H 718 4|, 4 E2]: Llama (v1,v2)7} ol Zst
LLMS| XM s/l S




1. B A

11AI12 7|H: 2017H29| &H
1.2 GPTR} AH U2 M7H

.S 7| g 1v. ool E L

3.1 RoPE (|X| @12 &Io| 3 4Al)
3.2 RMSNorm & Pre-Norm (H&A)
3.3GQA (BT 2 HiZ2| Al

3.4 SwiGLU (&M et (X3}

41 OIE 7| (SFT/RLHF/GA1)

M =KL

Il. Lliama?2| 2}H|

21 Transformerl| Hg2M =2

2.2 EESIA CHE 7| Liama 2 &8t

V. Z £ g Reference

5] Llama®2| It & S Al

5.2 References: L7 |H =R =&
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Figure 1: The Transformer - model architecture.
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Reasoning Benchmarks: LLaMA vs Others

Model Size BoolQ PIQA SIQA HellaSwag WinoGrande ARC-e ARC-c OBQA
(&) (E2| &4) (A=] &4) (EY FE) (&M =E) (2tet-E) (2tst-c) HAE2E)
GPT-3 175B 60.5 81.0 - 78.9 70.2 68.8 51.4 57.6
Gopher 280B 79.3 81.8 50.6 79.2 70.1 - - -
Chinchilla 70B 83.7 81.8 51.3 80.8 74.9 - - -
PaLM 62B 84.8 80.5 - 79.7 77.0 75.2 52.5 50.4
PaLM-cont 62B 83.9 81.4 - 80.6 71.0 - - -
PalLM 540B 88.0 82.3 - 83.4 81.1 76.6 53.0 53.4
7B 76.5 79.8 48.9 76.1 70.1 72.8 47.6 57.2
13B 78.1 80.1 50.4 79.2 73.0 74.8 52.7 56.4
LLaMA
33B 831 82.3 50.4 82.8 76.0 80.0 57.8 58.6
65B 85.3 82.8 52.3 84.2 71.0 78.9 56.0 60.2

LLaMA-65B= CHELE 9| HIX|OF3 0| M ot 2 2E(PaLM-540B)0f| 2 A st=

ds2 EHE
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Atention: Q, K, V2| =2}

Ot = 2P LT,

Attention2 U2 ¢ T o|0|MOoE SR MHE

(e} Score \')
12H|: Q2 K| HE (Score) 2CH7|: Score®} VO| ZEt
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"5 2o St Elo| HBHIH, A, 238 JHIKEH
JI:_I-O-I I 'EA'IO'" [[I‘EI‘ _°_||]|7|- Ql_l'I‘I I |-'-E |-§I|_I|:I. ]

Transformer?| Attention2 2= HO{E SA|0| HE H2[SH7| w20,

H - O| 2|X| M H(Positional Information) 80| = ¢ & &2 #

(=]
=

[=1¢ AO-IA
= HA'E

L|C}.



llI-1. =X | o{ B: Positional Encoding(vanilla transformer)

Moy 9% 212
HHE £ = ALl ARQI S-S 0| B3H
CHOJE 1R 9K HEE WHYELICH

= 0| Ited 2 (p)

PE(pos,2i) = Sin(p03/100002i/d)

PE(po; 0i41) = cos(pos/lOOOO%/d)
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[ QK LHE A]| &MSH= Mixed Terms ]

£$m+pml'£mn+pn)_ xm xn +$m pn+pm xn+pm Dn
QOm Ky pe gl

%) O 1ol = 3 914

it of HO)E QK| HB(, 2, 3...)00 2 O ZSH= &4 0|7 of,
SIA A| 2 B 7| 2Xo| E0{QH
&= X{5}e} 00| Ef O} 7|ElX{ o] H| B2 XA Mg Al % =l =

Ct.

N\ &M (Extrapolation) 2HA|
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Llama 27} X{EHSE

RoPE(Rotary Positional Embedding)
= AEE Cot= oA, YH 2

Zt0l| A 2|7 (Rotation)= AERILICE.
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I1-2. 2li LayerNormQ!7}?

