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Fig. 2. Experimental and Analysis Process Flow for All-
Solid-State Batteries.
~y FE—HLELET — ZHE~LHT 20 T3 <

D53 W—/NL Database (Z531F 2 FIEEZBRM L>OT 74
DO—JifbE 52X DREN RSN TND

% ZC, IEDB System TII3CHR[1, 2]D#E 2 5 & 3B S0
KEFMB L. AHFNT, #FERINV—TOFY) IS LT
— X & A h L— MIERB]D Database ~H 0 iATpiEpL & L, 2 —
P77 RITENTIE, — i ]AH Database #1E & 725 15
Python Script TENL2> S Wrapper 25 5 TH 5. S bHlC, #
D Database & H—H— 3 LICENT 2MHIEE L, 215R89IC—
LEBBAEET, HOoa—FT 7 2ADDD API kb
Python script % JHVNT H H R S WBR A ATERIZ 22 5.

& TAT, KL, 213AMRIER L 72> T %28, Database
DOEFE 7 7 7 ¥ —"To 5 Transaction HERED T VA L HEIZ
BT 25 2 ARSI TV, KFSUTHE, Z o8z %R
? 3 E33HOFEMTHRT L.

3.2 NoSQL Database fREZ XA T 5 EHR

SCHR[3]C Cieslewicz (3, Database ¢ Transaction P£&E % I 7E
315 % Micro Architecture O 7 7 7 ¥ —(%, ~</F 27 (Multi
Core) &~/LF AL v K (Multi Thread) DWHIFE(TE T — 4 ik
MARM Ry 7 EMBEEDIF Yy a2 XE)VDOFA X

(Cache size), AE YT —# 3 FiliE (Memory bandwidth) %

MemoryASubsystem Micro AiChitBCmre
’ — \
O CPU
g [ RegiserFile |
o
g P
Mai = L2 Arithmetic Logic Unit
ain 0
Memory N g Cache (Execution)
= Memory
©268) £ (32MB)
2
[
e
g
=
- /U

L2 Cache latency: ~ 10ns
<>

Main Memory latency (Memory latency): ~ 100ns
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Table 1. Specification of Apple Silicon M2 Pro SoC [7].
Apple M2 Pro SoC Value
Frequency 3.5GHz
Total Cores 12
Total Threads 12
L2 Cache Size 32MB (shared)
L2 Cache Latency” ~10 ns
Main Memory Size 32GB
Main Memory Latency” ~100 ns
Main Memory Bandwidth 200 GB/s (LPDDR5-6400)
Thermal Design Power (TDP) 30W

*Estimated from benchmarks and modern processor design specifications. (¢.g., AMD Ryzen)
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Fig. 4. Example of experimental and analytical process flow on fluoride combinatorial.
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Table 2. Scale of IEDB System.

Database Name | Sample Quantity Item Counts File Size [MB]
Sulfide 4,567 20,181,580 2284
Oxide 3,581 4,721,756 55.6
Fluoride 1,881 5,148,100 54.6

Combinatorial 35,002 946,678 743

Fluoride
Sum 45,031 30,998,114 4129

System EHOBEND, T—XDT v FF— e ® Data
Management (2B L T %, A=Y 7 N =7 D MongoDB
Compass #HMHT 2 Z & THEHIT Y% DBMS OHERFEHEE
MATZ 5. IEDB System (&7 — X %EFE L 7o kE 5% Table 2 (2R
T h—=Z DI T NET, 45,031 HETH Y, T DO E $L (Ttem
Counts) (% 30,998,114 ffl, ¥~ 7 A VAL, 4129MB TH -
oo W, BT 7 AN EFRA L F—L LTIT 3 L2 —IC
KL TWDIz0), ZO7 7 A VFRIZEEN TR,
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LAZKL SRV A RIS f:&b, e SEDEYEA
10 fHORFIC 2% (Elements) ORFRIZE S HEREH 240 1 FPLL
T& LT

HEEE 2 8 4 2 3 RARML O G LR 2236 7 0 — % Fig6 12
AT MEEER T, 3 3 33 fiCRIE LERBRHAREZRE
T5HT7NTY XA EBq@)& W, RISC Fut v, 754
AR &% L2 Cache Memory + Memory Subsystem 0 A——/3—
~v N B{Ea 74 (Tablel, Fig.3) OWFIFEITHREE

Computational Simulation & D H#EIITNF[RETH 5. IEDB B35 & CHEEMAZEN L7, IEDB System 7tk L7249
: Dashboard ) / Common API \ MongoDB Database M. t Sy Q)am,m h
Database Collection Documents
Recipe W Composition, Sputtering, L1
Sputtering Conditions Synthesis, etc.
Fluoride
« Combi- Layer stack & meas. l Chemical formula (Atom) L
natorial XRF, S-XRD W Crystal structure, Composition
BE‘l:Izvpﬂf e ‘[ W EIS, Battery performance, etc. ]-I——I'
Database Collecti D ts MongoDB
Synthesis Conditions |_[ ] Comp_ogho%xeﬂ:ymgmsmemg, },_ |y Compass
;/ < Sulfide Electrochemistry H W EIS, Battery performance, etc. }'—"
DataFrame | XRD H B Crystal structure, Composition ]""'
Database Collection Documents
| Oxide (YY) Xy ]"—-'
Database Collection D
< | Fluoride oo oo ]"—"
/ A 4
[ Operating Sy (Unix/ Homebrew) ]
Fig. 5. Block Diagram of IEDB System.
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A4

The assumption in the calculation is ® Frequency of Apple M2 Pro : 3.5 [GHz]

that the L2 cache size and its access — 1CPU Cycle = 0.286 [ns]
time dominate. Estimate how many L2 Cache size : 32 [MB](shared)

times the L2 cache is loaded with data L2 Cache latency : 10 [ns]

from main memory during the entire Main Memory latency : 100 [ns]

retrieval process. Total Database File size : 412.9 [MB]

\4

space complexity

Total Database Access number of times = (Total Database File size) / (L2Cache size)
=412.9 [MB] /32 [MB]
=12.9 [number of times] -

Total Data Access Time = (Main Memory latency) X (Total Database Access number of times)
=100 [ns] X 12.9 [Times]
=1290 [ns]

\4

Calculate the search complexity f{n)
for all elements of all documents ® C ity: O(nlog ;

recorded in Database. The algorithm ® ALL Item Counts : 31,000,000 [elements]
for complexity uses Eq. (3).

