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Abstracts

Mitsubishi Denki Giho: Vol. 64, No. 9, pp. 24 ~ 28 (1990)
Microwave Monolithic Phase Shifters

by Yoshitada lyama, Makoto Matsunaga, Osamu Ishihara, Hiroshi Acki & Yoshihiro Masuda

Because of their compactness and light weight, semiconductor phase shifters
are employed as the phase-controlling devices in phase-array antennas using
large numbers of phase shifters. In particular, advances in recent years in
semiconductor production processes have led to the development of mono-
lithic phase shifters in which semiconductor devices, transmission lines, and
other components are integrated on a single semiconductor substrate, and
such monolithic devices have contributed to enhanced performance by
phased-array antennas. The article discusses an X-band monolithic shifter
with an insertion loss of less than 6.2dB, and a broad-band S-band monolithic
phase shifter with a phase error of less than 6° (RMS) over 30% bandwidth,
and a reflected power of less than —17.5dB.

Mitsuhishi Oenki Giha: Vol. 64, No. 9, pp. 2~ 7 (1990)
The State of the Art in Microwave Devices

hy Tsutomu Hashimato

Progress in mobile communications has led to a burgeoning demand for
compact, lightweight microwave devices, and monolithic microwave inte-
grated circuits (MMICs) constitute much of the engineering answer to such
demands. Emphasizing MMICs, the article reviews amplifiers, phase shift-
ers,and frequency converters used in communications and radar equipment.

Mitsubishi Oenki Giho: Vol. 64, No. 9, pp. 29~ 32 (1990)
Surface Acoustic-Wave Devices

by Koichiro Misu, Tsutomu Nagatsuka, Shuse Wadaka, Takeshi Inoue & Takeshi Sueda

Surface acoustic-wave (SAW) devices are widely used in VHF and UHF
bands as filters, resonators, and other circuit components owing to their
small size. The article introduces: alow-loss 900MHz-band SAW filter (inser-
tion loss: 5dB} using a five-transducer arrangement, a high-isolation SAW-
filter bank (isolation: 42dB) using an m-derived ladder, and a low-noise
500MHz-band SAW oscillator Noise level: —90dBc/Hz at 100Hz) using a
high-Q SAW resonator.

Mitsubishi Denki Giho: Vol. 64, No. 9, pp. 8 ~ 10 (1990)
New GaAs FETs

by Masahide Yamanouchi & Takuji Sonoda

_The widespread employment of satellite communications has been accom-

panied by expanded applications for microwave-communications equip-
ment. As GaAs FETs figure prominently in efforts to extend the lifetimes and
reduce the sizes of microwave-communications amplifiers, improvements in
their performance is desired. This article summarizes the GaAs FET prod-
ucts of Mitsubishi Electric, and describes a newly developed GaAs-based
pseudomorphic HEMT, a low-noise device for use in receivers, and a high-
efficiency device with a novel structure achieving a high power efficiency of
50%, for use as a high-output device for transmitters.

Mitsubishi Denki Giho: Vol. 64, No. 9, pp. 33 ~ 37 (1990)
Magnetostatic Wave Devices

hy Hideki Asao, Moriyasu Miyazaki, Hideyuki Ohashi & Osami Ishida

Devices that employ the propagation of magnetostatic waves in magnetic
thin films take advantage of the slow group velocity, the ability to change the
propagation velocity by altering the bias magnetic field, and nonlinearity.
This article reviews the properties and applications of magnetostatic waves,
and describes the results of the development of a dual-resonator oscillator
with a bandwidth tunable between 5 and 20GHz, and of a symmetrical slot-
line S/N enhancer providing an enhancement of more than 3dB between 2

and 4GHz.

Mitsubishi Denki Giho: Vol. 64, No. 9, pp. 11~ 14 (1990)
HEMT MMIC Amplifiers

hy Takayuki Kato, Nagisa Sasaki, Yutaka Yoshii, Michihiro Kohiki & Koki Nagahama

12GHz-band low-noise amplifier and a distributed broad-band amplifier
were chosen for use in these HEMTs. The former device, with two stages, had
anoise figure of less than 1.7dB and a gain of more than 15.0dB; the latter had
a power gain of 7+0.9dB and a noise figure of less than 6.2dB at frequencies
between 2 and 18GHz. These results demonstrate the advantages of adopt-
ing HEMTs in MMIC amplifiers to achieve lower noise figures and higher
galn.

Mitsubishi Denki Giho: Vol. 64, No. 9, pp. 38~ 42 (1990)
A Laser-Diode Module for Microwave Transmission

by Jun'ichiro Yamashita, Eichi Nakagawa, Kumio Kasahara & Shoichi Kakimoto

A laser-diode module for microwave-signal transmission was developed.
This module incorporates an optical isolator and thermionic devices to pre-
vent external optical or thermal disturbances from affecting the LD opera-
tion. By combining a low-noise, fast-response LD with a broad-band
microstrip coupling system, electric signals between DC and 5GHz can be
converted into optical signals with a phase noise level of less than —135dBc/
Hz.

