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Abstract NFS (Network File System) is a distributed file system used in Unix. In the 1990s, when managing and operat-
ing computer networks using Unix, it was common that users’ home directories were shared through NFS from every
machine where they logged into. Such an environment in which users’ home directories can be referred to at any time
within a local network has various advantages, for example, users on the local network can share technology information
with each other and use computer resources in the local network. However, now that storage technologies have evolved
from HDDs to SSDs, even if a network with a high transmission speed, e.g., 10 GbE, is used, NFS file sharing itself
becomes a bottleneck in terms of access speed. Therefore, it is difficult to bring out the performance of faster machines.
Therefore, we developed a network environment in which users’ home directories can be shared within a local network
without reducing the access speed of SSDs on the console. Specifically, we realized a distributed computer network
using mesh-type NFS home sharing in which each machine exports its home directory through NFS on macOS, a modern

Unix. This article offers one of the technical solutions to this issue.
Key words Distributed computer network, Mesh-type NFS home sharing, macOS, Unix
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JIAT YRRV UBA N L=V —NEGTHLLEDT
+ Z#E (NFS localhost, AFP localhost, SMB (ZH&~D
BHulIATEE) L2 94T Y PV Y SFHE v I Ethernet %
ALTA ML= IH = NIERIN TR IEE07 7 4 VIE
FuhaLIeonT s AHEE (NFS GbE, SMB GbE, AFP
GbE) #/RLTwa. 10 4L LRI THNIE, GbE THILIEH v
FT =2 %N L7cZDL) 7% NFSIZLAEATH XY v M
KEDPo72, EEDSSD DT 7 AMEEL Ay Ea—y HE
OEMERIICIE GDE Eb &L L), FOR LI ->TEL
10GbEBETEZT A v MR EWT L0955,

Pbs, F—adI1200TIid, AFP, SMB 132 ZTnH
23§, NFS 284 7% OS N—=Va v THT A2 &
WRIETHAHEEZLND.

4. $UID & Open Directory

M E ClE, NFS B2 EESEE BARMICEET 52 &%
G D T E2H, LUF T Unix X NFS % EICREN 25
BT EBEOER 2282 THEHT 5.

L ORFOMEECTREEELEEGOTEHOT AT~
MFAET B LB bNG. EEE, FEHO 1 AOMODOHEET

P

(1£12) : % 7 OEWHEOIAL (€704 — model id./model no./F4ET VAN
v 7 /main memory/storage A<y 7)) (ZRDLBY TH%. 2022 Mac Studio
— Macl13,1/A2615/Apple 3.2 GHz M1 Max, 10 CPU, 24 GPU/32GB
LPDDR5/8 TB NVMe SSD, 2019 Mac Pro — MacPro7,1/A1991/Intel
2.5 GHz Xeon W-3257M, 28-core/192 GB DDR4/4TB NVMe SSD,
Late 2015 iMac — iMacl17,1/A1419/Intel 4.0 GHz Core i7-6700K,
277 5K/32GB DDR3/2TB SATA SSD+HDD, Late 2013 iMac —
iMac14,2/A1419/Intel 3.2 GHz Core i5-4570, 277 /32 GB DDR3/1 TB
SATA HDD, 2012 Mac Pro — MacPro5,1/A1289/Intel 3.2 GHz Xeon
W3565 (Nehalem), 4-core/48 GB DDR3/8 TB SATA HDD, 2008 Mac
Pro — MacPro3,1/A1186/Intel 2.8 GHz Xeon E5462, 8-core/10 GB
DDR2/320 GB SATA HDD.
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HEFEAE BT HEAEEEDTL00 D LEDT A7 2 POEET
b, Fro, PHRI-FICELTWE 2 94T by Dh—2L4
AL M), K=Y D Web 4 FORFIE EVERINT
W5, BAKRYIZIE Server.app @ Open Directory 31 TEH L
TW57%, dscl(1) B2 @18 32> N T Server.app @ Open
Directory ST =AWV DT h 7 v MEREZBIETE 5.

BB, LT dsc1(1) 37 ¥ FTORMIE, macOS BAto
Unix Tl3, NIS (Network Information Service) ZFJH L Tw
L5 % & useradd, userdel DAL T 5 I~ R ThHALH. *
7z, OpenLDAP FlH# 13 1dapadd, 1dapdelete, 1dapsearch
P T A Y FTHLHNDT, % Unix BV TP e #Ew
& AT I,

ARCTHNT 24y b T — 2R AL - XERT 5720
Kb EER S L, £TOT AT 2 b O SUIDFEY & fk 15
WYL EThDH, ZhUE, N—Y3 3 FTONFSHES T
UID 2#3 1L LTI 25 TH B, I L1, o
722 TlE, 2O Tld Solaris 267w v FEHE L T2 L
b, 1991 FEEA S —H L T 8000 FLIFEHIO DL =— 7 7
$UID ETOT AT ¥ MZHINIRSNTW D, ZOB0T T
IZEEZEL 72— H D Web ¥4 + b BHEWREL 7o T b 17,
=B, NFSva lda—¥Zz#lFe LTHWwWADT, UID %
A BB B L 2 1)

L2 L, macOS OREETlE 501 225 DHEFFD $UID 2% 1) 24
THNTLEIZD, MELLIHILTEEy PT—7 LTOMH
—I—WIZRA L SUID BE Y B THRTLE ). 2L, £
DUOEMENRE LU= ANT AT Y MEIL R LD
ELELROT, HI21E 501 # HEHEMRE SOT A v ME
n4-C, ZhLhE 8000 #LLKE T Open Directory @ & 9 7%
TALZ M) —ERMEEL LD ETH 5.

O—=ANTHT Y FOERIEI~ Y FI54 2 THTHETD

2(a) D& )1, Apple A =2 — — VAT LEREEHRE — L—
WerN—=T0 [42y v T=0T7 7> b =3 O [{fkk-]
#5, Open Directory h—/"DRA M EHRETE 5. M2 (a)
TlX Z M7 Ramanujan.local & 7% > TV 4h. ZiLid DNS KA
FN4T& 1Y), mDNS @ Bonjour 4 CbH 5. HWIZ, 2(a) O
[TH Y BN THEOU—=AIVTHT Y FaBIITE
%. BlziE, X2 Tk LOGNAME = taiji, UID = 8008 & LT
Wb,

(113) D HE7 + >~ P2 HW/z dscl(1) L) ERIIOWT, FlZIE printf (1)
133~ F4TH5 printf RIZDOY =27 W R_R=VOHi#NT 1 ThHdI L xR
¥ Unix OEETHS. 2F), 3vY FI 1 Tman -S 1 printf &3 1UE [1:
I~ F] o printf DX =27V R—IF/REN, man -S 3 printf L5
& [3: ANSI/C %] #i® printf &) HHOYZ 27 L R—INFEREND.
(7:14) : $UID I, BEIEKO—>TH S UID (2—H ID) OfliTh b I & 2RT.
(7%15) : macOS 1D NFS [d3/N\—V 3> 3 Thh.

(7:16) : 22 Tix 8000 L LTWAD, Tty AT AFHFES Mz 100~
2147483647 (= 2°271 — 1) NOHMETHNIITLETH 2.

(7E17) : Unix fVI2IE485k7% 2 L7205, SHIBREICBIT2 —2OMEL WA
LOhH LNk,

(7%18) : NFSv4 |22 % 5.2 72 AFS (Andrew File System) OJk/EE LT,
OSF (Open Software Foundation) ® DCE/DFS (Distributed Com-
puting Environment/Distributed File System) %% %.
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Q mx ] . Ikeguchi Administrator @
- g
IeYEUT 1
~ k-l s— e o
#7
© siri & Spotlight
Q7 FADYEBM... |
tFaUFa
B 727+ v7& Dock PULY SIS 470
[+ ERE e Ry hT—s AT YI AV RD © A7vav.
e TOYA YT BT LR
59U =2—/C F RT=TADY RG—I% © Ramanujan.local | ...
O azzne—
?)
[« EERZT

O arrzo—¢

0 x2o-¢
AVI—Ryk
@755

@ Game Center
[=EES

(a)

eoe A-FEIN-F

Q mw | . Ikeguchi Administrator ®
B— =

B 2> ko s— . Taij Yamada @
o
© siri & Sotiight
I Featod Faka=y ®
wFaUFe
TRV ..
® 724~y 7 Dock 727> ERAL ]
[+ E2E 71
) EBOS(YOF ATV b 78
ECTERZ T Fy hT—5I—HFEOTA Y IAY KD © A7vav. |
Qazrre TAYAVT BT ERH D
RYMT=IFNIYRY—IX ® Ramanujan.local = #R&...
B ovvEm .

O orrrzT—§ »

Q27—
1v5—%yh
EEEMIN

@ Game Center

[=ES TS

(c)

FRFAIV R i

7 %—L: Taiji Yamada

FhYY M taijl
M—hT AN DBRE LTEBLET,

JRT— R

RRT=KDEY R o ()
()

Frvel Y&

(b)

O CHEOREATETSE, TOFAYYMERT, I—FROSASTEEC
BBZERBDET. REORBLAMCT BTV a—9 EBRET SBE
"Taiji Yamada"
8008
staff
Y% taiji
TIF—L Taiji Yamada
as vy [oinfzsh &

ER...

F—bF1 LY R Y JUsers/taiji

Froel

(d)

X 2 Open Directory ND#Efi & A— DT H > MOTER

ST, M2(b) FRBEGHDB LI, Hma—hVTHY
UNEREET A LIETE A UID 2 WIRIICHIEET S 2
EHRTERV. L, M2(c)DEHIE, a—AVTHhH7 b
AR L7221, 2Oy M) ETHZ Y v 2§52 LT [
MA7var] #@50T, M2(d) DLz, 1AkEoT—
ANT AT bOUID ZERET LI ENTEL.

L2 L, &—24 /Users/taiji [3BEIC UID = 502 TR &
NTLE->TWVE, ZITUTOLIICLTBL ZEPFET
b5,

(% sudo chown -R taiji /Users/taiji

macOS THh % % 5 Apple 2554 % dscl(1) I~ FT
Server.app ? Open Directory S H—H VDT A7~ MMEHh
ZEETE %, EBI® Open Directory D¥4id, List 1 128
Hzaxy FefloTwiFid v (FEBEIZIE, Zhisoav sy P
BRI LU Y 2 VA7 ) 7N B3R L, #h g 9T
). 727201, List 1 128155 14790 $PASSWD 1371 L 7
) EH diradmin, 1147890 $passwd (7477~ F taiji
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DINAT — FIZGRAPER D LED D L.

F72, U=ANTHT Y PEERT A, List1 D 1,8
T ZFZNZEN List 201903 2 ¥ FOJRTREO L S 108 X 2
kv, 4B, 772 bO#EL LDAP 7217 T a—7
VYT V2R ELTVDDIE, KIZ LDAP =1\ 45w
LCh, Shledbu—nn7nyy hoFHETHER L 12,
TEME LR TVLNLTHD.

Z 2T, List 1 128175 817% D NFSHomeDirectory &
& 947D Comment JEPEPID AUTOHOME (&, AFOTHETH 5
F—LT7T AL V)GICETIHELLELELRRA Y FThb.
ZZT, THIEZDOWTIE, 525 HiTUD THHNT L.

(7£19) : AT, I~ Y FOETHR 7 7 A VOFRIZBWT [ ] OADITIRE
BAEFEL TS,
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List 1 dscl OfEL /A (Open Directory DIHE)

1 | FLAGS="-u diradmin -P \"$PASSWD\" /LDAPv3/Ramanujan.local"

2 | dscl $FLAGS -create /Users/taiji &l

3 | dscl $FLAGS -create /Users/taiji RealName "Taiji Yamada" &&

4 | dscl $FLAGS -create /Users/taiji FirstName "Taiji" &&

5 | dscl $FLAGS -create /Users/taiji LastName "Yamada" &&

6 | dscl $FLAGS -create /Users/taiji UniqueID 8008 &&

7 | dscl $FLAGS -create /Users/taiji PrimaryGroupID 20 &&

8 | dscl $FLAGS -create /Users/taiji NFSHomeDirectory /Locals/Users_gellmann/taiji &&
9 | dscl $FLAGS -create /Users/taiji Comment AUTOHOME=nfs://gellmann.local/Users/taiji &&
10 | dscl $FLAGS -create /Users/taiji UserShell /bin/zsh &&

11 | dscl $FLAGS -passwd /Users/taiji "$passwd" &&

12 |+ # 22C, ®THRPLASEDME $7 == 0, —JETHERMLS §7 1= 0 THT

.

List 2 dscl DfEVA (A—HITHT > FDBEDERER)

FLAGS="."

dscl $FLAGS -create /Users/taiji NFSHomeDirectory

#Llist 1 © 1 fTHZEZHZ S

/Users/taiji  && # List 1 O 8 fTHAZEEHZ 2

(6) B~Y v EIEINIEL—FDR—LT 1L 27 M)

5. Xy 2B NFS F—L#EICLZHED & NFS 2L > THILIZHA T 5.

SHER R FT—7

5.1 HBEYIEHEER Y b7 -7 OHE

B2HI TN EBY, FEEA Y bT -7 2HET A1

720, AKRTIIFFICUTORZEHT 5.

o PEHAYINT—2sLEOEDTY D CPUR
LTALY P EEBITHMTESL 2 L (FL—FDLD

Y 212 slogin MRETH H Z &)

o L—FELAHENIA—LTL 7 M) EOKEAYS

MTaxsr2 L

o TELRVEBEIZTFTANVVATLILT Z7HATES

\.&

FEROBE,S, 83 HICBWTIE, AFP, SMB, NFS &w»
IZD0DT 7 A NVEEE Y AT LD macOS ETOEEX AL
7o, TOFER, BEO I —FHH KA I slogin TlREKEIZH
BETRECTH > 72 DIE NFS DA TH-72. 22T, 774 IVIA
INFS #FRH L, UTO L) i TR v P aflR— 23412

BOHEET AR A v P — 7 2T S

(1) Ay NI—=22—=F7h7 2 NeEHT L7200 LDAP

TF—NEHETA.

(2) H2—HIZAY NI =2 2—FT7HY v bERTT
5., ZZ2C, =% iDAy NI—r =T h7 b

% UID; £ 5.

(3) HI—HFIZ1HBEO~YI Y EENY LTS, 2—HF 4 120

boFbNhle~vyra M, &35,

(4) £1—Fi(i=1,2,..)1l2VT, YL ¥ M; DI—
ANVAIL—=Y EIZAy VI =27 2—F7 A7 UID;

HOFs—=u6714L 27 ) 2ERT 5.

(5) LDAP ¥—N&ETH~YY ¥ %[H—O LAN IZ#

T 5.
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ZITH, F-FEEV B THEN I BEOY I VR AL VT
YUELTHHEL, A4 vy v OFEREENAE LSS
12, BEIRLTHRY NI =27 EOE2»O~ Y 71 slogin T4
CETARLACPU - 2BV ERZEERHD &) =iz
5 FELTWVAE, ZA—FIAL Iy REYYBT, A<y
YOU—=HNA =T LR T B L —HFDR—LT 4 L7

M) ERMERT 52 LT, BREESHVA—AT A L7 P

DT 7 AREEFEET I ERLAMTE L. 72, MU~

WD L —=F DR =L 71 Ly M) EYT L FLILET
WOTHLHEWVWDR—L7T 1L 7 b)) EOWEHEZIET LI L0
T&%. OZ—FDOR—L274 L7 M) EBET L1214y b
U= kBT AOT 7 AEEIZIKRTT A2, A—47T4
L7 PUICHARTESIBHEESR 20, 727 v AHEOKTIE
KELRMEE RO % RO ER Ay b =2 TlE, &~
A J’h‘%ﬂf:%l—ﬁ:@a‘h—l«?‘% L7 b)Y % NFSIZL-
TAY VaRICHEHERT A, Z0720, £THOYY yTH—
HIVANL =V EIET L7200 NFS =7 ZFE— bOFE, K

CEPORY Y BHET LT 7 ANV AT L EOfEBZFIH T
572D NFS ¥ v FOBEER T DULENHSH. HITWE, Kb
Ay 7127 B H— 1 VRO NFS % [A#Ed 5 7201285 5.2. 2
HiorryR)yr2) 72 ilT5.

ZDEHIZ, FROWMNTHESNIEHEESLY FT—2T
X, EARWIZETOY Y VD NFS +—NTHhD, 72, NFS
2IAT Y NTHD. Lizd->T, TNLBE, RELx#T57-
DIZHAZF = NE 7 T4 7 2 EBEBLBEAIZIE, LDAP ¥ —
NRLDAP = NIZEfT 52 947 v by v &2i5T b0
ET B, ZNLHNOTF =N, 754 T 2 MIERT ALEICIE
NES#—/N-NFS 7747 D &HIZ, 7 ban. - ¥—¢
A% =N T4 7 Y NORICHLET 5.

FEPHE Lo~y Y HO Ay N T — 7 OB % X 3 1R
T.F7, M4 Ix Y v HoO—HOEEERY. IO

b R —
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T, BRZR2ENREZADT, BFE, WHSHEOAH
BRI ORA MK E L TWA, M3 T, bohr &9 kA b
ZD< Y VIZHEBL, bohr EEDYY Y EDMEBERLTY
5. M3 HOEHOEEST— A VA ML — Y FOfHEE NFS
L&oTEI ZR=PLTWB Y Yy & RL, KHIOKEAE
HOXY b NFS ICkoTdeFEanz7 7 A Vilte~o »
FLTWAY Y %KY, B, M3 TlE1HD~YY Y (bohr)
ZIFICEBHLTNES 7 7 A WHAICHT 23R ERL
72h, BEhOT T VIOV THEMTH L. T2, HEY 0D
0= VAN —=VIHEREN D EL—FDF—LF 4L 2 b
i, /Users 74 L7 M) OFIZIER S, ZD /Users 7 4
L7 M) &EPDOYY e NFS THET L. E3HhDOY T T

- @

Subnet 10.0.4.0/24 T
" _10.8.4.1josephson

/ DHCP #—/%

~ Wired / Wi-Fi L—%
« 10.0.4.142bohr -  AirMacExtreme
¥ ZRL— =%

Time Machine % [
T . 10.0.4. % cauchy ...
B4 2019 Intel Mac Pro 9N L OIS
/ COUNFS ISV R

2009 Intel iMac
|y 10.0.4.253 ramanujan \ Npop-

Open irectory #—/¢ \ |/\ata1s/users.rananujan/ \
@ DNS / Web #—/% /Locals/Users_bohre ) e
2022 M1 Mac Studio ILocals/Users_calabi/ \- 16.0.4. % sinai ..
A : =N
0 NFSH—=N/U514T>
« 10.0.4.254 sharkovsky 2013 Intel iMac

N ZRL—U N
5] DNS -/
R 2o Mac Pro \
\ / 10.0.4. % lorenz ...

SNEBABTFRI by T
iy 18.0.4.% cotes, dirac ... S NFSH=N/ U547k
L BEATY Y 2015 Intel iMac

~  NFSH—NN/U54T7>k calabi /
/Locals/Users_ramanujan/
/Locals/Users_bohr/ 10.0.4.* poincare ...

" 2022 M1 Mac Studio
\ | ILocals/Users_calabie =V v
_ B ! \
10.0.4.% smale ... e AT e
o NFS =1/ 5517V k 2017 Intel iMac

EEATS Y ILocals/Users_lorenz/
" 2020 M1 Mac mini \ /
N 10.0.4. * calabi ...

= 10.0.4. % stokes ... CABANBTRI NS
HEmYS Y NFSH—/S/ 2517k

S NFSH—/U/ 9514 T7>k — 2022 M1 Mac Studio
2018 Intel Mac mini

/Locals/Users_lorenz/

X 3 FEERICHEELAStE#I Y T - 7OBEBR ZoTIE
bohr E\WH KA MEDOT T VIZEHL, bohr &30~
YEDEBRERLTWS, MTIRREWLTWEY, il 55 &
DIV UHF LAN IZHERINTWE, Zhbidnly ba—
FEFTAO—ANEA—LT4 L7 N)BHb<Y VB, G
HH~ Y V8, RO =N~ VBETHL. PO IP 7
FLAZHND [« 1&, 2~252 OFPHTHE~ T VIZEHD) Y4
TOHMFFORER %Y. 72, NFSIFEhL 71 L2
M) DONRZADOKBIZHNS (el &, Yo F) vy 2 )2 Th
HILHERTRHTTHA., B, KFTIE macOS HilED 2
AT LTA AR LTNAE,

Y —NBE=5—

/
ramanujan OEE% &R <_=ot9s, dirac
g T — RSP

o

&1
:\'——ﬂf—FﬁZﬁ

B4 vILBO—E (/B R, SHEAYILEH) 4B,
= BENENUIF K= F - 7 AE2ER L TWE0DIE,
AR IR P IIHIE T A 720 TH S, EHOEHTIZ) T—
farsA4y, VE=FTFAZ by 2Lk harsrf 35628
THIBTE 5.
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1%, /Locals 774 L7 MU Il Users_. 22HUAF V), i < LFFHID
NFS A ILDFRA MKHERD Y v FRA 2 MZ, LHTO
/Users <7 ¥ b 4. HIZ, K3 T, V—7% (josephson)
ZHWT 10.0.0.0/16 D4 v b7 —2 %474 v MEL TIERK
L7210.0.4.0/24 O 7 v MIEHERKA v MU — 27 R L
TWh, ZO¥ 74y PNOIP 7 FLADNER Y VIS
Tw5h,

K3DLkHl, BEVWOKR—LT4 L7 M) e T8I
NFS =7 AK—-FL, BEWIIZNEZ NFS YT Y 95D
T, ZO%y NI =7 OfEEIIFFRTH S, L L, macOS
10.15 Catalina & ) Bid /N — 2 3 » ® macOS & Z N LD
N—=2 3 YD macOS TlE, ¥ AT LBEAERE (SIP: System
Integrity Protection) &9 ¥ 2 74 HEIC LY, P A7
LT 2R ADHFEE B REoTnDE. D720, FHlH
DN=Y 3 ¥ D macOS PRAET 2FBEE T, NFS OBET 7
ANVIEHEWIZE LR 252 VRICIEENLETSH 5.

5.2 NFS OFE

521 X271 T714NI—DHRE

NFS Z w77 7 A VILFOHREDHIZ, tF¥a2V T4 -7
FTANY —DFREEAT) LEND B, THED macOS Tl, 7
Ot2IZTANVTRANL—=UNDOT 7 L ZAFF 2 EI25 2
BLUEDHY, MODTEF2) T ALV AT LIRS T
Wh, ZZTRMSEDENIZ, Ty TNV Ama— — VAT LB
BEREE — X2 ) T AL TITANY— = TIANY =D [7
VT4 A2 T 72 A] 12T /sbin/nfsd ZBINT 2LENH 5.
macOS UA?D Unix 21— P IEH ICHE 2R %52 5
LEZONDY, EEZ0LEBN T, [M2HEIEEL TS
EEFHED LVWEEHT A0 OB EHATH S, 1F
A @ Unix T& 1L, Solaris Trusted Extensions 34, Linux
Security Modules 35, TrustedBSD 36 % &°2%, 2 ® macOS
DX Fa) T A EEICHELT 5.

5.2.2 ¥ MRA BT 1 L7 MY /Locals DIERK

NFS ZHWCT 7 7 A VEFTEHE, £y T =2 %4 LT
EPrDOY T Y LIS KL= DOR—LT 4L P ETT Y
My L7200~y PR MHTA LS MY ERERT S LE
WH%H. Lo L, macOS 10.15 Catalina LIfgD/N—2 3 > D
macOS Ti& SIP OflfIck ), v—rF7F4 L7 P TIZT 4
L7 B BT 2 ICIEROFIESLETH L. 3, LT
7 7 A )V /etc/synthetic.conf (List 3) % &Y % 20,

RIZ, UWFoa~y F&FAT5UEY 2 K1) v 7 1) ¥ 7 /Locals
EVERCE 5.