Complexity fin) = nlog(n) = 31,000,000[clements] X log (31,000,000 elements])

BAT X —RERFGRGE
Vol. 24-J, Article No. 12, 2026 £ 3 A

v

Next, Estimate the processing time
when there are 10 search conditions
(Average). |

® Eq(4):  fin)’=0(nlog(n))x (time complexity) + (space complexity)

¥

® Search ALL Elements Time = (Total Data Access Time) + (Complexity f{n)) x (L2 Cache Latency)
= 1290 X 10*[sec] + (2.32 X 10° [number of times] X 10 X 10[sec]) X 10 search conditions
~ 23.2 [sec]

> time ity (CPU’s Micro Archi )

» In terms of processing speed, access latency to the L2 cache is
hidden in the pipeline process and can be canceled.
Additionally, parallel ion with multip
performance cores should be considered.

L2 Cache latency canceled
— 23.2[sec] / 10 = 2.32[sec]

8-cores multiprocessing
— 2.32[sec] / 8 = 0.29[sec]

on eight

=3.1x 107 X 7.49 =
=2.32 X 10° [number of times]

Estimate ALL(31,000,000) elements search time at 10 conditions in database

~ 0.29[sec]

Fig. 6. Estimating search performance of IEDB System using Complexity Order Growth Theory.

3,100 SEOERITH L, 10 HORBRIIC & D ERBHEM
I, 029[sec]& 2V, HEMEZZ V7 TELLWVWIAMB Y &
ELT.
44 Low-Cost GN—KH 7« TSy rI4+—4A
FERIEHI A~ TIE, B3 - FiEax P L@ =R M &
RIS E 2208 ) S EMIEFICEERF SN S, IEDB
System EHUIEL CTHUFRELRAEE L LB T2,
IEDB System & FEBL S B RWHEEV— N, (KM CEtt
HEZ2 Apple Silicon M2 Pro SoC ##? Apple Mac Mini & L7z.
W 3% Mac Mini DFFTCI%, ERY A X (H:3.58cm, W: 19.7cm,
D:19.7cm), EEH& : 1.28Kg, {HEED : 185W TH VY, HEFIC
2 P TREAR—ZOEBHENRE.

5. BIhHEREE

KL OFHERITICE N TE, BEFXNORK#E Lz
DBMS PEREHEE 3 ERE A7z L TW AW o Blms, 7
— 2 BRI RR SR (MD (2T L7z — R 2 T4kidE APL
Lk L7z Data Frame EENANHER L= E VWO BAED
M2 HRFEZ B 72D .

5.1 FRffiA i

4597, IEDB System (2%} L C, MEREMRGEL K3 5. MHREMR
FETI, 4 % Fig.5 T/~ L7z Sulfides, Oxides, Fluorides, Fluoride
Combinatorial, 4%% @ Database & 4 C ¢ Database ~D ¥ FEIT
IR§[# % MongoDB | & &7 Pymongo 7 A 77 U @ find_one
FRERBAE A L, search B%G & search #& T & TR 4
ETHEND ZETETSE. 2o, MBS 10 fHe
L, T2 TOHBEZRET 2 LIICHFELRVE A H T,

Table 3. Actual IEDB System search processing time.
Database Name | Sample Quantity | Item Counts | Execution Time [sec]
Sulfide 4,567 20,181,580 0.058
Oxide 3,581 4,721,756 0.043
Fluoride 1,881 5,148,100 0.036
Combinatorial 35,002 946,678 0.108
Fluoride
All Database 45,031 30,998,114 | 0.223 (estimate:0.29)

D L THRBEINMEL, &PID Element 15 1% @ Element £
Th7 78 AT5H. Mk R%E Table 3 7T . EEEORK
Database MR EATHFEIE, 022 [sec] TH o7z, ZHITHEEMED
0.29 [sec iR L7ZETH Y, 1 LT E WS BEM B L,
FEH 2K 72 Transaction Z AJRE L 5.

52 FE - BWEELOESRRZR

WIZ, IEDB System ¢ MI E#EHEREICBE T~ 2 A 2h P & k5
5. MEEMEETIE, Sulfides & Oxides @ Database Z VT, *
DIERIZ L DRI 22T 2 2 L TRITT 5.

Fig.7(a) TI¥, mimE % R iR B R BAE O G St
ZRHTZ L& BMIC, Database FOEME YL 7O T
FEHO L (VF L) BIOS (Fih) EEKEEERE~
B LTWA[8]. & BIT Fig7b), fmtsEiEmieaie
XRD 7 —# Z#WITLHIE L TT&E 57 T AZIZDWT, Z DOk
LREREITIRT Z & T, XRD T — X IZE& £ 5 M ETRH
DOAMEDHETR ST=[8]. KIT Fig.8(a), (b)IX, AL LR R

a
( )20 Conductivity 6 : mS/cm
i o o A:Z1
L} B:20.1
S15F e .3-; ® © C:20.01
< e 3 e D:<0.01
L3 R 3 K
e . & Li-B-Sn-S
L] [ L]
5F 4 @0 0@ .
, L L ,
40 50 60 70
S wt%
(b) Multi-phase) | &
104 @ LGPS -2
LisPS, ] Arga/‘rodne o=
’ LicSiS, 5
54 Lis 54xMo.5+xNo.sxSa 49
. @ . o
LiGaS; Iil;MS,,. 58
LisP2S
o 4P2Ss "
® Unknown
-10 0 10 20

Fig. 7. Database mapping using feature value [8].
(a) Relationship between compositional feature value and
conductivity. (b) Relationship between XRD and conductivity.
Reproduced with permission of The Electrochemical Society of

Japan.

DBSJ



VAT LRS- EERX

Li3VOs

(@)

®) LizVO4

(wos)o50]
(wo's) 080

LigGeOs LigSiOa

Fig. 8.  Ionic-conductivity predications by the (a) NGBoost and
(b) LightGBM models and experimental results for quasi-ternary
Li3VO4-LisGeOs-LiaSiO4[9].  Fig. 8, by The Electrochemical
Society of Japan, Licensed under CC BY 4.0.

DT —Z B #EEO ML 7L 2 Y X A (Random Forest, NGBoost,
LightGBM 72 &) MW, ZNHT7 03V XA K HE TR
7= TRIME & KB & OFBE NS, BERTRANZSRT D
WMREFTHH9]. ZDEHIT, EDLHREMENA A
RERLMHBTE 77 74—k, EOLH57ML 7L
ALERAVTHEHLEERN I VBRECALIZLDORONE
I, EBRT—Z L OLEBIZB W THID T ML DA RIS R
TXpHZ Lg%,

DLk, BEOMIEEHIS, 9D FIZ L Y, IEDB System (7
— ZBREREABHESR (MD) & OIS TS AIHERET S
Tl afER L.

