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2,11 OOOOOOOOO

000000000 (Householder transformation) 00 0000000000000
D00000D00000oo0DOoo

nxnO0 A9 0DO0DDO0ODOOODDO 10000000000A® 0D 100
000ay(:>3)000000A0 00000000000 1000 a;(5 >3)00
0000000000000 DooD AWpopooooA®W OO0 1000100000
D000D0000100000000000000000000000000000
(n—2)00000000000000000000000000
(r—1)00000000000 (r—1)0 (r—1)000000000000000
Dooogon AC-Yoogooo

A = pt) A=Y pl), r=1,2,-, n—2 (2.1)

0000 AY OooooooooooooP® g
PO =71 — T (2.2)

000000000

ul) = (0,---,0, a£+112 + sgn(a (-|-1 2)57“7 aff[zfﬁ, T ax;l))T (2.3)

- r—1
se=| > (ali ) (2.4)

i=r+1
1

6= ——— (2.5)

872° —I_ |a7°:-_1%2|37°
00000000s =000000 PY=10000«®0 (r+1)000 sgn(a')
0000000000000000000000000000000

u(T)Tu(T) = {a7°—|—1172 —I_ Sgﬂ( 7’-|—17’ }2 —I_ Z
i=r+42
= 5 +2|ar+17’|3 —I_S
2
-z (2.6)

Cr
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goooon
POPO = I 20407 4 200 (@ 0 )T = 1 (2.7)

Ooooo

po-t = ptr) (2.8)
DoOo0OO0OO00OOoOoOoOo

poT = p) (2.9)
O0000OoPY O0D0O0DOO0OO0OOO0OOOOODOOO
PO OO0O0OO0O+0r0000000000000D00ACYD0000 rxr000

D00000000000DAC Y0 r00000000aV00000AC-DPO)O
r000aV0000000000AY O r0000000a 00

= al'—u (2.10)

000000« 00000 r00000000 (r+1)0000000

(") (a1

Appq, = —5g0 T—l—l,T)STv

(2.11)
a(»TT):O, r+2<:<n

00000 AYODD0DO0O0 r0 000000000000

APDDOD0 (n—r)x(n—r)000000000000000O00O000O000

gogogo
A — 401 u(T)q(T)T _ q(T)u(T)T (2.12)
ogoono
(r) (r) 1 (r)
q = p — §CTOéTU (213)
P = AUy (2.14)
o = wTp) (2.15)
ogoono

2
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDgﬁDDDDD
0000 (n—2)00000
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2.1.2 0O0O0O
O0000oo0o0o0oooboon0 A0O0oODoDoooogo

ar By
By 3 O

_ e (216)

O00D0D00D0D0O0TO0O0D0D0O0 T-AM 00000

ap— A By
51 Qg — A 52 O

T — M\ = N (2.17)

O 671—2 Qp_1 — A 671—1
ﬂn—l an, — )‘

T-X00000000 00000000 pp(A)0D0D00DO0OO0ODOODOOO

0gd
po(A) =1, pi(A) =ay — A, (2.18)
Pr(A) = (ar = N)pr—1(A) = Bi_1pe—2(N)
F=n000000
Pa(A) = [T — M| (2.19)

gbgobobooboobooboboo

ooooo{pNM)}00B,#0000000300000000000O000OO0
(Sturm) 000 00D0O0O0O00OOOO

1. pp(\)0DDO0ODOO0O0
2.000000000000000000000

3.p:(M)=0000 A00000 pe1(Npepa(A) <00000
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00 A 00000 po(Ao)d pr(Xe)D -0 pe(X) 000000000000 O00O0
00000 NX) DOODOOOOO pe(Xo) =000000000 pr(Ao) O prys(No)
000000000000000000 N(X) O TOOOO0O000 A 000000
0oooooo

00000 (218)00000000000000

@k (A) = pr(A)/pr-1(A) (2.20)
0000
ql()\) = 1 — )\,
ar(\) = ar — XA = B0 /pr—1(N)
0000 (M) 00000000000 0000g(X) 0000 NA)DODDO

(2.21)

g(A) 0000000000000 OOOODDOO

Ge+1(Xo) = appr — Ao — | Bkl /e (2.22)

00000000000000000000000000000000 ef| 0000
00000000 e00000000000 g4a(Xo) 00000000 OOOOOO
goobgg

Grr2(No) = app2 — Xo — Biyt/Gr1(No)
> Qpyo — )\0 (223)

0000 ga(Xo) 000000000 qeia(X) 000000000000
00000 4, =000000000700000000000000000000
00000000 (221)00000000000000 3,=0000000

Gr+1(A) = Qppr — A (2.24)

gooooo
goooocoocoooootootooooooboooooooo

0000000000T00000000000000O0 (bisection method) O O
000000000000 00 k000000 A 0OOO0OO0ODODOO0OO N(a)>2kO
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N(b)<kDDODO «ObHD0O00D0O (¢,) 000 ¢=(a+0)/20000 N(¢)O0OD
00 N(e)> k000 0 ¢000000 N(e)<kDODODbO ¢00D00O0DODO
000000000000 A, 000000000000 1/200000000000
00000000000000000000000000000000000000
A 0000000

000T 00000 00000000 (CGerschgorin) 0000000

d= max {(Jar| +|51]); ([Bica| + |l + [Bi]), (18] + eal)} (2.26)

2<i<n—

00000000ooo (-d,d) 0000000000000 00000DDO0O0O0O0
gbogbobooobobobobobobobooooo

2.1.3 0OOOO

D00000 TOOO0DOO0O AOOODOOOODOODOODOOOOOOO A O0000
Doooooooo 29000000

(T — A\ D™ = 20~ (2.27)

O0000 0000000000 A 00000000000000000000
000000 (inverse iteration method) 0 0O 0O O
000000 290 TO000D0D000 w, 00000

n

20 = Zaiui (2.28)
=1
gooon
O = (T IO =3y Y,
€T k €T =~ :
ZZ—; (A — )"

1 Ak-Xk)T

S S ( L . (2.29)
(Ar = Ag)" { Z;ézk Ai = Ag }

gboooobon S\kD A 0000000000 DOODO

<1 (2.30)
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00000000000000r=2000 «7 000000000 000000
00000010000 (227) 00000 (T-AN0O0000000000000
000000000000 00000000000000000000000000
0000000
000000000000000000 (T-XAJ)000000000(00000
00)0000000000000000000000 ROODODOOOOOOOO L
0000000000

LT-\I)=R (2.31)

000000 LO000000000D00000000D00D0D (00 ¢+100
ooooooo)oo0om; (00 m;00+¢+100000)0000000000O0
0000000 2 000000 (227000

(T — M\ D = 2© (2.32)

00000 Looooa
RaV = La® (2.33)

00000000 9 00000000000000 900000000 Le©
Do0000DO00000ooOgooooo, 1, ---, HY'ooooooooo (2.33)
0000000000000 00000 z2Y 00000000

Ra® = Lz (2.34)

0000000 LW o (r-\N)0000000000000000000000
00 «2? 000000000000 00000000000 P 0X, 000000
D0000O0oOooonoo

0000000000000 00000000000000mO0000000
O0mO0000000000000000000D0000000000000000
0000000000 0000D00000000D000000000D000Nononooo
0000000000000 00000000000000000000000000
0000000000000 00000000000000000000000000
0000000000000 000000000000000000D00onoono
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0000000000000 000000000000000000 (Gram-Schmidt)

gbgboboobooboobooboo

214 0OO00O0OOOOOOO

O000o0ooooooooobboboobooog T0oo

T—pr-2.. . . plgpl)..  ph-2)

00000000 TO000DO00DO A00ODOO0OO0OO0OO0OD0 2000000

Tx = \x
0000000 (235) 000000
P2 . pOApO . p=2) gy g

oooooooooo PY...p-2 00000

gbogbobdoobgd

ooooooood
y=P0 ... p,

00000 ADDOOODOO0OO0OO0 ADDOOOOOOOOO
0000000000000 00 272 =x0000
21— p) ()
= (I - cuPuT)z™
= 20— (cuT )y

(r:n—27 n_3771)

D0000 90000000000 yODOOO

(2.35)

(2.36)

(2.37)

(2.38)

(2.39)

(2.40)

(2.41)
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process begin ooooo
wait until rising_edge(CLK);
if ENABLE =‘1' then
F<=AandB; HDLO OO
end if;
end process,

O
O
O
O

XX oooooooo Peak VHDL& FPGA

g’ﬁ oooo
% gpoooog MAX+plus|I

ooooo 000000000
[

O O O O
O O O O
O O O O
O O O O

JUUUUUL
_ XX ooooo cooooo
_I UL

O
O
O
O
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(0000 FPGAODDOODODODODOODOOODODODOODODOODODOODODO)

24 24
ADDRESS ~ ADDRESS
FLEX 10K 2nd
Memory 3 CONTROL ~ CONTROL 3 Memory
32 32
DATA DATA
56 o ck
24 24
ADDRESS ~ ADDRESS
FLEX 10K 1st
Memory 3 CONTROL ~ CONTROL 3 Memory
32 32
DATA DATA
56
Interface

0 3.3 0Joooooooooo 3

Doooa0 . /fig/evall.eps
5300000 ;. /fig/ev-block.eps
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4.1

000000000 (SRAM)
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gbgbdooboobobobobobobuooo

000000000000 00000 FPGAOODODOOOODDOOODODO RAMO

0000000000000 SRAMOOODODODODOOOOOOOOOOO

O0entity OO0 O0O0O 4100 VADLODODOOO IIODOO

0 4.1 entityOOD
goo oo | oo | ]

CLK oooo in std_logic

RESET oooo in std_logic
ADRS oooooo out std_logic_vector(16 downto 0)
ADRS_BUF oooooooo in std_logic_vector(16 downto 0)
DATA ooooag inout | stdlogic_vector(31 downto 0)
WR_DATA ooooooo in std_logic_vector(31 downto 0)
RD_DATA ooooooo out std_logic_vector(31 downto 0)
SCS ooooooo out std_logic_vector(3 downto 0)

SOE 0oooooooooo out std_logic

SWE oooooooo out std_logic
MEM _STATE_SEL oooag in std_logic_vector(1 downto 0)

WR_CYCLE ooooo out std_logic

RD_CYCLE ooooo out std_logic
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VOADLOOOO 200 process 00 000000DOODODOOODOOODODOOODODOO
gobooboobooboobboooo

OO0Ovprocess U U OOUOUOOOOOOOOODOOOOOOOODOONONO process U
gboooboboboboboobobobobodoboboobobDOoUUob o
goboooboboboooboobobon

0000000000000 0 WRITEID WRITE20 STOPO 300000000
00000 READIO READ20 STOPO 300000000000000O0O00O0OOO0O
O00000000000000000000000000O0o0OoO0DO CONT_READ
Oo0bO0OOoOOoO0O00bObDOoobObbOoObO0o0o000ogooobbbobObOOoUoO0o 4100

RN
e L1 L1 |
ADDRESS %
=\ S
e N
DATA %
| wriTEL | wRiTE2Z | SsTop
() 0000000
e L1 L1 | ck | L
ADDRESS % ADDRESS X aprs1 X Aprsz X
=\ S =T
e\ /i
DATA >— DATA DATA1 X DATA2 X:
| RrReap1 | Reapz | srop | conT_READ
(hyoooOoDOoO ()00D000D0O00

0 4.1 OO0OoOoOooooooo !

l0oo0o0 : (a):./fig/write.eps, (b):./fig/read.eps, (c):./fig/contread.eps
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1. 000000000 (SRAM)

-— Memory Controller (FLEX10k)
-- < memctrl.vhd >

-- 1999/01/21 (Thu)

-- yamaoka®@tube.ee.uec.ac.jp
library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_unsigned.all;

library metamor;
use metamor.attributes.all;

entity memctrl is

port ( CLK : in std_logic;
RESET : in std_logic;
ADRS : out std_logic_vector(16 downto 0);
ADRS_BUF : in std_logic_vector(16 downto 0);
DATA : inout std_logic_vector(31 downto 0);
WR_DATA : in std_logic_vector(31 downto 0);
RD_DATA : out std_logic_vector(31 downto 0);
SCS : out std_logic_vector(3 downto 0);
SOE : out std_logic;
SWE : out std_logic;
MEM_STATE_SEL : in std_logic_vector(1l downto 0);
WR_CYCLE : out std_logic;
RD_CYCLE : out std_logic

);

end memctrl;
architecture RTL of memctrl is

type MEM_STATE_TYPE is (
STOP, WRITE1, WRITE2,
READ1, READ2, CONT_READ

>

signal CURRENT_STATE : MEM_STATE_TYPE;

signal NEXT_STATE : MEM_STATE_TYPE;

signal NEXT_MEM_CYCLE : std_logic;

signal OE : std_logic;

signal DATA_BUF : std_logic_vector(31 downto 0);

constant WRITE_CYCLE : std_logic_vector(l downto 0) := "00";
constant READ_CYCLE : std_logic_vector(l downto 0) := "01";
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constant CONT_READ_CYCLE : std_logic_vector(1l downto 0)

begin
DATA <= "“ZZZZZZZZ7ZZZ7ZZ7ZZZ7Z7Z7Z72Z7Z22722727ZZ7Z"

process ( RESET, CLK ) begin
if RESET = ’1’ then

SOE <= '17;
SWE <= 17,
SCS <= "1111";
OE <= 17

ADRS <= ( others => ’0’ );
DATA_BUF <= ( others => 0> );
RD_DATA <= ( others => 0’ );
WR_CYCLE <= ’07’;
RD_CYCLE <= ’07’;
NEXT_MEM_CYCLE <= ’0’;
NEXT_STATE <= STOP;

elsif rising_edge( CLK ) then

case CURRENT_STATE is

when STOP =>

SOE <= '17;
SWE <= ’17;
SCS <= "1111";
OE <= 17

WR_CYCLE <= ’0’;
RD_CYCLE <= ’0’;
NEXT_MEM_CYCLE <= ’0’;

when WRITE1 =>
SCS <= "0000";
ADRS <= ADRS_BUF;
DATA_BUF <= WR_DATA;
0E <= ’07;
NEXT_MEM_CYCLE <= ’17;
NEXT_STATE <= WRITE2;

when WRITE2 =>
SWE <= ’07;
WR_CYCLE <= ’1’;
NEXT_STATE <= STOP;

when READ1 =>
SCS <= "0000";
SOE <= ’07;
ADRS <= ADRS_BUF;
NEXT_MEM_CYCLE <= ’17;
NEXT_STATE <= READ2;

when READ2 =>
RD_DATA <= DATA;
RD_CYCLE <= ’1"
NEXT_STATE <= STOP

when CONT_READ =>

SOE <= '07;
SWE <= ’1"
SCS <= ”0000”'
OE <= 1’

ADRS <= ADRS _BUF;

when others =>
NEXT_STATE <= STOP;

end case;
end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
CURRENT STATE <= STOP;
elsif falling_edge( CLK ) then
if N XT EM_ CYCLE = ’0’ then
case MEM_STATE_SEL is

when OE =

’1’

= ”10”;

else DATA_BUF;
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when WRITE_CYCLE =>

CURRENT_STATE <= WRITE1;
when READ_CYCLE =>

CURRENT_STATE <= READ1;
when CONT_READ_CYCLE =>

CURRENT_STATE <= CONT_READ;
when others =>

CURRENT_STATE <= STOP;

end case;
else
CURRENT_STATE <= NEXT_STATE;
end if;
end if;
end process;
end RTL;

1.2 000000000004d

-- Floating Point Number Adder (FLEX10k)
-— < fpadd.vhd >

-- 1998/11/17 (Tue)

-- yamaoka®@tube.ee.uec.ac.jp

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

entity fpadd is
port ( CLK : in std_logic;

FA : in std_logic_vector(31 downto 0);
FB : in std_logic_vector(31 downto 0);
qQ : out std_logic_vector(31 downto 0)
);
end fpadd;

architecture RTL of fpadd is

signal INFi, INF2, INF3, ZA1, ZA2, ZA3, ZB1, ZB2, ZB3 : std_logic;
signal SA1, SA2, SA3, SB1, SB2, SB3 : std_logic;

signal EA1, EA2, EB1, EB2 : std_logic_vector(8 downto 0);

signal EA3, EA4, EQ, ED1, ED2 : std_logic_vector(7 downto 0);

signal MA1, MA2, MA3, MB1, MB2, MB5 : std_logic_vector(22 downto 0);
signal MB3 : std_logic_vector(23 downto 0);

signal MA4, MB4 : std_logic_vector(25 downto 0);

signal MQ1, MQ2 : std_logic_vector(25 downto 0);

signal MQ3, MQ4 : std_logic_vector(24 downto 0);

signal MQ5 : std_logic_vector(22 downto 0);

signal VO, Vi, V2, V3, V4, Vb : std_logic_vector(24 downto 0);
signal VVO, VV1, VV2, VV3, VV4 : std_logic_vector(24 downto 0);
signal VES1, VES2 : std_logic_vector(8 downto 0);

begin

INF1 <= ’1’ when FA(30 downto 23) = "11111111" or
FB(30 downto 23) = "11111111" else ’0’;

ZA1 <= ’1° when FA(30 downto 23) = '"00000000" else ’0’;
ZB1 <= ’1’ when FB(30 downto 23) = '"00000000" else ’0’;

EA1 <= °0’ & FA(30 downto 23);
EB1 <= ’0’ & FB(30 downto 23);

process begin
wait until rising_edge( CLK );
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SA1 <= FA(31);

SB1 <= FB(31);

EA2 <= EA1;

EB2 <= EB1;

MA1 <= FA(22 downto 0);
MB1 <= FB(22 downto 0);
INF2 <= INFi1;

ZA2 <= ZA1;

ZB2 <= ZB1;

end process;

VES1 <= EA2 - EB2;
VES2 <= EB2 - EA2;

SA2 <= SA1 when VES1(8)
SB2 <= SB1 when VES1(8)

’0’ else SB1;
’0’ else SA1;

EA3 <= EA2(7 downto 0) when VES1(8) = ’0’ else EB2(7 downto 0);
ED1 <= VES1(7 downto 0) when VES1(8) = ’0’ else VES2(7 downto 0);

MA2 <= MA1 when VES1(8) = ’0’ else MBi;
MB2 <= MB1 when VES1(8) = ’0’ else MA1;
ZA3 <= ZA2 when VES1(8) = ’0’ else ZB2;
ZB3 <= ZB2 when VES1(8) = ’0’ else ZA2;

VO <= "1" & MB2 & "0" when ED1(0) = ’0’ else "01" & MB2(22 downto 1) & "0";

V1 <= VO when ED1(1) ’0’ else "00" & V0(24 downto 2);

V2 <= V1 when ED1(2) ’0’ else "0000" & V1(24 downto 4);

V3 <= V2 when ED1(3) ’0’ else "00000000" & V2(24 downto 8);

V4 <= V3 when ED1(4) ’0’ else "0000000000000000" & V3(24 downto 16);

V5 <= V4 + "0000000000000000000000001";

MB3 <= V5(24 downto 1) when ED1(7 downto 5) = "000" else "000000000000000000000000";

MA4 <= "00000000000000000000000000" when ZA3 = ’1’ else
"001" & MA2 when SA2 = ’0’ else
'"*00000000000000000000000000" ~ ("001" & MA2);

MB4 <= "00000000000000000000000000" when ZB3 = ’1’ else
"00" & MB3 when SB2 = ’0’ else
""*00000000000000000000000000" ~ ("00" & MB3);

MQ1 <= MA4 + MB4;

process begin

wait until rising_edge( CLK );
EA4 <= EA&3;
MQ2 <= MQi;
INF3 <= INF2;

end process;

MQ3 <= MQ2(24 downto 0) when MQ2(25) = ’0’ else
"0000000000000000000000000" — MQ2(24 downto 0);

MQ4 <= MQ3 + "0000000000000000000000001";

ED2 <= '"00000000" when MQ3(24) = ’1’ else
""00000001" when MQ3(23) = ’1’ else
""00000010" when MQ3(22) = ’1’ else
""00000011" when MQ3(21) = 1’ else
""00000100" when MQ3(20) = ’1’ else
""00000101" when MQ3(19) = 1’ else
""00000110" when MQ3(18) = ’1’ else
"00000111" when MQ3(17) = 1’ else
""00001000" when MQ3(16) = 1’ else
"00001001" when MQ3(15) = 1’ else
""00001010" when MQ3(14) = 1’ else
"00001011" when MQ3(13) = 1’ else
"00001100" when MQ3(12) = 1’ else
"00001101" when MQ3(11) = ’1’ else
"00001110" when MQ3(10) = ’1’ else
"00001111" when MQ3( 9) = 1’ else
""00010000" when MQ3( 8) = 1’ else
""00010001" when MQ3( 7) = 1’ else
"00010010" when MQ3( 6) = 1’ else
"00010011" when MQ3( 5) = ’1’ else
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"00010100" when MQ3( 4) = ’1’ else

"00010101" when MQ3( 3) = ’1’ else

"00010110" when MQ3( 2) = ’1’ else

"00010111" when MQ3( 1) = ’1’ else

"00011000" when MQ3( 0) = ’1’ else

"10000000";
VV0 <= MQ3 when ED2(0) = ’0’ else MQ3(23 downto 0) & "0O";
VV1 <= VVO when ED2(1) = 0’ else VV0(22 downto 0) & "00";
VV2 <= VV1 when ED2(2) = ’0’ else VV1(20 downto 0) & "0000";
VV3 <= VV2 when ED2(3) = ’0’ else VV2(16 downto 0) & "00000000";
VV4 <= VV3 when ED2(4) = ’0’ else VV3( 8 downto 0) & "0000000000000000";
MQ5 <= VV4(23 downto 1) when MQ4(24) = ’0’ else MQ4(23 downto 1);

