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3.2.1.1. Dashboard I 0| Z|

O sskal ® @ Helo, John Doe
@ Dashboard
Savings @ Cost Summary
B Data
Time Savings Month-to-date cost (%)
£ Model 54%
Toal usage tim: 013251 $46.09
B Train Cost Savings
100
63%
& Inference Total usage cost: $339.25
60 ‘
B — . S ———
45
30
15
0- T T T 1
Jan Feb Mar Apr May
Progress
Name Type Recent Job Time Action
Liama2-assistant INFERENCE Endpoint (using Spot) Created 2024-05-22 23:07:46 INFERENCE
X Endpoint (using Serverless)
Regression-salary INFERENCE 2024-05-22 22:57:16 INFERENCE
Created
Dog-image DATA Data Created 2024-05-22 22:47:06 DATA
StableDiffusion MODEL Model Created 2024-05-22 22:42:11 MODEL
® New Model
Diffusion-dog TRAIN Train Created 2024-05-22 22:36:56 TRAIN
<

=
HOKSH A7t BI8S UORLt HoRHEo) ciet Jemet

YAE LR
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3.2.1.2.

Data H|O| A|

Hello, John Doe

@ Dashboard

Data
B Data
& Model

B Train

& Inference

® New Model

<

Name

Dog-image

Assistant-corpus

CIFAR-10

Salary

Anime-face-image

Creation Time

2024-05-2217:48:16

2024-05-2216:48:16

2024-05-22 15:38:06

2024-05-22 14:57:26

2024-05-22 13:47:26

+ Add New

Add new data

Enter your data name

Upload your data

Click or drag file to this area to upload

Cancel Upload
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MEAt= Data HO|Z[E &3l stge mo| 0|57 flst HIOIEE Y2 & U EE

M —

H=
ARC3HE AL 7P DIUR AFE0f U0, AHBALE OjHEt BEfo| CIOjEE YREY 4

— o =] =2 T

o
ALt Data HO| 2|0l M Y= EF C|O[E|= shg THAOM 2857 &t

il —

3.2.1.3. Model T 0| Z|

Q SSKAI ® @ Hello, John Doe
@ Dashboard
Model Q + Add New
B Data
& Model Name Type Creation Time
B Train StableDiffusion M 2024-05-22 18:05:36
& Inference
Llama2 M 2024-05-22 16:19:36
ResNet34 USER 2024-05-22 16:08:36
LinearRegression USER 2024-05-22 14:57:43
GAN USER 2024-05-22 14:08:26
1
® New Model
<
H ASHA
FHA {e] Sl n
HAE C|ztel | Page 13 of 59 SiAntE nk
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0 SSKAI ® @ Hello, John Doe
@ Dashboard
0 Basic Information 2 Configurati 3 shed
B Dpata
&b Model Enter your model name
B Train
@ Inference Select your model type
Own model (Upload) Foundation Model
® New Model
<
& sskal ® © Hello, John Doe
@ Dashboard
' Basic Information © configuration 3 Finished
B Data
& Model Input shape of your model
B Train

& Inference Input type of your model

float32 (default)

Input range of your model (optional)

Upload your model

B

Click or drag file to this area to upload

® New Model

<

Cjzpel |
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0 SSKAI ® @ Hello, John Doe
@ Dashboard
v Basic Information © configuration 3 F
B Dpata
& Model Select Foundation Model (FM)
B Train 00 q
e
& Inference LLAMA-2-7B-CHAT-HF
o~
G A
® New Model
<

AEAH= Model H|0[2|E &3l ot £= BiEst1AL o= 22 712 2 OO0 S Y=2Ed

1

=
QUAECH LB AIEA "ol 2E = BF Ootllet ME0l stsE Ol0IXIL HAE M

_ = (=]

2% 31T ZEY Y HES Y 2Y 20| O|20jACH O T 2 ZEOIME
ABAIZRE @ WAID 9 wole e 2 HEES 71O QWO Y LU
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aWS AWS Cloud

-8 —

User Web Custom Model Model Measure Model
Console Job Deployer Measure Job

A7 Ho| DUS 7P Y HEHE YEES SH0FID], BABINE 2710 Ye HEE
AE310] s Ste/22 OPIHA MUE £9E 4 UES 2US Ao 2E 2t Y U
Py Y2l eEs, o Jun 20| BUE 2RY JAAEY 23 23S B 2US
ste/2Esiet] BRd A5 AEE IS5 018 230 BRF 4+ YE2 Co[EH0|A0)
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3.2.1.4.

Train I4|0| Z|

Hello, John Doe

@ Dashboard

B Data

& Model

B Train

& Inference

® New Model

Train

Name

Diffusion-dog

Llama2-assistant

ResNet34-cifar10

Regression-salary

o] Q

Status Cost Estimated Savings @
* Running $01713 86%
* Completed $0.3283 86%
* Completed $0.0284 86%
* Completed $0.0142 86%

Elapsed Time

01:02:31

01:59:47

00:10:22

00:05:12

+ Add New

New model training

Enter your train name

© Anew model will be created with the name you entered.

Select your model

[ ion (972aea64-2eb3-40be-aft

Select your data

Epochs Learning rate Train split size

5 0.01 0.25

Batch size Number of worker(s)

4 4

Select optimizer

Select loss function

Upload data loader

° Data Format Guide

1. There must be only two files in the zip file:
sskai_data_load.py and requirements.txt.

2. The sskai_data_load.py must include a function named
sskai_data_load that returns x and y after preprocessing. The
data types of x and y must be torch.tensor.

YAE LR
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New model training

Enter your train name

© Anew model will be created with the name you entered.

Select your model

[ iffusion (6fda4f7d-3874-45e3-a835-b7be93a52¢12)

Select your data

o Data Format Guide (for Diffusion)

1. Images should have a jpg extension, a 1:1 aspect ratio, and
no size limit; however, larger images will result in higher
quality.

