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Abstract

In this study, we developed a prototype inventory management system for medical
resource management. The objective of this study is to develop an inventory manage-
ment system for medical resource management to reduce management costs, ordering
errors and the number of immovable inventory.

The developed system works as follows.

1. The user authenticates personally and brings in and out inventory.

2. Inventory detection hardware automatically detects inventory counts and records

them in an external database.

3. API retrieves inventory counts stored in an external database.

4. Inventory counts and transactions are recorded in an internal inventory manage-

ment database.

5. The inventory manager checks the inventory and places the appropriate order.

We evaluated the system in two ways. First, we measured the time it took from the
time the card was held up to the time the system responded to the inventory change,
varying the number of records. We found that increasing the number of records to
14,000 did not change the search time. We then measured the time from when the card
was held to when the system responded to the inventory change, varying the frequency
of requests per second. The results showed that the system operated normally up to a
maximum of 65 requests per second, confirming that the performance was sufficient for

practical use.
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Table 4.1. The data structure of Items table.

Data Type Description
item id bigint item id
item_ name | varchar item name

created_at datetime | created time

updated__at | datetime | updated time

Table 4.2. The data structure of Rooms table.

Data Type Description

room__id bigint room id
room_ name | varchar | room name

created_ at datetime | created time

updated_at | datetime | updated time




Table 4.3. The data structure of Stocks table.

Data Type Description
smartmat_id | bigint smartmat id
stock smallint | number of stocks
created_ at datetime | created time
updated_ at datetime | updated time

Table 4.4. The data structure of Users table.

Data Type Description
user__id bigint user id
user__name varchar user name
registered_ at | datetime | registered time

Table 4.5. The data structure of Smartmats table in the internal network.

Data Type Description
id bigint id
smartmat_ id | bigint smartmat id
item_id bigint item id
room__id bigint room id
created_ at datetime | created time
updated_ at datetime | updated time

Table 4.6. The data structure of Transactions table.

Data Type Description
transaction_ id bigint transaction id
user__id varchar | user id (student id)
type varchar transaction type
item__id bigint item id
room__id bigint room id
stock smallint | number of stocks
transacted_date | datetime | transacted date
memo text memo
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Table 4.7. The data structure of Smartmats table in the external network.

Data Type Description
smartmat_id | bigint smartmat id
stock smallint | number of stocks
created_at datetime | created time
updated_ at datetime | updated time
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[J] 3 created_ at datetime [Fwn current_timestamp()
[[] 4 updated_at timestamp WWZX  current_timestamp() ON UPDATE CURRENT_TIMESTAMP()

Fig. 5.2. The data structure of Rooms table.
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EA0) 517 RAEF R NULL F7A)LNME aXV N Z0ft

smartmat_id /> bigint(20) W NULL

stock smallint(6) =4\ NULL

created_at datetime (4"} current_timestamp()

updated_at timestamp WW2X  current_timestamp() ON UPDATE CURRENT_TIMESTAMP()

Fig. 5.3. The data structure of Stocks table.

£ ] 147 REWF R NULL F7)LNME AXV bk Z0ft

user_id > > bigint(20) whWx &l AUTO_INCREMENT
user_name varchar(16) utf8mb4_general_ci (= 4A NULL

registered_at datetime =4} current_timestamp()

Fig. 5.4. The data structure of Users table.

EA0) ST REWEF ®WE NULL F74)LMME aAXvh Zoft

smartmat_id /> bigint(20) (=48 NULL

item_id bigint(20) (=40 NULL

room_id bigint(20) =48 NULL

created_at datetime & current_timestamp()

updated_at timestamp WWZ  current_timestamp() ON UPDATE CURRENT_TIMESTAMP()

Fig. 5.5. The data structure of Smartmats table in the internal network.

E=10] 147 REWF Bt NULL F7)LhE aAXvE Z0ft
transaction_id /> bigint(20) whWx  aL AUTO_INCREMENT
user_id varchar(50) utf8mb4_general_ci (=4A NULL

type varchar(50) utf8mb4_general_ci [=4A) NULL

item_id > bigint(20) (Z4A} NULL

room_id > bigint(20) =40} NULL

stock smallint(6) (=4A NULL

transacted_date datetime (4" current_timestamp()

memo text utf8mb4_general_ci [z4%) NULL

Fig. 5.6. The data structure of Transactions table.
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5.3 TEEEIERT—2~N—X2{E API

