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VHDLOOOOOOOOOOOoOoOoOoo

3.1 00000O0ODOO

oo oouooooooooboan
oo ooooouoouobobooooboon
0000000000000 0000000 HDL(Hardware Description Language)
0000000000000 0000 HDLOOOOOO VHDL(VHSIC Hardware
Description Language) 00 0000000000000 0DOOO0O0OOOO VHDL
gooobooooooooooouooooouoooouobooooobon
FPGA(Field Programmable Gate Array) 0000 000000000000 O00O0O
goboooooooobooon

3.2 VHDLOOOODOOO

0000000 VEDLOODODODOODOODODOODOO 3100000000 ooboon
00000000000 O0oOOooO boooOoo

000 PeakVHDLO O ODOODOODOO VEADLOOODOOOOODOODOO HDL
0000 (*vhd)DOOOOOODODODODODODODOUODOODOUODOODDOODOODOOO
OO0 VHDLOODODODODODOODOODOOODOO0DODO0O0O0ooOoboooooooo
guobobooobbobooooboooobuooobobobboooobboobboo
guobbooooboooobooobbuoooobbboooboooobbuo
O0D000D0O0 VEDLODOODODDOODODDODODODOOOOoOoOoOoooOboooo
guobbooobboooooboooobboooobboooobobuooobuoo
VODLOOODODODODOOOOOOOoUOoOOoDOoooDboobOoooboboooboooo
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gogo

O00000000 FPGADOOOODOO VADLOODOODODODODOOODOO
O00D000000000O0 entityUDOOO port 000000 OO0OODOO attribute
OO0000000000DO0D0O00DO0D00bO0ooooooon b.aooooo

oo oooboboooououoooooooan
O0000 HDLODOODODOODOOOODOO ANDDO ORODDOODDOOODOO
0000000000000 00 HDLOOO OO EDIF(Electronic Design Interchange
Format) D000 (*edf) 000000000 EDIFOODOODOUOOOOODOOOO
gooobooooooooouoooououoboouoboboooobon
googo

FIDOEs SR
vl et reing g CLE|;
a . I =MAE 1° e
Making VHDL source Feohmak
Al
Lan =l T Y
VHID file LhGhn
Compile.Simulation X
. Peak YHII
EDIF file - :
N -\._j_
Synthesize =1
................. m—
Making configurstion Nile § Max+ Plusl] D D D
Dovwnload to Device Dvovwvnload E,ﬁ‘,{
I’nlgmm
Behavior Check Check for FPGA
with Bor |andC+

03.1: VHDLOODODODODODODOoOOoDooooot

'Doooo: . /fig/flowl.eps
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000 MaxPlusIDODOOOD0DOO0OO000OO0 FPGAODOODOOODODOOOO
000000000000000000 FPGADOOODOOOOODOOOO0OO0
00000000000000000000EDIFOOOOOOOOOO0O0000O0
0 (0000)0000000 TTF(Tabular Text File) 000000000000 TTF
0000000025000000000000000000 FPGAOOOOOOO
000000000 FPGAOOODOODODOOODODOOOOODOOOOOOODOO0O
0000 FPGAOOOOOOOOOOOOOOOOOOOOOOOOOOOO

3.3 FPGAODOODO

3.3.1 0O0OOOOOO

0000000000 FPGAODOODODOO 32000000000 2000000
gododooouooooobbbbbbboboooooo

03.2: FPGAODOOOOOO (0D:0000 [3))2

O00000 ALTERAODO FPGAO OO FLEXI0KODOOOO EPFI0K100 D 2
00000000000 0000 200 LSIOOO FPGAODOODODO FPGAOODO
0000 1000000000000000 4992000000 50300 (00000

D0o000: . /fig/boardl.eps
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00040600)000000200 FPGAOOOOOOOOOODOOOOO0OOO
0000000000000000000000000000000000000

000000000 FPGAOOOODODODOODDD 1IMbitSRAMO 400 7200
SIMM O DRAMD 1000 1600 SRAMO 400 DRAMOOOOOOOOOOO
SRAMO DRAMOOOOOODOO0000OD 512kByte(SRAM)O 16MByte(DRAM)
000000000000000000

0000200 FPGAOODOOD FPGAODODODODODODOOO 56bit 0000000
FPGAOOOOOOOOOOO0O0O000000000000000000 (200 FPCA
000)00000000000000000000000000000000000
00000005 0000000000000000000 PPIS2550000000
000005 00000000000000000 PCOFPGAODDODODOOOO
0000000000

3.3.2 0J00OOOOODOOOOOOO

O000O0O0O000000boobOboO33000bbb0o0oooooooboo
000000000 bhit0O0ooo

24 24
ADDRESS  ADDRESS
FLEX 10K 2nd
15 15
Memory CONTROL ~ CONTROL Memory
32 32
DATA DATA
56 o—( cK
24 24
ADDRESS ~ ADDRESS
FLEX 10K 1st
15 15
Memory CONTROL ~ CONTROL Memory
32 32
DATA DATA
56
(Interface )

033 00000000003

S00D000: . /fig/block.eps
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00000 FPGAOOOODOODOODDOOOODODOOODOOOOD 3.1000000
0000000000000 FPGADOOODOOODODDOOOOO??000000
000000000 FLEX10K 1st, 2nd 000000000