2. The compressed data should be organized into /class_data
(200 images) and /user_data (5 images) directories.

3. The class_data should contain approximately 40 times
more images than user_data.

Enter your class

@ You must specify the class during training. Dog (O) / Animal (X)

Epochs
5

AFEZtE Train H0|X| & E5f Model 2! Data H|O|R|0|M Y2ESH B E HIEICZ 515 2S
HiZZer 4~ UA| ECh Of wf, AMBR Feo| REE S5otAt 5te BR0le AFBAPL ALEE
SE[OFO| At &4 S8 A YoliF= HaPt BRstH, HO|E0lAM & L HAE Coe 28
H|E, O|Z3, Learning Rate 2} ¥ JE|OIO|A{2t &4 ool SFRE A 4 Tt £, &5
HHEOM CIOIEE 22{27| flol AHBAtE x, y CIOIEE £2{2& Python & ZE L 00

220 2to|Ee{e] S (requirements.txt)E Y=ohA HlSoHT0{0F STt
50| 2l Fof| w2t Train Oel M= A 59 JEIE =7|8H(Pending),

o
B (Running), &= (Complete) 3THAIZ &QIsh 4= RA=|0], St50f AtEE AlZH BIE ZEE

’

™

OOII

E

ol
i}

J

50| 2= 222 Model HO| 2|0l A &HQlgt 4~ UA|=(0f B0 O] &S 4 U ECt.
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3.2.1.5. Inference T|0| |

lo, John Doe

@ Dashboard

B Data

& Model

B Train

& Inference

@ New Model

Inference
Name Type
Diffusion-dog spoT
Llama2-assistant spoT
ResNet34-cifar10 SERVERLESS
Regression-salary SERVERLESS
GAN-anime SERVERLESS

8] Q

Endpoint URL Cost

http://k8s-5d9b890e13164€258-3... (] $0.0088

http://k8s-5d9b890e13164€258-3... (] $01048

http://k8s-5d9b890e13164€258-3... (] $0.0137

http://k8s-5d9b890e13164€258-3... (] $0.0051

http://k8s-5d9b890e13164e258-3... (1  $0.0137

Estimated Savings @

86%

86%

20%

54%

40%

+ Add New

New endpoint

Enter your endpoint name

Select your model

regression (972aea64-2eb3-40be-af6b-084896e5b673)

Select inference type

O

SERVERLESS

Recommend

@

YAE LR
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Image generate with your endpoint

Description of the image to generate

Panda eating candies

Generate

T W N
£ )

AEAH= Inference H|O[Z|E &3l 1Y Y2E ZHO|L, StgE Soff dde 2ES HiZEE &
(@)
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i
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ol
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>
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Al
=

t710] o] Z2HES

HAM 2 2etPE HSEAM A=2 5

9|

A2t cf

2

t2{0|Ct.

=
__o“_

AWS Cloud

O (0]
[Se O o
Keiiaipel 1
E=r-aa i Ke) = @©
L5 S E
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> @
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i
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St 2O 7|7t AMISHEICE Eot, A AH|Z == CHEE AMH2|A ARE ME|As GPURLE2

HEIIE ABE 4 o] 945 5H

GPUS} 22 7H5717F HBE UPHEQl MBS AIESHE HFY M)

=2
x
LI
L)
fuok
4>
$0
o
a
_‘",-_'
_I_
rlo
[> ox

[

-

SERACH 2L, 0|25t M2 ALt THSHY| Ofsf2 EY 4+~ JA222 0] SSUZoMeE 22

YZE Al, OfH OF7|HIH S (HEGHOFsH=2] alF= AS Sl 0128t A|EHY S i Z5HUCE

—

Cold Start2Al= A&H22 z7|elsts YAH22 HEY 4 U0 Linear Regression, theot

Ima

ge Classification Model 50| £t o= &5 4~ UL}

AT 313 BHOIM 222 /5 07 [
2HOIAM 2 otz dRY A 450| OB Mee|A ARES E8dt= A0 2Fst=
S0OM BAH2Z 0|dE 7tME & UL, Drof HIAE HHO|LL 0|0|R] 4 dut 22 GenAl

ModelE AtE5te 3%, 222 37|71 7| 2422 2|4 10GB 0422 FE=/0] AUCE D olA=2
GP

Oi7He47t 6020

T-)-6B(24.2GB)O|L} OiZHE4ATL 70

0l LLama-2-7b(13.5GB)7}

A
=
ZAEC O] 0= =2H2=2 MBle|~ FRYS 2EY + glof ARE MBIAS HIE

2O I3 MOl AT AT FMS S5 0|83= HOR HIGS F0|A 4

o = — A

AR A4S 0188 4 Y Hct
AWS Cloud
Public Subnet Private Subnet
AWS Elastic Kubernetes Service
On-Demand Spot Pool
(for availability) (scales automatically)
User Application ‘@ ‘@
Load
Balancer % EZ
220 Z2, 2% 2| & U A AAEA Z2 U2I0| S0{2¥ 1F CfHSHE AR
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o] 7|gs &8

AT Ots e oA 2R ofg Al SHO| 2  USS det 7|8 AE
22 StatelessolZ| JYE|7|0f 22 2HS 51H F AT 2Hel 3|4 A0 S0|02tE A
AFBALSl 2HS A2lstll 01 22 AH2lotA YHGIHA ME2 2§S ARG =22,

ZZ2MA CHR{ofA

e O WU T2t ALY ojuf FIHR] HAZQIE J|HES &8 4 ULE A
o

o HIAZQAEO|CE o|mf AtHY EHZFO|

u
]
2
X
rir
()
=
C

(Checkpoint Restore In Userspace) [5] E7E AF25t0 T2 M|A CHR|Q| HALQIEE 4350
A
T

M2 A0 FRE AH-0M 2[AENE Ste A= A 2 7o &4gl0] Of
EH
(=]

