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Microsoft to Invest $10 Billion in

2022/12/21 Googleh'ChatGPTO BHADEEICK U TCode RedGEREER)ZES OpenAl the Creator of ChatGPT
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Generative Al Accelerator Challenct
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Transformer® A% —JLEI (Scaling Law)

21 v .
7 1021 FLOPs [Kaplan et al. 2020 arXiv:2001.08361] pata Size Bottleneck
4.2
6 #parameterls e L= (D/5.4-1013)"0095 | 56 L= (N/8.810'3)"0076 4.5 5;; ...... *
N 3.9 48 e sttt seaenenen, . s e * Data Size
5‘ . 4.0 ‘,," ................ ; .................. . o 21M
- ) S —— s
g 1 o LEE sy || @ 8OM
o - : » sorlsvesnes a 4
§ 3.3 3.2 8 ' o o ® MM
= = 3.0 ¢ o . B * GBAM
3.0 ® a e 148
24 2208
L= (Cmin/2.310%)705% . enough parameters enough data 2.5
‘20-_“ l()"7 lO"-" l()"“ 10"‘ 100 10° V 10° 10 107 107 nvl(v)ﬁ o vw]b’ v vn](')ﬂ ”vl(v)‘)
Compute Dataset Size Parameters FRINIS (D0S-SNec)
PF-days, non-embedding tokens non-embedding

cINTA—=FED+DRGE. T—YEICH U TTest LossldRNEZZFELCRE-> TRA TS

. F— S B

DIRTBE. INTA—FEICH U TTest LossldRNZ=ZFRICHE-> TR TS

- MBIRETHEIR [FLOPs] = /NS X—%# x T—4% E [tokens] x 5.7

- EDLKSVWDOETRER(FHE)ZBATNIEEDS SVWOMEBOEDNTESIHNINFETES

Model Size (# Parameters) Training Tokens
LaMDA (Thoppilan et al., 2022) 137 Billion 168 Billion
GPT-3 (Brown et al., 2020) 175 Billion 300 Billion
Jurassic (Lieber et al., 2021) 178 Billion 300 Billion
Gopher (Rae et al., 2021) 280 Billion 300 Billion
MT-NLG 530B (Smith et al., 2022) 530 Billion 270 Billion
Chinchilla 70 Billion 1.4 Trillion

T BRINGA—IBICHBIESEIDELH D (T—FE: INTAXA—5#=20:1)
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cGPT-3[E T—9 & : /NTAXA—F¥H2:1 [ZEZ>TED
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[Hoffmann et al. 2022 arXiv:2203.15556]
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AG4FX L TDIT5E(GEMM) & tanhBEZ D &EZE(L

1751%& (GEMM)

- GEMMZ =179 3 EDEEIFIR R E DINT X — 5 FFHE
- ALy RiatFI b D

SER{CHE]

S

1693389241.318550480. fcc.pytorch.y.r1.13 for_a6afx.tar D707 721 LR

Name Self CPU X Self CPU CPU

total ¥ CPU total CPU time avg # of Calls

tanhBa#§

=]

- expREEfE

AV VR

- SIMDA1E

aten::bmm 18.97% 110.819s 18.98% 110.845s 24 .055ms 4608
aten::bmm 18.17% 108.8@2s 18.17% 108.832s 23.618ms 4608
aten::bmm 18.53% 110.858s 18.53% 110.89@s 24 .,065ms 4608
aten::bmm 19.15% 110.59%4s 19.16% 110.625s 24 .087ms 4608
aten::bmm 18.33% 108.646s 18.34% 108.679s 23.585ms 4608
L g
OfE=E{L

