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2 WELL
2.1 WELL

WELL Well Equidistributed Long-period Linear 2004 FRANCOIS PANNETON
PIERRE L’ECUY ER

1
WELL
244497 1
1390
WELL
244497 1 223209 1 221701 1 219937 1 21024 1 2800
1 2607 1 2521 1 2512 1 2512 1
21024 1 219937 1 244497 1 4 WELL



2.2 WELL

WELL 1
32 0 ( Woor ( )
X
Xi =(Vio, Vi1, Vi2, ...., Virz Viril) i=0
i=0 Xi Xo Xo
V0,0 Vo1 32 Xi
Xi A Xi+1
i Vi+1,0X
y L0 Xi+1 « AXi
0.232830643e-10
1
10000 Visto 32 yi  Virox 0.232830643e-10
0.232830643e-10
0
Yi
i < i+1
( Xi Xi = (Vioy, « « «, Vir-1)
Vi, Vir-1 32
r Xi v( ) i < 10000
1391
yi i
A 32 rx r ( )
X \Y
1 WELL
Xi+1 = AXi Xi  Xi+1
Vio Virl V0o Vri Vi+1,0 Vistr-1 Vo Ve
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To Tz

I32- p
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4 Ts70 0 0O ... Ts71 Te72 ... Te73
To 0 T1 T2 T3
I O 0
01 e 0
\ 0
Ts7zovo Ts71Vmi  Te72Vm2  T673Vm3
To vo Tivm T2Vm2 TaVms
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O<mi mz m3<r
32x 32 2 1 Mo
Vv WELL
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Yi = Vox 0. 232830643

2o «  (Mp&vri) ('mp & Vr-2)
Z1 ~ ToVo T1Vmi;
22 « ToVmz T3Vms;
Vr1 - Vr2 & mp
for j=r-2,...,2, do Vj < vji;
Vi - 1 Z2,
Vo « Tazo Tszo Tez2 T7(z1 22).
Mp Vr-1 32-p 32
' mp Mp Vr-2 p
Z0~22
2 WELL [1]
1 To T+v Mo Me To Tz Mo Ms
WELL WELL
[1] ¢C [2]
1 To T7 [1]
M y = Mv VvV (Vo~va) 32
Mo y=0
M1 y=v
Mz (t) y=(wv>>t) t 0
32t 32 =(v<<-t) t<0
(t) y=v (v>1t t O
32t 32 =v (v<<-t) t<0
M (a) y=(\v>>1) a if va=1
a 32 =(v>>1) else
Ms (t, b) y=v (v<<t)&b) t O
32 t 32 =v ((v>>-t)&b) t<0
b 32
Ms (a, s, t, &) y=((v<<g) (v>WwW-q))&ds) a ifvi=1
-32 q,s,t 32 =(((v<<q) (Vv>>(w—-qQ)) &ds) else
a 32
ds 32 (s+1) 0 1
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Ma
232830643
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2512 1

r Vri

r=16, p=0, Vmi=Vis,

To=Ms3(-16),

T4a=Ms3(-2),

WELL

Tz = Mo,

p Vi1, Vm2, Vm3
Vm2 =V9, Vm3=Vs
To T7
T1=Ms3(-15), T2=Ms(11),
Ts=Mz3(-18), Ts= M2 (28),

Vo Vis=STATE[0] STATE[15]

T7= Ms (-5, 0xdad42d24),

4 2512 1

WELL

2k 1 k k=32xr p k=32x 16 0=512
2512 1 1 Vo Vri1
0
CLK XRST START
v v v
|—_> STATE[15]
STATE[14
o STATE[13] g 2o [ MATINES
™ [13] MAT3NEG (2. Za)
STATE[12]
— (15, STATE[13])
[ STATE[11] ; MAT3NEG
EXOR 1 (8, Z1)
B MAT3POS | 1
STATE[9 MAT5SNEG
(Exor”
] (11, STATE[9])
— STATE[8] (5,0xdad42d24,
— STATE[7] 22 (21~ 22))
STATE[6
‘: [6] » MAT3NEG | | [MAT2NEG
STATE[5 >
— [5] (16, STATE[0]) (28, 72)
I: STATE[4]
— STATE[3]
I: STATE[2]
STATE[1] [«
STATE[0] [
| » fact >
out_reg
I
ouT




