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Planning and Promotion of Return to Work Program at Day Care Center, Department
of Psychiatry, Tsukuba University Hospital, Supported by Agricultural and Forestry
Research Center

Hideaki Omiyaa), Yasuhiro Matsumoto®, Maiko Hanedab), Takuya Shinnumadateb), Rina Obarab),
Masanori Ishikawa®, Tomoki Matsuzaki®, Yoshihiko Sekozawa® and Hisayoshi Hayashi®

% Agricultural and Forestry Research Center, University of Tsukuba,
1-1-1 Tennodai, Ibaraki, 305-8577 Japan
® University of Tsukuba Hospital, University of Tsukuba,
1-1-1 Tennodai, Ibaraki, 305-8576 Japan
© Faculty of Medicine, University of Tsukuba,
1-1-1 Tennodai, Ibaraki, 305-8575 Japan
9 Faculty of Life and Environmental Sciences, University of Tsukuba,
1-1-1 Tennodai, Ibaraki, 305-8577 Japan

Abstract The number of facilities and users of the return to work (RTW) day- care center which provide
Hypochondria sufferers with program for reemployment are increasing every year. However, contents in the most of
programs are concentrated on desk work resulting in lower RTW rate or shorter working period after RTW than
expected. In order to improve RTW day car program. Tsukuba university hospital and Agricultural and Forestry
Research Center developed a new day-care program containing farm work. The key content in this program is
hydroponics of leafy vegetables. This program also contains not only series of cultivation process such as sowing,
transplanting, and harvest in consecutive order, but also many other individual programs. Participants acquired skills for
selecting seeds for cultivation, sowing harvest by communicating within group. In addition, participants achieved their
ability to educate newcomers. These results proved that a new program was very useful and achieved objectives of
RTW day-care program as well.

Keywords: Occupational therapy, Hydroponics, Leafy vegetables, Agricultural day care program, Return to work day
care
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Conservation and advertisement activity of Primula sieboldii cultivars

Katsuhiro Yoshida”, Momoyo Ito”, Daiki Mizuta®, Ryo Ohsawa®
® Technical Service Office for Agricultural and Forestry Research Center, University of Tsukuba,
1-1-1 Tennodai, Tsukuba, Ibaraki, 305-8577 Japan
b Faculty of Life and Environmental Sciences, University of Tsukuba,
1-1-1 Tennodai, Tsukuba, Ibaraki, 305-8572 Japan

In the Agricultural and Forestry Research Center, we have collected and conserved Primula sieboldii cultivars
from 2000s. At present, we collected more than 320 cultivars, which represent one of the largest Japanese collections.
However, there is a possibility of cultivars loss by natural disaster, disease and pest, when all of them are cultivated in
one same place. Therefore, we launched a cooperative genetic resources bank for conservation and maintenance of
valuable Primula sieboldii cultivars. This cooperative conservation activity is performed by our research center and
citizens. In addition, a “ Primrose exhibition ” is held every year by our research center and Tsukuba Botanical Garden
to show Primula sieboldii cultivars to the general public. In these occasions, visitors can get informations about various
Primula sieboldii cultivar’s values.

Keywords: Citizens, Genetic resources conservation, Primula sieboldii cultivar, University.



Ny EREM TEADKR] —RRERICE T 7-Ei

B IR, &

=] a
EE RN

IR Y, kR Y

D BN R AR o F =BT RO\ EEE AR, Y FRREAEMEREE T ) 7 R\ r EEE )
T384-1305 £ BF LR e A BB = POk 87120 1 11462-4

Bz

THEAORRIT. 2015 4 10 H 10 B DBk
LE L7, #IHE RO & e B iz
55 3 HBEEN KB, BN
WIWAT = a v BRI 7 EHEER)TE 2
B ORTTIEHT — DA X B LE Lz, [
HDOFR] T (DERICHENEHR LR X 55H
DY, QEMDLRESENIII DDA - WFSE.
G)HuUIEIZBAL L, [IRICBER T 235, HARITE
FRTEAHME LT, thod TYEHNORTE 2 Rl
LE L7,

F—U—F: EHOHE, KK

i

™ 1. (EADR) EM

PR ITEAOFRIE, EFEON 7 E - I L
BHRIND 3 oHHEHMD S HbOOEHT, EFH
FHEOWE &2 D IH\ r HEEK 5 RBE L FET
7oA 14ha OB T (X 1), ESZRCEEZIL,
BN RFEZLEE DN ARAT — a D 2 HFZEREES
DIBEHE L, A OME S BUWIGET T,

LML, ZNEITEBICAI SN BRBE L OHI%R
EHOTENICEZ WY T, ZiE T~
Ve A hr—T7 <Y OBREKRRES 20m A x5
FCOHE LBENEZH-> T2t bd 0 £9,
BARX MRE L 0 PAESEE | G4 - iF%E. 26 ol
ELTHEHLTEZHDD, WEOE DFDIFEEIX
N XL HTLE,

I\ - 1 R AR O BRARE BRETEI(2006-2015)1C
BT, St 3@ F B & s R DM E B
FHOFNE IOV THEIR L TWERATLT,

INHEEE Z T, R E)N\ 7 & - )1 EEE K
£ 2013 £ 4 AN » HIENO A BT 65 b+
DOFRZI\ 7 [EEEER 5 ARBEZ DV TORERER-R O
FRETL, [HAOHFIMEL L TAZ—FEE
F L7

ZLTC [HEAO#HK L 1LT 2015 4 10 A 10 H
X0 —gBAMLE Liz, £/, BEEXRSE 1 [BIH TS
RN B ER)D 2 BIE & 702 M8 2 AF5erkRd

2 E-mail: yatsuen@nourin.tsukuba.ac.jp Tel: 0267-98-2412.
! http://www.nourin.tsukuba.ac.jp/~forest/

LW E OISR A X b, TR T — & — AR B
B H OXH & Of, FHROME LT LE L,

2. [EADHFIDHEE

X —U— NIZIRIEREEAR, B, — B,
FERZITT, HHOFTEH 2 KIS D, N\ & -
JIl EEEMROMO 2 FEMEOEILEX Y F L
Too BEE, RA Vb L TORERSOHTE S &2 22 21T
BRC& HEE DB, Q)0 < FURHFRAY ORES
WZEDEE LTIERT S & & bic, Q)X DRl
DN TRBITHASRTE D4 & L THRICBI AL L .
@FFRichl-o THEHEEHRTEOIMNETHZ LT
R

3. EEAE
3.1 S—=7

FRARAE FEEHE](2006-2015)12 B R0 & AU 7= BEAFAE X
NEEEL, HEAOF L LT, &tz DER
o B — 2 )RR - RIS — L 3R
DEDY —r HPEI — 2 HFEEY — 2 6)
MAEMY) ) — ey —=v 7 LE LTI 2),

X 2. THADORER =20 X7y b (i)



3.2 — B E T o HEfE

(55 AR DR

BHEARIZ DU THEL 2011 AR 1 0 o 7a kiR &
Ma L BETIToTCEE L, AFICEATEDIX
2013 FREZ D 2014 FREEFTHCL BRI
AL (B R « BRAFR Y — 2 E R & — Ik
BEnE Lz (9 6ha) .

[HEWTEE 7 & T8 FEE M O #E%]

BAHOZFEOFHEANBITEHOMM 2 Ha2 (X 3)L.

EMMOEME TCOESEZEMLE L (25K
670m) ., ZAUZ LY. JR B LERD S ESL KA
FOIUETOIEE R, HAOHFEZKBIZHE > T
WA K512 E Lz, BEAORESAEIZ—
HRES MR ER DFEM 2T > I L THE £ LT,
[k H B B4 O i

(A5 2B 2 B A DR D Sk FBE RS & L T
LE L7,

[FEWNFEWREDKE]

IEFM, M, BRI RBIRENERE. £
B — AR A R E L E L,

Ty A

S . -
X 3. TFEAOZRI M & ZNFRSE

3.3 — B it

10 A 10 H ¥l RNEEDORLE LZITTEEY
HAORRE BB U E Uiz, — MBI A X 11
00 oA —T=r 7 lLEF=—%{TWE L/, AH
BHERIZ 2> TV D HGTORHR )1 Bk, KA.
EIMKRT:, FEABEERMAEE D 2 B E LE
L72(13 4), /2. ZOHDOEDIZRFENS EH)IE
- BIFR AT COBREBE O FIZB W T W
TFELE@ 4). M4 137 —7 vy METHORES
i o A I

. RLHRR

10

3.4 %5 2 R TG —

10 H 10 B 13 : 30 2»HidHTiEss —& LT,
4 DFTDOAR Yy N EKDLHMA - AT Y —%2EHD
BOBNA bR LE Lz, BIRU T A X, kB
ZURBR MBI 7 n Bl E A L E LT, 16 ¢
30 2B BIE, 3 WFEREBI O 3 A IC K DS
EEMEE MBI TE/RLE Lz, —
W 76 OBV | RLFFEC L, X5 13k
W —BEOBH LD HD A4 FT T, HiE
P 0iIAHRTZ o & Lo HBIEd )5, oo B
BT L £ LT,

X 5. HUEH T —DF T v

4. BHOHZEDG®R ERE

2016 4 X 0 IEE)C& 2 MRS 72 B &
DLV YR—=F—(RT T4 T)VeFELET,
BEPETIIA Y — OMRER 1T L A CRETX
TWEHA, BRDEFICRKMZET 55O}
BHLHD FETN, LENY L5 0nEHITs
bET,

POHICHED TR IL, RTOREZ A3 FE
L7z, LIRIOBREE Z A - FEOx51cE 2 T
W E S S D i b Pt Ex £, ©
ZT, ZOFHADEDIZH, HADRKIZR->T
BholmbBoTWEFITAHES< 02 L72L
TIEWTF RN EEZTWET,

HiEE

BEAHDBZEDOSIEFZ TN r F - )| EHCEKE O
IEEHEESR T, EH DI\ i I EEEARD X
o7 LCHIZIEEILE L, ZZIWICEATIHE
W OHEREA R RGE L B, &5, —i%BH
BB U, mREEAE B o 7 —F ., EATEE MR
. BUREBRKRZ & > 7 HIEEKRAZ v 7 B
WRFFPAR, B OHFAICTXEE CH =8
FL7m, ZOBEZBMEY LTRBILEZR L EIFET,
KEHVNE S ZIWNE LTz,



Activities to the general opening of “ Megumi no mori ” at the Yatsugatake Forest

Akihiro Inami®, Masanori Sugiyama®, Mitsuru Shinohara”, Mari Nagai”
9 Technical Service Office for Agricultural and Forestry Research Center, Yatsugatake Forest, University of Tsukuba,
462-4 Nobeyama, Minamimaki, Minamisakugun, Nagano, 384-1305 Japan

® Academic Service Office for the Life and Environmental Sciences Area, Yatsugatake Forest, University of Tsukuba,
462-4 Nobeyama, Minamimaki, Minamisakugun, Nagano, 384-1305 Japan
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The recommendation to do educational and/or technical research by means of
Grants in Aid (Kakenhi) for Japanese educators or engineers

Shin-ichi Ito

Graduate School of Pure and Applied Sciences, Technical Service Office for Pure and Applied Sciences,
University of Tsukuba,
1-1-1 Tennodai, Tsukuba, Ibaraki, 305-8573 Japan

This is an opinion for the recommendation to do an encouragement research for Japanese educators or engineers.
Japanese educators or engineers can propose the Grants in Aid (Kakenhi) for educational research and/or technical
research. In this report, how to apply it were described for Japanese educators or engineers.
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YI b7 EN—K T 7iERELLE
NEFORESR

A |

RREBEEDRFF

MK AT AL
T305-8573 FII < 1FHE EA1-1-1

Bz

WA, EMREZR 7 vk v ¥ IC FPGA(Field
Programmable Gate Array)?3 & L TV 5 Xilinx
® Zynqg X° Altera f® SoC FPGA 7% & O
SoC(System On a Chip)2MEDLILD K 91T/ > T&E T,
ZhH?D SoC TlE. ARM Fut v# & FPGA 7
WD AXI NATEHEICHES I, T at vy TfT
OO O M Z LA EEIC N~ Ry =T
(FPGA)ICA 70— K452 LN TX 5,

AWFZETIE, ZOREAFRIA L T, Xilinx #:0
Zyng ZEH L7eFAFEBRHOY 7 Mo =7 Ln—
R = 7 PERE LI SR (LT, EREE & 5)
ZPRAgE L7,

¥—T7— R : Zynq. FPGA

1. [FC&HIC

AWFETIX, V7 b =T En— Ry =7 OWil
REHCRET 22 E DB ZIRD D 12 O EEREE %
BEL 7o, FEBREEEIL, Xilink #:0D Zynq 7> 7%
#H L7z ZYBO "—F 2 B¢ FPGA OV —/L%
BT A2/ O~V FLarsBa—F% 1 5
DFZANT LT Rk E Lz,

Zynq 7 v 7%, Xilinx £ ARM 7wt v &
FPGA 7 1 ©® SoC & LT | FyFIZERHSN
TW5, ZOFE»NHHEA OFREEZ ARM 7't v
PTEETAY 7 =7 LTHEETLZ LG,
FPGA THEIET H NN— RN =7 L LTHETHZ
ELEDIATH ZENTE D,

[ ——

192.168.11 134

\ -
, X =1=
\ N
% A v F T .y
&S e

VT R T eon— R = 7 OPERE R R

X 1.