Batch Norm (Column) Layer Norm (Row)
Idx g 2¢ 3¢ 438 Idx L= 2¢ 3¢ 4%
1 ['0'] o e St S| ['o o L '] -0
S2 ['0'] ‘0! ‘op=l st Loy S2 ‘0’ ‘0’ 'OF&L St Lt
S3 ['7IXHE"] ‘EfD oy 7te! S3 I|KHE 'Ef Eojl! 7t
34 [lol] II-IE' ‘QOI‘ u_g_ol_8| 54 'O' 'X-IE‘ |x':I0|| u_f._:_ol_9_|
v
W, o
o X Time Step'd S| M3} X THo{ 2t 100H M| THo{2| I XtO| Z=XH (RNN 7HE K| KA
=) o [ Time Step S A 2} THo] LHOIA Tt SH|E A Mt 21 #Ho} 2t
o X 7HH A|RHA 20| SHE5 (50T EL ZI HIAE(0OTHN) 3 Al SR EH| 214 « [ Zo| Rz ZE Zo|of 4eio| ZA| BHel /ts (HE/HAE 2LX| 81 E)

Who uses LayerNorm?

Vanilla Transformer(2017), BERT, GPT-1/2/3, RoBERTa, T5, BART...

= ALAAF B E S LLMS| B ZE H 73} 24



H 13l (Normalization)

re-Centering: a; — 1
(HEZ2 0= 0|5F)
re-Scaling: /o
(BEMAIZ LSO 37| =H)

I11-2. LayerNorm 521 A\

&= HE] o0 CHoll Bat(u) 2t ELH0)2 2 el = A2
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o+ € gi + 0i
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o= =) (ai—p)?
W
\_ J

a;: 8, p: BT, o: BEHKL e QK|

g;: O1=(gain) Tf2tO|E, b;: Hek(bias) TH2}0|E

22l (Affine Transform)
g; (Scale): H|O|H & =£H
b; (Shift): H|O|E{ 4! 0|

- W3l2 g2 B 87




I1I-2. RMSNorm: 2 2| 0|t

(RMS: Root Mean Square, M&H#H&32)

"Wt (u)S = 28 (re-Centering)0| I ERSt7?"

LayerNorm (re-Centering O) RMSNorm (re-Centering X)

(@5— a;

E RMS(a)

o= /L Y(ai— p)? RMS(a) = /1 X a?

_ a;
@i = e i

RMS(a)

(GI7IM RMS(a) = 4/ 5 Y- a? + ¢, p 214 Q2

© Biasthy A 05 2. A1} (Efficiency)
"Shift(b;)= 0|0| WROZ e et
ghx| g ooz BuQsiC} T s

= " M2 ALM, O i E S



111-2. Norm | X| 2| tHZ}: Post vs Pre

( )

7| & (Post-Norm)

%| Al (Pre-Norm)
Sublayer — Add — Norm

Norm — Sublayer — Add

Post-LNE 20170 TransformerZt FHEE|AS { y }
M AFREl X 7| OF™S HiAlO 2 o:|M0| 1L S 8=
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"Pre-Norm2 S3l| 815 412U (Deep Network)0l| A c Sh50] 2N oHE Ho|Ct."



-3.GQA: &2 2| &iAl

Multi-head Grouped-query Multi-query

Values

' !
Keys ‘ ‘ ‘
L = L.} - = & - et o | = - = !

B . High Speed
(Quality) g (Efficiency)
7, N 7 N
Grouped-Query ((c/eT.y) Multi-Query (MQA)
SEEZ/HZZ S # X|=o| # VR Y EL IR
2= QueryZt Xt KV 7+ QueryS J—E—i}alﬂl KV 3% StLIQl KVE 2 E QueryZt 37
(Ml 22| =) (Hxa, 45 /%) (45 5teh



l1l-3. GQA Jgt T = M| A (Uptraining)

drmoc:h:l

d Key Projection K . o
™ Mean Pooling: 71 & Ll MHA2| Key/Value BES2 HrLHO| £7|2} (Y
_ O MEHEIC} R4)
d Key Projection K, dmodol
h FE 2N MHAHH) — GRAGIH)E Z2 ™M HY