2512 1 WELL 2
2 2512 1 WELL

0 | XRST STATE[0]~STATE[15] 1
START 0 START
1
1 | zo= STATE[15] 2

z1 = MAT3NEG(16, STATE[0]) ~ MAT3004EEG(15, STATE[13]);
z2 = MAT3POS(11, STATE[9]);

2 | STATE[15] = STATE[14]; 1,3

STATE[2] = STATE[1];

STATE[1] = 21 ~ 22;

STATE[0]=MAT3NEG(2,z0) » MAT3NEG(8,21) "MAT2NEG(28,22)
A MATSNEG(5,0xdad42d24,(z1 ~ z2));

3 out_reg = fact(STATE[O]) , out_reg OUT

START 1 EXOR
STATE 0 22 2 STATE[15]
STATE[2] STATE[14] STATE[1] 1 0 22
EXOR STATE[1] STATE[O] 3
STATE[O] fact out_reg
1 1 3
3 2
C Verilog-HDL 2512 1 WELL
3 18
3 10 8




3 2512 1 WELL C Model-Sim
C Model-Sim
1 0.56427003 56427003
2 0.53454621 53454620
3 0.98663546 98663545
4 0.87725855 87725855
5 0.81463648 81463647
6 0.75354035 75354034
STATE[0]=0 STATE[15] =15 3

Model-Sim XE 6.2g

21024 1

\" r Vvri

r=31, p=0, Vmi=V3, Vm2=V24, Vm3=Vio

C

8
WELL 5
P Vmi, Vm2, Vm3

To T7
To=Mi1, T1=Ms3(8), T2=Ms3(-19), T3=Mzs(-14),

Ta=Ms(-11), Ts=Ms(-7), Te=Ms(-13),

Vo vai=STATE[0] STATE[31]

k = 32x

32 0=1024

10

T7= Moy,




( CLK ] [XRIST ] [STAIRT |

v v v
l: STATE[31]
I: STATE[30] R 20 . |MAT3NEG
(11, Zo)
MAT3NEG MAT3NEG
> 4] EXOR
[ STATE[24] (19, STATE[24]) 1 @J @, Z1) N
> _EXOR @
™ STATE[10] > 75
MAT3NEG
MAT3NEG
(14,STATE[10]) > H
|: (13, Z2)
! STATE[3] —\_> MAT3POS
STATE[2] (8, STATE[3])
,: STATE[1] [«
STATE[0]
| » fact >
out_reg
ouT
5 21024 1] WELL
21024 1 WELL 4
4 21024 1 WELL
0 | XRST STATE[0]~STATE[31] 1
START 0 START
1
1 | zo=STATE[31]; 2
71 = STATE[0] » MAT3POS(8, STATE[3));
2:=MAT3NEG(19,STATE[24]) » MAT3NEG(14, TATE[10]);
2 | STATE[31] = STATE[30]; 1,3

11



STATE[2] = STATE[1];
STATE[1] = 1 ~zz;
STATE[0] = MAT3NEG(11,20) » MAT3NEG(7,21)

A MAT3NEG(13,22);

3 out_reg = fact(STATE[O0]), out_reg OUT

2512 1 WELL
STATE

21024 1 WELL C

5
5 21024 1] WELL C Model-Sim
C Model-Sim
1 0.31543312 31543311
2 0.47029969 47029692
3 0.03935820 3935820
4 0.35515666 35515666
5 0.35408657 35408657
6 0.06067022 6067021
STATE[0]=0 STATE[31] =31 5
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v