% cd /System/Library/Filesystems/apfs.fs/Contents/Resources/
% sudo ./apfs.util -B  # 10.15 Catalina case
% sudo ./apfs.util -t # otherwise

(7£20) : 22Tk, A TLEZRLV—FF1 L7 PICY YR v 2 1) ¥ 7 [Locals
T 262 R L TWA, JIZDOY YR v 7)) v 7 HPLETHIL, Locals %
LD AN G A 2 724T % /etc/synthetic.conf (BT LT LV,
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FrEYEUF A
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EEs AhER
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TUTARIFIRA
[l ssho-keygen-wrapper

B 7rrnevany

©) s

254 7 & Apple Music

TR

e

n
B EECERLLSETILRAFES Uy ILET, a2

(a) macOS 12 Monterey TOFIH: 7 v IR =a——> 2T
LEHRES X 2V T 4T ITANT =T FTANT =D [TV
F4 A7 78X 12T /sbin/nfsd #BAN

LN < > ZNTFIARIFPIER

Q

“IT, TOMac o
ne Machine /(v 7 7

B =
[OEE]

POEIEUT A

& avro-ners—
@ siri £ spotiignt el
(o Fidto

FaUF4 «©
® 725~y 7EDock
@721
L) B

g 2 u—t—it

() azruv—

B ovomEm

@ nr1erao—k
B 21417
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(b) macOS 14 Sonoma TOFIH: 7v IV A Z2—>T AT
LRESTITANS = F 2T 4>TFTANT =D [T07 4
A7 7 7+ A] 2T /sbin/nfsd ZiBfl

5 /sbin/nfsd \Z [ 7T 4 X7V X]| %55A] ¢ 52 FIE

List 3 /etc/synthetic.conf

# i EnNzy Ry v )y YUy R)Y ) VI
Locals System/Volumes/Data/Locals

—7J7, macOS 10.15 Catalina &£ ) D /N— 2 3 > ® macOS
TIEUTOa~ >y FEFEFTTNUL /Locals 2 TE 5.

[70 sudo mkdir /Locals ]

XY MRA YTV M) ERBAOT A L7 M) Tidk
{, /Locals D X9 %4/ X AT 2 DITHED D 5. H
21X, BEED /Volumes D FIZ<w YV hRA VYV INHTFT1 L7 b
U ERMERL &9 & LTH, macOS Ofl#IZ & > TIEHIZEIEL
LW, F/z, —f%A7% /Network/Servers D FIZ<™W » bR A
YIMHTA L M) R LA D macOS O & HA
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List 4 /Library/LaunchDaemons/org.sample.symlink_
Locals_Users_here.plist

<?xml version="1.0" encoding="UTF-8"7>
<!DOCTYPE plist PUBLIC "-//Apple//DTD PLIST 1.0//EN"
"http://www.apple.com/DTDs/PropertyList-1.0.dtd">
<plist version="1.0">
<dict>
<key>Label</key>
<string>org.sample.symlink_Locals_Users_here</string>
<key>RunAtLoad</key>
<true/>
<key>UserName</key>
<string>root</string>
<key>ProgramArguments</key>
<array>
<string>/bin/ksh</string>
<string>-c</string>
<string>
while [ ! -d /Users ]; do
sleep 3
done
[ -d "/Locals/Users_$(hostname -s)" ] || {
cd /Locals && 1n -s ../Users "./Users_$(hostname -s)"
}</string>
</array>
</dict>
</plist>

A, FREOFREIL, ZD X9 7% macOS DFEE) & OFif % B
BIDDOIETH A, iR, NFSHPH—HLVA L =T DR
MUy 7% h L RNMT L7200 YR v ) 7%,
DRI L 0 1ES 5.

[ % cd /Locals && sudo 1ln -s ../Users ./Users_"$(hostname —s)"]

72720, macOS DY 7 v =77y 77— Mk, L—
FFALZ PP EINDD, ZORE LD Y VK
Vo2 ) 7 2R LIESLEFH B, CNEFHTTH O
BRHEEMNTEZVZD, HEITHT) 2 EOTRVLETD
%. HARMYICIE, /Library/LaunchDaemons/ 7 1 L 7 btV 12
org.sample.symlink_Locals_Users_here.plist & \29) 7 7
A (List 4) #HEL, DTFoaxy FEETTUL L v,

% cd /Library/LaunchDaemons/
% sudo launchctl load -w \
./org.sample.symlink_Locals_Users_here.plist

IN5D [y bRA Y NHEFT4 L7 M) /Locals DER]
EINFSBU—ANVARNL=VDR MRy 212552 %0
WS 27200 Y RY v 2 » 7 OFEE] 1&, Unix I2BWTHHE
FHCTIIfTORVWHRTH L E2D, UL, @EO NFS ZET
EZDX) RNV Y 7 HIFET B DT, KIFOHAM I3k
@ Unix TOAHHEEbN L.

5.2.3 NFS T7ZXHK— FOHETE

1EH D% { ® Unix & [[AEEIZ, macOS TH NFS ¥ —/NDi%
E7 7 ANV Jetc/exports TdH 5. NFS L7 AK— D720
D7 7 A /etc/exports & List 5 IZ/RT.

(7£21) : Flz1E, Solaris Tl /export/home it T2 —ADEMEKMNDH LA, NFS
%/ LCHHTY /home ¥ ¥ MRA ¥ MR T Z&—AIHRET 5.
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List 5 /etc/exports

/System/Volumes/Data/Users -alldirs -maproot=root 127.0.0.1
/System/Volumes/Data/Users -alldirs -maproot=root \
-network=10.0.4.0 -mask=255.255.255.0

List 6 /etc/exports (macOS 10.15 Catalina & V) BiDIFE)

/Users -alldirs -maproot=root 127.0.0.1
/Users -alldirs -maproot=root -network=10.0.4.0 \
-mask=255.255.255.0

List 7 /etc/auto_master

#
# Automounter master map
#

+auto_master # Use directory service

#/net -hosts -nobrowse ,hidefromfinder,nosuid

/home auto_home -nobrowse,hidefromfinder
/Network/Servers -fstab

/- -static

/- /etc/auto_users # added by Taiji Yamada on 2022/04/06

7272 L, macOS 10.15 Catalina X VR DO/N—=T 3D
macOS TIE SIP A LLIESIPI2L AV —1F7 4L 27 b)) DR

HELAIMBIR L DT, List 6 D& ) I2% 5.

%P8, List 5 LU List 6 @ 1 {70135 5.2.5 fiTHHE T 2
auto_home OFIHTLE L %2 5.

5.2.4 NFS#*—ht37J> FORE

KIZ, List 712 NFS 4+ — k<% > FBTVHD T 7 4 L /etc/
auto_master Z/RT. BIL7ZDIIREATOAT, TOMILT A
TAEEDOFT FTH A, BINL72mHATTIX /etc/auto users
(List 8 £72i3 List 9) 2 2L TH Y, fllEkEIZ07 7
ANV T 5.

List 8 12, macOS 10.13 High Sierra @ julia &9 5 Z b
Lk b O UIZBIT B Jetc/auto_users DB &R T, List
8I1E Ay Y aBI NFS A — L WEFDEHLHRET 7 AV %&2DT,
EBRICEIEL T2 7 7 A VD F EFEMBETITRE T D, 72
7Z2L, Z#iE macOS 10.15 Catalina & Y §jo/N—2 3 » D
macOS DFEE 7 74V T&H Y, macOS 10.15 Catalina LLEE
DIN— 3 D macOS Tl, fTHEHD/NA % /../Locals/ —
/System/Volumes/Data/../Data/Locals O & 9) IZFiARE R %
WD H L. BARKIZIE, macOS 10.15 Catalina Tld, #&E
77 ANVE List 9 DL IR B,

List 8, 91285 [/../] 3EHSANFS ¥ 7 v MIBITF
5. (CVFFEYFR) M) v o] EIFATHRDEHDTHS.
DL nREE L WE, /Users/$LOGNAME D1 —J1 L7
A NONBGOETHOZY F)TEIIR Y Y bRA Y b
HETH2LEDPD B05, THITEEOEHIZB W TUEIHEYT
v, 2B, [#] Taxy b7 FERTWLITE, HSH
&, RO, FIEMH~Y Y ThH 5720 NFS L7 A K — M HIARED
XY UThHA.

&T, List 7,8, 9 XML E 57202
H5H., TUXIEAD O Unix |

1, DUF&AT ) LD
BT % /usr/libexec/autofsd D

IEICE Fundamentals Review Vol.18 No.1

gL AETH 2.

% cd /System/Library/LaunchDaemons/
% sudo launchctl stop ./com.apple.autofsd.plist
% sudo launchctl start ./com.apple.autofsd.plist

H|Z, auto_users ¥ H IR 7-DT, LT LTI LENDH L.
ZhUE, 1IA0 Unix THRMETH .

{2 sudo automount -cv ]

COE)BHREEETORY /IMT LT, &THOIY N
NFS T macOS DR —A4L7 1 L7 M))b— | /Users & L7 A
F=bLO2b, HYOI Ty CEY R v ) v 7 ThHDB LD
H—H LU T®D L) %/¥A /Locals/Users_$ (hostname -s)
PR SN D, LTI 1s OFEFTHIZRT 22 2B, DITO%E
HERICBIS [e) i, YRV v 2 ) v 72K LTV

ramanujan 7 1ls -F /Locals/
Users_arnold/ Users_feynman/
Users_bernoulli/ Users_gauss/
Users_birkhoff/ Users_gellmann/
Users_bohr/ Users_hamilton/
Users_brahe/ Users_heiles/
Users_calabi/ Users_henon/
Users_cantor/ Users_hopf/
Users_cardano/ Users_huygens/
Users_chirikov/  Users_jacobi/
Users_cotes/ Users_julia/ Users_takens/
Users_dirac/ Users_kolmogorov/ Users_taylor/
Users_duffing/ Users_kovalevskaya/ Users_vanderpol/
Users_esaki/ Users_laplace/ Users_whitney/
Users_euler/ Users_lorenz/ Volumes/
Users_fatou/ Users_lyapunov/

Users_navier/
Users_pascal/
Users_poincare/
Users_ramanujan@
Users_schwarzschild/
Users_sharkovsky/
Users_sinai/
Users_smale/
Users_stokes/

Doz Ly, $%®£ HCTHhD, M3DEI Ay ia
BINFS s — 23412 X FOE RS Y BT — 7 ORESE)YE
HT&%.

5.2.5 auto_home MDiEH
KRFEOWMFRETDFE2 AL —HThIFEITVTNEE LT T
H., TORE, COZ—Hr2 AL T o0 EET I L
L b, BIZIE, BEFELZL—H taiji & XA 4~~~ gellmann
PoYNEETEL LS. TOWA, gellmann OH — A LA b
WHEHT 27200, YR v 7)) 78TO
F—247141L7 b) /Locals/Users_gellmann/taiji ~DH—
ANANL—=TDT 72 ADOLFEMIE R %Y, gellmann 75
A ML= = Vbohr NL—H taiji D — LT 4 L7 M) &R
JBELC, gellmann (RO T7 I ¥ MCHIFESTZ LICR2 A, £
DL %L ZICHEE % 5 D75, NFSHomeDirectory TREE S 1L
7o R—=L74 V7 M) D/YA [/Locals/Users_gellmann/taiji
WEZE BT Lz —H taiji DR — 2471 L7 ) NOf] S A
DFET T AMITRBENRTWEE, ChEaBEERIL TN
BERbhnEn) 2 ThHsb. ZOMER auto_home ZiHA L
THRW L7261 %, List 10 ® ~taiji/Sites/.htaccess 23 &

L — /%H—[nj

(722) 1 T 2T Users*xLIHL D Volumes/ IZDOWTHIET 2. AKEOAKETIE AW
W5, ZHUREDRDT Y D /Nolumes/ DR 2 — LA %, H7 Ry M TIGHED
NA{TIY Y T B0 LTS, Zhud, 45 6.4 fid rsync 12X 5 /\y
Ty TREEELTHWENS.

(723) : “taiji |, AFITId /Locals/Users_gellmann/taiji, macOS FFHET
1% /Users/taiji, Unix —#% Tl /home/taiji * WL T\ 5.

17



List 8 /etc/auto_users (macOS 10.15 Catalina & V) gidDfl)

#/../Locals/Users_julia -fstype=nfs,rw,sync julia.local:/Users

../Locals/Users_sinai

../Locals/Users_gauss

../Locals/Users_brahe

../Locals/Users_smale

../Locals/Users_esaki

../Locals/Users_cotes
../Locals/Users_dirac

N T N T T T T T T T T T N N N N NN

H OHE H HE H HEHHEHHEH R
NN N N N N NN NN NN

../Locals/Users_hopf -
../Locals/Users_schwarzschild -fstype=nfs,rw,sync schwarzschild.local:/Users
../Locals/Users_birkhoff -fstype=nfs,rw,sync birkhoff.local:/System/Volumes/Data/Users
../Locals/Users_euler -fstype=nfs,rw,sync euler.local:/System/Volumes/Data/Users
../Locals/Users_fatou -fstype=nfs,rw,sync fatou.local:/System/Volumes/Data/Users

fstype=nfs,rw,sync hopf.local:/Users

-fstype=nfs,rw,sync sinai.local:/System/Volumes/Data/Users

../Locals/Users_chirikov -fstype=nfs,rw,sync chirikov.local:/System/Volumes/Data/Users
../Locals/Users_heiles -fstype=nfs,rw,sync heiles.local:/System/Volumes/Data/Users
../Locals/Users_lorenz -fstype=nfs,rw,sync lorenz.local:/System/Volumes/Data/Users
../Locals/Users_vanderpol -fstype=nfs,rw,sync vanderpol.local:/System/Volumes/Data/Users
../Locals/Users_whitney -fstype=nfs,rw,sync whitney.local:/System/Volumes/Data/Users
../Locals/Users_cantor -fstype=nfs,rw,sync cantor.local:/System/Volumes/Data/Users
../Locals/Users_jacobi -fstype=nfs,rw,sync jacobi.local:/System/Volumes/Data/Users
../Locals/Users_taylor -fstype=nfs,rw,sync taylor.local:/System/Volumes/Data/Users
../Locals/Users_cardano -fstype=nfs,rw,sync cardano.local:/System/Volumes/Data/Users
../Locals/Users_poincare -fstype=nfs,rw,sync poincare.local:/System/Volumes/Data/Users
../Locals/Users_kovalevskaya -fstype=nfs,rw,sync kovalevskaya.local:/System/Volumes/Data/Users

-fstype=nfs,rw,sync gauss.local:/System/Volumes/Data/Users

../Locals/Users_hamilton -fstype=nfs,rw,sync hamilton.local:/System/Volumes/Data/Users
../Locals/Users_pascal -fstype=nfs,rw,sync pascal.local:/System/Volumes/Data/Users

-fstype=nfs,rw,sync brahe.local:/System/Volumes/Data/Users

../Locals/Users_bernoulli -fstype=nfs,rw,sync bernoulli.local:/System/Volumes/Data/Users
../Locals/Users_stokes -fstype=nfs,rw,sync stokes.local:/System/Volumes/Data/Users
../Locals/Users_huygens -fstype=nfs,rw,sync huygens.local:/System/Volumes/Data/Users
../Locals/Users_feynman -fstype=nfs,rw,sync feynman.local:/System/Volumes/Data/Users
../Locals/Users_takens -fstype=nfs,rw,sync takens.local:/System/Volumes/Data/Users
../Locals/Users_bohr -fstype=nfs,rw,sync bohr.local:/System/Volumes/Data/Users
../Locals/Users_laplace -fstype=nfs,rw,sync laplace.local:/System/Volumes/Data/Users

-fstype=nfs,rw,sync smale.local:/System/Volumes/Data/Users

../Locals/Users_navier -fstype=nfs,rw,sync navier.local:/Users
../Locals/Users_henon -fstype=nfs,rw,sync henon.local:/System/Volumes/Data/Users
../Locals/Users_lyapunov -fstype=nfs,rw,sync lyapunov.local:/System/Volumes/Data/Users

-fstype=nfs,rw,sync esaki.local:/System/Volumes/Data/Users

../Locals/Users_calabi -fstype=nfs,rw,sync calabi.local:/System/Volumes/Data/Users

-fstype=nfs,rw,sync cotes.local:/System/Volumes/Data/Users
-fstype=nfs,rw,sync dirac.local:/System/Volumes/Data/Users

../Locals/Users_arnold -fstype=nfs,rw,sync arnold.local:/System/Volumes/Data/Users
../Locals/Users_duffing -fstype=nfs,rw,sync duffing.local:/Users
../Locals/Users_ramanujan -fstype=nfs,rw,sync ramanujan.local:/System/Volumes/Data/Users
../Locals/Users_sharkovsky -fstype=nfs,rw,sync sharkovsky.local:/Users
./Locals/Users_gellmann -fstype=nfs,rw,sync gellmann.local:/System/Volumes/Data/Users
../Locals/Users_cauchy -fstype=nfs,rw,sync cauchy.local:/Users

../Locals/Users_graham -fstype=nfs,rw,sync graham.local:/Users

../Locals/Users_landau -fstype=nfs,rw,sync landau.local:/Users

../Locals/Users_wilson -fstype=nfs,rw,sync wilson.local:/Users
../Locals/Users_hilbert -fstype=nfs,rw,sync hilbert.local:/Users
../Locals/Users_rossler -fstype=nfs,rw,sync rossler.local:/Users
../Locals/Users_turing -fstype=nfs,rw,sync turing.local:/Users
../Locals/Users_weierstrass -fstype=nfs,rw,sync weierstrass.local:/Users
../Locals/Users_feigenbaum -fstype=nfs,rw,sync feigenbaum.local:/Users
../Locals/Users_kepler -fstype=nfs,rw,sync kepler.local:/Users

../Locals/Users_newton -fstype=nfs,rw,sync newton.local:/Users

../Locals/Users_peano -fstype=nfs,rw,sync peano.local:/Users

../Locals/Users_planck -fstype=nfs,rw,sync planck.local:/System/Volumes/Data/Users

List 9 /etc/auto_users (macOS 10.15 Catalina LIfED )

#/System/Volumes/Data/.
/System/Volumes/Data/. .
/System/Volumes/Data/. .
./Data/Locals/Users_birkhoff -fstype=nfs,rw,sync birkhoff.local:/System/Volumes/Data/Users
./Data/Locals/Users_euler -fstype=nfs,rw,sync euler.local:/System/Volumes/Data/Users

./Data/Locals/Users_sinai -fstype=nfs,rw,sync sinai.local:/System/Volumes/Data/Users

/System/Volumes/Data/. .
./Data/Locals/Users_chirikov -fstype=nfs,rw,sync chirikov.local:/System/Volumes/Data/Users

/System/Volumes/Data/.
/System/Volumes/Data/.
/System/Volumes/Data/.

/System/Volumes/Data/.

#/System/Volumes/Data/ .
#/System/Volumes/Data/.
#/System/Volumes/Data/.
#/System/Volumes/Data/.
#/System/Volumes/Data/.
#/System/Volumes/Data/.
#/System/Volumes/Data/.
#/System/Volumes/Data/ .

./Data/Locals/Users_fatou -fstype=nfs,rw,sync fatou.local:/System/Volumes/Data/Users
/Data/Locals/Users_hopf -fstype=nfs,rw,sync hopf.local:/Users
/Data/Locals/Users_schwarzschild -fstype=nfs,rw,sync schwarzschild.local:/Users

/Data/Locals/Users_julia -fstype=nfs,rw,sync julia.local:/Users

./Data/Locals/Users_rossler -fstype=nfs,rw,sync rossler.local:/Users
./Data/Locals/Users_turing -fstype=nfs,rw,sync turing.local:/Users
./Data/Locals/Users_weierstrass -fstype=nfs,rw,sync weierstrass.local:/Users
./Data/Locals/Users_feigenbaum -fstype=nfs,rw,sync feigenbaum.local:/Users
./Data/Locals/Users_kepler -fstype=nfs,rw,sync kepler.local:/Users
./Data/Locals/Users_newton -fstype=nfs,rw,sync newton.local:/Users
./Data/Locals/Users_peano -fstype=nfs,rw,sync peano.local:/Users
./Data/Locals/Users_planck -fstype=nfs,rw,sync planck.local:/System/Volumes/Data/Users

18

IEICE Fundamentals Review Vol.18 No.1




List 10 ~taiji/Sites/.htaccess Dfjl

List 12 auto_home

AuthType Basic

AuthName "“taiji member only"

AuthUserFile /home/taiji/etc/apache2/.htpasswd
Order deny,allow

Deny from all

Allow from 10.0.4.0/22

Satisfy any

List 11 /usr/local/libexec/od_user_home dirs

#

# Automounter map for /home

#

+auto_home # Use directory service
#

# Get /home records synthesized from user records
#

#+/usr/libexec/od_user_homes
+/usr/local/libexec/od_user_home_dirs

#!/bin/ksh

#

# od_user_home_dirs - yet another /usr/libexec/od_user_homes for NFS
#

# Written by Jun Takahashi and Taiji Yamada <taiji@aihara.co.jp>

#

# usage:

# % od_user_home_dirs user

#

# description:

#

# In the ’Comment’ key for "$1" registration of the ’Users’
# record at macOS Server.app Open Directory, write the NFS
# server path of AUTOHOME for /etc/auto_home as follows:

#

# :

# AUTOHOME=nfs://server:/path_to_$1

# .

#

h="$(dscl /LDAPv3/Ramanujan.local -read /Users/"$1" Comment 2> /dev/null |
sed -E -e ’1{

/~Comment: .*/{

s/~Comment: (.%)$/\1/

}
}’ -ne ’s/"~ *AUTOHOME=(.*)$/\1/p’)"
[ "$h" = 2> ] && exit 1
echo "$h"
exit 0

¥ 72, /etc/auto_home % List 12 D X ) |2 &2 5. %
ERIE, DTFOX)IHFOETOTHY v b F— <
Y hENRTWAS,

% 1ls -F /home/
junt/ sima/  tohru/

b L — taiji 259K MH 7% 5, 1s /home/taiji &35 L Fh
HA =37y bEN, WFTOETHO L) I taiji/ T4 L7
FUDHENS.

% 1s -F /home/taiji

Desktop/ Library/ Pictures/ etc/
Documents/ Movies/ Public/
Downloads/ Music/ Sites/

% 1s -F /home/
junt/ sima/ taiji/ tohru/

LTRT.