http://localhost/stock/change IZ HTTP V 7 T X b 3K % &, fEEEHH T — & X— 2 #(F
API D3E1{EF %, stock/change.php D780 —F ¥ — b % Fig. 5.7 1TR~"T, V7 TR MZRITHLS
E. DI ERERPETEONT VI EMRT 2, 7—ZMB 1 DTHRITTWRGEIE. V
JIAPTCET =BT, KT, T—ER=ANCHi L, T—EZRX—Z2 EIZ&ET A — b
~v P Z—PDRFEL TV L2l 5, AVv—1F~ vy bEREI—FDFEELRD - 5E
F. VI IZAMTRCL T =R, T—ZR—Z2LICEYTEAY— b~y b 2—FOFELHE
WLIRIE, TR LOEERZERL. ZOEZY 7T X MUIKRET 5, &EIC, #ED
WOEBEZEH Lizhrrkn e LTk L, WHEHK T3 %,

54 {BEASRELES a—I)L

ML IC H— KV =& /5 4 XTH 3 PaSoRi RC-S380 ZHWT ID » — KA DIEH % #t
AL S, card_reader.py ZEIT L. I — NV —RWIZH¥EEZ NI T T, ¥ERXRSZHET
52PN TEB, card_readerpy D72 —F ¥ — b % Fig. 5.8 IZ/RT, A—F2AnrIIhb
¥ . card_reader.py & http://localhost/main 12 POST TV 7 TR b Z{TWV, VARV R%EZF
WMoloZzfEReary -V T 5, V7 TR PO, MG LEEERESDOT—X%
main.php N2 3, main.php Tl&, A~—b~v ;s API fEEEHRH 7 — X X— 2#/E API
WHTTP V27 TR b 21T5 22T, EREEORG . B L EERORZ KBS E TV 5,
main.php ® 7 2 —F ¥ — b % Fig. 5.9 127”3, main.php TlX, card_reader.py 75323 H - 7=
FEER S ZAIH L. smartmat/check 1T POST V7 =X b 2175, smartmat/check 725D L X
R XA THEBEBZIIGT % &, stock/change 12 POST V) 7 X b %175, stock/change 2> 5 D
VAR R%E2FES &, card_reader.py IV ARV R %R T,

55 AV—hrIYv rBETF—ER—2X

Av—bt2y MIBRBEZFEHT2 2 2BEL TS, EELTVARYL, SEIX. Web
RV LD LFHTHEEREZEE TSI IC& o T, A — vy M DEEPAEEHIIE N7
AT, FEEEL T Web R— % Fig. 510 1R, EEDOEEZ T 270121, TEEBOZHE )
LWV I IFRREFEIRL, smartmat_id ¥ change to ICZhZIUE%Z A1 LTH 5 TCALL
API) A& 2#3, WHKERIE Tresponse] ODMICERREINS, £/ Av—b~vy MHT—%
N— ZIZHEEE L7 Smartmats 7 — 7V OMEE%R Fig. 5.11 1T 3,
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e

Receive SmartMat ID,

stock count and user
information from main.ph

YES

v

Connect to database

SmartMat correcponding

NO

Response error
to mainphp

to the received SmartMat ID
exists in the database

YES

User corresponding to

NO

the received user information
exists in the database

YES

v

Update stock count

.

Response to main.php
that the stock count
has been changed

v

Log stock changes

:

NO

Response error
to main.php

Response error
to main.php

< End ><

Fig. 5.7. The flowchart of when stock/change.php is accessed.
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=

!

Run card_reader.py

!

Stand by with
the card reader activated

4_

ID card is held over
the card reader

YES

v

POST request to mainphp

!

Receive and output
responses

l
-

Fig. 5.8. The flowchart of card_ reader.py.
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=

Receive user
information (student ID)
from card_reader.py

YES

!

POST request to SmartMat
API (smartmat/ check)

!

Receive resopnse
and get stock counts

!

POST request to database
manipulation API for stock
management (stock/change)

!

Receive a response

!

Return response to ¢

card_reader.py

|
-

Fig. 5.9. The flowchart of main.php.
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SMARTMAT API

HaaE AX—hIy hOEI O EEBOEE ) EEHROHERE  ANY— kv b OHIER

stock

smartmat_id

change_to

POST Array ()

reposnse

CALL API
PRODUCED BY KOSEI
Fig. 5.10. The web page for changing stocks.