Mitsubishi Denki Giho: Voi. 64, No. 9, pp. 15~ 18 (1990)
Microwave High-Power FET Amplifiers

by Tadashi Takagi, Kiyoharu Seino, Yukio ikeda, Osamu Ishihara, Masato Fujiwara
& Takayuki Tamura

Microwave high-power FET amplifiers are frequently employed for micro-
wave transmitters in various communications systems. Such amplifiers must
meet demands for high output, high efficency, low distortion, and small phy-
sical size. This article discusses a Ka-band amplifier with an output of 1W,a
C-band high-output, high efficiency (48%) amplifier, a Ku-band low-distor-
tion amplifier, and monolithic X-band and L-band high-power FET amplifi-
ers.

Mitsubishi Oenki Giho: Vol. 64, No. 9, pp. 43 ~ 46 (199D)
Superconductive Microwave Devices

hy Takashi Noguchi & Tetsuya Takami

94GHz mixer/receivers using a Nb/Alox- Al/Nb tunnel junction, and
140MHz SQUID amplifiers were fabricated and their performance evalu-
ated. The 94GHz millimeter-wave receivers have a minimum noise tempera-
ture of 99£4K. From the result, the maximum conversion efficiency for the
94GHz superconducting tunnel-junction mixers was determined to be
0.5£0.02, and the mixer noise temperature, including the contribution of
losses at the input, was 70K. Tunable 140MHz SQUID amplifiers with a
minimum noise temperature of 0.8K and a gain of approx. 20dB were real-
ized. By employing such a device as the intermediate-frequency amplifier of
a superconducting tunnel-junction mixer, it was shown that the noise tem-
perature in the 94GHz band could be lowered.

Mitsubishi Oenki Giho: Voi. 64, No. 9, pp. 19~ 23 (1990)

Microwave-Frequency Converters for Very Small Aperture
Terminals

by Katsuhiko Acki, Osamu Yamanaka, Mitsuhiro Oomae, Shuji Urasaki, Akio lida
& Kenji Ito

Frequency converters for use in Ku-band ultrasmall earth stations (very
small aperture terminals) and low-noise frequency converters for use in Ka-
band receive-only stations are discussed. Frequency converters for the
Ku-band adopt a dual frequency-conversion process with synthesized local
oscillators, enabling conversion over the entire assigned bandwidth. The
synthesizer employs a harmonic mixer and can switch between different
loop constants depending on the channel, for greater compactness and low
phase noise. The Ka-band low-noise frequency converter makes use of a
microwave phase-locked oscillator employing a sampling phase detector, to
achieve low phase noise.
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Abstracts

Mitsubishi Denki Giho: Vol. 64, No. 9, pp. 65~ 68 (199D)
A High-Power X-Band Klystron

by Kazutaka Hayashi, Toshiji Tanaka, Kazuhisa Hemmi, Hiroshi leki & Shin’ichi Yamashita

In order to reduce the size and weight of industrial-use linear electron accel-
erators, X-band RF power sources are needed to replace the conventional S-
band sources. For this purpose, an X-band half-angle pulse klystron with a
large power output (peak output: 4MW) was developed. Because of the
higher power densities and electric-field intensities compared with S-band
klystrons, special care was taken in designing the various components to
withstand large powers. For this device, an operating frequency of 9.3GHz, a
pulse width of 5us, and a peak output of 4.2MW (average output: 4.2kW)
were achieved.

Mitsubishi Denki Giho: Vol. §4, No. 9, pp. 47 ~ 50 (1990)
An X-Band Integrated Receiver Module

by Yoichi Kawakami, Satoshi Kunugi & Yukiharu Nishida

Microwave IC modules consist of various microwave semicondutor ICs
mounted in a single housing to function as a subsystem. As one example of
such devices, the article describes a newly developed X-band receiver
module incorporating a variable attenuator, mixer, and low-noise amplifier,
among other components, and focuses on the performance and module con-
struction of the device. Also introduced are the CAD procedures employed
in constructing the module, and the engineering used in its fabrication.

Mitsubishi Denki Giho: Voi. 64, No. 9, pp. 69 ~73 (1990)

The M66330SP/FP Band Compression and Expansion
Controller

y Yoshifumi | ka, Masayuki Hirokawa, Masumi Yoshida, Masaharu Taniguchi
& Junji Mano

A band compression and expansion controller with an architecture suited to
use in G3 facsimile equipment was developed. Hardware and software opti-
mization was accomplished through the adoption of an intermediate coding
method. Processing speeds were raised by employing a ROM sequencer and
incorporating line memories. Coding and decoding performance was evalu-
ated using CCITT test charts, and ample processing performance was veri-
fied. The article reports on the functions, architecture, design, and perfor-
mance of the controller.

Mitsubishi Denki Giho: Vol. 64, No. 9, pp. 51 ~ 54 (1990)
Annual Operation-Planning Support Systems for Power System

by Isao lyoda, Takeshi Sutoh & Atsushi Doi

Computer program systems were developed to support the planning of
annual operation schedules for electric utilities. These systems determine
the amount of power to be generated by each generator hour by hour, such
that the power system remains economical yet highly reliable, taking into
account fuel—consumption constraints, generator-cycling—operation con-
straints, and maintenance schedules for each generator. The systems makes
use of the latest computer technology, and are suited for practical use in
terms of processing speed, man-machine environments, and file-manage-
ment functions.