List 10 1%, Z—% taiji D& — L X=V127 7 L AHIR % 2
T 7-DIZHWA .htaccess 774NV ThHA. MELLLD
I, AuthUserFile fTOFEIZT, List 10 &3R4, Z0fT
AR

AuthUserFile /Locals/Users_gellmann/taiji/etc/apache2/.htpasswd

DEHZZ=HF LRV TIY [T —HFHEDDAIFLTL
FOLETHDL. 0L BRYGE, B¥ B TR talji Ok—
LT 4 L2 MY % gellmann UALORIO~ > VIZEEET L &, Z
DRFECTIIEHLIZEBYICEEL R %5, 20 L) B,
RIE - BT LETOI—HFD .htaccess 7 7 4 VDK — L4
TAVLYT N DRADERPLEE DY, TNHDT 7 1)
EEHEDN O —OMET B4 EITHENTE V.,

FIT, TOX) BHFHEZRI LW auto_home % F
Hes., SICED, BE-BTT22—FDR—LT4L 27 b
VTCDT7ANVOERERZ2ETEL LD,

K, auto_home D f:H A 1 macOS IZfifb-> T Wb AT,
FERE L Tz, ZTMiE, /etc/auto_home 2* HfEH &5
@it @ /usr/libexec/od_user_homes 7% & { fRF &N T
WwWiwionlllbhs, €22 T, NFSEHOMAK L &5
A D /usr/local/libexec/od_user_home_dirs % ({5 L 72
(List 11 ZH).
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6. XvPaBINFS F—LHEFICLSHEE

SEER Y NV DREERDIEHU
Al

RIEICRESE L7z A v ¥ 2B NFS ok — 430412 & 2 55 fk Rl ET
HEEA Y M7 — 2 TlE, macOS (2fii > T % Bonjour D
HEICE o TZDFEETHLHEMTHETSH S, Bonjour &34 v b
7 =27 DTN, ADRGE R BT T 5 72012 Apple 23RS L
72 Zeroconf (Zero-configuration networking) (38> 39/ —-o
ThY, FELOFEIETH 2. Bonjour ® mDNS (multicast
DNS) WOz L 5Ty b7 — 27 FOWMITTREZ 7354 A D%
END. TNIZED, DNS = NBHFEELZVETHARA b
ZDHAI Jocal LW BT 4 7 ARAFIFT “RA 44 local”
EVI) BIREM o TR Y VICHERT A AT & B (20 (41
REFTIE, mDNS & DNS = N&2#fFEEL L TAY T2
TINFS A— 2 LF 10 L 255 v b U — 7 0EEEm &
L HEERNT A, T2, 2—FID ONFFESCNNY 77 v
TIT 2 EBFHIIOWTH AR,

6.1 DNS (42 . 43 pirmDNSIcH33IP7 KL
2« KX NBOBEHZE

K TRET B A v ¥ 2T NFS & — 2412 X 558054

(724) 1 —AZMI2IE Jocal D & 9 BEFFRE F A A v %L ICH#kD FQDN
ERT 52 EHLE LAY 58 REETIRET 5 2 v ¥ 2% NFS F— 43412k
BRI v b T — 2 IR ENTREICH LY 7R Y P THLDT. local
T T 5 2 LR .
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WAy b= T, Y74 MAFIZ DNS ¥ —¥ (MacPorts
bind9) .5 RIFTC, »D, £ DO IP 7 FLADZALL
%WV & 912 DHCP H— N2t I c M5 2 N2 3R 5.
RIIZIX, 2947 ¥ b~ UIZ#ET A Bonjour %1% DNS
F =N 10.0.4.0/24 DZERFDO A LI—FDOIP 7 FL A &[Akk
AR ED S, BIZ, ARTRET SV A7 4 TlE, DHCP
=N, FOXTDIP T FLAEIFDOYLY D LAN 1 ~
772 —2AD MAC 7 FL A2 — 2§25 X ) ITRAE 2 S H R
VY —%RHTE. FOLET, £V VIZBWCHET FL A%
FEICTHEHIEEE T, DNS - DHCP #— /3280w T MAC
T7RLVA-IP7FLA KA MNGE—TLEMT LI LI2L5T,
NFS ® kX 9 7% Unix F—EC AD#EY L EH2FEH T L. i
AT, mDNS DX %EY Y — Y A0 BHZ K21
575 X912, Bonjour ® mDNS THWOHN A MR b v 7
LNXWVIEXAL 2 THAD local &2 DFF T T4 X— MERTH
B5H T4y Oy FL NV KAAL L LTDNS 2% ET 5.
DNS & mDNS Ot i, #EicEFmshcwiug, BT F
LAD A1) v F& mDNS 2L A —EABHORTD A1) v b
FETEDL., BARMIZ, RAMNZKELIEIP 7 FLAOMWE
bEHEEFHTIOX) v MEHBNT 5.

6.1.1 KX KZ (DNS) < IP 7 KL ZDEE — host (1)
HTH oy MOV, 7, FAMEDSIP 7 FLAZIUG
(E513) $25%E, DTOLIIZT5.

% host ramanujan.local
ramanujan.local has address 10.0.4.253

72, IP 7 FLARSLARA MG (H51&) 554, B
TOXHIITT 5.

% host 10.0.4.253
253.4.0.10.in-addr.arpa domain name pointer ramanujan.local.

6.1.2 KX bH (DNS) « IP 7 KL XDEE — dig(1)
macOS EHED host I~ ¥ FTCIER—- N FFEHEL
mDNS NOHWEDLHREHTELVWDT, dig a7 ¥ F
EHVLHEEENT L. HBAETIE, dig(l) ol
[ ANSWER SECTION] OA/RLTW3
HF7 Aty MZonwT, 9 ift@l%@iﬁn, UFDEH1cns.

% dig -q ramanujan.local

;3 ANSWER SECTION:
ramanujan.local. 10800 IN A 10.0.4.253

F7-, WEIETIX, UTOLH10h 5.

% dig -x 10.0.4.253

;; ANSWER SECTION:
2563.4.0.10.in-addr.arpa. 10800 IN PTR ramanujan.local.

J

L EofliZ, @5 ® DNS = N2xf 3§ AKRA MAEEIP 7
FLADBWEDLETHAHDS, RIZmDNS ~NOH Wb
ERNT A,

20

6.1.3 KX b (MDNS) — IP 7 KL XDEE - dig(1)
F7Ay MZonT, FFRIEFIERUDTOLI RS

% dig ©@224.0.0.251 -p 5353 -q Ramanujan.local

;3 ANSWER SECTION:
Ramanujan.local. 10 IN A 10.0.4.253

;3 ADDITIONAL SECTION:
Ramanujan.local. 10 IN AAAA fe80::c9:dace:48bd:65fe

7o, #5l&TIEDNE RS

-
% dig ©@224.0.0.251 -p 5353 -x 10.0.4.253

;5 ANSWER SECTION:
253.4.0.10.in-addr.arpa. 10 IN PTR Ramanujan.local.

;; ADDITIONAL SECTION:
Ramanujan._device-info._tcp.local. 10 \

IN TXT "model=Mac13,1" "osxvers=21" "icolor=0"
- J

COXHIT, K= FFF 5353, YALFF¥APT FL A
224.0.0.251 % dig 2~ ¥ FIZH/RIWIZE 2 5 2 & T macOS
WTHETHMNIZE>T WD mDNS NOMWEbENT
5. BARETI, dig(l) @ JJiL [ANSWER SECTION],
[ ADDITIONAL SECTION] DA/RLTW5

6.1.4 K2 bE (MDNS) — IP 7 KL XDEE — dns-sd (1)

ST, RIS ED L) ICHWEDED T S b DA% mDNS
DY —E AT~ >~ N dns-sd(1) THAT 5. 10.0.4.0/24
DHDOF T Ay MR L TWE <Y OflL LT, cotes ~D
E5l&E, DFER%.

% dns-sd -G v4 cotes.local

DATE: ---Mon 27 Nov 2023---

16:29:55.947 . .STARTING. ..

Timestamp IF Hostname Address TTL
16:29:55.950 0O cotes.local. 10.0.4.150 4502
16:29:56.115 26 cotes.local. 10.0.4.150 120
~C

77, 10.0.4.0/24 & 10.0.6.0/24 DFH D7 % v b 12 L
TWwW5A Y ¥ ¥ ramanujan ~“OIES| XX, LTFE7%5

% dns-sd -G v4 Ramanujan.local

DATE: ---Wed 09 Aug 2023---

19:13:20.736 ...STARTING...

Timestamp if Hostname Address TTL

19:13:20.737 6 Ramanujan.local. 10.0.4.253 120

19:13:20.737 7 Ramanujan.local. 10.0.6.253 120

19:13:20.737 O Ramanujan.local. 10.0.4.253 4502

~C
N J

%B, dns-sd WEBICTUELARTT L7y FTRAEVD
T, ERBITIE, ~¢lE2 X3 —0) SIGINT ¥ 7/ F IV THT S8 T
w5,

hxERBL, ZOo0H T4y FORFDOIP 7 RLALR
ZHMTIEHFETELRVEV) mDNSOT7T A v M HPTEELT
WAL ZENGhD, RA MDD 10.0.4.253 &£ 10.0.6.253 DWW\

(71:25) : ~C I, control F—%L A5 C F—%f4 2 LET.
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NI EINGIZEET A 121E, Ramanujan.local 26 &9 %
WTIE, fy  T—=2 4% 72— ADERIFNEEEST %0
10.0.4.0/24 F 7213 10.0.6.0/24 ZBIRIGIZIEI T KL AN A
YRTAELENHAL. L, AXY FRTT)r—33a il
LoTENA Y FTAREPLVEHELIRVIIH L. &b
HE, IPTRVAZIET DL G METHLD. L1l
ZiE DNS = NIZBl 4 & Bfk L T L F 21X Rido M#E % [0
WTE 5.

6.1.5 KX bH (DNS) « IP 7 KL XDEE — host (1)
EDLDOYT Ry MZDWT, FTIEFIEOLE, UTEh5.

% host lovasz.local
lovasz.local has address 10.0.6.253

F7z, WHIETIEILUTE 5.

% host 10.0.6.253
253.6.0.10.in-addr.arpa domain name pointer lovasz.local.

PEDXHIZIP 7 FLATIE% < B4 lovasz.local 12L& D
Ramanujan.local ~EFRIYIEETFEIC L TBITITZLTHD.

6.1.6 fthh7x v FODKZ ~% (MDNS) — IP 7 KL XD
B/ - dig()

BRIGIZIED DI T 3y PN, T84, 230, *v
NI =0 A28 72— ADERIEN 2 Z20F 7 4y M2 LT
¥4, J64 @ Bonjour % Ramanujan.local TR A b 7213
IP 7 FLZADRWEDLED WL 21T T & T X 59 % ffE:E
L&9. BBARETIE, dig(l) ®HiJJid [ANSWER SECTION],
[ADDITIONAL SECTION| OARLTW 5,

FFRETI&E, DTeRb.

% dig ©224.0.0.251 -p 5353 -b 10.0.6.112 -q Ramanujan.local

;; ANSWER SECTION:
Ramanujan.local. 10 IN A 10.0.6.253

;; ADDITIONAL SECTION:
Ramanujan.local. 10 IN AAAA fe80::1868:59ae:e69c:2a77

F7z, HEIETEUTERS.

% dig ©224.0.0.251 -p 5353 -b 10.0.6.112 -x 10.0.6.253

;3 ANSWER SECTION:
2563.6.0.10.in-addr.arpa. 10 IN PTR Ramanujan.local.

;; ADDITIONAL SECTION:
Ramanujan._device-info._tcp.local. 10 \
IN TXT "model=Mac13,1" "osxvers=21" "icolor=0"

CDLNIHEET KL A% b + 7 a v CHRTUL, M
T4y MIBIFBIC4 D Bonjour ZTHORAMNGFERIZIP T
FLADRWEDLEIZH ML THEY, DNS & mDNS O

(7£26) : Afil2B VT, Ramanujan.local, ramanujan.local ® & 912, [[{L
XYY TORRA MEDORMNDLFNRILTOWE LN LTFOENH L 05, Hi#ElE
Bonjour %, #%#1& DNS #CTh 5. 4B, KLTFL/ALFIREKB SN2,
DNS # =% YI12id mDNS 12X 1) Bonjour #T#/REMN, KHITES L
W) Ay MDH D,
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NOX)y POESZTES, 1272, E¥YOIP 7L AL
DNS 0% %, W THILE DHCP 12XV, MAC 7 FL 2
OEHE LB, —THICHETIA T TWA I LB EETH 5.
Ky A5 L TDNS 2 LTWADIR, TRIBETHKA %
WE LT FICETI, HE—EDL—VITHEolzR A ML E
THZETHEDPOTY NI T 7 EALRTLTL0THA.

6.2 mDNS & 34— E xigH 49

mDNS O&ENIFE O KA PRFEOA %L 5T, KA PHRE
g2y —vABRHTOH L. £ZC, mDNS #Fi$5 Ul
DEHZT, LOLHITH AU R EN TV I 02N T
L. 72720, axy FOMAKERE 20 F THTT 25 LM
MAZBOT, 22T, List 13 13RT Yz Axs ) 7 L6
DEHIT, sed(D) ICXVEPLTWE, HIZ, Fild X912
dns-sd IZZFDF T TR 7O AK T LAEVWOT, Y x)VAZ Y
TRCTTOL AT 5 dns-sd DT v/8— 2~ F% List 13
27”3 DNS-SD_kill.sh &\ 7 7 A VA THELTHL. %
B, ["se"] Fa~xr FHEGH, 721, Do VBIEA LT IHK
D, ETOXLTHIOI T EHT

DT y8—3< > FDNS-SD_kill.sh Z LT D & 9 126
FTHEFT Ay MCTRBEEN TV AT - 2D —-E%155 2
EDTED.

% . /DNS—S.D_kill .sh -B _services._dns-sd._udp local
_tcp. loca:l . _printer
_tcp. loca:l . _scanner
_tcp.loca:l. _ssh
= : J

Bonh - RAOFEMERRTLICEUTOLIIC
DNS-SD_kill.sh ZfEH§ 5.

% ./DNS-SD_kill.sh -B _printer._tcp local.
_printer._tcp. Canon MF741C/743C
_printer._tcp. RICOH P C6010
_printer._tcp. RICOH SP C261SF

% ./DNS-SD_kill.sh -B _scanner._tcp local.
_scanner._tcp. Canon MF741C/743C

_scanner._tcp. RICOH SP C261SF
= J

List 13 DNS-SD_kill.sh

#!/bin/ksh
exec_kill()
{
"$o" &
sleep 5
kill %1
}
exec_kill dns-sd "$@" |
sed -E ’1,4d;s/7( 7([" 1+) ©){6}(.H)$/\2—>\3/;°\
"s/~([".JH)\.$(echo "${1:-local.}" | sed ’s/\./\\./g’)—~(.x)$/\2.\1/" |
# — |3 Tab

#Nv I TI Y FTOtAD kill

sort | uniq

21



List 14 /var/named/db.local

List 16 /var/named/localhost.zone

; EBIETF—F X=X T 7 1)

local. 10800 IN SOA local.
admin.local. (
2023080300 ; Serial
3600 ; Refresh
900 ; Retry
1209600 ; Expire
86400) 5 Minimum
10800 IN NS ramanujan.local.
apollonius.local. 10800 IN A 10.0.4.0
josephson.local. 10800 IN A 10.0.4.1
ramanujan.local. 10800 IN A 10.0.4.253
sharkovsky.local. 10800 IN A 10.0.4.254
szabo.local. 10800 IN A 10.0.4.255

List 15 /var/named/db.4.0.10.in-addr.arpa

; WBIET = R=AT 714
10800 IN SOA 4.0.10.in-addr.arpa.
admin.4.0.10.in-addr.arpa. (

4.0.10.in-addr.arpa.

2023080300 ; Serial

3600 ; Refresh

900 ; Retry

1209600 ; Expire

86400) ;5 Minimum

10800 IN NS ramanujan.local.

0.4.0.10.in-addr.arpa. 10800 IN PTR
1.4.0.10.in-addr.arpa. 10800 IN PTR

apollonius.local.
josephson.local.

% ./DNS-SD_kill.sh -B _ssh._tcp local.

; O—ANVEAMNDIEGET—FRXR=Z27 74

localhost. 86400 IN SOA localhost.
root.localhost. (
1997022700 ; Serial
10800 ; Refresh
900 ; Retry
604800 ; Expire
86400) ; Minimum
86400 IN NS localhost.
86400 IN A 127.0.0.1

List 17 /var/named/named.local

O—H VKA NDOWEIEF—FXN—ZAT 714V

H

@ IN SOA localhost.
root.localhost. (
1997022700 ; Serial
28800 ; Refresh
14400 ; Retry
3600000 ; Expire
86400) ; Minimum

IN NS localhost.
1 IN PTR localhost.

List 18 /etc/named/named.conf

_ssh._tcp. Arnold
_ssh._tcp. Calabi
_ssh._tcp. Vanderpol
_ssh._tcp. Whitney

J

FFED mDNS OfF#H2 5, 7V » ¥ _printer._tcp., A
¥ ¥ J _scanner._tcp. DA REL Z L2555 H 5. HIZIE,
ssh _ssh._tcp. DIHEWAFELNT WL Z LA 5, DNS ¥ —
NH 7% L ThH, Bz ssh Whitney.local £ T 52 L12&D
Whitney.local &) ¥ V2 E— BT A UHPURELR I &
AW

723, Microsoft Windows 10 LLfETH mDNS 25T HE &
o Twh, F72, BSD AN GNU Linux 7% £ @ Unix Tl
F—7 vV —A Avahi 45593 (GNU LGPL: Lesser General
Public License) 2%#t& STV 5.

6.3 DNS OFEE

&T, DNS #=NFEHD—> bindd DFETT ST L TH b
named DX EICIKIERVLE 7% 7 7 4 )V /var/named/db.local,
/var/named/db.4.0.10.in-addr.arpa,
/var/named/localhost.zone, /var/named/named.local,
/etc/named/named.conf % List 14~18 IZ/R3. I b6, —
B 2O R/NROZETH 5725, 7% v b DNS #—
LTI THS.

JV— b — NEFK T 7 A )V /var/named/named.ca 25 D
EPICLEL DA, wH D https://www.internic.net/
domain/named.root DNEX I — L THWA,

22

# DNS ¥ — NOIEARFE 7 7 1)V GRAKROIHE O A k)
include "/var/named/rndc.key";
options {

directory "/var/named";

allow-transfer {

none;

};

forwarders {
133.31.57.13;
133.31.57.14;

};

}
view "com.apple.ServerAdmin.DNS.public" {
zone "." IN {
type hint;
file "named.ca";
};

zone "

S

.0.127.in-addr.arpa" IN {
type master;
file "named.local";

allow-update { none; };

=

zone "4.0.10.in-addr.arpa" IN {
type master;
file "db.4.0.10.in-addr.arpa";
allow-transfer { none; };

allow-update { none; };

zone "local" IN {
type master;
file "db.local";
allow-transfer { none; };

allow-update { none; };

zone "localhost" IN {
type master;
file "localhost.zone";
allow-update { none; };

MacPorts @ bind9 % 1 > A =)V L7261, LEEO /var,
/etc & ZNEN /opt/local/var, /opt/local/etc [ZFi A
2h. B, INOLDORET7AINVDF —F —IF named 12 L
TBLLEXH L. 72, MacPorts bind9 DNS 4 — /\DiLH)
&, DToa~<y FEEFFELv,
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["/o sudo port load bind9

6.4 Ny TTvy

THEHICDNT

macOS Tl Time Machine £\ /Ny 7 T v 7Y AT LA)Sf
2N T, Time Machine 13, A b L — 4% =375 SMB/
AFP 70 Fa Vi H LCEY YV IINy s Ty TAM L=V %
PRAET 2L MERTH L. FHD 1 NP FE5T 20582
WZBWThH, ALY V=W EHHT 2K 74T~
M oid, ANL=UH =PRSS 8y 2 Ty T AL —
V|2 Time Machine ZFJH LTy 77 v T & o5TWnh.

LHL, THUET AT LEROINY 72T v ThDOT, Bz, 7

LY P—=FDER= LI T TIND3d o 728 ORIHIZR - 252
Mh. ZOELIBYE, RI—FOR—LF4LZ NJDNY
7 v 71 rsync (1) % LaunchDaemon % 721 crontab(1) %
WTTZIE XV, ZOB, rsync (D) ICXBHADNNY 7T v 7
%, BEAET LB L 20 5 X ) IERTIUTEF TH 5.

BARBZIE, DT o3~y FICHST 2 038 % B HEHER T
PR THT Y NTEIAT) 28 s, PIFId—H taiji @

BT s.

% rsync -au --delete --no-D /Locals/Users_gellmann/taiji/ \
/Locals/Volumes/Teachers/taiji/

7. Y7y hELTDYY L DIREEDAIR

INETOERDOI Y Y EERLTWS L, MICAHRY Y
UHFEND. ZOHE, slogin I2L ) CUI N— A THEF % i~
BB, OB, BOICHARLIREFEHI) ZHEART
{570, BCOYY YORELY Web X—ATHHfLLTH
CCETEMBEOMUHEZRMT A2 LWL 25, 2T
2T, £D< v D CPU BFEVPZEVTWVD & EOREHR D ER
FiuE, FEHEDNO L —F IO L WIEES NS,
F/2, U—=HNVANL=VOFEDPEHEL TIUE, 2—%D

WoTWwWa72Es9) EDOFELAERT .