A e, & By

o

—_o O o

YE2 Hileld 22 Y9 20|M A &ste A AERIE 7|

_o'ﬂ
rr
mo
m
I=|
o
Rl
o
of
n
>
oXx
10

gs 2 g & dilsle Hmet oSS 2
epoch, training loss&& 7|E3t0 A% A4 8l7t 2|t SHE A|HFE O|0M 2YS
s &~ QAL [6]. & 7HA| 7|8 25 AHIAEQIES MAUZAM Aot |0, o] DUS2

S3LE NFset 22 &4

HESR AE2(R[0f A=A EC

Spot Interrupt
Event

Restore Train Job

Checkpoint Storage

Model Storage

& Eoay O)

Event Handler Node Recommender
Scaler API

|>
rim
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Algorithm 1 Instance Elect Algorithm
Output: Set of instance which optimized for cost S

Obtain total instance I = {41,...,in}

1:
2: Compute set of GPU memory group R = {ry,...,r,}
3: Initialize dictionary D = {}

4: Set ¢ =0.2
5: for each lowerbound resources r; do
6: S = @

7: Get I; which set of instance that satisfy r;

8: Get B; which set of Benchmark of I; > will be binded to (4, b)

9: Normalize each cost of 7 where in I;

10: Normalize each benchmark of b where in B;

11: Compute score = (1 —a) xi+a xb

12: Sort I; by descending order of score

13: S = Top 5 instance in I;

14: D[T‘j] =

15: end for

16: return D

A BZ, AL & GPU 2T QJIABASO| Al57tse GPU H22|E &35t |=C0t. 2H249]
g2 <29 2UF SFM EE2 #4528 AolH, 22 = eSS Sl
Aso2 LEZ0| AFAIS| MEJF S| ot & HM=Z, OF Rl 212te| QAR ADIC
02| S4& HROIAE 7hAM 20, O] #IR0t3E aliE A0 QAR A9 Y5 A H2t 7HASHTE M|
iz, AT QIARAS VHAN 0|2 SYE HIR0IRE MY HE dits S50 2E d4E
AlAkstet, e Mgk M2 BlEQ! YTt SH0|T Oi2tD|E gf0|H, 22l= d™S S5t0]
0.27t A4ttt THSIACE Wl M2, AlLbgl 2F QAARAS 2F HEE J|EL=2
Uzteo2 Y50 49l 5712 AAMASS S0 ORRYe 2 22 Y &% 5712
RIABASS HMHUH2[0f| 0N 2(Z 21 BHEGHC sl Z12|S0f| ofs HEiE AARASE
EKS 8tE0|M A58 =ES Z2H|Ad ol F= =712 Karpentere| .= 5 SHE2 2 5[
ECt,

2 P2 2o ARY AHES €Y & 7| fdiMe SiY 220 0= Y=o AES
AEste Al Fdste 7180| st & SUB0MeE 2 R8s ot 22 54 7Is2
NSt sy 20| st S 25t HIE o ARE 2SS 25 =ot sig
762 &ot RE0| 35| &2 2Ho[ety HEE 2R MH2|AR BIE SSiE0| 2EE 0,
Ofd &% GPUZI &2tE AT QIAEAS AL ST

HAE CIAQl | Page 26 of 59 SHANE DM
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In:
3.3 Hit
AN S5 9
3.3.1 7|2 &4 tiH| Bl =224 87t

O] Z2AMEOM A2HE O HE HZ 7|8 82 SoiM HotLt HA| HIE 0|
O|20|F =218 IIte Wert QCth T2t Amazon Web Services, Microsoft Azure, Google
Cloud Platforme| HAl2{dat M8 Al MB|AS2HO| H|E H| & RISt
HlW CHet MHIAZ Amazon Web Services?| B2 Q&3X|s AMH|AZ Amazon SageMaker,
MHS Al MHE|AZ Amazon Bedrock2 MASIRCE Microsoft Azurel| ZALR0|= Azure

Machine Learning® HMZA35t¥ 20|, Google Cloud Platform2 ZR0= Vertex AIE

MY SHAC.
Provider AWS Azure GCP
Service SageMaker Bedrock | Machine Learning | Vertex Al |Proposed
Price Plan| - | S/ly | S/3y - - | S/1y | S/3y -
Per
Hour |37.7(27.8|19.2| 572 |32.8|28.6|17.2| 338 13.1
(USD)
Daily
904.8667.2|460.8| 1372.8 787.21686.4|412.8| 811.2 316.8
(USD)
- : On-demand, S : Savings plan, y : year

Q He ZF £2H0M AN E dHst=s HHHE Al 2= MetaQ| Lllama-2-13B 2ES
HIZSI A, A|ZF © 8,730,000742 Qa4 £33} 1,166,400709] &3 E3S x2|sictn

tEstAE M, A2t g =2 BI&S AlE2f 0448 2115 B|ugt HO|C

HOIS O, 0| ZRHET} 7|Z Ef 2249 HBYHQ| QIBA|S AR 40| Hls| 2oy

77%2| 7tAH0| FLE S &ISA
332 HIAELRIEZ It 2B = FIt
AT 2HHOM 24t StgAlof o= drlste FRE A 2|2 Qleh 1Y 2|40 CHB|5H |
2ol Of O|EZ30ICH 2 HIHRIE AYUS £Hcts A0 Of=YEo| 2HFEIL A2&|=4|

ot oot At ZE floi 25 U= 2gE 2I7|T|T{oF HIFAREQl Simple Wikipedia

PAE AR | Page 27 of 59 R el

All rights are reserved. Reproduction in whole or in parts is prohibited without the written consent of the copyright owner.