Mitsubishi Denki Giho: Vol. 64, No. g, pp. 74 ~ 77 (199D)
An Implementation of the X-Window System

by Atsushi Tanaka, Hisao Fukuoka, Tomeaki Saito & Katsumi Fukushima

The X-Window System was implemented on a Mitsubishi Electric ME
Series engineering workstation. Drawing performance has been greatly
enhanced by code tuning during the implementation, and by taking advan-
tage of the hardware capabilities of the ME Series. As a result, the X-Window
System on the ME Series was found to be well suited for practical use. This
article describes the procedure for implementation of the X-Window Sys-
tem, as well as novel measures taken to boost processing speeds.

Mitsubishi Denki Giho: Vol. 64, No. 9, pp. 55 ~ 59 (1990)
Large Qil-Filled-Type Submersible Motors for Sand Pumps

hy Masato Honda, Masahiro tkeda & Kazutaka Kawaguchi

Qil-filled submersible electric motors rated at 550kW/14P, designed for use
in driving pumps to suck up sand from sea beds, were developed and deli-
vered to Kurimoto, Ltd. These motors provide vastly greater power outputs
than previous submersible motors. (However, numerous engineering prob-
lems must still be overcome to enable use at great depths up to 100m.) The
article describes solutions to the problems of reducing mechanical losses and
waterproofing the large-capacity pressureocompensating, equipment, shaft-
sealing equipment, and waterprooting cable connections, and introduces the
sand pumps and oil-filled submersible motors.

Mitsubishi Denki Giho: Vol. 64, No. 9, pp. 78~ 81 (198D)
Location Technologies for Car-Navigation Systems

by Fumio Ueda, Masao Hariguchi, Hiroshi Noda, Kazuhiro Yokouchi & Dsamu Shimizu

This method was installed in a navigation system in Mazda’s latest model,
the Eunos Cosmo. It features three new technologies that harmonize with
each other: a dead-reckoning technique supplemented by automatic calibra-
tion of the heading based on a geomagnetic compass and a dual wheel sensor,
a global positioning system (GPS) employing satellite signals, and a map-
matching navigation method in which a number of possible locations are
considered.

These improvements eliminate the need for location-error correction, and
enable highly accurate location.

Mitsubishi Denki Giho: Vol. 64, No. 9, pp. 60 ~ 64 (1990)
Printed-Circuit Boards for Power-Supply Circuits

by Satoru Hayashi, Teshiharu Adachi, Tsutomu Kazama & Kikuo Sakita

Large-current printed-circuit boards (power PC boards) were developed for
use in the power circuits of electronic equipment for large-current control
(servomechanisms, etc.). Innovations were added aiming at practical appli-
cation, and reliable automated assembly of wiring by the power PC boards
was achieved. The features of the power PC boards include: reduced tem-
perature rises rising due to large currents through the use of thick copper foil
and wide conducting patterns; the conception and application of a novel
layered construction which great improves heat dissipation; and measures to
counteract the effects of heat dissipation from components, thereby lowering
the substrate temperatures.
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2.1 & & B R

XTVAYFYE, 2947 b —n"AREESWE YA Y FY
YAT LT, FOY—NBEBICX Y — bR S X -, &
T AT —va iMBT AT U I ATHD, 25747 MNT
TV r—vay) »ODERIHEST, VA4 Y FUOERPERE,
TZT7 4y AOHERERTO LEDIET, F—K-—F /37U AM»
SDANEBINT, #NEARVPELTRERZ SAT VM
BHT 5,

2547y EXY—NHEOBER, BEL NV —T 4T ¥
7 AMEMT 3 7ok AREERE (PO AV TRHEEN S, &
72, 27472 XY~ HOBERNG, X0 b a v eipidh
2, ZQIPCHAY b7 —2 T4 FRLVDTHNE, 774T > bk
XY=y b7 —2 EORRZ Y CHIFS¥ 22 & bETRE
THB, M2, 25472 A2y a—FThmL, %
OMBFERET—7 A7 —ay EOXF—NZE-THEREED
EVS LRI EDBBFRERERTE S,

Z8, X0 b aV2EBRS CRBERTAESVNE LT 00,
X7477Y (X lib) EMENBCEEZROTA 77V »ifEfit s h,
7547 MERODBEESE SN T WS, £/, BERS I 744
Vo= W—f I T AEBGFRTZ AR L2
—Pm gy T2 —A V=N Fy b+ (X Toolkit) BAEE LT
5, XU 4 v Fooek#gER1, Xv4 v YOBERRRZE
212173,

2.2 XY~ DM

Xo A4 Y RoOEERX 7o b arizsd ), Xy - gE7e b a
WEFREZ TENE, POXSHEEL T EbA WL, LAL,
BES A —H —» oS3 N T w3 XY —vig, WFRLMITHEH
FL LV —NCRHEOEEER EORBEHL L OB, SE,
MES ) —XARET B> ThH, AR IOF Y I F Y —
NEERNCL T,