SRR

1701935794.711074240 . fcc.pytorch.y.r1.13 _for_a6afx.tar.gz D7OT7 7?1 ER

Name

Self CPU %X Self CPU CPU total % CPU total CPU time avg # of Calls

.58% 17.959s
.61% 18.341s

3.57% 18.302s 3.972ms 4608
3.64% 18.423s 3.998ms 4608
3.57% 18.185s 3.946ms 4608
3.59% 17.99@s 3.904ms 4608
3.62% 18.373s 3.987ms 4608

aten::tanh 1.44% 6.964s 1.44% 6.964s 3.923ms 2304
aten::tanh 1.46% 6.997s 1.46% 6.997s 3.937ms 2304
aten::tanh 1.45% 6.945s 1.45% 6.945s 3.9014ms 2304
aten::tanh 1.47% 6.886s 1.47% 6.886s 2.989ms 2304
aten::tanh 1.42% 6.813s 1.42% 6.813s 2.957ms 2304
| | L \l
7 3
25{IZI |I::|15_E_/[t

pallq s

=R

Name Self CPU %X Self CPU CPU total ¥ CPU total CPU time avg # of Calls

aten::tanh 0.58% 2.800s 0.58% 2.800s 1.215ms 2304
aten::tanh 0.60% 2.836s 0.60% 2.836s 1.231ms 2304
aten::tanh 0.60% 2.824s 0.60% 2.824s 1.226ms 2304
aten::tanh 9.61% 2.844s 0.61% 2.844s 1.234ms 2304
aten::tanh 0.60% 2.831s 0.60% 2.831s 1.229ms 2304
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le6 308 Strong scaling le6 308 Strong scaling

Forward (DP)barrier
s Loss ot ] -.a.-iz{t--;- - =277 (g m (TP)barrier
Backward = H-l =) W (PP)barrier
I PP PP AllReduce
P 1.4 1.4 WW DP AllReduce
mm DP - B TP AllReduce
Optimizer 1 g 1 PP SendRecv
s bmm .- r ) Optimizer
s baddbmm 5 :3108 pp— 5 P Backward
D 3 D E B Loss
i i E Forward
ﬁ 0.6 4 ﬁ T 0.6 - v
by ¥ = =
el s el
D e R R R SRR TR SRS PO WA BEEE 02 EESGSONEONRERE SRRSOt BRI ESSe el Sa el
0.2

s/—r# 576 1152 2304 4608 sR/—r# 576 1152 2304 4608



1.3B and 13B models

Data size: 270B tokens

10

Model size: 1.3B, 13B

Resource: 16 nodes x 8 A100s

20K

Fix bug in bfloat16 optimizer related to checkpointing #4434

) o (VGG tiruwase merged 10 commits into microsoft:master from okoge-kaz:fix/bfl6-optimizer-state Ll;lon Oct 8

) Conversation 6 - Commits 10 [F) Checks 15 Files changed 2

AL
f‘ okoge-kaz commented on Oct 2 - edited «

Overview

Fixed conditional branching where errors occurred.

elif self.bfloatl6_enabled() and not self.zero_optimization():
- elif self.bfloatl6_enabled() and hasattr(self.optimizer, “bf16_groups"):
Error Detail

| encountered the following error while training with zero 1 optimization and bf16 using Megatron-DeepSpeed.

.env/lib/python3.11/site-packages/deepspeed/runtime/engine.py"”, line 3288, in _get_zero_param_shapes
) == 2 else self.optimizer.fpl6_groups

AAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAA

) == 2 else self.optimizer.fpl6_groups
) == 2 else self.optimizer.fpl6_groups
AttributeError: 'BF16_Optimizer' object has no attribute 'fpl6_groups'
) == 2 else self.optimizer.fpl6_groups
AttributeError: 'BF16_Optimizer' object has no attribute 'fpl6_groups'. Did you mean: 'bf16_groups'?

AAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAA

AttributeError: 'BF16_Optimizer' object has no attr

and also when loading the checkpoint, | got another error.