EQ <= "11111111" when INF3 = ’1’ else
EA4 - ED2 + "00000001" when ED2(7) = 0’ else
""00000000";

Q <= MQ2(25) & EQ & MQ5;
end RTL;

-- Floating Point Number Multiplier (FLEX10k)
-— < fpmult.vhd >

-- 1999/01/19 (Tue)

-- yamaoka®@tube.ee.uec.ac.jp

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

entity fpmult is
port ( CLK : in std_logic;

FA : in std_logic_vector(31 downto 0);
FB : in std_logic_vector(31 downto 0);
qQ : out std_logic_vector(31 downto 0)
);
end fpmult;

architecture RTL of fpmult is

signal MA1, MA2, MB1, MB2 : std_logic_vector(23 downto 0);
signal EA1, EA2, EB1, EB2 : std_logic_vector(9 downto 0);

signal MQ1, MQ2, MQ3 : std_logic_vector(25 downto 0);
signal EQ1, EQ2, EQ3, EQ4 : std_logic_vector(9 downto 0);
signal EQ5, EQ6, EQ : std_logic_vector(7 downto 0);
signal MQ : std_logic_vector(22 downto 0);
signal S1, S2, 3Q : std_logic;

begin

MA1 <= ’1° & FA(22 downto 0);
MB1 <= ’1’ & FB(22 downto 0);
EA1 <= "00" & FA(30 downto 23);
EB1 <= "00" & FB(30 downto 23);
S1 <= FA(31) xor FB(31);

process begin
wait until risin%_edge( CLX );
MA2 <= MA1;
MB2 <= MB1;
EA2 <= EAl;
EB2 <= EB1;
S2 <= S1;
end process;

process( MA2, MB2 )
variable TMQ1 : std_logic_vector(47 downto 0);
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begin

TMQ1 := MA2 * MB2;

MQ1 <= TMQ1(47 downto 22);
end process;

EQl <= "0011111111" when EA2(7 downto 0) = "11111111" or
EB2(7 downto 0) = "11111111" else

""0000000000" when EA2(7 downto 0) = "00000000" or
EB2(7 downto 0) = '00000000" else

EA2 + EB2 - "0001111111";

EQ2 <= "0011111111" when EA2(7 downto 0) = "11111111" or
EB2(7 downto 0) = "11111111" else

""0000000000" when EA2(7 downto 0) = "00000000" or
EB2(7 downto 0) = '00000000" else

EA2 + EB2 - "0001111110";

process begin
wait until rising_edge( CLK );
SQ <= S2;
MQ2 <= MQ1i;
EQ3 <= EQ1;
EQ4 <= EQ2;
end process;

MQ3 <= MQ2 + "00000000000000000000000001" when MQ2(25) = ’0’ else
MQ2 + '00000000000000000000000010";

EQ5 <= "00000000" when EQ3(9 downto 8) = "11" else
"11111111" when EQ3(9 downto 8) = "01" else
EQ3(7 downto 0);

EQ6 <= "00000000" when EQ4(9 downto 8) = "11" else
"11111111" when EQ4(9 downto 8) = "01" else

EQ4(7 downto 0);

MQ <= MQ3(23 downto 1) when MQ3(25) = 0’ else
MQ3(24 downto 2);

EQ <= EQ5 when MQ3(25) = 0’ else
E .

>

Q <= SQ & EQ & MQ;
end RTL;

-- Floating Point Number Divider  (FLEX10k)
-- < fpdiv.vhd >

-- 1999/01/18 (Mon)

-- yamaoka®@tube.ee.uec.ac.jp

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

entity fpdiv is
port ( CLK : in std_logic;

FA : in std_logic_vector(31 downto 0);
FB  : in std_logic_vector(31 downto 0);
qQ : out std_logic_vector(31 downto 0)
);
end fpdiv;

architecture RTL of fpdiv is

signal MA1, MA2, MB1, MB2 : std_logic_vector(23 downto 0);
signal EA1, EA2, EB1, EB2 : std_logic_vector(9 downto 0);
signal MQ1, MQ2, MQ3 : std_logic_vector(25 downto 0);
signal EQ1, EQ2, EQ3, EQ4 : std_logic_vector(9 downto 0);
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signal EQ5, EQ6, EQ : std_logic_vector(7 downto 0);
signal MQ : std_logic_vector(22 downto 0);
signal S1, S2, 3SQ : std_logic;

begin

MA1 <= ’1° & FA(22 downto 0);
MB1 <= ’1’ & FB(22 downto 0);
EA1 <= "00" & FA(30 downto 23);
EB1 <= "00" & FB(30 downto 23);
S1 <= FA(31) xor FB(31);

process begin
wait until risin%_edge( CLX );
MA2 <= MA1;
MB2 <= MB1;
EA2 <= EAl;
EB2 <= EB1;
S2 <= S1;
end process;

process( MA2, MB2 )

variable MA3, MB3, REMAIN : std_logic_vector(24 downto 0);
begin

MA3 := ’0’ & MA2;

MB3 := ’0’ & MB2;

for i in 25 downto 0 loop

REMAIN := MA3 - MB3;
if REMAIN(24) = ’1’ then

MQ1(i) <= ’07;
MA3 := MA3(23 downto 0) & ’0’;
else
MQ1(i) <= ’17;
MA3 := REMAIN(23 downto 0) & ’0’;
end if;

end loop;
end process;

EQl <= "0011111111" when EA2(7 downto 0) = "11111111" or
EB2(7 downto 0) = '00000000" else

""0000000000" when EA2(7 downto 0) = "00000000" or
EB2(7 downto 0) = "11111111" else

EA2 - EB2 + "0001111110";

EQ2 <= "0011111111" when EA2(7 downto 0) = "11111111" or
EB2(7 downto 0) = '"00000000" else

""0000000000" when EA2(7 downto 0) = "00000000" or
EB2(7 downto 0) = "11111111" else

EA2 - EB2 + "0001111111";

process begin
wait until rising_edge( CLK );
SQ <= S2;
MQ2 <= MQi;
EQ3 <= EQ1;
EQ4 <= EQ2;
end process;

MQ3 <= MQ2 + "00000000000000000000000001" when MQ2(25) = ’0’ else
MQ2 + '00000000000000000000000010";

EQ5 <= "00000000" when EQ3(9 downto 8) = "11" else
"11111111" when EQ3(9 downto 8) = "01" else
EQ3(7 downto 0);

EQ6 <= "00000000" when EQ4(9 downto 8) = "11" else
"11111111" when EQ4(9 downto 8) = "01" else

EQ4(7 downto 0);

MQ <= MQ3(23 downto 1) when MQ3(25) = 0’ else
MQ3(24 downto 2);

EQ <= EQ5 when MQ3(25) = 0’ else
EQ6;
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Q <= SQ & EQ & MQ;
end RTL;

1.24 0O0ODOOOO

-- Square Root Calculator  (FLEX10k)
-— < fpsqrt.vhd >

-- 1998/11/11 (Wed)
-- yamaoka®@tube.ee.uec.ac.jp

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

package MATH is
function sqrt( FA : std_logic_vector ) return std_logic_vector;
end MATH;

package body MATH is
function sqrt( FA : std_logic_vector ) return std_logic_vector is
variable MA : std_logic_vector(25 downto 0);
variable MQ : std_logic_vector(24 downto 0);
variable EQ : std_logic_vector(7 downto 0);

variable TMP1, TMP2, REMAIN : std_logic_vector(27 downto 0);
begin

EQ := FA(30 downto 23) - "01111111";

EQ ( EQ(7) & EQ(7 downto 1) ) + "01111111";
if FA(23) = ’1’ then
MA := "01" & FA(22 downto 0) & ’0°;
else
MA := ’1’ & FA(22 downto 0) & "00";
end if;
TMP1 := "00000000000000000000000000" & MA( 25 downto 24 );
TMP2 := "0000000000000000000000000001";

for I in 0 to 24 loop
REMAIN := TMP1 - TMP2;
if REMAIN(27) = ’0’ then
MQ(24-I) := ’1°;
if I <= 11 then
TMP1( (I+3) downto 0 )
REMAIN( (I+1) downto 0 ) & MA( (23-(2%I)) downto (22-(2%I)));

else
TMP1( (I+3) downto 0 ) := REMAIN( (I+1) downto O ) & "00";
end if;
TMP2( (I+3) downto 0 ) := TMP2( (I+2) downto 1 ) & "01";
TMP2(2) := ’1°;
else
MQ(24-1) := ’0°;

if I <= 11 then
TMP1( (I+3) downto 0 )
TMP1( (I+1) downto O ) & MA( (23-(2*I)) downto (22-(2*I)));
else

TMP1( (I+3) downto 0 ) := TMP1( (I+1) downto 0 ) & "00";

end if;
TMP2( (I+3) downto 0 ) := TMP2( ( I+2 ) downto 1) & "01";
end if;
end loop;
MQ := MQ + "0000000000000000000000001";
return ’0’ & EQ & MQ(23 downto 1);
end sqrt;
end MATH;
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1.3 00000000

-— ALU for Householder Method (upper FLEX10k)
-- < alu3.vhd >

-- 1999/01/22 (Fri)

-- yamaoka®@tube.ee.uec.ac.jp

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;

use IEEE.std_logic_unsigned.all;

library metamor;
use metamor.attributes.all;

entity alu3 is
port (CLK : in std_logic;

DATA_BUS : inout std_logic_vector(31 downto 0);
ADRS_BUS : in std_logic_vector(16 downto 0);
CTRL_BUS : in std_logic_vector(4 downto 0);
CALC_DONE : out std_logic;

OE_ALU : in std_logic;

R_DATA : inout std_logic_vector(31 downto 0);
R_ADRS : out std_logic_vector(16 downto 0);
R_SCS : out std_logic_vector(3 downto 0);
R_SOE : out std_logic;

R_SWE : out std_logic;

L_DATA : inout std_logic_vector(31 downto 0);
L_ADRS : out std_logic_vector(16 downto 0);

L_SCS : out std_logic_vector(3 downto 0);
L_SOE : out std_logic;
L_SWE : out std_logic

);
attribute pinnum of CLK : signal is '"AY22";

attribute pinnum of DATA_BUS : signal is 'BC5,BB6,BC7,BB8,BC9,BB10,BC11,
BB12,BC13,BB14,BC15,BB16,BC17,BB18,BC19,BB20,BC23,BB24,BC25,BB26,BC27,
BB28,BC29,BB30,BC31,BB32,BC33,BB34,BC35,BB36,BC37,BB38";

attribute pinnum of ADRS_BUS : signal is
"AU15,AV18,AU19,AV20,4AU21,4AV22,AU23,AV24,AU25,4AV28,4A029,4AV30,AU31,4AV32,
AU33,4V34,AU35";

attribute pinnum of CTRL_BUS : signal is '"AV10,AU11,AV12,AU13,4AV14";
attribute pinnum of CALC_DONE : signal is '"AU9";

attribute pinnum of OE_ALU : signal is '"AV8";

attribute pinnum of R_ADRS : signal is "T38,W37,Y38,AA37,AB38,AC37,AD38,
AE37,AF38,AJ37,AK38,AL37,AM38,AN37,AP38,AR37,AT38";

attribute pinnum of R_DATA : signal is "F42,G43,H42,J43,K42,143,M42,N43,
T42,U43,V42,W43,Y42,A443,AB42,AC43,AF42,AG43,AH42,ATJ43,AK42,A1.43,AM42,
AN43,AT42,AU43,AV42,AW43,AY42,BA43,BB42,BC43";

attribute pinnum of R_SCS : signal is '"AG39,AH40,AJ39,AM40";

attribute pinnum of R_SOE : signal is '"AP40";

attribute pinnum of R_SWE : signal is '"AN39";

attribute pinnum of L_ADRS : siﬁnal is "T6,W7,Y6,AA7 ,AB6,AC7,AD6,AE7,AF6,
AJ7,AK6,AL7,AM6,AN7 ,AP6,ART,ATE";

attribute pinnum of L_DATA : signal is '"F2,G1,H2,J1,K2,L1,M2,N1,T2,U1,V2,
Wi,Y2,AA1,AB2,AC1,AF2,AG1,AH2,AJ1,AK2,AL1,AM2,AN1 ,AT2,AU1,AV2,AW1,AY2,BA1,BB2,BC1";
attribute pinnum of L_SCS : signal is '"AG5,AH4,AJ5,AM4";

attribute pinnum of L_SOE : signal is '"AP4";

attribute pinnum of L_SWE : signal is '"ANB";

end alu3;
architecture RTL of alu3 is
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—————————————— < Memory Controller >--———-—-————-
component memctrl is

port ( CLK : in std loglc
RESET in std _logic;
ADRS : out std_logic_vector(16 downto 0);
ADRS_BUF : in std_logic_vector(16 downto 0);
DATA : inout std_logic_vector(31 downto 0);
WR_DATA : in std_logic_vector(31 downto 0);
RD_DATA : out std_logic_vector(31 downto 0);
SCS : out std_logic_vector(3 downto 0);
SOE : out std_logic;
SWE : out std_logic;
MEM_STATE_SEL : in std_logic_vector(1 downto 0);
WR_CYCLE : out std_logic;
RD_CYCLE : out std_logic

);

end component;

————————————— < 32-bit Floating point Number Multiplier >-—————-
component fpmult is
port ( CLK : in std_logic;
FA : in std_logic_vector(31 downto 0);
FB : in std_logic_vector(31 downto 0);
Q : out std_logic_vector(31 downto 0)
);

end component;

————————————— < 32-bit Floating point Number Adder >-------
component fpadd is

port ( CLK : in std_logic;
FA : in std_logic_vector(31 downto 0);
FB : in std_logic_vector(31 downto 0);
Q : out std_logic_vector(31 downto 0)
);

end component;

signal MUL_A : std_logic_vector(31 downto 0);
signal MUL_B : std_logic_vector(31 downto 0);
signal MUL_Q : std_logic_vector(31 downto 0);

signal ADD_A : std_logic_vector(31 downto 0);
signal ADD_B : std_logic_vector(31 downto 0);
signal ADD_Q : std_logic_vector(31 downto 0);
signal ADD_A_BUF : std_logic_vector(31 downto 0);
signal ADD_B_BUF : std_logic_vector(31 downto 0);

signal RESET : std_logic;

signal R_ADRS_BUF : std_logic_vector(16 downto 0);
signal L_ADRS_BUF : std_logic_vector(16 downto 0);
signal R_MEM_STATE_SEL : std_logic_vector(1l downto 0);

signal L_MEM_STATE_SEL : std_logic_vector(i downto 0);
signal R_RD_CYCLE : std_logic;
signal L_RD_CYCLE : std_logic;
signal R_WR_CYCLE : std_logic;
signal L_WR_CYCLE : std_logic;

signal R_WR_DATA : std_logic_vector(31 downto 0);
signal R_RD_DATA : std_logic_vector(31 downto 0);
signal L_WR_DATA : std_logic_vector(31 downto 0);
signal L_RD_DATA : std_logic_vector(31 downto 0);

signal DCNT : std _logic;

signal DCNT1 : std loglc

signal DCNT2 : std_logic_vector(3 downto 0);
signal DCNT3 : std_logic;

signal DCNT4 : std loglc vector(2 downto 0);
signal DCNT5 std_lo

signal CALC1 _ACK : st _logic;

signal CALC3_ACK : std_logic;
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signal CALC4_ACK : std_logic;

signal DATA_BUF : std_logic_vector(31 downto 0);
signal CALC_CNT : std_logic;
signal FB_Q : std_logic_vector(31 downto 0);

type DATA_BUS_SEL_TYPE is (
dR_MEM_RD, dL_MEM_RD,
dINPRO_F,
dMUL, dADD,
dSTOP

type LATCH_SEL_TYPE is (
RR_MEM, LR_MEM, LL_MEM,

FR_MEM, FL_MEM, FF_MEM,
1SToP

>

signal DATA_BUS_SEL : DATA_BUS_SEL_TYPE;
signal LATCH_SEL : LATCH_SEL_TYPE;

constant WRITE_CYCLE : std_logic_vector(l downto 0) := "00";
constant READ_CYCLE : std_logic_vector(l downto 0) := "01";
constant CONT_READ_CYCLE : std_logic_vector(1l downto 0) := "10";
constant STOP_CYCLE : std_logic_vector(l downto 0) := "11";
constant cR_MEM_WR : std_logic_vector(4 downto 0) := "00001";
constant cR_MEM_RD : std_logic_vector(4 downto 0) := "00010";
constant cL_MEM_WR : std_logic_vector(4 downto 0) := "00011";
constant cL_MEM_RD : std_logic_vector(4 downto 0) := "00100";
constant cLR_MEM_WR : std_logic_vector(4 downto 0) := "00101";
constant cMEM_STOP : std_logic_vector(4 downto 0) := "00110";
constant cRR_INPRO : std_logic_vector(4 downto 0) := "00111";
constant cLL_INPRO : std_logic_vector(4 downto 0) := "01000";
constant cLR_INPRO : std_logic_vector(4 downto 0) := "01001";
constant cINPRO_F : std_logic_vector(4 downto 0) := "01010";
constant cINPRO_R : std_logic_vector(4 downto 0) := "01011";
constant cINPRO_L : std_logic_vector(4 downto 0) := "01100";
constant cINPRO_LR : std_logic_vector(4 downto 0) := "01101";
constant cFF_MUL : std_logic_vector(4 downto 0) := "01110";
constant cFR_MUL : std_logic_vector(4 downto 0) := "01111";
constant cFL_MUL : std_logic_vector(4 downto 0) := '"10000";
constant cRR_MUL : std_logic_vector(4 downto 0) := '"10001";
constant cLL_MUL : std_logic_vector(4 downto 0) := '"10010";
constant cLR_MUL : std_logic_vector(4 downto 0) := "10011";
constant cFF_ADD : std_logic_vector(4 downto 0) := '"10100";
constant cFR_ADD : std_logic_vector(4 downto 0) := '"10101";
constant cFL_ADD : std_logic_vector(4 downto 0) := '"10110";
constant cRR_ADD : std_logic_vector(4 downto 0) := "10111";
constant cLL_ADD : std_logic_vector(4 downto 0) := "11000";
constant cLR_ADD : std_logic_vector(4 downto 0) := "11001";
constant cCALC_F : std_logic_vector(4 downto 0) := "11010";
constant cCALC_R : std_logic_vector(4 downto 0) := "11011";
constant cCALC_L : std_logic_vector(4 downto 0) := "11100";
constant cCALC_LR : std_logic_vector(4 downto 0) := "11101";
begin

RESET <= ’1’ when CTRL_BUS = "00000" else ’0’;

DATA_BUS <= "ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ" when OE_ALU = 0’ else
ADD_Q when DATA_BUS_SEL dADD or DATA_BUS_SEL = dINPRO_F else
MUL_Q when DATA_BUS_SEL dMUL else
R_RD_DATA when DATA_BUS_SEL dR_MEM_RD else
L_RD_DATA when DATA_BUS_SEL dL_MEM_RD else
( others => 0’ );

process ( RESET, CLK ) begin
1f RESET = ’1’ then
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DATA_BUS_SEL <= dSTOP;
elsif rising_edge( CLK ) then
case CTRL_BUS is
when cMEM_STOP | cCALC_F | cCALC_R | cCALC_L | cCALC_LR =>
null;
when cR_MEM_RD =>
DATA_BUS_SEL <= dR_MEM_RD;
when cL_MEM_RD =>
DATA_BUS_SEL <= dL_MEM_RD;
when ¢FF_MUL | cFR_MUL | cFL_MUL i cRR_MUL | cLL_MUL | cLR_MUL =>
DATA_BUS_SEL <= dMUL;
when c¢FF_ADD | cFR_ADD | cFL_ADD | cRR_ADD | cLL_ADD | cLR_ADD =>
DATA_BUS_SEL <= dADD;
when cINPRO_F =>
DATA_BUS_SEL <= dINPRO_F;
when others =>
DATA_BUS_SEL <= dSTOP;
end case;
end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
LATCH_SEL <= 1STOP;
elsif rising_edge( CLK ) then
case CTRL_BUS is
when cRR_INPRO | cRR_MUL | cRR_ADD =>
LATCH_SEL <= RR_MEHN;
when cLL_INPRO | cLL_MUL | cLL_ADD =>
LATCH_SEL <= LL_MEHN;
when cLR_INPRO | cLR_MUL | cLR_ADD =>
LATCH_SEL <= LR_MEHN;
when c¢FR_MUL | cFR_ADD =>
LATCH_SEL <= FR_MEHN;
when cFL_MUL | cFL_ADD =>
LATCH_SEL <= FL_MEHN;
when c¢FF_MUL | cFF_ADD =>
LATCH_SEL <= FF_MEHN;
when cINPRO_F | cINPRO_R | cINPRO_L | cINPRO_LR | cCALC_F |
cCALC_R | cCALC_L | cCALC_LR =>
null;
when others =>
LATCH_SEL <= 1STOP;
end case;
end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
MUL_A <= ( others => ’0’ );
MUL_B <= ( others => ’0’ );
elsif rising_edge( CLK ) then
if DCNTI = ’1’ or CALC_CNT = ’1’ then
case CTRL_BUS is
when cRR_INPRO =>
MUL_A <= R_DATA;
MUL_B <= R_DATA;
when cLL_INPRO =>
MUL_A <= L_DATA;
MUL_B <= L_DATA;
when cLR_INPRO =>
MUL_A <= R_DATA;
MUL_B <= L_DATA;
when cFF_MUL =>
MUL_A <= DATA_BUF;
MUL_B <= DATA_BUS;
when cINPRO_F | cINPRO_R i cINPRO_L| cINPRO_LR |
cCALC_F | cCALC_R | cCALC_L | cCALC_LR =>
case LATCH_SEL is
when RR_MEM =>
MUL_A <= R_DATA;
MUL_B <= R_DATA;
when LL_MEM =>
MUL_A <= L_DATA;
MUL_B <= L_DATA;
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when LR_MEM =>
MUL_A <= R_DATA;
MUL_B <= L_DATA;
when FR_MEM =>
MUL_A <= DATA_BUF;
MUL_B <= R_DATA;
when FL_MEM =>
MUL_A <= DATA_BUF;
MUL_B <= L_DATA;
when others =>
null;
end case;
when others =>
MUL_A <= ( others => 0’ )
MUL_B <= ( others => 0’ )

end case;
else
MUL_A <= ( others => 0’ );
MUL_B <= ( others => 0’ );
end if;

end if;
end process;

rocess ( RESET, CLK ) begin
if RESET = ’1’ then
ADD_A_BUF <= ( others => ’0’ );
ADD_B_BUF <= ( others => ’0’ );
elsif rising_edge( CLK ) then
if DCNTI = ’1’ or CALC_CNT = ’1’ then
case CTRL_BUS is
when cFF_ADD =>
ADD_A_BUF <= DATA_BUF;
ADD_B_BUF <= DATA_BUS;
when cCALC_F | cCALC_R | cCALC_L | cCALC_LR =>
case LATCH_SEL is
when RR_MEM =>
ADD_A_BUF <= R_DATA;
ADD_B_BUF <= R_DATA;
when LL_MEM =>
ADD_A_BUF <= L_DATA;
ADD_B_BUF <= L_DATA;
when LR_MEM =>
ADD_A_BUF <= R_DATA;
ADD_B_BUF <= L_DATA;
when FR_MEM =>
ADD_A_BUF <= DATA_BUF;
ADD_B_BUF <= R_DATA;
when FL_MEM =>
ADD_A_BUF <= DATA_BUF;
ADD_B_BUF <= L_DATA;
when others =>
null;
end case;
when others =>
ADD_A_BUF <= ( others => ’0’ )
ADD_B_BUF <= ( others => ’0’ )

end case;
else
ADD_A_BUF <= ( others => ’0’ );
ADD_B_BUF <= ( others => ’0’ );
end if;

end if;
end process;

rocess ( RESET, CLK ) begin
if RESET = ’1’ then

DATA_BUF <= ( others => ’0’ );