# RE 547 RAF Rt NULL F7a)LNME XYk Z0ft
O 1 d 2P bigint(20) WwWWx &L AUTO_INCREMENT
[J 2 stock smallint(6) (=4A} NULL
[[J] 3 created_at datetime (=4A current_timestamp()
[] 4 updated_at timestamp WWZ  current_timestamp() ON UPDATE CURRENT_TIMESTAMP()

Fig. 5.11. The data structure of Smartmats table in the external network.

56 AN¥—hk~Ywv kAP

A<—b;=v b API Tid. https://smartmat.db0.jp/smartmat/check {ZV 27 = X 23K %
. EHNT smartmat_id IS T BTEEEEZ L AR AT %, smartmat/check.php ® 7 17—
F¥— % Fig. 512 1R %, VZIZZAMBKZ L, #IDICAY— L~ v b ID L HIRAEER L 2%
BESHEONTEL»ZMHRT 2, DLELATETVWARVWESIIE, VZ/ZXAMLCTZI—%
BT, ETOEZZITN>TWEH T —XRN—RIZHEH L. ZITWo7A<— <y I ID IZ8%H
FTEIAR— Ty BT —ZR=Z LIZFELTVEHE S 2R T 5, bLixdT 2RV —
P2y FRFEL TWRWEEIZIE, ZOEZRIRET 5, ZUTW o FFHEESITRY T 52 —FH
T—=AR—ZA PIZFEL TV 2R L, FELTWES T —XRXR—ADTEFEREZERT 25, dL
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I—FDPFELTORWERICIE. ZOERIRET S, 20K, VZ/IZAMTIILVARYZAEIRL,
EEEZHEOD Z%itik L. PR TT 5,

e

v

Connect to database

Receive SmartMat ID
from main.php

YES

+ Get stock counts
for all SmartMats

Get stock counts on the
SmartMat corresopnding to
the received SmartMat ID

v

Response to stock count
to mai <
o main.php

v
-

Fig. 5.12. The flowchart of when smartmat/check.php is accessed.
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6
6.1 EERHE

SEWER L7z> 2T L OMREHEiE LT, A= PRI EINTHLLEBEOLEEEZL ARV RT3
%C (main.php TIT 5 W) 12020 2R DAL ZFHIT 2, S EOFHEFEERTIX. (fEEEHA
7= 2R —21E API OMREF T Z £ & 3 200, fEEEHA T — X X—2#(F APLICIZA~— b
~v M API OV 7 T2 MUEAETHh TV S0, EBREFRIZ. ZA~v—F~v b API OJLEEAE
KX BEERZIZEESELN D2, BB, I—FErI L 2B T2 2—FBEHRTHZME
FS CEEES) BEEL T3, 285,85 X —&% Table. 6.1 IIRT, 7. EBEREL
Table. 6.2 IZ7RT

Table 6.1. Parameters used in evaluation experiments.

Experiment No. Number of records Frequency of requests
1 500 to 14,000, Increase by 500 10
2 14,000 5 to TIMEOUT, Increase by 5

Table 6.2. The experimental environment.

0OS macOS Monterey 12.1
CPU Apple M1
Memory 16GB
Load Testing Tool Vegeta 12.8.4

1 DHODOEETIX, M7 — X RX— XD Smartmats 7— 7L 2. WEFTF — X X— 2D Stocks
T—=I7NADLa— FEEZLI TR S, —HOWEIC 2 2RI 2, L a— FEE. 500
55 14,000 £T 500 $OEMSE 2, B, 1 WHOV 7 X M IZ 10 £ 35, T 2T, 14,000
EWVISEIE. R [1] TRENLEREHEELOMBBESEIIL TS, ZOERTIE, La—
REDZ 22138, D DRI RN LR 213, HEIGOODMRAY — FHEL R
2D TIERWE WS FRZ T,

2OHDEFTE, 1 BHEOY 72X MIEZI TR, —EHOWEITH 0 5 R Z 53
%, 1OV Z7ZX X, 5206 5 FTOHEPLTWVL, BB, La—FHIE 14,000 £ 3%,
DEBRTIE, M TORONIEE RIS 2B TE D% MAET 5.
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6.2 HEER- -ZR