e
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ZYBO R— RiZiX, CMOS I A 7 Z#5# L Tl
BAUBEOT- OO BEREGETE Lo L, £D
2 5D ZYBO HA— KO % &E#®E 72 HDMI 7~ — b
THEHE Lo, £, FRRIEE 2 & Clfsl %
TH52ERTED, e, B/IMOAR—YF L=
Va— X 22 HIEA S L CRE L, EBROHIEZ
1ThHE 5,

FEERAEE T, B0 T 0 VAR E 1. ~5.05%4F
THEAT LR O FATIRFE A WE L, R A21T 95
LN TE T,

1. kA7 a VL, EFEEO L~V
Db A 7> a v EMIMLIZIRETa >
SNAN LR, BRORR D FEEDT 7T
VTV TANEMBE Y T N =T % ARM
Tat v OBRTET LSS

2. Ei{bATva EL EREEEO L

D b A7 > 3 &2 LT RRE T, ARM

7w k& v % + SIMD(Single Instruction

Multiple Data)T=> "> NEON %fffH94 % &

N NANLTEBROFEED T T T

TUTANEREY T Ny 2T B2FEIT L

Bt

OpenMP % LT, 1.& 2.2FE(TLI=HA

4, Y—RAza— % Vivado HLS T/Hh— K7 =
7 (FPGA)ICA 7 a— R L7=H6 (AXI /N A
DY ABT 7w AEMHALE)

5. HDL(Hardware Description Language) CT/>—
RD =7 (FPGA)IZEIE 7 4 V2 R LT
W

w

TH Y
s

» =
1 CMOS 7 A5 W
MT9D111

/NS — > v 1
B o —#



2. RREE

FEERAEE 2 X 1 1R T, EBREEEIL CMOS 7 A
?@hﬂ%HI%PmdﬂXﬁ& THAE L2
ZYBO R— K2 2 &, BB A=Y Frayv
Va—Z% 1 B, AAvF oI nT7% 1 G#E#HL
TW5,2 5D ZYBO R—RKDOH AT &R LT,
AT VAN AT OMEEFSLIICEBINLTND
EBREEDOR—AT L — NI 5Smm DT 7 U VI
T, L—VP—INTHEEZHEHL TINTE{To7=, L—
P—IMITHEZEH L TWAOT, BHRIMIAARE
Thd, TOREEIEHLT, ZYBO R— KDOHY
(T RIFEMBICEELZDO T, ZYBO R— R & A
T4 REHET CMOS B ATDAT LA B AT DR
WEZEF$TDHZENTE S, MTIDII D& KR
L 1600 B°Z7 /L X 1200 A T, FOHBRED
7 L—2A b — M3 15fps(frame per second) Th 5.,
MTOD111 i, FIKRTIL 800 B Z /L X 600 T A
> @ 15fps TEHEL TV 5, MTIDIIL (A > & —
7 o — AN HE ST, ZYBO @ Pmod = %
72 DORND 2 EICEY [T 5 TWB, FDOET%
X 2 \ZRT,

'XNI'HX 3

g

8908d . 5 1SUS-S5

FREgR

¥ 2. ZYBO A— F® Pmod =% 7 Z L A & —
7 = — A EEM A LT CMOS 7 A T OEY £

/NI R— Y F v a ¥ o —H L, intel Core i5 7

oty R EBH I, 8GB @ AE U, 256GB D
SSD (Solid State Drive)23#5# ST\ %, #/ Vi
N—YFar B a—FZi%, Ubuntuld.04 2514 >
A R—LENRTW5, O EIZ HDL %Zitih+ % =
L T FPGA #or D — K 17’%%5}2?‘5 Xilinx
D Vivado > —/L<° C, C++, SystemC i bH
HDL #4435 Z &3 CT& 5 Vivado HLS. Vivado
PNAERLIZNN— R =27 ICs Uy 7 h =7 21E
45 Z LN TE 5 SDK(Software Development Kit)
EEAAP—=NLLTHD, ZNHIZE > T, USB
r—7 NV THE S LT ZYBO R— K@D FPGA O
A7 4 FXalb—varEERTTHI LS. ARM
TV DY T NI 2T DTNy T ETHEN
T& 5,

IS ERIEENIZAAL v TF U 7T E2HEHE LT,
ZYBO2 H® LAN &/NEINR—Y F )L a B a—
2O LAN ZAMBxR v MU — 71T LTz,
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3. STSLF7UT74 L5201

FEREEE O ZYBO R— R THEITT D EGALEE &
LT, 73T U074 NENBERIR LT, 77
TIT T NERBL, BTy VERNT S
W7 V2O 1 T EBO Y7 B/LOHHREO v
7B E 3x3, 5x5 DT 1y U AL THEE AT,
HAROEBOMEE T 5, 3x3,5x5 DT F73T

7 4 VH OBEGIHENT BB EK 3 IR,
1)-3]-4]-3]-1
-1]-1]-1 S10]|610]-3
-1]8]-1 4|6 20 64
-1]-1]-1 alolsl|o]-a
I FTFF 1]-3]-41-3)-1
T/?J&F
K 3. %573 T 7 4 VEDOEE

X 3 D 3x3.5x5 DT T TIUT T 4 IVE DR
[T R OBERE DEIZHNT 2485 E R L, FEROIRN
WAIXT 77T 7 4 )V H BRI R RS RS A
HBETENLVERLTWS, HlzIE, 3x3 9777
VI ANETEEAZITI)TXRTOE T B/VEDN 10

ol d5, 20553 1 ITRTEHICTTT
T T A NAREBEOMEIL 0 &5,

10 X(-1)+10 X(-1)+ 10 X(-1)

+10 X (-1)+10 X 8+10 X(-1)

+10 X(-1)+ 10 X(-1)+10 X(-1)=0-+- X 1)

AHENE 3x3 DT T ITIT T 4 NE R LT,
BEEEICHT DT T T T 7 4 /v F LB %5
T 5, N LOREEOE 7 v v % 3x3 ORET
1 BiEE L, HhRos7ELDEETS, 1| BV E
NEZTHLTHLE ) —F 3x3 OFRECHERET
HERPIOY 7B LOEKO Y 7 B OENREHET
x5, FTNELEEE THAZITO ., WL, £ END 1
FALUTFICT B L, 3x3 DR CHEAITH, #%IT
ERER 21TV, A FimE TOEE2ITS &0 1 HiH

DT TIZ3UT T VA MBEBNET T 5, EDFE
FEX 4 1TRT,

T T 4 VAL



TS T T 4 VA AR O E R SFSUT T 4 )L R AR DS

X 5. X 6.

FTIT T A NVFAEIL, Zynq T v T D ® 2 {#Hl¢ 32KB Instruction L1 Cache, 32KB Data
ARM 7oty HOY 7 vy =7 TUHETLHZ LY L1 Cache (ARM 7'r&t& v Hi2ft)&E)
TX5M, Zyng v 7D FPGA #my %A Lz ® 512KB L2 Cache
N=RU=TLLTHETTHILLETED, 777 ® DDR(Double Data Rate)2, DDR3, DDR3L,

T T 4 VA BRI OEGE AKX 5 IR L, T ST
ST T 4 NE G OmEEZK 6 (R U

LPDDR(Low Power Double Data Rate)2 =/
hr—7
® 2 {#® USB(Universal Serial Bus)

® 2 {H® Gigabit Ethernet
4. ZYNQ Fv 7DtE& ® 2 f# @™ SD(Secure Digital), SDIO(Secure
o o o Digital Input Output)
S (2] - 3
/\Zynq 7 7 - 6%\ ARM 7wty & FPGA G ®  GPIO(General Purpose Input Output)
N 1 F v FITHA S vz IC(Integrated Circuit) C ® 2 {0 CAN(Controller Area Network)
o . e A
D5 AR.M Ty ‘H: 75:1%%2 SAT S ® 2 {#® I12C(Inter-Integrated Circuit)
PS(Processing System) & FEEA TV T, 2 O ARM ® 2 {H® SPI (Serial Peripheral Interface)

Tutytd 10 BT AL ARBEHINLTWD,

PS ICHEH ENTWVDHT A AERT,
® 2 fHld ARM 7'rt v (kX 1GHz EHfF)
® 2 f{H ®» NEON SIMD(Single
Multiple Data)=> > (ARM Z'u-t vz

FRUICTRTRRIC, 2L DTN A PS IZHH &
T, ARM Yty bR T5Z LN TE
%o Zynq Ty 7 OT w7 EK T IR,
PS & PL(Programmable Logic, FPGA #5#{)I%
AXI NATEfESNLTWD, PS & PL Mo#k

Instruction

1)&) 2 =t
—
7\1_\‘ ]\ %/ MYJo
Processing System (PS) - -
SWDT Application Processor Unit
1) FPU and NEON Engine FPU and NEON Engine
Peripherals TTc
MMU | ARM Cortex—A9 MMU | ARM Cortex—A9
YN UsB cPU cPU
usB System 32 KB 32 KB 32 KB 32 KB
- Level I-Cache D—-Cache I-Cache D—-Cache
GigE 1 — Control
&= | 2x Gigk Regs ‘
& Zx SD = GIC Snoop Controller, AWDT, Timer ‘
SD 1
SDIO IRQ A
SD DMA ‘ 512KB L2 Cache & Controller
sbIo 8 Chanel v
GPIO - o
ocm 256K
= ] 2 |
= | _ UART . N
S CAN ~ \ \ 4
CAN Memory
20 Interfaces
5 CoreSight DDR2/33L.
Central Componets LPDDR2
SPI e IEER - Controller
o ]\
— DAP ?
Memory Progr Logic to y
- Interface |~ - 1_Deve ‘ Interconnec t ‘
N SRAM/ A A A A
NOR
ONFI1.0
NAND
Q-sPI
CTRL
\ 4 \ 4
EMIO XADGC General-Purpose gMA IRQ Config High—Performance Ports acr
yne
12 bit ADC Ports ol
Programmable Logic (PL)
Select IO Resoures
~@—— AXI 32bit/64bit —~@—— AXI 64bits @ AXI 32bit ——— AHB 32bit ~@—— APB 32bit <= Custom

7. Zynq T w7 DOTH K
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® 4 K—Fd AXI HP A—b (¥ 7 TIX
High-Performance Ports)
® £ 2 K—hD AXIGP vAZ &AL —
7 «"— bk (¥ 7 TiL General-Purpose Ports)
® | K—Fd AXI ACP F—F (¥ 7 TiX
ACP)
AXI HP R— MIFmHEDO AL —7 « IR— T, B
VERWEDY 200MHz, 64 B > MEDT —Z /82
DA OVEREIT K 1.6GB/s & 725, AXI GP
A— ML PL [ZfE272 IP DLV RAZ DFRER
E ORI E R SN2 WHLRICHERT 2%
N TX5H, AXI ACP 7"— M ARM 7't v
DX v 2 & HREIT Read/Write 975 Z £ 3T
X5DT, ARM 7rEv¥& PL {lOT—2D
Read/Write RfD LA 7 2 Vi< 725,

5. STSVTFUIT4ILEDERERE

CMOS # AT THRFE SNI-Hig GREEG) 1%,
Zynq v 7D PL HICHEESINIZARAT - a v
kv —> ® DMA(Direct Memory Access) C. DDR3
SDRAM DFFE DFEIICHAE S D,

By b~y T4 AT LA« arybua—F3h
AT EGRESROWG T — 2, £RXT 7T T
7 4 VA RBREI OEgR T — X A LT, T o
AT VAR T D,

TTTUT T 4 VAR AT ) BRICIE, 7 b
U7 E2FI N R =T, B AT EGEE S
BT — X g LT, 97777 4 AL
ATV, fERET T T T 7 4V X ALEEIR I
EBXRALe, YT NI 2T NT T ITIT T 4L AL
FAITOBICIZ, ARM Fat v RT3 75337
T A VH B ATV, N— R T = T 3T ) HAE T
PL SICEIEINTZT T T T 7405 IP NT
TIGT T ANENBRELTY, TTTUT T g
JL% TP |Z. DDR3 SDRAM D7 A T Eifg a1 &
Eifg7 — 4 % AXI4 Master Read Zff L C DMA
TIRAZEY, BAH LTI TIVT T 4 H
WHLZAT D, TDT T T T 7 4V Z APREE R 1%
AXI4 Master Write Z{#ifi LT DMA 77t AT X
Y. DDR3 SDRAM D Z 77 27 7 4 )L X JLERGH
BWICEEAEND, ZOKETEK 8 1T T,

PEderk-vi

FPGA (PL)

8. V7 I U=T N—FU=TICLDT7TTY

T T VA ERE ST TE

N— Ry =7 OVERHIR G & LTIE.C R CHy
SystemC = &% 7 © HDL(Hardware Description
Language)lZ A #a3 % mAL& Y —/L D Vivado HLS
ZHWEGa L HDL # AW TE#ET 777 &~
T ANV BB FENTIGEITOWN T ORI
{T> 72, Vivado HLS Z /] L7 HE12iT, C ®°
CHEMICLD Y —R2Aa—FKoEEXFHLT L7 b
U EMEEN DR RIS K o THRENZELT 2D T 4
TR D H 72 5 FHENZ L A MEREIE 21T o T2,