) PFH— ORI, FOBEEOT DS, BEER
RT3 72012, 7 ) ¥+ rs—s303, DIXv A ¥, 0Sv 1 ¥, DDX
Vv4v, EXTV4 ¥ EIFNAEODL A ¥ ol EhT w3,
(1) DIX (Device Independent X) v A4 ¥

F—/SDHET, TRTOOSEUVRRT /4 A M REST,
Y- N2EOMBOFNEHET 25 TH 5, FukiEx, 77
A7 b DEROST EMBELTURBOV—-F v OEL, A
JER, vAYFUER, 7747 bADA R MOES, 77
A7 PORREBLZETH 5,

(2) OSv 4 ¥ (OS layer)

3L Y X2 b ENDBOSOBEEICRET 2 HATH 5,
FRBERE, ANTNARARLI 74T b2 sDOANFEDL, Fax
AFBEDT: O DBEROTER, BEKLSD/NA PA Y —L0D
BHABSEBRB, TFANDE =T /70 -XEFELRAL, T
7k, 742 MEER, ATRVEEBLRETDH S,

(3) DDX (Device Dependent X) v A ¥

FKREVANT A RAERE L B2 TH B, Takeil, 7
A XD, By by T4 AV A NORELE, 7354 A
BE, 797 4v2 avFIANDER/ERE/ TR, BREIOD:
OOy 7 7EREEBRETH B, DDX VA YOREIL, & 51K

XvA4 Y ¥ A7 L0ESE - B - B - FE - &85

72347 )

(X7m ban)
F ) oHiLy—n
0Ss
DiX
EXT DDX (mi) DX
(R KTF)
DDX DDX
{mfb) (cfb)

B3, &V IFNF—OBEE

D& DD DHEEEZE» SK 5,
(a) mi (machine independent ddx code)

Ty EKFEL VL S WERE N ADDXY A Y —F T
b2, EHEZVE T4 7% Py VRRETRODTLITY X4
BATYVAVP LG TH S,

() mifb (monochrome frame buffer ddx code)

AXEYRY SR ®£/707v—5 Ny T77HAODDXVA ¥
N—FTH2,

(¢) cfb (color frame buffer ddx code)

AEYVRY 7N HAF—T Vv —L4 Ny 7 7yHODDXLV A YL
—F>Thb,

@ ~>rikFELV—F B
—RR#IZIE, mi, mib, cfb # 20 AV RO TR-+2RHIE
HREMSTER T E RV, HA—A—bAsrDFELEEL
TV BFEEHREN,
(4) EXT

XY —28~DF L WEEEDEN, RUEFED 7o b IV OfRE
T2 0DEHTH 5,

Y IF AN —OREERE 3 IZRT,

3. XA FILRTFLDEESR

X4 v Uy AT AOREFER, K& 774 7> MiDME
X fIDFREEFToN%, 7747 MAITE,X libk
X ToolkitDEEHMET, Zh 5 RBOSKEEFELLESTE2EET D
HTHD, BIECRETBHEEERPLHEL Lo, —H, XT—
DOVFER, OSIKESOER L N—F 7 x TIREFEROZEETH D, H
THN—F Y 2 THRFHOEE XM EREEa I b b
T, BReFHEET 2,

MEY Y — X~DEHF, FROAY YFnd—r2HEZ LT
B, EEIIELTER, FHEMERLLBIL, FL4vATrDIB
OSv A ¥ & DDXVv 4 ¥ Th 5,

3.1 OSLA+

FY CFNF—NTRE, UNIXDbsdRD A > ¥ 7 = — AL S
nNTw3, LarliaadsMEY Y — X3, ATT% @ UNIX
(SYSTEM V R3.1) ichsdi$fERTIRL 2D DTH D, HEHO»D
VAT LT—VRUHEEOIEBEL S, Lo T, EHERIL
T355475 ) BEMT2LEND o, BEELDIE, bsdFf
UNIXDHREH 7o L AMEEA ¥ F 72— ATHD Y 7 v MEhE
R, FEHOA R+ BFOselect VAT AT —VETH S, BENI
¥, 2h 5 F2UNIX SYSTEM VE®D R b Y — L AHEEEPpoll > A 7
La—NVR PREEBATERLTYS,
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3.2 DDXL A+

DDXV A ¥i3, XEEBD TNA AREET 2700, XY — IR
TRLA VST — D s OEEENSHERTH L, OV A
i, TIARF—KR—FZErNCFY Y ITIANLERE, #
BT S BBz A &N 5,
(1 A=

X4 =3, ERBATTFNNAATHEI TR, F—FR—F%2 V7
NE A LZMEL 2 ThiER s e, B, Xr— 1 BECEL,
BATITNA AR T A NEFHRER L 72 XY =T, 7747~
FHEDY I A EEVRIVTAHTNA ZADA RS+ BFE T
VWhie s, Bisdselecty A F AT —NT—TEETE S L5 2LH
FERSANCHEARALE, F LT, 2= 70 ATHEXY—
SOBATTA RV N OREEZHIY, FT—F 2B L00HHIT LT,
Ve 7 r R RBIRLT,