6.2.1 FHERBRDERCER

1 DHODZEER DR % Table. 6.3 £ Fig. 6.1 127”7, Fig. 6.1 1%, Table. 6.3 DfERNP 5L 3 —
RO FFBREOEEIRO L, 777 L72bDTH %, Fig. 6.1 22, La—Fof*x
BERLTWoz2 LThH, BRI 100ms 225 150ms DREICINE > TWB Z e 3bh b, OF
D, 14,000 fHE OEBRHAERSZRS 7 — ZRXR— 2 TlE, La— FORIZ X 255K OZ(IZH
FDRVEWVWR S, La— FEZLEEt 2ORFBIRBORAMEX, 129.152ms THo7, TD
FETIX 1 HEOY 722 MIE 10 2 LTWB 20, fEBRRIEN 130ms ¥ 358, 1 VF TR
FH72D 13ms 2B I LIl b, LEDN-T, 1 BEIITAS2RAV 72 A MIZT6 V722
hEizd,

2 DOHDEBOKHR % Table. 6.4 ¥ Fig. 6.2 17”3, Fig. 6.2 1Z, Table. 6.4 DFERN 5V 2
I2FOHEEBREOMEERDEL, 772 71 CL7dbDTH S, Fig. 62 8 H2, YOHD
100ms 2*5 150ms DENCINE > TWB Z bbb, VIV TR NN 65 2RI DL, RA LTV
L7z ZORERDPS. HRWARHRAKY 7T X MUI 76 V7 TR i35, EERITIE 65 BERK
VIR MY RoTz, AL RPEDOF ¥ v 100 TiE. EBEOBERIMICIDFEAELZD
DTH2LEZABND, 1 DOWHEANT 1 BEIITONZ V) 7 A MUILELDEX D AN
EZLNDTD, ERIE TR S 2HETHZ L WVWR 5,

6.22 T—TIBEICOVWTDOER

SANZFEEDIEE b, K TRLEES BT — A R o720, UWEZ Y — RO
72D T —INEER RETREN D Z e EZ DN D, T—ROBEUEEMD R T koD,
SQL XOHBEBHLL DR T holh T2 EZ NS T — 7GR Fig. 6.3 12~3, Fig. 6.3
Tl A — 2 LT TEREZHBLLZD, 87—V DERLEDL2DRTLLEDL
7o KRS, TR DBEUDPWMD R T R Z Z ik, T—RONRIEIRT 27206 TH D,
IVRVIEAY - REFEBTEZEZ N5,
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Table 6.3. The relationship between the number of records and time.

Duration
Number of records | Total [ms] | Attack [ms] | Wait [ms]
500 5025 4899 126.545
1000 5009 4898 110.792
1500 5011 4900 111.352
2000 5022 4899 123.219
2500 5029 4900 129.152
3000 5029 4900 128.857
3500 5006 4900 106.404
4000 5013 4899 113.314
4500 5020 4900 119.757
5000 5028 4899 129.076
5500 5029 4900 128.662
6000 5009 4899 109.775
6500 5010 4900 110.459
7000 5006 4900 106.197
7500 5005 4900 105.477
8000 5020 4900 120.743
8500 5013 4899 114.437
9000 5021 4899 121.052
9500 5007 4900 107.304
10000 5029 4900 129.125
10500 5024 4900 124.323
11000 5023 4900 123.386
11500 5017 4901 116.108
12000 5011 4900 110.465
12500 5022 4900 122.639
13000 5029 4901 128.258
13500 5027 4899 127.161
14,000 5012 4899 112.253
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Fig. 6.1. The relationship between the number of records and time.
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Table 6.4. The relationship between the frequency of requests and time.

Duration

Frequency of requests | Total [ms] | Attack [ms] | Wait [ms]
5) 4920 4800 120.362
10 5016 4900 116.338
15 5051 4933 117.989
20 5059 4950 109.124
25 5072 4959 112.866
30 5075 4966 109.048
35 5086 4971 115.371
40 5088 4974 113.303
45 5080 4978 101.801
50 5092 4980 112.803
95 5094 4982 112.371
60 5101 4983 118.308
65 5109 4985 124.749
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Fig. 6.2. The relationship between the frequency of requests and time.

fyp
| items v
j rooms v j smartmats v id INT
id INT id INT ? room_id INT
name VARCHAR(45) ! room_id INT ? smartmat_id INT
created_at DATETIME ex_smartmat_id INT name VARCHAR(45)
udpated:at DATETIME created_at DATETIME stock INT
udpated_at DATETIME created_at DATETIME
| 2 > updated_at DATETIME
>
] logs v
_] users v id INT
id INT ? item_id INT
name VARCHAR(45) ! user_id INT
created_at DATETIME stock INT
5 created_at DATETIME

Fig. 6.3. The ideal table structure.
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