V7 U =7 OPEREHES S & LTI, Vivado
HLS THEA LY —Aa— REIZFR—D 4
®»Y 7 b =7 (laplacian_filterl~laplacian_filter4™)
B L TCEOMREELE Lz, 723, Vivado HLS
TET 4 V7T 4 72U THREZ M ESH T
L3, V7 M= TIZITEBRTH LD T 4 LY
T4 7I3HIBR Lz, 72, ARM ety 7T
7 7 1278 L 7= SIMD(Single Instruction
Multiple Data)®> NEON =T 2 &Afi 4 % &k T
b 4 DY T P =T IZOWTEREIT 12, 1
WO ARM 7ty Hix 1 HorsERALTT S
TIT T A NVEBREFETT LR, BRI T
5 2D ARM 7 ut v Y EFEEFICHERT S
OpenMP % fifi o 7= IRF DYERE & 38 L 72, OpenMP %
R LESGAICE, 4 O Y 7 Ny =7 Tl
BB ARFERTESTZOT AETHEHAL TV 4 FE
MHoFEEE/INET L= 4 Fi¥E(laplacian filterS ~
laplacian_filter8®) & L7=, ZOZEHENEIL, it
KDTFZT T 4 NEOFEETITEBGONED 1
7L DEE 0 1L TN, ZOFEED Y —R
a— R CIEEMHDIERHEZ2 TLE D, &2 THERD
LD 2 ¥R E 01275 LT,
Zhicky, Y—Ra— ROEMSIENRE - T
OpenMP 7% 3 FHDFEIE T, ELSEET D X
NI oTo, LU, &% D FEE (laplacian_ filter8)
TIIHE G N R ERTE 5T, Y —Aa— KDFEE
WEWNZ XL DT T TV T 7 4V HHITDENEK
9 TR T,

-

OpenMPI=E{LED
STSUTLI4)4E
& AEE R

SETDITTIVFLIINE
HAEEMAL

9. OpenMP ~DRHELICE DT 7T T
7 4 IV E DFEIEDEWN

B9 TUEIRLEESA 0 ICREE LS T,
HLRLIEESNT T I T 7 4 VA D
o Th D,

SFSUT T 4 NENBID N— Ry = 7 EE L
V7 vy T EETE, ZER-OY—Aa— %
BRLTWS-D, ETHEMOELRS TS
ZEMTED,



F 1. gecd6 TALNANLIETFITLT U7 A NEDEEEDRECA TS a o DENT LD
ALLE PR ]
-OZL (ms) -O1 (ms) -02 (ms) -0O3 (ms) -Os (ms) -Ofast (ms)
laplacian_filter1 448.0 130.0 130.0 127.0 136.0 127.0
laplacian_filter2 328.0 99.5 86.4 85.1 96.3 82.1
laplacian_filter3 279.0 94.2 83.6 82.7 91.6 82.8
laplacian_filter4 228.0 123.0 92.8 93.3 114.0 92.7
= 500.0
6. XERIEH o |y
o o s s . - = |
(5. 27T 707 4 ZOFEETE IR L 300 1
FETY 7 by =T, ~—RY=7 OMREkERE | Tz
fTor, 4 Moy —2a—przhzn |22 M -
laplacian_filterl, laplacian_filter2, laplacian_filter3 . g 1?2-2 ] w laplacian_filter4
laplacian_filterd &9 %, LD Y —ZXa— RiZ 00 |
S \_,C @%}‘E% %Yk&:\ﬂi/{ 50 (():ES)L, -01 (ms) -02 (ms) -03 (ms) -Os (ms) ?;fla;t
® laplacian_filterl BEEA T

> V7 2T ELTERLE C V—X
a— R&EEH L
> Wiz 1 7 RAGRAT, 777V TV
TANVEMBEL 1 BT EICEL
® laplacian_filter2
> memepy() = L CHEEBET — X2 F L
Tt~ EE L (memepy)DFEHIZ LY
Vivado HLS TlI/N— R MEER{THR
%)
® [aplacian_filter3
> laplacian_filter2 OE| Y H A A F — h~
YA E HE L2 (Vivado HLS T i
PIPELINE 7 1 L' 7 7 4 7 %A LT2)
® laplacian_filter4
> memcpy()DfFE Y — A2 — K% Vivado
HLS (Zhcifk L72 (Vivado HLS Cidhx
W7 4 V7T 4 7 &ML CEiEk
X 72)

laplacian_filter] ~ laplacian_filterd % [X] 9 |Z/”3"
WY EEOLE LMD 2 BV E 01T D
Rl E LY 7 b =T BRENLEN
laplacian_fiter5 ~ laplacian_filter8 (ZxH)&d %,

7235, ZYBO AR ARM 7= v Cortex-A9,
IIEAPEL 650MHz TENMEY % Ubuntu 14.04 LTS
TV T N2 RUON—= R =T DFATEIT> T,
REMIEHANE Linux @ gettimeofday 3 A7 L =—)L
TITo7,

6.1 T2 /NA TIT gecd6 HEHLIESGE

RO gee 4.6 T AV LA O A
T a kDT T TIUT T 4V H R A R
1 (oRd ¥,

# 1 2EEbF S a7 L
KA 10 (21, K 10 Oftdixy 777 v
7 4 VX OMLEERER] ms HAL, AN RE (LA T
arIl DT TITUT T 4V DFEREDENIC

10. gecd6 TCALNANLIET TSI T
T 4 NE DOEREORELA T Y a v OEWIT L

LU 0 7 F 7
500.0
450.0
400.0
350.0
300.0
250.0 m-0% | (ms)
E %28;8 u-01 (ms)
E 100.0 =-02 (ms)
¥ 500
@ 00 u-03 (ms)
N S & 9 .
=) C&‘&Q b\&g K&'é &é ®-0s (ms)
o o o o = -Ofast (ms)
& & & &
A A A A
N N & N
FTIIT LT 1N DEEE

11. gecd6 TRNRNAN LT TITTT
T 4 VE DEFEOENNT L DB D 7T 7

L oMREREEERT, K 10 #H 5 & gee ORiEbA
7' a LTI, laplacian_filter]l ~ laplacian_filter4
F T CEMBANLABREH N> TV D DR DND,
FER 1 PO bEELS TV a VL & Sk A
Tva Y TR, RERRRICER D D DD
Do
M1 IET7 7T T 07 4 VEDORED L Ok
bA Ty a N RDMROEET ST T T 4L
FORIEZT LW T T 7 ThHD, KFPEHIT,
Ki{bA 7> a VL QMBS RN 8D
Moo, HEOMLPREEH & L CiX, laplacian_filter2
DI LA T 3 v-02 OEFAED 821 ms DMcH

CoT,

Wiz, FL gee 46 ZfEH LT, ARM 7rty
#d SIMD =¥ NEON #fHLTT7 77
%7V74w&ﬂﬁéﬁﬁbt%%%%zcvﬁi

gee DA — X7 BT A4 XEREZEH L T
A/LL NEON Ho=a— Rz i L7z, gee DA —
N7 %5 A4 XDAT T a > iZ-mepu=cortex-a9

# 2. gecd6DA— F_T BT A REREICE > TCNEONTZ DU A A LEBEDT 7TV T v

7 4 IV Z D RLERRER
NEON -OZEL (ms) | NEON -O1 (ms) | NEON -O2 (ms)| NEON -O3 (ms) | NEON -Os (ms) [ NEON -Ofast (ms)
laplacian_filter1 447.0 131.0 132.0 137.0 138.0 137.0
laplacian_filter2 313.0 95.0 78.3 83.4 92.2 83.0
laplacian_filter3 278.0 94.4 77.7 83.4 92.0 84.2
laplacian_filter4 229.0 123.0 96.4 96.3 118.0 96.2

22



500.0
450.0
400.0

~ 350.0
3000

& 250.0 -

& 2000
150.0 -
100.0

50.0 -
00 -

H ]aplacian_filter1

N laplacian_filter2

laplacian_filters

u Japlacian filter4

EERERT

NEON NEON NEON NEON NEON NEON

O#F. -01 02 -03 -0s -Ofast

(ms) (ms) (ms)] (ms) (ms) (ms)
NEON+R#{LA i a i

12. gecd6 A — b7 2T A4 ZEREIZ L - T
NEON = VU &Ml L7235/ 0K FEiED K4
Ta U DEWIC L AR 0 7T 7

-mfpu=neon -ftree-vectorize -ffast-math

-mvectorize-with-neon-quad ZfEH L7z, AL, =2
NRANEEO R LA T v a e T IV T 7 41
X DI L - TIiE, NEON Hoz— R Eh
TRV B D, 3 2 THRWTFIZE » ORI LT ALE
e 723, NEON @ 22— R S =&k o %6 %
77, NEON ZfiH L7284 S gee DE{bA 7
varEANTIE O NENZ Enbnd, kkiElbA
T a X BB OENE T ST T T 4
NWNEDEET LT T 7 LK ER 12 1277,
B 10 & 12 [ E[F U %27~ Lz, gec 4.6 DA —
T ZT A4 XA LTI T3 T 7 40

450.0

400.0

350.0 .
Elaplacian_filterl

B laplacian_[iller2

laplacian_filter3

mlaplacian_filter4

®laplacian_filters

L00.0 o laplacian_filter6
50,0

0.0 -

laplaeian_filter 7

laplacian_filter8
O

(ms)

[Ral ]
{ms)

-02 -03
(ms)  {(ms)

o) [

-Os
{ms)

-Ofast
(ms)

13. gecd8 T ANV LT T IV T v
T4 NE DEREOKELA TV a L OE WL D
R D 75 =7

laplacian_fiter3 DO {kA 7" 3 -03 DKFD
77.7ms 72572, NEON ZfH LAaWGESIZHh~T
NEON % L7256 DIF 5 23 il O LUBRREfE] A3
FVELS o7,

6.2 2234 TIT gec 4.8 HHEH LI-GE

gee 4.8 DGEDTTITLT T 4 )VED gee fix
WiLA 7> 2 & NEON EHOBEDT 7T 2T
VT VAR AR 3, £ 4 (R T Pl ogec 48
ZH L7234 1% laplacian_filterS ~ laplacian_filter8
BB 2 HE L CRITEM LT, 7773 T
7 4 IV H DFEFIIB Y DA 7Y g v oEND

SILER % 3 23 L LT RO RO A1, L BMAERMO 7T 7 E” 13 LR T,
# 3. gecd8 TAVNRANLIET T IFIVT U7 4 N DORKEED
Rcitifb A7 a v OENIT K B AL ERRER
-0 (ms) -O1 (ms) -02 (ms) -O3 (ms) -Os (ms) -Ofast (ms)
laplacian_filter1 425.0 145.0 126.0 125.0 125.0 126.0
laplacian_filter2 316.0 95.0 80.9 80.8 94.0 80.2
laplacian_filter3 299.0 95.3 84.4 82.2 94.4 80.2
laplacian_filter4 273.0 127.0 88.9 88.6 114.0 88.9
laplacian_filter5 420.0 148.0 137.0 137.0 139.0
laplacian_filter6 308.0 95.2 82.7 83.5 89.9
laplacian_filter7 303.0 95.7 83.2 83.5 89.3
laplacian_filter8 265.0 119.0 84.2 87.1 114.0

£ 4.

gec 4.8 DA — h_T BT A RFEREIC L > CNEON =2 DU 2 L2540
FTT T T 4 VA OB

NEON —0%&L (ms) | NEON -O1 (ms) | NEON -02 (ms) [ NEON -03 (ms) | NEON -Os (ms) | NEON -Ofast (ms)
laplacian_filter1 425.0 145.0 133.0 143.0 128.0 141.0
laplacian_filter2 315.0 94.2 75.1 75.3 94.4 76.3
laplacian_filter3 299.0 95.2 74.9 74.4 94.1 74.6
laplacian_filter4 273.0 127.0 88.9 88.9 122.0 89.4
laplacian_filter5 420.0 147.0 131.0 132.0 143.0
laplacian_filter6 309.0 95.3 79.8 81.1 88.9
laplacian_filter7 303.0 94.8 80.5 81.9 90.7
laplacian_filter8 265.0 119.0 87.7 86.9 116.0
# 5. llvm34, clang34 TR RA N LT TTUT V7 4 H DOFKERED
B bA 7 g v DENIT KD ALERERR

-0%L (ms) -O1 (ms) -02 (ms) -03 (ms) -Os (ms) -Ofast (ms)
laplacian_filter1 304.0 148.0 137.0 133.0 134.0 133.0
laplacian_filter2 238.0 109.0 99.0 101.0 103.0 101.0
laplacian_filter3 221.0 106.0 95.5 97.7 105.0 97.6
laplacian_filter4 241.0 121.0 94.7 95.0 94.9 94.9
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# 6.