DIz

L) mAMDT:
, ETOYY Y OREETHALT 5 Web =V Z{ER L

oo EBOR=VD—FDOA ) =2 ay b &K 6 ITRT.
COMHALIZ X > TSN A TEHIE, 3 arp(1) I~ ¥ FIC

Lo TERMEOWREIfTbIA, ZTICLY, BHERTHY
LS, T4y LB LAY Y IE LA Ty b E
No., T, EHTIAWS Y Uy PERSNTWAELAE, TP
7 KL AL MAC 7 FL A% EDHIF SN,

DOFD, IEEWICH T Ay MOEHFEAT, 2, mDNS TH

voe sguoni 1ap. aammstrarors* tocai nome page
R i hiconkeai nabl-ikaciichifloeall B =
[ ] [} Ikeguchi lab. administrators’ local home page UL vaan e Avu_u
- 2 £ Macmini6,2
O 8w hisenkeinet/-ikeguchi/ocal/ I — el e L e Lo
2012 Late Mac m
10.15.7 Catalina x86_64 . vacmini6.2
i ini i |4-Core Intel Core i7 2.6 GHz eemme 16 68
lkeguchi lab. administrators’ local home page | ore Intel Core i7 26 C
2013 Late iMac tishikawa
- 10.15.7 Catalina x86.64 -\mm’z
L |4-Core Intel Core i5 32 GHz 3268
-_— ———
i W — P 2011 Mid iMac kohei
network and machines status / ®*v b 7—7 &YV Y DR 10136 High Siera xee.cs | [0
Intel Core i7 3.4 GHz / 4 - 3268
table: subnet status via arp -a, dig €224.0.0.251 -p 5353 and ssh hostnane ps [ it SRt
IPv4 address  hostname  TimeMachine disk usage 0S arch Imodel icon, year, type memory -20‘3 Late iMac opencamg
= | ; | = iMac14,2 sou
MAC address ‘Eomour date host CPU / #Core model id usage 10.15.7 Catalina x86.64 =
name usage |4-Core Intel Core i5 3.2 GHz 32 G
| — by i
2015 Late iM:
1004198 #banach 10.9.4 Mavericks x86_64 2010 Mid MacBo 12.6.5 Monterey x6.64 e f eilivas
- —liMac17,
90:27:¢4: f:31:1f #Penzias 61.66 GB / 249.2 GB Intel Core 2 Duo 2.4 GHz / 2‘ MacBook7,1 |+ c8 3 HA.CNQ Intel Core i7 4 GHz /| G
=
B So—— PO P — — — E T —_—
10.04.1 ljosephson ece Ikeguchi lab. administrators’ local home page
80:ea:96:e6:a3:1d Brian-
Josephson O 8 www.hisenkei.net/~ikeguchifiocal/ 8w =
100412 \cavalieri ~ [1004.250 higgs [>)
8c:2d:00:c3:00:¢7 24:5e:be:07:44:b8 NASO74488 £ unknown
1004251 navier 2012 Server Mac
10.0.4.95 gellmann = is21 v 411091161 £8:23IN Z:2 18,7 8T8 - 10.14.6 Mojave x86_64
(22:69:08:0c: 571 Gelimann - | 19.08 T8 / 24 T8 4 Core Intel Xeon 32 GHz /| & e ot 48 a
2.87 T8 /3.12 T8 6-Core Int¢ 2 oo S
100497 e - F— 004252 duffing 78.36 G8 / 319.21 G 2008 Mac Pro diradmin
o | 168.75 GB / 999.35 GB 100:1f:5b: 36:06:d0 duffin MacPro3,1
a8:20:66:54:ec:6¢ Planck e —— “0‘57 Ce o 9 nT/12TE - 10.11.6 El Capitan x86.64 | =~ o0
163.12 G/ 1939:86 Gb.__ | j4-Core 8 26178/ 418 4-Core Intel Xeon 2.8 GHz / 10 6B
—| ——
10.0.4.99 wilson 10.0.4.253 ramanujan  |20240318T101959 2022 Mac Studio sima
80:ea:96:e6:a3:1d Wilson E 9¢:76:0e:36:ce:0b Ramanujan  bohr 12.6.5 Monterey armé4 1 et
188 33378/ 8T8 Apple M1 Max / 10 32 G kazuya
10.0.4.100 graham 100.4.254 sharkovsky 2012 Server Mac
- 7.76 TB / 8 TB "
00:26:08:06:4d: de Graham TONTEEl gy 41 bo:16: £5:20 Sharkovsky = iyl 10.13.6 High Sierra x86.64 | | 8y epros, 1
478.88 GB / 639.28 GB Intel Core | 19.73TB / 24 TB 4-Core Intel Xeon 2.26 GHz. 40 GB
_— = —— —
10.0.4.101 landau 1005.1 viazovska
00:26:08:05:79:90 Landau B 10116 El 25:37:37:41:8c:70 AirPort10,115
" : = 1005253 elkies 2022 Mac Studio sima
1004135 brahe 20240318T113017 | ﬁ ldg-ec:Se:bé:9e:52[Ramanujan 12.6.5 Monterey arné4 -
98:10:8:ef :ed: 70 brahe sharkovsky 3.33 T8/ 8T8 Apple M1 Max / 10 32 GB Kazuya
913311 Ven —
139 T8 / 2.12 T8 4-Core Int¢ 10061 cendall
— s | 70:56:81: c8:0d:5d Lisa-Randall Airports, 117
ol e 1006.112 household 2011 Mid iM
g 6. ouseholder id iMac
38:79:43:01:29:9d bernoull ousenoldar
12178/ 2.12 T8 91331 Ven 7c:c3:a1:9¢:91:86 Schwarzschild 10.136 High Sierra x86._64 —wmz.z
e g e co 16T8/2T8 Intel Core i7 3.4 GHz / 4 12 68
== hoos.125 carnish 12,65 Monterey x86_64 2015 Late iMac Nina
1004137 stokes wsossgtiazes | 199612 . et |
[ A . - i]3AVenn 58:40:4e: ed:c9:6a whitney 77752 G8 / 2.12 T8 ore Intel Core i iz e ivoc17,1 w0 G |
e o Nt 1006139 borevich 2018 Late Mac m tepra
100.4.138 huyoens 20240318T113601 04:83:¢7:6:d3:39 feynman | ié&a 1 Ventura *“U; " Macmini8, 1
PN oome S O 91331 Ven 10035 68 / 250.60 G -Core Intel Core i5 3 GHz / 32 68
95.63 GB / 250.69 GB 6-Core Inte
10.0.4.139 feynman  20240318T113316 description / &t
£0:18:98:0:e5:Se feynman navier
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87113452
91331 Ven
-

. |

X 6

91331 Ven
100.15 GE / 250.69 GB iﬁ'c"’e Int% Bonjour 4 4% ¥ >4t MDNS (multicast DNS) AT 3 Y Y Y& T, hostname 4 7%y k90 DNS (Domain Name System) T&Y Y Y I ERENTWBT

AR%&TF, FQDN (Fully Qualified Domain Name) & LTHY 71 v 7R Clocals hEET, Y72 b 1004.0/24 DEBETRIKFE L TARICESTVET,

local 1—HREIVVIR—LT (LI MU ESDFNVIY METT, console 1—FREIYVIEFRY hy AT YROP AT METY, ty I—HFEEEKIC
slogin D71 L& kU4 —E R (Open Directory) D7 HY> h&TT,

PT2y FEBEII O DREERRIET 2T T4 X— b1 FOHRFO—FB

macOS BEHED T AT L7 A 3 ¥ L OBEME{E 2 FIH L Twb.,
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HEMETLIHRANTHALI L, HIZ, ERTICHEITI VD
CPU &, AEVYZEM, 2 NL—Jofifknz &, FIfE L
EEIH A 2 AT AL & LB (27 (46) ~ (48)

8. ¥ & ®

KETIE, macOS I TA Y ¥ all NFS w— 2G5 55
BRI RS Y N7 — 27 OREEEIC OV T L 2. 21UE Unix
I2BIIA NFS DX ) L iy — Ll €8 iz
THLDODTHY, HHIZ, macOS TRA LEA I NLH 7% )5
EHALBWE ) ICHE LT H 5, B, v v
HEEDNFS 7H I VOT 72 AREN 5 IC@mETHN
&, 5.2 28 TlRRALI BRIy RY) v ) 7 D)EIER
TTHhbH. LoL, NFS Z#43 &, NVMe SSD 0 1/5~1/10,
SATA HDD O 1/2 D7 7 L AHEIC 5 (FT). ZHZ &
Podb, KRETRMLZTEYFFEYF RN 2] & [
YRy I s BERNTHEEDVGDD.

F72, ARCIEMN L0720, BiBbovy roiE L E
A2 TFH T ORIERFRWTH Y, EBRIZIE, ssh(1) &>
WA )T hBIRPTEE L EHE ABINICIT>TWA, 72
7L, macOS 10.14 Mojave 2° 513 GUI /& 7o\ L ZEH A
KRR EDTFAET A LI >TWVDE, TD L) a1,
JE=FFAZ by ALY~y vicars 4L, FEITH
EL TV INICHEE R, HICIE, SIP Oz Lk, %
WAERIC 0S @ [HIHE—F] 25 ThWEEBATETH
. ZOX) BRESIE LAY~ Unix & EBFFELZ-> T
L. LhL, 2OXIREFURMED, EXFaU T E0n)
BEPSIEA) Y NP LEAEEZLZENTELTHA ).

T, #£3.2~3. 3/ TNFSICLAYE—PDF—LTFT 1L
JMINOTAZ by Ta s A Y HEECH S22 LR L
7o U, TAZ My Tu s Ay 7ute A5 NES ISR LT
WHEWZEIT DT, NFS~<Y Y M2 HREITITH) 2L T, Hizh
QU—=HIWVIZKR—=LDDHILDDEIITAZ by 7Tuars A vk
PATSENT L W EEDN A 2D LN,

F, EHLE, BAELIHALTETNFS L5 E—
FR=LANDTFTA7 by Ty Ay eilAhizhs, —2blIL
Twaw, Zhid, AFP & SMB PUFCI3A—2 71127 kY
1 /Users/$LOGNAME (Z[H%ET 5 &\ ) Ak & 25 T 2 & i
Ehn. FEE, AFP & SMB Tld7 , NFS Tl T8
T /Users/$LOGNAME |2~ 7 >~ F 954 &, macOS 10.14 Mojave
FCIH)E—bPbR—2 - TRAZ vy 7Oar A4 EESI Lz L
L, macOS 10.15 Catalina PLfF(ZZ 4 C & shifill EIFWI 12 X 5
RS DLEE o7z, Ihb XY, KT E— FDk—
LATFAL 7 FPI)ANDOTAZ My Fus A4 JFEEHRE LTER

(7£27) : ZoW# ki HTML “%, ECMAScript (Javascript) 47, cG1 4%
BEET 7 AEEOMAEDETERLTWA. ZOMMEAROEETI 2 VW0
TIITREET 5.

(1£28) I AR TRIFEEND R Y b T =2 IZDOWTIRRT E 7225, FFEE42 513
CUI, GUI & 312 slogin KUY, Z® ssh K= b7 47 —=7 4 ¥ 712 Lo TR
DIENTEL., T2, ABOFETE RV, WO —EATHLLZ T Fi L
AP AL bWRETH 5.
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WHETH 5 LT TV 5.

R%IZ, Unix 2BV T, HHES FOTHAEIR GUI O
ARV —=vareHesis, #hizrzr s ba<x s o428
R, —MWNRVEE - v A7 2BHEEL CUL THIFRMIC
FEHTExHCHQT 55T, slogin C & 1UXREIZ 2 VWD
ThobH, GUL TO—RHEFHPEH LG H 50T, K
Fi7s macOS ORABRE O HIZfiliitT, SMB, NFS 2L 5 1) E—
FR=LNDTFAZ by 707 A Y ORREH K= MIO%H
52 Lo TS,

B, AT A K- b A M % https://www.aihara.
co.jp/rdteam/ieice fr-2024.ja/IZ TR L TWHDT, Z
L5 BFIZENI.

BE AWOPFIELT, ¥ =R FA T by D
BE - HHEOBTRWETHW:, BHFEDK, HENER, &
B, EHAMBRKZIZLOE LR R T s L
FRHBIOIEE O LA VN —1E#72 L 7.
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Proximal Decoding for LDPC Codes

FOALLIE Tadashi WADAYAMA

LDPCRZD 7= Dtz

TTXANZU N KETIR, EESPRELZ LDPCHED 2D DEEIRESEICOVWTHEHTS. ARICETIHN

(Wadayama and Takabe, IEICE EA, no.3, pp.359-367, 2023) If, 2022 FEETIERBEEFSARNELFEL . MR#E
ItHIE AR 2O DIREREEIE, AN—IEEBEBRE EOEMELBRIFEL L ESLEAF CRLEKFIAIhTE
TW3h, LDPC HFENESHEANDERIE ORI TAH (ERI LSz, BREEOKELZ T4 T 7L, BIERIC
WISTI2ERBOIEEFSICHICTIHERT Vv IV IXNX -, 55 2 BMBEHICH L T, EEARELERL
TRERMEEFTD ZE L ELMRAEREEEES 4+ FRTIAILHD. BXHO > ERHEETICEE TS £ T,
LEa 75 XORBEHRICH LU TREBSEEFHTIZEN TES. STEREROKRE, BROEREE I XTLICEW
TEE% LDPC 581t MIMO BEERICEWTT 777 b X424 — b THBZBREFE (MMSE EE5#EEEY -7 70
NG =2 3 VESEDHAEHEFE) CHRL T, REBRSEIEZLESHRENWEESASIENTREINA TV, F
7=, BBV AESEEBRPCHEHEEETIREREE, DENLBEEZOEBR I EYE TH 2 BEEBRADHEARICOVT
HZOBEMEPERIITRI N TS, BIC, BFEEE, TOVIEHEERDLE LAEENPTEETSH Y, GPGPU (General
Purpose Graphics Programming Unit) ® Al 77 €5 L — 4 G EDRBFZZF L ZN—FT 2 7IC# L = REES
0. RERFEG EOBBFERM EOFRMEDLS <, 5%, ZICHICETIMRADERY»HFE LS.

¥—7—FK LDPCHE, BE7/INIUXL, TVIEH, HEQEZE, Al 77t7L—4, GPGPU, #REEMR

Abstract In this paper, we present an overview of the proximal decoding for LDPC codes proposed by Wadayama and

Takabe. The related paper (Wadayama and Takabe, IEICE EA, no.3, pp.359-367, 2023) was awarded the 2022 IEICE
Paper Award. The proximal gradient method, widely used in signal processing for solving inverse problems such as
sparse signal reconstruction, has been applied to LDPC decoding problems for the first time in this paper. The core
idea of the proposed method is to perform approximate maximum a posteriori probability (MAP) decoding by applying
the proximal gradient method to iteratively minimize an objective function consisting of the negative log-likelihood
corresponding to the communication channel and the code potential energy function corresponding to the code. By
appropriately modifying the negative log-likelihood function, we can apply the proposed decoding method to a wide
range of communication channels. Computational experiments have shown that the proposed decoding method provides
a significant improvement in decoding performance compared with the existing de facto standard method (a combination
of MMSE signal detection and belief propagation decoding) for LDPC-coded MIMO communication channels, which
are important in modern wireless communication systems. The effectiveness of the proposed method has also been
experimentally demonstrated for communication channels with colored Gaussian noise and nonlinearities, for which the
construction of efficient decoding methods is challenging. Furthermore, the proposed method can be implemented using
tensor computations and has an iterative structure suitable for deep-learning-specific hardware such as general purpose
graphics processing units (GPGPUs) and Al accelerators. It also has high compatibility with machine learning techniques

such as deep unfolding, and future research on practical applications is expected.

Key words LDPC codes, Decoding algorithm, Tensor computation, Proximal gradient method, Al accelerator, GPGPU,

Deep unfolding
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EEZD. TIT, gla) EHOTHAOEETH Y, B ()
AT AT A B 87 (21). (2]
2 DRMERIE I 7230 DA, KA

Ti41 = prox,, (zt —YVg(ze)), t=0,1,2,... (23)

W& G265, By OEFILD, DLEOKIEIZ
£z DS ERORMEREO Rl RO 5 2 & A%ER &
nTwnsb,

EHAREP SER SN TV TY AL E LT, A8—AfE
SHHTVTY X423, 240 LT {m5N T A ISTA
(iterative soft thresholding algorithm) (25 %% 2. ISTA ®
R L 72 B LASSO HEIB 291k, A8~ AMf% RITT 2
L1 IEHMLIE 7|z & ATWS. 22T, 7 RIEHEomE
RIET 5 EAMLRECH S, ISTA 13V 7 b L EWEHK
N+ (z) = sign(z) max{|z| — 7,0} & &L EXR

Ty = 8t + ’yAT(y — Ast) (24)
St41 :n'yk(rt)7 t:O717"' (25)

THzZHNE., 22T, ARBIATH, v 3B~ PLTH
5. V7 b LEVEBBIRERLE ||z, OEEEETH L.
HTIED DD, HHE, WBEMICHET AEoB )T
ISTA #WFgext R & L C—Ililh-THh 28, ISTA 0EZ )
12355 LDPC 5 DT HED T REN & % 2 1550 7= D AT H4)
B DRSS DG & 72 o 728 ZOERTIE, T Tl

GET7) X0 EM EHaREOFHBIZOWTIIA 21X, LHk(21), (22) ki %
ZiZENT,

(8) : 2020 FEHA HEBEMICHET 2 50HTOBEFPWMLL LY Ly FA—T v
ALL T E 72720, WMEHIHF 5 a0l & B i L GRS RE 5 Lo % 2
y—hL7.
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B ES 5 EEE ISTA SO TIE LWEHZ2 b 5, Wit
L DETHEUEEZ S OTVTY AL EL>TWAS,

4.2 HEABEESEDF

L MAP 185 [ (16) & BABRIZE C 7201218, e BT
TO—FNH N EL. Gl AL, AEECYDFHAE L SN,
ZNIZOWTIIRE, DERMRESE(gradient flow decoding)
DFTHIZEDSED STV 5B (20, 2 2T, EHAREOFHH
2 & B/ MEDFEATIZO W TR 5.

4.2.1 EEQERESEOESH
CIZTEZLHMEKE, Llx;y) +yh(x) EVIEE LT
B, EELHREEOL VIR, yh(x) OIEGEDLE
E B, COHIZBMELREE O > TB Y L0 Rz
FEEGEENT 5 L BRETHL. £ T, yh(x) DI
AR ARAT v T2 0 EMEY L7z

prox. () = & — yVh(x) (26)

DTN CTRAHT 5. oMz mBRa R g (23) 1@
T 5 & CEBARE 5O AR LS.

4.2.2 EEARESE
WA RS 5 (proximal decoding) 1%, KR

rHD = g(B) _ G L(s(); y) (27)

s — (4D _ A gp(pt+)) p=0,1,2,...
(28)

TEFZRENSL., 22T, @27 ARETAT v 7LIER, =
DAT v T, B ) EORMUIZES$ 5. —7, X (28)
EREEEA Ty TEER, COAT v TRFFHEADT] &4
ARuEARBE LTV,

BHRAR7 MV s L, HEETAT v 7T, AW E
BB OARNIED E QD ) BEAVNE L 2 J IG5k S
No. —J, HHrlEAT v 7T, EERXZ MVISEWES
EALBET L. DEOCODAT v FEREICET AL
I2X 0, BB ERBE RAMET 255 AN O DR AR
NB (9 4).

BIZHERDEBY, KTy v VTR VF = h LN
7 MV VRIIRIFEL(EETE L, L2os> T, Bxkw ) E
MEBOHE VL 5% L CRHETE2BEKTH L 51,
L OEARE IO G SR ENE L (TR TE S,

AR (27) (28) 12HE, AT v 7REE L TER w, v 2 &
FNTVD. TNLOEROBEIIETERICKE 2EELS
25T ENFEBICMOENTEY, THEARME T OMH 51k
) LSBT EE L EINARD 5N L. EIRD 72D
13, BREBRIZIED (8T X — FHFEHR, A ARELI D
INA IS8T A — 5 P B0, BRI 8T A — 5 i
L9 % L OFEIFMTE L.

34

o
N

RFEVovIL
oo
ERSTHRE

4 BETORRIIEIBZERNT MLOFE

Algorithm 1 FEEARESE (—HF)
1: S(O) =0

2: for k:=0to K —1do

3 WRAZ BV VL™ y) 25T 5.
4 rD = s — LU L(s™M;y)

5 WRAZ MV Vh(rt D) £7HT2.
6

7

8

9

g(k+1) . p(k+1) _ 'yVh('r‘(k'H))
: end for
. & = sign(s*TD)

: Output @

— I e A R A TV T) A LD TE E DT, Al
gorithm 1 & L CRTEY | FF ¥ v VT3V ¥ — O
FEICOVTIE, 4.3k 4. 45 THRT 5.

4.2.3 HUBRREMEDEEE

MHEARE T EROBO F F Tl BIEINICALEIC
RAGEND L. BBy E 1L L VEPICKRELEDOERK
L, By = [-nn" & n REOBY kLT L., 22T
[a,b) ={z €eR|a<Lx<b} THAH. HED/ VL ||[Vh(z)|
i, RF vy VA VF—BROWEIC LY, o ¢ B, D4
WCIFRICRE (R AEAD DY, LRLOEHEE S 70X T,
ZNHEAEW L AGENE (HRE) £ 7213586828 8)) DEE L %%
ENDDH. FOL)BGEEIE, BENALEER 0
12, (28) Db I

g(k+1) — I, (,,.(k+1> _ ’VVh('r*(k'H))) (29)

BT 22 ENTE S, SHEHAET 1L, : R™ — B, 13 By
O ERL, 1, () = argming e p, [|[@ — o'|| LEHKS
n5.

43 RFLIHNLVIRILX—BEHROHENT L

4.3.1 QX7 bV

AR S EOETOI1E, BxEw S EME L &K
T VB R ICET AN MY, bbb, VL & Vh
PUEE D, ZITIE, AT MV Vh OFHIZOWTH
¥ 5.

(7£9)  EFr® i, ) T A BEEZET T IO T VT XA ERLT
W7zAs, AfiTld GPGPU il @BICEE N 74 REEZ B VTV TY AL
EIRRLTWD,
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BT v v VT3V F =B h(e) DHBLNT FIVIE

T
ilm@) (30)

VMw):<5%#KwL”q8x

LELZENTES, ZIT,
d

——h(x) = 4(z} — Dap
8131@
ieB(k) JEA®) JEA()\{k}

(31)

THb (k€ [n]). GPCPU FHH% LI LAAEARY RV Vh
DFEPNIONWTIT 4. 4 i TR T 4.

4.3.2 KT vILIXILX—EAHDEEA

Hax* € RM A Vh(z*) =0 Zifi/=§ L &, iz 1 hOfEF
HThb. EEOFFiEe e C(H) 22T, 27 = 1(Vk € [n])
E [T enqy @i = 1(Vi € [m]) 398D 0720, Vh(e) = 0 4F
BT, Thbh, FaihNs PViEh OEFRRTHS.

SO & ITHERBE b IIETHEE ORI, KT, £
DD S % S OB E o TWwah. b L, EREDHFEC
TR 51, AERETHIANCBET 2GS A F 37 A
XD BRERBFFEOH I EFEONL. COHLL/E
FEADE|ZRAHRLIER, HWEHRF ORT ¥ VAV F—
HIX, COFFTENDOLIEAARDEL HI2L 9 ICHREKIZ A
NHENTVHLEERDLILELTED.

R s M VIS h OEBETH - 7205, ZOMIGET T
h DEREIILT LA iECTh S L iT—MICITV 2 v, #lz
&, BT 0 35253, VA(0) =0 %l d 7-ofEFmnc
Hb. FHEETREVERETH LIEFEEFELAL, 40
Wtr, BERPIMISIEE L, HRET YA+ I 7 AL B IEH
B FREANOF S AR EMET 2 E2E W L %5 T 10

T ® Ty, BT HH55% LDPCHFL L Tws, =
L, AT S 2ATHIOWE IS, KEIHFIET 5 I
AEER R, RO 2 IR SRR M (Vh(z) ~ 0) DFE
THFHEREDI ST 2EADPH 215 TH 5.

4.3.3 FEBE D5 ERAH
CITE, FEN0L EARBIREMRET 5 720 1 HEK
18 (proximal iteration) @VIZB$ 2 FEERE4TH . BRI N FK—
Z(7,4,3) N3 ¥ TR BT BB
2Bt =P (2®), k=0,1,2,... (32)
EMET S, 22T, Py(z) 3FFEEEAZTHY, 22T
(Bl N1

Py(x) =2 — yVh(x) (33)

CEET A, TabL, EEXEE, h OARIHEH L7z RRE
TIAFIVAERDLIENTES.

1.00 ﬁ 1.00 h 1.00 ?—
0.75 0.75 0.75
0.50 0.50 0.50
0.25 0.25 0.25
0.00 0.00 0.00
5 10 15 20 5 10 15 20 5 10 15 20
1.00 1.00 1.00
0.75 0.75 0.75
0.50 0.50 0.50
0.25 0.25 0.25
0.00

0.00 0.00
5 10 15 20 5 10 15 20 5 10 15 20
X5 ERRICH T DIREXYT MLOELEH (7,4,3)
NI VTR, (6 #AT). /XF X =% 13 0.05
LE L.

FEHERIDTOLBY) THEL., &BTORSH 1 O/ 5k
1=(1,1,1,1,1,1,1) »* AWGN @BEIEE SN b LIRET
b, ZEETy=1+w TH52Z6NMA. 22T w DEMI
[F] 53 A B (2o 0, BEMEMRZE 0.5 DA 7 A AiICHE ). L
KEOWMIMEE LCZEHEy 2L, $4bb a® =y
THDH. WHEE T X AZBIT 2 IREXY by k) OoRisy
OIRZ X 5 1R, MEIRBEA T v TOER L, Hidhid
M i e 71| OEETRT. 77 7HOH—T ik 2B ORGSO
MBI T 5. 5 25, EHRESETORGSH 1 OF 55
NOWHEAET 2 Z EAELETE S, bbb, ThHO®R
BRI BTG F7EaThd 2 1 IS EHFEL T 5
CENBETEDL., hB, EEOFEENY MVIE P, ORE
HThAHILITEESNI,

4.4 FJIETERIEEM

FHARAESEZ ETT 5201003, AR D E-EOL
B VL L AHT ¥ ¥ v VTV — B Vh OBIEIRE 5%
MICEATCTEDLLEDTH L. IS LETHRRZZEI T Vv
FIEAMEE AR AL T 7R T L —% (GPGPU 7% &) W T o)
WEIHADTRETH A M E ) 2L, BEELRA V bek b,

HAHBEE f R — R™ OMEOFHMiAS

o FUVULREE

o ZNT—IH, ax (€ C,xET ¥ VN)

o WEILOMKUEM

o FUVIM, TUVIVE, a+ba—b
LWV BERTUVIVBREOMAGDLE TEITRSIHRETH L & &
12, fETCVIEERBETH L, L) ZEiIZLE). Th
SOEREEL, AR AL T 725 L= Db OFEMED X
WHERHFOR/NMNITESL L GEINR TS, b L, B f
TV NVETEW B THIUL, EDAI T/ ETL—FT
BRFELL, f ORI Z B 7T 2 WA IEFIEHE 23D 25
TTEHITTHA.