.env/lib/python3.11/site-packages/deepspeed/runtime/engine.py"”, line 2873, in _load_zero_checkpoint
self.optimizer.load_state_dict(state_dict_list=zero_sd_list,
TypeError: BF16_Optimizer.load_state_dict() got an unexpected keyword argument 'load_serial'

Related Pull Request

40Kk

Contributor  *+*

@

@

Ir (min_lIr)

init_std

2.0e-4 (1.0e-6)

0.013
num_layers 24
2048
num_attn_heads 16
2000

hidden_size

Ir_warmup
cosine
1080B

Adam (0.1)

0.9,0.95
1536
1.0

Ir_decay
Ir_decay_tokens
Optimizer (decay)
Adam beta1, beta2
batch_size
clip_grads
use_flassh_attn yes
zero stage 1

Seq_len 2048

60k 80K

1.0e-4 (1.0e-6)
0.008

40

5120

40

2000
cosine
1080B
Adam (0.1)
0.9, 0.95
1536

1.0

yes

1

2048

1.3B 13B

Step



175B model | i | 18 | 1B

Ir (min_Ir) 2.0e-4 (1.0e-6) 1.0e-4 (1.0e-6) 0.6e-4 (1.0e-6)
Data size: Stopped at 70B tokens Mg e i i e
Model size: 175B num_layers 24 40 96
Resource: 49 nodes x 8 A100s hidden_size 2048 5120 12288
num_attn_heads 16 40 96
Fitting this big model while maintaining throughput - 2000 2000 3.433
10 DP:Z’ TP=4, PP=49’ m!cro— batch: 4=00M Ir_decay cosine cosine constant
DP=2, TP=4, PP=49, micro-batch: 2—+156 TFLOPS/GPU r decay {okens {080 {0808
DP=4, TP=2, PP=49, micro-batch: 1-156 TFLOPS/GPU — -
+ 7eRO 1 Optimizer (decay) Adam (0.1) Adam (0.1) Adam (0.1)
8 — 42300 token/sec Adam beta1, beta2 0.9,0.95 0.9, 0.95 0.9, 0.95
batch_size 1536 1536 1536
clip_grads 1.0 1.0 1.0
6 use_flassh_attn yes yes yes
zero stage 1 1 1
Sequence Length 2048 2048 2048
Step

5k 10Kk 15Kk 20k



LLM @ Tokyo Tech. (model name: Swallow)

The logo of our university is a Swallow Iml
Our supercomputer “Tsubame”™ means "“Swallow” in Japanese

Continual pre-training from LLaMA-2 7B, 13B, 70B

Framework: Megatron-LM
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Research questions:

- Effect of extending the vocabulary

- Ratio of Japanese : English=9:1or5:5
- Quality of the Japanese corpora

DALL-E generated image of swallows playing with a llama in Tokyo



LLM @ Tokyo Tech. (model name: Swallow)

NRIRX—=Z | THERHADTA X FEEANY P BE Uk

GQA F—72V8 Ny FE FEHE

Xm

7B 4096 32 32 4096 I %9 100B 1024 1.0x10°4
13B 5120 40 40 4096 4 #J 100B 1024 1.0x107%
70B 8192 64 80 4096 H #J 100B 1024 5.0%x107°
3.0
5 8 \ —— Swallow 7B
' ——— Swallow 13B
2.6° —— Swallow 70B
N 2.4-
O
o 2.2 11
~
.E 2-0‘ \
O
= 1.8
= \“«».ﬂ.\._\_
1 .6 7 . T ~~amx—.».~.-.,:mmkw; B v st e o St et
1.4-
1.