FERLIESREDT I T7 7 4 L2 ORI

llvm 3.4, clang3.4 DA — b7 2 7 4 ZFEHEIZ L > TNEON = V> %

NEON -OZEL (ms) | NEON -O1 (ms) | NEON -O2 (ms)| NEON -O3 (ms) | NEON -Os (ms) [ NEON -Ofast (ms)
laplacian_filter1 300.0 143.0 134.0 134.0 133.0 133.0
laplacian_filter2 232.0 102.0 86.8 88.3 87.9 88.6
laplacian_filter3 219.0 102.0 89.7 90.8 88.4 91.0
laplacian_filter4 230.0 115.0 92.4 92.4 93.4 93.2

M laplacian_filter1l

M |aplacian_filter2

laplacian_filter3

e

NEON - NEON - NEON - NEON - NEON - NEON -
0#fL 01 (ms)02 (ms) 03 (ms) Os (ms) Ofast
(ms) (ms)

M laplacian_filter4

NEON+&# A 73 3

14. 1llvm 3.4, clang3.4 4 — b7 X% T 1 Xhk
HEIZ & > T NEON = ¥ U 2 L7286 Do fmit
F7 T a K DB D ST

laplacian_filterl & laplacian_ filter5 (%2734 73 i
RHIENTROT, F&ALHCERMERT,
laplacian_filter2 & laplacian_filter6 # & D1t & [FI45
Thb, gccd6 & gecd8 DT TTVT T 4K
OUHFH A T 5L, —R-ETHLZ LMD
Molo, REOWHEEMIX, gc 48 ODFEHD
laplacian_filter3 @ NEON #%ffiH L72-03 DA T,
744 ms 7Zo77,

6.3 22734 F|Z llvm 3.4, clang 3.4 % f#
A LE%E

llvm 3.4, clan 3.4 ZfFEHA L Ca A LIgGE
DE{bA 7> g & NEON HHOSAED T 75
ST T 4 VAR AR 5. # 6 [T W)
NEON T D560 4—  RT X574 DA

-mfloat-abi=hard Z [ L, & ZZ&iEfb4 7 v a v
ZBMLTWD, F7z, gcc TRy XAV LESLE
ERIERIC, A= NI X FGAXDFT > a v EHH
LCay AL TH, NEON &4 5a— K%
195 EIER 5, & 6 @ NEON i35
I — RREEN TN D FAT 2 — N OMBERFH] 2 JR 0
FTCHERLIZ, llvm 34, clang3.4 A — 7 X T4
THEREIZ X > T NEON = P U 2 L7=85a D
LA 7 a SN LD O 7T 7 2K 14
W27, 14 #R5 L, REfbAr 7> a LD
B A, gcc Ta vy 4Lk
laplacian_filter2 ~ laplacian_fiter4 D ZLBRRERE]D 223
WIRNZ ERN o7, gee 4.6, gee 4.8 [THART
llvm 3.4, clang 3.4 TIXT 7T 7 7 4 VX DHLH
FERIDR RS DB BHANH D Z ERNbhoTz,

6.4 OpenMP % H\\T 2 -2® CPU =7
A L5 E

gee 4.8 IZFBUWT OpenMP ZEHT B2 D A
7'a - fopenmp A AL RA )L s FT gk L
TEBML7ZSG O bA: 7Y a ek b7 77w
T VT 4 VAR R 2 7 ISR Pl gec4.8 1T
BT OpenMP A2 A3 5, HIZ, NEON =
VR LIEROREA T a LT T T
VT U7 4 VBB AR 8 (1T Bl ek,
JUERIF O ARFE NEON = P v T 52—
RSN TN Z L 2RT, 777707 4
JL S ALEREE BT laplacian_ fiter] ~ laplacian_filterd.,
laplacian_filter8 T RifE RN T DD o7z, KED
AVER IR (X laplacian_ filter8 D ik A4 7" v 3 »
-03 OEED 725ms 72o7-, T, Y7 hU=

ARV = G

-mcpu=cortex-a9

-mfpu=neon

THREFGEDOT TS5 T T 4 NE LR TH B,

< 7. gec4.8 2BV T OpenMP Z M L7356 O b A7 > 3 2 K 2 ALEERER]
-OZL (ms) -O1 (ms) -02 (ms) -O3 (ms) -Os (ms)
laplacian_filter1 209.0 117.0 105.0 101.0 211.0
laplacian_filter2 236.0 107.0 94.4 93.9 144.0
laplacian_filter3 224.0 100.0 87.0 87.0 94.1
laplacian_filter4 167.0 90.0 74.4 76.8 90.0
laplacian_filter5 231.0 111.0 95.2 95.3 203.0
laplacian_filter6 204.0 95.4 80.9 81.6 111.0
laplacian_filter7 204.0 94.2 80.9 81.9 111.0
laplacian_filter8 182.0 93.9 74.3 72.5 88.6

# 8.

el AV BV Y B

gee 4.8 123V T OpenMP Z 273 5 NEON = o &l L 72 Rf D

NEON -O%E_ (ms) | NEON -O1 (ms) NEON -O2 (ms) NEON -O3 (ms) NEON -Os (ms)
laplacian_filter1 210.0 117.0 99.9 103.0 210.0
laplacian_filter2 234.0 107.0 94.6 95.7 144.0
laplacian_filter3 228.0 99.4 85.6 90.4 95.0
laplacian_filter4 173.0 89.4 76.8 73.6 90.0
laplacian_filter5 213.0 109.0 96.1 96.5 209.0
laplacian_filter6 190.0 92.3 80.2 79.6 110.0
laplacian_filter7 190.0 92.5 80.5 79.8 111.0
laplacian_filter8 172.0 89.0 73.0 72.8 89.5
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#% 9. VivadoHLS ZHWWCT 7 I 7 7 4 VAU Z N— KT = Tl L 7= R D L ER IRE [

£ BEDY IR ONEER(ms) N—Fx7 QUNIEFFRE(ms) SW/HW

(YIrIIT7EE) sw E i HW ESis

laplacian_filter1

(laplacian_fiter5) 95.2|OpenMP -03 509 [PIPELINEZEL 0.19

laplacian filter2 74.9|NEON -03 80|PIPELINE£EL . memcpy() 0.94
PIPELINEEY . memcpy(). El

laplacian filter3 74.4|NEON -03 60|UEEL 1.24

laplacian_filter4 PIPELINEERY . memcpy(). |

(laplacian filter8) 72.5|0penMP -03 153|UEEL . SRERIEZH 4.74

6.5 Vivado HLS # W T /n— Ko =74k
L7=%a

VI NT=2T TCDITTFITTT o7 4 VEDFEEL
JaLlE—o C Y —A=a— K% Vivado HLS Z{H
LTRLEHICE Y N—= Ry =TI LD 7 75
VT VT 4 NS RERER A 9 (o Ty
b0 = T ALBRRE R E AL I D FEEE T iRl oD AL BRI
MazFRLIen, V7 F 7 =7 T OpenMP # i H
L 72356 1% laplacian_filter] ~ laplacian_ filterd O fX;
# & LT laplacian_filter5 ~ laplacian_filter8 7% fi#i /i
L7z, Vivado HLS T/— R = 7k L7z EEE 1IN
A A B —T 2 — AT AXI4 Master ZEH L. 5
HZENTHLEVITT 4 V7T 4 7 &BIML Tk
H{k L CThD, HE#lE, Vivado HLS T/N— R =
74t L7z laplacian filterd @ 153 ms 72>/, Z®
N R =T7RELY T N =T REDT T TUT
VT AV H BB OMFRIL 4.74 (5T, @A K
WX N—FRT =T b L= Y 7 b7 X0 b
PEReA ) L7z, {H. L. laplacian_fitlerl Ti%, /~—
RO =7 HEL YT MU =T L ORI OfF
KT 019 5T, YT MU =TOLREETE ST,
KoT, V7 b7 x=T EN—F=T7TOMHREIX C
VA= ROFRRAFT D2 EBnhoiz, A
REZHEREZ M EESE D200 ) 7T % FRilIR
R

® memcpy)EFEAL T, FLFEoT—FH
fra —EICHRET 5 & AXI4 Master 1 >
H—T 2 —ADN—A MREEHERT 2 2
ENTE THERED M BT 5,

W4 72 for()/L— 7 IZ PIPELINE 7 4 L 7
TATEMNMNT D ENRAT T4 PRFEES
NTANV—T"y b2 ET 5, (BLRE 24
PHICHEH T2 &Y — OB BIERE R,
BRI RELS 2D, £2U VY —ALHIHE
LTLEIDT, HEENLETHD,
FOEIILAT o BREVO TR DAL
R LN &,

EUVEREZ LB L T 2I5E1T, AR DN—
Ry =7 ZHR LR S, iz C Y —2A
A— NOMEZEE L, WERT 1 LT 4
TEBENTLHZENKETHD,

6.6 HDL Zz W h— Ko =71kl 7
5o

B2, Verilog HDL (Verilog Hardware Description
Language) # AWV C/HN— R =T L LG50 T 7
FYT T AV E BRI OV TR D,
=R T TTTFITIT T 4 IVEEERT 55
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B, BATMNHEDA RN — A « T—H ZH R
FSTITUT T ANENEET LI ER—RITH
%, = 0OFEIETIE, DDR3 SDRAM % 7 L— LRy
77 ELTHERALRVWO T, AV HRICRHBNT
XH5DONRAY Y N THDBH, "Ry T TSIV
T T 4N ERERT DA O— kiR T vy 7 ¥
X 15 27,

hAS —
hAS SIS T4 MT
@’(39—71—1 /\—%}g:? ﬂ
|
afs—% [5FSL 7 TR
| J3BEEIH
memory

X 15. "= KU =T TITTITIT 7 4VH ERERK
THEEO— N7 e v 7K

A [A 0 Verilog HDL (2 X 2 EETIE, V7 hr=
TOEECEDLEDLT-HICHE L DDR3 SDRAM
DI AT EBEIL N DFEAIAALT, T TV T >
T ANEBRIL T ST T T 4 X AVERGEIR I
FEXRAALTWDS (¥ 8 ZM) . Verilog HDL %1 [
LI=o 737 7 4 VAU RIE 10.1 ms™ T,
R % L CRORTE > 72,

ZhHIE, C SEICHERTEL LR EETH D
Verilog HDL TERR/A 774 a2 EL ZENRT
Xl ThD, 8 IZFBWVT, memory DI AT
B REIR N D FARATEH AT« T —F W3- 7=
ST, TCIRTITIIT 7 4 N ZABEZRRG LT
WB, FTTVT U7 4 NEAEE L T ey s D
LI 1 B ELVDORBEESTET TEL, KoT, I A
ZEBEIR D D OFEHRIRABRDN 1 T4 3T Lz
BT 97T T 7 4 VFABIE T LTWA,
TTTUT T VA SN T 2%, EbIZ
TTTIT T 4 VH BRI EE T I LR T
x5,

AE VIR RN HIUE, B AT - T —H D
BRI 55T T 4 VB ABRED AE Y ~D
EXH LAFERICTE 50T, EITHEREN EANATRE
ThD,

7. FEH

Xilinx tt0 Zynq ZfEH L7 FAERHDO Y 7
h =7 Lon— Ko = 7 PERE PLl FEBR S i A ERL L
oo TTTVT T 4 NHBUZONWT, HEfk L
SO ORIRBY T Fy =T EE NEON =P 0%
R LY 7 bU=794E, OpenMP 2 L7z Y
7 b7 FEE VivadoHLS T C Y—Ra— K%
N— Ry =T L3, HDL TON— KD =7



FAECHEREZ LT 5 Z LN T 7, TORERLE L
TRITRTFHER DT,
° Vivado HLS T/hn— R = 7k L THREN
Bw C Y—Ra— K&, —E&BIcY 7 kK
U =7 CHHERAR,
® gcc DA—RIT X T A XFEREEFEA L C
NEON %fEH 35 L EgEN M L35 2 &2
2\,
® gcc O OpenMP HENFFI{LA T a %
FEFHS 2 EPERED M BT D8NV A, N
TN E S C Y—Ra— NotEEs
ERTHLEND D,

8. HiEf

Vivado HLS Ofgifb sz C Y —Aa— %
BELTCFIomMASHA A=V T v 7 K
FARICRS BB L £ 97, Bix i T, ISHRATE
WE B R Y AT SEHFR ORI HBE—ZdZ 12 <
BN LET, AE o BB O &REIC SV TR
WFE IR ZE (15H00371) 0 2 KB4 TH X £ Uiz, R
ﬁbiﬁ—c

SE X

[1]1 /DEF HESR, C-6 [Xilinx #L0> FPGA 28T 5 @hih
> —/L Vivado HLS DN & PERE) JEFE R,
Design Solution Forum 2015, 2015/10/02,
http://dsforum.jp/2015/timetable_soft.html#c6

Zyng-7000 All Programmable SoC 77 =7 /L U
77 LA =27 /)W(UG585), Ver.1.10, 2015/02/23,
http://japan.xilinx.com/support/documentation/user _guide
s/j_ug585-Zynq-7000-TRM.pdf

GitHub, marsee101/laplacian_filters,
https://github.com/marsee101/laplacian_filters

/NBF SR, gec & clang T -Ofast fidfbA 73 =
VEMT GG OFATHE, FPGA OHFE,
2015/07/14,
http://marseel01.blog19.fc2.com/blog-entry-3199.html

N R, BILW T T I T T 4 DY T b
7 = 7 E4E FPGA DR, 2015/07/20,
http://marsee101.blog19.fc2.com/blog-entry-3203.html

NG R, TTTT T ANEDY T RN 2T
o= R =T OFEDILEE 2, FPGA DHR)=,
2015/07/01,
http://marsee101.blog19.fc2.com/blog-entry-3189.html

/NEF RS2, Vivado HLS 20144 THELZT 7T v
77 40F P Ol 14 (HEREDERKIZ2 D%
EaPED 7. £L®) ,FPGA DEE, 2051/04/15,
http://marsee101.blog19.fc2.com/blog-entry-3120.html

/B MR, ZYBO |2 HDL THW= 77737 v~
TANE BT D O Y 7 by =T 2ERLT
FRgRER) , FPGA OHbJRE, 2015/11/09,
http://marsee101.blog19.fc2.com/blog-entry-3304.html

(2]

(3]
(4]

(3]

(6]

(7]

(8]

Development of experiment device for comparing software and hardware
performance
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EMENt 2 —CTEESN-ELZEZFTAL-ARBEDRE
FRBE L LAY AR A, b

VHLR KRBT > & — 5l PnHIR IR R R, OB R

TN N i L N IR i

Bif.

