I T = >])

Prompt-tuning (€~ % >/ )

| % iE = BB R H—E XA

. . b A /_llj N
« _Instruction-tuning (& 4 &)
e Chain-of-Thought (2 %)
Input: She chose to make a salad for lunch on Sunday.
Question: how long did it take for her to make a salad?
Crowdsourcing Instruction: Label
grammar "ol 5 Output:
'ves" if the sentence contains any
check L . no
grammatical issues. Otherwise, [...]
tagging Crowdsourcing Instruction: List all Output:
essential = the words that are essential for making
phrases answering it correctly. [...] salad
answering ~ Crowdsourcing Instruction: Output:
questions = Answer the provided question based 30mins
ona given [...]
1 supervision with seen tasks
| evaluation on unseen tasks
question Crowdsourcing Instruction: Label Output:
; the type of the temporal phenomena Event
typing . . .
in the question. Example are |[...] duration

ChatGPT (GPT-3.5-
turbo) = ¥ f 18
AR+ AN KRR
1 3 LW

ZHXB}  https://wjn1996.blog.csdn.net/article/details/120607050

Instructions for MC-TACO question generation task

« Title: Writing questions that involve commonsense understanding of "event
duration”.

« Definition: In this task, we ask you to write a question that involves “event
duration", based on a given sentence. Here, event duration is defined as the
understanding of how long events typically last. For example, “brushing teeth”,
usually takes few minutes.

*Emphasis & Caution: The written questions are not required to have a single
correct answer.

*Things to avoid: Don't create questions which have explicit mentions of
answers in text. Instead, it has to be implied from what is given. In other words,
we want you to use "instinct" or "common sense".

Positive Example

«Input: Sentence: Jack played basketball after school, after which he was
very tired.

+Output: How long did Jack play basketball?

*Reason: the question asks about the duration of an event; therefore it's a
temporal event duration question.

Negative Example

«Input: Sentence: He spent two hours on his homework.

+Qutput: How long did he do his homework?

*Reason: We DO NOT want this question as the answer is directly mentioned
in the text.

*Suggestion: -

*Prompt: Ask a question on "event duration" based on the provided sentence.

Example task instances

Instance

«Input: Sentence: It's hail crackled across the comm, and Tara spun to
retake her seat at the helm.
*Expected Output: How long was the storm?

Instance

«Input: Sentence: During breakfast one morning, he seemed lost in thought

and ignored his food.
*Expected Output: How long was he lost in thoughts?
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« Prompt-tuning (2 ~%¥ 3] )
 In-Context Learning ( T % 3] )

- Instruction-tuning (454~ 38
 Chain-of-Thought (2 % %)

mﬁﬁﬂ%

Q: There are 15 trees in the grove. Grove workers will plant trees in the grove today. After they are done, there
will be 21 trees. How many trees did the grove workers plant today?

A: There are 15 trees originally. Then there were 21 trees after some more were planted. So there must have
been 21 - 15 = 6. The answer is 6.
Q: If there are 3 cars in the parking lot and 2 more cars arrive, how many cars are in the parking lot?

A: There are originally 3 cars. 2 more cars arrive. 3 + 2 = 5. The answer is 5.

Q: Leah had 32 chocolates and her sister had 42. If they ate 35, how many pieces do they have left in total?
A: Originally, Leah had 32 chocolates. Her sister had 42. So in total they had 32 + 42 = 74. After eating 35, they

Standard Prompting

Input

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A: The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples
do they have?

\_

7
A: The answer is 27. x )

AN THF

had 74 - 35 = 39. The answer is 39.

Chain of Thought Prompting

Input

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A: Roger started with 5 balls. 2 cans of 3 tennis balls
each is 6 tennis balls. 5 + 6 = 11. The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples
do they have? j

A: The cafeteria had 23 apples originally. They used

bought 6 more apples, so they have 3 +6 = 9. The

20 to make lunch. So they had 23 - 20 = 3. They
@swer is9. J

EEERE

[1st prompt]
Reasoning Extraction

Q: On average Joe throws 25 punches per
minute. A fight lasts 5 rounds of 3 minutes. How
many punches did he throw?

A: Let's think step by step.

————

L

LLM

&

|

In one minute, Joe throws 25 punches.

In three minutes, Joe throws 3 * 25 = 75 punches.

In five rounds, Joe throws 5 * 75 = 375 punches.

[2nd prompt]
Answer Extraction

Q: On average Joe throws 25 punches per
minute. A fight lasts 5 rounds of 3 = -~
A: Let's think step by step.

In one minute, Joe throws 25 punches. - - -In five
’ rounds, Joe throws 5 * 75 = 375 punches. .
Therefore, the answer (arabic numerals) is

&

LLM

$

( 375. ]

THAEERE

SR https://wjn1996.blog.csdn.net/article/details/120607050
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PTX (Pretraining Gradient Mixing): Prevent forgetting

: () Instruction
Coati-13B Logits Stage1.--.t> (C____ ) Response
>—— —| Actor |[— = @ - Lptx —

i = RL Backward 2 e

Pretraining (Instruction, S Response I =7F [log (7o (I))] Stage 2 =i P {(CEAMATTE needed flow ColossalChat

Dataset Response) IR R :] * Frozen Stage 3 Training Framwork
PPO (Proximal Policy Optimization): Reinforce learning
[
S > Experience Buffer
Sampling from Environment WO | Oxp 5 B G R S S s S B
| workers 2 [ | Critic I
workers 1 I sentence I LLaMA-7B |
Coati-13B — e S Critic V(s) '
. LLaMA-7B | sampling '
Instructions Actor il Critic state value  1/(s) | P :
—s ) —» logits (action) [ | | R_. L '
R | value 1
Instruction reward | I
L

LLaMA-7B Coati-13B & E—» Actor [ ] Advance A=R-V(s)

I
I
I
I
+ I
| . | D I Ghe P G P G P D GES IP I GED GED GEP D GED GED GED GHD GED GED D GNP GNP G G GBS GE G e =
Ditaas E (:) V(s) —. _T_ G EEEEE R R
logits (action Value Function [~ * | sampling
. : Actor Coati-13B i

I
I
I
I
I
I
I
I

RM SFT Model [ b ;"', = EKL Prevent forgetting
logits (sft) =~ Blog (nf"(y | 2)/=>*"(y | z)) logits (action) [ }— Ratio 7" '_’ﬁppo
7‘(.’1,‘, y) >é = IReward R = min(rA4,clip(r,1 — ¢,1 + €) A)
| e e e e e e e e ——
5 Evaluation by RM Reward Calculation (Shared across workers) : |

e ! 4modeis;Actor; Ciftic; RM, SET L = EPPO =l Evalue e Eptx
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