ZRhIZKY, AR TS OBREORERIZ, VSt
7 7 DEFER PBRRA VI QLI TE B otz iz, ¥R
FAI=N F—rtAw FELIZA Y N F—F 285 I LHBTE
BEI, ARV INF—IBEMENTVEY 7Ny 7 7208k
XY= Ty27—F2EVE LTERTE AR L,
(2) A=

XY —NE 2 —HF—Fa0eALDT, BEIV—LNNYT 7%7
JXATBIERTER W, Lo T, YATL2I—-V2HAWT
OSKHE2EET 2 A0, XN EEXY -7V -~y 77
C77%AT 5000 DOFRERTIILEND 072, TNE
NRIE EREANH D, RXBROA»SBE, Thbby a7 —
FREYBRTXY —NBEETV—LRY T 7T 72 AT BT
HEBRL 2,

@ BEERT Ny /%, BELEOEECHEL T, EE0SO%

BEAETI L) a—F—FURATHEXY— YOEED/HNIE 3

PIEREREIR Y,

b)) X7AYRYD—YaryT v 7EAHELR TV,

(€) YAF Aa— F =3 KW,

@ FVYFAUY—NEEENDARI Ty I 45— %/

zu Jv—nay 7 7 BOBENLEE (nfb, cfb) 2WATE

5o

4. HBELEOSEL

A Y PFH— NORENEE L, REERE LD b BENEER
LT SR TR T2, BEAESBOEIVESFET 5. &
2, B —REENER, LEMNELZDE E TREFECHLS
HEERE > TRVWERsTz, 22T, ROBERMLT 7o—F 2L
72o
1) BI1AFTy7ELT, CAD7 AUy —va vyErBLT, #H
HEERSVWRIEBOOEELEL, 7T¥AMIA Y FUCBTSA 70—
NVEEEH E L TEEREET I,

(2 Bo2RAF w7 LT, TRTOWETY 374 71OV, &
ERERS T COREEAEZBRENIAET 2, TheilfTLT,
EBEOF 7Y r—vay (RENZCADY 7 F SXELHEY 7 })
OBEEDHT 5, ZOMBULRELET 7Y 7 —> 3 VOBHE
At s, EEARBZSOTERFEESEL, »OoREAy 7L
ZoTWAREZY 274 72RHL, Zhd2ERESELT 5,
BER, FEELIRAT Y TORRMBTT Lz, &2, E2AT v
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k*;: ; i | ‘
RRiEE =0 ; ! [ | |
b i i i ! I
)
A ] : | 114793
HigHE Sn i 1 ! 17362
FHod : ] , |
_ATE i T 0 11764
KEGEE B0 1 B i | S ETT)
#o (] { | | i
1 i
%4 solid T ]| ! 1
=, tie H I
8L stipple i}
EEE ! |
X% mmET T ! | ! !
i
azo-n [ ! | !
i : :
H 13 T T
Su—vat— ‘ : ; : i 748
50

7= 1002 150/& 2007 250%
BE(LE=E

4, MHEEER L3

TOWBHHEELET 7Y r— a Y OEBEARSET L, ERE
Hibe BT TH 5,

INETR, TREROE S, 707 V=24 Ny 7 7 BELEE
miby # 7 — 7 v — ANy 7 7 IBEAEL I DL TEEILEE
MLtz B/ 20k A5 —DOKTY T 4 THELELN—F VE,
BRI SER->TB Y, FBODIXV A vA2ET 587~ 7
BEEERORS vy 2y b L, ZORA 5 2FHL TEH#K
EREUHT I L X D, £70v—243y 7 7 CHET 585 #DIX
VA THERTEZ e FMATESR LI E >TSS, IO
F—TNIL, WEHOFEC I-TIIELTL L W, 74
FARV—y 3, BOBE) B UBEER OBl RBECEERL,
SR E D> BEOHTVEZ TRHET LI LNTE, FLLE
RS ETNEL L ENHRECTEBHMECR > T 5, &
HoOEFL TR, MAEEORWEBbIWIHET ) S74 728
CERETBEREEERL, TAERUHT LKL,

HEEROBEEREFEE LTR, TRROOBHITFeN 5B,
(1) HELV—7%2T7 27 I,

2) REHEN—F XD, HESLTWIBELRZT)I 747
WRL, BESNLFED S L TREL#EL —F > 2ER LT
(3) WELV— T TELR TV ARAOHE~ 7 o2 BH L, &HFHE
B L ERIEAR T RRT 2 it Lo THREOHIRZE L CEEL
L7z

4) #5—HECETAERERTIIE 7 v VEEE L T 55,
InEEy MEERET LD, E7eVHBRLERRSR
N2 Lz,

(5) FANKRURT 4 ZVRETRRELEERC IBESZUHBEL, %
nEaE—A—Frickh, FTARKIE-T LI CEELL,

Bz 3, SKEETREBRSBACEREEN —F > 2FUHL
Twhk b0k, EREEL —FiZv A 7 AERMNA THFRIERL
fer—F U RERATAILIZED, HEFOMEREERRL T
3,

Ricr// 7070 —5A Ny 7 7 HELAERmbE, ¥7 -7 v —
oSy 7 7 BB AL Efcfb 2 AR I Bk L /zefb (mE Frame
Buffer) oW Ti~<3,