T305-8577 KIRES ITHKEB1-1-1

B

B R EAEIT v 2 — (R 2 —)TlE, H
SAEEICBET A RBATIE, ABEEEEITO LA
e L CHAZEAET LELEZEEL TS, FDOH
T, ARLEFALEAZFR T —XEY oS kS
WkS4HZELAEE LT 10 ERICE Y FEKF
INBRAEIE THHERF—XMED 2 Lie) 2P L T
XD THRET D,

F—U—F B AMME HFER F—X

1. [FC&HIC

B 2 — ik, EWEIRAEEFRICET S
AERBES, £RERBRLE LERARE. KERED
A=y 7R, MBRFERAEZRIZL
72528 BERTPIRFE RS 7o SRRV I BB
FairoTWAMN, F7o MU - RIEENOHE
M A X 0 ITREHIR & LK X —DFEFO A -
MBI ZRAHNIER LT, &, k. RER LI
DWTJAL F1E « MR & 25 LEAT S T 57200
B - FE - XEEH T D 2ot
RPEEPERANBE Tl FEAEPEIZRET 5B It
HEEIZITOZEHHME LT, BILAZA TR
PREEHUAALEAEEL TS,

A o B —I3BEE RIEEN 12 ATV D03,
BIEAFESAN LI P R RS R E T DR HE
77— LAOFGFEE ST B E R TR ko
KBRHEE-7 > L =U M) O |0, HERIFIRE
FikE L LT [BR-\WalErEi-H) 217> TV
HEDHRT, Ko Z—THEESNALZENT
DR A E LT RAITABEE TEF-T—X
BV 22 LT ZBEL TV 5,

AR B FMT — XEY 28 L) 1%, 4 2
~3 [EFE L THY LR LA 2 HEICH
7o TEM I, —HBIZITRR Y A 702 — % il
F—X(K HZ&E, —HHEIZE, FEREZ A TDOE Y
Yy LT« F—=X(X )EEHRLTND, —EOH
JES 7= 0 OFENBITHER OIS 16 4 THD
DS SBEFBUIHESEE N KiRIZ ERl>TE Y |
RN T TH NRDE VB TH D,

AR TFIE - HERNCH 2 0 4 2~3 [F%EE L
TEY., ZHETIZE 25 FBESh., Z#EEKIT
FE 381 ZIZDIED, FERKE A TDEYY 7 L
T e F—XF, BE LY BICEDIR - THWTWD
BN, BRH A T DI —F AT — XL, Ko X—
T 2 7 AWK L7t AR T B Ik CTE
TV A,

Y E-mail: adachi.yoshie.ga@un.tsukuba.ac.jp
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2009~2015 FEIZFEi L7-ABREDOZ#HA 214
Z(BME 72 4. Btk 142 BT LT, SRR T
TUr—sEFER L, 7T r— FOERNAR.
O L-8%, @OZik Lo, @45%. =
DFEIZIGFTH L0 3 HATH-T-,

k. Ty — MORNFIE, TR EHE
Bl Lz, EFHERIIULTOERBY THoT-

OZiEL-EE: bbb ETF—XITELRD -T2
DREDK) 70 %, FIEV, BFEHE WS Z LICH
DINHDHNEERDFK 30 % TH -7z,

QOZHLI-BOBM B L TE - AN T-.
BT ToINEIRDK) 50 %, HETHLF ¥ LY
Lz, S%BIEL L TELATZWVDREEDOK
30 %, REATOFBEAN, 00 LTV, HEHWALER
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@ Z DFFE~DOHIFE: e L TE L WD EIEDK
40 % MOFEFHD T — X AR L TR WD RO
20 %, 740 —T v THEET-LHITTUELY
NEEDK) 15 % T -7z,

3. F&H

RN, T — N THERM L 3 IHALTIZE
WTE W 2472 FH & L CTLLF O oK
ZiFonsd,

B ORHEIL, BEOBRMEY B OB S 2IX
D OFEIR AN F — KR D ETOETD A
Ty T EEBIERBRTEDZLETHY, 2D EN
ZEELZOEDITHERA L MIR>TWD EEZD
WD, ORI, YRR KRR O fLE T
HoT, HFAOTEROEN, BEOFEHBER, R
DEEZEIZONWT 2 —FET 2R T TEIZSND L
TLIAEZ Mz THY, F—RREDRELY
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R
AABIHIEE BT HI1Ch2 0 | RAFICHY Bl
R TR o 1 UK B HEE 2 AR (Hhaxit
BEHM) OBERICE AL L BT E T

ZE IR

[1] B ¥ —k ¥ —2RAN (2012) 2-4.
http://www.nourin.tsukuba.ac.jp/pdf/info2012-2.pdf

2] EMEAE v —EBHEES 15 5 (2015) 16-17.

The extension course using fresh milk produced at Agricultural and Forestry
research Center, University of Tsukuba
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Cre/loxPIEIGFHBZ ICK UFZEN L FRBERILICEMRT S
ROSA26 Cre LiR—A—T ) XDEAH

Eal
PR KRPEZ RN E (EafrEamEit 2 —)
T305-8575 KRS IXHRER-1-1

S

Rosa26 E{s T #FHEMI 2 T 5 HETH —4
T A TR X —ZERLL . C5TBL/6N HiE D[R]
iz ES Mil@z{E®lL7=, Z® ES MifgX v
R26GRR ~ 7 A Z{ERL UENT 24T - 7=, LS iz
~ U AIMRERICREGAE L ZRIL L, Cre KT A
R 0 A LA DN TE F, ~ 7 ACB W TIRER
MR REEEEZ BT 2 L2 AL U

% —U— R : CAC promoter , Cre-repoter mouse ,
EGFP , Rosa26 , tdsRed

1. [FLE®HIC

Cre/loxP v AT Lx=FHLI-aryT 1> at
7% gene-targeting |£ Cre R A4 N—< DT RIZLD
Cre AR ORBUMKTFT D, 2D EbH, Cre R
TANR—==T7 ZZBWT loxP #YIRT 52 LT
X o THEEA - ZZMIC E D X2 IchlfE s Tn 5
NEMDZ LI TEETHS, Cre KT A /13—
T ADFMOIZDIALFEHEN TS Cre L
R—H—< 17 A% ROSA26 L R—F—< 7 X Th
% B Z o= 23 ubiquitous (ZA kM ER T I B
%Z#9 ROSA26 & - JENIC, #r5 % STOP S+
5HEcH % Floxed L, £ O Fiftll lacZ LiR—4 —
BTt E ) v IA L LTI ATHDE, 2O TR
TIZ Cre V2o B F—ERRET A WNT
DH CrelloxP Vo Ex—Ta U »nEL, LAR—
X —BIETRBLEZN LT, Cre RKTARX—vD X%
Pl S Z &S ATRE L 72 D, ITAETIE live imaging
X° fate mapping study D72 lacZz O bV |
EGFP 72 PO s X o X7 I CEEH LN
ROSA26 LAR—4—~T AL LI TV
5, LIPLEERG, BIEETO Cre LR—F—~17
AT, VR—Z =BG TOY T FIUNEL TR
WFHRRIZ I W T AR YT Cre BER ORBINENT= 0
ROMEFNED LAR—F —BETOT B —F —
IEHENIENTZ D72 O EFHET 5 2 ST TE R0,
FZ T, Cre/loxP ¥ AT L& LI 2R — k
T5Y—=LDOOEDE LT, LR—F—FnfD7
0E—Z —{E AR X7 ICTE=Z —A[ET
HY., Cre/loxP UV arvxr—varziibaits
VORI X R EERFIR D Cre LR — X —~
TAERBTHE L LT,
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2. Ak

2.1 Rosa26 Green red Reporter (R26 GRR)
Mice D{Ef

CAG rE—#—¢ tdsRed 5 FDHIZ loxP
Bl % Tt A 72 EGFP Efs 2B & L. Rosa26 5’
arm-CAG/EGFP-tdsRed-Rosa26 3° arm DX —7 T ¢
VT e R E— R LT, TOX—FT 4T
N7 X —% C57BL/6N HIk® ES #lifld> Rosa6
TR PE~FH R A6 2 712 X0 B L 7= (Fig.1),
X AT~y AERLNZ I3 R L A 2 D3RR S A7z
ES #ifaz AWz, BHEOF AT~ ARER S,
FDOHIBD 1 T4 BT LR—F —@IGFT
&% CAG/EGFP-tdsRed NANERINCBITTHZ &
HERR LT,

A EGFP

tdsRed PGK-gh2
m Neo’
.. loxP loxP  FRT FRT

-

| 157k mm====m=—e—-- M
Ll
— -
E -—-Ex-o—nl ------ 15.6 kh ------------- E Elonz
) EGFP
C 5’ probe tdsRed 3’ probe
||
=) Neo’ -
Exonl - Exon2
E=-=- 57kb ===F Neoprobe ) ———10.0kb === M
|-====me= 161kb ===m=mmm————— E
tdsRed
D
(GG ) Neo' | "}—f——1
Exonl Exon2
Ac:Ascl
E:EcoRl
M: Mscl

Fig.1 Generation of the ROSA26 locus with insertion of a
novel Cre reporter.

2.2 @y

2 TOERITFE R FEMIEREEZOEREDO L
CEEL, Cre LR—F —~TREFEHTL-0
(2. FRIERLSE 2 D3 HERR A7z ES AlfaZ AT 2
T AEERM LT, ¥ AT~ U ADORE L
C57BL/6N DM SR L, R SLBAR T 2NEFE R B~
REINTWD Z L 2R LTZ, Ayul-Cre ¥ 7 X,



Tie2-Cre ¥~ A, Insl-Cre ~ 7 A & ZNFNAH L
oo =~ U AIHEM 14 BRI, BEEE 10 FEE. R
JE 235 + 2.5 CORE 525 + 12.5 %OBREE T
BNz,

2.3 HOCRBAREE

HAFITBIT DA A= T, U R %
WIS T2, BFAEFZ2ME U, SObERIARMEE
AW THRFZIT- 72,

2.4 KR EIfRAT

R L7c~ o AIL, TREREME, PBS Wi CLHIE
X 4% NT BN LT ILT B RPFA)ZE IV CHREDE
AT o7, FHRRITEER ., SOLBEMET A2 v Cat
FHDOFRR LR LT, %@Tﬁ sucrose K& AW T
S b LU, Tissue-Tek OCT (ZE3HE U 7=, WUESHERR A
ﬁlown@réfwﬁmbto

3. #§8

3.1 R26GRR ~ 7 ZDpELE

I N L7= ROSA26 *f 3L s DR % 3~
B2, HERyE Lz ES Mot A A= 7
Z1T-7=(Fig2)., HEHyL L7z ES Mz @iz L= &
A2 oOan=—|ZB\\WT EGFP OREHEZRT
RN I ST (Fig2A,2B), =L 27 bR L—
v g I L 5T CAG-Cre {57 % R26GRR ES
MRZEAL, BL2Z o ar LT 72 BEM%ICH
s EMER LIZE 2 A, ZHEOFAHEEOMIY
LB DO FREAEICOMILN T & AT (Fig.2E,2F), &
IR 2R L72AIRIE N RE§IZ FLAG 28
2T ENTEY . FLAG (ZZ 7T ani-~<7
F FFEAITK LT Alexa647 TF L En=-HikIZ

Xt LT &7z (Fig.2D),

-

Fig.2 Fluorescence of ES cells targeted with the
R26GRR vector.
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3.2 R26GRR. R26RR HFHAE(FIZEIT S

EGFP. tdsRed DFEHi

I, ROSA26ATFEFPIRA SN AR - AN FHGEAT IS
WL TWDMNE I NDEFRDI-OIZ~Y T ZADHE
% W CHET 21T - 72 (Fig.3). wild type, R26GRR,
R26RR ~ 7 A D FAIFIT DV TE NI LB
BT CESREIT-o72L 2 A, wildtype ~ 7 ADH
fFCrxd eI mMeRs S 9 (Fig.3A-C). R26GRR ~ 7
A2 DFEFTITETHEIC f%éa;‘n@zf%/? L
(Fig.3D-F), R26RR ~ 7 A DFAAF TIEEHVEITHR
B D I % o L T2 (Fig.3G-1),

3.3 R26GRR. R26RR Fifk~ 7 Z Dl
BT % EGFP, tdsRed DFEH

R26GRR ¥ ™ A & R26RR ¥ 7 ZZHOWT, Fh
FIUHEY T T PBS . 4% PFA JERAIT- 7214,
ST NN = RS 1) AL AN =i heh S
T BHEDORBERE L& Z A R26GRR ~ 7 A
ICBW TR RAE 2R L2, R IR s R
Moz, £72 R26RR <~ 7 A B W TCITREE %
R LT, BRI S 72 o T2 (Figd), S BT,
ST 5= W 7N 51 A N S TN - AN - A a5 -
(ZDWT, BAERLAR G A 2 R Lt D38 8L % /st
L7c & ZAREBRDER 2R LIZ(Fig.5). 4D DRk
H1Z. ROSA26 & FJED CAG 7'rE—H — |3k
WD VIR — 2 — B 2 E TR 95 2 &M
TXHM, % 2 OLR—F—#E{511% R26GRR ~
7 AIZEWT Cre ZUIBRT 2 E T, vV AITRET
DEEMEDOIZE A EEEMHIETE VW L ERL
TW5, LLEXY R26GRR + 7 A% C57BL/6N %
BEHERICE DOV R—F—~U R L LTABRD
DThHdHEEZD,