6. BE

6.1 Database 1H#E

HAEBEOHEGG 2O HEH LR B ICET 2 KR o E &
0.29[sec] & FRIE 0.22[sec] D TEHfEIZ RS L T Database ~D 7 7 &
A 3 A ME& & CPU(RISC) @ Micro Architecture 33 & U Memory
Subsystem DT —F 7 7 F ¥ mHERE G 2 5. BRSH: A
74— & —(order of growth)& W I &EDT /LY XA Eq(4)T
X, 7 — X B (Elements) RXEMTHDH. LoL, Z0
Transaction % ZIKHINZEITT D54, Fige OFHHE 7 0 —& bk
B [Search ALL Elements Time ~ 23.2[sec] | &72%. {177, RISC
TatyhDONRATTA L (Fig9) T =27V 7y F
{2V L2 Cache D7 7 & ARFHENIREM T2 2 & A3 ArdE TR
X C X 5. SCER[10] T, RISC 7' m & v Y OMREIEIE %
PRI G L 2 DT e 7T MO FELTREME T I, PC(FATMAED,
CPI (CP¥IMBETY A 7 V80, MC (CPU Cycle) OFEF T

Processing speed = 5 cycle per instruction (CPI)

CPU Cycle
<>
[F [ o EX | MEM | WB

[ w D EX | MEM | WB

IF D EX | MEM | WB

e IF D EX | MEM | wB |
IF: Instruction Fetch Tl
ID: Decode IF D EX | MEM | WwB
EX: Execute A

MEM: Memory Access
WB: Write Back

Fig.9.  Overview of basic RISC processor pipeline processing.
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S, THR/AIWVFEEEERETHDL E LTS (Eq.(5).

Fig.9 & 0 BRMELD &7 — A TlL CPI=5 THDH W, XA T F
AVRBIZE YD ¥ v v v a I AORWVEIER 2R LB TR Y
72< CPI=1 T3 . S BIT, H¥K Core ([T & 2 WHFTx I
D LI EHITRNT ED CPLIZTRS.

T=PC X CPI X MG wweseesssmresssssnsssssssnssssssnssssnsne (5)

PLEDZ &0 b, HEEEEH T, L2 Cache latency=10[ns]7}
I sZ & %%EE L, Search ALL Elements Time =~ 23.2
[sec] & 1/10 ® =~ 2.32[sec] & L, & 51T 8 Core DIHRZMBE
THILET, 1/8D= 029[sec] £ Lz, 22T, 7ul I LD
515247 % 8 Core BIE L E L TV DAY, Ziid Apple Silicon
M2 Pro 7 vtz » % @ Performance Core 22 8l TH 5 Z L IZ &
%. b L, Efficient Core 4 HOEMELIMA D705, & bIZHM
T&5. £, YUEZME T 12 B Thread EifEREEZE L
TWRWA, ZHIZOWTHEET D Z L TERBARETH Y
EHIMME 0.22[sec] [ZEET D, L, BLEOEHETIE, AL
=T AT VAT L (0S) e ENEHTLEM T m AR Ny
7 7Z v REET 5 2 & 55 Performance Core BI{EIZIRE L
TBETHZENEZYTHD. LEDZ &0 n, Rk
WL T, A—F =0 s LTAT AL TN D Lt
T TED.

BLEDZ & XY, MongoDB DBMS % #£¢H L7 IEDB System
(2 TCIX, Engine & L CERMT % RISC 7'm& v (CPU)
1, 3EI3IHTRLEO~@DESITIZ, Micro Architecture
WX DEERZ A7 FHE MR Transaction D EITIRR % 3t
THERNTHDLEEZD.

6.2 Database DFRIE & BEEHEAL

AR >@ Y, 1EDB System (Z7LE% « {R1F (Archive) L7=%EB
T F R, EBRY TN 45,000 HFTH Y, i HER
YU TNT = ZICEENDSHALL, 3,100 FEICED. 4
IR A B Database DHTHRKERY A XTH Y, 2H
IRERSTE & ) FEESH Tl R OBBETH 5. okt
% Database & B & ZORNBELIET 2 &, MidtlEDT — 4
% Archive 7% ICSD (Inorganic Crystal Structure Database) 734
30 S, FEICETIREFE DFT (Density Functional Theory) @
7 — 4 % Archive -5 MP (Materials Project) [11]12% 17 J3 {4, #4
ORI - HEIE - M1 - B8 T 1E D FHFLRE R & Archive §° % NIMS

(ESEOFFERIEIEN WA - MEHIRZERERE) @ RDE[12]7% 85 75
6 THOBMETH 5. FNEID Database 135435 O EffE e
T2 EBRELTEY, MBI OSE TIE, IERICHEE
REEEHSTND, L 2AT, KaXThHAL FEREEL B
Z 725 7- IEDB System (Z Archive L7-7 —# %, ML <° DFT &
BEOLHEESNIAAEOM BT — % Tldi <, RIbE DT
TR O BRAER D DAL HINERETH Y, FH LI
D7 HINEE A ATREIC T 5 BB R A 2R 5. 3612,
DFT X° ML % BRff L CH L7 T — Z RIE LW E 5 o
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BEREZ D10 DRKET7 == A S = Tbbo. 2O LITH
WTHHED TEWVIMEDRH D L EZTND.
63 EZEILANBH~DEH

IEDB System |, 7 4 /L (Database) £f7 & 4x[FE (A 7E 1 FZ 5
HTZfE LIBIROED TH Y, B— ORI oA
MHYATAE L THEREES Z Lo CHEECH 5. Rl
EERERIY, ERFIELHNT — X OBWREZIEE L7z ETE
BR7ntR s 7u—2R{EL, 2OT7rnEAOKYY &LF—F
DOFHES % Database i ~MIF TN Z EIZHD. 2T,
& THR 70 L O pESRE DX (T2 72 Database BAIE 1250 T b Rk
ThdEEHETE D, O & D ITHEEREIR O BT B 7 25k % i
GBI TN 2l AETREOBE (Automation) <°H A
{t. (Autonomous) DFEHRAENH L, FEOIREEH > AT
Brl7en. ZoX iz, ¥ DXIZEIT 5 Database 1§ HIL,
SHBREERT L ENHFIND.

EEREM OB FELIET D THEGERT —F X— 24k
#% (Integrated Experimental Database System : IEDB System) |
TAWE - ERT X7 7 F Y OREEB IR, TDOVA
T LBAFE DR G, LT D 4 mOR & L.