DATA O ADDRESSO OO SRAMO DRAMOOOOOODODOOODOOOOOO AD-
DRESSODODOODOOO SRAMODOD 17hit0 DRAMOODO 12t 00000000

| oood | ooo | oo | ooo | oo |EIEIEI |

DATA ooooo SRAM,DRAM | inout 32
ADDRESS oooooo SRAM,DRAM | out 24
CONTROL | SCS ooooooo SRAM out 4
CONTROL | SOE ooooooo SRAM out 1
CONTROL | SWE ooooooo SRAM out 1
CONTROL | DWE ooooooo DRAM out 1
CONTROL | DRAS | 000000000 DRAM out 4
CONTROL | DCAS | 0ooooooon DRAM out 4

0 3.1: FPGADOOOODODOOODO

ooo |EIEIEIEI(D) |EIEIEIEI(D)

DATA F2,G1,H2,J1,K2,L.1 M2,N1,T2,U1, F42,G43,142,743,K42,1.43,M42,N43,T42,U43,
V2,W1,Y2,AA1,AB2,AC1,AF2,AG1, V42,W43,Y42,AA43,AB42,AC43,AF42,AG43,
AH2,AJ1,AK2,AL1,AM2,AN1,AT2, AHA42,AJ43,AK42,AL43,AM42, AN43,AT42,
AU1,AV2,AW1,AY2 BA1,BB2,BC1 AU43,AV42, AW43,AY 42, BA43,BB42,BC43

ADDRESS | T6,W7,Y6,AAT,AB6,ACT,AD6,AET,AF6, | T38,W37,Y38,AA37,AB38,AC37,AD38,AE37,AF38,
AJ7,AK6,ALT,AM6,ANT,AP6,ART,AT6 | AJ37,AK38,AL37,AM38,AN37,AP38 AR37,AT38

5CS AQ5,AH4,AJ5 AM4 AG39,AH40,AJ39,AM40
SOE AP4 AP40

SWE AN5 AN39

DWE AF4 AF40

DRAS P4,R5,T4,U5 P40,R39,T40,U39
DCAS Y4,AA5,AB4,AC5 Y40,AA39,AB40,AC39

032 FPGADDODODD (DDODO)

PCODOOODOOOODODOAMOODOO0ODO0OO 3300000000D00000
0000000 PCOFPGAODOOODOODDODODOODODOD BODODOOOODO
0000000000000 CoOooo1ohtoOoDO DOOOD PCODOOOOOO
0000000000000 00000DOO000DODD00DOOO FPGAODOOO
O000000o0oooboobobbbobOooboobobobsoDDoDbObbboOooooo
000 FLEXI0K 1st 00D O00O0O0OD0OO

000000000000 0000000000D00oOOoDoDOO CceoOoOoOoO
ggd
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000 FPGAOOOOODDOOODOOOODDOOODOOOODODDOOODODOOO
000000200 FPGADOOOOOOOOOODOOOODOOODOOODOOO
g

| ooo | oo oo | ooo | oood
A ooooo inout 16 | BC23,BB24,BC25BB26,BC27,BB28,BC29,BB30,
BC31,BB32,BC33,BB34,BC35,BB36,BC37,BB38

BH PCOO out 8 BC5,BB6,BC7,BB8,BC9,BB10,BC11,BB12

BL FPGA OO in 8 BC13,BB14,BC15,BB16,BC17,BB18,BC19,BB20
CH |Dooooooooo | oooo 10 | AV18,AU19,AV20,AU21,AV22,AV28,AU29,AV30,AU31,AV32
CL noo in,out 6 AU23,AV24,AU25,AU33,AV34,AU35
D oooooooooo | 0ooo 8 AV7,AUS,AV9,AU11,AV12,AU13,AV14,AU15

OBF goooooooo in 2 AV18,AV28

ACK goooooooo out 2 AU19,AU29

STB goooooooo out 2 AU21,AU31

IBF goooooooo in 2 AV20,AV30

CLK nooo in 1 D22(FLEX10K 1st) | AY22(FLEX10K 2nd)

033 FPGADODOOOODOOOOOODOODO

O000200 FPGADOOOOOOOOAMhitOODODODODOODOOO0ODOOO FPGAO
gobbooobboooooobooobbooobobobooooobboobbuo
gogdoooooooooooo
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4.1 0J000O0O0O0O0OODODOOO

gooboooboooooobooobbooobobboooobboobbuo
0000000000000 0 FPGADOODOOOOODDODOODOODODOODOOOO
godoooooooooobbobbbbn

00000000000 00000000D0D00D0D0O00000 SRAMOO DRAM
guobbooooboboooobbooobuooobbboooobbboobboo
guobobooobbobooooboooobbooobobboooobbboobboo
guobobooobooooobbooobuoobobbbooobbbboobbuo
gooooooooooobbbbbbbbboooooooooooooo

4.2 0JO00O0O0OOOO

4.2.1 0O0OO

O000 SRAMOO DRAMOOOOODODDOODOOODODDOODOOOOOOOD
000000 SRAMO DRAMOOOOOOOO 4100000000000000

SRAM DRAM
oooooo OnsO0O 60ns
gogoooo 1,20 60
00000 (32bit00) | 512kByte | 16MByte
gogoobooboood 256 O 2048 O
gogoooo uad gad