CALC_CNT <= ’07;

DCNT <= ’0’;
elsif rising_edge( CLK ) then

if ( CTRL_BUS = cFF_MUL or CTRL_BUS = c¢FR_MUL or CTRL_BUS = cFL_MUL or
CTRL_BUS = cFF_ADD or CTRL_BUS = cFR_ADD or CTRL_BUS = cFL_ADD ) and
CALC_CNT = °0’ then

DATA_BUF <= DATA_BUS;
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end if
if ( ( CTRL_BUS = cFF_MUL or CTRL_BUS = cFF_ADD ) and CALC_CNT = ’0’ ) or
DCNT = ’1’ then
CALC_CHNT <= ’1’;
else
CALC_CNT <= ’0’;
end if;
if CTRL_BUS = cFR_MUL or CTRL_BUS = cFL_MUL or CTRL_BUS = cRR_MUL or

CTRL_BUS = cLL_MUL or CTRL_BUS = cLR_MUL or CTRL_BUS = cFR_ADD or
CTRL_BUS = cFL_ADD or CTRL_BUS = cRR_ADD or CTRL_BUS = cLL_ADD or
CTRL_BUS = cLR_ADD then
DCHNT <= ’1’;
else
DCHNT <= ’0’;
end if;
end if;

end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
DCHNT1 <= ’07;
CALC1_ACK <= ’0’;
elsif r1s1n§ edge( CLK ) then
TRL_BUS = cRR_INPRO or CTRL_BUS = cLL_INPRO or CTRL_BUS = cLR_INPRO then
CALC1_ACK <= ’17;

else
CALC1_ACK <= ’0’;
end if;
if CALC1_ACK = ’1’ then
DCNT1 <= ’1°;
else
DCNT1 <= ’0’;
end if;

end if;
end process;

process ( RESET, CLK ) begin
1f RESET = ’1’ then
DCNT2 <= ( others => ’0’ );
elsif rising_edge( CLK ) then
if CTRL_BUS = cINPRO_F or CTRL_BUS = cINPRO_R or CTRL_BUS = cINPRO_L or
CTRL_BUS = cINPRO_LR then
if DCNT2 < "1001" then
DCNT2 <= DCNT2 + ’1’;
end if;
else
DCNT2 <= ( others => ’0’ );
end if;
end if;
end process;

process ( RESET, CLK ) begin
1f RESET = ’1’ then
DCHNT3 <= ’0’;
CALC3_ACK <= ’0’;
elsif rising_edge( CLK ) then

if ( CTRL_BUS = cFF_MUL or CTRL_BUS = cFF_ADD ) and CALC3_ACK = ’0’ then
CALC3_ACK <= ’17;
end if;
if ( CTRL_BUS = cCALC_F or CTRL_BUS = cCALC_R or CTRL_BUS = cCALC_L or
CTRL_BUS = cCALC_LR ) and CALC3_ACK = ’1’ then
DCNT3 <= ’17;
CALC3_ACK <= ’07;
else
DCNT3 <= ’0’;
end if;
end if;
end process;

process ( RESET, CLK ) begin
1f RESET = ’1’ then
DCNT4 <= ( others => ’0’ );
CALC4_ACK <= ’0’;
elsif rising_edge( CLK ) then
if CTRL_BUS = cFR_MUL or CTRL_BUS = cFL_MUL or CTRL_BUS = cRR_MUL or
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CTRL_BUS = cLL_MUL or CTRL_BUS = cLR_MUL or CTRL_BUS = cFR_ADD or
CTRL_BUS = cFL_ADD or CTRL_BUS = cRR_ADD or CTRL_BUS = cLL_ADD or
CTRL_BUS = cLR_ADD then
CALC4_ACK <= ’1’;
end if;

if ( CTRL_BUS = cCALC_F or CTRL_BUS = cCALC_R or CTRL_BUS = cCALC_L or
CTRL_BUS = cCALC_LR ) and CALC4_ACK = ’1’ then
if DCNT4 < "100" then
DCNT4 <= DCNT4 + ’1°;

else
CALC4_ACK <= ’0’;
end if;
else
DCNT4 <= ( others => ’0’ );
end if;

end if;
end process;

process ( RESET, CLK ) begin
1f RESET = ’1’ then
DCNTE <= ’07;
elsif rising_edge( CLK ) then
if ( CTRL_BUS = cCALC_R or CTRL_BUS = cCALC_L or CTRL_BUS = cCALC_LR ) and
( DCNT3 = ’1’ or DCNT4 = "011" ) then
DCNT5 <= ’17;
else
DCNT5 <= ’07;
end if;
end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
CALC_DONE <= ’0’;
elsif rising_edge( CLK ) then
if ( CTRL_BUS = cINPRO_F and DCNT2 = "0111" ) or

( CTRL_BUS = cCALC_F and DCNT3 = ’1’ ) or
( CTRL_BUS = cCALC_F and DCNT4 = "011" ) or
R_RD_CYCLE = ’1’ or R_WR_CYCLE = ’1’ or L_RD_CYCLE = ’1’ or L_WR_CYCLE = ’1’ then
CALC_DONE <= ’17;
else
CALC_DONE <= ’07;
end if;
end if;

end process;

——————————————— < Adder Feedback >————————-——-—-
process ( RESET, CLK ) begin
if RESET = ’1’ then
FB_Q <= ( others => ’0’ );
elsif rising_edge( CLK ) then
if DCNT2 = "0101" then
FB_Q <= ADD_Q:
elsif DCNT2 = "0111" then
FB_Q <= ( others => 0’ );
end if;
end if;
end process;

ADD_A <= FB_Q when DCNT2 = "0110" or DCNT2 = "0111" else
MUL_Q when CTRL_BUS = cRR_INPRO or CTRL_BUS = cLL_INPRO or
CTRL_BUS = cLR_INPRO or ( ( CTRL_BUS = cINPRO_F or CTRL_BUS = cINPRO_R or
CTRL_BUS = cINPRO_L or CTRL_BUS = cINPRO_LR ) and DCNT2 < '"1000" ) else
ADD_A_BUF;

ADD_B <= ADD_Q when CTRL_BUS = cRR_INPRO or CTRL_BUS = cLL_INPRO or

CTRL_BUS = cLR_INPRO or ( ( CTRL_BUS = cINPRO_F or CTRL_BUS = cINPRO_R or

CTRL_BUS = cINPRO_L or CTRL_BUS = cINPRO_LR ) and DCNT2 < '"1000" ) else
ADD_B_BUF;

—————————— << Memory Controller >>-—-——————-

process ( RESET, CLK ) begin
1f RESET = ’1’ then
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R_MEM_STATE_SEL <= STOP_CYCLE;
elsif rising_edge( CLK ) then
case CTRL_BUS is
when cR_MEM_WR | cLR_MEM_WR =>
R_MEM_STATE_SEL <= WRITE_CYCLE;
when cR_MEM_RD =>
R_MEM_STATE_SEL <= READ_CYCLE;
when cMEM_STOP | cINPRO_F | cCALC_F =>
R_MEM_STATE_SEL <= STOP_CYCLE;
when cRR_INPRO | cLR_INPRO | cFR_MUL i cRR_MUL | cLR_MUL |
cFR_ADD | cRR_ADD | cLR_ADD =>
R_MEM_STATE_SEL <= CONT_READ_CYCLE;
when cINPRO_R | cINPRO_LR =>
if DCHNT2 = "1000" then
R_MEM_STATE_SEL <= WRITE_CYCLE;
else
R_MEM_STATE_SEL <= STOP_CYCLE;
end if;
when cCALC_R | cCALC_LR =>
if DCHNT5 = ’1’ then
R_MEM_STATE_SEL <= WRITE_CYCLE;
else
R_MEM_STATE_SEL <= STOP_CYCLE;
end if;
when others =>
null;
end case;
end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
R_WR_DATA <= ( others => ’0’ );
elsif rising_edge( CLK ) then
case CTRL_BUS is
when cR_MEM_WR | cLR_MEM_WR =>
R_WR_DATA <= DATA_BUS;
when cINPRO_R | cINPRO_LR =>
if DCNT2 = "1000" then
R_WR_DATA <= ADD_Q;
end if;
when cCALC_R | cCALC_LR =>
if DCNT5 = ’1’ then
if DATA_BUS_SEL = dMUL then
R_WR_DATA <= MUL_Q;
elsif DATA_BUS_SEL = dADD then
R_WR_DATA <= ADD_Q;
end if;
end if;
when others =>
null;
end case;
end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
R_ADRS_BUF <= ( others => ’0’ );
elsif rising_edge( CLK ) then
case CTRL_BUS is
when cR_MEM_WR | cR_MEM_RD | cLR_MEM_WR | cRR_INPRO |
cLR_INPRO | cFR_MUL | cRR_MUL | cLR_MUL | cFR_ADD | cRR_ADD | cLR_ADD =>
R_ADRS_BUF <= ADRS_BUS;
when cINPRO_R | cINPRO_LR =>
if DCNT2 = "1000" then
R_ADRS_BUF <= ADRS_BUS;
end if;
when cCALC_R | cCALC_LR =>
if DCNT5 = ’1’ then
R_ADRS_BUF <= ADRS_BUS;
end if;
when others =>
null;
end case;
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end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
L_MEM_STATE_SEL <= STOP_CYCLE;
elsif rising_edge( CLK ) then
case CTRL_BUS is
when cL_MEM_WR | cLR_MEM_WR =>
L_MEM_STATE_SEL <= WRITE_CYCLE;
when cL_MEM_RD =>
L_MEM_STATE_SEL <= READ_CYCLE;
when cMEM_STOP | cINPRO_F | cCALC_F =>
L_MEM_STATE_SEL <= STOP_CYCLE;
when cLL_INPRO | c¢LR_INPRO | c¢FL_MUL | cLL_MUL | cLR_MUL |
c¢FL_ADD | cLL_ADD | cLR_ADD =>
L_MEM_STATE_SEL <= CONT_READ_CYCLE;
when cINPRO_L | cINPRO_LR =>
if DCNT2 = "1000" then
L_MEM_STATE_SEL <= WRITE_CYCLE;
else
L_MEM_STATE_SEL <= STOP_CYCLE;
end if;
when cCALC_L | cCALC_LR =>
if DCNT5 = ’1’ then
L_MEM_STATE_SEL <= WRITE_CYCLE;
else
L_MEM_STATE_SEL <= STOP_CYCLE;
end if;
when others =>
null;
end case;
end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
L_WR_DATA <= ( others => ’0’ );
elsif rising_edge( CLK ) then
case CTRL_BUS is
when cL_MEM_WR | cLR_MEM_WR =>
L_WR_DATA <= DATA_BUS;
when cINPRO_L | cINPRO_LR =>
if DCNT2 = "1000" then
L_WR_DATA <= ADD_Q;
end if;
when cCALC_L | cCALC_LR =>
if DCNT5 = ’1’ then
if DATA_BUS_SEL = dMUL then
L_WR_DATA <= MUL_Q;
elsif DATA_BUS_SEL = dADD then
L_WR_DATA <= ADD_Q;
end if;
end if;
when others =>
null;
end case;
end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
L_ADRS_BUF <= ( others => ’0’ );
elsif rising_edge( CLK ) then
case CTRL_BUS is
when cL_MEM_WR | cLR_MEM_WR | cL_MEM_RD | cLL_INPRO |
cFL_MUL | cLL_MUL | cFL_ADD | cLL_ADD =>
L_ADRS_BUF <= ADRS_BUS;
when cLR_INPRO | cLR_MUL | cLR_ADD =>
L_ADRS_BUF <= DATA_BUS(16 downto 0);
when cINPRO_L =>
if DCNT2 = "1000" then
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when

L_ADRS_BUF <= ADRS_BUS;
end if;
cINPRO_LR =>
if DCNT2 = "1000" then

L_ADRS_BUF <= DATA_BUS(16 downto 0);

end if;
when cCALC_L =>
if DCNT5 = ’1’ then
L_ADRS_BUF <= ADRS_BUS;
end if;
when cCALC_LR =>
if DCNT5 = ’1’ then
L_ADRS_BUF <= DATA_BUS(16 downto 0);
end if;
when others =>
null;
end case;
end if;
end process;
———————————— < Memory Controller >-————--——————-
R_MEM : memctrl port map (
CLK => CLK, RESET => RESET,
ADRS => R_ ADRS ADRS_BUF => R_ADRS _BUF,
DATA => R_DATA,
WR_DATA => R_WR_DATA, RD_DATA => R_RD_DATA,
SCS => R_SCS, SOE => R_SOE, SWE => R_SWE,
MEM_STATE_SEL => R_MEM_STATE_SEL,
?R_CYCLE => R_WR_CYCLE, RD_CYCLE => R_RD_CYCLE
L_MEM : memctrl port map (
CLK => CLK, RESET => RESET,
ADRS => L ADRS ADRS_BUF => L_ADRS _BUF,
DATA => L_DATA,
WR_DATA => L_WR_DATA, RD_DATA => L_RD_DATA,
SCS => L_SCS, SOE => L_SOE, SWE => L_SWE,
MEM_STATE_SEL => L_MEM_STATE_SEL,
?R_CYCLE => L_WR_CYCLE, RD_CYCLE => L_RD_CYCLE
———————————— < Floating Point Number Multiplier and Adder>-------------
multiplier : fpmult port map ( CLK => CLK, FA => MUL_A, FB => MUL_B, Q => MUL_Q );
adder : fpadd port map ( CLK => CLK, FA => ADD_A, FB => ADD_B, Q => ADD_Q );
end RTL;
1.3.2 0O0ODD0OO0OO0O0ODO0ODO

-- Householder Transform (Lower FLEX10k)
-- < hshld10.vhd >

-- 1999/03/15 (Mon)

-- yamaoka®@tube.ee.uec.ac.jp

library IEEE;

use IEEE.std _logic_1164.all;

use IEEE.std_logic_arith. all

use IEEE.std_logic_unsigned. all;

use WORK.MATH.a 1;

library metamor;
use metamor.attributes.all;

entity hshld10 is
port (CLK in std_logic;
A : inout std_logic_vector(15 downto 0);

BL in std_logic_vector(7 downto 0);
BH : out std_logic_vector(5 downto 0);
B_CONF in std_logic_vector(1l downto 0);
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CL : in std_logic_vector(5 downto 0);

DATA_BUS : inout std_logic_vector(31 downto 0);
ADRS_BUS : out std_logic_vector(16 downto 0);

CTRL_BUS : out std_logic_vector(4 downto 0);
CALC_DONE : in std_logic;
OE_ALU : out std_logic;

OBF : in std_logic_vector(l downto 0);
ACK : out std_logic_vector(1l downto 0);
STB : out std_logic_vector(1l downto 0);

IBF : in std_logic_vector(1l downto 0)
);
attribute pinnum of CLK : signal is 'D22";
attribute pinnum of A : signal is "BC23,BB24,BC25,BB26,BC27,BB28,BC29,BB30,

BC31,BB32,BC33,BB34,BC35,BB36,BC37,BB38";

attribute pinnum of BL : signal is '"BC13,BB14,BC15,BB16,BC17,BB18,BC19,BB20";
attribute pinnum of BH : signal is 'BC7,BB8,BC9,BB10,BC11,BB12";

attribute pinnum of B_CONF : signal is '"BC5,BB6";

attribute pinnum of CL : signal is '"AU23,AV24,AU25,AU33,AV34,AU35";

attribute pinnum of DATA_BUS : signal is '"A5,B6,A7,B8,49,B10,A11,B12,A13,B14,
A15,B16,A17,B18,A19,B20,A23,B24,A25,B26,427,B28,A29,B30,A31,B32,433,B34,435,
B36,A37,B38";

attribute pinnum of ADRS_BUS : signal is "F16,G19,F20,G21,F22,G23,F24,G25,
F26,6G29,F30,G31,F32,G33,F34,G35,F36";

attribute pinnum of CTRL_BUS : signal is '"G11,F12,G13,F14,G15";

attribute pinnum of CALC_DONE : signal is "F10";

attribute pinnum of OE_ALU : signal is "G9";

attribute pinnum of OBF : signal is '"AV18,AV28";
attribute pinnum of ACK : signal is '"AU19,4U029";
attribute pinnum of STB : signal is '"AU21,AU31";
attribute pinnum of IBF : signal is '"AV20,AV30";

end hshldio0;
architecture RTL of hshldi10 is

————————————— < 32-bit Floating point Number Divider >----——-
component fpdiv is

port (CLK : in std_logic;
FA : in std_logic_vector(31 downto 0);
FB : in std_logic_vector(31 downto 0);
Q : out std_logic_vector(31 downto 0)
);

end component;

signal DIV_A : std_logic_vector(31 downto 0);
signal DIV_B : std_logic_vector(31 downto 0);
signal DIV_Q : std_logic_vector(Si downto 0);
signal DIV_ACK : std_logic;

signal DIV_DONE : std_logic;

signal DCNT : std_logic;

signal DCNT2 : std_logic_vector(3 downto 0);
signal DCNT3 : std_logic_vector(3 downto 0);

signal A_REG : std_logic_vector(15 downto 0);
signal ACK_BUF : std_logic_vector(1 downto 0);

signal STB_BUF : std_logic_vector (1 downto 0);
signal IN_CNT : std_logic;

signal OUT_CNT : std_logic;

signal OUT_ACK : std_logic;

signal OUT_ACK2 : std_logic;

signal N : std_logic_vector(7 downto 0);
signal ROW : std_logic_vector(7 downto 0);

signal WA : std_logic;
signal MA_WR : std_logic;
signal MA : std_logic_vector(31 downto 0);
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type CALC_STATE_TYPE is (
FIRST_DATA, SECOND_DATA

>

signal CALC_STATE : CALC_STATE_TYPE;

type ALU_STATE_TYPE is (
R_MEM_WR, R_MEM_RD,
L_MEM_WR, L_MEM_RD,
LR_MEM_WR,
MEM_STOP,
RR_INPRO, LL_INPRO, LR_INPRO,
INPRO_F, INPRO_R, INPRO_L, INPRO_LR,
FF_MUL, FR_MUL, FL_MUL, RR_MUL, LL_MUL, LR_MUL,
FF_ADD, FR_ADD, FL_ADD, RR_ADD, LL_ADD, LR_ADD,
CALC_F, CALC_R, CALC_L, CALC_LR,
?STOP

signal ALU_STATE : ALU_STATE_TYPE;

signal DATA_BUS_BUF : std_logic_vector(31 downto 0);
signal DATA_BUF1 : std_logic_vector(31 downto 0);
signal DATA_BUF2 : std_logic_vector(31 downto 0);
signal OE_BUF : std_logic;

signal ADRS_BUF1 : std_logic_vector(16 downto 0);

signal ADRS_BUF2 : std_logic_vector(16 downto 0);
signal ALU_ACK : std_logic;

type HS_STATE_TYPE is (
HsDimWrite,
HsVarIni, HsS2Calc,
HsSCalc, HsAkRead, HsSNorm,
HsAkxSCalc, HsS2pAkxSCalc, HsCCalc, HsCWrite, HsViceWrite,
HsAkpSCalc, HsAxUCalc, HsPCalc,
HsPxUCalc, HsAlphaCalc, HsAlphaxCCalc, HsAlphaxCd2Calc,
HsAlphaxCd2xUCalc, HsQCalc,
HsUxQtCalc, HsQxUtCalc, HsUxQtpQxUtCalc, HsACalc,
HsResRead,
HsStop