O HBEBRIN—T 2 =— 7 BREREM ERE - TR RO
TG+ HEMEE(L T — # % IEDB System ~IUE 5
LT, IV—THICERTr X - Tu—MEEHL
ENHOTERNOH IS ST —4 % MongoDB DBMS
N DX 4r Database & L, & D X%y L7- Database PN D
Collection ~A h L' — MIFH ERDT—H a1 " —V 3
VHEARETH DL Z LR L. 51T, Zhbo
X4y Database % 358 API C Wrapper +5 2 & T, H—0
{i4H Database % FEZHL L, —JtHY72 B & Transaction (Web
N ORE - ¥, 8L Computational Simulation *
Machine Learning #§HE~ Dataset filitt}) DEITHRFHD>
ORISR D T LB LTz

@  IEDB System ® FE7¢ Transaction MEREHEE IZHE LTI,
#H5 B BERG (Complexity Order Algorithm) % J&fE & L, RISC
7 v v ¥ @ Micro Architecture £HE & Memory Subsystem
PEREDS B FERE FH5 &: (time complexity) & Z2 75 & (space
complexity) #FEIAICHEA LTRSS LW T LT
VX L% LUEEMH L7, IEDB System @ Engine (28 H
L 7= Apple Silicon M2 Pro SoC % F\ 7= FEREEBR O R,
10 fE DR RS2 & % 418 B #:%8 O Transaction F1THH]
1%, 0.22[sec] TH O, FrIEREHEET LT Y XANGFHE L
72 3ME 0.29[sec] & A —F —MIZ T U A LTz, b
L DB UNEREHEE 7 L 2 ) X A0 FAVEE fER L7z,

(® IEDB System (ZU¥&k L7c BT — & &%, 7%
45,031 f, TEHE %L : 30,998,114 5 TH Y, LEKE AL
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DBk Database & L Cix EfkDT — X EZIH L 7-.

@ T2 ERETEMEHEDZR (Materials Informatics : MI) & D3
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1 & A (Appendix A)

—

Al. T—RETIL

Al.l EE Collection DR F—< EZH (JSON Schema)
EEREREY I LOEREGES LOYEELZERT S
Fluoride DB Sample Collection O A ¥ —~EFH| ($FL) % Fig.
AR, WIZ, XHEYT (XRD) JIET —# 2 EH4 % 2
L7 varDAX—<EXKNE Fig. A2 (27~ . Histogram Bt
FIEEH 2,000-5,000 KOT—H KA 2 MaEL, FHRF
A2 hYAXITHK 150kB THD.

{
object",
Sample Document Schema",
["sample No", "chemical formula", "date"l,
"properties": {
widnr {

_"bsonType": "objectId",
"description": "MongoDBH E)4LID"

0": {

"bsonType @ "int",
"minimum": 1,
"descrlptlon  ELES (B b)) "
“date: {

"bsonType": "int",

"minimum": 20000101,

"maximum": 29991231,

“description": "EEH (YYYYMMDD#Z., )

},
"sample No": {

“pattern”: "~[A-z]{2}[0-9]1{2,4}s",
"description": "% > 7LES (fil: TOOS FL123) "

"chemical formula": {
"bsonType": "string",
"minLength 3,

"description": "{tFz (fl: Li3YC16) "

},
"mixing method": {
"bsonType": "strini
enum": ["Planetary ball mill", "vibration mill", "Manual mixing",

"“Other"],
"description": "E&FHE"
"rotation speed [rpm]"™: {
"bsonType": ["double" "null"],
“minimum": @,
“maximum": 10000,
"description": "[E#EskE (rpm, 0-10000) "
3,
"mixing time [h]": {
"bsonType : ["double", "null"],
"minimum"
"descrlptlon r RERR (KR

"sample height [cm]": {
"bsonType : ["double", "null"l,
"minimum"

"descr1pt1on "YU TLEE (em) "

},

"total log"
"bsonType'
"description": "JMHEEH logie(c / S cm-1)"

"total log(A/S cm—lK)
"bsonType" b
"description

null”],
HE LT ZHA s LRF

Fig. A.1. Fluoride DB Sample Collection JSON Schema.

Al2 REREIFFX A2 M

Fig. A.3 1% Sulfide DB Electrochemical Collection ¢ R = A
> Mol (BB T B. 7z, Fig. A4 1% Sulfide DB Synthesis
Collection @ K = 2> MMl (35F) Th 5.
Al3 RF—NYT—=2avi—)L

MongoDB DA F—~< /Y F— g Ve E W TT — 28
AMETRT D, N F—a v —AER L LT, Fig.AS
{2 Fluoride DB Sample Collection DFEEZ/RT. NYF— 3
¥ LUV, (1) moderate : BEfF K3 = A b @E%ﬁﬂ#@ﬁi‘ﬁ?ﬂ

(i) strict : T TOEA - HHFHIRFE, O 2 BEHETH 5.

BAT X —RERFGRGE
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VF— g7 7y auik, (1) wan : BEa 72 H A LEA
ZFFA, (i) error : NY T —v 3 VRIRIFICEERIES, &L
7o, SRREEGHIZ OV TIE, MongoDB 234 % —HHilK) & 2 fit
LigWizsd, 77V r—va VETERTS.

{

"object",
"XRD Document Schema",

"required": ["SampleName", "histgram"l],
“properties": {
v_id"s {

"bsonType": "objectId"
’
"SampleName"

"bsonType" q"

"description": "*j/7}1~@. (Sample.sample No~D#&pF—) "

},

"log": {
"bsonType": ["strlng "null"l,
"descrlptlon SEER Y (ﬁLFﬁ ERMEE) "

3,
“Start": {
"bsonType": "double",
"minimum": @,
"maximum": 180
"description": "BIAAE (26, &) "

T,

"Stop": {
"bsonType": "double",
"minimum": 0,
"maximum": 180
"description":

TAE (200 B) "

“Step": {
"bsonType": "double",
"minimum": 0.001,
"maximum": 1.0,
"description": "Z7 v 7@ (&) "

"I;istgram" : q

"bsonType!' ‘array",
"minItems": 100,
“items": {

"bsonType": "array",
"minItems": 2,
"maxItems": 2,
"items": {
"bsonType": "double"

}
"éescriptiun": “XRD/¥%—> [[20, Intensity], ...]"

Fig. A.2. Fluoride DB XRD Collection JSON Schema.

