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An Operating System for Hybrid Reconfigurable Systems .
Design and Implementation

QIAO Lei QIJi GONG Yu-Chang

(Department o f Computer Science and Technology , University of Science and Technology of China, Hefei 230027)

Abstract Hybrid systems that are composed of reconfigurable hardware and instruction set pro-
cessors can achieve high performance as well as flexible programmability simultaneously. Howev-
er the existing operating systems (OS) cannot fully utilize the reconfigurable computing resources
in such systems. By exploiting a novel OS construction model SEFM (Servant &. Execution-Flow
Model), this paper presents an OS named SEF-OSHRS, which has a uniform system object
abstraction model and inter-servant communication interface. SEF-OSHRS can transfer the con-
trol flow directly along with the inter-servant communication and thus make full use of the advan-
tages of hybrid reconfigurable systems. The fundamental abstraction model, system architecture
and run-time environment are discussed in detail. The usability and efficiency are proved by

experiments.
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Bk 1 A9 45 ST 0. (1) SEF-OSHRS 5
MiniCore H*“#-1” J7 2 [A] 20 1 2218 E Kk 1% JT 5 Ak
A —3%. H 5 7E T . SEF-OSHRS i MiniCore 4
Jr TR L AR BT H A JHR A B TN T A AL 280K
B— B PR X G p O B T R 45 1A et R R
J& MiniCore Y pRER. (2) “HR-FH7 5 “fH-58 7 J7 =
TR A B A — B e R R T -7y L 1
J BRUAE T < D 5 = B T S B A ARt 1 s S 28 5
T —W USI/UHI f# A, 7= A 1 28 38 3 A — 5. i 5
TR 7 300 L I R B R R e O S R I Sl AR A X
PR 5 AR I KR T k-2 O 2L (3) iR 55
PR Z 18] K 2% 00 8 o dpe bR, LR R A 1 UHT 52
BT A A R 55 R [ 1 B R 3% 1 A OGS
M 2. %k [E] 2D g3 e Oy 2 JE A AR R AT
i A7 2 AR 2 2 5 A IR 55 7R A R BLA 15
FNBAT G LARIE 4y 85 07 2 m B AR R 1R
M 100 K.

3 MK 2HWER (AL prs)
SEF-OSHRS MiniCore
Max Min Avrg Max Min Avrg
-5 2.772  1.436  2.104 2.141  1.906 2.023
B 21.383 19.221  20.302 — — —
i g 0.133  0.133  0.133 — — —
Bf-% 20.605 19.089 19.847 — — —

V< 0K A S B« B AR 95 S LR - T SR T
ST 9 A B T 5 T O30 3 A 4 24 3 1 10 5 )
LI I 4 S5 . DR B A 5 T 240
(T4 B T 2 004 I 2

Mg 3 PSR R B P 1 2Bl 4

R ERE N T AR 2 2R FATT B 7E SEF-

OSHRS " . i 55 (A 7] 1% 3 5 0T 8 B sl Bk i H. 4

4 R - R e 2 7 AR AR R R

JHAH. Bk, 7 5L 7E SEF-OSHRS sz it B4

o7 FH B o D07 2 1 EEL T i R 3 SR S

BB T R 55 1A% 0 154 388 15 T 65 AR AR )

sk 3. 0 S I R 5 AR AT A 2

A4S WA IR 557k A R B, A 13 SIET S LA R4

730 B Sk — N R A IR 100 e Xk T Al

BAERG WBIEPALAE A M B E LR E.