);

signal HS_STATE : HS_STATE_TYPE;
signal S2, S, Ak, AkxS, S2pAkxS, C, AxU, Alpha, AlphaxC, AlphaxCd2, AlphaxCd2xU,
UxQt, QxUt, UxQtpQxUt : std_logic_vector(31 downto 0);

signal RES : std_logic_vector(31 downto 0);

constant FP_ONE : std_logic_vector(31 downto 0)
:= "00111111100000000000000000000000";
constant FP_TWO : std_logic_vector(31 downto 0)
:= "01000000000000000000000000000000";

constant cR_MEM_WR : std_logic_vector(4 downto 0) := "00001";
constant cR_MEM_RD : std_logic_vector(4 downto 0) := "00010";
constant cL_MEM_WR : std_logic_vector(4 downto 0) := "00011";
constant cL_MEM_RD : std_logic_vector(4 downto 0) := "00100";
constant cLR_MEM_WR : std_logic_vector(4 downto 0) := "00101";
constant cMEM_STOP : std_logic_vector(4 downto 0) := "00110";
constant cRR_INPRO : std_logic_vector(4 downto 0) := "00111";
constant cLL_INPRO : std_logic_vector(4 downto 0) := "01000";
constant cLR_INPRO : std_logic_vector(4 downto 0) := "01001";
constant cINPRO_F : std_logic_vector(4 downto 0) := "01010";
constant cINPRO_R : std_logic_vector(4 downto 0) := "01011";
constant cINPRO_L : std_logic_vector(4 downto 0) := "01100";
constant cINPRO_LR : std_logic_vector(4 downto 0) := "01101";
constant cFF_MUL : std_logic_vector(4 downto 0) := "01110";
constant cFR_MUL : std_logic_vector(4 downto 0) := "01111";
constant cFL_MUL : std_logic_vector(4 downto 0) := '"10000";
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constant cRR_MUL
constant cLL_MUL
constant cLR_MUL
constant cFF_ADD
constant cFR_ADD
constant cFL_ADD
constant cRR_ADD
constant cLL_ADD
constant cLR_ADD
constant cCALC_F
constant cCALC_R
constant cCALC_L
constant cCALC_LR

std_logic_vector(4
std_logic_vector(4
std_logic_vector(4
std_logic_vector(4
std_logic_vector(4
std_logic_vector(4
std_logic_vector(4
std_logic_vector(4
std_logic_vector(4
std_logic_vector(4
std_logic_vector(4
std_logic_vector(4
std_logic_vector(4

begin
A <= "ZZZZZZZ7Z7777ZZ7ZZZ" when ACK_BUF = "0

ACK_BUF <= OBF;
ACK <= ACK_BUF;

—————————— << Input Matrix Data from PC >>
process ( BL(0), OBF ) begin
if BL(0) = ’1’ then
IN_CNT <= ’07;
MA <= ( others => ’0’ );
elsif OBF’event and OBF = "11" then
if WA = 0’ then
if IN_CNT = 0’ then
MA(15 downto 0) <
IN_CNT <= ’17;
else
MA(31 downto 18)
IN_CNT <= ’07;
end if;
end if;
end if;
end process;

————————— << Matrix Row Counter >>---————-
process ( BL(0), BL(1), IN_CNT ) begin
if BL(0) = ’1’ or BL(1) = ’1> then

ROW <= ( others => ’0’ );
elsif rising_edge( IN_CNT ) then’

ROW <= ROW + 717;

end if;
end process;

————————— << Matrix Dimension Counter >>—-———-—————

process ( BL(0), BL(1) ) begin
if BL(0) = ’1’ then

N <= (0 =>"1", others => ’0’ );
elsif rising_edge( BL(1) ) then

if WA = ’0’ then

N<=N+ '1;

end if;
end if;
end process;

downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto

0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)

'"10001";
""10010";
"10011";
'"10100";
"10101";
"10110";
"10111";
""11000";
"11001";
"11010";
"11011";
"11100";
"11101";

0" else A_REG;

:A’

<= A

>

————————— << Detect End of Matrix Data >>————————-

process ( BL(0), BL(2) ) begin
if BL(0) = ’1’ then
W

A <= ’07;

elsif rising_ed%e( BL(2) ) then
WA <= ’1’;

end if;

end process;

————— << Generate Memory Write Signal of M
process ( BL(0), ALU_ACK, WA, IN_CNT ) be

if BL(0) = ’1’ or ALU_ACK = ’1’ or WA = ’1’ then

MA_WR <= ’0’;

atrix
gin
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elsif falling_edge( IN_CNT ) then
MA_WR <=1

end if;

end process;

——————————— << Output Result Data to PC >>-—---—————
process ( BL(0), BL(3), IBF ) begin
if BL(0) = ’1’ then
STB <= "11";
QUT_CNT <= ’07;
A_REG <= ( others => ’0’ );
elsif rising_edﬁe( BL(3) ) then
STB <= "00";
if OUT_CNT = ’0’ then
A_REG <= RES(15 downto 0);
QUT_CINT <= ’1°’;

else
A_REG <= RES(31 downto 16);
QUT_CNT <= ’0’;
end if;
end if;
if IBF = "11" then
STB <= "11";
end if;

end process;

———————————— << Generate Memory Read Signal of Result Data >>---—-———————-
process ( BL(0), BL(4), OUT_ACK2 ) begin
if BL(0) = 1’ or OUT_ACK2 = ’1’ then
OUT_ACK <= ’07;
elsif rising_edge( BL(4) ) then
OUT_ACK <= ’17;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
oUT_ ACK2 <= ’0"
elsif risin dge( CLK ) then
if CK = ’1’ then
OUT_ACK2 <= 717,
else
OUT_ACK2 <= ’0’;
end if;
end if;
end process;

——————————— << Selecter of ALU Operation >>-------
DATA_BUS <= "“ZZZZZZZZZZZZZZZZZZZZ2ZZZZ2ZZZZZZ" when OE_BUF = ’1’ else DATA_BUS_BUF;
OE_ALU <= OE_BUF;

process ( BL(0), CLK ) begin
if BL(O) = ’1’ then
CTRL_BUS <= ( others => ’0’ );
elsif falling_edge( CLK ) then
case ALU_STATE is
when R_MEM_WR =>
CTRL_BUS <= cR_MEM_WR;
when R_MEM_RD =>
CTRL_BUS <= cR_MEM_RD;
when L_MEM_WR =>
CTRL_BUS <= cL_MEM_WR;
when L_MEM_RD =>
CTRL_BUS <= cL_MEM_RD;
when LR_MEM_WR =>

CTRL_BUS <=
when MEM_STOP =>
CTRL_BUS <=
when RR_INPRO =>
CTRL_BUS <=
when LL_INPRO =>
CTRL_BUS <=
when LR_INPRO =>
CTRL_BUS <=
when INPRO_F =>

cLR_MEM_WR;
cMEM_STOP;
cRR_INPRO;
cLL_INPRO;
cLR_INPRO;
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CTRL_BUS <= cINPRO_F;
when INPRO_R =>

CTRL_BUS <= cINPRO_R;
when INPRO_L =>

CTRL_BUS <= cINPRO_L;
when INPRO_LR =>

CTRL_BUS <= cINPRO_LR;
when FF_MUL =>

CTRL_BUS <= cFF_MUL;
when FR_MUL =>

CTRL_BUS <= cFR_MUL;
when FL_MUL =>

CTRL_BUS <= cFL_MUL;
when RR_MUL =>

CTRL_BUS <= cRR_MUL;
when LL_MUL =>

CTRL_BUS <= cLL_MUL;
when LR_MUL =>

CTRL_BUS <= cLR_MUL;
when FF_ADD =>

CTRL_BUS <= cFF_ADD;
when FR_ADD =>

CTRL_BUS <= cFR_ADD;
when FL_ADD =>

CTRL_BUS <= cFL_ADD;
when RR_ADD =>

CTRL_BUS <= cRR_ADD;
when LL_ADD =>

CTRL_BUS <= cLL_ADD;
when LR_ADD =>

CTRL_BUS <= cLR_ADD;
when CALC_F =>

CTRL_BUS <= cCALC_F;
when CALC_R =>

CTRL_BUS <= cCALC_R;
when CALC_L =>

CTRL_BUS <= cCALC_L;
when CALC_LR =>

CTRL_BUS <= cCALC_LR;
when others => null;

end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
DATA_BUS_BUF <= ( others => ’0’ );
OE_BUF <= ’0’;
elsif falling_edge( CLK ) then
case ALU_STATE is
when R_MEM_WR | L_MEM_WR | LR_MEM_WR | FR_MUL | FL_MUL |
FR_ADD | FL_ADD =>
DATA_BUS_BUF <= DATA_BUF1;
OE_BUF <= ’0’;
when MEM_STOP | INPRO_F | CALC_F =>
DATA_BUS_BUF <= ( others => ’0’ );
OE_BUF <= ’1°;
when LR_INPRO | INPRO_LR | LR_MUL | LR_ADD | CALC_LR =>
DATA_BUS_BUF(16 downto 0) <= ADRS_BUF2;
QE_BUF <= ’0’;
when FF_MUL | FF_ADD =>
OE_BUF <= ’0’;
if CALC_STATE = FIRST_DATA then
DATA_BUS_BUF <= DATA_BUF1;
else
DATA_BUS_BUF <= DATA_BUF2;
end if;
when others => null;
end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then

CALC_STATE <= FIRST_DATA;
elsif rising_edge( CLK ) then
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case ALU_STATE is
when FF_MUL | FF_ADD =>
CALC_STATE <= SECOND_DATA;
when others =>
if CALC_DONE = ’1’ then
CALC_STATE <= FIRST_DATA;
end if;
end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
ADRS_BUS <= ( others => ’0’ );
elsif falling_edge( CLK ) then
case ALU_STATE is
when MEM_STOP | INPRO_F | FF_MUL | FF_ADD |
ADRS_BUS <= ( others => ’0’ );
when others =>
ADRS_BUS <= ADRS_BUF1;
end case;
end if;
end process;

———————————— << Householder Transform >>--—--——-———-———-
process( BL(0), CLK )
variable i, j, k : std_logic_vector(7 downto 0);
begin
if BL(0) = ’1’ then
HS_STATE <= hsStop;
ALU_STATE <= aStop;
ALU_ACK <= ’0’;
DIV_ACK <= ’0’;
DATA_BUF1 <= (others => ’0’);
DATA_BUF2 <= (others => ’0’);
ADRS_BUF1 <= (others => ’07);
ADRS_BUF2 <= (others => ’07);
- DIV_A <= (others => ’0’);
- DIV_B <= (others => ’0’);
- S2 <= (others => ’0’);
- S <= (others => ’0’);
- Ak <= (others => ’0’);
- AkxS <= (others => ’0’);
-— S2pAkxS <= (others => ’0’);
- HsC <= (others => ’0’);
- AxU <= (others => ’0’);
- AL <= (others => ’0’);
- ALxC <= (others => ’0’);
- ALxCd2 <= (others => ’0’);
- ALxCd2xU <= (others => ’0’);
- UxQT <= (others => ’0’);
- QxUt <= (others => ’07’);
- UxQtpQxUt <= (others => ’0’);
i := ( others => 0’ );
j ( others => ’0’ );
k := (0=>"1", others => ’0’ );
BH <= ( others => ’0’ );
- RES <= ( others => 0’ );
- QUT_ACK <= '0’;
- DCHNT2 <= '"0000";
elsif rising_edge( CLK ) then
case HS_STATE is
when HsStop =>
if WA = ’1’ then
HS_STATE <= HsDimWrite;
elsif MA_WR = ’1’ then
ALU_ACK <= ’1’;
DATA_BUF1 <= MA;
ADRS_BUF1 <= ’0’ & N & ROW;
ALU_STATE <= LR_MEM_WR;
elsif ALU_ACK = ’1’ then
ALU_ACK <= ’0’;
ALU_STATE <= MEM_STOP;

end if;

CALC_F =>
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when HsDimWrite =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_WR;
DATA_BUF1 <= "000000000000000000000000" & N;
ADRS_BUF1 <= "10000000000000000";
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
HS_STATE <= HsVarlIni;
end if;

when HsVarIni =>
i = k;
j :=k 17
HS_STATE <= HsS2Calc;

when HsS2Calc =>
if i < N then
ALU_STATE <= RR_INPRO;
1:=1+ 1’
ADRS_BUF1 <= ’0’ & i & k;
else
ALU_STATE <= INPRO_F;
end if;

if CALC_DONE = ’1’ then
52 <= DATA_BUS;

i :=k;
HS_STATE <= HsSCalc;
end if;

when HsSCalc =>
S <= sqrt(sS2);
HS_STATE <= HsAkRead;

——if DCNT2 = "1111" then
- DCNT2 <= "0000";
- HS_STATE <= HsAkRead;
—-—else
- DCNT2 <= DCHNT2 + ’1’;
- end if;

when HsAkRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= R_MEM_RD;
ADRS_BUF1 <= 0’ & ((k + 1’ ) & k;
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
Ak <= DATA_BUS;
ALU_ACK <= ’07;
HS_STATE <= HsSNorm;
end if;

when HsSNorm =>
S(31) <= Ak(31);
HS_STATE <= HsAkxSCalc;

when HsAkxSCalc =>
ALU_STATE <= FF_MUL;
DATA_BUF1 <= Ak;
DATA_BUF2 <= S;

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_F;
end if;

if CALC_DONE = ’1’ then
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AkxS <= DATA_BUS;
HS_STATE <= HsS2pikxSCalc;
end if;

when HsS2pAkxSCalc =>
ALU_STATE <= FF_ADD;
DATA_BUF1 <= S2;
DATA_BUF2 <= AkxS;

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_F;
end if;

if CALC_DONE = ’1’ then
S2pAkxS <= DATA_BUS;
HS_STATE <= HsCCalc;
end if;

when HsCCalc =>
if DIV_ACK = ’0’ then
DIV_A <= FP_ONE;
DIV_B <= S2pAkxS;
DIV_ACK <= ’17;
——else
- DIV_A <= ( others => ’0’ );
- DIV_B <= ( others => ’0’ );
end if;

if DIV_DONE = ’1’ then
C <= DIV_Q;
DIV_ACK <= ’0’;
HS_STATE <= HsCWrite;
end if;

when HsCWrite =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_WR;
DATA_BUF1 <= C;
ADRS_BUF1 <= '"100000000" & k;
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
HS_STATE <= HsVicellrite;
end if;

when HsViceWrite =>

if ALU_ACK = ’0’ then
ALU_STATE <= R_MEM_WR;
DATA_BUF1 <= ( not S(31) ) & S(30 downto
ADRS_BUF1 <= ’0’ & k & ((k + ’1’ );
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
HS_STATE <= HsAkpSCalc;
end if;

when HsAkpSCalc =>
ALU_STATE <= FF_ADD;
DATA_BUF1 <= Ak;
DATA_BUF2 <= §;

if CALC_STATE = SECOND_DATA then

ALU_STATE <= CALC_L;

ADRS_BUF1 <= ’0’ & ( k + 1’ ) & k;
end if;

if CALC_DONE = ’1’ then
HS_STATE <= HsAxUCalc;

0);
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end if;

when HsAxUCalc =>

if i < N then
ALU_STATE <= LR_INPRO;
1:=1+ 1’
ADRS_BUF1 <= ’0’ & j & i;
ADRS_BUF2 <= ’0’ & 1 & k;

else
ALU_STATE <= INPRO_F;

end if;

if CALC_DONE = ’1’ then

AxU <= DATA_BUS;

i := k;

HS_STATE <= HsPCalc;
end if;

when HsPCalc =>
ALU_STATE <= FF_MUL;
DATA_BUF1 <= AxU;
DATA_BUF2 <= C;

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_R;
ADRS_BUF1 <= ’0’ & j & k;
end if;

if CALC_DONE = ’1’ then
if j < N then
jis * 1
HS_STATE <= HsAxUCalc;
else
j =k + 1
HS_STATE <= HsAlphaCalc;

end if;

when HsAlphaCalc =>

if i < N then
ALU_STATE <= LR_INPRO;
1:=1+ 1’
ADRS_BUF1 <= ’0’ & i & k;
ADRS_BUF2 <= ’0’ & i & k;

else
ALU_STATE <= INPRO_F;

end if;

if CALC_DONE = ’1’ then
Alpha <= DATA_BUS;
i:=k+ 1’
HS_STATE <= HsAlphaxCCalc;
end if;

when HsAlphaxCCalc =>
ALU_STATE <= FF_MUL;
DATA_BUF1 <= Alpha;
DATA_BUF2 <= C;

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_F;
end if;

if CALC_DONE = ’1’ then
AlphaxC <= DATA_BUS;
HS_STATE <= HsAlphaxCd2Calc;
end if;

when HsAlphaxCd2Calc =>
if DIV_ACK = ’0’ then
DIV_A <= AlphaxC;
DIV_B <= FP_TWO;
DIV_ACK <= ’17;
——else
- DIV_A <= ( others => ’0’ );
- DIV_B <= ( others => ’0’ );
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end if;

if DIV_DONE = ’1’ then

AlphaxCd2 <= DIV_Q;

DIV_ACK <= ’07;

HS_STATE <= HsAlphaxCd2xUCalc;
end if;

when HsAlphaxCd2xUCalc =>

if ALU_ACK = ’0’ then
ALU_STATE <= FL_MUL;
DATA_BUF1 <= AlphaxCd2;
ADRS_BUF1 <= ’0’ & i & k;
ALU_ACK <= ’17;

else
ALU_STATE <= CALC_F;

end if;

if CALC_DONE = ’1’ then
AlphaxCd2xU <= DATA_BUS;
ALU_ACK <= ’07;
HS_STATE <= HsQCalc;

end if;

when HsQCalc =>
if ALU_ACK = ’0’ then
ALU_STATE <= FR_ADD;
DATA_BUF1 <=
( not AlphaxCd2xU(31) ) & AlphaxCd2xU(30 downto 0);
ADRS_BUF1 <= ’0’ & 1 & k;
ALU_ACK <= ’17;
else
ALU_STATE <= CALC_R;
ADRS_BUF1 <= ’0’ & i & k;
end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’0’;
if i < N then
1:=1+ °1°;
HS_STATE <= HsAlphaxCd2xUCalc;
else
1:=k + °1°;
HS_STATE <= HsUxQtCalc;
end if;
end if;

when HsUxQtCalc =>

if ALU_ACK = ’0’ then
ALU_STATE <= LR_MUL;
ADRS_BUF1 <= ’0’ & 1 & k;
ADRS_BUF2 <= ’0’ & j & k;
ALU_ACK <= ’17;

else
ALU_STATE <= CALC_F;

end if;

if CALC_DONE = ’1’ then
UxQt <= DATA_BUS;
ALU_ACK <= ’07;
HS_STATE <= HsQxUtCalc;
end if;

when HsQxUtCalc =>
if ALU_ACK = ’0’ then
ALU_STATE <= LR_MUL;
ADRS_BUF1 <= ’0’ & j &
ADRS_BUF2 <= ’0’ & 1 &
ALU_ACK <= ’17;

k;
k;

else
ALU_STATE <= CALC_F;
end if;

if CALC_DONE = ’1’ then
QxUt <= DATA_BUS;
ALU_ACK <= '0’;
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HS_STATE <= HsUxQtpQxUtCalc;
end if;

when HsUxQtpQxUtCalc =>
ALU_STATE <= FF_ADD;
DATA_BUF1 <= UxQt;
DATA_BUF2 <= QxUt;

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_F;
end if;

if CALC_DONE = ’1’ then
UxQtpQxUt <= DATA_BUS;
HS_STATE <= HsACalc;
end if;

when HsACalc =>
if ALU_ACK = ’0’ then
ALU_STATE <= FR_ADD;
DATA_BUF1 <=
( not UxQtpQxUt(31) ) & UxQtpQxUt(30 downto 0);
ADRS_BUF1 <= ’0’ & j & i ;
ALU_ACK <= ’1’;
else
ALU_STATE <= CALC_LR;
ADRS_BUF1 <= ’0’ & j & 1i;
ADRS_BUF2 <= ’0’ & J & 1i;
end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
if i < N then
i:=1+ ’1°;
HS_STATE <= HsUxQtCalc;
elsif j < N then
ji= g+ o1
1:=k + ’1’;
HS_STATE <= HsUxQtCalc;
elsif k < ( N - "00000010" ) then
k:=k + '17;
HS_STATE <= HsVarlIni;

else
i:= (0 => 1", others => ’0’ );
j := (0 =>"1", others => ’0’ );
HS_STATE <= HsResRead;

end if;

end if;

when HsResRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= R_MEM_RD;
ADRS_BUF1 <= ’0’ & j & 1i;
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
BH <= ( 0 => ’1’, others => ’0’ );
RES <= DATA_BUS;

end if;

if OUT_ACK2 = ’1’ then
BH <= ( others => 0’ );
ALU_ACK <= ’0’;
if i < N then

1:=1+ 1%
elsif j < N then

jiT gt

i:= (0 => 1", others => ’0’ );
else

i:= (0 => 1", others => ’0’ );

j := (0 =>"1", others => ’0’ );
end if;

end if;
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when others =>
null;
end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
DCNT <= ’0’;
- DCNT3 <= '"0000";
DIV_DONE <= ’0’;
elsif rising_edge( CLK ) then
--if DIV_ACK = ’1’ and DIV_DONE = ’0’ then
- DCNT3 <= DCNT3 + ’1°;
-—else
- DCNT3 <= '"0000";
—-—end if;