41 mfb

mfb T, # 2 — B & D EEENS 2k, BoEfbss & &
NTWa Ik, FAFANV—¥ 3 YOEBAERTED ZLRY
&Y, ENERNTABREERF> TwE, 2ITR, LiETF
ErEadbyT, ME0 (R/IMEDOR) OEHLIBREUH, 7
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# 1, xbench BIEHR

BEvYY | AN—-Ya IR BE (B OSU|EEEE XF M BE |HRaeE
ME400E8{k# | V1IR3 | 256 31,164 10,538 | 24,069 |57,029| 94,047 |20,849|23,774
SparcStationl | V11R4 | 256 |75,438| 7,089 8,238 |73,7501304,274(14,771(16,129

Sun3/60C V11R3 2 112,986 11,429 | 12,252 [11,875| 15,543| 3,032} 9,890
ME400=#/tAT | V11R4 | 256 [25378| 4,203 5,265 [32,656|448,215] 8,823 9,651
ME400E:#/tA7 | V1IR3 | 256 | 1,875 361 1,143 | 2,578| 61,035 7,189 1,094
Sun3/60C V1IR3 | 256 | 1,195 295 801 | 1,473| 13,936| 7,843, 802

FAIYA VRO TEESR R 70—, EBEEXFEOSELEE
HELTW3,
4.2 efb

AV Y F N —3DefbE KB CHfEL T, MEY Y —XiIH#L 7
# T —HEENEE TH B efbEER LTz, efbD K E KU, #ERD
TRV —r BB Ebe TH— 2 EVBEs 2T wiT %
otz DEXL, Fr— Y EERCERET 3 EREAFERIE LY —
NIB BRI HAET 2 2 sk ), AUY—/3T16,256620D 7
VAN T 7 EYE-NTEDIETHE, ZHICED, V—2R
RO —REL 2 - VOEBBS—FETELZ LI RT3,
efbic BV TEML 72 BE{b K, mibk BERIC LEROFEIC LT
HEREINTWV3, BI85 00ERE S&, H, RIEDH D DHEEOKF
EERM, CEBEDOEL, AV, AT 1 IVEE, SHE,
Ay ua—i, BEEENFE, AJREXFE, AABEV-F>TH37
4 NVAS Y, BERREERE, TV —-rHEETHY, 2E~HEE
DHEREMEEERL Tw 3,

5. M g

BIEZCHH LB DOSELIR~D, 27, REROEFMELE
LT, —BEACBOTHEAEENS WY 37 1« 7RERY B
3, MAETY 27 4 7OMREALEERT,

HTH» 3 L3, GELOBREIEHE» SHEELEDTK
v, Lal, HROEAFECEL EEbh s K0 AgeHo%
DORLEPREEML TR, Zhs5DERIIRSEOR
BThH 5,

W BT R S, L DRARIRERER S oD, MEXY
A4 ¥ FYOMEEHE &£ LT < EbiTwv bxbenchiflilE 7o 75
A EBPERZRRER1ICTY, JORET TS T L, #EEL
HEEERED I Y KB I T4 T Y 5 RT—ERMAI oh i
JHEETE 3 pEFHRIL, ZOEERUNIXY -2 A7 —v 3 ¥ OF
M B H A SUNS, 50 (£ ./ 7 o€ F)0) TOMEER 10,000 &
LTEHRELERZERT200TH S, UTIEMES Y — XD
EfEEFT, £, “MEL0EHHET kA ) O F A3 — OREa
VI REDEEESTMETDH S,
RTHHBEBV AT —DAYVF LY —3F, /7 0k~
TI/10BLT & JEE i teaE2sB v s, ME400TREHLORIRLRE
BTH2ME L EBICREL R 2T WD, 74 Ry DAERBHR L
TEHERASNZBD DR PEREREER EENG C, BIFER
reEMLTWwE, 2, BRLEAREOSVIFRLI aVv—FH
KERE L XFREC DV TS, 20U LOREIERTER,

L L, EROEABRETRANY MRV T U REIE2T 200,

XUA v Fo v R T LDEE - Hep - 186 - FE - 85

RESSEERLEN AT ERUAD A — vy FPEFTE
BB oTETWD, LietiosTHRIE, Z04——~v FOKE
3CHZ 7o AMBECEL CRRLERPTH Y, 72588
EfTf> TV ARERERELEEDLET, RVYFI—I FAMEIT
B s B aEEoR EER > TWwa,

8. © ¥ U

UMYy =F7Y S I—7 A5 —v 3 YMEY Y —Xiz, XV
AV VAT LR EETIRUEERLLFL XS~ OHEE
BEERA > M icow TRz,

X#—OfFEEER, YHCAD7 7Y r—v a3 »EXBnT
HEREENEVRIE 0 DRE, TFAMYA YR EBPI2A70
— VLB EERMRE L TCEBL I F 0BT —F/3—F 10 V7 b
Y THEDOKIA YR IYARATLAEDT 7Yy~ a3 v OEERS
W3asZ bk, EFEAREBCBLTEREENSVWEE Y
TATRMERAY 7 LR o TWARREETY 374 7 #BHS»IILT,
INSEFERE BT, REILOPRVAELFH L, BKRE
BN REFEEBA L TRELE ST 3, X¥— 2B 2 #E
BELO7 7o—FR|E LB L TIT->THBD, IhEHZYA
YR VAT LADEIRER > T3,