"_id": ObjectId("507f1f77bcf86cd799439014"),
"ReglstratlonDat " "2023-03-15",
"MeasurementDate": "2023-03-14",
"MeasurementSampleName": "S_ii14054_001",
"MeasurementFileName": "S Lusro4_001_RT.z",
"PressureReceivingArea": 0.785,
"PelletThickness": 1.2,
"AppliedPressure": 360.0
"TotalConductivity": /i fe-a,
"ActivationEnergy": G.so,
"FittingData": {

"R_grain": 125.3,

"R_grain_boundary": 387.2,

"CPE_n": 0.82,

"Chi_squared": 1.2e-4

}

“impedanceData": [
[1000000.0, 512.5, -12.3],
[794328.0, 510.8, -15.71,

[0.1, 8523.4, -4521.8]

"Note": "Room temperature (25°C) measurement"

b

Fig. A.3. Sulfide DB Electrochemistry Collections Document.
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"_id": ObjectId("507f1f77bcf86cd799439013"),
"RegistrationDate": '"2023-03-10",
"RegistrationTime": "14:35:22",
"FormatVersion": "3.0",

"'SheetFileName "synthesis_log_2023Q1.x1lsx",
""SampleName" S_Lisrs4 001",

"Composition_ratio": {
e 3

1i W.s45,

ixingMethod": "Planetary ball mill",
""MixingDevice": "Fritsch Pulverisette 7",

"MillingTime": 20.0,
"MillingSpeed": 370.0,
"FiringMethod": "Tube furnace",
"FiringTemperature": 550.0,
"FiringTime": 6.0,
"FiringAtmosphere": "H2S",
""Quenching": "Yes
"QuenchingMethod": "Liquid nitrogen",
"TotalMass": 2.5,

"Yield": 92.3,

"ColorBefore": "White",

"ColorAfter": "Pale yellow",

"Density": l.86.

"Note": ' ©B-Lisks4 phase confirmed by XRD"

Fig. A.4. Sulfide DB Synthesis Conditions Document.

db. runCommand ({
collMod: "Sample",
validator: {
$jsonSchema: {
bsonType: "object",
required: ["sample No", "chemical formula", “date"l,
properties:

pattern:

description: “Must be 2 uppercase letters followed by 2-4 digits"

"date": {
bsonType: "int",
minimum: 20000101,
maximum: 29991231,
description: "Must be YYYYMMDD format"

T,
"total log": {
bsonType: ["double", "null"l,
minimum: -10.0,
maximum: 2.0,
description: "Conductivity log must be between -10 and 2"

"total Ea": {
bsonType: ["double", "null"l,
minimum: @,
maximum: 5.0,
description: "Activation energy must be between @ and 5 eV"
"Composition_ratio": {
bsonType: "object",
patternProperties: {
"~[A-Z] [a-z] 78" {
bsonType: '"double",
minimum: @,
maximum: 1
i
b
}
}
i

validationLevel: "moderate",
validationAction: "warn"

H

Fig. A.5. Validation Rule Settings for Fluoride DB Sample

Collection.
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Fig. A.6 |Z Sulfide DB Synthesis DA 7 v 7 A5Gt &7~ 7. &
7=, BHEZR R = ) OB L LC, THLBIPREER) 2B H
T227 Y% Fig. A7 TR

/1 1. Y TABAZ— 04Ty IR
db.Syn.createIndex(

{ "SampleName": 1 },

{ unique: true, name: "idx_sample_name_unique" }

)
/] 20 ALFERAVT v IR
db.Syn.createIndex(

{ "Formula": 1 },

{ name: "idx_formula" }

)
// 3. BERUREBERRRA
db.Syn.createIndex(
{ "FiringTemperature": 1 },
{ name: "idx_firing_temp" }

)

1/ 4. BEA YTy o R (B

db.Syn.createIndex(
{ "FiringTemperature": 1, "FiringTime": 1, "FiringAtmosphere": 1 },
{ name: "idx_firing_conditions" }

)
// 5. RAEFEA VTV IR
db.Syn.createIndex(

{ "MixingMethod": 1 },

{ name: "idx_mixing_method" }

)
// 6. B4 Ty oz GLWIE)
db.Syn.createIndex(

{ "RegistrationDate": -1 },

{ name: "idx_registration_date_desc" }
)

Fig. A.6. Sulfide DB Synthesis Index Design.

db.Sample.aggregate( [
{

$match: {
“total log": { $exists: true, $ne: null }
}
e
{
$group: {
_id: "$Composition.Li",
avg_log_conductivity: { $avg: "$total log" },
count: { $sum: 1 },
max_conductivity: { $max: "$total log" }
}
+
{
$sort: { avg_log_conductivity: -1

1)

Fig. A.7. Example of a complex aggregation query: Average conductivity

by composition (Aggregation pipeline).
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A2 BRSFEEX) T

IEDB System ®i#f] (Operation) #%#t% Table A.1 [Z/R 7.
Fio, BX=2 U T 1 (Security) JiisK% Table A2 IZRT. &b
\Z, 7—% « 73 A (DataGovernance) J5#}% Table A.3 IZ
N

Table A.1. Operation.

# WA nE
1| Nys7vT/ ® HMHFSSD~, FERIERICTINANY 2T v T2+ 5
YR L7 (mongodump)

® (T, macOSPTime MachinelZ & ) & AT AERDFE /N 7
Tv7 (RAryFvayb) ZEi5T 5. mongodump & FEATHEHE
PEMELARNE I ICAY Va— L, BHFHFDBOT 4 L7 LV
FRY 7T o TR LTS

Secondary / — R ~OR[FEMZAT 5 . Primarylif 0% HI1%
Ny I Ty TNHD) AT &AL L, 7=A VA= —3Hk
B LR

PrimaryBEERFOEIHERF HE (RTO) 13kasfii e 475, 7—

SEIAMEHEE (RPO) XFRH/ Sy 77 v 7ML L, REEEALIC

I U CRGEAEIHFIE G 2T 5

PERESIL, 71 A RS OBMIKR A HIFEHL, ®REEA

By %

TreARY (RET7RARMGE, 7T—#Fvrn— %) &

FERL, REIIECTA—/LTlET 5

5 Z¥—Vitbe ® DBILIZ R = AL MNTRAF—< BT ). BHRHT
RA4TL—>3y NYF—varrns s ML) T — 2 EEERIET D

2| LFUuhty b

3 BEVFULE
RTO/RPO

4 BERANYIR

Table A.2. Security.

# WE nE

1| EBEE/E2A ® Xy NU—JGTIET 747 VA —/VERLE L, VPN#RHOSSHEEGD
FHTHIBRS %
® F3A RIDIZ K DHEEHIIRZ Rk, RRRERMFEIT LIcs 74 7 Mk
BRI RO BB A A5
® MongoDB (7 7'V 7 —v a V@) Tlka—ID/SA T — REEGEZE A,
T 7 Al L OB v 7 ik E AT O

® s va—, TURAMG, FoyyYra— MEGEEEE L
LCagdk L, SEEEINA L E Bhidnd 5

3| T—ARWEL | @ T X Ok L LTSHA2561C L5/ ¥ 235 LUECDSAE 4 &

/E&IL AN S A ABEEAT 5

® [EA{LITEN L2V

2| BAERY

Table A.3. Data Governance.