Woan |
Pool |

Koy Projection Kysq

| 4
257 7} AFH Bt

d,, Key Projection Ky + 23 /X

o

=1t St CIO[EA/ME ALE

o XMHI2 N E: MA| A 5% = M 25

[Mean Pooling= £ Checkpoint H2t] (GQA (Ainslie et al., 2023))

"HE:J|IEMHAREE M2 HIE2Z GQARE Helolo], ot USSR T FHE + ASLCH"



W Eagh ol

o

I1l-4. FFN: 2tdst0] ZI9} (1) ReLU

Input: [-4.0, -3.0, -2.0, -1.0, 0.5, 0.0, 0.5, 1.0, 2.0, 3.0, 4.0]

RelU (Rectified Linear Unit) Graph

—— RelU Function
@ Specified Points

ReLU(x) = max(0, z)
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0lo
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40
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Probability Density

o
o
S

Standard Normal Distribution Graph with Specified Points

lard Normal Distribution
ified Points

I1l-4. FFN: g gt0] XI5} (2) GelLU

GeLU(z) = 2®(x)

o(z): EEEFRES &5

(ETEE A0 M o 0[8te] Zto| Liete &
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S 7IEXZ AE)
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4 — GelUFunction
® Specified Points

-000

GelU (Gaussian Error Linear Unit) Graph




[1] Sigmoid
1

o(z) =

Sigmoid Function Graph

1+e®

ll-4. FFN: &4%t

SwiGLU (Llama 2, PaLM)

"HlIO|E(Gate)7} 2, ME

(=]
4

(Linear Unit)"2| tH

Gate Mot 2 SwishE AFEEL|CH

_._
O
L-o

oz

SwiGLU(z) = Swishg(zW +b) ® (zV +¢)

W + b, 2V + c: A=ZH0l CHell 242t S 7l & ol MeitHz

®: RAH &= (Element-wise Product)

Swish Function Graph

20| X135} (3) SWiGLU

SwiGLU ZE2
UMY M. = MY 2|0]o]e] (W ® V)2 E 1A+ 0]
B 2XE O & 2Ate
HS e AN o= Ch H| MY ot L} Perplexity(3E
EME)7HH HoE
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1. SFT (Supervised Fine-Tuning)

"K| = 8t&(Supervised) + O|M| Z (Fine-Tuning)"

Supervised: A[20| £H45t E(Label)0| = Cl|IO|E{E WALZ ot&
Meaning: 2 2/0{|A| & LIS o,
=0 ciEdt= B (Format)S 7122

AN BHA|: tha mutofl O X|H, DE XA H|0|E{ 7} SHA BESH

B XA E O

e

>
0%
oy
l'o_l-

2. RLHF (RL + Human Feedback)

"3t st&(RL) + 212t I| E¥(Human Feedback)"

Human Feedback: &0 1= 2|0l CHal 217t

Hicd
[E )

Meaning: tt& 23S HO,

QIZto| 7HX|2H(Value)S AAZ WHEHSHA|

| MS(Preference)=

oot



[2X|] Context Loss

CHeto| 0| ZOX|H. .

System: "SHE X & i F"
User: 2H3?

Al: PG (B HE O)
.0 =) ..

User: & # HX[?

Al MEQ|X] I Q7 (B ZE X )

= X 7| X|A|(System Prompt) 242}

o T

IV-2. SFT 7|=: GAH (Ghost AHention)

[5l Z]1 GAH (Ghost Attention)

S Al 'RYHE KNS BY

|

Turn 1: [System+Msg] ...
Turn 2: [System] + [Msg] ...
Turn 20: [System] + [Msg] ...

= HZALE/RFZ 2 FXISHH X| = ot H0|E 44

"ZHCESHA| 7] XA AR

st w2tsts 2HIS B2
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1. 722 AHES HolM ot F2A0| 52 2. ${Mo| Z0fx: Al 7h431
ScalingLaw =8 "3H S5 ECH vs "R 240| L} 7H2¢d(Open Source): =Lt HZ 758t 184S LLM
£3:13B ZH0| 108 2 GPT-3(175B) 845 57 YEliA 2 o=, ©E, Y S LYot oY 2 E SN St
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