72, OS2 EHMENTBMEREOREL 31T, 7547 >
XY= HOBEA — Ny FOBIFEEC LD, a5 KER
EE{L OZIR MG S iz,

XT7A Y RIYAT LG, BRTTHIMITCE > TRELHR
ENEFTBD, N—Yar7y PEBERTINEVRT {GFHEE
LOANERBLTWS, ZHIEMHED, MEY ) —XDX7A4 v vy
AFLYN=Ya v Ty 7 RFEL TS, TR~ FEERE
{EORER, X774 YIS AF L =P 22110 Y —X 3 DXV
—NEHLTEBLE D TH S, ZOEETELERED U
TEBEAL, SHON—Yar7 v AREBLTHEFEAREIIBL
T, LDIREREEEEROXIA VI Y YA T A RERT A
ThHb,

& £ X ™

(1) S. Angebranndt, R. Drewry, P. Karlton, T. Newman, and B.
Schifler : Strategies for Porting the X v1l Sample Server,
MIT, (1988-3)

(2) S. Angebranndt, R. Drewry, P. Karlton, T. Newman, and B.
Scheifler : Definition of the Porting Layer for the X vll
Sample Server, MIT, (1988-3)
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BE S ES— a yBAERHB

LHICR* BOIEMHE: EFHEER* mA—E Jk B

1. ¥ A » &

HEOEERRERBL T, BEHEOE AP ERCIEROER A
E—FUEZRHICEATSED, REREFIHI L IZEBEL Twa,
I, ERFEORE, D ) REEEZOBACEMIEAL
Vo R RFER O AREER A AN & 5 AEMBIC DR o Tw 3,
Eo, B LZ2EEZEOVWL B, BRI »b>TK 3,
TORw, EHREEICL - TEHOMsL EEXERRYD, ik
TROBEERLBE L Z-TWw3, K ECEBEOAME « H4L - 4
Bf, Z L THMNH#Z YE2RRL THEDORVLVEEZEZIBT 25
—¥ 3 YEEE, ZOEFKRI 0L L TEARIKEEZATL
5,

L, EMOMBEREBENE L, ERMBBESTELR L
EFROWETAEH IS -y s VRANBREEBLZHAR L)z, &
N, vV SROFFEL—/ A AR ER N, AVESRY
EFELTCa Y b u— VT 3 ERERV AT AOEERRER L2
> TW 5%,

DX T, HRELLERF Y —v 3 CAUEREEEOM
BEEA LU EEFEAC DWW Tz,

2. FEMECLIAEREHOFRIELHER

BEREOMEBEZRD 35841, H{»oTbhTns, REHNEE
Bt EE 1R, 22T, MEREOBRERZHET 229,
— A EEMEOFRE EMERIC DWW TR 3,

2.1 ¥ O ;&

BIZERY F e+ 0sT, BXNCESESOME 2HRE
TAEAREEIME LEENS, BEE YV HOO SV AHE» SR
LB, Aty RETHTRE LERALTES
B8Ry bV ETHEIMECRE L TREMBE 2R D 5 HRALE
L ThH 3,

ATHEEEBEL T8 o2 BEUEITIEEL, 8H0.1~ 1 % EE
DEEEEL,

Ffit v i, EicHBES A rELhE ONEETH
3, WIS, EWIKERT 2 ZAUOMBERIEE Y, v OhEE
K7 PVOKFERS) BHRHEL, BIZE, MEEREEL TR
3, ENFile R EDQILZE 0L+ 2EED A4 12, MR
HrER Eoltt 0FhA (BAw) THIEL TH3,

@ =arctan (v/u) g ttreterreeTeetsttesessiseiiieciiiineny (1)

ZORAE e IR X > TR 2700, RIEHOBHTR, %
DI FEHIB G U ECERT 246885 %, 4B, MBS
R i, BYOERL COSEEY, ThESERL L ORE
ThRZ 2oL %22, BEETT TCL—ETH3 LRBES 2, &
7z, BRREEBRTLERLTY3, ZOBER, 55»U0HE
T&5, Lirl, BERYBECHN2ERNRET 32 HBOBR L LI
&0, EEOHERRENE(LLIES, MK, BRELSOBET

78(782) *EEZEY AT LWFAT *r ZHBUERT

338147 5% (DEAD — RECKONING)
EmOENBIE A RAT 5.
P SRR I & A
%ﬁ%ﬁ@ﬁ’t’ Ty 7Ry F SREERESE)
GERETS. | ENEDERnEEET—5 O
— L LER B ERET .
&
B2 81:5(GPS, NNSS)
AIMEA SOES CEER
e EERE | BERET S,
BRERGFERL WEME(OS o —Cir Y)
THBRET S, | | ERoERTAS SOEST
HEGEERET 5.
FEERRE(HVRAL, E—12)
BB RERS b OBENATRES
TETAREBET 5.
1, EEOME