--if DCNT3 = "1111" then
- DIV_DONE <= ’1’;

—-—else
- DIV_DONE <= ’0’;
—-—end if;
if DIV_ACK = ’1’ and DCNT = ’0’ and DIV_DONE = ’0’ then
DCHNT <= ’1’;
else
DCHNT <= ’0’;
end if;
if DCNT = ’1’ then
DIV_DONE <= ’1°;
else
DIV_DONE <= ’0’;
end if;
end if;

end process;

———————————— << Floating Point Number Divider >>----—————-----
divider : fpdiv port map ( CLK => CLK, FA => DIV_A, FB => DIV_B, Q => DIV_Q );

end RTL;

1.3.3 0O0OO

-- Bisection Method (Lower FLEX10k)
—-— < bisec.vhd >

-- 1999/03/15 (Mon)

-- yamaoka®@tube.ee.uec.ac.jp

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

library metamor;
use metamor.attributes.all;

entity bisec is
port (CLK : in std_logic;

A : inout std_logic_vector(15 downto 0);
BL : in std_logic_vector(7 downto 0);
BH : out std_logic_vector(5 downto 0);
B_CONF : in std_logic_vector(l downto 0);
CL  : in std_logic_vector(5 downto 0);

DATA_BUS : inout std_logic_vector(31 downto 0);
ADRS_BUS : out std_logic_vector(16 downto 0);

CTRL_BUS : out std_logic_vector(4 downto 0);
CALC_DONE : in std_logic;
OE_ALU : out std_logic;
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OBF : in std_logic_vector(l downto 0);
ACK : out std_logic_vector(1l downto 0);
STB : out std_logic_vector(1l downto 0);
IBF : in std_logic_vector(1l downto 0)

)
attribute pinnum of CLK : signal is 'D22",;
attribute pinnum of A : signal is '"BC23,BB24,BC25,BB26,BC27,BB28,BC29,BB30,

BC31,BB32,BC33,BB34,BC35,BB36,BC37,BB38";

attribute pinnum of BL : signal is '"BC13,BB14,BC15,BB16,BC17,BB18,BC19,BB20";
attribute pinnum of BH : signal is 'BC7,BB8,BC9,BB10,BC11,BB12";

attribute pinnum of B_CONF : signal is "BC5,BB6";

attribute pinnum of CL : signal is '"AU23,AV24,AU25,AU33,AV34,AU35";

attribute pinnum of DATA_BUS : signal is '"A5,B6,A7,B8,49,B10,A11,B12,A13,B14,
A15,B16,A17,B18,A19,B20,A23,B24,A25,B26,427,B28,A29,B30,431,B32,433,B34,435,
B36,437,B38";

attribute pinnum of ADRS_BUS : signal is "F16,G19,F20,G21,F22,G23,F24,G25,F26,
G29,F30,G31,F32,G33,F34,G35,F36";

attribute pinnum of CTRL_BUS : signal is '"G11,F12,G13,F14,G15";

attribute pinnum of CALC_DONE : signal is "F10";

attribute pinnum of OE_ALU : signal is "G9";

attribute pinnum of OBF : signal is '"AV18,4V28";
attribute pinnum of ACK : signal is '"AU19,4U029";
attribute pinnum of STB : signal is '"AU21,AU31";
attribute pinnum of IBF : signal is '"AV20,4V30";

end bisec;
architecture RTL of bisec is

————————————— << Floating point Number Divider >>-------
component fpdiv is

port (CLK : in std_logic;
FA : in std_logic_vector(31 downto 0);
FB : in std_logic_vector(31 downto 0);
Q : out std_logic_vector(31 downto 0)
);

end component;

signal DIV_A : std_logic_vector(31 downto 0);
signal DIV_B : std_logic_vector(31 downto 0);
signal DIV_Q : std_logic_vector(31 downto 0);
signal DIV_ACK : std_logic;

signal DIV_DONE : std_logic;

signal DCNT : std_logic;

signal DCNT3 : std_logic_vector(3 downto 0);

signal A_REG : std_logic_vector(15 downto 0);
signal ACK_BUF : std_logic_vector(1 downto 0);
signal STB_BUF : std_logic_vector(1 downto 0);
signal OUT_CNT : std_logic;
signal OUT_ACK : std_logic;
signal OUT_ACK2 : std_logic;

signal N : std_logic_vector(7 downto 0);

type CALC_STATE_TYPE is (
FIRST_DATA, SECOND_DATA

>

signal CALC_STATE : CALC_STATE_TYPE;

type ALU_STATE_TYPE is (
R_MEM_WR, R_MEM_RD,
L_MEM_WR, L_MEM_RD,
LR_MEM_WR,
MEM_STOP,
RR_INPRO, LL_INPRO, LR_INPRO,
INPRO_F, INPRO_R, INPRO_L, INPRO_LR,
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FF_MUL, FR_MUL, FL_MUL, RR_MUL, LL_MUL, LR_MUL,
FF_ADD, FR_ADD, FL_ADD, RR_ADD, LL_ADD, LR_ADD,
CALC_F, CALC_R, CALC_L, CALC_LR,

aSTOP

>

signal ALU_STATE : ALU_STATE_TYPE;

signal DATA_BUS_BUF : std_logic_vector(31 downto 0);
signal DATA_BUF1 : std_logic_vector(31 downto 0);
signal DATA_BUF2 : std_logic_vector(31 downto 0);
signal OE_BUF : std_logic;

signal ADRS_BUF1 : std_logic_vector(16 downto 0);

signal ADRS_BUF2 : std_logic_vector(16 downto 0);
signal ALU_ACK : std_logic;

type BIS_STATE_TYPE is (
BisDimRead,
BisAlphaRead, BisBetaRead, BisAlphapBetaCalc,
BisMaxCalc, BisMaxComp, BisMaxSet,
BisApBCalc, BisCCalc,
BisAlphamCCalc, BisBeta2Calc, BisBeta2dQCalc, BisQCalc, BisQComp,
BisNewRange, BisEvWrite, BisResRead,
BisStop

>

signal BIS_STATE : BIS_STATE_TYPE;
signal Alpha, Beta, 0OldBeta, AlphapBeta, tMax, Max, BisA, BisB, ApB, BisC,

AlphamC, Beta2, Beta2dQ, Q : std_logic_vector(31 downto 0);
signal RES : std_logic_vector(31 downto 0);
constant BISEC_R : std_logic_vector(4 downto 0) := "11000"; -- 24

constant FP_ONE : std_logic_vector(31 downto 0)
:= "00111111100000000000000000000000";
constant FP_TWO : std_logic_vector(31 downto 0)
:= "01000000000000000000000000000000";

constant cR_MEM_WR : std_logic_vector(4 downto 0) := "00001";
constant cR_MEM_RD : std_logic_vector(4 downto 0) := "00010";
constant cL_MEM_WR : std_logic_vector(4 downto 0) := "00011";
constant cL_MEM_RD : std_logic_vector(4 downto 0) := "00100";
constant cLR_MEM_WR : std_logic_vector(4 downto 0) := "00101";
constant cMEM_STOP : std_logic_vector(4 downto 0) := "00110";
constant cRR_INPRO : std_logic_vector(4 downto 0) := "00111";
constant cLL_INPRO : std_logic_vector(4 downto 0) := "01000";
constant cLR_INPRO : std_logic_vector(4 downto 0) := "01001";
constant cINPRO_F : std_logic_vector(4 downto 0) := "01010";
constant cINPRO_R : std_logic_vector(4 downto 0) := "01011";
constant cINPRO_L : std_logic_vector(4 downto 0) := "01100";
constant cINPRO_LR : std_logic_vector(4 downto 0) := "01101";
constant cFF_MUL : std_logic_vector(4 downto 0) := "01110";
constant cFR_MUL : std_logic_vector(4 downto 0) := "01111";
constant cFL_MUL : std_logic_vector(4 downto 0) := '"10000";
constant cRR_MUL : std_logic_vector(4 downto 0) := '"10001";
constant cLL_MUL : std_logic_vector(4 downto 0) := '"10010";
constant cLR_MUL : std_logic_vector(4 downto 0) := "10011";
constant cFF_ADD : std_logic_vector(4 downto 0) := '"10100";
constant cFR_ADD : std_logic_vector(4 downto 0) := '"10101";
constant cFL_ADD : std_logic_vector(4 downto 0) := '"10110";
constant cRR_ADD : std_logic_vector(4 downto 0) := "10111";
constant cLL_ADD : std_logic_vector(4 downto 0) := "11000";
constant cLR_ADD : std_logic_vector(4 downto 0) := "11001";
constant cCALC_F : std_logic_vector(4 downto 0) := "11010";
constant cCALC_R : std_logic_vector(4 downto 0) := "11011";
constant cCALC_L : std_logic_vector(4 downto 0) := "11100";
constant cCALC_LR : std_logic_vector(4 downto 0) := "11101";
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begin

b <= “ZZZZZZ77Z77Z7Z727ZZZ7" when ACK_BUF =

ACK_BUF <= OBF;
ACK <= ACK_BUF;

——————————— << Output Result Data to
process ( BL(0), BL(3), IBF ) begin
if BL(O) = ’1’ then
STB <= "11";
OUT_CNT <= ’0’;
A_REG <= ( others => ’0’ );
elsif rising_edﬁe( BL(3) ) then
STB <= "00";
if OUT_CNT = ’0’ then
A_REG <= RES(15 down
OUT_CNT <= ’17;

else
A_REG <= RES(31 down
QUT_CNT <= ’0’;
end if;
end if;
if IBF = "11" then
STB <= "11";
end if;

end process;

——————————— << Generate Memory Read Signal of Result Data >>

process ( BL(0), BL(4), OUT_ACK2 ) b

"00" else

A

to 0);

to 16);

egin

if BL(0) = ’1’ or OUT_ACK2 = ’1’ then

OUT_ACK <= '07;

elsif rising_edge( BL(4) ) then
OUT_ACK <= ’1’;

end if;

end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
0UT_ ACK2 <= ’0"

elsif risin dge( CLK ) then
if CK = ’1’ then
OUT_ACK2 <= 17,
else
QUT_ACK2 <= ’0’;
end if;

end if;
end process;

————— << Selecter of ALU Operation >>
DATA_BUS <= “ZZZZZZZZZZZZZZZZZZZIZZZZ
OE_ALU <= OE_BUF;

process ( BL(0), CLK ) begin
if BL(O) = ’1’ then
CTRL_BUS <= ( others => ’0’
elsif falling_edge( CLK ) then
case ALU_STATE is
when R_MEM_WR =>
CTRL_BUS
when R_MEM_RD =>
CTRL_BUS <=
when L_MEM_WR =>
CTRL_BUS
when L_MEM_RD =>
CTRL_BUS <=
when LR_MEM_WR =>
CTRL_BUS <=
when MEM_STOP =>
CTRL_BUS <=
when RR_INPRO =>
CTRL_BUS <=
when LL_INPRO =>
CTRL_BUS <=

ZZ27Z72Z7277Z7" when OE_BUF

);

<= cR_MEM_WR;

cR_MEM_RD;

<= cL_MEM_WR;

cL_MEM_RD;
cLR_MEM_WR;
cMEM_STOP;
cRR_INPRO;
cLL_INPRO;

= ’1’ else DATA_BUS_BUF;
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when LR_INPRO =>

CTRL_BUS <= cLR_INPRO;
when INPRO_F =>

CTRL_BUS <= cINPRO_F;
when INPRO_R =>

CTRL_BUS <= cINPRO_R;
when INPRO_L =>

CTRL_BUS <= cINPRO_L;
when INPRO_LR =>

CTRL_BUS <= cINPRO_LR;
when FF_MUL =>

CTRL_BUS <= cFF_MUL;
when FR_MUL =>

CTRL_BUS <= cFR_MUL;
when FL_MUL =>

CTRL_BUS <= cFL_MUL;
when RR_MUL =>

CTRL_BUS <= cRR_MUL;
when LL_MUL =>

CTRL_BUS <= cLL_MUL;
when LR_MUL =>

CTRL_BUS <= cLR_MUL;
when FF_ADD =>

CTRL_BUS <= cFF_ADD;
when FR_ADD =>

CTRL_BUS <= cFR_ADD;
when FL_ADD =>

CTRL_BUS <= cFL_ADD;
when RR_ADD =>

CTRL_BUS <= cRR_ADD;
when LL_ADD =>

CTRL_BUS <= cLL_ADD;
when LR_ADD =>

CTRL_BUS <= cLR_ADD;
when CALC_F =>

CTRL_BUS <= cCALC_F;
when CALC_R =>

CTRL_BUS <= cCALC_R;
when CALC_L =>

CTRL_BUS <= cCALC_L;
when CALC_LR =>

CTRL_BUS <= cCALC_LR;
when others => null;

end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
DATA_BUS_BUF <= ( others => ’0’ );
QE_BUF <= ’0’;
elsif falling_edge( CLK ) then
case ALU_STATE is
when R_MEM_WR | L_MEM_WR | LR_MEM_WR | FR_MUL | FL_MUL |
FR_ADD | FL_ADD =>
DATA_BUS_BUF <= DATA_BUF1;
OE_BUF <= ’0’;
when MEM_STOP | INPRO_F | CALC_F =>
DATA_BUS_BUF <= ( others => ’0’ );
OE_BUF <= ’1’;
when LR_INPRO | INPRO_LR | LR_MUL | LR_ADD | CALC_LR =>
DATA_BUS_BUF(16 downto 0) <= ADRS_BUF2;
QE_BUF <= ’0’;
when FF_MUL | FF_ADD =>
OE_BUF <= ’0’;
if CALC_STATE = FIRST_DATA then
DATA_BUS_BUF <= DATA_BUF1;
else
DATA_BUS_BUF <= DATA_BUF2;
end if;
when others => null;
end case;
end if;
end process;

process ( BL(0), CLK ) begin
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if BL(0) = ’1’ then
CALC_STATE <= FIRST_DATA;
elsif rising_edge( CLK ) then
case ALU_STATE is
when FF_MUL | FF_ADD =>
CALC_STATE <= SECOND_DATA;
when others =>
if CALC_DONE = ’1’ then
CALC_STATE <= FIRST_DATA;
end if;
end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
ADRS_BUS <= ( others => ’0’ );
elsif falling_edge( CLK ) then
case ALU_STATE is
when MEM_STOP | INPRO_F | FF_MUL | FF_ADD | CALC_F =>
ADRS_BUS <= ( others => ’0’ );
when others =>
ADRS_BUS <= ADRS_BUF1;
end case;
end if;
end process;

process( BL(0), CLK )
variable i, j, k, nPos : std_logic_vector(7 downto 0);
variable r : std_logic_vector(4 downto 0);
begin
if BL(0) = ’1’ then
BIS_STATE <= BisStop;
ALU_STATE <= aStop;
ALU_ACK <= ’0’;
DIV_ACK <= ’0’;
DATA_BUF1 <= (others => ’0’);
DATA_BUF2 <= (others => ’0’);
ADRS_BUF1 <= (others => ’07);
ADRS_BUF2 <= (others => ’07);
- DIV_A <= (others => ’0’);
- DIV_B <= (others => ’0’);
-— Alpha <= (others => ’0’);
- Beta <= (others => ’0’);
- OldBeta <= (others => ’0’)
- AlphapBeta <= (others => °’
- tMax <= (others => ’0’);
Max <= (others => ’0’);
- BisA <= (others => ’0’);
- BisB <= (others => ’0’);
- ApB <= (others => ’0’);
- BisC <= (others => ’0’);
- AlphamC <= (others => ’0’);
- Beta2 <= (others => ’0’);
- Beta2dQ <= (others => ’0’)'
- Q <= (others => ’0’);
i := (0 =>"1’, others => 0’ );
- j := ( others => 0’ );
:= (0 => 1, others => 0’ );
= ( others => 0’ );
nPos := ( others => ’0’ );
BH <= ( others => ’0’ );
elsif rising_edge( CLK ) then
case BIS_STATE is
when BisStop =>
if BL(5) = ’1’ then
BIS_STATE <= BisDimRead;

O

)

else
ALU_STATE <= aSTOP;
BIS_STATE <= BisStop;
end if;
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when BisDimRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_RD;
ADRS_BUF1 <= "10000000000000000";
ALU_ACK <= ’17;
else
ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then
N <= DATA_BUS(7 downto 0);
ALU_ACK <= ’0’;
BIS_STATE <= BisAlphaRead;
end if;

when BisAlphaRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= R_MEM_RD;
ADRS_BUF1 <= ’0’ & i & 1i;
ALU_ACK <= ’17;
else
ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then
Alpha <= DATA_BUS;
ALU_ACK <= ’07;
if i < N then
BIS_STATE <= BisBetaRead;
else

BIS_STATE <= BisAlphapBetaCalc;

end if;
end if;

when BisBetaRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= R_MEM_RD;
ADRS_BUF1 <= 0’ & i & (i + ’1?);
ALU_ACK <= ’17;
else
ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then

Beta <= DATA_BUS;

ALU_ACK <= ’07;

BIS_STATE <= BisAlphapBetaCalc;
end if;

when BisAlphapBetaCalc =>

ALU_STATE <= FF_ADD;
DATA_BUF1 <= 0’ & Alpha(30 downto 0);
DATA_BUF2 <= ’0’ & Beta(30 downto 0);

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_F;
end if;

if CALC_DONE ’1’ then

if i "00000001" or i = N then
tMax <= DATA_BUS;
BIS_STATE <= BisMaxComp;
else
AlphapBeta <= DATA_BUS;
BIS_STATE <= BisMaxCalc;
end if;

end if;

when BisMaxCalc =>

ALU_STATE <= FF_ADD;
DATA_BUF1 <= AlphapBeta;
DATA_BUF2 <= ’0’ & 0ldBeta(30 downto 0);

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_F;
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end if;

if CALC_DONE = ’1’ then
tMax <= DATA_BUS;
BIS_STATE <= BisMaxComp;
end if;

when BisMaxComp =>

if tMax(30 downto 0) > Max(30 downto 0) then
Max <= tMax;
end if;

if i < N then
i:=1+ 1’
0ldBeta <= Beta;
BIS_STATE <= BisAlphaRead;
else
i := (0 =>"1", others => 0’ );
BIS_STATE <= BisMaxSet;
end if;

when BisMaxSet =>
BisA <= ’1’ & Max(30 downto 0);
BisB <= ’0’ & Max(30 downto 0);
BIS_STATE <= BisApBCalc;

when BisApBCalc =>
ALU_STATE <= FF_ADD;
DATA_BUF1 <= Bisi;
DATA_BUF2 <= BisB;
nPos := (others => ’0’);

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_F;
end if;

if CALC_DONE = ’1’ then
ApB <= DATA_BUS;
BIS_STATE <= BisCCalc;
end if;

when BisCCalc =>
if DIV_ACK = ’0’ then
DIV_A <= ApB;
DIV_B <= FP_TWO;
DIV_ACK <= ’17;
else
DIV_A <= ( others => ’0’ );
DIV_B <= ( others => ’0’ );
end if;

if DIV_DONE = ’1’ then

BisC <= DIV_Q;

DIV_ACK <= ’0’;

BIS_STATE <= BisAlphamCCalc;
end if;

when BisAlphamCCalc =>

if ALU_ACK = ’0’ then
ALU_STATE <= FR_ADD;
DATA_BUF1 <= ( not BisC(31) ) & BisC(30 downto
ADRS_BUF1 <= 0’ & 1 & i;
ALU_ACK <= ’17;

else
ALU_STATE <= CALC_F;

end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
if i = "00000001" then
Q <= DATA_BUS;
BIS_STATE <= BisQComp;
else
AlphamC <= DATA_BUS;
BIS_STATE <= BisBeta2Calc;
end if;

0);
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end if;

when BisBeta2Calc =>

if ALU_ACK = ’0’ then
ALU_STATE <=

ADRS_BUF1 <= 0’ & (i - ’1° ) & 1i;

ALU_ACK <= 1
else

ALU_STATE <=
end if;

if CALC_DONE = ’1’ th
Beta2 <= DATA
ALU_ACK <= ’0

BIS_STATE <= BisBeta2dQCalc;

end if;

when BisBeta2dQCalc =>

if DIV_ACK = ’0’ then
DIV_A <= Beta
DIV_B <= Q;
DIV_ACK <= ’1
else
DIV_A <= ( ot
DIV_B <= ( ot
end if;

RR_MUL;

).
>

CALC_F;

en
_BUS;

).
3

2;

).
>

hers => °0’
hers => °0’

if DIV_DONE = ’1’ then

Beta2dQ <= DI

DIV_ACK <= ’0

BIS_STATE <=
end if;

when BisQCalc =>

ALU_STATE <= FF_ADD;
DATA_BUF1 <= AlphamC;

DATA_BUF2 <= ( not Beta2dQ(31) ) & Beta2dQ(30 downto

vV_Q;

).
3

BisQCalc;

if CALC_STATE = SECOND_DATA then

ALU_STATE <=
end if;

if CALC_DONE = ’1’ th
Q <= DATA_BUS
BIS_STATE <=
end if;

when BisQComp =>

if Q(31) = ’0’ then
nPos := nPos
end if;

CALC_F;

en
5

BisQComp;

+ ’1’;

)

) .

