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Preliminary experiments for Reconfigurable Hyper Processor using 486RCP

Kosger SHIMO ¢ and MASAHIKO IWANE!

The Dynamic Reconfigurable Hyper Processor (DRHP) executes all portions in an applica-
tion program that consist of not only calclating parts unsuitable to CPU but also other general
processing parts. The control logic and Command Procedure can hide a reconfiguration time
and provides several execution methods such as parallel and pipeline execution on the DRHP
at the midium grain parallelism. Moreover, at the finer grain parallelism, a parallel processing
method and hardware parallelism are utilized to improve performance more. For utilizing the
finer grain parallelism, the result shows that DRHP archives the speedup of 1.70 times. A
preliminary experiment of execution method using command procedure shows the speedup of
15.5 times on AES encryption processing.
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Dynamic Reconfigureble Hyper Processor
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Fig.1 Organization of DRHP
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Ldplane W, Logical Plane#, Address
Explane W, Logical Plane#, Function#, Address
Jmp Logical Plane#, Function#, Address

B3 s~ Frg—<yh
Fig.3 Command format
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toop:

S1: Ldplane W=1, LP1, Address
8$2: Ldplane W=1, LP2, Address
$3: Ldplane W=1, LP3, Address [ se 1igd [ ]Loading
$4: Ldplane W=1, LP4, Address P2 N
S5: Explane W=1, LP1, FUNCH, Address LP 3 | 53 | [ Execution
86: Ldplane W=1, LP1, Address LP4
S7: Explane W=1, LP2, FUNC1, Address time
88: Explane W=1, LP3, FUNC1, Address
$9: Explane W=0, LP4,"FUNC1, Address

S10: Explane W=1, LP1, FUNC2, Address

S11: Jmp LP1,FUNC2, loop
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Fig.4 Command Procedure

YIRS, LT, Se TW=1IZ$45Z4I0k-»T
S7,S8, 59 @ Explane =< FE#EITL, 4 @AOHEE
B L TR A SN EATT 5. Sy @ Explane
AT R TW=0IXT5Z ko Taewy FORT
BREoT, BT L—2 1 BER T L — 2 1~4 D
WREELDHUBEEETTS. S THERT L —
1 OETERIZ L > CRENKIL LAV BT, S,
2530 UG SRS T 5 & CALER 246 0 IR

3. N—FHIT7DHRHFE

3.1 EXTovoEoHIEERE

B 5 IR RO ERDD T T 5 (ged) %R
L, "=RUxZTIZBITEYTAT s T Lk
M EDTHDN— K TR FERICHONTIRAS,
Y, ST sEERTa v I8 S. M5
DEITIE, 4 2DERT oy 7 iZpElEnGs. AT
1y 2 IOFIER Y, FSM (Finite State Machine)
ZRWT, AN PREERHIRREE (ROBEAT
7)) WEBTAHIL Lo THHETS. ged T, S
Dg2=0DA 2 bBREETHETEARAT R VI 2
EETL, ANV IRRELEL, RIEEBTHZ L
X o THROERT O v 7 3 HETTS.

3.2 XULALDOIEFHE

EART o s NOWFHRE, KES T 7 2 BT,
EARMICRRUFIECOETHEZSD. K5 D ged
ZBWT, £A7 vy 1 HOMELZRATEXT
HOPE LSV A Y B 4 DEETH LT

S1: go=a;

S2: g1=b;

S3: x0=1;

S4: x1=0;

do{

S5:  d=g0rg1;
S6: g2=g0-gi*d;
S7. go=g1;
S8: gi=g2;
89:  x2=x0-x1'd;
S$10:  x0=x1;
S11: x1=x2;
S12: jwhile(g2!=0);
S$13: g=g0;

S14: x=x0;

S15: y=(g-a"x)/b;
$16: if(g<0){

817: g=-g;
§18: x=-x;
$19: y=y;

}

= control dependency
—* true dependency
...... > anti-dependency

(@) (b)

5 2 oOBROBKANEERDD S0 s S A
Fig.5 Program for ged
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S1: f0=0;

S2: f1=1;

S3: i=1;

dof

S4:  tmp=f1+10;
S5: fo=f1;
S6: fi=tmp;
S7: i+

S8: Jwhile(i<n);

=% control dependency
— true dependency
...... > anti-dependency

(@ (b)

B6 74HFyFEIOFEnEHERDLT ST L
Fig. 6 Program for Fibonacci Numbers
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BIOIOP 7’L—r% v alb— 5780 CPU,
1 EOEER T L— 2, BLO, A AT)0b
Ko CkEY, BT L — 1%, Command Register,
Loading Logic, A7 —4# AL YA % (RCPR), k&
O, B OBT S, Bl —13, 1@
H® FPGA |Z Command Register, Loading Logic,
RCPR, BLY, NAT—EFEFELTEY, ERE
#ABIZ EEPROM b a—F 7 &5, 28
H® FPGA [ZH#mE & L, Loading Logic 725 3%
FTF—SEku—F 4T H. VAT LT m I,
16MHz TH 5.

4.2 BFLOHR

N RS TR FRICESNT, RIRLEZEES
D2 OOEDBRKRENE e RDD T2 7T K/~
Foz 7L TEITL, ) TATrT A% 486DX2
CTETLESE & OERFmET o, ¥z, &)
TATRT T ARERN- RV THLTETTS
BPEBLUBwAF T kv MTA/TCSMITY %

—118—



6000

5000

4500

4000

3500

S 3000

iber of clocks

£ 2500
H

2000

1000

500

4860X2

parallel  Mull
486RCP  486RCP Processor

B9 RAAFHOERZER
Fig.9 Result of ged
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Table 1 Result of Fibonacci Numbers
Fucntion 486DX2 | 486RCP | Speedup
Fibonaccci 298 63 4.73
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LDRCP(Design Data);
while(RRCPR&0x03 I= 0);
EXERCP(Parameter1);
while(RRCPR&0x05 = 0);
EXERCP(Parameter2);

BM10 RHEZITIUIalb—varTurssn
Fig.10 Program for Spreadsheet

AES_Cipher(State, C_Key){

LDRCP(Design Data1);

EXERCP(Parametert);

LDRCP(Design Data?2);

EXERCP(Parameter2);

for(i=0;i<10;i++){
LDRCP(Design Data3);
EXERCP(Parameter3);
LDRCP(Design Data?2);
EXERCP(Parameterd);
EXERCP(Parameter2);

KeyExpansion{C_Key, E_Key);

AddRoundKey(State, E_Key);
for(i=1; i<10; i++){

ByteSub_ShiftRow(State);

MixColumn(State);
AddRoundKey(State, E_Key);
}

ByteSun_ShiftRow(State);

}

LDRCP(Design Data3);
EXERCP(Parameter3);
LDRCP(Design Data2);
AddRoundKey(State, E_Key); EXERCP(Parameter2);
}

(a) AES program

B 11 AES 5 {bas
Fig.11 AES encryption processing

(b) simulation program

R 2 RIELLICAES WE{LLEOERER
Table 2 Result of Spreadsheet and
AES encryption processing

Program 486DX2 | 486RCP | Speedup
Spreadsheet 220 186 1.18
AES 12,117 782 15.5
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