Ele

= Ed
E2. GPSEEMLE DTS EHRZEHERE
(3R, FEALDBABEDTT D/IHEFEL 10m)

WRER IR 7 P VIZERREEN Y PABER SN,

ATE OB L Tk, MRS v ¥ LA (HhZkdtk
B) OO0t &Y, HECASFREELFR
TB2HEND B,

BEOMBIINL T, SEOEMMEAENREEIN TV S,
¥t aRLDOIEF[IATVRY,

AR AL (FRZEALA) i, EEEGROEGRAZFIAT 2EH
HEy¥, FAV— S ra0, X774 30 v 4 0 EOHRE
YR ETRHETE S, 22T, EHEE VI AREAE
Z2oWTRR 3,

BEEEE VI L BB AR, EEEROBEESEREL,
FTOERLEREHOBRTHRL TRD 3,

L Lihs, HEEY VI X 2HENA S, 71 VER, &
B, TRE, TR0, FEEARCTHOREE: LOEMREOCET,
RUERERN CHERER ETERELFD, IHSOBREOHEY
DR T BRI, HREE Y VORENKPER,

B A6, MBS AL Y TRO N T le & HifE
VY TRDOLAEA e (HAELE) OMAERWT, B,
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8= 6,..+ (w_gi_l) 'k-‘rqS' (l—k) ........................ (2)
DRTRDB LB TED, kRFEDHE(0~1) THY, MK
FROENDRTAL ek WIDEL 5,

Lo Lzsss, #HilfER, —RTFEL2ERSBRIHT200
ELTGEBEIEEERD 2D THY, FEWCERHREZS
BAGEESA DALY, MoK 58 L2t hid+oaRE
BELNZV, DF D, EHREZHENBH TRERENEL N
343, BERMIBEITREENRERT 3,

2.2 Ty T7TyvFUUOEEY

vy vy FrIREE, BRI, AR TR AR
RIT bbb, 74 OFHRT 5 & BiERE L OHEBER
#ERy, HEOFHVER ENE~ERUBEEET 5 & 2FE
L, EmAMICEREELEL LZVEIMBZEEND,

F4PINVHET -5, BEEIOMEBCE>LEROLDEE
RLTHERELZ?,

vy Ty F I L S, HENROVEEETROE - £
P2 DIC BV T, HHRETE U RFREER UMK 7 — 5 O
BRI A2 BEDNREL T, FHKOERE L ZEZ - TERICER-
THEBRESNTL v, ELVER, UBE~EENCBERTSE
BWIERHDB, TR YT v F U IRBESBELMETH 503
®ZCHEET 5EENY DORGHN2MERTH B, LizdoT, &
OB T, EEFONEBBEREVELILRELR D, £z, #HE
F—y DERE FOFEFITB T, HYOBAEER L 2T hid
B2,

2.1 WEMEOW

ALEE» o OMEEH #REFEL TAEBEE BB T 5 NNSS
(Navy Navigation Satellite System) , FHiZ L > TEDHLH D
2% % GPS (Global Positioning System) = & % ki3, HEME
LEN 3, GPSW, KEFRESHERZED TV 3 2HFERIL
VAT LT, BEM kMO 6 B TFREEED TELETOOA
IHEXEBEL, £OHD3~4{@» 6 0MEBHEFIERZEL,
HER2ZVWLIRTAMTESL VAT ATHS,

REMER, 3EOHE»LZEME 2 CORETARCHET
nig, BEORLAZONERZELLYET -5 5HNTES
»ne, TOREMBEYREAL L THESEEEFEET5 3R
HORALLTRDB I HTE B, BE, FATEELRGPSEHED
i3, BBREEE SO TI4E (19904 8 ARAE) T, 19934ERIET
RTOBEISEBBEENIHETH 2, BEOCPSIZ L 2 NERE
2, BEORVLE Z THIMMBELNTWD, &I 28, HEDORE
RRNFARCED, 100mEVEENEENLD T2, &, —&
R A N B & 3 HER, 10mIcERNIcEHbi v LE
bhTwd, £0OHGPSEM T, ERERHETEIRENEE
Bohst3Boil, 21, GPSRHERWFIBMSAIEET, Xt
BB EsNLY, EROFEETIER EOMNBELHFETESIELY
DOREERZ2 v, GPSREMEOEREGZEFROAZRE 2 IR
T
2.4 tOBOEE

HEDEREB S NLEETE (Fob, £24, vs R/
Y) »e0BEEZELTHERZML>HRR, BEFMEFENS,
IS ITTE, MERENRLELLLOTHS D, HAMLLT
BREERTRTTH 5, EEBLOMPTIZY A Y RA L, E—a>
Lol B T T EEA R EREL, TOBHERE

B ES — g L AMEREEAT - LW - B0 - - A - FR

B HFLT — P
g B IS — 5
v BURE
(o> 7 EHRE) BBERT —5

BE-VvIT9FLT
(GPS) nEE

ST
Ty TvFL I

®3. (ERREECST S NAEFIE

LTERE S AR, AEESAELTEIN S, I hidBEHEE
BREORBEINETH D,
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