WIZ, EGFP MR SN/t D Cre LAR—%—~

ZANARAET DN BT 2 DLR—F—T
» 5 tdsRed DIEMEALT D E 9 EMIEL T,
Ayul-Cre h7 VAV =y 7~ AIEHEREE
D HONEFRICBNT Cre Vo B —F 2 REH
4% Bl %£Z T, R26GRR Difff~ 7 A & Ayul-Cre
D~ 7 A % 23kl L, R26GRR/Ayul-Cre F; ~ 7 A %
7=, ~7 B @ R26RR FHE(FIFRVVIREE AR
L 72 ka6 3R S 72 - 72 (Fig3L,3H), b
DFERIL, tdsRed 1L Cre S LT EGFP % [R%E
T5HZ LI Lo TERIL 72 R26RR ~ 7 AIZHBW T,
CAG 7'BE—% —|Z L > THEEMIZEME LI T
WL Z ERH BN LIRS T,

3.4 R26GRR ~ 77 AT
tdsRed DiEMHEAL

REDLR—F—Tdh 5 tdsRed 73 Cre/loxP H
iz . R26GRR ~ 7 AT THIE DS E 1T Rk
R THLINE I DERFI LI, v~ U AL R
v 1(1ns])7\?1:E 2 —x~ U AR T TN
2 BRI BT DA kD@L L TR AW
%néwode@h%%EM@%%%ﬁﬁ#é
7212, R26GRR ¥ A% Insl-Cre ¥ A & AZfd
quammmgcmm¥%%ﬁﬁwr%ﬁ%%m%
WIREEOBITHE R S LT 228, oo el oo #LR 1
ﬁéﬁ%m%ﬁéhfwtoﬁ%%ﬁmﬁﬁéﬁ%

% MR AT FEHY 72



MR ONTZZ &b, N B AAIZI T Cre/loxP
WL DI ZNEZ o TWS Z LRI T,

E 512 R26GRR ~ 7 A% W T, NEHIIRS
WCHE A7 Cre/loxP V) o B x—32 3 2D T
bE Lz, Fuv o —F Lt 72 —oklEE
WIZ® D Tek(Tie2) B AR 11 M PN R I F B 12
WG FRBTHZEnmen T3 P, Tie2-Cre ~
U A Tie 7 RE—HX —/Z P —DHIE T T
Cre Va b —EA2%E L, MBERCRIETH
FEAMMIC 5 — 722388 2 -9~ 190 ) tdsRed DI YA ML
BENERIERTH D 0BT 572012
R26GRR ¥ 7 A & Tie2-Cre ¥~ 7 A % A/t L
R26GRR/Tie2-Cre F| ~ U A ZAERL L 7=, ff4E 9.5 H
@ R26GRR/Tie2-Cre F, fE{KIZF W TR HE %
PES - MBI IE - & 0 LIRS, MRREERM
IZ Cre/loxP Vo ER—ya BN EZoTWnAZ
ENRE SN (Fig7), £LHDH L, Cre ORMSF
W73 81T R26GRR w7 A EHWA Z itk -
THIEH T DEIZFESN B TE 5,

o
enfon]
.

EGFP tdsRed

Fig.3 EGFP and tdsRed expression in R26GRR and
R26RR neonates.
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Fig.4 EGFP and tdsRed expression in the organs of
R26GRR and R26RR adults.
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R26GRR
EGFP/DAPI tdsRed/DAPI

R26RR
EGFP/DAPI tdsRed/DAPI

DAPI DAPI

Dentate

Heart Cerebellum gyrus Neocortex

Kidney Lung

Liver

Fig.5 EGFP and tdsRed expression in tissues of RZ6GRR
and R26RR adults.

Fig.6 Double-color imaging of EGFP and tdsRed
fluorescence in the pancreas of R26GRR/Ins1-Cre F;
mice at the adult stage.

4. EE
~ B AT B S TR RE i//77ﬁb7ﬁx

DORBMOMENORESNTE T, EHIZ
?4v§+w//77?%v7X%%wt$&iv
7 ADRFZERI T DI DRI 72 kL 720 5 5,
EAETIE 9000 LA ED o5 4 o g F Vit iiEis
FHE W=~ X7 C57BL/6N Hi3dD ES Hfin»
SRR SN oWE L H S T, Fhdz
\Z C57BL/6N T A v &AW Cre RIANN—< 1D
AR Cre VIR—# —~< T XAORBITAEDFICEH
EBEZLAICHEBEICR>TETWD, FITHR~
., Varex—ya U I o TV AW Tl



SRR EIE L, Cre Var B —ENEZ 72/
Ja Tl 2 %4 % R26GRR ~ 7 A Z/EfL L
Z DRMEZ B 52N L2, R26GRR (LI AEME I fkfn
HOE AT S ROEDLITRBL L e o Te, —
Cre B#3£|2 LV EGFP %#[RZ%& L7 R26RR <7 &
IZBWTHIBEMEICROEE 2B L, LAR—F—
Bt 7aE®—H4—/8 Cre VarEx—3a i
#%TED Y 72 BEMEIZ LAR— % — 8 a2
BEIEDIZERTITBINEZ, &5
R26GRR/Tie2-Cre F, ~ 7 AT 33\ C I 4 PN iz 4 S
MREAEOE,. £72 R26GRR/Insl-Cre F, = 7 ATk
U R R A 72 R (st e S BLES S, FRRRRF Y
72 Cre Varvvih—E2r3BH Iz, Z2hbofER
IZ R26GRR ~ 7 ANHHLD Cre VAR—F—~< U
ALLTHEHTHSZ &, Cre/lloxP U 3 Ex—
va TR A DR A HA T D CSTBL/6N
BIEHERE L OMROF ARG TH D Z &M
mENT,

Bright EGFP tdsRed
-
DAPI EGFP/DAPI tdsRed/DAPI

Fig.7 Double-color imaging of EGFP and tdsRed
fluorescence in R26GRR/Tie2-Cre F; mice.
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JB—YA A M) =K HBEEANTRMEK - WBARMIKICE(TEH TR
721) UZBERCDIDSHE LY PNH BOERMmMBKIRE DA

Vg AT
FLE R TR R =
T305-8575 KM IFHRERL-1-1
= F o, BIEMEB~T 7 1 v v JRAE (paroxysmal

MlRmUROSTICIE, 7a—% A FA Y —
R DMEDIRS HNHITND,

fae i NARAY MR 2 FAV T, AR IMERFS K O AR ek
D K7 A7 2 R K (transferrin receptor, TfR)
(CDTHDFRIUZSONWT, 7a—H A F A Y —|T &
%2 NT—nE Lic, EHAD CDT1 iR
(mean £ SD)IE, FRIMER 0.19 = 0.11%. MEIHRIMER
149 £ 6.2 % T ->72(n=30),

Fo. FTURAT 2V U BER(CDTY G MR K
. RAE IR H TR S AU TR S 70 W SR L ER
Thbd, ZOHERERMERZ AT, BIEMERRM A~
£ | v JRIE(paroxysmal nocturnal hemoglobinuria,
PNH ) T#A 5% PNH B Ek o iz >\WT 7
B—H A FA R —I2LD 3 BT EBERL
72(TfR -RBC #|E L, CD55+CD59/CD71/CD45),

Z @ TfR-RBC HEVEIX, #5&72 PNH & ek %
EEMIZBRET 52 ENTE, £/2, PNHEMERD
HIERE SN, SRIMERFZ R ER G & e L 72 iE 6]
IZEBWT, BEHEE 2D . RIMECRIZIH N T R
Wou—rOMMAZRGEET 2 2 LN TET,

HFEMEAFRMERIC X 5 TR-RBC JHIEEIL, PNH &Y
IRMLER D FEAIRHE 2 A 2 SR 72 55 ﬁﬁ&f%é
) 5Y oY gy

¥—U—F: hTU AT =Y VRERCDI), A
PRI (9 (CDSS, CD39). REMEERHA~TE 7 1 e
VIRIE, BRI

1. [FC&HIC

MR EHURO—>TH HCDTUL, MK o £
REPA T UREEBEBATHA N T AT 2 ) VOZE
{&(transferrin receptor, TIR) TH V) | #k & K&EITIHT
HLED B HAImTEELEZ LT\ 5, FRiH OR
IFERIX, mVy CD71 FELA A L, &ML S 7z ek
R A% CDT1 EH AR M, o, R
FFERDIWIAZ L TR b 22 W RAS IR 1 O MR I ER 12 &
CD71 ZFHLTWEHHDONRH Y . MEFRIMERDOF T
B, K0 EEED SRR IR~ SAUTR S 22 gh

%fm%mnn%ﬁfm%W%%é

W, WESRMLER & AR MER OB 1T, MR MERD
RNA E2RMEKICHK LI & &2FHL T,
RNA Y2 X 5 HERHW SR TWAEL 4E =
OHEEHNWTTZ7e—Y A NARN)—IZXD 2 X
T —EZITV, @%A%ﬂ% . #RIfER(red blood
cells, RBC)#5 L UHEAR MLERIZ F5 17 Zf) Koo AT7=2
/anmmn®%ﬁ+uowTAﬁ%ﬁoto
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nocturnal hemoglobinuria, PNH)/Z, 27U =23 /L7k &
TrFINA ) / l\ —/1/(glycosylphosphatidylinositol,
GP)DARRKIZEFE N H Y . £D=H, GPI 7 v~
77— %ﬁbfﬁ%ﬁ A LTS GPL 7 b —
AR L, ARSI TH MR LICEET 5 Z &
MTET, MM, Bkx 72 GPI 7 v 7 — Ui
%E%@T%Kﬁ@ﬂﬁ%%k#:&ﬁ%%éﬂf
AYA)

fm%ﬁ%é . B O RTEED S BT 2 Al
REIEHIEE A2 H Y . ERf#E 0 CD55 X CD59
IZ.GPl 7 A —HIIEE AR T 572D, 2D CD55
X CD59 ORI FICHR LT, fifkic X 2%
PESE < 720 . PNH BURIMER T, ARNTEER P2 RAE
B+ 1B PERIZ AT NER I & S 2 IR R S AT
Do

Z @ PNH AmERIZ, PNH HEIZERD D20
TR<, BAERN E‘Tﬁ%ﬁﬂﬁl(aplastlc anemia, AA)XH Bl
FLIY RE fﬁﬁ(myelodysplastlc syndrome, MDS)IZ 1
Th, DTNRBMNNZRD S D IEFH & v BIeI,
Flo, EEANCH BEEREIC LD e & TiEd
%75 PNH Bl ERASHH S Cin g B

A[E, CD55 & CD359 O 7 FA$ikZz v,
YA IR M ER(CD71BAPEAR M ER) 123517 5 PNH
mw#M®7m—#4bx%J~“ﬁ%% L(TfR
-RBC HIFEE), fH N2 T 2 iR fIEEEE B K E
PM{ME%@MSGM%@%ﬁ4;OWT\W%
L7z,

WA, SRR R Tk, PNH A ki
B DA IR KA EEL 2B U, Z AU
LT, 2@ TI{R-RBC MEEDHBEIT>T-DT,
HhETHEET 5,

2. FSURT ) UBRBRCDTIEGETR
MmEkFH & CHEFRMEBRD 75 47

2.1 MBEBIOEW

fats N 30 4 & %12, EDTA MR ik 2
WT, hF72 A7 2V UZRRCDT)OFRMERES &
UMEAR MER DFBLRICOW T &2 T 5,

F 7=, MRMEROFEANIZIX, CD4KS30 ¥ %A H
WO Rt % LC, AR IER & X B L7,

7B, ZOREE AN 30 4 OIMEEOF-¥)(mean +

SD)I&. FRIMEREL 4.58 + 046 X 107/, Hgb 14.1
+ 1.5 g/dl, Ht 40.7 = 3.8 %. M@FRIMEREL 13 +
04 %, HMmEM 56 = 1.0 X 10° /1. M/ ¥

252 + 48 X 101 Thot-,



2.2 K

- it b CD71-RPE #E##HT{A(Beckman coulter)
‘fatE= > b —/L:RPE {5k~ 7 RIgG, (Beckman
coulter)
+ CD4K530 #X3E(Cell-Dyn4000System, % { 7R » )
c AT A =27 AT 4 7 A(SM) : phosphate buffered
saline pH 7.2 (PBS, H ZK#43K), 0.1 %bovine serum
albumin (7<), 0.1 %NaN;

2.3 HIEHE RNA/CD71H

1, /NERBRE IR M 2 AdL, SM T 1 [ElE.O6
HL. 1 X 10%ml JROLERTEGERICTHIES 5,
2. ZOFRMERTEEEK 501 12, CD71-RPE HEi#k#T
WRSul 2Nz T, iRk, BT T 30 RS S
5,

3. SM ANz 1 [EhELEEE L. BEEERE . SR
BRAmIEMLTEL,

4, CD4K530 3 3001 Z#h1%x T 15 B#iC,
FACSort(BD Biosciences) CHl| &4 5,

5. Cell Quest Pro ¥ 7 b v =7 ZH W T L
CD71 DOEREZEH LT,
FEHT I, 1 O@Y ., FRMERIE., /5 EELE
(forward scatter, FSC) & il J5 #iL Yt (side scatter,
SSO)DHA N7 T Ahb | RIERSE(R]D &7 —
MZET 5, #EIRMEK7EIL, CD4K530 FR3E
RO L7 @y FLL 832 %58 B (FL1, BP 530/30
nm) % bHOIMERR2 7 — M &R L CTHAT L7,
Fo. RMERFITREL TV D A MmERIE,
CD4K530 RO KT, MfRMmEk XL v & FLI