0 4.1: SRAMO DRAMO OO
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ooooOoooOoOoOO0O SRAMOOOOOO0O0O0O0O0 FPGAOOODOOODODO
(4MHzD 20MHz)0OO0OOOUOO0OO0O0O0OO00DODO0OOO0O0OO0OO0ODOOOOOOOOOO
OO0 SRAMOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOO
000000000 000oooooooo0b0O0O00o0 DRAMOOOOO20000
ubobobooboobobooobooooobobobooboOobOooboOoboobobooon
ocoboobooooooboobooooooooobooboooboe0boObOOOoDObOOOoOon

ooooooOooOOoO0oOoOoooooOoOCOODRAMOOOOOODOOOOOOO
oooooOoO000opoOooooooOoOoO0OO0o0oooooooO bRAMOOOOO
00 SRAMO 3200000000000000 2048000 SRAMO8O0OOOO
ooo

DRAMOOOODOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
0000000000 DRAMOOOOOOOOOOOOOOOODOOOO 15.6ps0
O00oo0o0o0o00oooooooooOo0O0O00o0 DRAMOOOOOOOOOOOO
ooobO41000000000000DOOC000O0O0DG0OO

Address % Adldress ¥ Address X Address b

505 \ / scs T\ I

SWE \ / o\

L0 )": Linpert :{ 10 — Output —
a. 00000000 (SRAM) b. 00000000 (SRAM)

Kb b !

Address Y AdressD Y Audress2 ), - , —
S5\ Address W Row {_ Y Column ¥
SOE \ wE\ [
) ——{ Cutput1 X Outpunz X 10 A lopu X

c.0000000000 (SRAM) d. 00000000 (DRAM)
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L \ !

CAS —‘H—,-'J_
Address X Row X X Column ) ras .\ —

110} { Outpu ¥ WE / |

e. 00000000 (DRAM) 0000000000 (DRAM)
O4.1: 000000o0!

Oo000004.10000000000DO0ODO0ODO

a. 00000000 (SRAM)
SRAMOOODODOOOOOOOOOOOOOOOOOOOOOOOOOOO SCS
000000000000 SRAMOOOOOOODOOOOOOOOO0O0000O
0000 SWEDDODOOODOOOOOOOSRAMOOOOOOOOOOODO

b. 00000000 (SRAM)
SRAMOOODODODOOODOOOOOOOOOOOOOOOOOOOOOO SCS
0000000000000000000000 SOE0O0OOOOOOOO SRAM
0000000000000000000

c. 0000000000 (SRAM)
00000000000000000000000000000000000
00000000000000000000000000000000000 1
000000000000000000000000000000000

d. 00000000 (DRAM)
DRAMOOOOOOOOOOOD 200000000000000000000
00000000000000000000000000000 RASOOODO
000000000000000 CASOO0O0O0O0O0O0O0O0ONO0O0O0O0O0000
0000 CASOOOOOOOOOOOOO0OODOOO000O0 WEDDOOO
0000000000000 CASODOOOOO0O000 DRAMOOOOOO
000000

'DoDo0: a:./fig/SRAM-write.eps, b.:./fig/SRAM-read.eps,
c.:./fig/SRAM-contread.eps, d.:./fig/DRAM-write.eps,
e.../fig/DRAM-read.eps, f.:./fig/DRAM-refresh.eps
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e. 00000O0OO (DRAM)

29

DRAMOOOODOODOOODOOOODODODOOODODOOOODOOOODOOOO0O RASO
CcASOD000O00DDOO00ODOOO00OO0O0ODODOO0ODO0ODOOoOoOOooOoDOOO
O000000D00 CASODOOO0O0O0D000 15ns00 DRAMODOOO

gooooooo

f. 0oDoo00oooooo

DRAMODOODOODOOODOOODOOODOODOOOOD CASOOOO RASODOOD
0000000000000 00000000000000000 DRAMOO
00000000 FPGAOOOOOOOOOOODOOOOOOODOODOOOO
000000000 RASOOO CASOOOOOOOOOO

4.2.2 00OO

goobooobbooooboobooobuooobobbooobbooobbuo
000000000000 FPGADDODODODODODOODODODODODOOOODOO
goobooobboooooobbooobuooobbboooobobuooobbuo
Oo00b00o0obOobo 4200000000000 0D000DODOODODOOODOO

gogooooooooobbbbbbuoobooooo

QQ n-2

2CLK

FAnN

N
M
U
X

|~

MULTIPLIER | FCn

FBn

042: 00072

Doo00: . /fig/inpro.eps
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00000000 SRAMOOCOOOOOOOOOOODOOODOOODO0OO
000000000000 SRAMOOOOOOOOOOO0O0O0OO0 200000
(FAFB)00O0O0000000000000000000000000000000
00000 QQOOoDOO0od

0000000000000000000200000000000000000
000000000000000000000000020000000001000
000000 QQO0D000000000000000000000N0nn 20000
00000000 FCOODOO0OO000O0O00000000000000000000
00000000000000000000000000000000000000
000000000000000002000000000000000000000

0000000000000000000

signal MA2,MB2 : std_logic_vector(23 downto 0);
variable TMQ1 : std_logic_vector(47 downto 0);
TMQ1 := MA2 * MB2;

O00 VHDLOOOODDOOODOOOOOD100000000000000 24bit
00000000000 0000000DO0O00000 200 24t0000000°17
goobooobobooogobbbooobuooobobboooobooobbbuo
goooooooooooobbobbbbon

O0000b000b00o0o0ooboo2000b000boboooobooooo
00000 VEHDLOODO 10000000000 000000O0000obo0oood
O200000000000000

signal MA2,MB2 : std_logic_vector(23 downto 0);
variable TMQ1,TMQ2 : std_logic_vector(47 downto 0);
if DCNT(0) = ’1’ then