>
>

0);

if Q(30 downto 0) = "0000000000000000000000000000" then

i:=1+ °1’;
end if;
if i < N then

i =1 + ’1°:

1 ;
BIS_STATE <= BisAlphamCCalc;

else
i:=(0
BIS_STA
end if;

when BisNewRange =>

if nPos >= k then

’1’, others => ’07);

TE <= BislNewRange;

BisA <= BisC;

else

BisB <= BisC;

end if;

if r < BISEC_R then
’1’.

r :=r+ ;
BIS_STATE <= BisApBCalc;

else

r := (others => ’0’);
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BIS_STATE <= BisEvWrite;
end if;

when BisEviWrite =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_WR;
DATA_BUF1 <= BisC;
ADRS_BUF1 <= '"100000001"
ALU_ACK <= ’17;
else
ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
if k < N then
k :=k + ’1°;

& k;

Bish <= 1’ & Max (30 downto 0);

BisB <= BisC;

BIS_STATE <= BisApBCalc;

else

BIS_STATE <= BisResRead;

end if;
end if;

when BisResRead =>

when oth

end case;
end if;
end process;

process ( BL(0), CLK ) b

if BL(O) = ’1’ then
DCNT <= ’0’;

- DCNT3 <= "0000
DIV_DONE <= ’0Q’;

elsif rising_edge( CLK )

——if DIV_ACK = ’1’ and D

- DCNT3 <= DCHNT3

——else

- DCNT3 <= "0000

—-—end if;

——if DCNT3 = "1111" then
- DIV_DONE <= ’1
—-—else

- DIV_DONE <= ’0
—-—end if;

if DIV_ACK = ’1°
DCNT <=
else

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_RD;
ADRS_BUF1 <= '"100000001"
ALU_ACK <= ’17;
else
ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then
BH <= ( 0 => ’1’, others
RES <= DATA_BUS;

end if;

if OUT_ACK2 = ’1’ then
BH <= ( others => 0’ );
ALU_ACK <= ’07;
if i < N then
1:=1+ 1%
else
i:= (0= "1,
end if;
end if;

ers =>

null;

egin

then

IV_DONE = ’0’ then
+ ’1’;

".
>

).
>

).
>

& i;

=> 0’ );

others => ’0’ );

and DCNT = ’0’ and DIV_DONE = ’0’ then

’1’;
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DCHNT <= ’0’;
end if;
if DCNT = ’1’ then
DIV_DONE <= ’1°;
else
DIV_DONE <= ’0’;
end if;
end if;
end process;

———————————— << Floating Point Number Divider >>----—————-----
divider : fpdiv port map ( CLK => CLK, FA => DIV_A, FB => DIV_B, Q => DIV_Q );

end RTL;

1.3.4 0O0O0OO

-- Inverse Iteration Method (Lower FLEX10k)
—-— < invit.vhd >

-- 1999/03/15 (Fri)

-- yamaoka®@tube.ee.uec.ac.jp

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

library metamor;
use metamor.attributes.all;

entity invit is
port (CLK : in std_logic;

A : inout std_logic_vector(15 downto 0);

BL : in std_logic_vector(7 downto 0);

BH : out std_logic_vector(5 downto 0);
B_CONF : in std_logic_vector(1l downto 0);

CL  : in std_logic_vector(5 downto 0);

DATA_BUS : inout std_logic_vector(31 downto 0);
ADRS_BUS : out std_logic_vector(16 downto 0);

CTRL_BUS : out std_logic_vector(4 downto 0);
CALC_DONE : in std_logic;
OE_ALU : out std_logic;

OBF : in std_logic_vector(l downto 0);
ACK : out std_logic_vector(l downto 0);
STB : out std_logic_vector(1l downto 0);
IBF : in std_logic_vector(1l downto 0)

)
attribute pinnum of CLK : signal is 'D22",;
attribute pinnum of A : signal is 'BC23,BB24,BC25,BB26,BC27,BB28,BC29,BB30,

BC31,BB32,BC33,BB34,BC35,BB36,BC37,BB38";

attribute pinnum of BL : signal is '"BC13,BB14,BC15,BB16,BC17,BB18,BC19,BB20";
attribute pinnum of BH : signal is 'BC7,BB8,BC9,BB10,BC11,BB12";

attribute pinnum of B_CONF : signal is '"BC5,BB6";

attribute pinnum of CL : signal is '"AU23,AV24,AU25,AU33,AV34,AU35";

attribute pinnum of DATA_BUS : signal is '"A5,B6,A7,B8,4A9,B10,411,B12,A13,B14,
A1$,B16,A17,B18,A19,B20,A23,B24,A25,B26,A27,B28,A29,B30,A31,B32,A33,B34,A35,B36,
A37,B38";

attribute pinnum of ADRS_BUS : signal is "F16,G19,F20,G21,F22,G23,F24,G25,F26,
G29,F30,G31,F32,G33,F34,G35,F36";

attribute pinnum of CTRL_BUS : signal is '"G11,F12,G13,F14,G15";

attribute pinnum of CALC_DONE : signal is "F10";

attribute pinnum of OE_ALU : signal is "G9";

attribute pinnum of OBF : signal is '"AV18,AV28";
attribute pinnum of ACK : signal is '"AU19,4U29";
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attribute pinnum of STB : signal is '"AU21,AU31";
attribute pinnum of IBF : signal is '"AV20,AV30";

end invit;
architecture RTL of invit is

—————— << Floating point Number Divider >>-------

component fpdiv is
port (CLK : in std_logic;

);

FA : in std_logic_vector(31 downto 0);
FB : in std_logic_vector(31 downto 0);
Q : out std_logic_vector(31 downto 0)

end component;

signal
signal
signal
signal
signal
signal
signal

signal
signal
signal
signal
signal
signal

signal

DIV_A : std_logic_vector(31 downto 0);
DIV_B : std_logic_vector(31 downto 0);

DIV_Q : std_logic_vector(31 downto 0);
DIV_ACK : std_logic;

DIV_DONE : std_logic;

DCNT : std_logic;

DCNT3 : std_logic_vector(3 downto 0);

A_REG : std_logic_vector(15 downto 0);
ACK_BUF : std_logic_vector(1l downto 0);

STB_BUF : std_logic_vector(1l downto 0);
OUT_CNT : std_logic;
OUT_ACK : std_logic;
OUT_ACK2 : std_logic;

N : std_logic_vector(7 downto 0);

type CALC_STATE_TYPE is (

signal

FIRST_DATA, SECOND_DATA

>

CALC_STATE : CALC_STATE_TYPE;

type ALU_STATE_TYPE is (

signal
signal
signal
signal
signal
signal
signal
signal

R_MEM_WR, R_MEM_RD,

L_MEM_WR, L_MEM_RD,

LR_MEM_WR,

MEM_STOP,

RR_INPRO, LL_INPRO, LR_INPRO,

INPRO_F, INPRO_R, INPRO_L, INPRO_LR,

FF_MUL, FR_MUL, FL_MUL, RR_MUL, LL_MUL, LR_MUL,
FF_ADD, FR_ADD, FL_ADD, RR_ADD, LL_ADD, LR_ADD,
CALC_F, CALC_R, CALC_L, CALC_LR,

aSTOP

>

ALU_STATE : ALU_STATE_TYPE;

DATA_BUS_BUF : std_logic_vector(31 downto 0);
DATA_BUF1 : std_logic_vector(31 downto 0);
DATA_BUF2 : std_logic_vector(31 downto 0);
OE_BUF : std_logic;

ADRS_BUF1 : std_logic_vector(16 downto 0);

ADRS_BUF2 : std_logic_vector(16 downto 0);
ALU_ACK : std_logic;

type INV_STATE_TYPE is (

InvDimRead,

InvLambdaRead, InvAlphamlLambdaCalc,

InvViceRead, InvVicelWrite,

InvAlphalRead, InvAlpha2Read,

InvBetalRead, InvBeta2Read, InvBeta3Read,

InvAbsComp, InvMCalc, InvMWrite,

InvAlphallWWrite, InvBeta2Write, InvBeta3Write,
InvMxBeta3Calc, InvMxBeta2Calc, InvAlpha2mMxBeta2Calc,
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InvRRange, InvRxXCalc, InvXRead, InvimRxXCalc,
InvAlphaRead, InvXCalc, InvXWrite,

InvXiRead, InvX2Read, InvX1X2Comp, InvXiWrite, InvMxXiCalc,
InvEvCalc,

InvResRead,

InvStop

>

signal INV_STATE : INV_STATE_TYPE;
signal Lambda, Vice, Alphal, Alpha2, Betal, Beta2, Beta3, M, MxBeta2, X, RxX,

XmRxX, Alpha, X1, X2, MxX1 : std_logic_vector(31 downto 0);

signal Ex : std_logic_vector(254 downto 1);
signal Rrange : std_logic_vector(7 downto 0);
signal RES : std_logic_vector(31 downto 0);

constant FP_ONE : std_logic_vector(31 downto 0)
:= "00111111100000000000000000000000" ;
constant FP_TWO : std_logic_vector(31 downto 0)
:= "01000000000000000000000000000000";

constant cR_MEM_WR : std_logic_vector(4 downto 0) := "00001";
constant cR_MEM_RD : std_logic_vector(4 downto 0) := "00010";
constant cL_MEM_WR : std_logic_vector(4 downto 0) := "00011";
constant cL_MEM_RD : std_logic_vector(4 downto 0) := "00100";
constant cLR_MEM_WR : std_logic_vector(4 downto 0) := "00101";
constant cMEM_STOP : std_logic_vector(4 downto 0) := "00110";
constant cRR_INPRO : std_logic_vector(4 downto 0) := "00111";
constant cLL_INPRO : std_logic_vector(4 downto 0) := "01000";
constant cLR_INPRO : std_logic_vector(4 downto 0) := "01001";
constant cINPRO_F : std_logic_vector(4 downto 0) := "01010";
constant cINPRO_R : std_logic_vector(4 downto 0) := "01011";
constant cINPRO_L : std_logic_vector(4 downto 0) := "01100";
constant cINPRO_LR : std_logic_vector(4 downto 0) := "01101";
constant cFF_MUL : std_logic_vector(4 downto 0) := "01110";
constant cFR_MUL : std_logic_vector(4 downto 0) := "01111";
constant cFL_MUL : std_logic_vector(4 downto 0) := '"10000";
constant cRR_MUL : std_logic_vector(4 downto 0) := '"10001";
constant cLL_MUL : std_logic_vector(4 downto 0) := '"10010";
constant cLR_MUL : std_logic_vector(4 downto 0) := "10011";
constant cFF_ADD : std_logic_vector(4 downto 0) := '"10100";
constant cFR_ADD : std_logic_vector(4 downto 0) := '"10101";
constant cFL_ADD : std_logic_vector(4 downto 0) := '"10110";
constant cRR_ADD : std_logic_vector(4 downto 0) := "10111";
constant cLL_ADD : std_logic_vector(4 downto 0) := "11000";
constant cLR_ADD : std_logic_vector(4 downto 0) := "11001";
constant cCALC_F : std_logic_vector(4 downto 0) := "11010";
constant cCALC_R : std_logic_vector(4 downto 0) := "11011";
constant cCALC_L : std_logic_vector(4 downto 0) := "11100";
constant cCALC_LR : std_logic_vector(4 downto 0) := "11101";
begin

A <= "Z272777777277ZZZZ" when ACK_BUF = "00" else A_REG;

ACK_BUF <= OBF;
ACK <= ACK_BUF;

——————————— << Output Result Data to PC >>-—---—————
process ( BL(0), BL(3), IBF ) begin
if BL(0) = ’1’ then
STB <= "11";
QUT_CNT <= ’0’;
A_REG <= ( others => ’0’ );
elsif rising_edge( BL(3) ) then
STB <= "00";
if OUT_CNT = ’0’ then
A_REG <= RES(15 downto 0);
QUT_CINT <= ’1°’;
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end if;

else

A_REG <= RES(31 downto 16);
QUT_CINT <= ’0’;

end if;

if IBF = "11" then

end if;

STB <= "11";

end process;

---<< Generate Memory Read Signal of Result Data

process ( BL(0), BL(4), OUT_ACK2 ) begin
if BL(0) = ’1’ or OUT_ACK2 = ’1°
OUT_ACK <= ’0’;
elsif rising _edge( BL(4) ) then
OUT_ACK <= ’1’;

end if;

end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then

OUT_ACK2 <=

’o’;

elsif rising_edge( CLK ) then

end if;

if QUT_ACK =

’1’ then

OUT_ACK2 <= ’17;

else

OUT_ACK2 <= ’0’;

end if;

end process;

then

DATA_BUS <= "ZZZZZZZ7Z7Z777272Z72227Z72727227Z222Z7272Z7ZZ7Z" when OE_BUF
OE_ALU <= OE_BUF;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
CTRL_BUS <= ( others => ’0’
elsif falling_edge( CLK ) then
case ALU_STATE is

when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when

when

R_MEM_WR =>

CTRL_BUS

R_MEM_RD =>
CTRL_BUS
L_MEM_WR =>

<=

CTRL_BUS

L_MEM_RD =>
CTRL_BUS
LR_MEM_WR =>
CTRL_BUS
MEM_STOP =>
CTRL_BUS
RR_INPRO =>
CTRL_BUS
LL_INPRO =>
CTRL_BUS
LR_INPRO =>
CTRL_BUS
INPRO_F =>
CTRL_BUS
INPRO_R =>
CTRL_BUS
INPRO_L =>
CTRL_BUS
INPRO_LR =>
CTRL_BUS
FF_MUL =>
CTRL_BUS
FR_MUL =>
CTRL_BUS
FL_MUL =>
CTRL_BUS
RR_MUL =>
CTRL_BUS
LL_MUL =>

<=

);

<= cR_MEM_WR;

cR_MEM_RD;

<= cL_MEM_WR;

cL_MEM_RD;
cLR_MEM_WR;
cMEM_STOP;
cRR_INPRO;
cLL_INPRO;
cLR_INPRO;
cINPRO_F;
cINPRO_R;
cINPRO_L;
cINPRO_LR;
cFF_MUL;
cFR_MUL;
cFL_MUL;
cRR_MUL;

= ’1’ else DATA_BUS_BUF;
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CTRL_BUS <= cLL_MUL;
when LR_MUL =>

CTRL_BUS <= cLR_MUL;
when FF_ADD =>

CTRL_BUS <= cFF_ADD;
when FR_ADD =>

CTRL_BUS <= cFR_ADD;
when FL_ADD =>

CTRL_BUS <= cFL_ADD;
when RR_ADD =>

CTRL_BUS <= cRR_ADD;
when LL_ADD =>

CTRL_BUS <= cLL_ADD;
when LR_ADD =>

CTRL_BUS <= cLR_ADD;
when CALC_F =>

CTRL_BUS <= cCALC_F;
when CALC_R =>

CTRL_BUS <= cCALC_R;
when CALC_L =>

CTRL_BUS <= cCALC_L;
when CALC_LR =>

CTRL_BUS <= cCALC_LR;
when others => null;

end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
DATA_BUS_BUF <= ( others => ’0’ );
QE_BUF <= ’0’;
elsif falling_edge( CLK ) then
case ALU_STATE is
when R_MEM_WR | L_MEM_WR | LR_MEM_WR | FR_MUL | FL_MUL |
FR_ADD | FL_ADD =>
DATA_BUS_BUF <= DATA_BUF1;
OE_BUF <= ’0’;
when MEM_STOP | INPRO_F | CALC_F =>
DATA_BUS_BUF <= ( others => ’0’ );
OE_BUF <= ’1°;
when LR_INPRO | INPRO_LR | LR_MUL | LR_ADD | CALC_LR =>
DATA_BUS_BUF(16 downto 0) <= ADRS_BUF2;
QE_BUF <= ’0’;
when FF_MUL | FF_ADD =>
OE_BUF <= ’0’;
if CALC_STATE = FIRST_DATA then
DATA_BUS_BUF <= DATA_BUF1;
else
DATA_BUS_BUF <= DATA_BUF2;
end if;
when others => null;
end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
CALC_STATE <= FIRST_DATA;
elsif rising_edge( CLK ) then
case ALU_STATE is
when FF_MUL | FF_ADD =>
CALC_STATE <= SECOND_DATA;
when others =>
if CALC_DONE = ’1’ then
CALC_STATE <= FIRST_DATA;
end if;
end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then

ADRS_BUS <= ( others => ’0’ );
elsif falling_edge( CLK ) then
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case ALU_STATE is

when MEM_STOP | INPRO_F | FF_MUL | Fg_ADD | CALC_F =>

ADRS_BUS <= ( others => ’0’
when others =>
ADRS_BUS <= ADRS_BUF1;
end case;
end if;
end process;

———————————— << Inverse Iteration Method >>-————-------—-
process( BL(0), CLK )

variable i, j, k : std_logic_vector(7 downto 0);

variable r : std_logic;
begin
if BL(0) = ’1’ then

INV_STATE <= InvStop;

ALU_STATE <= aStop;

ALU_ACK <= ’0’;

DIV_ACK <= ’0’;

DATA_BUF1 <= (others => ’0’);

DATA_BUF2 <= (others => ’0’);

ADRS_BUF1 <= (others => ’07);

ADRS_BUF2 <= (others => ’07);
- DIV_A <= (others => ’0’);
- DIV_B <= (others => ’0’);
- Lambda <= (others => ’0’
- Vice <= (others => ’0’);
- Alphal <= (others => ’0’°);
- Alpha2 <= (others => ’0°);
- Betal <= (others => ’0’);
- Beta2 <= (others => ’0’);
- Beta3 <= (others => ’0’);
- M <= (others => ’0’);
- MxBeta2 <= (others => ’0’);
- X <= (others => ’0’);

~—

- RxX <= (others => ’0’);
- XmRxX <= (others => ’0’);
- Alpha <= (others => ’0’);

- X1 <= (others => ’0’);
- X2 <= (others => ’0’);
- MxX1 <= (others => ’0’);
- Res <= (others => ’0’);
- Ex <= (others => ’0’);
- N <= (others => ’0’);
(0 =>"1", others => ’0’ );
(0 =>"1", others => ’0’ );
( 0=>"1", others => 0’ );
= 07,

BH <= ( others => ’0’ );
elsif rising_edge( CLK ) then

case INV_STATE is

when InvStop =>
if BL(5) = ’1’ then
INV_STATE <= InvDimRead;

H R« R

else
ALU_STATE <= aSTOP;
INV_STATE <= InvStop;
end if;

when InvDimRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_RD;
ADRS_BUF1 <= '"10000000000000000";
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
N <= DATA_BUS(7 downto 0);
ALU_ACK <= ’07;
INV_STATE <= InvLambdaRead;
end if;

when InvLambdaRead =>
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if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_RD;
ADRS_BUF1 <= "100000001" & k;
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then

Lambda <= DATA_BUS;

ALU_ACK <= ’07;

INV_STATE <= InvAlphamLambdaCalc
end if;

when InvAlphamLambdaCalc =>
if ALU_ACK = ’0’ then
ALU_STATE <= FR_ADD;
DATA_BUF1
<= ( not Lambda(31) ) & Lambda(30 downto 0);
ADRS_BUF1 <= ’0’ & i & 1i;
ALU_ACK <= ’17;
else
ALU_STATE <= CALC_L;
ADRS_BUF1 <= ’0’ & 1 & 1i;
end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
if i < N then

1:=1+ 1%

else
i:= (0 =>"1", others => ’0’ );
INV STATE <= InvViceRead;

end if;

end if;

when InvViceRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= R_MEM_RD;
ADRS_BUF1 <= 0’ & i & (i + ’1?);
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then

Vice <= DATA_BUS;

ALU_ACK <= ’0"

INV_STATE <= Ian1ceWr1te
end if;

when InvViceWrite =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_WR;
DATA_BUF1 <= Vice;
ADRS_BUF1 <= 0’ & i & (i + ’1?);
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
if i < ( N - °1° ) then
=1+ 717,
INV STATE <= InvViceRead;
else
i:= (0 => 1", others => ’0’ );
INV_STATE <= InvAlphalRead;
end if;
end if;

when InvAlphailRead =>
if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_RD;
ADRS_BUF1 <= ’0’ & i & 1i;
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ALU_ACK <= ’17;
else

ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then

Alphal <= DATA_BUS;

ALU_ACK <= ’07;

INV_STATE <= InvAlpha2Read;
end if;

when InvAlpha2Read =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_RD;
ADRS_BUF1 <= 0’ & (i + ’1°) & (1 + ’1°);
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
Alpha2 <= DATA_BUS;
ALU_ACK <= ’07;
INV_STATE <= InvBetalRead;
end if;

when InvBetalRead =>
if ALU_ACK = ’0’ then
ALU_STATE <= R_ME
ADRS_BUF1 <= ’0?
ALU_ACK <= ’17;

M_RD;
& i

&1+ 1)

else
ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then

Betal <= DATA_BUS;

ALU_ACK <= ’07;

INV_STATE <= InvBeta2Read;
end if;

when InvBeta2Read =>
if ALU_ACK = ’0’ then

ALU_STATE <= L_MEM_RD;
ADRS_BUF1 <= 0’ & i & (i + ’1?);
ALU_ACK <= ’17;
else
ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then
Beta2 <= DATA_BUS;
ALU_ACK <= ’07;
if 1 < (N - ’1’) then
INV_STATE <= InvBeta3Read;
else
INV_STATE <= InvAbsComp;
end if;
end if;

when InvBeta3Read =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_RD;
ADRS_BUF1 <= 0’ & (i + ’1’) & (i + "00000010");
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
Beta3 <= DATA_BUS;
ALU_ACK <= ’07;
INV_STATE <= InvAbsComp;
end if;

when InvAbsComp =>



1.3 0DO0O0OD0ODOO0ODD

if Alphal(30 downto 0) < Betal(30 downto 0) then
Ex(conv_integer(i)) <= ’1°;
Alphal <= Betal;
Betal <= Alphail;
Alpha2 <= Beta2;
Beta2 <= Alpha2;
else
Ex(conv_integer(i)) <= ’0’;
end if;
INV_STATE <= InvMCalc;

when InvMCalc =>
if DIV_ACK = ’0’ then
DIV_A <= Betal;
DIV_B <= Alphal;
DIV_ACK <= ’17;
else
DIV_A <= ( others => ’0’ );
DIV_B <= ( others => ’0’ );
end if;

if DIV_DONE = ’1’ then
M <= DIV_Q;
DIV_ACK <= ’0’;
INV_STATE <= InvMWrite;
end if;

when InvMWrite =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_WR;
DATA_BUF1 <= M;
ADRS_BUF1 <= '"100000010" & 1i;
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
if Ex(conv_integer(i)) = ’1’ then
INV_STATE <= InvAlphalWrite;
else
INV_STATE <= InvMxBeta2Calc;
end if;
end if;

when InvAlphalWrite =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_WR;
DATA_BUF1 <= Alphal;
ADRS_BUF1 <= ’0’ & i & 1i;
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then