ROMEED L, L Vh(z) 137 ¥V VEHETRETH 2 &

(1E10) © TH o O FaRER I, LP #5851 2504555 (pseudo
codeword) & & (T3,
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(JE11) : COMBRERL® 2H0AHATRESNTES T, WSS NI E
TH5b.
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EERLTWAE,. ZORMEDOFEMIZOWTIH(3]) 22 s h
7z,

[Lemma 1] 4B Vh(z)(Vj € [n],z; £ 0) 1&XkD &5 12FH
TLILENTES .

Vh(z) =4exp(z—1 + 2z + 241) + 2exp (w — z), (34)

ZZTCTz,z_1,2,241 &

z = In(x), (35)
z_ 1 =In(z—1), (36)
zy1 =Iln(z+1), (37)

w = In(HT (exp(2H z) — exp(H 2))) (38)
LEFREND.

MAATH) H 13b &b X Fo EOFTHITH LY, EOFIEIZE
WTIE, Fo LOOZRLEDO, Fo EO1 %R ED 1 EH5iAE
2T (Fo Lo 2 JEATH % ER I DIAA T) GFHHEIT-> T
WA LR L.,

bL, VL7 vV NVEETHR TS 5% 513, TR
FEOFI BRI ETT vV IVEMETRE L % ) 5 8RR ik %
AIT7 727 L= THIRLLFEFTELILICRA.

FROARE % GPGPU B S 2561213, M
B MHFEIRBABD W E L % A )Y, PyTorch ¥ CUDA % & T
BEEMOREARFEEZHLZ LN TVWLIOTENS ZFHT 52
ETED. T, FERBEAE EABBEBOFETE 2 R
THiuL, BHIENS 2FH LT LD T » v IVEHE & 91T
THLIENTE L.

HED GPGPU XD AL T 7+ 5 L —# I3 EiioERT ~
YV VB DA O R L WK & 2 TW A HE% . B
2L, FHEIEO L VA= AT vV VEDPEAREE & LT
fEN TV ER, TR eAREIHEIEHT 28T, ki
DT ¥ NVEREROHTEFET 5 &) bEIER=R O LA
Hcas.

g BAARS T 2V IVEIRWTRETH 2 561018, D%
BERZIMNVENYFLELTELEOT, BROFFE,PO IR
KT vV WIZxt L CHEZ IR % —5 L CTIT 9 /8y FALIEHSW] B
L%, GPGPU TlE, SNy FLBAZFHTA2Z LT
FHRFEOUEDSTTRETH L.

WZT vV IVEME T RE R DWW TIE, PyTorch, JAX %
EICHE STV 5 BB HEIECY ICE D EWENT A — %
T AHE 2RI RO D ZENTE L, BTELSENT
YYNEHWETHIL, ERERZEH TS LRLH R
OV HR—A Y b (B2 R B ) EARL VL) O
DIRADFERELRES RS TH A, 20O L) |ITEHLGRESER,

FUVIEIETILRUTHY, PDAITLRULT VT

VALERS>TWAS,

BEICR7: X9 1 EA RS TR, WRET HEERKIIIEL
T, BWH0 ) ERE L 2D HA A LT, WEulEHKICHE
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BEEDLIENURETH L. Thabh, @BERIIEHLET, VL
REUCHEKRT ATy 7%, wWhiX, 73797 RTLA1IIC
WOHEZLZET, ZOWBEHICHEAELIETTIVIT) AL L
FTHIENTED. BEKOTEEIC LS 2 iEm ik EEy R
EELEOEHD—DTH 5.

5.1 AWGN@fERET IV

ZZTIE, Hilie AWGN @52 $3E 2 ThIV. 4G
FEa € R™ INA K—F LDPC 50/ 5EE L, ZEiEy
y=x+n L LTHGZHNA. 22T, n ZKERITN(0,0?)
VZBED T AMEZ R MV TH 5.

Algorithm 2 7> VILETEN— L AHEAEESH (AWGN)
1. 89 =0

2: for k:=0to K — 1 do

3 0D = g0 g0 g

4 RO L) IEHEERET 5

z = ln('r(k"'l)),

z_1 = In(rFtD) _ 1),
zZi1 = ln(r(k+1) + 1),
w = In(H” (exp(2Hz) — exp(Hz)))

h:=4exp(z_1+2z+ 241) +2exp(w — 2)
s+ = pOet) _

5
6
7: end for
8: @& := sign(s())
9

: Output @

DL E, AWGN #BEKIZBIT 530 MAP E5811Z
. . 1
& = argming e 3ll@ — ylI* +vh(@) (39)

Lih, COBGVily-z|P =2 -y kb EICEET
% & HARAE RO K

rpE+D — (k) —w(s(k) —y) (40)
s(FHD) — p (k1) _ gy (pktl)) (41)

L%, EMEOEIUIT RS S 5205, @FH s =0k L
TBLEL VI EWPERWICHER SN TS, ZOBAIE, A
WD ) FEE B OAIA T vV VETETTRETH b 720, HFH
R E LCT vV VEHHEITREL 2o TV D 2 L AHERT X 5.
KT X VI AV F—HEOARRE HE 1 2 FH L7
Y& % Algorithm 2 & LCTFEFEHTWwh, 21X, PyTorch,
TensorFlow, JAX ZED=a—F )4y N =7 DizdD T
L—2u7—=27%FH3 1L, GPGPU I & /Ny T % 1] fig
ETARENRESEO T ST LEEIIFESHTH L 2,
A BT EOE TR DWW TIE, AWGN M#EKICE
WCRYE ) =7 7uny =2 a VEBHEICRERV 0D, It
I RIFZ Yy FERY FREPR OND 2 L DV ERBRIY IR S

(12) @ XY @ds GPGPU E#A2EBT 57201218, C++& CUDA 747
TVIEDSEL ARV TO T T I VPR EE R D,
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NTw5E, Yy ) REEOWEDO 0 I12IE, BBESE
(multi-stage decoding) *'¥ OE 2 b #EHTE%. T4b
L, MBRIOEEARETEZFATL, 2 THT TS v ol
BADRE) =7 TNy =Y a MEFEEFIHT L0 T
TO—FTH5.

5.2 MIMO BEEEFIV

RIHERGEAZ TEMAWICEEE O MIMO &fEi&Icow
T3 4. T2TIE, HBZEHEICT 5720125 MIMO
WEKET NV EEE L CTHB 2 5051433 52 175
ACRHX PHZENTWEEE, [FHENT M a € C(H)
FIEEHICKEL, Z2EEF Yy = Az +w 2 BT 5 L GE
L&, 22T, widEmAGEr 7 AMETH 5.

Algorithm 3 7> VILEHEAN— X EEGEESF (MIMO)

1. s :=0
2: for k:=0to K —1do
3. D = 50 _ AT (A — y)
6 ROES CEHEE T B

z = 1n(r<k+l)),
z_1 = ln(r(k+1) —1),
Zyq = ln('I'(k'H) + 1),

w:=In(HT (exp(2Hz) — exp(Hz)))
5 h:=4exp(z_1+2z+241)+2exp(w — 2z)
6:  skTD = p+D) _p
7: end for
8: @ := sign(s())

9: Output &

SO, MEDH Y AMETHD I LH LY ) EKE
p(ylz) = aexp (~blly — Az|?) (42)

EVIORELRD. LIzhi> T, ZOMERISIET 550 MAP
5N,

. . 1
& = argming cp» EHy — Az||? + yh(x) (43)

L.

C OEALRED BEEIE, 23— 2 F5HIMEICST
% LASSO fi#ifl & MR OfELZ b o T b, 2 O LiE
"5, HHISEBRAERE T EO KAEAD

pltl) — (k) _ wAT(As<k) —vy) (44)

s+ — (k4D _ o gp(pktD) (45)

RO LD, AWGN BEBKOYA L FRICT ¥V VEHEN—

AR A R 5O Thi & % Algorithm 3 12783, AWGN il
BB TOTHE L OEVIE 3TOOLHEFEHFAT v TOATH
b, COHBEHRAT Y TH TV VEETRETH L0, H
FIHLEART S 7 ¥V VEIEM ] FETH 5 H15),

Ewmx® Tk, 2o LDPC %5 MIMO @EHKIZ B3 5
HRFEBREAT - Tnb. HARESEE, MMSE filigis ©
V=7 7Ny a VESELD SENIE SRR R R L
TEY, BAFHELELTOHS e 2 L2URsnTn
b, EEBEBROFEMIIOWTIZFAGHT® BRI,

5.3 FEEHANT FIVEBEBRETIL

HEHLEEICBWT, BI2I1E8T —7 v 7OIEREN, PAPR
EEH 7V vy 7 A S NS EEKICE W T,
y = flx)+w Lo BRI f : RY — R* ORE
MWEINLBERLDH L. 22T, w IIMENHEY 7 AME
Thb. 208 lERIIT 27 HEIX—KIZIIEST
37V, EBARE S EOBEIIEIIEATRETH 5.

C DG O A A 5k A

P = s — WYy — f(s"))? (46)
sFHD) — p(kH1) _ gp(pth) (47)

EVIHIBICR S, SITHBEELLDIE, Vy— f(sF)|2 D
FHMiSFTEENICEDICTEL0ED, W) HTH L.

FFMWLHEL LTIy R-3 > b7 A XIED 7 —
AREZD., Thibb, flx)=g(Az) EETHEHEITONT
E25H., 22T, g:R— RITMESN LI (B 2127
Ny ¥ ZHE) THY, 3R bTA RFIEIERT
2b0LT A, TOYAE, WA OIS

%VMr—MAwW2:—ATKy—MAwDGQTAwD
(48)

ERD, T, WATOWE TSV VEEERET. Blig L g
DEFHTEOWMAINELLFIHRTE2451E, o4~y

FVIET vV VERERE L g & ¢ OBEHETEORMMIZ LY FHE
T X 2 (ik16) (34), (35).

E) MWL r—2%%z2 5. WE, f(x) PEFEN % EE
Tz 22V THATEETH Y, 22 BEIMSHEREB2 2Ly
SRICRIEEMICAREEASTRETH A b0 L e L L 5. FlZIT,
f@) PERB=2—F W3y T =7 TEBEATVL LI %
F=ATHA. 0L BEEX, BHEGRE T HEOS ST
IZBWT, B R CORBMaEHEIc LY, ity
MV VY — f(@®)||? ZFMET 52 EMTRETH 5. BEHOY
HEFLN T T LMETEL T —AIZBWTH ZOHENIF
MT&%.

(E13) : WEHBBNDEROB S 2S, v v 7)) v ¥y 757 E min-sum H77
o b BB THEEERNICT T v 2 2 XE) OB FTIESR ETEBICFHH SR T
w5,

(7E14) T ® THRH SN TV D L) LB OBE MIMO JBEKEF VI,
ZTHIIT A FEH MIMO BEHKE 7V RS ICERTETH 5 B33,
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GELB) 1 7 ¥V VAN — 2B AR EOEREG & LT, B ERKICLD
PyTorch #%£4% https://github.com/wadayama/proximal_dec 2T/
ENTVLOT, EEIZHFREBLHDHIETHH % THMIHE 72w,

(16) : HHRBKROBEE, v 1T 4 A= BV OMgH & RIS 5L Eh D
Lz, BipbBLeb. fL IELH(35) 2SS zwn.,
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JEEBFZ2—F WAy bT =2 L LTETFTMETE LT —
Z122WT, EmX® TIEERFERIREN TN,

KRETWE, EHEABE ST 5 5% ogEo FitEico
Wi L b,

6.1 ESBERICET 2EEDRIL

IERARETHEE, WRET L5277 AL LTLDPC 5
ZEL TS, Zhid, BETEROMNR, BeiETyz b
O FOHEIE, HEMWELIATSTH B L) BEHE RIS
HOVTWE, ZOMMIE) —7 70 sr =2 g YEFED
e & BT w5, EHARE T L0 BB, ZEEo
IR THL NS, HETIEABW TIN5 EEYE
SR APHIRSNTLE) 22D L. T, TELR
PEBED ML 553k & i L 723858 O MRS L EIN 2 7 - T
5. BEATHIOBED BTG DI, T OR/MIR—A X2 P2
BICELDZDDEEZLNTWAY, X0 BERAAZHGE
BEMDDLVENSHDEEZ NS,

B IO RIS 2 M 2 MR A RO 5 2 L d,
L EAE GO SR DI LIS DR B 5. P2,
SCHE(36) T, MEARETEEEMLZTEICBYT, TR
BETFINEZT VRO LICHRTH 5 & v ) EEFEEAIR S
NCTwa. Thid, 5T 2BETHIC, b & OMEST
FIOFFR Y MVOBIERES & = B TUETEBINT A EI12k Y
IHFEREREOBI LT 2O LHRE T, Tz,
Noisy GDBF 514D X ) |ZEBED SDREEIT) 720
DEFFIEDBINE —2>DFHHTH 5.

F72, HRR T, TEARMESEL, LDPC 5O & &%)
FLLTWAN EIROMEN Y % R RIS 2L, K DIA
W7 TADFFFNDOM % EZ TV ZEBHKRTH S, Bz
E, R—FFEIMIE T & 2 T HELRMETEOMIE 2 &b Bk
HEWTF—<Th5b.

6.2 REERRICEDCAE/INT X —2D&RHE{L

K

EHARAEGEET YV VERE 7LV R THY), 2072
VRSB HE T B MR L v, ETEICEALND
FiEE, ERRBIERR (). (39). (400, B TH 5.

#FERMF (deep unfolding) (4 6) (£, KIET7 VT XA
HLUTETNN—ARBFBRTMOFEZ e @B L7277 va)
LR DO DFERTH A, KET VT X LOEFHILH
TOL AR WEGEICERT AT, EE=2—I Ry b
T= 7 EFVICEM LAY VT =2 EFAMEOND, FEE
HIELEE R 3 =Ny F 5 i 2 & O REME ) 7 I S48 el % 5l
M3 a2, RAERIT IV TY X LONEOFEH{EINT A —
5 RS L EDREE B b,

WHLRIES L, ATy THARELCTw l y D DD

38

(b) REERRICEDCEE

(a) BEfEE 423
REBZILTVI LA

A Cl—
A A c
FAmIC
N—T=EM o |00 ®
Al [4 ,
e AN /!
B3R

ATF4v1Y
RESEEE
SGD%ZFIA

6 RERRMICE BN/ X —2&E1E

G R
TITY ZLDOHNEINT X — 5 % R B
(SGD) ®iiu{rikd e FIN L Tk 3 5.

FrRIL
Y2alb—vav

THACES \1?.’;/:5;(—& '_.|7r7—:-4~/$3|
F R ILER

GPUIL& B Y7Ly 1 LB E

TA=FZNERIZE ATV S,

2H 55 C .
Z e, - T !
| - |_.|aig/wx—y '—.l F—5N—2 l_:.l,&&mma%ﬁl :
__=———__ 1
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Decentralized Identifiers (DID) &
Verifiable Credentials (VC) D3RR

Current Status of Decentralized ldentifiers and Verifiable Credential
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77X MZY b Decentralized Identifiers (DID) & Verifiable Credentials (VC) I, T 1 2N TATF T4 T4 DFHLWE
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1k, BEEZ O b, [CHEM, RECHAUCOVTEHRT 3.

*—"7— R Decentralized identifiers, DID, Verifiable credentials, VC

Abstract Decentralized identifiers (DIDs) and verifiable credentials (VCs) are attracting attention as a new form of digital
identity implementation. The traditional model concentrates on managing and providing user information based on solid
trust in the entity providing identity services. The VC model shifts to a model in which the roles of the issuer, holder,
verifier are separated. This model allows for fine grained control of digital identities. At the heart of this technology
are the DID and VC data models, which are being actively developed and standardized along with various related

technologies. This paper outlines the background, standardization, related protocols, application examples, issues, and

discussion points regarding this emerging technology.

Key words Decentralized identifiers, DID, Verifiable credentials, VC
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ENTw/z, Ly, avEa—%2%y N —27 TiHERSIN,
FABESEAASNDINEST, Tho5T T A > D0 DONEHRA
I 2— Y THEEINE L) IZhoTwnoZ, FEND
BRI, BRI T =37 7 F e hmElb L, BETIE, #
DO TL—LT—2Tdhb OAuth 2.0 8 &, OAuth 2 F
YRELEZTAFY 514741 A4YTHA OpenlD Connect (¥
WL LN D L) IR, ~FEORIETHA LY — AT
JEATEL LI IZRoT.

TATINTAT T AT AEMMNEHENLDI1E, EHIC
BIAT VT & N7 IR O IE S 1% % WGE S 5 583F, FARE & 7z £4k
Bk A R BIRANOT 7 2 AMER 53 5780, 2L T, TR

(71:3) : AFisCiE 2023 48 12 A2 5 2024 4 3 A0 THEEL 7.
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OO BEEELEIS L TERT 228 THs. Z0LH
BIBEEARNDDD DL, DB DTSNLEHEIZLD, M5
PORFEMEREATZ B BRI L o TIHATS NIz, BEREHE &
LTHRBTE 2.

2.2 FRAEDT 1 Y 2MEEEELL

Mo, fia RiEAEPREAT SN, HbhTwd. FHilf
B2 v % 5I1E, £ ToOIETT 1 V7 Vb
7259, FEHEDT 4 VI MEE Vo TD, BOVDAT v TH
HY, AV MRLE L. Fio, AEHEOT 4 V8 LB
BIKD A v MIBRFETHETH 5 2 L7275, Mkl g7z 55
FERERICIER L T L B0 E B E 2, FFlo#m %
BEODGBRBICEMT AL, UWTDLIICRBEAD.

(1) BT Hif: 74 Yy MbENB LT, T4 Y IVIIC
FORENDIERE LTHEFTE AL, ava—5TF—%¢&

LCHAM - TS 52 N TEDL LI 5.

(2) WHHRA: T4 VS VERHMOMAIZ LY, HASLE
ENTVEWIEPHERTEL LIRS,

(3) FATHMGE: T4 VI NVBRLIIBT LBFLEDHTH L0
R CE UL, FEWIHRATE R T4 VS VCHEEREL B B
(4) HRNILAERR: FEESEIL SN TV E L) hEHERT
EB591%h 5.

(5) BEOFMEDOMAERIZ L BHRAM R HRO T4y
SVAL ENZ-FEHFEOMEE DI REL 2 A 2 L I2X D, R
ELRDRADPIRIRL TV DhOMRR E, EIICHwLRTY
52 EPMEEARRIC 2R . B FRICEA TR SN T A,
B &) MEE DI RE L 7 5.

(6) FEAESEROBEEAL: AT OLE LT O AR E R L7
D, COHEIEHOEHIZL 275 4Ny — O 7 Hs i)
BELZ.

Bz, (1) OBEBOL DX, ~4 27827 L7y v ViR
DA TdH % Open Badges 1.0 254 L, (2)~(4) DB
LT, Fa4YyNVEL SN PDF I & AHEHIE 0 v
BL, Ihbid, EHIL, —EREERLTVDLEVREES
5. Open Badges /i & 2.0 WV CTF 1 ¥ ¥ VELFRH b
NB LIl otzt0 (2)~(4) DB L o T, BIETIR
Open Badges 3.0 2 12) 234 S LT\ % 85, DID/VC
M T T ANY R R ER L THIES N TV B TH
D, (5)~(6) DEHEIZE > T T 2 54ET 5.

T4 T NAL S N EEETEE, AICEDR] S AU7-RERE & WA
DIEMEFLHTE LT L, WEBMTRETH Y, HIET
EBMGEDIRLT VA ERD, MIHNTEBHTELLD
LR H D, —T, TA T ML NEEHFEE, SRR
MENBEDTHY, TIANY—HETD) 27 DI L BIE
HELVIENEEZ S 2MLEV. 2070, T4 1N —

(1£4) :2024/2/29 B5liT, 454 2T v1.0 BEOLLEZHEATLH I ENTE
oz,

(£5) : Open Badge 3.0 3% VC IZKFELTHB Y, “FINAL” A Hi72H
BTG L TV D DT, “FINAL? L) SEIZIAEDT RV EWVIT R,
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Issue Present
Issuer | (%17 _| Holder | (&%) . | Verifier
(F1TE) T RESE) T oREEE

1 lIssuer (B1TE)-Holder ({’R#F%E )—Verifier (1&3E
) ETN

OHBETINVZER DL LA L) mERL TERFFENLENR
EThY, HEREBEOHEMTD, L OBEHPZOHETO
I E N TR A,

VC Eiliz &, 74 V7 MESN7GE#EE, & &% Issuer
(FEATHE) I & o THAT SN, G &7 % Subject (WL %5
FAR) IS T 247 5 22D E5R (Claim) D TH D LEIHTE 5.
WIS, WD T 4 V8L S IREERAR TR, 7T ANy —
LoOHELH Y, BITSNSFHED Subject I2I1Z, Issuer
(547%)—Holder (fR¥EH)—Verifier (BHEH) &9 =D EK
DEEE S LEET A THV T 7L E Db Tng, 2
ZC, Subject Tid7% {, Holder & 7> T\ DIZIIHHNH
5. BIZAE, KREDEFENRNOEFFEMNE 51T L CRFT
% EEZD X912, Holder & Subject 25— T 2546 b H 525,
B THRD/SAF = P 2RFFT 5 L) 26D & 912, Holder
& Subject 5 —H LW r—2AbdH 5.

B 112, THV E7VICBIT A EEGHOERERY. COET
JVTIE, Issuer (FFEBHE % 38475 % £18, Holder 13547 S 172
FEAE IR A ERTH D, Verifier IFHER S N72GERHE £ 10
SETAFRTH B, Issuer |2 &> THEATEN23EHEL, Holder
12 & o THREFS M, Holder (ZLZI2)E U T Verifier (2xf L TR
HELZIORT 5. T2 THHEITNE UL, Verifier (3 Issuer & E
BIZR) D2 LVt 2o TWnbHTHhsH. INITL-
T Issuer |[Z&F LC, Holder %%, ¥ ® Verifier {Zx} L CiFlHE %
WL7Z2ODPEMONDLZ EDBLBY, TIANY—=FED) RS
EREAICE A, 7B, VCIEHETIE, Issuer-Holder—Verifier &
V) REIEICIN R, ZS DFEARDS Verifiable Data Registry
(VDR — BEEi 77— & L ¥ k1) 124F L Identifier (331
F) & Schema (FEHMFHEDOEADERE) IZOWTHAET L L S
NTw2. ZORRISHETHIY S DID FREEIZB VT H [H—
THDHY, 7.2 Tilgmm§ 5 &£ 912, VDR ORLENEILH 2o T
W5,

AL TIEFEL CHY BT ARwas, VO LRk THV €7
VA L72REE L LT, BN OVIEEEREFEE (mDL) LT
%% ISO/IEC 18013-5 13 7%% 2. FEETHESN TV D
mDL 728D 7 > —~ v FTdh A mdoc 1T VO IZHM L TH
D, mDL UANDIEH b WHEL e o T A, B, 5. TullA¥
BAEHIEFATRPORO 72000 71 b 2V THV 7V 5 72
AN 5T A Y o TEY, VC T T% L mDL &
A—=FLTWV3S.