B 208B 408B 60B 80B 1008B
Billions of tokens

DALL-E generated image of swallows playing with a llama in Tokyo



E LLM Ry FI—

= run_name 5? Overallaferé,ge AVG EL FA MC MR NLI QA RC chabsa_ jamp_ janli_e jcomm jemho
5 gpt-4-0125-preview 0.7722  0.6463  0.3066  0.2547 0.96 097  0.762  0.4693 0.8013 0.3066 0.58  0.98 0.96
36 gpt-4-0613 0.7622  0.6463  0.3004  0.2199 0.96 097  0.768 0.415 0.891 0.3004 0.63  0.89 0.96
gpt-4-1106-preview 0.7479  0.6295 0.317  0.2388 0.93 0.96 0.74  0.4002 0.8206  0.317 0.55  0.97 0.93
33 gpt-3.5-turbo 0.6701  0.5161  0.2913  0.1886 0.79 0.67 0.56  0.2723 0.8406 0.2913 0.42  0.65 0.79
15  anthropic.claude-v2:1 0.6682  0.5188 0.201 0.129 0.84 0.84  0.676  0.2882 0.6575  0.201 0.56  0.81 0.84
1 mistral-large-2402 0.6548  0.5484  0.2792  0.1858 0.84 085  0.726  0.1265 0.8317 02792 0.62  0.88 0.84
13 gemini-pro 0.6402 0.5636  0.2188  0.1838 0.91 0.79  0.676  0.4196 0.7471 0.2188 0.44  0.83 0.91
14  anthropic.claude-vl 0.6387  0.4911  0.2244  0.1613 0.78 0.75  0.694  0.3326 0.4951 0.2244 0.53  0.84 0.78
RIK - EfifCcHRRE
7 mistral-medium 0.6354  0.5039  0.3619  0.1382 0.82 051  0.722  0.1536 0.8218 0.3619 0.56  0.81 0.82
16  anthropic.claude-v2 0.6345  0.4834 0.2  0.1454 0.79 0.82  0.642  0.2888 0.4977 02 056  0.74 0.79
24 stabilityai/StableBeluga2 0.5284  0.4111  0.2915  0.1158 0 0.72  0.654  0.2123 0.8839 0.2915 0.61  0.85 0 | lama2/\—X
28  mistralai/Mixtral-8x7B- 0.5006  0.2774 0.189  0.0793 0 0.13  0.672  0.1155 0.7563  0.189 0.54  0.81 0
T tokyotech-llm/Swallow- 0.4712  0.5036  0.0927  0.1797 0.58 0.7  0.642  0.4803 0.8506 0.0927 0.49  0.85 058 —eeeeeep S\wallow-7B
- nitky/Superswallow-70b- 0.4314 0.354  0.0323 0.18 0.01 0.67  0.394  0.3085 0.8829 0.0323 0.13  0.49 0.01 Swallow-13B
lightblue/qarasu-14B-chat- 0.3847  0.1437 0  0.0431 0 0 0432 01157 0.4149 0 0.36 0 0 Swallow-70B
31  stabilityai/japanese- 0.3732  0.2432  0.0117  0.0558 0.02 0.55  0.062  0.2975 0.7055  0.0117 0 029 0.02
O 38 tokyotech-llm/Swallow- 0.373  0.3716 0.049  0.1623 0.48 028  0.454  0.3946 0.7811  0.049 029  0.73 0.48
O 22 rinna/nekomata-14b- 0.3644  0.4375  0.0067  0.1651 0.77 0.42  0.494  0.3402 0.8663  0.0067 0.4  0.64 0.77
42 stabilityai/StableBeluga- 0.3626  0.2965  0.0029 0.06 0 0.44 0572  0.1893 0.8114 0.0029 0.44  0.77 0 Mistralh 5 %l‘_;]{ﬁ"j'.—ﬁ
10 mistralai/Mistral-7B- 0.3505  0.1835  0.048  0.0641 0 0.11  0.474 0.082 0.5065  0.048 0.36  0.47 0 Swallow-MS-7B
O 18 elyza/ELYZA-japanese- 0.3278  0.1506 0  0.0668 0 0.15  0.128  0.1741 0.5352 0 0 0 0
23 meta-llama/Llama-2-70b- 0.3004  0.0783 0  0.0117 0 0  0.152  0.0471 0.3373 0 0 0.76 0 Mixtralh» 5 #k 5z
O 32 llm-jp/llm-jp-13b-instruct- 0.2947  0.4687 0  0.0059 0.89 0.01  0.928  0.5239 0.9229 0 0.99 1 0.89 Swallow-MX-8x7B
O 39 llm-jp/llm-jp-13b-instruct- 0.2927  0.4698 0  0.0016 0.91 0 093  0.5371 0.91 0 0.98 1 0.91
O 17 elyza/ELYZA-japanese- 0.2908  0.1191 0  0.0748 0 0.08  0.014  0.1967 0.4681 0 0 0 0

https://wandb.ai/wandb-japan/lim-leaderboard/reports/Nejumi-Leaderboard-Neo--Vmlldzo2MTkyMTUO
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