ALU_ACK <= ’07;

INV_STATE <= InvBetalWrite;
end if;

when InvBetalWrite =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_WR;
DATA_BUF1 <= Beta2;
ADRS_BUF1 <= 0’ & i & (i + ’1?);
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
if i < (N - ’1’) then
INV_STATE <= InvBeta3Write;
else
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INV_STATE <= InvMxBeta2Calc;
end if;
end if;

when InvBeta3Write =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_WR;
DATA_BUF1 <= Beta3;
ADRS_BUF1 <= 0’ & i & (i + "00000010");
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then

ALU_ACK <= ’07;

INV_STATE <= InvMxBeta3Calc;
end if;

when InvMxBeta3Calc =>
ALU_STATE <= FF_MUL;
DATA_BUF1 <= W;
DATA_BUF2 <= ( not Beta3(31) ) & Beta3(30 downto 0);

if CALC_STATE = SECOND_DATA then

ALU_STATE <= CALC_L;

ADRS_BUF1 <= ’0’ & (i + ’1’) & (i + "00000010");
end if;

if CALC_DONE = ’1’ then
INV_STATE <= InvMxBeta2Calc;
end if;

when InvMxBeta2Calc =>
ALU_STATE <= FF_MUL;
DATA_BUF1 <= M;
DATA_BUF2 <= Beta2;

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_F;
end if;

if CALC_DONE = ’1’ then

MxBeta2 <= DATA_BUS;

INV_STATE <= InvAlpha2mMxBeta2Calc;
end if;

when InvAlpha2mMxBeta2Calc =>
ALU_STATE <= FF_ADD;
DATA_BUF1 <= Alpha2;
DATA_BUF2 <= ( not MxBeta2(31) ) & MxBeta2(30 downto 0);

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_L;
ADRS_BUF1 <= ’0’ & (i + ’1°) & (4 + ’1°);

end if;
if CALC_DONE = ’1’ then
if i < (N - ’1’) then
i:=1+ ’1°;
INV_STATE <= InvAlphalRead;
else
i :=N;
j = N;
X <= FP_ONE;
RxX <= (others => ’0’);
INV_STATE <= InvXmRxXCalc;
end if;

end if;

when InvRRange =>
if Ex(conv_integer(i)) = ’1’ then
Rrange <= i + "00000010";
else
Rrange <= i + "00000001";
end if;
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if i = (N - ’1’) then
Rrange <= N;

end if;

INV_STATE <= InvRxXCalc;

when InvRxXCalc =>
if i < Rrange then
ALU_STATE <= LR_INPRO;

1:=1+ 1’
ADRS_BUF1 <= ’1’ & i

& k;
ADRS_BUF2 <= ’0’ & j & 1i;
else
ALU_STATE <= INPRO_F;

end if;

if CALC_DONE = ’1’ then
RxX <= DATA_BUS;
if r = 1’ then
INV_STATE <= InvXRead;
else
X <= FP_ONE;
INV_STATE <= InvXmRxXCalc;
end if;
end if;

when InvXRead =>
if ALU_ACK = ’0’ then
ALU_STATE <= R_ME
ADRS_BUF1 <= ’1?
ALU_ACK <= ’17;

M_RD
&3

& k;
else

ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then

X <= DATA_BUS;

ALU_ACK <= ’0’;

INV_STATE <= InvXmRxXCalc;
end if;

when InvXmRxXCalc =>
ALU_STATE <= FF_ADD;
DATA_BUF1 <= X;
DATA_BUF2 <= ( not RxX(31) ) & RxX(30 downto

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_F;
end if;

if CALC_DONE = ’1’ then
XmRxX <= DATA_BUS;
INV_STATE <= InvAlphaRead;
end if;

when InvAlphaRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_
ADRS_BUF1 <= ’0’
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
Alpha <= DATA_BUS;
ALU_ACK <= ’07;
INV_STATE <= InvXCalc;
end if;

when InvXCalc =>
if DIV_ACK = ’0’ then
DIV_A <= XmRxX;
DIV_B <= Alpha;
DIV_ACK <= ’1’;
else
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DIV_A <= ( others => ’0’ );
DIV_B <= ( others => ’0’ );
end if;

if DIV_DONE = ’1’ then
X <= DIV_Q;
DIV_ACK <= ’0’;
INV_STATE <= Ianerte
end if;

when InviWrite =>

if ALU_ACK = ’0’ then
ALU_STATE <= R_MEM_WR;
DATA_BUF1 <= X;
ADRS_BUF1 <= ’1’ & j & k;
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
ALU_ ACK <= ’0’;
if j > "00000001" then

Ji=3 -0
1 := 3;
INV_STATE <= InvRRange;
elsif r = 1’ then
j := (0 =>"1", others =>
i:= (0 => 1", others =>
if k < N then
k . k+ ’1’-
r := 07,
INV_ STATE <= InvLambdaRead;
else
INV_STATE <= InvResRead;
end if;
else
j (0 =>"1", others =>

( 0=>"1", others =>
INV_STATE <= InvX1iRead;
end if;
end if;

when InvX1iRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= R_ME _
ADRS_BUF1 <= ’1?
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
X1 <= DATA_BUS;
ALU_ACK <= ’07;
INV_STATE <= InvX2Read;
end if;

when InvX2Read =>
if ALU_ACK = ’0’ then
ALU_STATE <= R_ME
ADRS_BUF1 <= ’1?
ALU_ACK <= ’17;

M_RD;
& (i + 1) & k;

else
ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then

X2 <= DATA_BUS;

ALU_ACK <= ’07;

INV_STATE <= InvXi1X2Comp;
end if;

when InvXiX2Comp =>
if Ex(conv_integer(i)) = ’1’ then

’o’
’o’

’o’
’o’

);
);

);
);
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X1 <= X2;

X2 <= X1;

INV_STATE <= InvXiWrite;
else

INV_STATE <= InvMxX1Calc;
end if;

when InvXiWrite =>

if ALU_ACK = ’0’ then
ALU_STATE <= R_MEM_WR;
DATA_BUF1 <= X1;
ADRS_BUF1 <= 1’ & 1 & k;
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then

ALU_ACK <= ’07;

INV_STATE <= InvMxX1Calc;
end if;

when InvMxX1Calc =>

if ALU_ACK = ’0’ then
ALU_STATE <= FL_MUL;
DATA_BUF1 <= X1;
ADRS_BUF1 <= "100000010" & 1i;
ALU_ACK <= ’17;

else
ALU_STATE <= CALC_F;

end if;

if CALC_DONE = ’1’ then
MxX1 <= DATA_BUS;
ALU_ACK <= ’07;
INV_STATE <= InvEvCalc;
end if;

when InvEvCalc =>
ALU_STATE <= FF_ADD;
DATA_BUF1 <= X2;
DATA_BUF2 <= ( not MxX1(31) ) & MxX1(30 downto 0);

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_R;
ADRS_BUF1 <= 1’ & (i + ’1’) & k;
end if;

if CALC_DONE = ’1’ then
if 1 < (N - ’1’) then
1:=1+ °1°;
INV_STATE <= InvXiRead;

else
I=”,
i = N;
j = N;
RxX <= (others => ’0’);
INV_STATE <= InvXRead;
end if;

end if;

when InvResRead =>
if ALU_ACK = ’0’ then
ALU_STATE <= R_ME
ADRS_BUF1 <= ’1?
ALU_ACK <= ’17;

M_RD
&3

>
& 1i;
else

ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then
BH <= ( 0 => ’1’, others => ’0’ );
RES <= DATA_BUS;

end if;

if OQUT_ACK2 = ’1’ then
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BH <= ( others => 0’ );
ALU_ACK <= ’0’;
if i < N then

1:=1+ 1%
elsif j < N then

i:= (0 => 1", others => ’0’ );
Ji= e
else
i:= (0 => 1", others => ’0’ );
j := ( 0 => ’1’, others => ’0’ );
end if;

end if;

when others =>
null;
end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
DCNT <= ’0’;
- DCNT3 <= '"0000";
DIV_DONE <= ’0’;
elsif rising_edge( CLK ) then
--if DIV_ACK = ’1’ and DIV_DONE = ’0’ then
- DCNT3 <= DCNT3 + ’1°;
-—else
- DCNT3 <= '"0000";
—-—end if;

--if DCNT3 = "1111" then
- DIV_DONE <= ’1’;

—-—else
- DIV_DONE <= ’0’;
—-—end if;
if DIV_ACK = ’1’ and DCNT = ’0’ and DIV_DONE = ’0’ then
DCHNT <= ’1’;
else
DCHNT <= ’0’;
end if;
if DCNT = ’1’ then
DIV_DONE <= ’1°;
else
DIV_DONE <= ’0’;
end if;
end if;

end process;

———————————— << Floating Point Number Divider >>----—————-----
divider : fpdiv port map ( CLK => CLK, FA => DIV_A, FB => DIV_B, Q => DIV_Q );

end RTL;

1.3.5 0000000000

—-— Householder Inverse Transform (Lower FLEX10k)
-- < hsinv.vhd >

-- 1999/03/15 (Mon)

-- yamaoka®@tube.ee.uec.ac.jp

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;

use IEEE.std_logic_unsigned.all;

use WORK.MATH.all;

library metamor;
use metamor.attributes.all;

entity hsinv is
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port (CLK : in std_logic;

A : inout std_logic_vector(15 downto 0);
BL : in std_logic_vector(7 downto 0);
BH : out std_logic_vector(5 downto 0);
B_CONF : in std_logic_vector(l downto 0);
CL  : in std_logic_vector(5 downto 0);

DATA_BUS : inout std_logic_vector(31 downto 0);
ADRS_BUS : out std_logic_vector(16 downto 0);

CTRL_BUS : out std_logic_vector(4 downto 0);
CALC_DONE : in std_logic;
OE_ALU : out std_logic;

OBF : in std_logic_vector(l downto 0);
ACK : out std_logic_vector(1l downto 0);
STB : out std_logic_vector(1l downto 0);
IBF : in std_logic_vector(1l downto 0)

)
attribute pinnum of CLK : signal is 'D22";
attribute pinnum of A : signal is "BC23,BB24,BC25,BB26,BC27,BB28,BC29,BB30,

BC31,BB32,BC33,BB34,BC35,BB36,BC37,BB38";

attribute pinnum of BL : signal is '"BC13,BB14,BC15,BB16,BC17,BB18,BC19,BB20";
attribute pinnum of BH : signal is 'BC7,BB8,BC9,BB10,BC11,BB12";

attribute pinnum of B_CONF : signal is '"BC5,BB6";

attribute pinnum of CL : signal is '"AU23,AV24,AU25,AU33,AV34,AU35";

attribute pinnum of DATA_BUS : signal is '"A5,B6,A7,B8,49,B10,A11,B12,A13,B14,
A1$,B16,A1 ,B18,4A19,B20,423,B24,A25,B26,427,B28,A29,B30,A31,B32,A33,B34,435,B36,
A37,B38";

attribute pinnum of ADRS_BUS : signal is "F16,G19,F20,G21,F22,G23,F24,G25,F26,
G29,F30,G31,F32,G33,F34,G35,F36";

attribute pinnum of CTRL_BUS : signal is '"G11,F12,G13,F14,G15";

attribute pinnum of CALC_DONE : signal is "F10";

attribute pinnum of OE_ALU : signal is "G9";

attribute pinnum of OBF : signal is '"AV18,AV28";
attribute pinnum of ACK : signal is '"AU19,4U029";
attribute pinnum of STB : signal is '"AU21,AU31";
attribute pinnum of IBF : signal is '"AV20,AV30";

end hsinv;
architecture RTL of hsinv is

————————————— << Floating point Number Divider >>-------
component fpdiv is

port (CLK : in std_logic;
FA : in std_logic_vector(31 downto 0);
FB : in std_logic_vector(31 downto 0);
Q : out std_logic_vector(31 downto 0)
);

end component;

signal DIV_A : std_logic_vector(31 downto 0);
signal DIV_B : std_logic_vector(31 downto 0);

signal DIV_Q : std_logic_vector(Si downto 0);
signal DIV_ACK : std_logic;

signal DIV_DONE : std_logic;

signal DCNT : std_logic;

signal DCNT3 : std_logic_vector(3 downto 0);

signal A_REG : std_logic_vector(15 downto 0);
signal ACK_BUF : std_logic_vector(1l downto 0);

signal STB_BUF : std_logic_vector(1l downto 0);
signal OUT_CNT : std_logic;
signal OUT_ACK : std_logic;
signal OUT_ACK2 : std_logic;

signal N : std_logic_vector(7 downto 0);
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type CALC_STATE_TYPE is (
FIRST_DATA, SECOND_DATA

>

signal CALC_STATE : CALC_STATE_TYPE;

type ALU_STATE_TYPE is (
R_MEM_WR, R_MEM_RD,
L_MEM_WR, L_MEM_RD,
LR_MEM_WR,
MEM_STOP,
RR_INPRO, LL_INPRO, LR_INPRO,
INPRO_F, INPRO_R, INPRO_L, INPRO_LR,
FF_MUL, FR_MUL, FL_MUL, RR_MUL, LL_MUL, LR_MUL,
FF_ADD, FR_ADD, FL_ADD, RR_ADD, LL_ADD, LR_ADD,
CALC_F, CALC_R, CALC_L, CALC_LR,
aSTOP

>

signal ALU_STATE : ALU_STATE_TYPE;

signal DATA_BUS_BUF : std_logic_vector(31 downto 0);
signal DATA_BUF1 : std_logic_vector(31 downto 0);
signal DATA_BUF2 : std_logic_vector(31 downto 0);
signal OE_BUF : std_logic;

signal ADRS_BUF1 : std_logic_vector(16 downto 0);

signal ADRS_BUF2 : std_logic_vector(16 downto 0);
signal ALU_ACK : std_logic;

type HSINV_STATE_TYPE is (
HsInvDimRead,
HsInvVarIni,
HsInvUtxXCalc, HsInvUtxXxCCalc, HsInvUtxXxCxUCalc,
HsInvimUtxXxCxUCalc,
HsInvX2Calc, HsInvNormCalc, HsInvInvNormCalc, HsInvXNorm,
HsInvResRead,
HsInvStop

>

signal HSINV_STATE : HSINV_STATE_TYPE;
signal UtxX, UtxXxC, UtxXxCxU, X2, Norm, InvNorm : std_logic_vector(Si downto 0);

signal RES : std_logic_vector(31 downto 0);

constant FP_ONE : std_logic_vector(31 downto 0)
:= "00111111100000000000000000000000" ;
constant FP_TWO : std_logic_vector(31 downto 0)
:= "01000000000000000000000000000000";

constant cR_MEM_WR : std_logic_vector(4 downto 0) := "00001";
constant cR_MEM_RD : std_logic_vector(4 downto 0) := "00010";
constant cL_MEM_WR : std_logic_vector(4 downto 0) := "00011";
constant cL_MEM_RD : std_logic_vector(4 downto 0) := "00100";
constant cLR_MEM_WR : std_logic_vector(4 downto 0) := "00101";
constant cMEM_STOP : std_logic_vector(4 downto 0) := "00110";
constant cRR_INPRO : std_logic_vector(4 downto 0) := "00111";
constant cLL_INPRO : std_logic_vector(4 downto 0) := "01000";
constant cLR_INPRO : std_logic_vector(4 downto 0) := "01001";
constant cINPRO_F : std_logic_vector(4 downto 0) := "01010";
constant cINPRO_R : std_logic_vector(4 downto 0) := "01011";
constant cINPRO_L : std_logic_vector(4 downto 0) := "01100";
constant cINPRO_LR : std_logic_vector(4 downto 0) := "01101";
constant cFF_MUL : std_logic_vector(4 downto 0) := "01110";
constant cFR_MUL : std_logic_vector(4 downto 0) := "01111";
constant cFL_MUL : std_logic_vector(4 downto 0) := '"10000";
constant cRR_MUL : std_logic_vector(4 downto 0) := '"10001";
constant cLL_MUL : std_logic_vector(4 downto 0) := '"10010";
constant cLR_MUL : std_logic_vector(4 downto 0) := "10011";
constant cFF_ADD : std_logic_vector(4 downto 0) := '"10100";
constant cFR_ADD : std_logic_vector(4 downto 0) := "10101";
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constant cFL_ADD : std_logic_vector(4 downto 0) := '"10110";
constant cRR_ADD : std_logic_vector(4 downto 0) := "10111";
constant cLL_ADD : std_logic_vector(4 downto 0) := "11000";
constant cLR_ADD : std_logic_vector(4 downto 0) := "11001";
constant cCALC_F : std_logic_vector(4 downto 0) := "11010";
constant cCALC_R : std_logic_vector(4 downto 0) := "11011";
constant cCALC_L : std_logic_vector(4 downto 0) := "11100";
constant cCALC_LR : std_logic_vector(4 downto 0) := "11101";
begin

A <= "Z272777777277ZZZZ" when ACK_BUF = "00" else A_REG;

ACK_BUF <= OBF;
ACK <= ACK_BUF;

——————————— << Output Result Data to PC >>-—---—————
process ( BL(0), BL(3), IBF ) begin
if BL(O) = ’1’ then
STB <= "11";
QUT_CNT <= ’07;
A_REG <= ( others => ’0’ );
elsif rising_edﬁe( BL(3) ) then
STB <= "00";
if OUT_CNT = ’0’ then
A_REG <= RES(15 downto 0);
QUT_CINT <= ’1°’;

else
A_REG <= RES(31 downto 16);
QUT_CNT <= ’0’;
end if;
end if;
if IBF = "11" then
STB <= "11";
end if;

end process;

——————————— << Generate Memory Read Signal of Result Data >>----—-——-——-——-
process ( BL(0), BL(4), OUT_ACK2 ) begin
if BL(0) = 1’ or OUT_ACK2 = ’1’ then
OUT_ACK <= ’07;
elsif rising _edge( BL(4) ) then
OUT_ACK <= ’17;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(O0) = 1’ then
OUT_ACK2 <= ’07;
elsif risin _edie( CLK ) then
if OUT_ACK = ’1’ then
OUT_ACK2 <= ’17;
else
OUT_ACK2 <= ’0’;
end if;
end if;
end process;

————— << Selecter of ALU Operation >>—----
DATA_BUS <= "“ZZZZZZZZZZZZZZZZZZZZ2ZZZZ2ZZZZZZ" when OE_BUF = ’1’ else DATA_BUS_BUF;
OE_ALU <= OE_BUF;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
CTRL_BUS <= ( others => ’0’ );
elsif falling_edge( CLK ) then
case ALU_STATE is
when R_MEM_WR =>
CTRL_BUS <= cR_MEM_WR;
when R_MEM_RD =>
CTRL_BUS <= cR_MEM_RD;
when L_MEM_WR =>
CTRL_BUS <= cL_MEM_WR;



1.3 0DO0O0OD0ODOO0ODD

when L_MEM_RD =>

CTRL_BUS <= cL_MEM_RD;
when LR_MEM_WR =>

CTRL_BUS <= cLR_MEM_WR;
when MEM_STOP =>

CTRL_BUS <= cMEM_STOP;
when RR_INPRO =>

CTRL_BUS <= cRR_INPRO;
when LL_INPRO =>

CTRL_BUS <= cLL_INPRO;
when LR_INPRO =>

CTRL_BUS <= cLR_INPRO;
when INPRO_F =>

CTRL_BUS <= cINPRO_F;
when INPRO_R =>

CTRL_BUS <= cINPRO_R;
when INPRO_L =>

CTRL_BUS <= cINPRO_L;
when INPRO_LR =>

CTRL_BUS <= cINPRO_LR;
when FF_MUL =>

CTRL_BUS <= cFF_MUL;
when FR_MUL =>

CTRL_BUS <= cFR_MUL;
when FL_MUL =>

CTRL_BUS <= cFL_MUL;
when RR_MUL =>

CTRL_BUS <= cRR_MUL;
when LL_MUL =>

CTRL_BUS <= cLL_MUL;
when LR_MUL =>

CTRL_BUS <= cLR_MUL;
when FF_ADD =>

CTRL_BUS <= cFF_ADD;
when FR_ADD =>

CTRL_BUS <= cFR_ADD;
when FL_ADD =>

CTRL_BUS <= cFL_ADD;
when RR_ADD =>

CTRL_BUS <= cRR_ADD;
when LL_ADD =>

CTRL_BUS <= cLL_ADD;
when LR_ADD =>

CTRL_BUS <= cLR_ADD;
when CALC_F =>

CTRL_BUS <= cCALC_F;
when CALC_R =>

CTRL_BUS <= cCALC_R;
when CALC_L =>

CTRL_BUS <= cCALC_L;
when CALC_LR =>

CTRL_BUS <= cCALC_LR;
when others => null;

end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
DATA_BUS_BUF <= ( others => 0’ );
OE_BUF <= ’07;
elsif falling_edge( CLK ) then
case ALU_STATE is
when R_MEM_WR | L_MEM_WR | LR_MEM_WR | FR_MUL | FL_MUL |
FR_ADD | FL_ADD =>
DATA_BUS_BUF <= DATA_BUF1;
OE_BUF <= ’0’;
when MEM_STOP | INPRO_F | CALC_F =>
DATA_BUS_BUF <= ( others => 0’ );
OE_BUF <= ’17;
when LR_INPRO | INPRO_LR | LR_MUL | LR_ADD | CALC_LR =>
DATA_BUS_BUF(16 downto 0) <= ADRS_BUF2;
OE_BUF <= ’0’;
when FF_MUL | FF_ADD =>
OE_BUF <= ’0’;
if CALC_STATE = FIRST_DATA then
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DATA_BUS_BUF <= DATA_BUF1;
else
DATA_BUS_BUF <= DATA_BUF2;
end if;
when others => null;
end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
CALC_STATE <= FIRST_DATA;
elsif rising_edge( CLK ) then
case ALU_STATE is
when FF_MUL | FF_ADD =>
CALC_STATE <= SECOND_DATA;
when others =>
if CALC_DONE = ’1’ then
CALC_STATE <= FIRST_DATA;
end if;
end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
ADRS_BUS <= ( others => ’0’ );
elsif falling_edge( CLK ) then
case ALU_STATE is
when MEM_STOP | INPRO_F | FF_MUL | FF_ADD | CALC_F =>
ADRS_BUS <= ( others => ’0’ );
when others =>
ADRS_BUS <= ADRS_BUF1;
end case;
end if;
end process;