SHANNE DM
= 0ICHstn L2ME H 2|249| GenAlOps 812S | &8t= Platform
ATDEQofstE gd SSKAI
HAE CIARRL | o ' ,
Confidential Restricted Version 2.3 2024-MAY-23

3.4

3.5

GlO[E{MIt, GPT-2 2HS ALESIASD, AFSSH HFE A+ Nvidia Tesla T4 GPUZt Z2tel
AWSS| g4dn.xlarge (I AHA RYS AFZSIAL. HES 9IT OZ3 Sl 102 AFSSIRICH

M3 Z2 Ol G Of 9F 50 J1¥ SE0| 22800, £I1HOZ O|EAY HAXQIE
A4S £YFHEE B2 O 3,022 ARE|E 22 HOIFQICE 0|S S5 MIALAIE 20| H2

AT QIABIAZ HE5HE 0] TRUEUAE AT QIEYES OF 7| THSFH=R7} 712 ShAl20l

24Ct O2tM S4F S5 AIL2| 0= Of o300t 28 XHFZQIES W= A2 Sl

r
J

ATH QIHEEO ChSst=de2 s{ZSHRCE Ut 2YZ HiESHE 2 AEIQE
ALI2| Q0| M-S 3R StatelessstCD 745t UOLE, 7|29 BHAM0|| watM StatefulstH 22
2 Jtsd8 HIAE £= QICh W2tM 2F0ls 2 HIEQIE 0Ot OtL2t 22

24
ANEZRIEMH DfO|a01HE CHESt7| fIa ZE|O[H Bro[a0ld 7|sS E&5tH 0|5

LS SAols Y 2R ASYA Y YHel S A0 iR =AS HAH =S

2% jzo| B0l AL I3 20l 717H9Iof 2|RAIZH0] 015 7| TR0 A2t gloL,
sh50 A0S ZQIAIZI0| 22513 97| TR0 2tk AHskD 50| 22 AEY AU
AFBSHe 200 BR|ZoICh TRt 230 WHAT|Y| siME CI2 Aol 2EY At 7t
2& 25101 DE A0IMQ| At F 7t A4S Melsto] 12 AEE SAE| tAY &
3 4 9/00), o Lopr} e 2242 ABYM0l BEY 24 712 YRR 2Afst0f ZE|

= St thEE 2ite S52 Oofefio Eof Zt

s IE A=Z (Github Repository) 7122 M

40

DIEEQCE frontend/sskai-console/src/*
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backend/sskai-cost-calculate/index.mjs
backend/sskai-ddb-data-api/index.mjs
backend/sskai-ddb-inferences-api/index.mjs
HHoll =
backend/sskai-ddb-logs-api/index.mjs 2
(DB API)
backend/sskai-ddb-models-api/index.mjs
backend/sskai-ddb-trains-api/index.mjs
backend/sskai-ddb-users-api/index.mjs
gHoll = backend/sskai-s3-multipart-presigned-url/index.mjs 5
(S3 API) backend/sskai-s3-presigned-url-api/index.mjs N
THUE|A
SAE Ui laC/kubernetes_cluster/* =]
AtEst
MEHZ|A AP
B laC/serverless_api_template/* 2
HHIE 2455}
Myja|a 22
) laC/serverless_inference/* g
BT 2FE 5}
DB AP| H{j I , .
_ automation/deploy_db_api/* £
Ats2t
Frontend Hij & ‘
B automation/deploy_s3_web/* £
st
Streamlit
(Testbed) B Z automation/dploy_streamlit/* £
A=3t AP
Sty 2HQ) HiE , ‘
_ automation/deploy_train/* £
AH=3H AP
Mejala 22
_ automation/serverless_inference_deploy/*
BiE =& API
BRE TR | Page 29 of 59 TEEHE M
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FHUEIA ZE . .
_ automation/kubernetes_inference_deploy/* £
BiE =& API
SR EIEXE
B automation/kubernetes_model_profiler_deploy/* g
At=3H AP
Llama2 2& HijZ . .
_ automation/llama_inference_deploy/* g
A= 5t AP
Llama2 2@ st&
2r B =53t automation/llama_train_deploy/* =)
API
Diffusion 2 o
) automation/diffusion_inference_deploy/* £
BIZ Z}=3S API
Diffusion 2&!
S 2Hd HY IL automation/diffusion_train_deploy/* £
=3} AP
Karpenter ==
= HHE 2t automation/karpenter_node_pool_deploy/* £
API
GAN 22 0f|A| example/GAN_Anime/* 2
Regression & & .
example/regression/* g
Of| Al
ResNet34 2 &
example/ResNet34_CIFAR-10/* 2
Of| Al
Llama2 Z2& OfA| foundation_model/llama2_7b_chat_hf/* a2
Diffusion 2 &
oilA foundation_model/stable_diffusion/* £
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MEE|A 22 inference/template_code/lambda_app.py
oiEe|Aod inference/template_code/requirements_lambda.txt £
ST inference/template_code/Dockerfile.lambda
_ inference/template_code/kubernetes_app.py
FHUEIAZE | .
= inference/template_code/requirements_kubernetes_gpu.
ojZe|Aold L=}
txt
"Ea
inference/template_code/Dockerfile.kubernetes_gpu
Llama2 &2
of=2|# 0|4 inference/template_code/llama/* £
ST
Diffusion &
ojZe|Aold inference/template_code/diffusion/* £
"=al
S IOt
of =2/ o] model_profile/template_code/* =]
ST
z| Mol AFE
A8l ME AP recommend/family_recommend/laC/* £
BYIZ 2455t
z| Mol AFE
A M= AP recommend/family_recommend/family/=* £
of=z2|#o|Md
CPUE AtEst
=4tstE train/ray/cpu/* L=
g ol &HIE&!
GPUZ At _
_ train/ray/gpu/* 2
=it
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g ol HE&!
g o4 2= container_build.sh _
— . T
A3t £ delete_container.sh
HA| et i main.tf =
=]
Ic var.tf
TR E Wi
skkai_execute.py 2
&S
README.md
274 0] A . =]
index.md

| -

7

<Kyumin Kim>

&
& Kim, Byoungjoon

& Wwon, Yoohoon

Abst i U

Kim, Byoungjoon
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DESoE U 22 4+ U2, Bf MH|ALLS| Z|TH 20| HE 2 71 A &gt
Hgcz =2 4 M2|d8 A3e & ATt AU
e Z2AEM & 2 Eat 2AQIVIE HZ22 L7[A & AT A EE&L
UL T2 0| Z2HE= SAM= S 4 QB2 0| ZZHEO| AHo=Z
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5 21 &9
[1]1h I nvidj kr/2023/04/04/what-are-foun n-m |

