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Prototyping of Operating System for Power-saving
MIPS Processor Using FPGA and its Evaluation
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This paper describes prototype of OS for processor core Geyser using FPGA
based on MIPS R3000 with a fine grain power gating technique to reduce power
consumption and evaluate of power by the performance counter that measures
the sleep frequency of each unit. The prototype OS has the multi task manage-
ment, the virtual memory management, and power saving mechanism by power
gating control. As the results running prototype OS and benchmark programs,
Geyser on FPGA marked about 600 times faster than the simulation, and esti-
mated power consumption of a leakage power with an error rate of about 10%
with prototype OS. We achieved an efficient OS development environment, and
achieved the environment that evaluated the performance of the processor in a
situation near a real environment.
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IZDOWNWTIk 2.

7.1 5l IR &R

FH DIz D ~N— KT = 7 EREL, AT Geyser on FPGA OFEBUREE & L Tk~ 7
ML501 ThH 5. Y7 b =T, IELT Geyser OS on FPGA ZHW\WT, 7 A v 2o V—
k100 B, 175I3RHF 100 X 100 ZEESBBROFM 21T . RT3 —~ L A BT HIT
B 2E=ZX5IL, AT ALU &7 5.

RT3 =< AN Z O Y MIITEERIC XMODEM 7 — X1l k> Th—R L
0y LEa— RLIERNS, I—RVOETEK T T8 TH 5. Geyser OS on FPGA
LD T =< AB T FD AP # VT, BGEIT-o T 5

Geyser on FPGA & o ktilisetg & L, Cadence #:00 NC-Verilog % AV T Geyser %
Sal—ya T AREAETD.

PITIZ, FPGA OBRBANDFEITHRT £ TCoORMNZ L TIZRT.

1) FPGA IZEREA

2) FlashROM 725, Geyser D227 4 ¥ o b—v a5 —F%&n—K

3) FlashROM 225, XMODEM 7' — hr—4% SRAM ANicwe— K

4) XMODEM 7 — br—& %M\ T, Geyser OS on FPGA B X V= —¥7r 77 A
Znu—NR

) Geyser OS on FPGA Ot v +7 v~

6) —VE—FzEBL, 2—V 70/ 7 AOET

(7) SATHRT

ZOPWNDHFT, N7 =< AN T B EHT 5 AT ha— Vi CEFHMIT — %
ZWET5.

7.2 RTEEDLEK

Geyser on FPGA &, Verilog 1245 RTL v = L—3v 3 VEREICBIT 2 ETHE O
AT o . AHlRE R AR 2 1R,

o~ o~ o~ —~

t

(

—
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£ 2 K Fe—y OFATERE LU A 2 AR
QSORT VA 7Bk Wl [sec] MATRIX | %A 70k Wi [sec]

FPGA 779,141 0.047 FPGA 1,684,323 0.102
VDEC ¥ = 169,223 13.848 VDEC ¥ = 1,036,755 65.342

FATHRFRIC BN T, 0 F~—27 T 300 1%, £ 640 o mdifb 2 FEH L TH Y, FPGA
DFEAES RN TN D, OS OBHZE - FEATEREL L LT FPGA OB HEEZ TR IR & o7z,
7.3 FPGARELVIaL—2a RBICEITSEHFHE
ZZTIE, FPCABREEL O 2 L—3 g VERIEEICEK T 2B IEHME O B4R, Sl
WO PGStatus (L DAV —FHRY —L LT, RO DDAV —FRY —DFHE{T-
L IREB, FRREERESICERB W T, Geyser on FPGA OXF vy Vo BifEIXT Ny 7 & 725 C
bS] U, TNy THET %, Geyser OS on FPGA 2B\ Cikat Lo B BB IR S A Y —
TRV —OFHEEIT ) TETH .
(1) =ETBEMIL, RY—TKRY >—: BMIZNT—5—T 1 VI TERE
FTAY—TRY —ZBNNT =S =T ¢ 7L LIEROR Y — T B OFET
FER A 10, K11 RT.
KR Fv—7 47 Geyser on FPGA &3 = L—v 3 U CiRZEITR K 10%2 %
WZIE > TRY, AR OETHEOKRIGZ M LA EH L TWHERREIZBWT, Bok
ERREmWNENZ S,
(2) EFBEEAD, RU—TRYL—: Fyvyia1IRBIZOAR)—TTEE
X 12, X 1312, AV —7RY =% PG BLUNF vy o I AFIZOHZAY —
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10 OS + Qsort X 2 OE/FEMEE (B0 PQ) 11 OS + Matrix X 2 OESFHEFEE (B9
PG)
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12 OS + Qsort X 2 : BHMIZ PG vs Fyy o 13 OS + Matrix X 2 : BiIZ PG vs ¥yv =

AWFZDIAY —F RRFIZDOHBAY —F

TELTckD, 2V =7 REHOFMNERE T, Rk, AeHilLr Iar—va v
REIZBWTIRELZbDTHD. FryiaIRARIORAY =7 L LIERIC, A
U — 7B 50% HIIRTE TWD Z &b nsd. LnL, AU —7IEITHI
WCEDN, ZORED2=y BT VT 4 T THOIMRPES RDDT, T/ 7 4
TRDOBNNRKRERDOT, FEDBLETHD.

8. £bH Y I

ARG CIL, BB MIPS 71k v Th D Geyser #EH T2 Geyser on FPGA (28T
MET 27— b r—2 B IO Geyser OS on FPGA O#{EZITVY, OS EITRFOFHEIT — %
%S L7z, Geyser on FPGA (28T, Geyser OS #fND5 Z LIZXo TV T X AT B
JOMRBEAEVEFHRERBL L. £ 0SI2L D37 r—~v 2B v 2Ol & PGStatus
LUAZ ORI SFEB L, 7 —~< 2 2 7 & L PGStatus OFIHIB LA P a—7
E OB LV EEN B FEBLT LB ORE 21T o7, §Hli L LT, FEITHEE X Geyser on
FPGA L, I ab—va &k LT 600 fEREEOE#EL 2 FEBLL, OS ORH% - 78R
BRIZBWTFPGA AR Th LR AE R L. Fio, ENFHAICE VUL, ¥ Ialb—vay
L DFRFEMIRKR T 10%IZ B2/ WRE £ 720, FPGA TR U =70 U — 7 B % HFE
b OEMMEE R LTz

ASHOBEE LT, £7 Geyser ERIC L 25T — X 2B L, v Ial—varik
O'FPGA 2B 2BAFHIN AN E 5 naard. 20 BT, OS % - FITREICHA:
FPGA IZBWTT 77 4 7RO E ) 2 BFES 2 REZ LT 2 A &mkE L, FPGA IZk
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B BRIV T, AEIEE Lz OS I X 2B IEEORE, 21T -o T\, %
DIEFET, A OS TH D Geyser OS on FPGA 75, Linux 72 ¥ — %l L < b d OS
@ Geyser on FPGA ~DOBfEA1T 5 .

BE AR K RBIER S R 7 ARG B~ % — (VDEC) %l L, #katl 8
RE T2 v 2 —, & LS, R FEREERASH, NEC =L 7 bu =7 2t &%
R RP AT 7 ) r Y MASHEEOH I TIThnebDTHS.

AWGEIE, FHEHITIRFUERE [JST) OISAIEIIFEHEE R TCRSET) (281 2 WFsttEk [1F
W AT LOBIKE L E B U788 & e LA ) OFFZEiE [EEBEIRHIEC X 2 Attt
BIRE ) RPERE Y A7 A LSI O8] 12Xk 5DThD.
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