TMQ1 <= MA2 * MB2;
else

T™™MQ2 <= MA2 * MB2;

end if;

goggoooooooooobbbbbbbbbboooooooooooooooo
O002000000400000000000DO0O0ODOODDDOODODODOO
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O0000obo0o0obbo0obobbOoobooboobOooooD 200b0000D0O000
Ooob0o0ob0obOooboooo4b0b0b00b000DbOoDUOO0ObOobDbOODOd

4.2.3 00O0OOOOOO

gooboboobbooooboboooobuoooobbooobboobobbuo
00000000 SRAMOO DRAMOODODOOOOOOODODOODODDODOODOOOO
goggooooooooooobobbbbbbo

0000000000000 00D000D00O000DODO00O0O0 100 FPGAOO
000000000 FPGAOOOODDOODOOOOODDOOOOD 200 FPGA
gogoodooooooobbbbbn

000000000000 000000000000 FLEX 1st0000D00O0O0O
O000000000000000000 FLEX2ndOOODODOOODOOOODODO
000000000000 FLEX 1st0D0000000ODOODOODOODOODOO0OO
o0oo0obooobobooob 4000000000 1DDODO0OD0ODDOODDOO
SRAMOOODUOOOODOOOOODODOODODOODOOO SRAMODODOOOOOOO
ggobbboobooooobboobboooobobbooooobobooobuoo
0000000 FPGA2ndODOOOOODODOOODODOOOODDOO

000000000000 DRAMOOOODODOOOODOOOOODOOOOO
goobooobooooobbooobuooobb oo booobbuo
gogdoooooooooooboobbbbbbbbboobooooooo

000000000000 00000D0000 SRAMOO DRAMOODOOOO
ggoooooooooo

DRAMOOOOOOOODODODOOODODOODOOO SRAMOODOOODODOOOO
0000000000000 00000000000ODOD00000DO0O00 DRAM
000000000000 SRAMOOOOOODO0OO0OOOO0OOOOOOOO0OO
000000000000 SRAMO FPGAOODOODOODOODOODOODOOODOO
OO0  DRAMOOOOODDOOODOOO SRAMOODODODOOOOOOODDOOODOOOO
godgd

00000000000 000 DRAMOODO SRAMOOODDOODOOOO
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Xktik : R : Xt 1k

) B

.
Wi | . ¥ %

(1] Ly
043: 0000000000 DRAMO SRAMOOO (1)°

ooobooooooooooOobooooobO0oO0oobOboO0oooboOoboOoO0D 4300000
0000000 DRAMOOODOODODODO SRAM(1 OO 12bit) 00000

000000000 DRAMOOOOOODOODOODOODOODODOOO (1.5.18)0
O0sO000000O0O0O00 DRAMOOODOOOOOOODOOOOOOOODOOO
DRAMOOOOOODODODODOOOOODOO SRAMOODDDDODOOOOD FPGAO
0000000000 o00ooooooOoOO0O0oO0O0 SRAMOOOOOOOOOO
vbobooboboooboboobtobdbbibl wOOODOOOOODOOD

00 (1)000000000000000000 DRAMOOOOOOOOOO SRAM
00000000000 (2)000000000 SRAMOOOOOOOOOOOOO
10000000000000000000000D s*0000000000000
00sO000000000 SRAMOOOOOOOOOOOOOOOOOOOOOO
vbobodobobooobooboobooooboboboboobooboboobobobooon
OSRAMO0OO0O0O0O0OO0O0O0O0OOO0OO0O00O00O0O0O0O00O00O0O0O0O000

al Xak = = ¢ Kim -

044: 0000000000 DRAMO SRAMOOO (2)*

S00000: . /fig/matrixl.eps
00000 . /fig/matrix2.eps
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00000000000000000000000O0 44000000000 (1.5.13)
000 A0000D o 000D0O0ODO0ODOOO0ODOO0ODOO0ODODOODODOODOODOO LU=
gogogoooooo

000 4)00000000000000 DRAMOODOOOODOOOOOOO
0000000000 SRAMODOUOOOODOOOOOOSRAMODOOODOOOOO
000« 0000SRAMOODO0OD0ODOODOOOO () 000000000 DRAM
0000000000000 0000000DOD000000 SRAMODOOOOOO
0000 00 DRAMODODOOODODOODOODODOODOODOODOOOODOOp
0000 DRAMUOOOUOOO (6)D000O0O0DO0OD0OD0ODOODOUOOOOOOO
0O DRAMO SRAMOODOU0OODOOOO0OO0OOOO0OODODOODODOOOOODODDOOODOOOO
g

gogdoooooooooobbbbbbbuooboooooooouooooo

4.3 0JO00O0OOOO

000000000 p|00000000000000000000000000
gogodooooooooobbbbbbbouooooooooouooooo

431 000000000 (SRAM,DRAM)

00000000000 00000000D000D00O000ODODO0DOO00 SRAM
goubboooboooooobbooobuooobbbooooobbuooobuo
00000000000 DRAMODODOOODODODOODOOOOODODOODOODOO
00000000 SRAMOOO DRAMOODOODOOOOOOODODDODOODOOOO
gdgd

