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Start the program

Initialize calculation to obtain Input parameters
thermoneutral state at 28°C

Input model data

Thermal conductivity, Specific Heat
Blood perfusion rate

Calculate temperature, Eqs. (1), (2)

Ty, Eas.(3).(4) ‘
Input sweating model

Update thermoregulatory response High, Normal, Low
* Sweating rate, Egs. (5) — (11)
* Blood perfusion, Eq. (12)

Loop through Time

Setup ambient condition

Temperature, Humidity

End simulation (Store results)
temperature distribution, total sweating

X 2. KR BT O 7 0 —F v — b

2.4 BT 0T 5 LOKREL

241 Ry RMLE

ANV A—/R—a v E 2 —H# SX-ACE (37 MUVALEZIER+ 5 &, mVERE2 5
HBLENWTED., ZOZEMD, X7 MEHEICELEZa— REERT2LERHD. X7 ML
HEICHE L2 —7 062K 31237, SBlE fortran90 |2 CRodi 5. KU RT X 512, HAH



— 52 — SENAC Vol. 48, No. 4 (2015. 10)

DN—TEEREICTHILET, /—RY7-0 OFHEEZEKEBINSEDL 2 ENAREE R D.
DXL, SEIERL—T VLUV EBEL[2|EETZ & T, XY MUEEE ) —RHTED D
PEREZ [H)_E S 7=,

MODELX=160 MODELX=866

MODELY=320 MODELY=320

MODELZ=866 MODELZ=160

DO K = I,MODELZ DO 1= 1,MODELZ

DO J = 1, MODELY DO J = 1, MODELY

DOI=1,MODELX  ~ DOK-=1, MODELX
TEMP(1,J,K) TEMP(K,J,])

END DO END DO

END DO END DO

END DO END DO

3. XJ hfkizE L7y —7

2.4.2 #FlE

a— RZ&AFFHET 5B, MPI(Message Passing Interface) % F T8Ik 21T >72. MPI &%, 47
ATV MOT —Z W GERT —ZIEEZH O A v —U Ny VU T OREERK TH Y, a—
RO Y77 a7 5074770 Thsd. MPL 2 WIS AT o 72 Bl & L C,
WHHEFEICIE, # A7 W H O B ERES{ES> OpenMP(Open Multi-Processing), 7 — & W41 H D
MPl 72 E3dp 5. AlEl, ffT=— REWSHLT 5 LT, # 227 W5& MPL A L7ent 7 ) v
N MPI, MPI D%z MW7 Z v b MPL #Z LN LT, ETRMZ g L7z, TORE,
77y b MPLOGARRILGELZ SR TETZD, 77 v N MPLAZ V.

BARMNAT o 72 WFULALER & LT, AKET V% Z BG4 FElicaE L, 2neno 1 Vi
Z17atRELLTHIDYTE.

3. MRiTkR

R HWH T vt 2T BT HEHEEMAZFR LIORT. £ 1 LVEH L7 ov 2o
%95 FHEBF OMERZ X 4 1xd. KLY, W7 vt 2O AE > TIFFI LB =R )N
BEEICIR T T2 2 21372 <, IERIZ ER LTS, L LAaRns, FEEE 64 f2lcxt LT, W5
Tt AR 64 DEFAITE LN INERIT, 346 L o7z, ZHITEICHBERED A LT X
W XD WIUERDOK TR, /— REBEROT — X IRt &N BN 2B AET HIRBIEIC L D b
DEEZLND.

1. RR5WH T v 2HUT BT % FHR

A HN 7 1 2% 1 4 8 16 32 64

FIELREI(sec) 2329 721 391 213 124 67




N7 P VA== ¥ a—% SX-ACE |2 & % Z28I55 TR 7 05 E @ — 53 —

70
® Speed Up

------ Theoretical Value

501 —— Approxiamte Curve

40 |

Speed Up

30

20

10

0 8 16 24 32 40 48 56 64
Number of Process

X 4. 517 0 & 2O %T$ 2 FHRER O hnE SR

7 bk, WEHEZFT o 72 22— K% SX-ACE (233 L, 2B BB KR 5 2T
L72fl %K 5123, KL 3 OB BE BGT OV 21T EBEORERIRELZ R L T D, £
ME 3R, 22 RS DR A TBME, 65 RARY DR ABYE, 75 Y ORE N B, At & 2

STWA.

KLV, thoTT MR T, 75 ALY ORABEORKREHIEE Kb RKEL EHF LTS 2
CIMHERTE D, 2L, BITHREOMIEIC L D b DT, @l EIIEELE LY b RITEND 2L,

BT OBRMGRENDSTZOTHS.