F4 MWXIMER (L7 s ps)
PER G wfETT R Max Min Averag
Pipe 39. 38384  38.65657 39.01111
RedHat 8.0 Unix 51.99327  49.75084 50. 65387
TCP 378.2155 343.8316  355.9232
Pipe 23.42424  23.08754  23.37104
VxWorks B ~ -
TCP  290.3165 286.165 287.5882
. Pipe 617.6771  590. 858 595. 8866
Windows 98

TCP 1701.336 1622.555 1652.475

MiniCore 54 36.7592  35.4270  36.0931

- S 37.8324  37.0109  37.4217

SEF-OSHRS -S4 61,9917 57.6965  59.8441
- S — — —

- S 63.2953  58.7597 61.0275

WA IR, 3 1Y 45 5 v 1, SEF-OSHRS i) “ %k -
w754 B 5 MiniCore 52511 BB A FE A A [H
BYHFES . E 415 Linux B9 18 (Pipe) 77 s8R A 4.

MK 4. RF R A AR S5 R Y i 2K E R E AT E
fli. MR R BB WA IRES & A F1 B, A 1523
TR JE m#k B.

£5 WiR4mER (Bffi . ms)
SEF-OSHRS MiniCore
Max Min Avrg Max Min Avrg
&"X—&k 3. 84 4. 46 4. 15 3.93 4.31 4.12
&k—@ 43. 26 52. 44 47. 85 — — —
i - i 7.98 7.98 7.98 — — —
fifi - %% 4.42 5.01 4.71 — — —
T+ e 1R R G VA B 45 0 11 470 51 28 R 4 £ A g
KAl PR A0 R AR 55 Kk FIR 38 3 3%, BUAS J 398. 76K Byte,
T 0 2 TR 25 A LB 5 IR 3 28 0 R 55 A A

ML 5 0] & B ] A -2 T S0 3R 55 1R
it ,SEF-OSHRS 5 MiniCore 4 25 0l 14 7F 44, % F
SEF-OSHRS"#-1” Jy 20 5 “ 6 -4k 7 77 204 AH T 1Y
FEIR L HFG & A A R, X R O A R B AT
UHI k%15 5 45 ISP Sf, 858 T — W BE 7 19 3
ST AR 45 A 2 A iR 55 1A 2 B XUPV2P S &
50M g & 3 B /Y SR BR R O B 0 — 26, 38 0 BOIR 45 1K
0280 AR 45 14 ) 52 1) 10Mbps LA 9 58 B8 1 Js FR
T
3.2.2 S

SRR AR AR R A I ERE R H R —
A M A HT n9 A I I iR A — A9 2 AT g
FEUERE 7 X OSHRS 7 N H ) 28 B0 28 47 I 38 A1
fli. 275 43 B A 43 SEF-OSHRS 1E il % / i % 1 %K
TUE P A 7 T RS N L SE 6 BOEE 2 9. 3T SEF-
OSHRS M SZBAHX FEE T Linux BB T8
BN L.
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MA 1. ¥ Anubis® i 58 4> Bl 7 SEF-
OSHRS #I Linux [ 5280, %F b M fg.

Ze M Anubis BB 128 7, M ET T 1Y
ol A28 14 S RE 4 4t 2 08 1% T 53 0 U, PR O 3R AT
Z Ly Anubis B AR T4k, AT A6 5 BIE SR
PR R 16 AL, Bl B B 16 47 L i 5 06 B
AT R 2 F6.

1€ SEF-OSHRS I 52 ) {8 k. Anubis & 1),
AT T A0 B AR S5 AR (1D I 3 A A AR 55 4R
(2) Jin 2% %85 5 4 HE R IR 55 1% 5 (3) it %85 %5 4 4 1 B R
5. T Anubis B3 EH A X4 4549 (involutional
structure) » RV FH B4 00 4 A0 R A e 01 At 230 0 e
TSR A ] ST 425 85 B R ik %% 5 B 1Y) g HE 7 R
A 25 P AS 5 S 300 Ak 28 P 0l e 5 1k . FRATT IR 7
ISP 3 B T T A 0 25 0 0k # AE a R 1) oL Y 2 300
S5 A B 55wt 1. Y A IR IR IRAT I L S 2Kk ISPy
14 F B 45 1A TG R I 1 = 45 s 11, T S i B i/
WA 55 RGBT i B v B AR 55 A (1) R 2 A7
1EF FPGA Bl ik 55 14 (2) F1 (3) AR H8 75 22 47 4
AN/t R AR B R HE S AT, Anubis 5k
AH G R IR 55 A4 an B 10 7.