O0D000000entityDOODO 4200000000000 4300 VEADLOO
Oo00bD 10000
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| ooo oo | oo | oo | ] |
CLK oooo oo in std_logic
RESET oooo oo in std_logic
ADRS oooooo oo out stdlogic_vector(16 downto 0)
SRAM_ADRS_BUF oooooooo SRAM in stdlogic_vector(16 downto 0)
ROW_ADRS_BUF 0ooooooooo DRAM in stdlogic_vector(11 downto 0)
COL_ADRS_BUF 0ooooooooo DRAM in stdlogic_vector(11 downto 0)
DATA ooooo oo inout | stdlogic_vector(31 downto 0)
WR_DATA ooooooo oo in stdlogic_vector(31 downto 0)
RD_DATA ooooooo oo out stdlogic_vector(31 downto 0)
SCS ooooooo SRAM out std logic_vector(3 downto 0)
SOE ooooooooooo SRAM out std_logic
SWE oooooooo SRAM out std_logic
DWE oooooooo DRAM out std_logic
DRAS ooooooo DRAM out std logic_vector(3 downto 0)
DCAS oooooooo DRAM out std logic_vector(3 downto 0)
MEM _STATE_SEL oooo oo in std logic_vector(2 downto 0)
WR_CYCLE ooooo oo out std_logic
RD_CYCLE ooooo oo out std_logic
RF_CYCLE oooooooo DRAM out std_logic
0 4.2: entity 0 OO
ooo | oo | googo
S_WRITE_CYCLE SRAMOOOOODOOO 3
S_READ_CYCLE SRAMOOOOODOOO 3
CONT_READCYCLE | SRAMUOOODOODODOOO 1
D_WRITE_CYCLE DRAMOOOODODOOO 6
D_READ _CYCLE DRAMOOOODODOOO 6
D_REF_CYCLE DRAMUOOOODODOOOO 6
D RD_WR_CYCLE goooooobooooo 10

043: 0000

OO0 entityDOOOO0ODOO SRAMOOOOODOO DRAMOODOODOOOODO
0000000000000 00 DRAMOODODOOOOD 4000000 VHDL
0000000000000 DO000D00000000D 300 process0O00O0
guobobboooobooooobboooobooobbobuobobboobboo

goodoogg

O000O0O0O0000o0obobo4300bbb0b000o0ooooobbDboOonoog

000 CONTREAD.CYCLEOD 10000000000000D0O0O00OOO DATA

OSRAMOOOOODOOOOOOOODODOOOOO0O0O0ODODOO00O0O0OO0O0 DRAMDOO
00000000 SRAMOOOOODO000O0OO00O0ODODOO00O0O0OO0O0 DRAMDOO
000000000 FPGAOODDOUODOOODODOOOOSRAMOODOOODOOO
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0450 000000000000000O

w L LT L w L LT L
ADDRESS :X ADDRESS :X
s s
SWETTTTTTNL /S E T\ /T
DATA :X DATA
|swaiter | switez | srop | sreaos | sreaoz | srop
a. 00000000 (SRAM) b. 00D0DODODOOO0 (SRAM)

ok | L L
ADDRESS X abrs1 X ADRs2 X

sCcs

e\

DATA patar X_pataz X__

‘ CONT_READ

c. 0000000000 (SRAM)

S Ny N s O sy B

ADDRESS ROW | COLUMN

DRAS
bCAs
BWETTTT TN _/
DATA :X
‘ D_WR:ITEl D_WF;ITEZ ‘ D_WRITE3 ‘ D_WF;ITE4 ‘ D_WRITES | STOP

d. 00000000 (DRAM)

S Ny S s sy B

ADDRESS ROW C;OLUMN
DRAS
DCAS
DWE
DATA —— ‘ : ‘ : \_—/ ‘
| b_reab: ‘ b_READ? ‘ D_READ3 ‘ D_READA4 ‘ D_READS | stop

e. 00000000 (DRAM)
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DCAS —\ /

| REFRESH1 | REFRESH2 | REFRESH3 | REFRESH4 | REFRESHS |  STOP
0000000000 (DRAM)
045: 00000000000 (2)°

gododooouooooobbbbbbboboooooo

a. 00000000 (SRAM)

0000 SSWRITE1O SCSO0000O0000OO0ODOO0ODOOOOO0O S.WRITE2

OSWEDOOOODDOO SRAMODOOOODOODOOO

b. 00000000 (SRAM)
0000 S.READID SCSO000000000000000000 S.READ2
0 SOE00OOOO SRAMOOOOOOOOOOO

c. 0000000000 (SRAM)
000000000010 CONTREADDOOOOODOOODOOOOOOO
0000000000000000

d. 00000000 (DRAM)
0000 DWRITEIOODOOODOOOOOODOODOOOOODODOOOOOOO
0000 D.WRITE2000000000000 RASODOODOOOOOOO
00000000000000000000000000000000000
00000000 WEODOODODODODOODOO0D0OO DWRITE3OO CASO
000000000000000000 DRAMOOOODOOOOO0OO0OO0O0OO
000 D.WRITE40O RASOOODDOODOOODOODOOODOOO WEDOO
0000000000000 DWRITESO CASOOODOOOO

e. 00000O0OO (DRAM)
RASOOD CASOOOOODOOO0OOODOO D_WRITED D_READ O

00000 : a./fig/write.eps,b:./fig/read.eps, c:./fig/contread.eps,
d:./fig/Dwrite.eps, e:./fig/Dread.eps, f:./fig/Drefresh.eps