# HE RE

1| A857—4 [ ;e?ﬁ LEEH B DIoT PCAHrHNAS~, FRHNLTF — 4 ZIE - (RAF T
Gﬁif %%%% X 5%‘5&/ =1p naﬁfzwﬂ?‘é

3 N—=3z=2F | @ RFa Al L LDAR—Y g VEBEIT, EHEESS R L
TRNA—Ta VERETS

4| FHHEREBET | @ DBT V EAMMITHEAE N L AT MEFHE~HGEL, EHEG)
o— 7 74T NEAE(T A AIDGEAE) OFA, (i) DBR A L ID/
/RAY — RO@EHAET S

A3. API #1RB&{LH%

Table A.4 X, IEDB System & API fLgkDREH /2= K«
A >k (APl End Point) ZF LDz bDThHDH. LFKA7 API
EndPoint %, K& < 6 fEEHH Y (a) ¥ 7LD CRUD #1E],
[(b) XRD #1E), T(c) 4 v B —F X « HEREAE), [(d) #
Gt L, T(e) /Ny TR LEHE - BECEEIC K DA EHE
Z% : Materials Informatics (MI) % ZWEAIIZAT 9 72O D [(f) MCP
Tools ® APLJ IZ/0iF 55, T b D API 28 A L, BFgEHEH
AVETIT A TIIMBRRE D DX v a R — KT
B %&£k C (Appendix C) 127”79,

BAT X —RERFGRGE
Vol. 24-J, Article No. 12, 2026 & 3 A

Table A.4. API design overview.

(a) Sample CRUD

# Method API End Point Description

1 | GET /api/vl/samples/{sample_no} T VES

2 | GET /api/vl/samples P TR

3 | POST /api/vl/samples B T AR

4 | PUT /api/vl/samples/{sample_no} 7L

5 | DELETE /api/vl/samples/{sample_no} T VHIR

(b) XRDI#E{E

# Method API End Point Description

1 | GET /api/vl/xrd/{sample_no} XRD7 — % B}

2 | POST /api/vl/xrd XRD7 — 4 ik

3 | GET /api/vl/xrd/{sample_no}/peaks — 7 EHEUT

4 | POST /api/vl/xrd/{sample_no}/analyze | XRDA#HTF4T

)M vE—F 2R - BERPHE

# Method API End Point Description

1 | GET /api/vl/impedance/{sample_no} A= AT — G
2 | POST /api/v1/impedance A = AT — B R G
3 | e gigri]éﬁlljsimpedance/{sample_no}/ ArtheniusfEd;

4 | GET /api/vl/conductivity/ R — 2 I

{sample_no}

(d) #z&t - T

# Method API End Point Description
1 | GET /api/vl/statistics/conductivity R S

2 | GET /api/vl/statistics/composition HAGHERT

3 | GET /api/vl/correlations/xrd-conductivity XRD- AR
4 | POST /api/vl/recommendations T AL

(e) s\ FER

# Method API End Point Description

1 | POST /api/vl/batch/samples B 7 FEERR
2 | PUT /api/vl/batch/samples W TN —EE S
4 | POST /api/vl/batch/export T —4 —fET 7 AR—k

(f). MCP Tools overview (MCP API Server)

Number . .
# Category of tools Main functions
1 | XRD Analysis 3 Ternary diagram data, FWHM calculation, peak detection
Generic Database . A - .
2 Operations 4 Database list, collection list, statistics, generic query
4 | Thin-film Data 2 Thin-film sample search, recipe retrieval
5 Materials Project 2 Material search, material ID search
Impedance / . . .
6 Arthenius 2 Impedance data retrieval and Arrhenius analysis

Notes: (i) The server provides 26 tools across 8 functional categories.

(ii) The Dashboard Launch category includes one recommended integrated UI and five
deprecated individual Uls.

(iii) AI optimization tools use Bayesian optimization (PHYSBO) for material design.
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£ #$%B (Appendix B)

B1. IEDB System T4 gEEF{fi#& R & Computing System 7
— XTI FYDRE

LLUFIZ, TEDB System O Database EREFFAMiAG R 2 Rd & &
bz, FYATLATHEMA L7 2t ¥ (Apple M2 Pro SoC)
IZDWT, Database YEREFHAM /N T A —& DT a7 7 AV 74y
B RaemE4 5.

Table B.1-B.2 |, X F~—7 BREER L OFHE/ T 2 —#
OWEEZRT. 0T, [RENRBIERIMEREE A r—V 7
PEED L % Fig. B.1-B.4 (2.

WIT, IPC/CP1 OELGmIMERE & AHERIEIC I £ FERIME Otk %
Table B.3-B.4 (Z/r9. F7-, Table B.5-B.6 (Z!%, Database T
—EHNCHEESNDF v v 2 I AL, Y3 Database D
SELECT #fEICBIT2F ¥ v o I AROHERHREZ T,

A=V T HEHIZOWTCIE, INSERT LY SELECT ##
VEICRI ¥ 5 R Sk D %% Table B.7-B.8 II/RY. &5
12, VO BT K DA — 3=~y RIZOWT, #AER oL hs
H-% Table B9 |Z/R7.

mongostat/mongotop |2 X 5T~ — 7 fEJLIL Table B.10-
B3 IZEH L, ZNHEIHLIRE L 584 Table B.14 I
N

Table B.15 (%, 2FE{ARFEMMTEH IR D Database (2 331) 5
VERIOFRI B 23 L7/ R Th 5. BEIC, BREZEL
VEREREMAE B L T v 7 7 A U v TR % Table
B.16-B.17 ICE L 5.

Table B.1. Benchmark experimental environment.

Item Specification

* Apple M2 Pro (12 cores: 8 performance + 4 efficiency, L2 Cache size: 32

R MB (L2: 16 MB +SLC": 16 MB)) ), *System Level Cache

Main Memory * 32 GB LPDDRS (Unified Memory, Memory bandwidth: 200 GB/s)
Storage * 8TB SSD (NVMe)

os + macOS Sonoma 14.x

MongoDB * 7.X(WiredTiger)

Python / pymongo ¢ 31lx/4x

Table B.2. Evaluation axes and experimental parameters.