A

https://aws.amazon.com/ko/blogs/korea/amazon-sagemaker-serverless-inference-machin

-learning-inference-without-worrying- -server

[3] https://aws.amazon.com/ko/what-is/mlops/?nc1=h s

[4] https://developer.nvidia.com/ko-kr/blog/mastering-llm-technigues-llmops/

[5] https://criu.ora/
[6]

https://tutorials.pytorch kr/recipes/recipes/saving _and loading a general checkpoint.ht

ml

AE 2t O+ E
MHIAE HB5ts 2 Ho||9| 7|52 37 of2fet 2t

Dashboard H|O[2|: T|7t2[2| B2 HIE, =4 L 211 23]

- Data I|0| 2| 2&! St&50]| 25 GO E{ Al 22|
- Model H[O|Z]: 2& 2tz
- Train |O|R|: 2% st& zte|

Inference H|O|X|: 22 HEZQIE

e

2|
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Page 39 of 59

All rights are reserved. Reproduction in whole or in parts is prohibited without the written consent of the copyright owner.



https://blogs.nvidia.co.kr/2023/04/04/what-are-foundation-models/
https://aws.amazon.com/ko/blogs/korea/amazon-sagemaker-serverless-inference-machine-learning-inference-without-worrying-about-servers/
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https://aws.amazon.com/ko/what-is/mlops/?nc1=h_ls
https://developer.nvidia.com/ko-kr/blog/mastering-llm-techniques-llmops/
https://criu.org/
https://tutorials.pytorch.kr/recipes/recipes/saving_and_loading_a_general_checkpoint.html
https://tutorials.pytorch.kr/recipes/recipes/saving_and_loading_a_general_checkpoint.html
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- . G — o (3
New Model H[O|A|: AFEA} 2 £= O2H|01H 22 4d
Q SSKAI ® @& Hello, John Doe
@ Dashboard
Savings ® Cost Summary
B Data
Time Savings Month-to-date cost @
£ Model 54%
Total usage time: 01:32:51 $ 46-09
B Train Cost Savings
63% 100
& Inference Total usage cost: $339.25
75
60
S S S
457 50
30
154 25
o T T T |
Jan Feb Mar Apr May o
Progress
Name Type Recent Job Time Action
Llama2-assistant INFERENCE Endpoint (using Spot) Created 2024-05-22 23:07:46 INFERENCE
§ Endpoint (using Serverless)
Regression-salary INFERENCE 2024-05-22 22:57:16 INFERENCE
Created
Dog-image DATA Data Created 2024-05-22 22:47:06 DATA
StableDiffusion MODEL Model Created 2024-05-22 22:42:11 MODEL
® New Model
Diffusion-dog TRAIN Train Created 2024-05-22 22:36:56 TRAIN
<
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Data |0 A|
® @& Hello, John Doe
a

Creation Time

& sskal
2024-05-22 17:48:16
2024-05-22 16:48:16

@ Dashboard
. Data
B Data
&a Model Name
B Train Dog-image
@ Inference Assistant-corpus
CIFAR-10 2024-05-22 15:38:06
Salary 2024-05-22 14:57:26
Anime-face-image 2024-05-22 13:47:26
@ New Model
<
- HolHAE 23|, P2E, 4, HAE = A= 7IsE AlSett
- U2E © GojEAS TR HOR E0]2 SHI0IM BOIE 4 U, AM 75 BR50]
233 4 9Uct
e Fotots YY2 orlet 2L
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Add new data

Enter your data name

Upload your data

B

Click or drag file to this area to upload

Cancel Upload

0
2. T M £ Col0 ol SEE2 018% zip HAO| YU MBI

=
3. Y2RE HES 2=/ei
ofzfet ZCt.

Download
[] Name Creation Time Edit
Delete
regression-data 2024-05-23 02:14:07
Diffusion-Data 2024-05-23 01:57:21
Dog-image 2024-05-2217:48:16
Assistant-corpus 2024-05-2216:48:16
CIFAR-10 2024-05-22 15:38:06
Salary 2024-05-22 14:57:26
Anime-face-image 2024-05-22 13:47:26
—
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- ofiYot= CIOIE{e] Checkbox MEf & Actions — DownloadE 22l5t

e

CIOJHAS Ch22E 2hs 4 T

- lE5t= HI0|E{Q| Checkbox AEH & Actions — DeleteZ S2I5H C|0|E{AIS

A=

- YSH= H0|E{Q| Checkbox AMEH & Actions — Editg 22512 o2t 20|

Update data

Enter your data name

regression-data

Cizpel
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6.1.3 Model | O] |
O sskal ® @ Hello, John Doe
@ Dashboard
8 Data Model Q
£ Model Name Type Creation Time
& Train StableDiffusion FM 2024-05-22 18:05:36
@ Inference Llama2 M 2024-05-22 16:19:36
ResNet34 USER 2024-05-22 16:08:36
LinearRegression USER 2024-05-2214:57:43
GAN USER 2024-05-22 14:08:26