& Oxe46e1700

3.2 219937 ] WELL 244497 1 WELL
219037 ] WELL 6
\") r Vri P Vmi, Vm2, Vm3
r=624, p=31, Vmi=V7, Vm2=Virg, Vm3= Vidg
To T7
To=Ms3(-25), Ti=Ms3(27), T2=M2(9), T3=Mz(1),
Ta=Mi1, Ts5=Ms(-9), Te=Ms(-21), T7=Ms(21)
Vo Vez2s = STATE[0] STATE[623]
k=32x 624 31 =19937
[CLK ] [XRST ] [START ]
I—_»STATE[623] ¢ i l
I:STATE[622]
&0x80000000 Z0
STATE[449 MAT3POS
e 14991 1, MAT3NEG
(1, STATE[449]
7 (9. Z1) EXOR
|: —MATZPOS MAT3POS
STATE[179] ——> EXOR/ 1™ A
[ ' (21, (21~ 22))
(9, STATE[179])
o
MAT3POS . IMAT3NEG
STATE[70] —* v
| I [70] (27, STATE[70]) (21, Z2)
MAT3NEG
l: r(zs, STATE[0])
STATE[1] 1 » fact ———
STATE[O] out_reg

6 219937

1 WELL

13




219937

1 WELL 6

6 21937 1 WELL

0 XRST STATE[O]~STATE[623] 1
START 0 START
1
1 zo = (STATE[623] &0 7fffffff) | (STATE[622] & 0x80000000); 2
z1 = MAT3NEG (25, STATE[0]) ~ MAT3POS (27, STATE[70]);
2:=MAT2POS (9, STATE[179]) » MAT3POS (1, STATE[449));
2 STATE[623] = STATE[622]; 1,34
STATE[2] = STATE[1];
STATE[1] = z1 ~z2;
STATE[0] = zo » MAT3NEG (9, z1) » MAT3NEG (21, z2)
N MAT3POS (21,(z1 ™ z2));
1 3 4
3 1 1,4
4 y = STATE[0] ~ ((STATE[0] << 7) & 0xe46e1700); 5
5 y= y”((y<<15) & 0x9b868000); 6
6 out_reg = fact(y), out_reg OUT

219937

2512 1 WELL 4

1 WELL C
7

14




7 219937 1 WELL C Model-Sim
c Model-Sim
1 0.17530211 17530211
2 0.88943897 88943896
3 0.86056241 86056241
4 0.13390419 13390419
5 0.05553595 5553594
6 0.92855341 92855340
STATE[O]=0 STATE[623] =623 7
244497 1 WELL 7
rvei p Vi1, Vm2, Vm3
r=1391, p=15 Vmi=V23s, Vm2=Vasi, Vm3= V229
To T7
To=Ms3(-24), T1=Ms3(30), T2=M2(-10), Ts3= M-2(-26),
Ta=Mi, Ts5=Ms(20), Ts= Ms (9, Oxb729fcec, Oxfbffffff,0xd00020000), T7= M

Vo Vi = STATE[0] STATE[1390]
k=32x 1391 31 = 44497

15




[ cLk ) [xRrsT ] [sTART]

STATE[1390] v v v

STATE[1389]

&0x00007fff
&Oxfff80000

Z0

STATE[481] L, MAT3NEG MAT3POS

10, STATE[481
( [481]) (20, Z1) EXOR
A
e MAT2NEG
[:’_STATE[ZZQ] (26, STATE[229])
@ MAT6
9,0xb729fcec, OXFbFfFff, |
] MAT3POS >(9,0xb729fcec,0x
STATE[23] - (30, STATE[23]) 0x00020000, (Z1™ Z2))
| MAT3NEG |
I: (24, STATE[0])
STATE[1] [« o fact R
STATE[O] out_reg
Y
> y
&0x93dd1400
7 a1 1 WELL ouT
244497 1 WELL 8
g oamor 1 WELL
0 |XRST STATE[0]~STATE[1390] 1
START 0 START
1
1 | zo= (STATE[1390]&0x00007fff) | (STATE[1389] & Oxffff80000); 2
21=MAT3NEG(24, STATE[0O])® MAT3POS(30, STATE[23]);