22years old 65yearsold 75yearsold 22 years old

{male) (male) {male) (female)

Body Surface
Temperature[°C]
390

3 years old
(male)

36.0
330

X 5. BRI ISR o RimE L LA ORI R



— 54 — SENAC Vol. 48, No. 4 (2015. 10)

4. FEH

AW TIE, SX-ACE IZ L AR ERfroms ks HiEE L, 22— Ko7 bk, W5k
ATV, B p W7 v AT AFERM AR L-., BHLZ/ER, e x8ickir
LR N EEGRIE 64 5126 LT, FHREFROMERIL 346 5& /o7, T, FRALBIZ X
HAWFNERDOE TR, T—HIBERFOBIEIZL D2 b0 EEZLND. £, fFE L TEEUR
< BIZBUT DHEECMED 72 £ S IRO AMEET VICx U CTRRIEIEE LA 21T-o72. fhoET
JAZHEART, IS5 ALY OMRABENK B REL ERTDEWVIEERMGE LN, 2, &g
DIIFIIE DRI L ORITRICERT2HDTH 5.

BE, X518 LI REREIEE EF O F 72 ORI R IC LB 725 R R R, X< &
BRI K > CEEH D HLOD, BETH D 20 PITEL TV, BIEAZERT 72013 F 25
WEMEE O LRSS % OPEE 72 5.

AKEFFEIL, WA RFESAN—P A 2 A X —DA—/R—a ' 2 —H SX-ACE ZF|fH9 5
L TERTX, HEa— FoEE{bB LOMPL W EHEICHT7- - T, [FtE v % — Ok 2« Kl
BEZ O NCIU FEINEMBREIZZ K2 T a2 WnWizi2x £ L-. o528 THEHEL
7.

SE X

[1] A. Hirata, T. Asano, O. Fujiwara : “FDTD analysis of body-core temperature elevation in children
and adults for whole-body exposure”, Phys. Med. Biol., vol.53. Pp.5223-5238, (2008).

[2] A. Hirata, T. Nomura and I. Laakso : “Computational estimation of decline in sweating in the elderly
from measured body temperatures and sweating for passive heat exposure,” Physiol. Meas., vol. 33,
pp-N51-60, (2012).

[3] R. Egawa, S. Momose, K. Komatsu, Y. Isobe, H. Takizawa, A. Musa, H. Kobayashi : “Early
Evaluation of the SX-ACE Processor”, Proc. Int’l Conf. High Pef. Comput. Storage & Anal., no.14,
(2014).

[4] T. Nagaoka, S. Watanabe, K. Sakurai, E. Kunieda, M. Taki, Y. Yamanaka : “Development of realistic
high-resolution whole-body voxel models of Japanese adults male and female of average high and
weight, and application of models to radio-frequency electromagnetic-field dosimetry”, Phys. Med.
Biol., vol.49, pp.1-15, (2004).

[5] T. Nagaoka, E. Kunieda, and S. Watanabe : “Proportion-corrected scaled voxel models for Japanese
children and their application to the numerical dosimetry of specific absorption rate for frequencies
from 30 MHz to 3 GHz”, Phys. Med. Biol., vol.53, no.23, pp.6695-6712, (2008).

[6] H. H. Pennes : “Analysis of tissue and arterial blood temperatures in resting forearm”, J. Appl. Physiol.,
vol.1, pp.93-122, (1948).

[7] A. Hirata, T. Asano and O. Fujiwara : “FDTD analysis of human body-core temperature elevation due
to RF far-field energy prescribed in the ICNIRP guidelines,” Phys. Med. Biol., vol.52, pp.5013-23,
(2007).

[8] D. Fiala, K. J. Lomas, and M. Stohrer : “Computer prediction of human thermoregulation and

temperature responses to a wide range of environmental conditions,” Int J Biometeorol, vol.45,
pp.143-159, (2001).

[9] A. Dufour and V. Candas : “Ageing and thermal responses during passive heat exposure: sweating
and sensory aspects,” Eur. J. Applied Physiol., vol. 100, pp.19-26, (2007).

[10]Y. Inoue and M. Shibasaki : “Regional differences in age-related decrements of the cutaneous
vascular and sweating responses to passive heating,” Fur. J. Appl. Physiol. & Occup. Physiol., vol.74,
pp.78-84, (1996).

[11]P. Bernardi, M. Cavagnaro, S. Pisa and E. Piuzzi : “Specific absorption rate and temperature elevation
in a subject exposed in the far-field of radio-frequency sources operating in the 10-900-MHz range,”
IEEE Trans. Biomed. Eng., vol.50, pp.295-304, (2003).

[12]E &, [ Ak, SR FIE, ER & X7 b - WHHEIZ#E L7z FDTD 7’1 27
V7O AT, Vol.103, No.223, pp31-35, (2003).