2.3 BCFERTAT>T4T1

HCEWERT A 77 1 7 1 (Self Sovereign Identity — SSI)
L) F =T — FHPDEERRHEIZ % 5 Tz, DID/VC HEHE L
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Difiaix L TWb a2 =74 Tld, THV ETIVIZ L D2
BAPRY, T HVHCEMEM W) SELMA R > TE
TWwhb, —J7, THV EFVOREZ M5 I EERH L 20T,
MR .

BEAEDT 4 VI NT AT YT 147 11%, @, BEOY—¢
ALYTF AT A4 —HF— N0k A P Lo 2GRS |2
PG OO0/ D ThHY), FNLH—VCALY T4 T 4125
LR A S > TWwb b ohs, MEWNIC, 0boniraY
SVTAT YT AT AT BHEHEREZ S o TnwdEnz 5.

BIZIE, v P EOF—ERIIBVT, ZOF—E X&)
MERRIGEHZ IS L > TEHIN TS, LK -T, ZOH—
CZDHMBHOWEIX, ZOHF—E X241t L TV A EHF IR
LNTWL, MOEPOHEGET, TZOF—CAIT 7EA%ER)
LWL BA VNI NI ATHD, TATINTAT VT4
TA RIS THESoTWE L) BRIBEIE, 4287 MIKE
WhDIZHDE5.

HOEMINT A 774 711, #ICOEEETICHY TH
HWEERTAVINTAT Y TATADIERN), 22T, H
HCHIETE 2720 Cldnd, TNEfasficfizs L9
W27 5 BT T ERD 20w,

Bl 21, HEAiot it Twv % 51, OpenID Connect (@) %
SAML M2t aNn 2 72 7L — ¥ 3 YEIOHGNIE, BED
TF—EALYTATAILE o TEHEINTWAETAT VT4 T4
%, ErOVF—VYAIYTA T4 THZITANLS, L)
DOTHDH. HCEMMOLEIE, HETAT VT4 741207
LiEERfFO =y T A T4 &, BETAT VT4 TADHEL
KT LY TATAEDFE—THY, TOTAT VT 471 DH4
BH—VCALYTATATZITANTEHR S L) BTHA Y,
LAY

HOEMMT ATV T4 74120V THRHET 57207 T b MK
EMBICELCLE ) 2®, T TlX, Christopher Allen X
WX BEARFNZR 1LIRTICAD L. LD D 57718, &%
HE(S) ke (16 2 SRIRIHE 720,

2.4 DID/VC Z#{LniEsE

DID BL U VC DL Y AT LIZDWTDifkamld, 2014 4
EHIZ, W3C ¢T3 3Ia=T12FLE LTHEF->TY
5. BEHIZOWTIE, DID & VC O dsF R T ISR & T
WHDT, #]HRLDIZRRHETH B205, KLl 2o
32T RN =T RIS,

VC OIEHEALEFEIE, 2014 412 W3C Credential Commu-
nity Group T7AYK L, 2015 4E1213 Verifiable Claims Task
Force 7’1 — » F &1, 2017 4£ 5 H I121% Verifiable Claims
Working Group (VCWG) 182 THEH LRI EE > TV 5.
B, TOERBTIE “Claims” & MENLTW2AS, #£I12 “Cre-
dentials” & ZFAZETRINT WA, VCWG I, 2019 4E 11 H
12 VC v1.0 25, 2022 43 A12 VC v1.1 19 2@, 2022

(J£6) : KL T, EHREVIFEETA TV T 147 1 Ol CHV 5705, KBl 7
O, FMEEROEN O TEROZ L2 — ALY T4 74 ERBLTWA,
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1 Christopher Allen IC& 2B FHERTA T T«
T 1 DEKRERE] [ENES 7 N

EXi L= L7AFETH B, LT A I F N
ZUTIEAFEELZ W

avbhu—) 2-WE, HFOTAT T4 74, BERD L
WIZBEA A ZE AR L TCa Y hE— VL TE R
% 5 %n

T kA I—HFEFEFDF— I ~\DT 7L ANTE TN
7255w — MFISEEET, HEnsbon
—n

b Sl VAFLETINTY RALEF — T hoEHEED
RSN ITIE RS 2w

FRAEE TATYT4 T4 32— FPLEAE LERICH
OHWE I ENRTERITNE RS W

AR TAT YT AT AT A5 HRET - AT~

FIZE o TRETEETRIT TR S 2w

MEHERE 74774701, BERFTR L, TR
DIELFIHTEDL L HIZTRETH D

HEOAHE 2%, ASOEAERSED LS IS
LUOFEBEICOVWTHHTHLRETH S

/ML TAFYTF 4T 42OV TOTIEDBIRITHR/N
LEDDLRETH D

PR il 4 O —F ORI, ThlEL b OB HIRHES

NEFNE%RS v

F6 ANS v2.0 IS TEEZRITTB Y, 2024 45 2 i)
HEHDPABENTZEZAHTH 5.

DID OFEHE{L#EE, DID v1.0 ®0#f D17 v 3 Y IZFEL
CEFEN TS, W3C Web Payment Working Group 20
ZHLLE LR 2RI, XDLorg ™ TO#MZ#T, Re-
booting the Web of Trust 2V T 0#d 7% Sh, FORK
P LTHRTA M R=SDAREN/ 22 23] PHURK KO
LY, DID fEHEDRE & % 5 FEEAMIT TOXEIEIN
7224 Zzonf%, 2019 412 DID Working Group (2512 & 2 f%
HEALASBAG S, 2022 4E 7 A 12 DID v1.0 28 ST b,

3. \Verifiable Credentials

Verifiable Credentials (VC) 1¥, W3C @12 & o TfElE{L &
TV A, KR SCEHER: T ST % DI Verifiable Cre-
dentials Data Model v1.1 19C& 2 7%, %k N\—T 3 »Th
% v2.0 WOREREEENEST BT, 2024 4F 2 I T Can-
didate Recommendation (B E#H) DIREIZH Y, K% b
AARIZ DWW TIRIZHEE L7ZIRREE r o T h . AEiTlX, VC
v2.0 LI HFIEIZOWTHFT 5.

3.1 VCIZ&+% Credential

VC 2B} % Credential &1, &£ &% Issuer (FATH) I2L -
THRATENT, WHE 7% 5K (Subject) 12T 5475 2D &
3 (Claim) OO L LEFENL. T L, ISO/IEC
24760-1 VT3, Credential i, 74 7> F 1 7 1 OFFAD /-

(JE7) 1 2024/2/29 B TH A MIT 7 £ ATE VIR,
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Verifiable Credential

[ Credential Metadata ]

[ Claim(s) ]

[ Proof(s) ]

2 VC ODEKREHR Verifiable Credentials 2.0 ‘),

Figure 5 70 5.

B DEG (representation) & SN TWBES . VC L1, K5
FWEFEICLY, WEBRHMAIRETH D, O, (ERE AV
TH 5% AW HE T 5 Credential D Z &, §7b B G
e ifED Z & CTH 5 HEY,

TA VI NMEENTFEEL, ERRLBEROREIESTH
0, 7AW —HETO) R DRI BAEHFTF LD S E.
ZDIZD, TIANY—ORHTEINVEELRbDERDL L) IC
L0 CERL TR SN TS,

B, VOO RIET 2 DI%, FBITEVLEIEREFITL 22
I L—EOMIENTE LI EThHoT, LMS NG
BETHANEINIIRL TR, VC &5 - -GS
BZEDERBOBAITEL LD L)1) »—HEL LTI
L0 — &, MAOHKEMEIZHS LTHIT SN2 D0THY, 2o,
DX L, FEAFICRB SN EREBAETE THD
THHRELLDHDTHA.

3.2 VCT7—2E7T IV

VC ORREREZ MR L7ZOPH 2 TH 5D, VCIE—2H 5\
13HEE D Claim 120N1Z, Credential HIADFD T2 AR &
W5 72 Credential Metadata 2S5 4. 2 b2z, VC
WIELWZ & ZIRT—D F 7213 D Proof 7% Issuer 12 & 5T
WRENE. by, VCIE, BITEIC X > THEETRERIET
IRENTz, WEMATREZ Claim & X5 77— DM TH 5.

VC IZHEHL L 72 3L # (document) (&, % A 5 %D Securing
Mechanism (3.5 (2 CT#&) Z#H SN b 2 & THRIETRE 2
KeubIll, T4bb, 22815 Proof BFHET S L
WUEENTH A, —J, Securing Mechanism 38 F i 0 3L #
A, VCOF—%EF NV (VCDM LB EN5) TERENT
WhLRNEERL, W ENZ AL, VCDM HHIZ Securing
Mechanism & 332 CTH V), Securing Mechanism (2 & 5§
12, MEERMEIHERIN TN I LR 5.

VCDM (ZHE#L L 72 (conforming document) (£ JSON-
LD 1.1 29 ® compacted 7+ —~v h TEB &1, @BIEK
BEATATHATROPRYEL % BY41E, application/
vet+ld+json ZfEET A. VCIZBITA2LEDOKRF v 77 ) I12D
WTORRFEE, KFvy 75 ONEIZOWVTIE VC 2.0 T
FEEECHRET A2 ER->TEBY, R¥x 771 774

(£8) : credential — representation of an identity for use in authenti-

cation.

(1£9) 1 2.2 TRL72& 912, WEETREZ S M EICIE U TERRIICIERT 5.
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Verifiable Presentation

[ Presentation Metadata ]

[ Proof(s) ]

3 Verifiable Presentation DERER
Credentials 2.0 <4>, Figure 8 7° 5.

Verifiable

DNy Y A fHEHEECEICRB SN IBTHES A TS, 2
D78, JSON-LD #EMD S—H % VL b, Zhhos
BIZKEY 7 IR DIENTEDL, —J, A5 —F
YT 4 HIREMICIE R 2%, JSON-LD HEJLOD /8 —F D Fff
HEMHECTCELTIY AT A THNE, JSON-LD [EHH DOHERE
)L LMRETH B,

%3, VCDM IZBJ % EEALL SrEBLE COMMEEX
FHIDOIRE R 1L, JSON-LD Ok HWTHEHHET S L) (12
LoTWwWh,

3.3 Verifiable Presentations

FARL72 VC a2 A5 LI2BWT, Holder 2*5 Verifier
WAL CREBEZ TR T A1, VCE2ZDFFE/RTIEDLT
5, R L T\w5 Holder i TH LD %2R LGNS,
O, DO VC &4 TIRT 5 Verifiable Presentation
(UF, VP) v EdbdH 5. X312 VP ORERLEFE % R
T4, BBOHEEZMAGDET VP & LTRRT 254,
JHH 1A — @ Subject Db DAHAGHLELNL L, LT LD
Fl—Tdh BLEIEH V. VP IZE—2H 5 WIEHEHO VC & &
% |2 Presentation Metadata % &, VP 2SIEL\WZ & 2R
—DF 723D Proof T &M 5. Proof IZIEHERE4TH
Holder Db Db &EIND. WEMNEEXAT AT 54 THLEE
7 58541 application/vp+ld+json &\ 5.

3.4 EIREVRAR

VC ORMET ZHEFEDNA T4 M, EIRWEIR (Selective
Disclosure) TH 5 9. IR &1L, Verifier 123 L TORT
BTG E LER/ABRICKS L) b0 TH D, BlZIE, Hin
RFFAE T H UL, EENFFER P HSH LR T EATEN
RS THY, EFEABZHRT 242V, #RT S HEHRE
/NBRIZEE D DD, Issuer 7 HIAT ENLED e W T & & HERR
TELDWKRA Y M ThHDH. EIRWHRIE, HIEzZ ST
B AR I CEET L ENTRTH 5.

WTNOBEIZBWTY, BIRWERO 7T Favid, Hwes
oy 70 b 2V LB PEFRORKB) M A G T RRETLE
THb. TNENIOWTEARWLIREND 705, KIDEAR
Securing Mechanism & b€ TiEimd 2L ENDHLH. ZDOH%
® Securing Mechanism O EARBIDfiFFH CTHHLETHMNT 5.
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3.5 Securing Mechanism &#E8R & L TP Proof

W5 M7 A = AL E 2T VC HBHWIE VP FEE S
T2 & 2R TS 2 Securing Mechanism (fR3 A 71 =
A L) L, ZOFERDS Proof Té 4. Securing Mechanism
1213, T4 VI VBB X UARRGER & B vo Tkk A Bk
Wb H, EEDOLETIE, dRELRDT—=FIZMAT, 1) —Hi
WOV T N LT ENGDLZENTELIRAET, 2) HigY 7 b
T x T CLEL LD TUNT AR, O, 3)BHEY T T
7 ORFHE (verification) 7V T ALIZ X o THETE 2 KEL
R LZFER S v, BIZIE, 774 V5 VERE VA5 E
X, TATVINVELEWRIET AT LI BH, LT ORI
TTHD 1) FEHIHCSNIZEIZO S DV MEED 720 124
RERDERVD Y, LELHHTRFTTHY, AHTHE
&, 2) BHICH SN EMELL, WAL, BRONhE %o T
Wik, 3) MePWICEAPMELTE Ak, ZLT, 4)
ZDEDPLER Gz SN D k.

W, T4 Uy VELEA T 5 L CREHR D&M, F
GOWNRL BT —IDBLTHEEEBARGEET 5L ZIZE Y
FLANVTOR—EMERT DULESH LM THL. NEFE
B 25720121F, BHINTZT =700 L) SNLEKICB
WT, —PETE IRV & 2R T 570, @)% EH L
XEATLDONEETH 5.

W3C O VC a3y A7 4T, HFMIZBWT, Verifiable
Credentials Data Integrity (2% (LI, VC-DI) &, Securing
Verifiable Credentials using JOSE and COSE 29 (LLF, VC-
JOSE-COSE) @ 2 X4 & 5. ZHIINA T, IETF B0 T
i &N T2 SD-JWT VC BV R, Foltikim 254 ¥ - 72 SD-
JWT VC DM Credential Format 32%%% 2. W3C Ti#i &
NTVEZODFROKE VI, LICHPILzE Yy PLA
WA —MEERT 570D AOENCLE., 20k, Zhb
DF R &S D EHEICOWTEHT 5.

3.5.1 \Verifiable Credentials Data Integrity

W3C TH%E ST b Verifiable Credentials Data In-
tegrity (VC-DI) {&, JSON-LD F¥ = x> b & LTEH SR,
WY 2B — EHULH B IS T 6 T F A ML Y — D
th, BAMEE JSON-LD @ F¥F 2 2 > bO—H#IC Proof & L
THETAHETHY, BRI TFAMNEAD T+ =<y T
b, K&K, 7 —% % Linked Data 33 & L THBITX
Bl BHBDBEXRETEL LIRS, HROBELBDIHIZ
BELLIHR 2 EOLENTEL L), HED Proof =4
HHENDLHTHAS. VC-DI R, FHMGE %5 JSON-LD
FTY 7 MO B81EAT v 7L, Proof 7037 4 |Z5L#
$ % 4IH, Proof OBIHEIEIZOVTORENEREN TV,
B, Ak EE VC DAANDIEH S 0THE & DR D 5.

FEHTE VC-DIEARITINZ T, MAGbELHG 7L T
AL E#EHFEDOER Y FTHA Cryptosuites DAL ETH
5. i B/ AT —2 L LTI, EADSA #H\w%, Data In-
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tegrity EADSA Cryptosuites v1.0 34 &, ECDSA # 5,
Data Integrity ECDSA Cryptosuites v1.0 39235 5. L
T, POHEREHAOKRES Lo 70 F 2L Th D BBS F4 30
% W CBIRIBR % B9 5 BBS Cryptosuite v2023 3773
%Y, JSON-LD & RDF B® OBIRA A LT, HERETM
FRRE D A A = AL HHEATE L. JSON-LD i& RDF 1)
T4 = a v BADO—DOTH L%, RDF & OLHIIB;
[M24T2 5. VC-DIIZHBWTIE, ERLBYBRICELENS.

3.5.2 Securing Verifiable Credentials Using JOSE and
COSE
W3C TimE &M T 5 Securing Verifiable Credentials us-
ing JOSE and COSE 292X 2 2% — 1%, itk & b IETF @
JOSE 7 —% > 7 7 )y — 7 GO ST H Y, OpenlD 4V
FOTH NI VTHEMERKDD S JSON Web Token 42 sk
O THL., ZokRE, FERLICES T, MR nsT—4
FEERE CARHEICRIESNSE Z e nE ) iIcnya—741
Y7L T, BHTAEEFNTHL. JOSE ETFA MAR—2,
COSE 334+ iR & bwz b, IETF CHEHELshTWw5
JSON #7227 b CBOR 12§ 2D EFEHLAF— LT
%% JSON Web Signature 43 & CBOR Object Signing and
Encryption 44 2 2§ 2 CHEHE(LE T WA, ZHIZHIZ,
JWT ZFOFH R TRINWBERZEATE 5 SD-JWT 45 J55¢;
122V Th, VC-JOSE-COSE TZEL, L& Twa,

3.5.3 SD-JWT VC DM Credential Format

A BRERTIC, SD-JWT VC DM Credential Format (32
&\ ) 72 7% Securing Mechanism OFEFEAVAR 7z, SD-
JWT Rl E 12 bh iz IWT X=20 70 haViiko&Eo
2, VC DM 2.0 IZI5d 5 b DT, BIMNEATL L fEbNT
W5 JAAES 4O LA EDENLZEbH Y, EETH20IC
VBEBBERENETEL0REL B> T D, MINEATIL L
LN B EEEIENLDLEL-TEBY, SHBOMEROERSY
FEH L2,

3.5.4 SD-JWT VC

IETF T, SD-JWT VC BV &) FF 7 M rspEgRs
NTWwb. SD-JWT %2 ~X— 212, JSON X—Z D “Verifiable
Credential”? 10 24§ 5 72012, JWT THibh7z 7085 1|2
DVTDON—VREEF IOV TORR A &, SD-JWT D1t
5 AR AR (o i B AN R G-

3.6 VCIZH T2 EMERERVWEDY
Verifier 1&, VC ZIEET AF5Z, xR & %% VC 7 Issuer

WKLo TEPIELENTVENE ) P EMHERLIZVEERH 5.
—7J5, Verifier 7*5 Issuer NOHWEDLEPARAE LI TITH

(3£10) : SD-JWT-VC 0Ok Tld, ITHV £EFVEEHT 5755, W3C ® VC
1.0, 1.1, 2.0 #E L 2 WHGETT B 2GR, L &hTwb.,
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nNa&, 794N —REPELLZENNH L. ZOREIL,
“Phone Home [H8” &I T A ASED - Verifier A5EHEH
HOHREZ MRS 572012, FEHEOLE @5 E 2 1
HE L BT Issuer IZHWEDLETL T ) &, Issuer fIAFIWE
DETLEHRNTE L4556, #HEFHEOIEHE L Z TR o720 0%
Issuer lICHIGNH LI >TLED.

KETHED—21%, FEE DA IR % 6 Z o5 7 H R 12 f
MEL THIWEDEAREAEICIT S HETH L. HIOREL
LTHE SNTO 208, T4 =Kl A7 2 &RHT 5
Z & Z38I L7z, Bitstring Status List v1.0 (BUF BSL) 47 &
WHRETH L. ZOHFETIE, Issuer 75, HEDWHITT A VC
DRI ERL72E Y MlE VC & LTART 5. VC 25817
T HENE, BSL ORBSTOFRE, U EOREZRT
¥y MiE% “credentialStatus” & \29 707 4 & LTHD
TH L. Verifier 1§, “credentialStatus” 7U/¥7 1 ZHEREL,
BSL #}if% L, BSL Oy M5 BigatHEDIREE A
T34, T 2T, Issuer |213 Verifier 2" BSL D EDE v b %
72235305 %\ wDT, TIANY =KL A7 2T 5
ZENTEL. =B, BSLOWWNSWERHI A7 2 TiF5AZ L
PTEZVOT, BSL IR 16K /54 b (131,072 ¥ v 1) B
FETHEZRDON TS,

B, 7IA4NY— LOMEES L0, BHFO CRLY R
OCSP 48 & w2 kb L ) 152,

4. Decentralized ldentifiers

Decentralized Identifiers (DIDs) &, # L\ /iztokh112
DOWTOERETH D, decentralize (FEHILAL) Shiz71 T %
WTAT YT AT A RMWEETLO0ERFH & LTEE L.
DID 2k 5T, ARHMikE Vo fis R ERRT 52 L2
TE, 70, TNHMBEHAFICL->TC, DIDO2I Y ha— L%
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Beamforming Methods in the Field of Medical Ultrasonics

E’é“liz Hideyuki HASEGAWA
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Abstract Delay-and-sum (DAS) beamforming is widely used to generate B-mode images using the echo signals obtained from
transducer elements of ultrasound array probes. However, the spatial resolution and contrast provided by DAS beamforming are
limited by the physical specifications of the array such as element spacing. To overcome such constraints, adaptive beamforming
techniques have been actively researched and developed, particularly with the proliferation of digital and programmable
ultrasound systems in recent years. On the other hand, it is also important to quantitatively evaluate whether the methods
developed improve the characteristics of images. Recently, many adaptive beamforming techniques, which often alter the
characteristics of ultrasound images, have been developed. Therefore, efforts have been made to improve quantitative methods
for assessing image quality. In this article, we primarily review recent developments in adaptive beamforming and image quality

evaluation methods.

Key words beamforming, medical ultrasonic images
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Abstract The stochastic computing framework proposed in the 1960s allows certain arithmetic operators to be represented with
very few elements, making it possible to construct massively parallel and power—saving hardware. However, the number of
arithmetic operations that can be performed is limited, and the trade—off between arithmetic precision and the time required for
the operation remains an issue. In recent years, attempts have been made to apply stochastic computing to Al, where the types
of arithmetic operation are relatively limited and performance can be “reasonable” even with low precision. A possible solution to
this problem has been found in recent years. Integrating these technologies will enable us to envision the future of edge Al
hardware that can compute all the arithmetic elements and memory required for Al inference and learning using “stochastic in—
memory computing”. In this paper, we describe those elemental technologies, solutions to issues and problems, and integrated Al
architectures, and provide a bird’s—eye view of real Al applications of stochastic computing.

Key words Stochastic computing, Memory circuits, Integrated circuits, Electronic circuits, Artificial intelligence
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Research and Development on Landslide Disaster Monitoring Sys'ge}n'
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HEOR) A, RUILESICS I3 ERKEE_4U I3y NI JIBEO-DOMERRBICDOVTEHT 3.

F—TJ—FK TBEEEZLVLT, FIMEHAS, Bigt YRy hT—7, HIBEKPEHTE

Abstract Landslides caused by heavy rain are occurring frequently in various parts of Japan, and local residents continue to suffer.
To reduce damage by landslides, a mechanism to encourage evacuation is necessary, and our research group has developed a
landslide monitoring system in cooperation with local residents, which constantly provides images taken with an infrared camera.
In this paper, we provide an overview of the landslide monitoring system and describe our trials to automatically detect the
degree of risk by image analysis and soil moisture content estimation using radio waves, with the aim of detecting landslides
more quickly. We also outline the research and development for constructing a landslide monitoring network in mountain areas.