A aF bR

b REfEIvbI-)

DOENHREREmLS, R2 ¥— F°R3 ¥— &2 H
WHZ EIZX VRS LT=,

KNZ VA7 2 ) UZREERCDTHBMERS 77— R)
X, TAYEATar ba— L& AT CDTI
H YRR (FL2, BP 585/42 nm)? cut-off fE % &,
Bt A R LT,

2.4 HEREF

i N304 DKM MR EFHNT, hTFrAT7=Y
VEARR(CDT)DFBLRIZOWT o 2 LT,

&5 A DOCD71 [Pt (mean = SD)IL, AR MLER
0.19 = 0.11 % Toh bV, MWARMETIT 149 =
6.2 % T - 7= (n=30),

3. MEMFMIKIZL S PNH EMmBKIEH
(TfR-RBC BITE;E)

3.1 XRBIUHEBY

fdrm N 30 4 & %512, EDTA FRITAH MLk % FH
VWNT L SR MER(CD71 B EAR L ER)IZ 351 2 Al
HIER A 1 R PNH U1 BR(CD55™ CD59 ) DA
FIZOWTHNTET 5,

ek, ZORFENIZEBT A1EdED PNH B i Ek
B X, AR I ER (CD55°CD59° CD235a") = ¥4 fif 1%
0.002 %, EDN 0.001 %A 8 44, e e
? 0.005 %LA Eix 04, FHRIEK(CDS5 CD59 CD13")
SEEMENE 0.0003 %, D 0.001 Y%K 24 4, B
PEEIEFEHED 0.003 %LL EIE 044 TH - 72(n=30),
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c CD7T18I%E
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T T T
109 10! 102 10% 104
FLIH
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FLIH
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1. FI7URAT7 Y UZRRECDINDO7a—H A 82X RN —i2X% 257 —HE (RNA/CD71)

A. FRIMERHAIE a. FSC/SSC  b. CD4K530/RPE-control IgG; c. CD4K530/RPE-CD71

B. 7R ML BRI E

ARIMERZ— MR1), MARIMEKT— F(R2),

a. CD4K530/SSC  b. CD4K530/PE-control IgG; c¢. CD4K530/RPE-CD71
CD71 Bt~ — b (R3)

(S.Sato. Int Lab Hem. 32 (2010) e137-e143.)



3.2 K

- it b CDS5S5-FITC #Ei#k#$iiA(Beckman coulter)

- ik b CD59-FITC #Ei##$1{A&(BD Phamingen)

- it b CD71-RPE fEi%#HiiA&(Beckman coulter)

- fit b CD45-RPE Cy5 1ZikHi{&(Dako)

oy b — b FITC ik~ 7 2 IgGy
(Beckman coulter), FITC #E#%~ 7 X 1gG,, (BD
Phamingen)

c AT A =27 AT 4 7 LA(SM) : phosphate buffered
saline pH 7.2 (PBS, H ZK#3K), 0.1 %bovine serum
albumin (3 7°<), 0.1 %NaN;

3.3 HIEHE CD55+CD59/CD71/CD45

«NRBRE IR IR 2 AdL, SM T 1 [ERE OB
#L. 5 X 10%ml FRifEREFEIHRICHRES 5,

2. T OFRIMERIEEEK 50 11 \ZCD55-FITC FERkHA
10 u 1, CD59-FITC #Ei#Fi4A Spl, CD71-RPE £
FRPUA 3 41, CD45-RPE Cy5 1k 2.5u1 %
Mz T, =, BEATT 30 oIS S ' 5,

CSM ZMAT 1 [mELEE L, BEEZRE, SM
\Z ¥l &, FACSort(BD Biosciences) T 3 7
F—HIEEITo T,

. Cell Quest Pro ¥ 7 bv =7 % W\ CH#EHT LPNH
A ER(CD55 CD59 ) DR Z R H L=,

fERTIZ, X 20018V | JRifEkIZ, FSC & SSC @
A NTTANG, RIMERE(RL 77— ) =&
B, £/, IBELTWAAMERIL, FL3 H%
B (FL3, LP 650 nm)72S =t & md 72, R2
F—=r e LIk E L,

FL2 #¢38E (FL2, BP 585/42 nm) O\ Vi %
Ho CD71 BHEIRIMERRS 7 — )% ShiEsR
Bk & LCHERT L7,

TR A B S8 13 R $2(CDS5 CDAS9)ILERIZ DU T
X, Btz be— L& HW T, FITC #6iRE
(FL1, BP 530 /30 nm)® cut-off fli% EH, PNH
R ER LS A R L7,

3.4 JERE R

s N 30 4 DRI & VT, ShaEfER i sk
(CD71 [ M: 77 fL BR ) (2 35 0 5 Al 14 1] 48 Jis 2 19 /R 4R
PNH 11 BR(CD55 CD59 ) DA R & 44T L 7=,

s NOSEREARMERICI 1T 5 PNH B BRI,
0.001 %AE 16 4. 0.001 ~ 0.004 % 64 . 0.005
~ 0.009 % 8% 720 EHIHE 0.0026 %. FxKIE
0.009 % TdHh -7,

F72. 2@ TR-RBC HIEIZI T 5 BEHE DK
Y%, PNHAUMERZY 0.010 %Ll B S =84 L
HEE LT=,

A a FROITK b CD45 4} IE

10?

SECH
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o w)
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s
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e
flndl
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104
FLIH
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c $HBEWIMIK
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RIH
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2. ShEMRMER( N 7 A7 = U 2B R(CDTD AR MER)IZ & % PNH AL Ek(CD55 CD59)#k i
7a—% A MA NI —I2X 5307 —HE (CD55+CD59/CD71/CD45)
A. a.FSC/SSC b.RPE Cy5-CD45/SSC (R1) ¢. FITC-CD55+CD59 /RPE-CD71 (R1+R2)
B. a. FITC-control IgG,+IgG,, (R1+R2) b. FITC-CD55+CD59 (R1+R2) c. FITC-CD55+ CD59 (R1+R2+R3)
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4. TfR-RBC BIEZDHE
(HERFMEKIZ L D PNH B MmBkigH)

41 HHY

AWFFE=E TliX, PNH B ER O H 5 1EIZ, ARK
LOERBEREEP ZEAN Uz, TIPS E T
@ TR-RBC JHIEIEIZIT D Mg v 7 v DR T7
ESPHUARIC X2 8OEREFE O FRET 21T 9,

HIEE#1E, FACSCanto I (BD Biosciences)Z 2 &
L7z,

B, ZOBRKFEBEEL W@ AO
PNH Ui BRI E X, ARIMER(CDSS CD59™ CD235a")
DIFEMEIE 0.001 %. Z DN 0.001 %AJi 14 4.
B P E FEHE D 0.005 % LA BiE 0 4. BERIER
(FLAER CD11b" 7AAD)DEHJfEIL 0.0003 %, & D
M 0.001 %A 20 44, BEHEHIEEERED 0.003 % LA
X 04 THo=0=25),

4.2 FHK

- PLk b CD55-FITC 1ZE#$Fi{A(Beckman coulter)

- fik & CD59-FITC #5i#$1A(BD Phamingen)

- fik F CD71-RPE f&E#$i{A(Beckman coulter)

- fik b CD45-RPE Cy5 =%k (Dako)

cfEPEar hr—JL 0 FITC ik~ 7 2 1gG,
(Beckman coulter), FITC #i%~ 7 A IgG,, (BD
Phamingen)

c AT A =T AT 47 A(SM) : phosphate buffered
saline pH 7.2 (PBS, H /K#43K), 1.0 %fetal bovine
serum, 0.1 %NaN;

43 B TfR-RBC HIEE
CD55+CD59/CD71/CD45
1. /BRI SRR ANE ST 5, ETEA R

X RV ORMERBEAZRFL, D 50u1 2 SM
2ml (Z Rl SR BRI & 35,

2. ZOFRIMERIFESFR 10011 (2, CD55-FITC 5
YUk 511, CDS9-FITC FE#HLA 511, CD71-RPE
PR 341, CD45-RPE Cy5 EERkPUA 2501
ZMMZ T, 4 C, 25 UG SE5,

3. SM 22T 1 EhELFEE L, EEERE . SM
600 1 T 7% % =+ . FACSCanto I (BD
Biosciences) T 3 4 7 —HIEEIT ),

4. FACSDiva Y 7 b =7 WM L. PNH

A ER(CD55 CD59) D R &2 B H L=,

FEAT X 2L[AERTH Y, ARIMERIZ, FSC &
SSC OYA b7 T Ahn, RMESTEIRL & —
by ZiERI L, 72, IRAEL TV 5 ek, FL3
HOGHREE(FL3, LP 650 nm)7)S i Y 2 osd772 60,
R2 F—+EHWAZ LIZX RS E LTz, FL2
W EFRIE (FL2, BP 585/42 nm) D@ \WVaE% &
CD71 BEPEARIMERR3 77— b))% ShE Rk &
L TR L7z,

Tl A I B (1 K 48(CD55 CDSO)ILERIZ DT
X, TAVEA T3y he—EHWNWT, FITC
HOEIREE (FL1, BP 530 /30 nm)? cut-off fll % &
. PNH RUMERE=R A2 H L7,
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5. PNH ZMmBkiRHEEIC K 5 HEER

51 XRBIUHEBY

PNH i ER DARE RIZHW T AfjElc L A FR10
BRIE & BERIER I X 208 O ERE RN Telt L7z 3
JEFI(AA)Z x5 & LTz,

= DIEF ORI IE 2 VT TR-RBC JHIEEIC
X DRI ER B ORE 21TV, 3 HIEICL D
R B2 R D

5.2 HIEFLYE

PNH Z I BRI E IS 3 0 2 e Fa vk, ki@ v
PNHA M ERAS . FRIMERIT 0.005 %LL L. FERIERI
0.003 %Ll ERA L TWAIEEAZ BN & HE Lz,
shmaRImER 2 V7= TfR-RBC HIE L. PNHAE
MERAS 0.010 % LA b2 [tk & e Lz,

5.3 Uik

- SEREIRIMERAIE  CDS5S5+CD59/CD71/CD45
GEB 1,2,3)

Pl b CD5S5-FITC FE#%HT{A(Beckman coulter)

it b CD59-FITC #%Ei#%#$1{A&(BD Phamingen)
Pl b CD71-RPE 1EikHiiA(Beckman coulter)
it I CDA45-RPE Cy5 tEik#i{A(Dako)

Fafk= > hm—/L: FITC ik~ 7 2 1gG,
(Beckman coulter), FITC ik~ 7 A IgG,, (BD
Phamingen)

- FRMERHIE  CD55+CD59/CD235a  (JE#I 1,2)
Pit b CD55-FITC FE#%$HT{A(Beckman coulter)
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Fafk= > hm—/L: FITC ik~ 7 2 1gG,
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it b CD235a-RPE f=ik#Hi{A(DAKO)

Fapk= > hm—/L : FITC Kk~ 7 2 IgGy,
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it b CD59-FITC #%Ei#%$1{A&(BD Phamingen)
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Fepk=ay hm—)L 0 FITC ik~ 7 2 IgG,
(Beckman coulter), FITC ik~ 7 A IgG,, (BD
Phamingen)

- iR ERIEIE  FLAER/CDI11b/7AAD  (JEf 3)
FLAER-Alexa fluor488 #25#ad %% (Cedarlane)
ik b CDI11b-RPE #E##HT{A(BD Phamingen)
7AAD #FE(BD Phamingen)

5.4 fES

SEG] 1 OPNH UM ER/HTIX, AR MERIZ RN E
(0.003 %), FERIERIZBGMEIE0.026 %) TH Y | %
AR MER LG E(0.035 %) Tdh o7z,



JEF] 2 0 PNH B ERIAT 13 R BRI X RE M) E
(0.004 %), TERIERIZESVEHIE0.045 %) TH Y, %
AR ML ERIZGPEHE 0.056 %) Toh o7,

JEF] 3 0 PNH AU ERAT 13 AR BRI X RE M)
(0.002 %), FERIERIZBGMEHIE(0.071 %) TH Y | B
B AR MER LG PEE]E (0.027 %) Th o7z,

6. EX

fH N DR MK T I, AR MERFF AT 120 F
EE b, ARIMERIE, M2 T RREEGE VIR IER O [
B K D ALER) & AR AR IR O HERG (B LS & B i)
IC X > TIEEEAEES L TWHE

— A7 EmiEIC X D PNH AR I ERR H Ci.
IERARMER(120 B FHam)izxt LT, PNH B ERix,
RN BR R oD s I (5 AT ) ol L 72 & D R A =
TR FHI ST LU E 5 RIEA R & 2 eIl

PLRTF % 12 PNH JEFID 7 0 —H o4 h A kU —%y
Hr DR IMER Sy 0] & ARIMERSY o> PNH % ifn Bk bb =R
DFEHE PNH BIFRIMER D S OHEE 51T - 1=,
O, JER B Ry £, FE
FITHEENHY . K 10 H~45 ALHESh, H
R DOFEHE TR BBl