Axis Parameter Value
O © aSDEE;"é’Sl]illgigiésimple/Range/Complex),
CRUD operations Concurrency « 1510
Dataset * 1,000 operations / run
Configuration * none, basic (single-field) , full (compound)
Target « all CRUD operations
Concurrf:nt . 1510
Parallelism connections
Operation « all operation types
Replica/Sharding Configuration  Single server (sharding not implemented)
Data volume Size 1,000, 5,000, 10,000 documents

12

Throughput (ops/sec)

Latency (ms)

Throughput (ops/sec)

6000

4500

3000

1500

Throughput (ops/cec)

160

120

%
S

40

6000

4500

3000

1500
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SELECT Performance by Index Configuration (Concurrency=1)

5,430

4330 4467 4493 4354

4215 4131

Simple Range Complex
Query Type
M None Index M Basic Index W Full Index

Fig. B.1. SELECT Performance.
CRUD Operations Performance (Full Index, Concurrency=1)

6000 5503

5,388 5,430

4500

3000

1500

W Insert B Delete B Select (Simple)
B Sclect (Range) M Select (Complex) Ml Update

Fig. B.2. CRUD Operations Performance.

Latency Distribution by Operation (Full Index, Concurrency=1)
15488

5371

328 4.89 8.04 328 4.89 8.04

Insert Delete Select Update

Operation Type
W P50 M P95 = P99

Fig. B.3. Latency Distribution by Operation.

Scaling Performance by Operations

5,388

1 5 10
Concurrency

W Select W Insert [l Update W Delete

Fig. B.4. Scaling Performance by Operation.
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Table B.3. Theoretical IPC/CPI of Apple M2 Pro cores.

Core type 1IPC (Instructlons/ Cycle) CPI (Cycles/Instruction) Frequency
Performance core 6-8 IPC (peak) 0.125-0.167 3.5 GHz
Efficiency core 4-5 IPC 0.200-0.250 2.4 GHz

Table B.4. Estimated CPI by operatlon type (measured vs. theoretlcal)

Operation Concurrency Measured CPI Theoretical CPI Efficiency Major bottleneck
INSERT (full index) 1 0.35 0.20 57% Index update

INSERT (full index) 10 0.42 0.20 48% Lock contention

SELECT (full index) 1 0.28 0.18 64% B-tree traversal

SELECT (full index) 10 0.55 0.18 33% Lock contention, cache misses
UPDATE (full index) 1 0.38 0.22 58% Index update

UPDATE (full index) 10 0.48 0.22 46% Lock contention

Table. B.5. Cache hierarchy and typical hit rates for database.

Cache level Size Hit rate Miss penalty Latency
L1 (data) 128 KB/core 60-70% 3-4 cycles “1ns
L2 (cluster) 16 MB 85-90% 12-15 cycles "4 ns
SLC (system) 16 MB 95-98%  30-40 cycles “12 ns
Unified Memory 32 GB 100% 200-250 cycles 70 ns

Table B.6. Estimated cache miss rates by concurrency (SELECT).

Concurrency L1 miss rate L2 miss rate SLC miss rate Mean latency Cache efficiency
1 35% 12% 3% 102.81 ms High
5 42% 18% 5% 29.19 ms Medium
10 48% 25% 8% 16.10 ms Low
Table B.7. Measured parallel efficiency (SELECT, full index).
Concurrency Measured Ideal cﬂiclcncy T} cfﬁclcncy CPU utilization
1 5430 5430 100.0% 100.0% 8.3%
5 4315 27151 15.9% 73.1% 41.7%
10 4577 54302 8.4% 50.9% 83.3%
Table B.8. Measured parallel efficiency (INSERT, full index).
Concurrency Measured throughput Ideal throughput Measured efficiency Speedup
1 281 281 100.0% 1.00x
5 1111 1406 79.0% 3.95x
10 1800 2812 64.0% 6.40x

Table B.9. Estimated I/O wait time by operation type.

Operation Cache hit rate Disk access frequency 1/O wait time Impact on performance
INSERT  98% Low (buffering) <1% Negligible
SELECT  99%+ Very low <0.5% Negligible
UPDATE 98% Low <1% Negligible
DELETE 99% Very low <0.5% Negligible

Table B.10. mongostat measurements (concurrency =1, SELECT).

Metric

Value Description
query ~5,400/sec SELECT throughput
resident 1.2 GB Resident memory size
mapped 0 MB Memory-mapped files (not used
by WiredTiger)
faults 0/sec Page faults (none)
connections 1020 Concurrent connections
network in 150 KB/s  Incoming traffic

network out 8 MB/s Outgoing traffic

Table B.11. mongostat measurements (concurrency =10, SELECT).
Metric Value Description
query ~4,600/sec  SELECT throughput (-15%)
resident 1.4 GB Resident memory size (+17%)
faults 0/sec Page faults (none)
connections 20-30 Concurrent connections (in-
creased)
locks (%) 15-25% Lock wait time (increased)
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Table B.12. mongotop measurements (concurrency =1).

read (ms) write (ms) Description

Collection total (ms)
FluorideDB.Sample 480 475 5 Primary read target
SulfideDB-V3.Sample 20 18 2 Secondary access

Table B.13. mongotop measurements (concurrency =10).

read (ms) write (ms) Difference

Collection total (ms)
FluorideDB.Sample 520 510 10 +8.3%
SulfideDB-V3.Sample 25 22 3 +25%

Table B.14. Assumption parameters for performance estimation (measured

values).
Parameter Concurrency 1 Concurrency 10 Change  Impact on performance Notes
CPI (SELECT)  0.28 0.55 +96% High
L1 miss rate 35% 48% +37% Medium -
SLC miss rate 3% 8% +167% High -
Parallel efficiency  100% 8.4% -92% Very high -
1/0 wait time <05% <0.5% 0% Negligible -
CPU utilization 8.3% 83.3% +900% - not CPU-limited
Lock wait rate < 5% 15-25% +300-400% High -

Table B.15. Performance evaluation using a database for all-solid-state battery

research.

