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INEEAREE S REEERER: Prompt Tuning

Why Prompts?

great
terrible v/

>
utterly v

CLS label:positive
head label:negative v/
Label space )

[ [CLS] No reason to watch . [SEP]

Vocab V>
[ [CLS] itsa movie in every regard , and painful to watch . [SEP] ]

(a) MLM pre-training

MLM
-
head
[ [CLS] No reason to watch . It was . [SEP] Afunride.Itwas great . [SEP] The drama discloses nothing . It was terrible . [SEP] ]

ive —i

Vocab V-

(b) Fine-tuning

great (label:positive)
terrible (label:negative) v/
Label mapping M ()

+——— Input ——————— Template —— — D ion for D o for

(c) Prompt-based fine-tuning with demonstrations (our approach)

Pengfei Liu, et al. " Pre-train, Prompt, and Predict: A Systematic Survey of Prompting Methods in Natural Language Processing."
Tianyu Gao, Adam Fisch, Danqi Chen, Making Pre-trained Language Models Better Few-shot Learners, ACL 2021
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R EHAWFIEH, MR ARAHEIEE AR R R o il A PR BEIX AR AR,
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B — PN EWRER, RILEAERERE 7 —AEERME, JAEERE R, W

“Let's Think Step by Step” , BRI REGS I IR ATHERIEE S, B AHREIB R, DL ERGIH,

iVl N Gl S AL IVE SR S pat i

(a) Few-shot (b) Few-shot-CoT

Q: Roger has 5 tennis balls. He buys 2 more cans of tennis

KRoger 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: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many blue golf balls are
there?

A:

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: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many blue golf balls are
there?

A

(Output) The answer is 8. X

/

(c) Zero-shot

(Output) The juggler can juggle 16 balls. Half of the balls are golf
balls. So there are 16 / 2 = 8 golf balls. Half of the golf balls are
blue. So there are 8/ 2 = 4 blue golf balls. The answer is 4. /

(d) Zero-shot-CoT (Ours)

Q: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many blue golf balls are
there?

A: The answer (arabic numerals) is

Q: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many blue golf balls are
there?

A: Let’s think step by step.

(Output) 8 X

o

(Output) There are 16 balls in total. Half of the balls are golf
balls. That means that there are 8 golf balls. Half of the golf balls
are blue. That means that there are 4 blue golf balls. /

13

Takeshi, Kojima, et al. "Large Language Models are Zero-Shot Reasoners." arXiv preprint arXiv:2205.11916 (2022).



W IRA AR R

4.8 5 BRIRIR 55
S, ESRERRMSRCRECR, Hm N iHES REE A IR &, Bk, —RhEE
SRR HELE S R T U2 IS RURIRSS”  (Language Model As A Service,
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Response o
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g?, Batch Black-Box z
W// { ) < 65.0
e
[ % onse
Res? 62.5 Prompt Tuning
Users Server 600 1K 10K 100K 1M 10M 100M 1B
Tunable Parameters
Black-Box Tuning for L ge-Model-as-a-Service, ICML 2022

BBTv2: Pure Black-Box Optimization Can Be Comparable to Gradient Descent for Few-Shot Learning, arXiv:2205.11200
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their bill is located at

e

X wants to call

Uber for a ride

- capable of
= A
— desires
as a result, \\ Fix leaky radiator
to maintain Xwabis
the car before,

X need:
because X pees
wanted 7
/ used for.

X gets X’s car repaired

can be
hindered by
The car costs
too much to repair haqpens after
happens before
.
Person spent \
a fortune N
earned by working
[ omcomard phsicatanty

(Comet-) Atomic 2020: On Symbolic and Neural Commonsense Knowledge Graphs, AAAI 2021
Sap M, Le Bras R, Allaway E, et al. Atomic: An atlas of machine commonsense for if-then reasoning, AAAI 2019

is made of

used for

has pn;perry

Person drives
an old car

B8P, MRS — MR “LMs-asKBs” (e BUMEIATIER) | mTLUEI %
BT =TEA NI, A 2 BRI BB AR TR, M

NgRREHEHIRIAIE R, MILERIATRERBH S,

[Incorrect!]

L M S-asS- K BS No rules. Explicit rules + implicit knowledge

Amammal has a
belly button.
A fish does not

I know a
whaleisa
mammal, but
not a fish.

Awhale has a A whale has a
Access Consistency Edit Reasoning Explainability belly button. belly button.