Key words Landslide disaster monitoring, Infrared camera, Wireless sensor network, Soil moisture estimation

I d U HiE

HARZHIZBWTERIZ L 2 KENBEM 2. 2023
FIZBWTIE, 6 HOMENETH L OHEE 2 512 & 5 KW
R, 7T HOMNEHIC L KN, 729 HICIEHREE 13 5
2L BRI E Vo 72, SEZHCRIEEN 2 K24 LT, 3
INOILE R T K EPLHHE LY, F72E44Tld 2019
A8 HIZFEA L7 JUNALHR SR, 2020 45 7 H O JUIH R H B
W77 TOERZEN KO 2021 4 7 H ORI T TORM % &
WX BMEDFEL TWD. B2 2021 4£ 7 HO KW T,
Blp i CRHABL SIS L2 2 LRI H L v, H
TETIE, ARITIC XL 2B HIE RIS & 2 B s &
D EDMRNIIFEENTVED, TNTLHBE LD NG
MHEDLNTHLDONBIRTH 5.

Fx OWGE T IV — T OFET %L BT RFOMET 5L
BIICHZMT S &, 1999 4F 6 H 254 L7z 6.29 B2 K

WOIE IER R R RSB REE e
E-mail nishi@hiroshima—cu.ac.jp
AR EIEE JRETLREREBE R A TR
E-mail m-kob@hiroshima-cu.ac.jp
ok IEH JREILRERERE SRR A TR
E-mail shin@hiroshima-cu.ac.jp
Masahiro NISHI, Member, Makoto KOBAYASHI, Member, and Koichi SHIN,
Member (Graduate School of Information Science and Technology, Hiroshima City
University, 4-1 Otsuka-higashi 3-chome, Asaminami-ku, Hiroshima-shi, 731-3194
Japan).
TS 0 SR Y1 27 4
Fundamentals Review Vol.18 No.1 pp.79-87 2024 47
O T HHOEE 4 2024

IEICE Fundamentals Review Vol.18 No.1

&, 2014 4 8 H OEMZER (P 26 4F 8 JIZEM) KU 2018
Er HOEPEN (CFR3044E7 AZM) 12X, KBER
T GEE R ONINEEEASFE A L, AR A5 AL L ) 5E
- ATHAWE . SRS omER, HiEERR S0l
BRSO A TR R O MG 2 BT RE O 2 e o 72
CENERTH D EIMHEINTWE D, BHOZEIWED
PERICORD D720, W IERIZ A BB TE) 2 2§
CEDTELDNHETH 5.

COL) HRRETICBWT, WEERASHEMIZEHEOH
KRB OB HIFE=5 1) v 7/ TE, KEOFEEDHMER
OFRELIRETEDREAME L T2 LD EETH D
WEHEATE A O B 720128, KEFSAE RN % i1
BL, HEsERAEEDGRE % 2% & AN LET
b5, LeLAEDOBTE, £ oMBiiBwTiE, HisER
HED ORI ZHE=51) > 7 LT, BEZHRATE
HFHRIEBRTCETCRNEEZD.

BEZERT L7200, RO IET 0, LD
W7V — 7 TR X T F iz EET= 5 ~
TYAT A EIRESTNICHIE 8 BiTakE L GEH L, 1>
y—Ay b &G U C IR EERETT O S 2 T Wi{§ % s
RABGER R L T&72%, 20184 (i 304E) 7 A
ZHOEIIE, WIHERS A~ — 7+ ST oKk L
AERY AT LON A TWRICTHERL T, ##Fs22%
Pl L7z e ) T EPHE SN, Ml R Gk % LR
LT VIR TORBRIBLEIHEI TH LI L EZRLTEL
— 5T, WISAERDSEREIT OB G R LFT 52 2338

79



LTI R0, B5N72h X FiiGgH S HEIRYIC Gk
LhzfE L, MsERICEMTZLINETHL. KA
DIFE 7 NV — 7 Tl&, BFE 2 VT, KO % HE)
BB 2 FEOBF 4T T b 0% 20135, +
WREFIO—2 L L THEARGEIZER LT, BEOWHE
BICL o CHBAGBRZIET 2RAATERL CELTY,
2, 920 MHz 77 @ Low Power Wide Area (LPWA)
FHAVCTILFEIC EMREE=2 ) 7y N T — 7 ZhEE
L, KW E, NMEEOELY 2 FH LT LR
WO % FEBRICHE L TE 7.

KFETIX, 2T TOFAL OWIET IV — T O A % %
T LELEDI, ROIWHEE=F) Ty PT—S
DF =R AIRET 5.

21 FWMKEE=ZL) LTI XTLOBE

B, RWFE7 )V — T2 TR LEH L WA EIEE T
MOLWEEE=F) 0 VY AFLOMBE2RTY. M1
(@ ICIF Y AT 20/ %, K 1(b) ICIFFEBICHEE LY
AT ADEBEZRY. KV AT AT, TWEEOGHRLT
HMENDEINICERET S I 2t LTHBY, FMHEERD
MHETELVWHEAETORETEL LD, KB/ St L L&

/ N
1 FIMRHNAS \ -
Bk
& 0 ) R
o -_T>
m .
bid |
A i
é 1
n | RE
é 1
e | #HE
Fr :
1= |
& = == |
T LFFS o . e .
\ ":!‘ ?\-E“ﬁ_\‘ztgﬁiﬁ;,: Ny R —NT#+>(MANET)

M1 tWMEEEZ4VLIIIXTLA

80

B Z R E LTWwd . B8R b EkmEn 2 BHc
5L, FINESI AT #FHL T D, Fiz, WmELEEN
MAEHNL ZEIZXY, RIMRS X 7 T S N7 HiE %
Web H—/ NICHBIIZT v 7H— FLTWA. K Web ¥ —
NIZEBHVRFNICEELTBY, 15—ty Mok
ENTWL EDIHEP S THIFE S NWRIIT 7L AT 5
CEMUHETH Y, HIBERIZEFNEND AT A8V O
RAT— T 3 Y EDT T I THAEDOTR SR
FHETAIENTEL. 020, FIAITEDTZEHREEICS
W, ZOHHTE T & 7 fERR AR R & LRI O
BT LILNTE, BT NELTHLOHMAHERE 179
CEDURETH .

22T AORIEFI TN T ¥ 2 —F | SBETRIC I
BT Y 2 — VR FT LTS, ALY AT LDOHEEET
X, BMIEH3W, HHIZH 5W TH5H. T E TORER
5, IHFHORFPEARICEDN TV LRI AT A%
BE L 728 10E, KB/ SRV DFEERETT & 200 W,
Ny T —Fmk 115 Ah & L2 A ICERZ@E LTI AT
LADHETELZ EEMR L. VAT LR RET SIS
Lo TRELRFEERITE Y, Gl2IX Z=2BA 72 ING
WIZRRE L 723 A 12, 100 W O KRB/ SRIVIZTY AT
LEBRE LD, 72, BE77A4VOT v 70— RIZ
I%, Mobile Virtual Network Operator (MVNO) 7 — % i
FEHVTBY, TELETZMIEATE 2/ E LTn»
D, BAS AR 13 100~200 kbps Td V), it oFf
THYURCX BREEXEE L, WEY 1 AL 320x240 ¥
kL, WEGEOBREMBIE s BEREARREL LTS,
T2 — 8 OREERRSAREERE O,
HOEHE ) S/ T > ¥ 2 — & 12 LR EE 475 W
TEWELDGENH D, wEELFEHT L FEE LT, &
VAT ATIESSHAR— 7 47— Fflfz @A L. X2
IZSSH A= N7 47— FIZX B EBEIEA A=V %2RT.
NI TV a— 8 2 5 IZRBRELC SSH - — /N2 H BRI
B, EEHHOBERZAMOE— 2o LofaE L T
By, EHEEZIESSH Y — N IHERT LB, Moy
Ya—% XD IRE SNz AFOR— MO LT, i
FRETV, NI Y2 —FICEERT LI EN R R
5. SSHY— b/ Ha s ¥a—8 F Tomaibing

A>&—%v b

SSHEESL kx> s
GR=+r747—F)

BEEEER

E=RE b

2 VAT LDEREERE

IEICE Fundamentals Review Vol.18 No.1



WBEEZHNEIET, £F2) T4 DOEVT 7 2 ADPEIT
XE20HBLT, TIAXR=FIP 7 FLALPEN LTS
NV Y Ea—F~OIRD O OEIFIRIEL FEHTE 2.
M 3122024 43 HBIEEO LW K EE=F ) 74 v b
7 — 7 OBIRERT. BHAETIIHIORT L) L BTHNO 8
EITICE=F ) VYV AT A% BEL TRy FU—21LL T
W5, Web =V LETH3DY Yy 72AMLTED ™ #
HERONEIEHXE 2 ) v 7352 LT, ZORHO
BEORT R L2m{% e, 1EMETE T 10 5B
FERGIENE 2 RS 5 2 LA CTE 5. K4 IS O E =
Z) 7Gx KL CW R HlERT. 22T, BHOH
HCIUF SN mga 5 BHBICTIUS L TB Y, Fsh
L7-NCHEBREEH LT D, F/2, PATLADONY T —
EEAMSNICIS T 2Ex G L CBY, 5 ERTBED
Ny 7)) —EEbHbETRL TV, B, [HREEN
BGR=T | "7V $BHIET, BFEOT 7 A4V —NIC

i

1410 0S

BEoHT (50 -
o) e | 2022710714 14313 n]

B F5 e E B

60837 5058 2055 ) 2090 105

105 IR R

H4 ABRLTWBE=Z2Y > JEGDH

IEICE Fundamentals Review Vol.18 No.1

EREN T2 BEOLEORANIRE SN Zf8ET
52 ENTE, ITFEOSEWREEIZBU B EREIT O T % 172
THIENTES.

REEPTIIZOWTIE, ChECTEBREOWEEZIT /-2
L DB LM, fEEPTE L COEH SN TW DT hp
5, MWIESERO E#E L o o @®E Lz Bz, A
XTI SEEE R X I O 1T d L0585 57 4 0 FIZ#E L
TEY, FHREIESRTEREDR LI i SCEEm X
WZHEWi L% E=5) Y 7T LHNTHREL TS, £
DIIFDD Y AT LTI, SEREFICBT 2011 KB O KA
EHATHEBICEIVE=ZF ) U THEMELTWA, HE
L7zv AT A0%IiE, WIERICH DL CHE, 15—
oy MCEHET 2 720 MisER O B EO M LAN IS8 L
TWB Y AT AR, RBEFTE  Olfiskh & w6 HEIR % 4
LTWAY AT ALFEIELTWAD.

22 ZWMECHIFBRIE=ZLY L TEE

RETTIE, ZFRFICBWCEBREE=51) v VY AT 4
W THAF SN2 OF % RS, 2018 4F 7 HICIL B % &
Tl A AR TR K EAIELE L7z [3RE 30 4F 7 H 52
Wi SN2 2 BICZF 5. UREOFEMIZBWTIE,
BT ICBWTEEXREXIZB W TR SCEOWEZ Z 1
oS, ADEZY ) VT VAT LEREL T LEEIIX
REFEEXTIIRE R REIRE L Ao Lo LaHs
5, BEEHIBWCTEDS YY) v Z D S IE B2 K E L
LR 20 ) D IKAL A AHERE S 7z,

5 RO 6 122z, JLBHEEILXIZEE L 7R

(a) FHIE

(b) ZEFIwF
B5 ARIICHY3E=5) > TERH

81



(d) SRRy

6 REINCHFZE=2Y > TEIEA

MNERBINOE=51) v 7V AT AIIBWT (a) FH I
(2018 47 A 3 H 18 BF) & (b) %FkF (201847 A 6 H 18
W) (g S oG A RS, s X0, fEINZBWT
&, FEEHIKRMDPHT cn BETH LI 2020b b T5W
FiiZid 1m BLEKA2SEEIML CTW 2 2 8055595 (—2D
Ty 7 A 75 em). HIBERD? S OFEFIC & 5 &SR
Hm FiECE, Bk L CHNRAK L2 L ofElRE 57
M H DKM RS WG A HOMEED B L 7 5 ReVED S
Vo F2e X0, BAINCBL T, PEREIIERA I
KIMED T 7)) — MPFERTELRETH LT, SN
FBRIIERALS 2, RBED 70y 7 e CRTICED LT
5 ZEDHERRTE S, I M, BN TIXE K
FBIIMERE N Do 72D, T OBIKIEO B {5 % FEEE L 72 #bid
R Y O fahs % & Ui 4 Ll L 72 & v ) S et s
720 ZoZEhs, EROBMEHEERET L0120,
Bl 7 bR 2 3 & 7 A T Wif57: E ORISR LT
JWCHERTEL I EDEETHL I DG 5.

23 FTLEZFAL LHERERADIBRRMH

BIETCali 7z, A 5 W5 % HERE L ColedE 2 JLi L 7R
X, R, AN — N T U EOEHREROBEIE
NTHY, A=y b EDOWeb =V IZ7 7 EALT
E{REMER L Tz L%, BT 28 L Qo HERSK
KEEOHPOHML I ENTERZ, TLEHEHEARZENS
13, EEETH A A TG EED MR TED Y AT LD
FLEIN T wo B dH 7. £ THA DN
V=TT, BREITICBWTHELFEIEH, TLELE

82

SRR -ooeeneeee > v
Bluetooth ====—=— >
8 A=

[ P P e
ERL AL (e BERLANLVERTE
I . BERLRLE R

’: FORA A Z
Efh,
.| ERE&®

%

NEIPC

L AL

7 AR— b7 F 2 EEH LAWK ERERRT L EBIH Y
2T L

A= b7 5 YEEH LT, BIEOREBRETOH A 7 HWE%
TLEICMES 2T, [EHEROBEICAEN 2 ERETD
BHICH A TW{GE 2 A TELI AT LDOREZIT-
f: (11), (12)4

FAFE L7z A~ — b 7 4 ¥ Ll L7 Db S E BT L
VMY A7 AOMEZK 7 IR, RV AT 41, ¥ —
JN, A< — N7 % ¥, Raspberry Pi 3, 7 L E{58% CHERK
END. B NTIE, M EBRERREZ: &5 6 28 S B
SIEA — V& 25 - T L C, BRSO 584 s & o
LANNVEREST S, BiSUEHRA — VL SHE L - S His 0%
WL XVIE, = NICRET S, R AT ATHW L
X, ADOMFEIN—TTHEHL TV IR EEE=51) ~
TYAT A K o THG SN R & LT 5,

A% — M7 &, H—/ KU Raspberry Pi 3 & ilifg 21T
. AT— N7 3 e =N R VO R AT
I, B CHEEZIT) S EIE o T, FEICEBROA >~
¥ —% v MO R W AT HRHTEET, KT AT 208X
PEDBTHDH, WIEHHERE T — N\ OUT L 2Zw L N,
PR W51 Bluetooth #MIEZ HWTAY— M7 4 V005
Raspberry Pi 3 123£ 5.

Raspberry Pi 3 (35U S L 72E5m L~ & g i 5§ %
FLEIZFRT AU E 7 L COEFREEZITH). FLED
BIFEAEIZ X HDMI-CEC (High-Definition Multimedia In-
terface Consumer Electronics Control) ® 2= ¥ K& L
TWb, B LN dh o COFHENZRE L7 L Wl
%%z % & HDMI-CEC ® 2~ > R FHWCTF L ¥x HEIY
WEBIL, 7LV EBEEICER L NV B ER SN
. ZHUICEY, BlREEHSEIRETBET S 2 L
{, falpEZERTHZ LN TES.

BISICHIZE Lz AT A0 EMEL TR kT 2RY. HH
DAR—=M T+ 77V, WEARY VERENL &4 —
INIZZ O EWE 25D, RNIG L 72 #h SO Wsg B % NS
5. HECRY VIR, AV — N7+ v bEMIC Ry
OEIRS N RIERE XY, LR A O L )L & HL
845, T LEEEISE, S LAZERL N LRZ0L
EDOH AT T INTMGEDNFTRENDL., INFTHRAD
WHE 7V — 7 Cld, FERRICHEERIZY A7 A2 #F L TH
&, Ry UIRE, Ry yROPRRLEBEREAELT, T

IEICE Fundamentals Review Vol.18 No.1



M8 FLE@BAYXTLOEEAREE

HOMEEBERINT 2 E TCOBMEFNTLZET, Av—1
T4 YT T OBREROFAMI A AT CTE Iz FORE, K
VEAASERL NI Lo TEDD LT LI ET, fEkk
JEDSEOCHLT 2 BIRT 5 F TORFMNEL b 2 &2V o

7> (12)

24 HERWIEICL D EREHTE

MRS X T WG A RS 2B 7L LT,
el (R A 24 BT T X WG 2 MERR Ll 5 2 &1
HENTIE RV, REITIE, ZhF T4 DFEINV— TN
YA TE 2, BWMEE Z2 T X 7§D 5 BB
fEbREE 2 it 2 PO —flx kR 2.

WAEONRET LA ATEGEE LT, E=F) VT
AT L ERTE LT\ S E XS TR &N e S 7
R H L7z, X9 1R E X TR & 2R O —F5)
FRT. 22T, IRV E KRR K], SNV E
[RA @) & L7200 NG E 53 L7z, 8
R121%, 2016 4 12 A 1 HA 5 2017 4 11 H 30 H oM 12
W s N-mifgk 5 %E L, BM, "HEm%E 512 1000 1
(%7 7 A 500 LT 2) OFF 2000 B EH W7z #5121
TA =T FT—=Z T DO—DTH5L, Caffe Vil L7z &
M7 7 — R I TR B O WG RISRO S L 5 H
HHE{RE 25720, gL LT, B &L 500 Ch
BLTW5b,

10 12 FECORMAEEIC L D EE L 28 v,
FEBRIZ 2018 4F 7 H OZMFFICH X TH S 72 9 e
5 18 W E TORMOKRYIEGIZR LT L 7R %k
BOBIZTRY. £72, 100MH2) OFEREEZ L Y
BIZTRL, HHRIC X 2EEOSER R KEITRLTW
5. 2B, M10 O FMICEENETND 7 T ANO 5 HIERE
FESBEDIZORT . T ONEIEMERE D E T OVIIBGEER
B EINT WA, 9N 11 FE TomE%IEL, BHE
FIRELC TN K] &SI TW7zAs, BHELCHERR L 721
& D bE I RED S, KA @] IS5 S UaD, 12
FREE F C KA B SRR S Nkt 72, O #IE 16
EECHBE LB (R B B SNzD5, 16 K

IEICE Fundamentals Review Vol.18 No.1

a7 R

=S IEEY

& EGG)

9 HRFEICAVERE (&% BRI

2018/7/5
-
w

! 5
|
ki @ @ , 4
1
i I : I 3
1
NELF R - i 2 @
1 1 E
j F L3
T3 o 0
09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
B2

EEE water levellow

SIEIERERE

10 ERRINENRICH ¥ 2 D BEER

Ao, KA K] ISR THE SR 72, O~@D Mm%
ERERE L7282 A, OTIXITE A EIRMNEEID 2 WHE{ETH
%—H T, @OEGIIZKMAHIN LG KA AR HERR LD
SWVIRIETH Y, @DOMW{GTIE/KEIZHIEA L BIRD, KA
ML DN Ro THE L2 26D, D EokRE
L0, BEOEPELTWADOD, EMFEEICLD, BB
RO A HEIICHBITE TW D 2 e 50 5. 5%
X, EREOHEIMARE LSS, isERA~OMEFE %
fEMREOBMEFEBL T ZEPHETH 5.

31 Xy bNT— U8Rk

vy Aay FT—2 L LCERDHEE > TS LPWA
(Low Power Wide Area) ¥ AT A% FH L7z K EE=
FY) U OURMEERMREET A 2 L 2 BHIGL LT 2021 4ERELC
JIRBTICBWTEBRIC AW EL > v 7 Ay YT — 7 &l
FL7z BARMIIE, TR SR HbIs 2 5\ CRE = <0
MoK (Rt & i) ROm#EEx > > 7L, SNk
RPHEIHEONL T — 5 OMEEREHRET L2 L% HiE
L., BEEHZEICKESHXICLPWA Y AT L0—2TH

83



ELTRES

— ELTRES

-

pl &
T

12 RE LKLY EERELRY

% ELTRES™WZFIH Lzt H oy bU— 27 ZRESEL 72
M 11 IZHEEHXICBIT A vy b T — 7B EIRY.
HEWX T, RIS EORIC & DI S L7272 DA
L, 720 FROBETNE DLW LHMILLE o T0D.
72 OMDIEINIAKA A A, B VY, IR v R
FiE L, 9 300m BEALZ: T U OETIR VISR v
BB 2RELZ. /2 Lt TREWZFhot
PG5 N 2T —4 % ELTRES 7 97 FIZ7 v 70— F
FAME L7z K12 ISR L 72Kt o L BERT R
FORRFEART. RBIEEY HIEE CROK 5m B
T BT ISR L7 R O SR i 15 4R
W, KAt Hid 1 BEEERICCT -5 %27y 7a— K75
R L L7z

32 EUIULUIRR

vy B OR T RN ESS , FFRAY R
HHEGIAFEN72 2021 FEF8 H8 HAS 15 HETO 1 MO
vy IR AT, oMM, A9 SIS DKW, K
WL BT OBEIEIT T EEL T &I L 7fRBRA 12
LBEMPH o7z K131 (a) MR, ()KL, (o) MsHEE
OFv I RSN BIER A RT. B, Rk
TUICHENE L v 2B L TWehs, PiICEREL TWwW
Bt AR ADE L T2 D5 0mm/h D F F

100

—— Ochiai up
—&— Ochiai down

@
o
L

60

40

Rain Intensity [mm/h]

204

Local Time [day]
() BEKE (B3R - T

60

= ochiai up
—&— ochiai down

Water Lebel [cm]

T T T T T T T
08 09 10 11 12 13 14 15

Local Time [day]
(b) KO (B3R - T

1.00

—
o7s{— ¥
A—
0.50 1

0.25 1

0.00 1

-0.25 4

Acceleration [G]

—0.50 A

—0.75

-1.00

08 09 10 11 2 13 14 15
Local Time [day]

(o) hmdpE ()
K13 w22 J#ERE (2021 £8 A8 H~15H)

AL TWieh o7z,

B 13(a) DR Rt OBIIR R L Y, 12 HIZIZRAT
)75 mm/h ORENBEZGLERL T2 L9 h 5. KB
TN TORRT DR TIE 1 B OB 825 15 mm Rifh
THozZ s, INHFOWOEY FATHHNOZ & 13774
LEREMED D ), TR SEN ISR LT, B CEEE
THIENEEEER D,

X 13(b) DKM L v FOBHKER LY, EEToOT—5%

IEICE Fundamentals Review Vol.18 No.1



A G ——ag T
1
@
TEKkSEL Y

-
pilIpEIE

i Y
=

TIEAERERER
I2& 2 LIBAKHEHTE

H14 TBFICLBIEADELD LY

Rx

:Mm' i

15 TEATREHRERFEOERIRE

MTWMICHERTOL W g b ZTIE LD
ELTRES CTOMBEWREFHHICT oA > TE 5T, dMfEIAR
BETHSTZENERTHL. BIESNzT7— 7 IZRO6N
25 B13(b) LY 8 H 14 HIZA D BHDOKRHIZNITT,
RO BN T A o722 D h b, thH, BIHIZH
TIAT-728 25, 72OMDROEmEDHNLTBY, 7200
KL L T2 L 2Dz, FEHRIZL 51T oMz
TALERZ BB CTHLLEEZOND.