B RERIDHESRE ERMRL—T v+, HEWFIE

#

1

AR #EIEE | RIW—T v Mopsisec) | HEHEAFIEE i
SELECT(Simple) 60% 5,430 1 Baf
SELECT(Range) 25% 4330 1 BT
SELECT(Complex) 10% 4384 1 BT
INSERT(#3 F) 4% 1,800 10 e
UPDATE 1% 5,623 1 B4

Table B.16. Comprehensive analysis and evaluation of MongoDB benchmarks.

u BEDH &l

# KA o3

i.  CRUDIZHV N TIESELECTH# AN 15204715 T ¥, READ-heavy
—7u— RIC#ET 5 LRI NS
ii. AT v 7 ALY A50%DMRER EQHER ST, MRS VT v
DBFENIVHETHD
1 EHESAAN | i SELECTW’ET TEFIEDRMA LT L b AR TR, ANk
L0 HEREDME T3 A EAA R STz
iv. INSERTHMETITIUBNLIC & 0 BFINC R T —L L, WHIEI0ICIS
WTCoAEOEREN B QEFIRNTE64%) %157, WRITEBETIZR »
7 e OREDHAXINT/ NS W ATREMD B D

® WHUFEIOFIA :

PSO*IOOms P99=155ms GE Lo ZBHINS LY
ii. U Y —R%  CPUMIS3% (HENTHY, iy mtaLondt

J—5a—F 1723 IRE)
s iv. TEM: ®OXYyiaty MREHER
2 5 © IWHIEEI0DRRE :

(REsEsS) | i AA—7 v MET 4,577 opsisec (-16%)
DFER i. F¥aArbliony G vy vafl@lclds2€y 7
THA Ay R BLEODX Y2 v —T

y Yﬁbu/J’C&)éT‘thKoé
FIRIE TSRO RINNC b 233 B T HERE;
HETH—HT, VAT LKD)

SRTLIERD | @ Srigct—/ WHERIC K DREAD AL
3 pidle ] ® 7oty Y EH (M2Pro—»M2Max) : L2 v ¥ 2 ARSI X 5
(RHAEHED RESE OB

Table B.17. Profiling analysis of performance parameters.
B TO774Y DT RER (eSS A —F )
InIr1Ivy
# HE R

® SELECTH{ECIIFIE10

b e

® ZiiEWiredTiger® F¥ = A

1 | CPISMR (23U THBCPIA0.287> 5 bk Lybry 7R %
£0.55~H4/(1.961%) L 7= TREMEAS B D
® Xy oy lafRicky,
(Umﬁed Memory)'\ T 7

® JfFIEE10TSLC I A3
7B 8% ~HIINR. 75 L7z

2 | FyylaIRE

—J T v
& R % A
© (U 72 PG T HIE 7L TR
1-53Td ¥ . MongoDB[EH D
R MRy 7 (WiredTiger) % 5
BLIZET MBI RETH S

® U—X 7y [ jiWiredTiger
FyyalliiEzy, ~—v

® UFIEI0ICHNT, BT
THIfiE(30.8%) = 50F L 2l
(8.4%) I RIFIZ AR

3 | AFIKATENE

® 1ORFHIE, FEAMRER b

4 | VORBHEE Wy s T 7o NEBEE LT ]
R DD
Mongostat/ ® IFFIFEIOT R v & FEHFH] - - A
2 mongotop£3 4T H315-25%HN L 7= & ThERET—s LEATD
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f+ # C (Appendix C)

C1. Materials Informatics & #&

Materials Informatics (MI) & OEHEIZIBWTIE, *F5

Collection 2> 57— % & EHEAMH L, Pandas X SQLite T3
ZhiTxtL, ABA%E
TIIFEE OFIEMEm L2 AL LT, A 27774778
S BT, HEE (A X

W T2 EIT T OB A DN D.

GUI %zt L7z (Fig. C.1-C.3)

iifl, : PHYSBO & Random Forest % fHlAG i 7- %)

FESMBHRR IR L LT, EBEAh & 72 2 EHEAR L O
BRGEGEHET L7 7V r—ya vy EHReEL TS (Fig
:ng@M17797~yayk@@%K;m
FhR, T — 2T, KEBROFIHEE TE—
BTE, RS -RERETTOX—LT IU U REA A

C.4-C.8)

DHEMPIFFSND.

HoineE LTX

=R by T Wl xRSy R
copestmap
amples total log vs total Ea
dected

© samples

Fig. C.1. Ternary phase diagram (composition mapping and scatter plot of

experimental samples).
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Fig. C.2. XRD pattern analysis/comparison and FWHM-based

microstructural analysis.
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Fig. C.3. Arrhenius analysis: activation energy and conductivity.
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Fig. C.4. New material exploration via elemental substitution of a

baseline composition.
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Fig. C.6. Composition comparison.
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Fig. C.7. Data-driven inference and recommendation of next
candidate compositions and synthesis conditions.

g API Server: SSB-AI-MCP API Server v0.1.0
Database: connected
“\ Available tools:
1. get_sample_count: REF — 5~ wmv;munguw
2. search_xrd_patterns: (zsau; 34V TNR
3. get_database_stats: ¥ — ¥ N — X nmuiems
4. get sample ihfo: 92 7 Aok S BE DY > 7 b0 B @I E R
5.
6.
7.
8.

open_xrd_dashboa XROZH A Y v ¥ 2 K— K%M < (Next.js uI)
open_ternary_app: STE+E—hT vy 7547 7Y ZM < (Streamlit UI)
open_fwhm_analyzer: XRD FWHM (¥ﬂi$0l) &nﬁ77u %B1 < (Streamlit UI)

get_ternary_composition_data: = (Snxﬁﬂ)ﬁﬁt AAVEBET—F)
. calculate_xrd_fwhm: % > 7 JL Nop S xeo rwuuz 33?174
10. analyze_xrd_peaks: # > 7 JLNo# 5XRD/CS — ¥ £ 47 L. 2 K— IER
11. recommend_composition: HHEMOBMBELL IXYF—v a3y (X 4Xlﬂ{b or Uy K¥—%F)
12, recommend_material: HEBM L AMEHORSBBELL AX Y F—S 3>
13. list_available_databases: I/ 7 i % MongoDBF — 5 X — X — % £ 1§
14. list_collections_in_database: HELAF - X—ZAWAIAL I Y3 Y —KERB
15. get_collection_info: AL /Y a v ORHWEE
16. query_any_collection: fEE® 1L ¥ & 3 ¥ k34 L TMongoDBY T Y % X {7
17. search_thinfilm_samples: MIYEF R Y FPLF - S ERE
18. get_thinfilm_recipe: WHM L ¥ UK % L ¥ € Ioh 5 I
19. search_materials_project: Materials Project? — ¥ X —2HhSHBERK
20. get_material_by_id: Materials Project IDASHEMELMB
21. get_impedance_data: 1 YE— ¥ Y RAART -5 EY Y T LAH SRS
22. analyze_arrhenius_plot: ¥~ ZANohSFZL =270y hBIFERTT
23. get_synthesis_conditions: ¥ ¥ 7L 0 A& & £ K@

oo

Fig. C.8. Key MCP tools used by the recommendation system.
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