N —

A Review on Language Models as Knowledge Bases, arXiv:2204.06031
Leap-Of-Thought: Teaching Pre-Trained Models to Systematically Reason Over Implicit Knowledge, NIPS 2020
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An astronaut + riding a horse + as a pencil drawing
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« Past developments
+ 2000 - 2015: from linear models to bi-linear models
« 2015 - 2019: deep models on feature interaction mining
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 SIEBIS (over-smoothing)
- GCNiERE(%IE %ﬂﬁiﬁ’fﬂ‘ﬁ?i#ﬁ?&ﬁﬁ]ﬁ*(mmt [IcML 18])

L i s Ed A
@2layerGEN  0)2steprw. @ 6layerGEN (D6 steprw

* GCNII[IcML’20]: Initial residual +Identity mapping H¢+) = ¢ (((1 —a)PHO + ug"(o)) ((1 —Bol, + /fgww))
° *ﬁ*I{’E Dropedge [ICLR'20], 1000 layers GNN(RevGNN [ICML'21]), EGNN [NeurlPS’21]
- BEBIFZHRtover-squashingfid T{E [ICLR21,ICLR22]

* GNNs v.s. WL Test
* GNNSWL Test—HE£8A(GIN [ICLR'19]) , N
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000000 mees Mutiset —~ . ‘
Graph Rooted subtree GNN aggregation s $109 -k

22



W IRA AR R

3. E e M R B Rl et

TEIX—T7TH, ARERMETTE BERMTTE, SMEATTE. PIRIRATT RS, e
RO BN,

WS S R0 P

RSN E MLE THE S, RERSAE IR M2 A9 M7 = PR EIE RN A, X HE A
TEEEINGTTTE, B EmME A BEVATE ERSXi, B S5%,

5. BRI i R 0 )

FERC T, ARTESCE TR E R, AT MEETA KETTE BEK
AR, FERETTHE, HETCEMI TRHNZTTE. mET7E ERAINETTE. Tk
UEE R TIRSR,

6. &S

S 2R TIRSOHRE AN, DR ERERI R, AR TR b ST RS IRSR

I, AIET R & METTIE, I A L RIS 4 rR 5 A — S22 i 757K, SRIEATIBEL,

EHIRE T7 R—— MR RS S TH SR L.,

() AokfpHd

B, HATEFERZ WEA RO, —@fENLE STRIBIeAR ORI T T
FFHERRIIZ ] AHEARIREHRA A ST RlE TR EIe ORI, 25 R E Ty
RZHEES Z R XA, HFRE T ORFRIRESS N, ATREZ AR AN R 1Y Z R T 5
f54n, {£ Drug Discovery [aJiiH, BNEEARIREARSHIOR, (HRET R KedEf
ARG, RENEANZEFSNTRIRR. B, EARKRMAR RGBS, B
MKW B N S XA, —RERESR Y, MEMEMEETESA0rE, Bl

SRIE TR — AR ),



W IRA AR R
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AWRERN, FETREE AT RN E IS AR, B REERT R, AR R 1
HH I ESE AN E AR Y R S @I i A\ 23R SRR, SEBILE B @RI =,
HAh, BWIRE TR T T 2 AR SR SR IERIR GG, rTDUERL S
TR B SO R A SR A e [

FEATREE SR F S 2, LT BT AIZRBR A RDRRIN T %, W8 R AR
PN S BORRIATIR I, TSEELN FH, EZRYTIEH £ T Prompt-based HIJ57A,

Case-based K[t/ BT E NS,

» Prompt-based (SEfi4iEZ)

X was born in <?> Steve Jobs was born in <?> KETHRAR (was born in) , ERXTCK
+ Case-based (L)

Awas born in B ‘Yaoming was bomn in Shanghai AR SBELIIEE (FEF2E) |

X was born in <?> Jobs was born in <?> A
+ Context-based (EF L TICHIHEE)

X was bomn <> R e ETORTAN, MR

Bad Cases in GPT-3 . PRETHESEE, ETESHEZEM

Q: How many eyes does my foot have? FREEIHIT, FHAREIEFKEAR (GPT3XH)
A: Your foot has two eyes. o FHRMEOENRRBIERAIL GES AR, AT

A, HFEMIR H? )

Q: How many eyes does the sun have?
A: The sun has one eye.

. Bouraoui et al. Relation Induction in Word Embeddings Revisited. In COLING 2018
Q: How many eyes does a blade of grass Petroni et al. Language Models as Knowledge Basesg7 In EMNLP 2019
have? Bouraoui et al. Inducing Relational Knowledge from BERT. In AAAI 2020
A: Ablade of grass has one eye. Cao et al. Knowledgeable or Ed| d Guess? Revisiting Language Models as
Knowledge Bases. In ACL 2021
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A More Involved Question

Q: Why do they have umbrellas?
A: Shade
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Figure |: Left/Center: Representation quality, measurcd as ImageNet finetunc and linear 10-shot
error rate, as a function of total training compute. A saturating power-law approximates the Pareto
frontier fairly accurately. Note that smaller models (blue shading), or models trained on fewer images
(smaller markers), saturate and fall off the frontier when trained for longer. Top right: Representation
quality when bottlenecked by model size. For each model size, a large dataset and amount of compute
is used, so model capacity is the main bottleneck. Faintly-shaded markers depict sub-optimal runs of
each model. Bottom Right: Representation quality by datasets size. For each dataset size, the model
with an optimal size and amount of compute is highlighted, so dataset size is the main bottleneck.
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