40 0D000ODODOOOOOOOOO0OO0O 37

000000000 WEOODOOODODOOOODODDOOOOOOOO D.READ4
000 DRAMOD FPGAOOOOOODDOOOOO

f. oooooooooo
0000 REFRESH2O CASOODODO0O REFRESH3O RASOOOOODOO
000000000000000000000000000 CAS O REFRESH4
00 RASO REFRESH> 00000000

0000000000000000000 CASOOO0O0 RASOOOOODODOOO
0000000000 ADDRESSOO0O0O000O0ODOO0O0OOOOOOO RASO CAS
000000000000 000000000D0O0DO 1h6psOO DRAMODOOO
0000000000000 00000O0DbO0 4MHz2O0DOD 640000000 2MHz
0000 32000000 1I0MHzDODOO 16 00000000000000000
gogd

4.3.2 0O0O0OOOOOO

goooooooooooobbbbbbbbbboooooooooooooooo
guootbbooooboooobbooobuooobobbooobobooobbuoo
goobbooobooooooobooobooobobobooooobboobbuo
goodooooooo

ggd

entity 0000 4400 VADLOOODOODOO B.210000

| ooo | oo | oo | ] |
CLK oooo in std_logic
FA ooo in std_logic_vector(31 downto 0)
FB oo in std_logic_vector(31 downto 0)
Q 0 out | stdlogic_vector(31 downto 0)

O 4.4: entity 0 OO

VODLOOOODOO 15000000 30000000000000000000
bbb ooobbobbboobbbOod processd0gonoogg
godoooooooooobbobbbbn
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ooo

entity 00000 4500 VADLODOOODOO B220000

| ood | od | od | | |
CLK oooo in std logic
FA ooo in std_logic_vector(31 downto 0)
FB oo in std_logic_vector(31 downto 0)
Q 0 out | stdlogic_vector(31 downto 0)

O 4.5: entity 0 O O

VADLOOODODO 1leO0OODOOO300000000000000 20000
o0obooobooboooboooobo 20000000000000 100000000
00000200000000000000220t0000000000 20000
oobooooOobO0oooOo0o0oboooo0ooOo0ooo0oooboooOo0obObO0ObOD 2000
ooooooooobooobooooooobob0oo loooobOooobooooo 2000
gboboooboooboooboobooboobooboobboboobooboboobobooboobooon
ooooooooooooboooo 460000

MULL  amisro. o || dwos

=11 ‘ ' omERo  ||dem

E v R [

BEE | MUL2 s g |

TrRE . :
S i o A
T l ZuF | E};ﬁ% Fo

CLE | | |
W AT WP AT - e

046: 0000000000000 0O0ODO¢

‘00000: ./fig/multiple.eps
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gdd

entity 00000 4600 VHADLOOOOOO??0000

| ooo | oo | oo | ] |
CLK oooo in std_logic
FA ooo in std_logic_vector(31 downto 0)
FB oo in std_logic_vector(31 downto 0)
Q 0 out | stdlogic_vector(31 downto 0)

0 4.6: entity 0 0 O

VODLOOODOOO 1.7000000 30000000000000 VEHDLODOO
ddoooooobobobbbbbbbboooodgd processOOOOOOOOO
goooooooooooooobobbbbn

googgo

entity 0000 4700 VADLOOODOODOO B.240000

| ooo | oo | oo | ] |
FA oooo in std_logic_vector(31 downto 0)
Q ooo out | stdlogic_vector(31 downto 0)

0 4.7: entity 0 0 O

VHDLOODOOD 1.80000000 FADODO QOO0O0O function 00000
000000 0000000000 1000000000000 for-loopd 00O
ggoooooooooo

gobobooobbooooboboooboooboboboooobboobbouo
000000000000 v/—-100000000000000000000000
gogddooooooooooo

4.3.3 0O0OO

0000000000000000000000000000000000000
0000000 FLEX2nd 00O 0DO0O0000000000000000 DRAMO
00000000000000000000000000000000000000
00 entityD0OODOD 4900 VADLODODOOOO B3.10000

00 FPGAOOOOOOO (56bit) 00000000000 (DATA_BUS)O 32bitO
0000000 (ADRS.BUS) O 16bitD FPGA O DO O (CTRL_BUS) O 6bitd FLEX1st
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000000000000000000000 (CALC.DONE)DODOOODOOO
00 (OEALU) O 1hit000000000000000000O00O00O0O0 4.800
00000 FLEX 2ndO0O0OO0OOOOOO

| ooo | oo | oo |EIEIEI |EIEIEIEI |

DATA_BUS 0oooo inout | 32 | BC5,BB6,BC7,BB8 BC9,BB10,BC11,BB12,
BC13,BB14,BC15,BB16,BC17,BB18,BC19,BB20,
BC23,BB24,BC25,BB26,BC27,BB28,B029,BB30,
BC31,BB32,BC33,BB34,BC35,BB36,B037,BB38

ADRS_BUS oooooo in 16 | AV18,AU19,AV20,AU21,AV22,AU23,AV24,AU25,
AV28,AU29,AV30,AU31,AV32,AU33,AV34,AU35
CTRL.BUS FPGAOOO in 6 AV10,AU11,AV12,AU13,AV14,AU15
CALC DONE nooo out 1 AU9
OE_ALU gooooooooo in 1 AVS8