New Model

<

- SEEO A= ZEO| o HH L 0|F +Z1 2 YIsS AMSet. YE2 o2t

o
o=
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Model a

Download
Name Type Creation Time et
Delete
o train-diffusion FM 2024-05-23 02:37:56
diffusion ™ 2024-05-23 02:37:04
train-regression USER 2024-05-23 02:18:20
regression USER 2024-05-23 02:17:18
train-regression USER 2024-05-23 02:15:10
StableDiffusion M 2024-05-22 18:05:36
Llama2 FM 2024-05-2216:19:36
ResNet34 USER 2024-05-22 16:08:36
LinearRegression USER 2024-05-2214:57:43
GAN USER 2024-05-2214:08:26
1
- SHCSH= =] a 1 = S [5]K=X
sYsts 229l Radio MEf 2 Actions — DownloadS 225t ZES
S22 C HF2 A O]
El’IE— =T MEP.
- SHCts= =] i a 5 [=]E=X Sk A
HESt= DEO| Radio MEH ! Actions — DeleteE S2I5tH DEHS AMx|& 4
o] |-
MI:

5t= Z2EO| Radio MEH 2 Actions — Edit® 225tH ZEQ| 0|28

23T 4 U
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Update model

Enter your model name

train-diffusion

Cancel Save
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6.1.4 Train [0 Z|
Q SSKAI ® @& Hello, John Doe
@ Dashboard
& Model Name Status Cost Estimated Savings @ Elapsed Time
& Train Diffusion-dog « Running $01713 86% 01:02:31
& Inference
Llama2-assistant o Completed $0.3283 86% 01:59:47
ResNet34-cifar10 * Completed $0.0284 86% 00:10:22
Regression-salary * Completed $0.0142 86% 00:05:12
® New Model
<
=IAO = SE A [ O rul
- BES 23, AN, AN 4 A 1S5S MBI
=L =LA O =H = = =LA O 5 =
- 20 tist stgE 72422 HOlE SN Eolgse AW, HM JsS 2ESH0]
==L A
233 4 QUCt
= =LA = = o ==L AL
- FIHo=Z S0l A o, 7t M Al 52 23+ UL,
o =L SEAS SH=L L o
- MEE 220 tist S-S AAsk= Y2 ofeliet 2Lt
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New model training

Enter your train name

© Anew model will be created with the name you entered.

Select your model

[ regression (972aea64-2eb3-40be-af6b-084896e5h673)

Select your data

Learning rate Train split size

0.01 0.25

Batch size Number of worker(s)

4 4

Select optimizer

Select loss function

Upload data loader
e Data Format Guide

1. There must be only two files in the zip file:
sskai_data_load.py and requirements.txt.

2. The sskai_data_load.py must include a function named
sskai_data_load that returns x and y after preprocessing. The

data types of x and y must be torch.tensor.

New model training

Enter your train name

© A new model will be created with the name you entered.

Select your model

[ Wiffusion (6fda4f7d-3874-45e3-a835-b7be93a52e12)

Select your data

0 Data Format Guide (for Diffusion)

1. Images should have a .jpg extension, a 1:1 aspect ratio, and
no size limit; however, larger images will result in higher

quality.

2. The compressed data should be organized into /class_data
(200 images) and /user_data (5 images) directories.

3. The class_data should contain approximately 40 times

more images than user_data.

Enter your class

@ You must specify the class during training. Dog (O) / Animal (X)

Epochs
5
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- 207 Ol BRI S4B, <5 01B3I0] 0SS AHFICH
- 0122 3% 30 LI2E 2U| 0|Z O AZHC},
- 3% ol 2 2US MesiTt

o
=2
- 2 ERY (AIBZF Y, FM 5)0l et 25 Q0| HATCH 28 YAl

- AFBZ}F BEIO| FL Epoch, Learning rate, Train split size, Batch Size,
Number of worker(s), Optimizer, Loss Functiong 2 2! Data
loaderE Y=EBHC}

- DY ME EE S2)0 0 EES 0|83 TIUS R

o

|'O||

HC.

- diffusion 2&9| A< Epoch, ClassE a33iC},
E.

- SHE0f st AR V1SS AS T Y2 oflet 2T

—

Delete
Name Status Cost Estimated Savings @ Elapsed Time
O train-diffusion  Completed $0.0348 86% 00:12:40
train-regression « Completed $0.0001 86% 00:00:04
Diffusion-dog * Running $01655 68% 16:07:49
Llama2-assistant « Completed $0.3283 63% 01:59:47
ResNet34-cifar10 * Completed $0.0284 88% 00:10:22
Regression-salary * Completed $0.0142 81% 00:05:12
1
- sHEC ;P_ St 0 | ;l. St |; A
sHEst= &+59| Radio MEH 2 Actions — DeleteE 22518 SHES AAE £
(o] |»
—
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Q SSKAI ® @ Hello, John Doe
@ Dashboard
Inference o] Q
B Data
& Model Name Type Endpoint URL Cost Estimated Savings @
& Train Diffusion-dog spoT http://k8s-5d9b890e13164€258-3... (] $0.0088 86%
& Inference
Llama2-assistant SPOT http://k8s-5d9b890e13164€258-3... [ $01048 86%
ResNet34-cifar10 SERVERLESS http://k8s-5d9b890e13164€258-3... $0.0137 20%
Regression-salary SERVERLESS http://k8s-5d9b890e131646258-3...  ( $0.0051 54%
GAN-anime SERVERLESS http://k8s-5d9b890e13164€258-3... $0.0137 40%

@ New Model
<
- REQAUEZRIEZ 3|, MY, HE, AA| 2 Streamlit HIZE 7|5S Al 3ot
- R B AERQIES V|2H2=Z H|O|Z tHO A &gt U1, ZAM 7|58 &850
z3/g 4 At
- FIHez AdERQIES SYEEE BAIE £~ = 7|52 Aottt
- AIEHOIE 24 Fo| SYLC Oj0|2S B2t BAE 4 9IC)
- MERAUEZIEE Mdst= YH2 Ofejet ZCt
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New endpoint

Enter your endpoint name

Select your model

regression (972aea64-2eb3-40be-af6b-084896e5b673)