16




2:=MAT3NEG(10, STATE[481]) * MAT2NEG(26, STATE[229]);

2 STATE[1390] = STATE[1389]; 1,34
STATE[2] = STATE[1];
STATE[1] = z1 ~z2;
STATE[O]=z0 ™ MAT3POS(20, z1) ™ MATG6(9, 0xb729fcec, OxfbfffffT,
0xd00020000, z2) ™ (z1 ™ z2);
1 3 4
3 1 1,4
4 y = STATE[0] ™ ((STATE[0] << 7) &0x93dd1400); 5
5 y= y”™((y<<15) &0xfal18000); 6
6 out_reg = fact(y) , out_reg OUT
219937 ] WELL STATE
244497 ] WELL C
9
9 244497 1 WELL C Model-Sim
C Model-Sim
1 0.38660784 38660784
2 0.39431377 39431376
3 0.13025174 13025174
4 0.14583805 14583804
5 0.63032099 63032098
6 0.64032099 64581626
STATE[0]=0 STATE[1390] = 1930 9
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4 WELL

4.1 WELL
10 Xilinx ISEQ.2i
4 WELL 11
C STATE[] []
STATE] ] 252 1
WELL 1 Vo = STATE[0] 2 vo= STATE[15] 3
Vo = STATE[14] Vo STATE[ ]
STATE[0]
11 252 1 WELL  WELL512
WELL19937  WELL44497 500%
38.339MHz
WELL512 WELL1024 1 3
2 2 WELL19937 WELL44497 1
5 2 3 1
2 3 1

(1/(38.339x 108))x 2 5.217x 10 8s (WELL512 WELL1024)

52.17ns
(1/(38.339% 106))x 3 7.825x 10 8s (WELL19937 WELLA44497)
78.25ns
10
Family Spartan3
Device XC3S200
Package FT256
Speed Grade 5

18



11 WELL
(MH2) (%) (%)
WELLS512 565 694 38.339 29 18
WELL1024 869 1206 38.339 45 31
WELL19937 11717 20151 38.339 610 524
WELL44497 25795 44711 38.339 1343 1164
12 C WELL
WELL
4 WELL 10000 100000 1000000
5
1 3 1
Intel Xeon 3.00GHz CPU  2.50GB RAM
windows  cygwin
12 C WELL
10000 100000 1000000 1
(s) (s) (s) (ns)
WELL512 2.632 24.937 263.447 258777
WELL1024 2.632 26.522 263.472 263977
WELL19937 2.634 26.342 263.479 263433
WELL44497 2.633 26.341 263.472 263400
11 12 WELL 2512 1 WELL 4960
21024 1 219937 1 3373 244497 1 3366

19




4.2 FPGA

10 2512 1 21024 1  WELL FPGA
11 219937 1 244497 1 WELL
FPGA
1
16 16 16 FPGA
4 16 4
4
2512 1 WELL 1 4 FPGA
8

ik

e

T

| bkl s

& DIGILENT

8 2512 1 WELL FPGA

2512 ] WELL 1 10
32884952328922254 16 16
07d4b09a9e05648e 4 8

21024 1 WELL FPGA
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4.3

11 WELL
21024 1 WELL 2512 1 WELL 2 219937
1 WELL 21024 1] WELL 20 244497 ] WELL 219937
1 WELL 2 11
219937 1 244497 1 WELL
100%
FPGA
WELL 38.399MHz
WELL
5
4 WELL
Model-Sim XE 6.2g WELL ISE 9.2i
C
WELL C
2512 1 21024 1 WELL 5000 219937 1 244497 1
WELL 3350
WELL
1 2512 1 WELL 16 1 244497 ] WELL
1391
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