0 4.8 FLEX 1st0 FLEX 2nd 000000000 O0OOOO

ooo | oo | oo | ] |
CLK oooo in std logic
DATA _BUS FPGADODODOOOODO inout | stdlogic_vector(31 downto 0)
ADRS_BUS FPGADODOOODODOODO in std_logic_vector(15 downto 0)
CTRL_BUS FPGADODODOODODODOOODO in std_logic_vector(5 downto 0)
CALC_DONE oooooo out std logic
OE_ALU FPGAOOODODOODOUODOODOD in std logic
R_DATA 0oooooooooo inout | stdlogic_vector(31 downto 0)
R_ADRS 0ooooooooooo out std_logic_vector(15 downto 0)
R_SCS 0ooooooooooo (SRAM) out std_logic_vector(3 downto 0)
R_SOE 0000000000000000 (SRAM) | out std logic
RSWE 00ooo0ooooooooo (SRAM) out std_logic
RDWE 00ooo0ooooooooo (SRAM) out std_logic
R_DRAS gooooooooooo (DRAM) out std_logic_vector(3 downto 0)
R_DCAS gooooooooooo (DRAM) out std_logic_vector(3 downto 0)
L_DATA 0oooooooooo out std_logic_vector(31 downto 0)
L_ADRS 0ooooooooooo out std_logic_vector(16 downto 0)
L_SCS 0ooooooooooo out std_logic_vector(3 downto 0)
L_SOE goooooobobogooooobd out std logic
LSWE Joooo0oooooooo out std logic
L.DWE 00ooo0ooooooooo (SRAM) out std_logic
L_DRAS gooooooooooo (DRAM) out std_logic_vector(3 downto 0)
L_DCAS gooooooooooo (DRAM) out std_logic_vector(3 downto 0)

0 4.9: entity 00 O

O00000D00 FLEX1stODOOODODOODOODODODO0OO0DO0OO00ODODO0O0ODO0O0
0000000000000 00 FLEX1stODODOOOODOO FLEXIstOOODOO
000 FLEX1st OODOOOOODOO 41000 41100000 41100000000
DRAMOOODODOOODODOOOO
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00000 FLEX1st 00 FLEX2nd O FPGAODO 6bit 000000000 (CTRL_BUS)
Oo0o0ooooooobbOooDb 41000000 41100000 DODDODODOO
00000000000 0000 FLEX2ndOOOOODOOO (CALC.DONE)O O
gdgd

ooo oo
RMEM_WR 0 SRAMOOOO0 | oo oo
R.MEM_RD 0 SRAMOOOOD LR DRAM_WR 00 DRAMOOOOD
L MEM_WR 0 SRAMOOOOO L_DRAM_WR 0DRAMOCOOOO
L_MEM_RD 0 SRAMOODOO R_DRAM.WR 0 DRAMOOOOD
LR.MEM_WR 00 SRAMODODO LR_DRAM_RD 00 DRAMOCOOOO
MEM_STOP O0oo0o0o00o0oon L.DRAM_RD 0 DRAMOOOOO
RR_INPRO 0000000000 R_DRAM._RD 0 DRAMOOOODO
LL_INPRO JooLDLoLOD INPRO_DRAM_R 000000 DRAMOOC
LR_INPRO Jbooooooooo INPRO_DRAM._L 000000 DRAMOOC
INPRO_F SUOLUD FPGADDD FR_DRAM_MUL FPGA,0 DRAMOOOO0O

INPRO_MEM_R

000000 SRAMOOO

FLDRAM_MUL

FPGA,0 DRAMOOODOOO

INPRO_MEM _L

000000 SRAMOOO

LR_.DRAM_MUL

O0DRAMOOOOOO

INPROMEMLR | 0000000 SRAMOCOO CALCDRAMR 000000 DRAMDDOD

FFMUL FPGALDLLLD CALCDRAM.L 000000 DRAMOOC

FRMEMMUL | FPGA. 0 SRAMOOOO0D || CALCDRAMLR 0000000 DRAMOOD

FLMEMMUL | FPGA, O SRAMOO D000 || RR-DRAMMEM | 0 DRAM OO0 SRAMOO D000

AR MEMMUL S SRAMOOOLLOD LLDRAMMEM | 0 DRAMOOO SRAMOOOOOO

L MEM MUL S SRAMOLLODD LR.DRAM_MEM | 0 DRAM OO0 SRAMOOOOC0O

LR_MEM_MUL 00 SRAMOOOOOO 04.11: 0000 (DRAMOOO)
FF_ADD FPGAODOOOD

FR.MEM_ADD | FPGA,0 SRAMOOOOOO

FL.MEM_ADD | FPGA,0 SRAMOOOCOCOO

RR_MEM_ADD 0 SRAMOOO0OO

LL_MEM_ADD 0 SRAMOOO0OO

LR_MEM_ADD 00 SRAMOOOOOO
CALC_F 0o000 FPGACOOO

CALC_MEM.R 0DOO000 SRAMOOO

CALC_MEM.L 0DOO000 SRAMOOO

CALCMEM_LR

000o0ooo SRAMOOO

04.10: 0000

000000 FPGAlIstO SRAMOOOOOOOODO DRAMOODOOOO SRAM
000000 MEMO DRAMOOOOOO DRAMOUOOOO 2000000000
goodd
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4.3.4 0O0O0OOOOO