———————————— << Householder Inverse Transform >>---———-—-————-—-
process( BL(0), CLK )

variable i, j, k : std_logic_vector(7 downto 0);
begin
if BL(O) = ’1’ then

HSINV_STATE <= HsInvStop;

ALU_STATE <= aStop;

ALU_ACK <= ’0’;

DIV_ACK <= ’0’;

DATA_BUF1 <= (others => ’0’)

DATA_BUF2 <= (others => ’0’)

ADRS_BUF1 <= (others => ’07)

ADRS_BUF2 <= (others => ’07)
- DIV_A <= (others => ’0’);
- DIV_B <= (others => ’0’);
-= Lambda <= (others => ’0’
- Vice <= (others => ’0’);
- Alphal <= (others => ’0’°);
-= Alpha2 <= (others => ’0°);
- Betal <= (others => ’0’);
- Beta2 <= (others => ’0’);
- Beta3 <= (others => ’0’);
- M <= (others => ’0’);
- MxBeta2 <= (others => ’0’);
- X <= (others => ’0’);

~—

- RxX <= (others => ’0’);
- XmRxX <= (others => ’0’);
- Alpha <= (others => ’0’);

- X1 <= (others => ’0’);
- X2 <= (others => ’0’);
- MxX1 <= (others => ’0’);
- Res <= (others => ’0’);
- Ex <= (others => ’0’);
- N <= (others => ’0’);
( others => 0’ );
( others => 0’ );
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k := (0 =>"1", others => ’0’ );
BH <= ( others => ’0’ );
elsif rising_edge( CLK ) then
case HSINV_STATE is
when HsInvStop =>
if BL(5) = ’1’ then
HSINV_STATE <= HsInvDimRead;
else
ALU_STATE <= aSTOP;
HSINV_STATE <= HsInvStop;
end if;

when HsInvDimRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_RD;
ADRS_BUF1 <= '"10000000000000000";
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
N <= DATA_BUS(7 downto 0);
ALU_ACK <= ’07;
HSINV_STATE <= HsInvVarlIni;
end if;

when HsInvVarIni =>
j := N - "00000010";

1 := j;
HSINV_STATE <= HsInvUtxXCalc;

when HsInvUtxXCalc =>

if i < N then
ALU_STATE <= LR_INPRO;
i:=1+ ’17%;
ADRS_BUF1 <= ’1’ & i & k;
ADRS_BUF2 <= ’0’ & i & j;

else
ALU_STATE <= INPRO_F;

end if;

if CALC_DONE = ’1’ then

UtxX <= DATA_BUS;

1:=3+°1;

HSINV_STATE <= HsInvUtxXxCCalc;
end if;

when HsInvUtxXxCCalc =>

if ALU_ACK = ’0’ then
ALU_STATE <= FL_MUL;
DATA_BUF1 <= UtxX;
ADRS_BUF1 <= '100000000" & j;
ALU_ACK <= ’17;

else
ALU_STATE <= CALC_F;

end if;

if CALC_DONE = ’1’ then

UtxXxC <= DATA_BUS;

ALU_ACK <= ’07;

HSINV_STATE <= HsInvUtxXxCxUCalc;
end if;

when HsInvUtxXxCxUCalc =>

if ALU_ACK = ’0’ then
ALU_STATE <= FL_MUL;
DATA_BUF1 <= UtxXxC;
ADRS_BUF1 <= ’0’ & 1 & j;
ALU_ACK <= ’17;

else
ALU_STATE <= CALC_F;

end if;

if CALC_DONE = ’1’ then
UtxXxCxU <= DATA_BUS;
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ALU_ACK <= ’07;
HSINV_STATE <= HsInvimUtxXxCxUCalc;
end if;

when HsInvImUtxXxCxUCalc =>

if ALU_ACK = ’0’ then
ALU_STATE <= FR_ADD;
DATA_BUF1

<= ( not UtxXxCxU(31) ) & UtxXxCxU(30 downto 0);

ADRS_BUF1 <= 1’ & 1 & k;
ALU_ACK <= ’17;

else
ALU_STATE <= CALC_R;
ADRS_BUF1 <= 1’ & 1 & k;

end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
if i < N then
1:=1+ ’1%;
HSINV_STATE <= HsInvUtxXxCxUCalc;
elsif j > "00000001" then
ji=g- o
1:= 3;
HSINV_STATE <= HsInvUtxXCalc;
elsif k < N then
k:=k + '17;
HSINV_STATE <= HsInvVarIni;

else
i := ( others => 0’ );
j := (0 =>"1", others => ’0’ );
HSINV_STATE <= HsInvX2Calc;

end if;

end if;

when HsInvX2Calc =>
if i < N then
ALU_STATE <= RR_INPRO;
i:=1+ ’17%;
ADRS_BUF1 <= ’1’ & i & j;
else
ALU_STATE <= INPRO_F;
end if;

if CALC_DONE = ’1’ then
X2 <= DATA_BUS;
i := (0 => ’1’, others => ’0’);
HSINV_STATE <= HsInvNormCalc;
end if;

when HsInvNormCalc =>
Norm <= sqrt(X2);
HSINV_STATE <= HsInvInvNormCalc;

when HsInvInvNormCalc =>
if DIV_ACK = ’0’ then
DIV_A <= FP_ONE;
DIV_B <= Norm;
DIV_ACK <= ’1’;
else
DIV_A <= ( others => ’0’ );
DIV_B <= ( others => ’0’ );
end if;

if DIV_DONE = ’1’ then
InvNorm <= DIV_Q;
DIV_ACK <= ’0’;
HSINV_STATE <= HsInvXNorm;
end if;

when HsInvXNorm =>
if ALU_ACK = ’0’ then
ALU_STATE <= FR_MUL;
DATA_BUF1 <= InvNorm;
ADRS_BUF1 <= ’1’ & i & j;
ALU_ACK <= ’17;
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else
ALU_STATE <= CALC_R;
ADRS_BUF1 <= ’1’ & 1 & j;
end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
if i < N then

i:=1+ ’1°;
elsif j < N then
J =J+:1:.

:= (others => ’0’);
HSINV STATE <= HSInVX2CalC

else
i:= (0 => 1", others => ’0’ );
j := (0 =>"1", others => ’0’ );
HSINV_STATE <= HsInvResRead;

end if;

end if;

when HsInvResRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= R_ME _
ADRS_BUF1 <= ’1?
ALU_ACK <= ’17;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
BH <= ( 0 => ’1’, others => ’0’ );
RES <= DATA_BUS;

end if;

if OUT_ACK2 = ’1’ then
BH <= (others => ’0’);
ALU_ACK <= ’0’;
if i < N then
i:=1+ ’1°;
elsif j < N then

i:= (0 => 1", others => ’0’ );
j =J+:1:.
else
i:= (0 => 1", others => ’0’ );
j := ( 0 => ’1’, others => ’0’ );
end if;

end if;

when others =>
null;
end case;
end if;
end process;

process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
DCNT <= ’0’;
- DCHNT3 <= ”0000”‘
DIV_DONE <= ’0Q’;
elsif rising_edge( CLK 5 then
——1f DIV_ACK = ’1’ and DIV_DONE = ’0’ then
- DCNT3 <= DCNT3 + ’1°’;
——else
- DCHNT3 <= "0000";
——end if;

——1f DCNT3 = "1111" then
- DIV _DONE <= ’17;
——else

- DIV_DONE <= ’0’;
—-—end if;

if DIV_ACK = 1’ and DCNT = ’0’ and DIV_DONE = ’0’ then
DCHNT <= ’1’;
else
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DCHNT <= ’0’;
end if;
if DCNT = ’1’ then
DIV_DONE <= ’1°;
else
DIV_DONE <= ’0’;
end if;
end if;
end process;

———————————— << Floating Point Number Divider >>----—————-----
divider : fpdiv port map ( CLK => CLK, FA => DIV_A, FB => DIV_B, Q => DIV_Q );

end RTL;
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//Calculation Program for
//Eigen Value and Eigen Vector of Matrix using Householder Method

//  1999/03/15 (Mon)
//  yamaoka@tube.ee.uec.ac.jp

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <conio.h>
#include <dos.h>
#include <BASE8255.h>

#define LINE 255
#define NAME 25

int main()

int dim =0, 1 =0, j =0, k = 0;
unsigned int *ddata, res[2];

char bufi1[LINE], buf2[LINE], fnamel[NAME], fname2[NAME], bh;
float buf3;

FILE *fp_data,*fp_res;

printf("Calculation Program for \n");
printf("Eigen Value and Eigen Vector using Householder Method \n");
printf("Input Data File Name >> \n");

scanf ("%s",fnamel);
printf("Input Result File Name >> \n");

scanf ("%s",fname2);
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fp_data = fopen(fnamel,"r"); // data file

if (fp_data == NULL ){
printf("can’t open data file %s",fnamel);
exit(1);

}

fp_res = fopen(fname2,"w"); // result file

printf("Download of alu.ttf\n");
system("flex10k2 alu.ttf");

// Householder Transform
printf ("\nDownload of hshldi0.ttf\n");

system("flex10k1 hshldi10.ttf");

//A:handshake BL:out, C:out
//Control Word = CO (mode2)
//A:handshake BH:in, C:out
//Control Word = C2 (mode2)

outp(P_CTRL_L, 0xC0);
outp(P_CTRL_H, 0xC2);

outp(P_BL, 0x01); // Reset
delay(200);
outp(P_BL, 0x00);

// send data from PC to FPGA
fgets(bufl,LINE,fp_data);
while(1){
sprintf (buf2,"%s",strtok(bufi,” \t\n"));
sscanf (buf2,"%f",&buf3);
while(strcmp(buf2," (null)") '= 0){
ddata = (unsigned int *)&buf3;
outpw(P_A,*ddata); // output low 16 bit data
outpw(P_A,*(ddata + 1)); // output low 16 bit data
sprintf (buf2,"%s",strtok (NULL," \t\n"));
sscanf (buf2,"%f",&buf3);

¥
fgets(bufl,LINE,fp_data);

// k++;

// if(k == 1)
dimt+;

//

if(feof( fp_data ) != 0) break;

g g
outpEP_ﬁL, 0x02); // add dimension counter
outp(P_BL, 0x00);

//printf("\n");

{/ ¥

outp(P_BL, 0x04); // end of sending data
outp(P_BL, 0x00);

printf("\n");

fclose(fp_data);

//printf("\n\nEnd File Reading\n\n");
// wait for end of calculation
while(1){

bh = inportb(P_BH);
%f( (bh & 0x1) == 0x1) break;

// Bisection Method



I.4 DODODDOOODODODOOOOODOD

103

printf("Download of bisec.ttf\n");
system("flex10k1l bisec.ttf");

outp(P_CTRL_L, 0xC0); // control word
outp(P_CTRL_H, 0xC2);

outp(P_BL, 0x01); // Reset
delay(200);
outp(P_BL, 0x00);

outp(P_BL, 0x20); // start of calculation
outp(P_BL, 0x00);

// Read Eigen Values
printf("\nEigen Values >>\n");
fprintf(fp_res,"Eigen Values >>\n");
for(i =0 ; i < dim ; i++){

// wait for end of calculation
while(1){

bh = inportb(P_BH);
N if( (bh & 0x1) == 0x1) break;

outp(P_BL, 0x08); // rising_edge( BL(3) )
outp(P_BL, 0x00);

res[0] = inpw(P_A); // fetch of lower 16bit data
outp(P_BL, 0x08);

outp(P_BL, 0x00); // rising_edge( BL(3) )
res[1] = inpw(P_A); // fetch of upper 16bit data
printf ("4 ",*(float *)res);

fprintf (fp_res,"%9.7f ",*(float *)res);

outp(P_BL, 0x10); // rising_edge( BL(4) )
outp(P_BL, 0x00);

}
printf("\n");
fprintf(fp_res,"\n");

// Inverse Iteration Method
printf ("\nDownload of invit.ttf\n");

system("flex10k1l invit.ttf");

outp(P_CTRL_L, 0xC0); // control word
outp(P_CTRL_H, 0xC2);

outp(P_BL, 0x01); // Reset
delay(200);
outp(P_BL, 0x00);

outp(P_BL, 0x20); // start of calculation
outp(P_BL, 0x00);

// wait for end of calculation
while(1){

bh = inportb(P_BH);
y if( (bh & 0x1) == 0x1) break;

printf ("\nDownload of hsinv.ttf\n");
system("flex10k1 hsinv.ttf");

outp(P_CTRL_L, 0xC0); // control word
outp(P_CTRL_H, 0xC2);

outp(P_BL, 0x01); // Reset
delay(200);
outp(P_BL, 0x00);

outp(P_BL, 0x20); // start of calculation
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outp(P_BL, 0x00);

// read eigen vectors
printf("\nEigen Vectors >>\n");
fprintf(fp_res,"Eigen Vectors >>\n");
for(i =0 ; i < dim ; i++){

for(j = 0 ; j < dim ; j++){

// wait for end of calculation
while(1){
bh = inportb(P_BH);

if( (bh & 0x1) == 0x1) break;

outp(P_BL, 0x08); // rising_edge( BL(3) )

outp(P_BL, 0x00);

res[0] = inpw(P_A); // fetch of lower 16bit data

outp(P_BL, 0x08);

outp(P_BL, 0x00); // rising_edge( BL(3) )
res[1] = inpw(P_A); // fetch of upper 16bit data

printf("%f ",*(float *)res);

fprintf(fp_res,"%9.7f ",*(float #*)res);
outp(P_BL, 0x10); // rising_edge( BL(4) )

outp(P_BL, 0x00);

+
printf("\n");
fprintf(fp_res,"\n");
}

return O;
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FLEX 2nd 00 00O00O0OCOOO

BOODODODDODODDOODODOOOODODODFLEX 2ndOOOOOOOOOOODO
FLEX 1st 0000000000 FLEX 1st0D00000O0D00O0ODODOOOOODOODO
gogbobdgd

FLEX 1st000000000D0DOO0O0OO

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <dos.h>

#define BASE_8255 O0xfff0
#define P_A BASE_8255
#define P_B BASE_8255 + 2
#define P_C BASE_8255 + 4

#define P_CTRL BASE_8255 + 6
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#define
#define
#define
#define
#define
#define

#define
#define

#define
#define
#define

#define
#define

P_AL P_A

P_AH P_A + 1
P_BL P_B

P.BH PB + 1
P_CL P_C
P.CHP.C+ 1
P_CTRL_L P_CTRL
P_CTRL_H P_CTRL
DATAO Ox1

DCLK 0x02
nCONFIG 0x04

CONF_DONE 0x40
nSTATUS 0x80

/* A:in m0O B:in mO CH
/* A:in m0O B:in mO CH
/* A: mode2 BL:

out BH:

int main(int argc, char

{

long 1i;

+ 1

:in CL:out

:out CL:out

in CL3:

*argv[])

0x9A */

out CH3:

0x92 */

in

0xDB(H)

printf ("TTF Downloader for FLEX10K100 Eval. Board.\n");

if(argce
{

}

1= 2)

printf("usage :

exit(1);

FILE *fp;

flex10k foo.ttf \n");

if ((fp = fopen(argv[i], "rt") == NULL){

fprintf(stderr, ")s 000000 \n",argv[1]);
return 1;

outp( P_CTRL , 0xC8);
outp(P_CTRL_H , 0xCA );

outp(P_CL,0xff);
outp(P_CH,0x04);

{
printf ("nSTATUS
unsigned char a;

a = inp(P_BH) & nSTATUS;
if ( a '= nSTATUS ){

exit(1);

printf ("0K'\n");

}

outp(P_CL , 0 );

H Check...");

printf ("nCONFIG PLUS Check...");

while(1)
{

}

unsigned char a;

a = inp(P_BH) & nSTATUS;
if ( a !'= nSTATUS ) break;

outp(P_CL , nCONFIG );

while(1)
{

unsigned char a;

printf("nSTATUS O High OO0 \n");

0xD8(L) */
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a = inportb(P_BH) & nSTATUS;
if ( a == nSTATUS ) break;

printf ("0K'\n");
%or (1 =01 ; i< 81 ; i++)

outp( P_CL , nCONFIG | 1 );
outp( P_CL , nCONFIG | DCLK | 1);
¥

printf("Now Downloading...");

for ( i= 01 ; i < 1500001 ; i++){

unsigned char c;

int ci;

if ( EOF == fscanf(fp,"%d,",&cl) ) break;

int j;

c = cl;

for ( j=01 ; j< 81 ; j++){
outp( P_CL , nCONFIG | (c&1));
outp( P_CL , nCONFIG | DCLK | ( ¢ & 1 ) );
c >>= 1;

}

if ( (inp( P_BH ) & 0xCO ) == 0xCO ) break;
%f (i == 1491321 )

printf("Abnormal end.\n");
exit(1);

}

}

%f (i !'= 1491311)

printf("Abnormal end.\n");
exit(1);

%or (i = 01 ; i< 81 ; i++)

outp( P_CL , nCONFIG );
outp( P_CL , nCONFIG | DCLK);
¥

printf("Normal end.\n");
outp(P_CH,0x00);

return O;

}

FLEX 2nd 00000000000 OOOODO

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <dos.h>

#define BASE_8255 O0xfff0

#define P_A BASE_8255
#define P_B BASE_8255 + 2

#define P_C BASE_8255 + 4
#define P_CTRL BASE_8255 + 6
#define P_AL P_A

#define P_AH P_A + 1
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#define
#define
#define
#define

#define
#define

#define
#define
#define

#define
#define

- _L P_
P_CTRL_H P_CTRL

DATAO Ox1
DCLK 0x02
nCONFIG 0x04

CONF_DONE 0x40
nSTATUS 0x80

/* A:in m0O B:in mO CH
/* A:in m0O B:in mO CH

int main(int argc, char

{

long 1i;

+ 1

:in CL:out

:out CL:out
/* A: mode2 BL: out BH:

in CL3:

*xargv[])

0x9A */

out CH3:

0x92 */

in

0xDB(H)

printf ("TTF Downloader for FLEX10K100 Eval. Board.\n");

if(argce
{

}

1= 2)

printf("usage :
exit(1);

FILE *fp;

flex10k foo.ttf \n");

if ((fp = fopen(argv[i], "rt") == NULL){
fprintf(stderr, "%s D00 00O \n",argv[1]);
return 1;

outp( P_

CTRL , 0xC8);

outp(P_CTRL_H , 0xCA );

outp(P_CL,0xff);
outp(P_CH,0x05);

{
printf("nSTATUS = H Check...");
unsigned char a;

a = inp(P_BH) & nSTATUS;

if (a !

= nSTATUS ){

printf("nSTATUS O High OO

exit(1);

printf ("0K'\n");
}

outp(P_CL , 0 );

printf ("nCONFIG PLUS Check...");

while(1)
{

a = inp(P_BH) &

unsigned char a;

nSTATUS ;

if ( a !'= nSTATUS ) break;

outp(P_CL , nCONFIG );

while(1)
{

unsigned char a;

a = inportb(P_BH) & nSTATUS;
if ( a == nSTATUS ) break;

D \nn) ’

0xD8(L) */
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printf ("0K'\n");
%or (1 =01 ; i< 81 ; i++)

outp( P_CL , nCONFIG | 1 );
outp( P_CL , nCONFIG | DCLK | 1);
¥

printf("Now Downloading...");

for ( i= 01 ; i < 1500001 ; i++){

unsigned char c;

int ci;

if ( EOF == fscanf(fp,"%d,",&cl) ) break;

int j;

c = cl;

for ( j=01 ; j< 81 ; j++){
outp( P_CL , nCONFIG | (c
outp( P_CL , nCONFIG | DCLK | ( ¢
c >>= 1;

& 1) );
& 1) );
}

if ( (inp( P_BH ) & 0xCO ) == 0xCO ) break;
%f (i == 1491321 )

printf("Abnormal end.\n");
exit(1);

}

}

%f (i !'= 1491311)
printf("Abnormal end.\n");
exit(1);

}

%or (i =01 ; i< 81 ; i++)

outp( P_CL , nCONFIG );
outp( P_CL , nCONFIG | DCLK);
¥

printf("Normal end.\n");
outp(P_CH,0x00);

return O;

}

II.5 FLEX10K
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