Select inference type

O @
SERVERLESS

=D
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Edit
Name Type Endpoint URL Cost Deploy Testbed nated Savings @
train-reg-endpoint SERVERLESS i i23 j 0 $0094
Delete
train-regression-url SERVERLESS il jg3cwpcnalxcfv... a $01055 32%
(] Diffusion-dog sPOT htto://k8: 3 = 30e. ] $29278 86%
Llama2-assistant spoT http://k8: 30e.. (1 $30237 86%
ResNet34-cifar10 SERVERLESS http://k8s-5d9b890e13164e258-3db630e... (Il $0.2449 20%
Regression-salary SERVERLESS http://k8s-5d9b890e13164e258-3db630e... (Il $0.0498 54%
GAN-anime SERVERLESS http://k8: 13164e258-3db630e. a $0.0937 40%

()

- dfigsts AMEZQIEQ Radio MBI U Actions — DeleteS 22i5tH ZHS
AAE 4= AC

- oiYot= AEHRIES Radio ME LU Actions — EditE 22istH 29| 0|5
sdg 4 Ao

Update endpoint

Enter your model name

Diffusion-dog

Cancel Save

- CHQIE DHUO| MOl Z2, E|AEH|S HIE 7|52 HBFic

’
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Image generate with your endpoint

Description of the image to generate

Panda eating candies
Generate

NYot= 29| Radio MEi L Actions — Deploy Testbed &2

Un-deploy TestbedS S2l35tC}.

Testbed H{E 23 Al, BIZE AIO|EZ 0|F 7hsStCt.
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6.2.1 Ci|O|E{H| O] &

sskai-users

uid: String

created_at

Value (String) Value (String) Value (Number)

sskai-data

uid: String

s3_url created_at

Value (String) Value (String) Value (Number)

updated_at user (GSI)

Value (String)

Value (Number)

YAE LR

Page 54 of 59

All rights are reserved. Reproduction in whole or in parts is prohibited without the written consent of the copyright owner.



S¥ANE M
fatm DRME A 2|29| GenAlOps &2 A 25H= Platform
E2ojst2 gd SSKAI
= ARt
Confidential Restricted Version 2.3 2024-MAY-23

sskai-trains

checkpoint_path created_at

Value (String) Value (String) Value (Number)

original_cost start_at

Value (Number) Value (Number)

Value (Number)

Value (Number) Value (String) Value (String)

batch_size learning_rate loss_str

Value (Number) Value (Number) Value (String)

uid: String
train_split_size optim_str data_loader_path

Value (Number) Value (String) Value (String)

updated_at worker_num user (GSI)

Value (Number) Value (Number) Value (String)

epoch_num model_type

Value (String) Value (Number) Value (String)

Value (String)
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sskai-inferences

Value (String)

Value (Number)

uid: String

updated_at

Value (Number)

endpoint

Value (String)

sskai-logs

Value (String)
uid: String
kind_of_job

Value (String)

checkpoint_path

Value (String)

original_cost

Value (Number)

Value (String)

streamlit_url

Value (String)

job

Value (String)

user (GSI)

Value (String)

created_at

Value (Number)

user (GSI)

Value (String)

model_type

Value (String)

type

Value (String)

created_at

Value (Number)

- G2 H|O|E{H|0| A= AWSS| DynamoDBE A5 2|0l 21221 6742 NoSQL Tables

- Key-Value
2 MH|A0AM AR E|=

- H|O|E9 Partition Key= E|O|E ZIZ0| A3l ui

AESHO P 2= FO0{ElCt

Ao HYY

b [
dC= gy

AL, NoSQLO|Z|of BET} BiEE

o}

o mN

4 oot

(String) 2 10|0 0|= UUIDv4S
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Aot 2E 5749l 0|20 M= user ZEOA user-index

2l= Global Secondary IndexE £33l userQ uid £ AFE3SIO 2|7} 7t55te2

- L3 sskai-users HIO|22
24t
MH|A 2F &, DynamoDB E|O|Z2| Recordif2

Console, CLI, SDK S8 Edl HiZE O Q= region} 2

Ut
- Z7}HOR RecordE 27t L AL HASHE HE 90| WAIS HESHO
23st 4 QloLt, 23|12 AQlEt WL HIEE|0f Qs DB APIS 0|23k 240)
23I5iCt
6.2.2 G|O[E{H| 0] & API

- DB APl= £ 97H9| Lambda FunctionsES APl Gateway2 20{A 3tLtQ| URLOIM HE2E 4

- DB APIOA o2 d=o|Lt 2F7+ s

UEE =[O ACH.
LA FR0l=, BAH LUUE AP B2E AP
|5t oY d=22 S0 A= Lambdall Error L

GatewayO|Al & ogE Cloudwatch&

)
0125101 ZHQIE 4 3

i

Ct.

AN
- AWSO| d 2&3S 0[E5t0] &elg 4~ ULt

6.2.3 DA GOt ¢hg, = APl

| 222 AYSHE API MBIAC| 20N B2 e YA o=

—

I

f
At

=
T

F APIE2 LambdaE S35l Kuberneteso|| 225104 &

Lo
o>
(]

i

ol
o

2 Kubernetes 2| =301 kubectl2t AWS 2&8 E5H &9l

o°l'

6.3 HIE 7I0|=

Of Z2HMEZ BiESY| QoM AREAZL ARESIAISE HREIQ| OFF|E12{7t x86/64010F

—=

THZREIN

Page 57 of 59

TRE LA |
All rights are reserved. Reproduction in whole or in parts is prohibited without the written consent of the copyright owner




SHETE N
= ehstu EENEE 2|9] GenAlOps 842 B3t Platform
ATDEQofstE gd SSKAI
ULAE LRI _ ,
Confidential Restricted Version 2.3 2024-MAY-23

5tH, 2G4 H = Unix AE(Linux, macOS)S AFESH0{OF STt
HESH? | ZRsh IHF| A2 Python3 A0 ERY, ¥l HO|X|E & ESH7| 28 nodelt yarn,