£z, FHEFIPICRB VT, B ofREE Shs i
i LD fiEi%. PNH %Y EREL & e & 7= SR i
EkFm OfEi( = PNH BURIMERE 1 X (120 A —F
YR M ERFF iy D H4%)) & B W IEOMBI 2k LT
(T—4rET),

ARl AN X ARE TIK, SR ER(CD71
Bt AR MER) X, 2P T 019 % EETH -
723, ZOSEREARIMERIT., BB S KRR ik TP
BHENTH S RWIMERO -0, WM L 5
WLIRNG O EE 2 R Z AV 7-PNH A
RILEKBEHO 7 e —H% A4 A MU —I2XD 3 &
T —53Wr & B % UT=(TfR-RBC HITE),

F7-, PNH ZERETHED NS PNH B ki,
AA X° MDS O'EBERSIEBEREO—H T, bk
HINZFRD DREFIN 8 0 | ol Hf L O 5h o
AR L OB EMESEC PNH B ERZ2 Ml L,
ZTOMRARNPEZHAIND LI 172> TE TN D,
LU, £ OPNH #ImEROREIEMIZ. PNH KA K
LN VIRLS  WIEERRIE T ENRRD DD,
PLEfIZ. GPI 7> —HEEH D CD55 X° CD59
72 8 DOFMPURIZ L D RE T o 7= 3 E000 - A ]
IZ. CD55 & CD359 OB 7 TAHKERNT, =&
ZI1E 0.003 %= 0.005 %D X 5 728N 72 Bk O #
HMRTE DI HITHEEEZEDT=,

ARl TORMERREMEHIE « BERIEREG M E) &'
Bt U7 IEBNZ BV T, TR-RBC HIEE 1TV,
72 PNH /7 mn—r %+ 52 nTE, £, 4
RIOFRFT CH M DEEE AR E L2 &1LV,
HEREERE R & [FRRIZ, FRIMEKRICI VDT EE
7 a— 2 DOGMHEERGET 5 Z LN TE T,

INHOZ EIZEY, ZohERRLEIC XD
TfR-RBC J7iEi. &7 PNH B BR o> pE AR iE %
X252 ENTELENT- DT FIETH D EEbhiz,
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1, @EHAKEmMICBIT2 F 7 A7) U
(CDTYDRBIZHDNT T —H A F A U —[C
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(EN
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< 1. PNH i ek H O TeEERNIC 1T 5
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0.026%
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0.045%
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0.071%
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0.056%
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SEF 2

S 3

D2 hT—WE{To7-, FRMERD CD71 Btk
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1. 149 £ 62 % ToH 7= (n=30),

2. ShEHBIR M ER(CDT1 B IR ML ER) 2 31T D A A
SR B R4 (CD55°CD59) @ PNH UMER D
Hiz>WT, 7ae—H A FA R —IZLD 3 &
T — M & £ R L 7= (TfR-RBC HllE¥E, CD55+CD
59/CD71/CD45),

F72. ZT@ TrF-RBC HIE ORI E R EIT .,
PNH AU Ek230.010 %LLE & HEE LT,

3. PNH i EROHERE R, RMiEIC X 5 IRiMmEk
HE (R, FERL BRI E (i) & TelfE L7z 3 SEH
(AA)IZ DWW T, TR-RBC JIiEVET PNH 7 m—
DM EAT o 70, ShEREIRMER(CDT1 5 MEAR fEK)
IHTTIE, &l e bbb T o Emyait s, B
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iz,
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Flow cytometric analysis of transferrin receptor (CD71) expression on healthy human
red blood cells and reticulocytes, and detection of PNH type immature reticulocytes

Shoko Sato

Technical Service Office for Medical Sciences, University of Tsukuba,
1-1-1 Tennodai, Tsukuba, Ibaraki, 305-8575 Japan

Two-color flow cytometric analysis was carried out on transferrin receptor (TfR,CD71) expression on healthy
human red blood cells (RBC) and reticulocytes. The CD71-positive rate in RBC was 0.19+0.11%, and the CD71
positive rate in reticulocytes was 14.916.2% (n=30).

Moreover, in order to detect PNH type cells (CD55 CD59), three-color flow cytometric analysis using
CD71-positive RBC (immature reticulocytes) was designed (TfR-RBC measurement method, CDS55+CD59/
CD71/CD45).

In three aplastic anemia patients studied, RBC measurement (CD55+CD59/CD235a) could not detected PNH type
cells, but this TfR-RBC measurement could detect slight increases in PNH type immature reticulocytes. This result was
agreed with obtained by granulocytes measurement.

This TfR-RBC measurement method is considered to have high sensitivity detection of PNH type cells.

Keywords: Transferrin receptor (CD71), Complement-regulatory membrane proteins (CD55,CD59), Paroxysmal
nocturnal hemoglobinuria (PNH), Aplastic anemia (AA)
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Hiroko Kikukawa

Technical Service Office for Medical Science, University of Tsukuba,
1-1-1 Tennodai, Tsukuba, Ibaraki: 305-8575 Japan

Keywords: tissue specimen

41



FMEE LY —HASICLZEHE I AMETSROBIEAL BEERE
Yo %3, IEA KHh
UK FAEMBREA PRI E (B rmRERE ¥ —)
T386-2204 K OFUL EHTE R 1278-294

Bz

VT4, RN o —h A T &23EH LB A
DEREHENEANATON TS, £Z T, EFE
FHETEEERIZBNT, MR = X T %
FW T FLEM & BEHERE 1T o 70, SRS
TERERY X —NICHRE L 9 BORMRE
Y —H AT T, 10 FEOWEIE S 3 MO B
DR SN, F£72, =AU I IRRESN, B
BRASORADRH LN 72 o T,

F—TU— R RN E >V —H A T Cervus nippon,
=R, WELEEM, SEEME,

1. [FC®HIC

EYYEEIL, AINOEIE R, EBR FEHTOR
LERINLE T D, FAEHENLARE O IEERICH 720 |
DU L1(2,333 m), AR (2,207 m)D e P & 5
§%7mm}@ﬁmMnmitﬂé~k%ﬁf%é

HRKFEFERERE X —CLT, B &)
L BRI O RIS A 1,300 m ISA0ET D,
$ 35ha O 7 4 — L KEALTEYD, Th~Y
e 7A=Y I XTI I XT TR, B,
AAFHEIR, BIOBARMNGEEL TWD(X D

INFET, & —TiE, WILEAEL BEHEOEM:
B, ERMFAEIIITON TR0 o7, 72, T4,
ZIR VD BERRRICE 2 DN H AR HCRY
Lo TS, L, BEAERASOD=FR T
DIRAFAEIII TN TRV, Z 2 TARIFSE Tl
o —RNIZBIT =R P OAERRIE . WL
¥R, BXOBEMEZHONCT L7720, Rt
U= A T ERE LT,

(A)
"2

by,

-l
BIAE

HE ATV =

2. A&

REMRE o Y— A Z 1%, TREL 10J(GISupply #t)
EHEALE, By —#HNO, ThHv Uk I X
T IR PEREARIZ 7T BARE L7o(® 1A), E2,
T X —TIE, 2014 FEICETEBIN Y U — 2% E L
Too TOXT—Of B L RO &S SRS
e =T AT EZNEN 1| BT ORE LK
1B), B> —H X 71X, 2015 4 8 A 18 HIZFKE
L. 2015 4 11 A 5 HIZEIR LT,

3. R

3.1 e SN -MEELIE & B

U —RNICHE LT 9 BORNMRE T —D
ATDH 5,7 BICHFER ORI MRE S (X
2~14), MR SATZMEIL. XY R (Vulpes vulpes). %
X % (Nyctereutes procyonoides) . 7 » (Martes
melampus), />7 ¥ > (Paguma larvata), / % = (Felis
catus), A / ¥/ (Sus scrofa), =7k ¥ Ji(Cervus
nippon), 7 & I 71 (Capricornis crispus), =R Y A
(Sciurus lis). ¥~ 2 (Glirulus japonicus), 77/
(Cyanoptila cyanomelana), & 777 (Parus ater), >3 =
7 715 (Parus major) @, VHFLEH 10 fEL B¥H 3 &
Th ol

R AR 8,552 M(M 1 xEHAD : 16
. @: 1 f. @ 6496 . @ : 942 B, ®:
534 £, ©: 28 f, @: 509 £, ®: 11 £, @
15 K Tholz, 2D 5B, 83 KT 10 FEOHFLIA
&3 HOBEN/RE SIN(K 1 @ O 9
@ 0 @ 78 @: 0 ®: 35 %,
©®: 9K @: B O®: 1 K @: 9 K.

J(/-,;?I\\,\ (B)
TN e

X 1. FRoMEE Y —H A F TREL 10J (GISupply 1) #% & Hs
B R R R 2 — SR (A) ERbEEIAE 2 v — (B) .
@ (1. R — D A TREHAERT,



ok, BEERDICHRE LR = A T
IZi%, EEBINECE 2 —HAE R ENRL L RE
XN, B RRBEoTWA DA LT, £
72, @QIZEFFIHERZ S AEBEICAR#EY TH 7272
DIEEAE L, @&@ITEMEINIZL - T, & T
a7,

32 =R TUh

3 HUSICERE LR o — 2 FI2B W T,

=R VAN ST, RE SN =R U B
WY 1 BETITENL T,
BE., B X —NORAZIZSONWT, =R Th
WX D REREEITR LN,

3.3 MR Z U—%FH L7 SEEMRE

RSB 2 U —ix B0 A 7 Tld, 942
R STz, L LS BEITIRE Shvie o
72 TRIERICRE L2 AT 3 Mo B |1
FEOWALENIRE Sz, ko aitix
6,496 FClEIIXATIZERYIN E 727,

EHLHLOH AT TYH, HHFIZERE L TEEKDE
HPRE I TV, Ziud, B L TR bz
TR =BG LT b D EE X BTz,

~

5. N eV

X 9. HEIH

43



X 10. =AU R

4. Yoy

=z

44

4. EER

o H— Web 'LICABENTW D EEAYMS
KEPE « ERERT — X RXR— X TlL, 31 FHGREICHEER
LW Z ST OMFLIENFEH STV AR, K
PHECRE SH-MILEIX 10 fick PEo7m, &
0 %< OWFHIADER #MERT H72DIiE, RN
T U= AT OFRERS R, RO
MELEZLND, FFC, ARETIE, /3 A1
21X & T 5/ IR S o T, 2
D EiX, AEIOBRESEM T, ROMRE T —D
AT & D R X IR & o/NIELIESS, TRATE
T3 IB2e ¢ 2B OIRITEE L 2 L AVRIB S Tz,

Flo, KEX U —IC5E LT 2 DO AT T,
H AR L CHEEM O EE ™M R STz, 2
AL, BRE L ClED S NI RAMR o —2
SISl EEZ -, Ziuk, EEOH AT
ERALERECIIISEZSZZETHD, WEH
U —HER, BIROBIESITEIC L > TRE LR
Do TOTEN, B —DORIGEBNSEZLEE
2B, IR = AT ORES U — ETO
FIFIT#E S 202 R ENT-,
KHEIZBNT, BERFENTO=R I O4
BOHERENT-, B Z—0HHNTIZ, £< 0FE
BHLOREMTON TR BURREZROVLEN H
b, Btk =RV OERBENEMT . B
2 —WNORAFEIZEENN TS 2RELE 2 51,
A L 72 R DM EMED IR ST,

B
ATHE D EMF L OARO & 0 £ LdIchizy,
THEE - CBYE AV E & LR AR
R EA B FHER IR B L. < BHILH L E
FET

L= BN

[1] ZRER, BV 5EE, B EITEHE £ B 2(1990).

[2] IEEARKH, @IFER, RMGHE—, Vg, BILpE T
Us—T 53— b7y 7 EMHLERMTHAE, S
KEEF AT, 35(2015) 35-38

! http://www.sugadaira.tsukuba.ac.jp/



Mammalian and avian fauna surveyed by infrared digital trail camera
in Sugadaira highland, Ueda City, Nagano Prefecture, Japan

Miyuki Sato, Daisuke Masaki

Technical Service Office for Life and Environmental Sciences, Sugadaira Montane Research Center,
University of Tsukuba,
1278-294 Sugadaira Kogen, Ueda, Nagano 386-2204, Japan

Recently, numerous ecological surveys in fields have been conducted using inexpensive and high-performance
infrared digital trail cameras. We set nine infrared digital trail cameras at the Japanese red pine forest, the red pine and
broad-leaved mixed forest, deciduous broad-leaved forest, and riparian forest in the Sugadaira Montane Research
Center, University of Tsukuba. Ten mammalian and 3 avian species were taken by the cameras. Sika deer, Cervus
nippon, were also taken, indicating the invasion of sika deer into the Sugadaira highland.

Keywords: Cervus nippon, infrared digital trail camera, mammalian, avifauna, sika deer
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Fig.2 T-type union.
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Fig. 5 Setting of the septum into the nut.
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Gas sampling port using a T-type union
Shin-ichi Ito
Graduate School of Pure and Applied Sciences, Technical Service Office for Pure and Applied Sciences,

University of Tsukuba,
1-1-1 Tennodai, Tsukuba, Ibaraki, 305-8573 Japan

This is a repot for a gas sampling port using a T-type union. To analyse a gas composition which was produced
from a chemical reaction, a sampling port using a T-type union was put into a gas line.

Keywords: Gas sampling, gas analysis, gas chromatograph, gas replacement method.
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