B SO

SUHSO-AIS

Al B 00 2 L R RE A b o S SRR SE B A R
(Throughput). Y % H ik EHRITE AKX N
Through put=BlockSize X Frequency. H: ", Block-
size S35 JIVEE G B Y KA . Frequency J2&46 % 44
FTMRiA. 3% 6 FIR 7 43 2 Wi ALY Anubis 525 1E
SR HIAS [) 552 B0 5 58 I 45 30 1 00 4 45 2R w0 Bk
SEF-OSHRS /17 ZRCEY & T2 T Linux 1977
Z.X—HHEAEMR T FPGA 5 CPU #d [t B A 4 %}
9 AL 2 55 — T M TE W] T SEF-OSHRS #4
RPE.

* 6 EA Anubis Bk Linux LAY MEREEIIB R

Blocksize/bit  Frequency/MHz

Through put/bps

16 1.131 18. 10M
Jin & 16 1.138 18. 22M
16 1.154 18. 46M
16 1.126 18.02M
i 2% 16 1.129 18. 06M
16 1. 149 18. 38M

%® 7 {E/LH Anubis Hi% SEF-OSHRS L B9 1 BE 8 &R

Blocksize/bit  Frequency/MHz Through put/bps
s 16 199. 417 3.191 X 10°M
it 16 198. 168 3.171x10°M
B3 2. F 10 Br.20 By FIR 3§ ¥ 4% 73 5 12

SEF-OSHRS |- DARH iz 55 4 9 75 =0 52 9, 04 L1k
57 Linux | A9 52 BUAR X B 507 08 Il # J2 %F
ST 8] 475 5 00 A 218 D Ah B LA A5 3] 30 B %) g 7 A 4 )
B R 4. Hoh FIR 3E 0% % 5% T 9009t HAR %
FaE BTz

P2 8 FIFE 9 J2 10 By FIR Wi 88 /E & 55 152
Ay M RE I 45 R BT UL, 10 By FIR ) SEF-OS-
HRS SEHAHXT Linux SEHLA N LA 4. 5.

% 8 10 By FIR Linux LI By s 4R %
Blocksize/bit Frequency/MHz

Through put/bps

16 16. 532 264. 5M
16 16. 447 263. 1M
16 16. 419 262.7TM

% 9 10 B FIR SEF-OSHRS Il f9 4 RE S 1B &

Blocksize/bit Frequency/MHz
16 73.216

Through put/bps
1.171X10°M

2210 4 20 By FIR 7£ Linux | 323 P GE
K45 R, 20 By FIR fy SEF-OSHRS 5281 5 10 By
FIR ) SEF-OSHRS 5 $ H A7 A [6] (4 £ ik 48 (52 3
20 B FIR (1% B il 55 1A MRASE S O i K G £2) . ] i
20 By FIR i SEF-OSHRS 52 3 A %F Linux 52 31 19
JnH e 8. 9.

% 10 20 Bt FIR Linux ST B e IR &

Blocksize/bit Frequency/MHz Through put/bps
16 8. 271 132.3M
16 8. 184 130. 9M
16 8.223 131. 5M

o3 M b T AR AT L& B SR A Linux SEBE,
T ISP #3 47 $hATHE 2 B LA FIR /9 B BTt g i
it R WA B T FE s iRk SEF-OSHRS 1) 52 21U
ANAEAE 1] R, X8 i R] E A B 9 R AT LR IE [ A
0 A e R A B e A L

4 HitERE
ACAEIR RO A OSHRS Hh 2 485 58 A 5 Sl fa 1

@ The Anubis Block Cipher. http://paginas. terra. com. br/
informatica/paulobarreto/ AnubisPage. htm
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