ODZHEOl APl ZEO|H O|D|RE 'ESt7| I8t Docker, ContainerD 2F 22L& 2HF|
3o

olZ2E HHESH?| I8t Infrastructure as Code Z{Q/YA Q! Terraform, AWSCLIZE A Xx|5l 0k
St
ESH AL Z= O] Z2HMEES HiESE| ol OfOFE @ AH|A AHO| 25, e AXYS

AEatE fI T7[RQE AYE 2F VR AT, Z2MEQS RE FRO| RSt

PO«

“sskai_execute.py’S “python3 sskai_execute.py’?t 22 FHENZ AMSHFIH AL X0 AHMH AWS

jihun JEIDPESSG P python3 sskai_execute.py
Enter REGION: us-west-2

Enter AWSCLI PROFILE: mhsong

Enter MAIN SUFFIX: SSKAI

0. Exit this operation.

1. Build and Deploy container image.

2. Deploy SSKAI infrastructure.

Enter the number: 1

You can build only with x86/64 architecture and Unix kernel (Mac/Linux).

Enter the type of operation (create/delete): create
Building and Deploying in progress.

It takes about 15 minutes.

Processing. ..

Complete.

jihun python3 sskai_execute.py

setup.env file exists. Do you want to use this file? (yes/no): yes
@. Exit this operation.

1. Build and Deploy container image.

2. Deploy SSKAI infrastructure.

Enter the number: 2

Enter the type of operation (create/delete): create

It takes about 20 minutes to create.

Processing..

Complete.

U

3 M ABEo0} B AL,

=

HEO]] O|0RIZ YE & WIS £330} BTt Of 2Rt

r

I>
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BFEA] x86/64 OFZ|EIZ{2| Unix HE 2FA|A (Linux, macOS)MIAM 4=

o%

S|0fO} Bt} O] 2Rl
ALE A7} B ZE 517 | sts 2|20l wfet 2{ch 155 Th2t
S HRIZ AME|OOF B YL, Terraform S ALR3I0] QImat BAS WISt Zo|Ch

ALBAHS 2712 43S & LRt 90| A A5t AWS 220 RS OILayt AAE|A| Sict,

PLULE ~/Desktop FMOAIERI CVlS Clali <N Y
setup.env file exists. Do you want to use this file? (yes/no): yes

0. Exit this operation.

1. Build and Deploy container image.

2. Deploy SSKAI infrastructure.

Enter the number: 2

Enter the type of operation (create/delete): delete
It takes about 20 minutes to delete.

Processing...

Complete.

jihun JEIDESSE P python3 sskai_execute.py

setup.env file exists. Do you want to use this file? (yes/no): yes

0. Exit this operation.

1. Build and Deploy container image.

2. Deploy SSKAI infrastructure.

Enter the number: 1

You can build only with x86/64 architecture and Unix kernel (Mac/Linux).

Enter the type of operation (create/delete): delete
Deleting in progress.

It takes about 5 minutes.

Processing...

Complete.

ORR|Z22 AAlsts 3P0 AWSOH| BYZEE 2[AAS AASHE A2, AWS Ao

A
=
ZIEO|H O|0|R|E ARtz &Y 27t &2 22 “sskai_execute.py’S Salf 21 4= ULt

I>
rfm

Ciztel | Page 59 of 59 FYZ AN

All rights are reserved. Reproduction in whole or in parts is prohibited without the written consent of the copyright owner.



	 
	1​​배경 지식 
	1.1​클라우드 컴퓨팅 환경에서의 Generative AI 
	1.2​서버리스 컴퓨팅 
	1.3​스팟 과금 정책 
	1.4​MLOps & GenAIOps 

	2​프로젝트 목표 
	2.1​기존 Generative AI 개발/운영 환경의 혁신 
	2.1.1 ​기존 MLOps 솔루션의 제한점 

	2.2​주요 기능 
	2.2.1 ​이용이 편리한 GenAIOps Pipeline 제공 
	2.2.2 ​최적의 비용 및 성능 인프라 제공 
	2.2.3 ​지속적 비용 Monitoring 및 CI/CD 환경 제공 


	3​개발 내용 및 결과물 
	3.1​개발 및 연구 목록 
	3.2​연구 및 개발 내용 
	3.2.1 ​사용자에게 서비스를 제공할 웹 서비스 
	3.2.1.1.​Dashboard 페이지 
	3.2.1.2.​Data 페이지 
	3.2.1.3.​Model 페이지 
	3.2.1.4.​Train 페이지 
	3.2.1.5.​Inference 페이지 

	3.2.2 ​서버리스 환경에서 추론을 위한 아키텍처 
	3.2.3 ​스팟 과금 환경에서 추론을 위한 아키텍처 
	3.2.4 ​스팟 과금 환경에서 분산 학습을 위한 아키텍처 
	3.2.5 ​스팟 과금 환경에서 모델 학습 시 중단이 될 수 있음을 고려한 기법 적용 
	3.2.6 ​각 모델에 맞는 최적의 비용 및 성능을 가진 컴퓨팅 자원을 선출하는 알고리즘 및 배포 플랫폼 추천 기능 

	3.3​평가 
	3.3.1 ​기존 솔루션 대비 비용 효율성 평가 
	3.3.2 ​체크포인트로 인한 오버헤드 평가 

	3.4​현실적 제한 요소 및 해결방안 
	3.5​결과물 목록 
	3.6​산학 협력 내용 
	3.7​기대효과 및 활용방안 

	4​자기평가 
	5​참고 문헌 
	6​부록 
	6.1​사용자 매뉴얼 
	6.1.1 ​Dashboard 페이지 
	6.1.2 ​Data 페이지 
	6.1.3 ​Model 페이지 
	6.1.4 ​Train 페이지 
	6.1.5 ​Inference 페이지 

	6.2​운영자 매뉴얼 
	 
	6.2.1 ​데이터베이스 
	6.2.2 ​데이터베이스 API 
	 
	6.2.3 ​모델 평가, 학습, 추론 API 

	6.3​배포 가이드 