X 13 (c) OMEE £ > H 12 L 2 BUE RS 51, 720iio
RN TN ZICb b 53, ZOMETIRE A S L)
Lol e ZADGNA. SRIOBREORIIE Y v E A E
3 m EEN BT CE L. MEE R LT R T
BEEHBET 57200121, 3m L) BEEIcE sy EFET
LAVFENRHDHENZ D,

0 MHz 8 iH I & 5 HIBKAE

TR EOTIKREDO—> L L CHEKGEDHINT 238
SHH Y, FEBI TR FERO T HK GO LA S
TWwW3 Y, xRNV —TTIIRGFEOLY VT A
T A0 920 MHz LA v T — 7 TR SN L 2 & k|
THEA6) IR ENT WD L) IR GEO FAIZE b5
TEEPBETHIEIEHLT, oY iy bT—=27I12H

IEICE Fundamentals Review Vol.18 No.1

160

- a=2.8¢+4.0
o  median

120

02
(=]
y

Attenuation Constant [dB/m]

&
LY

.‘ §
—e—

o

0 5 10 15 20 25 30
Soil Moisture Content [%]

M 16 TEKHRBICHT IERARE

WH LA 920 MHz 417 B & I L CHERN 0K G = % %
52 L ERRA, BIEESE L TEKGE L OBRIZOW
THETLC& A0,

B4 1ZEWEIZE L HEKRGEL Y Y 7O EERT.
COBITIE, HEEY RO IEk R U RRE LT
TWREEZL T V7T 5 920 MHz i OEE A Y b T — 2
ERELTWE, #ilcetERGEOL Y v v FFFETIE,
tHEk s EE oKDY IC, RO T VTR
T, 920 MHz fi RS TN Z M T2 L9017 v 7
FERBET S, FLTC, THKGEIE D THEOEEES
FEENPENT S L CEBEOBERNILE D L HHIZED
& BEOZELVNVORTIZLY) HEKGERIEET S
DF DI Y Y ERE RETL2DORL LT EOEEDZ
BLANVOFERYS TEKGESEDE TRy v 7T 5
CEMHIREEND.

TG EEZ LS L & OBRFHITRE ORI
B 5720, 920 MHz KX ZEH 2 A L CIEN%L
ER L EORERYFEMICL VML 115 12FEB
B AR, RERTIE, N7y EAHLCEORICEET
YT T aEEL, 20cm LHEEIE, 1m BN 2ET v
THIETZELVANVEMELZ, T2 Y% HWE, 1m
DEMP RS/ EOZELANVEDEGPS, Bk
WEEZRD, RZEEY2—VIZIMI20s, EZET v
THIEER=NT7 v T F vz X116 128K G=
EEALES L FOBEWER (dB/m) OMERRER
T HENORE—EEEE L Ny 2R 5 8 N
B S THIEL, ZOMEE L THRMEIECIC 10% H &
0% D TT—N—IZTRLTWAS. K16 LY HEKkGE
AT 21256y, EIIHERDHML T 5 2 L DR T
&, AT L ALK E % B L HIK® 20% Db & 7 % FHIT
X, RERATG0AB/m R L e b T L AR CE 2. T
KBTS b b THIEEEEIC X o Tt dB @
TENH 5 Ehs, SHBITE N EEMICTEKGEEEE
TE L FROMEPEEIC R L LE L, REMAIS TR
2 HEK S & 920 MHz i FEIKE O T3P RR 14 o) B %

85



WL CWDEZATHD.

FRDBHK % v b7 — 7 Dhes

ZNFE TLPWA IZFIH ST % 920 MHz o5 & il & v
e ER Yy SRy VT2 OEY HIRL, 3EIC
W2 ey TEERLCELZ EITMA, UET
? 920 MHz i B 9E O MR 2 W E 12 X D RFffi L T &
7200080 2 LT MBI BT, BRI X SR
HHEL, BRIIBEILLSRDIEERLTEL. SMHE
12, vy LTRSS N B SEO R & fEFEIC
WHERNMZET LI EVEHEE 2225, 920 MHz &K T
&, TORREEESIREL L L RS,

—HTHRADEZ V—TTIEINE T, FMBENE R &
IZEI D B CTHN TS VHF af BIEAKEIZB T 2 G mE
WCHEE B Ch b EEZ, 722 VHF 4, $FI2 V-
Low izl $Ery v v 7 BHREERry b —2 %
REL T — M REET AR % 51T BRI
BN SLBY), ZOBEEHNLZLETEAY T =2 D
JRIBALDS S 7 b —HCHAE, Mk TV O T ¥ v
ALIZEE, 90~108 MHz ¥ T V-Low i O JH P #asix, —
A FFM OBET —EAIZHOONRTWEIDORTH Y,
HGEHP RO SN T LY DHir s, oWz s
=7 TlX VHF T D / A ARLEE S D F —/N—1) —
FFHOBMA ML TBY, ZhFE TIZE SNz VHF 5
BRI - S 2 oy vy 7 - BEEE S Y b
7= 7 R EYIC KT E L L ER D,

R—ETLAY NI =7 OBMEEZH1TIZRT. A4 v b
7= 27T, IMEERICRERE L2t v ¥ v T TN A O
I =% v A N CHISERORAERMLEDOT 7 ARA »
M7y 7a—R&Eh, 727RARS 2 oS HiERA
U= FFx A MITHRERRET 5. EHREARKICE
920 MHz 77 (2 X TH# 1/10 O JE W Hw T3 5 VHF 717 % Fl
H3562&T, LYWz 7axtr sy 7 LCERTEUE
TAHILEERMEEL TS, BIETIVICHMZERBR S L
TR, JRIREAY 1/10 & 70 B 2 & CIEIRIEEEL 10 f5dkss
NHZ LR, Ly 7ERE L) IABICHEES TS 2
LSRR 2 5.

KAy NI =27 2 FEHT L720120F, DT OFRE it
LUHENRHY, Fr OIET NV — T THEMEZ D TV

17 BETZ 227 - 1EREREXxY hT—7

86

(1) VHF W&/ A X, THoOLE
KRG L/ A XM, BED SO 7 Mol
Px BHABIIICESEPS 2T 208N D
B e
(2) HISERBEIC BT D ImikdsE:
BT v 7 T BB A VHF 5B o i - 4
Yl - EEETORMBAEORENEETH S @
(3) kYo 77—y %k ETHE
BEN - BEGILERRLREA V) v 7
FHEOBFPLETH DL ™.
RET L VHF #Hi 2 Wz vy o7 - BHEERy b —
7 RAEREYIREE - EH T B 208 bR O BT
Thhb.

KFETIE, Fr DRV —THI T THEE - B LT
ENIWKEE=F) VT VATLAOMEERLR DL L LD
12, XY BE R ERE HAYE LT A TYS,
RIFATIZ X 2 fEls i o H BRI Bk % v 72 Lok 5
DOHEETFIEIZOWTHI L7z, F 722021 SEEEICHE N L 7211
MBI 5 LPWA Y ATF 22wz tiiEEs=451) ~
Ay bT = REIIOWTHT L LI, Tovr Yy
YIRRO—BlER L, HHiToOXy Yy SOEERIZOW
Tilk_7z, WfRlS, BBty v =2 L LTIRELT
W5, VHF 4, $2 V-Low i x fivzEw v 07 - 1§
WEESR Y FT =220 THEH L, SHBOBEIIONWTE
L7,

BEE AWteo—#IE, 2019 FEERE A SCOPE &8
FfgIAIE! (19168001) <2ELHF%E, 2021 4% NEC % v Y T A
T A LR E OILFEFE, 2021 41 2022 4 ¥ KDDI #&4
WhHFEAT & OLLFEWIZEIC L 2R TH 5. BIR S AL &
DEZRTS.

(1) A&7, “KEELLL LIARER, "
https://www.data.jma.go.jp/obd/stats/data/bosai/report/in
dex_1989.html, 2024 4F 3 H .

(2) IR, CPHC30 4F 7 AN SEEI BT B M RGO
FE & ZOFEEIZIANF 72T, K 30 4E 7 HEMSCEIC BT
% MEHE SRR SRR, 2018,

(3) #WHBAE, “AME ICT OF7- 7 B4R, HHICEEEHREE
i, 1, 28, 4485, pp. 203-205, 2019.

(4)  TVHIEME, WIEW, Frit—, EIEE RO TR SEEERL Y
AT Y AT A ORESE L M, TR ALY, vol. 58, no. 3, pp.
736-744, 2017.

(5)  FEARHH, NFRE, Frik—, PIEE CEEFEICBITS
Ay N7 =2 ROERRTLEL O\ 2 X B E AR %
5 O 8 5 E fE BRI 5 BRSO FFA, "5 ), vol. 121,
no. 208, ICTSSL2021-26, pp. 48-53, 2021.

(6) KH#zE, Frik—, FHIEE, “BUEFEIC X 2 ERHE %
8 L 72 R0 S E B ) 8 O B, "4 68 MITEAL - 1R E
FARPESGREARS, R17-25-08, 2017.

IEICE Fundamentals Review Vol.18 No.1



(7)

(8)

(9)

(13)

(14)

(15)

(16)

(19)
(20)

(21)

AR, RARELSE, TAPR—ME, Frik—, VIR, 920 MHz
WERICE AW EL Y Y v 7% BIR L 2Bk
&b 7% ) BWIREIFEIZ S AT, B (C), vol. J106-
C, no. 11, 2023.

FAFLSE, /REL, Frig—, PHIE, “EREEEEIC X 5 U
KoEHEEE Hig L 72 281 % 920 MHz 47 I O {5k
HEMEIC B S % A, 84 (B), vol. J104-B, no. 11, 2021.
M. Okamoto, M. Kobayashi, K. Shin, and M. Nishi, “A
preliminary experiment on relationship between soil moisture
and attenuation constant of 920 MHz band radio waves,”
Proc. ISAP 2020, pp. 217-218, 2020
INETNRFE=S ) Y Ty VT—=2 W7 V=7, “H
REEE=IY I~y T
http://www.wave.info.hiroshima-cu.ac.jp/obs/map_with_web
page_links/all_map_test.html, 2023 4F 3 H[EL.

AUNFRE, RE, #ng—, IR, “A~v— 74 v Ll
L7z BR0 SR EAEH TV @A 2 A 7 2 OBI%E & FFm, "
18 % $ #, vol. 122, no. 232, ICTSSL2022-21, pp. 23-28,
2022.

MUNFRM, AR, AREL, Fg—, PHIEHE, A~ —F
7 B O+ GO BRI R TV HlRIS A7 A28
A=Y T4 REOME,"YNVTF AT AT, L
o # & €3 1 L (DICOMO2021) ¥ ¥ F Y 7 A, pp. 1-10,
2021.

Y. Jia, E. Shelhamer, J. Donahue, S. Karayev, J. Long, R.
Girshick, S. Guadarrama, and T. Darrell, “Caffe : Convolu-
tional architecture for fast feature embedding,” The 22nd
ACM International Conference on Multimedia, pp. 675-678,
2014.
Vo—tlaryryv)a—3arX(#k), ‘ELTRESS
Technology,”
https://www.sony-semicon.com/ja/eltres/index.html, 2024
3 JIHIE.

T LR, e, IR —, IR, SEE A, NM.
Quang, “FERIE, ANEIANZEZE), Z200& O BINERICH&
O L REMIIRESR RS § ) B BLB AR OMRGE, " EARF SRS
(MBI T%2), vol. 68, no. 3, pp. 508-525, 2012.

S.U. Yoon, L. Cheng, E. Ghazanfari, S. Pamukcu and M.T.
Suleiman, “A radio propagation model for wireless under-
ground sensor networks,” 2011 IEEE Global Telecommunica-
tions Conference (GLOBECOM 2011), pp. 1-5, 2011.
figfE, MfR—HE, RE, Frit—, PHIEEE R iE
YT TRy N T =7 D7z ® 920 MHz A {E iR E O 2
HIEF, "2023 55484 K, A-18-9, 2023

FHaW, AR, #Frid—, Wik, tmiErr vy s
dv M7 =2 OO MM BT A 920 MHz i B IA )
FEVE O FEAM, 5%, vol. 119, no. 401, ICTSSL2019-54
pp. 115-120, 2020.

PR, NVREL, ik —, “ToT 2 L7zIL Biiar KEeic
BU BB fA, 72023 BB 4K, BK-2-2, 2023.
Kol B B B R, “V-Low i 3 (95 MHz~108 MHz) O i
TR S B 3R 7781 (%), 72021

SAARA N, KB Bk —, VIR, V-Low 7 12 BT
BHENS DY 7 MafklZ L 2 2EBE I LA LEREALD
M Hli# & o B FRIEEEAf, 5575 (B), vol. J107-B, no. 3, pp.
155-163, 2023.

DOI:10.14923/transcomj.2023GWP0016.

SPIERER, AREL, ik —, THIERE, CERRESCERER B
FBRAET ¥ 7 TR OEY 2 5 L7 a IO <
EWACWAR T OHEE, "E5 R, vol. 122, no. 214, AP2022-
142, pp. 216-22, 2022.

DT, /NPREL, rit—, VHIERE, SRS B 5 TR
FEHHEBAT V2= Y T DA — TR FETFEDO—
Wea), E 544, vol. 122, no. 232, ICTSSL2022-20, pp. 18-
22, 2022.

(ICTSSL WF7e 43325, 2024 4F 2 H 27 H52A),
2024 4 3 H 26 HEA))

IEICE Fundamentals Review Vol.18 No.1

7B IE1E GER)

1995 KPR LAEER A TRk 436, 1997 [FK
Kb T ZeRHE LR IRRERIS T, 1999 FMAK
b TR e R L ARARAS T, 4R IR B
KEFIEHE A . 2005 AR Bh¥E%Z. 2007 [
KPR BRAEREZ. 2016 & 0 IR BT LK RFER:
THMREHEI R . BHaEfE Ay by -2, &
WA=, EIAFEICET A FZEIChE . T+
B IEREEY S, BHRLES4, IEEE &4 8

IR B (FR)

2014 KBRS T4 E 15 LR bR 5
GROR). 2016 [ KRS Be G A i 7e A% A i
WS T, 2019 ML ANEREGT. Wt (F
W), 2017~2019 H A Sl i 523 45 B E 78 B
(DC2). 2019 & Y 5 BT KRB HRE 0
JeRIBIER. MERR A Y b — 2 ICBT ARSI
5 — Ml BN L. LIRSS, BT
{544, IEEE &4 H

g — ER)

1995 & L7 RAE T AR, 1997 KKk
TR e RHME 1R T, 2006 SUERR SRR T
AR AHE LR T, 2008 JA KT SRR A B
TEREHEI R B #. BUE, WK B aoRt 52 10F
JERFEEMD. HHERE A Y N U — 2, BEAAICHE
T ARG, Tt MIERTERLA - HhERkeK

B, HRAHY S ETHREEFERERE

87



BB oA X

X2 )T ICESELY T A
70y 7 F 1 — RMDZFT D
Recent Research Activities in Blockchain Technology Focusing on Se ,‘

I

w

ﬂ

B FORY Kazumasa OMOTE

TTZNZUb TAvIFI—2, 2RPERGEHRLZ2LEAFICSVWTHARIBATSHY, FEEED TV IHEIMT
H3. —HT, 7AvI7Fr1—> -BEEEANDVAN-—HBICL -, BEREBSEEIPBEINIEHETHRES
hTuwd. AT, 7AYIFI—2ICHUd X2 VT @ERDIC, 7OV I7F1—2DEX2UT(UR
7, RUTAY I7F1—>%ICALEEX 17 XTLICATIRFOEE LR LT, Zh s> OMEEREICOVNT
BE T 5.

¥-7—F JOvYFr—>, BESEE tXaiU7T+, AX—FIZRIT b

Abstract Blockchains are a technology that is attracting a lot of research attention in various fields such as finance and healthcare.
However, there are reports of cyberattacks on blockchains and crypto—assets, resulting in the theft of huge amounts of crypto—
assets. In this article, we focus on the security aspects of blockchains and crypto—assets, and discuss recent topics and research
activities on the risk and security of blockchains and secure systems applying blockchains.
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Luigi Fortuna

[Research of Designing Circuits and Systems by Exploiting their Hidden Nonlinear-
ities)

Q. Please share your feelings about being awarded the Fellow
title.

The grade of IEICE Fellow has been achieved for the contribu-
tion in Research of Design Circuits and Systems for Exploiting
their Hidden Nonlinearities. | am very proud of the nomination
given to me by the IEICE. | belong to the IEICE community since
1993 and it has been an outstanding experience for my
academic and praofessional life the opportunity to share in the
IEICE activity my research and professional projects.

Q. Could you describe the research themes that currently
interest you?

The main themes regarding my actual interests are devoted to
nonlinear resonance phenomena and to the realization of circuit
and systems based on that a principle. Moreover | am also
working in transient chaotic devices and in characterizing them.

| would like to explain my next project:to extend classical
robust control technigues to quantum systems. This involves a
clear understanding of various problems not only regarding
control theory but involving more physics areas. Therefore | am
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involved to prepare low cost experiments in order to verify the practical implementation of the project and to try to
give focus to the various links in physics items relating waves to classical mechanics towards quantum physics
and physics statistical subjects. | will try to give a course on this subject on the next academic year.

Q. What are your aspirations for the future?

Even if | am retired since November 2023 my future task is to continue to study and to make research to teach.
The mission is to stimulate the interest of young generation to establish problems, to propose new ideas that
could led to great cooperation for the peace in the world and to save the status of the world improving the
sustainability.

Q. Please leave a message for young researchers.

Study with passion. Couple to the technical skills human studies. Make sports and look at arts and creativity.
Take care of diversity and take respect each other. Enjoy during the research work. Share your results with the
scientific community. Help the others.
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Kyoto International Conference Center,Japan
y :

Call for Participants

Original papers on the research and development of various security topics, as well as case studies and implementation
experiences, are solicited for submission to IWSEC 2024. Topics of interest for IWSEC 2024 include all theory and
practice of cryptography, information security, and network security, as in the previous IWSEC workshops. We classify

the topics of interest into two tracks as follows, but not limited to:

A: Cryptography track

- Applied cryptography

- Biometrics security and privacy
- Blockchain and cryptocurrency
- Cryptanalysis

- Cryptographic primitives

- Cryptographic protocols

- Financial cryptography

- Formal methods for security analysis
- Multiparty computation

- Post-quantum cryptography

B: Cybersecurity and privacy track

- Cyberattacks and defenses

- Cyber physical systems

- Forensics

- Hardware security

- Human-computer interaction,

- Internet-of-Things security

- Intrusion detection and prevention
- Law and ethics of cybersecurity

- Machine learning and Al security
- Malware analysis

- Privacy-preserving data mining

- Public-key cryptography

- Real-world cryptographic systems
- Symmetric-key cryptography

- Mobile and web security

- Network, system and cloud security
- Offensive security

- Privacy-enhancing technologies

- Program analysis

security, and privacy - Measurements for cybersecurity - Software security

- Supply chain security

Keynote Talks

We will have keynote talks from the following world-leading researchers.

® Dr. Dustin Moody (National Institute of Standards and Technology (NIST), US)

® Prof. Thomas Peyrin (School of Physical and Mathematical Sciences of Nanyang Technological University
(NTU), Singapore)

® Prof. Andreas Rauber (Data Science Research Unit at the Department of Information Systems Engineering at
the Vienna University of Technology and Head of the Vienna Scientific Cluster Research Center, Austria)

Committees

General Co-Chairs: Junji Shikata (Yokohama National University, Japan)
Koji Chida (Gunma University, Japan)
Program Co-Chairs: Kazuhiko Minematsu (NEC, Japan & Yokohama National University, Japan)

Mamoru Mimura (National Defense Academy, Japan)
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2024 International Workshop on Smart Info-Media Systems in Asia

(SISA2024)

1719 September; 2024 5 — 6 December, 2024
Kumamete-Je- Hall, Kumamete, Osaka Electro-Communication University, Osaka, Japan

Organizing Committee
Honorary Chairs
Hiroshi Ochi
Kyushu Institute of Technology, Japan
General Co-Chairs
Masayuki Kurosaki
Kyushu Institute of Technology, Japan
Naoto Sasaoka
Tottori University, Japan
Technical Program Chairs
Yoshimitsu Kuroki
National Institute of Technology,
Kurume College, Japan
Publicity Chair
Min-Chul Lee
Kyushu Institute of Technology, Japan
Finance & Registration Chairs
Naoto Sasaoka
Tottori University, Japan
Information System Chairs
Shingo Yoshizawa
Kitami Institute of Technology, Japan
Local Arrangement Chairs
Yuhei Nagao
Radrix Inc., Japan
Yosuke Sugiura
Saitama Universiy, Japan
Advisory Board Liaison
Tomoaki Kimura
Kanagawa Institute of Technology,
Japan
General Secretaries
Nico Surantha
Tokyo City University, Japan

International Steering Committee
Chair:
Naoto Sasaoka, Japan
Members:
Hakaru Tamukoh, Japan
Yosiaki Makabe, Japan
Yosuke Sugiura, Japan
Yuichiro Tanaka, Japan

IEICE Fundamentals Review Vol.18 No.1

Call for Papers

The 2024 International Workshop on Smart Info-Media System in Asia (SISA2024) will
be held at Osaka Electro-Communication University, Osaka, Japan. The SISA2024
presents every possibility on new information technologies and its smart systems.

The SISA2024 is aiming at promoting young researchers in the fields of multimedia
system and wireless communications. We plan to organize short oral presentations with
poster discussion for regular sessions as well as a keynote talk and special sessions.
Prospective authors are invited to submit their papers reporting original works in these fields.

The topics in SISA2024 include the following but not limited to:

1. Communication Systems
1.1 Smart Wireless Systems, Smart Mobile Systems
1.2 Cognitive Systems, Intelligent Soft-Wireless Systems
1.3 Multi-Media over Wireless
1.4 Signal Processing for Communication Systems
1.5 Intelligent Communication Systems
1.6 MIMO Systems
1.7 NFC, RFID, Sensor Network Systems, Mesh Network
1.8 WAN/MAN/LAN/PAN/BAN
1.9 Emerging Technologies for Communications
2. Multimedia and Systems

2.1 Speech Processing and Coding
2.2 Video Processing and Coding
2.3 Video and Multimedia Technology & Communications
2.4 Audio/Acoustic Signal Processing
2.5 Signal Processing for Medical Technologies
2.6 Intelligent Signal Processing for Multimedia & Systems
2.7 Security Signal Processing for Multimedia & Systems
2.8 Parallel Implementation for Multimedia & Systems
2.9 Emerging Technologies for Multimedia & Systems

3. Information Science and Technologies
3.1 Intelligent Transport Systems
3.2 Bioinformatics, Neural Networks and Fuzzy Systems
3.3 Informatics for Green Earth & Environmental Technologies

Authors are invited to submit a full paper in accordance with posted guidelines. For more
information please refer to our website:

htto:// i i !
Author’s Schedule:

Deadline for Submission of Regular Paper:
Notification of Acceptance:
Deadline for Submission of Camera Ready Paper:

May 24,2024 Jul. 26, 2024
July 15,2024 Sep. 30, 2024

August- 92024 Nov. 8, 2024

SISA 2024 Student Paper Awards
Paper presented in regular sessions can be nominated for the Student Paper Awards,
provided that the first author is a full time undergraduate, Masters or Ph.D. student.

Special Section on IEICE Trans. Fundamentals

We plan to publish a Special Section on IEICE Trans. Fundamentals on November 2025.
Authors who presented their original works in SISA 2024 are solicited to submit papers to
this special section.

Submission Instruction

Paper must be written in English and should describe the authors’ original research work.
The length of the paper is limited to 6 pages including figures, tables and references. The
paper must be in A4 size, two-column format. Please download paper template from SISA
2024 website.
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