gooooooo

42

FLEX2nd OOOOODDOOODOOO FLEX1st OOOOODODOOOOOOOOOOO
0000000000000 00O0000O00D00DO00O0DO0O0D 41200 VHDL
O0D0O000 B320000

ggdod gad
HsStop Joooboooooooooooo
HsDimWrite goooooooooooo
HsS2Looplni oooooo
HsS2LoopBdy 2000
HsSCalc sOo0o
HsAkRead ar+1,; 00000000
HsSNorm apy1x 0 s00000000
HsAkxSCalc ap41,p x sO000
HsS2pAkxSCalc s?+ ap+1,x X s 000
HsCCalc cOOO
HsCWrite cO00O0000OD0OO
HsViceWrite goooooooooooo
HsAkpSCalc ap41,p+s000
HsAxUCalc AwDO0O
HsPCale p000
HsAlphaCalc o000
HsAlphaxCCalc axedDODO
HsAlphaxCd2Calc &fpnoon
HsAlphaxCd2xUCalc w000
HsQCalc qU Q00O
HsUxQtCalc wql' OO0
HsQxUtCale g’ 000
HsUxQtpQxUtCalc wq' +qu’ 00D
HsACalc ADOOO
HsResRead oooooooooooooa

0O4.12:. 0000000

0000000000000 00o0o0ooD (DRAMOOODOOO)ODDOOOO

goodooooo

goodgd
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O000000000D00000D000000D000 HsStopOODOODOOODOO
OO0 DRAMODOOODOODOOOO HsDimWriteODODOOODOOO SRAMODOOO
00 HsS2Looplni DO OO OO0 O0ODO HsS2LoopBdy 0000 OO0 DRAM OO SRAM
000000000 20000000000 20 FPGAODOOODOOOODOOO

0o (2.2.8)|:| cO000000 HsSCalecODODODDODODOO sO00D0OO0O HsAkRead
O DRAMOO a3y, 000000 HsSNormOOOO sO0000O00O0O HsAkxS-
CalcD app1p x s00000000000D000 HsS2AkxSCalc0D0O00DO0O s20
O0000000 HsCCaleODODOODODOODODOOODODOODO cOODOODO
cO SRAMOODOODOO HsVieeWrite DO OODOOO0 DRAMOODOOODO

00 (2.2.13)0 p000000 HsAkpSCalcDODODO0DO0D0 appie+s 00000
wODO000ODO0D0000000 SRAMOODOOODOOO HsAxUCaleOODOODODOO
00 AwdDOOO0OODOODOO HsPCalce p=cAw 000000

aoodn (2.2.14)D qUOO0000000 HsAlphaCaleO a 000000 O

a=wlp (4.3.1)

00 0 HsAlphaxCCalc O o x ¢0 0000 HsAlphaxCd2Calc 0D OO 20000
(0000000 -1)0 HsAlphaxCd2xUCale 0 w 0000 (22214) 0000 2000
O000000 HsQCalcO g0 ODOOO

00000 kDOD0OOD kOODDOODOOOOOOOOO DRAMOOODOODO (2.2.12)
000020000 wg' +qu’ 0000000000 HsUxQtCale DO 200 wq”
00000 HsQxUtCale 00 300 qw! 0000000000 HsACaleO (2.2.12)
0000 AD0DO0DOOODOOODOOOODOODOOO0OO0 200000000000000
googooogo
O00D0n00n000000000D000O0O0D0O0O0OCODOOODO HsResRead O
O00D000O0 DRAMODODODOOOOODOODOOO

entity 0000 4130000 entity 00000000000 400000000
goboooooooon
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| ooo oo | oo | ] |

CLK oooo in std_logic

A dooooooooog A inout | stdlogic_vector(15 downto 0)

BL 0ooooooooooBOO in std_logic_vector(7 downto 0)

BH 0ooooooooooBOO out std_logic_vector(5 downto 0)

B_CONF FPGAODOODODODODODODOODOOODO in std_logic_vector(1 downto 0)

CL 0oooooooooocon in std_logic_vector(5 downto 0)

DATA _BUS FPGADODODOOOODO inout | stdlogic_vector(31 downto 0)

ADRS_BUS FPGADODOOODODOODO in std_logic_vector(16 downto 0)

CTRL_BUS FPGADODODOODODODOOODO in std_logic_vector(4 downto 0)
CALCDONE oooooo out std_logic
OE_ALU FPGAOOODODOODOUODOODOD in std_logic

OBF joooooooo OBF in std_logic_vector(1 downto 0)

ACK 00ooooooo ACK out std_logic_vector(1 downto 0)

STB 0oooooooao STB out std_logic_vector(1 downto 0)

IBF 0oooooooo IBF in std_logic_vector(1 downto 0)

0 4.13: entity DO O
oo

FLEX1st OODOODOODODODO0ODOO0ODOO0ODOO0OOO0DO00DOO0DO0O0oDooon
00000 41400 VAHDLDODODOOOD B3.30000

ggdod gad
BisStop 00
BisDimRead goooooooooooo
BisAlphaRead ap 00000000
BisBetaRead G, 00000000
BisAlphapBetaCalc ap+ fp, 000
BisMaxCalc a4+ O+ Br_1 000
BisMaxComp Gerschgorin D00 00O0OO0O0OOO
BisMaxSet gooooooooo
BisApBCalc a+b000
BisCCalc cO0O0O
BisAlphamCCalc ap—cO0O0O
BisBeta2Calc ﬁg_l ogo
BisBeta2dQCalc [;E—:i oood
BisQCalc gr 000
BisQComp g 00000
BisNewRange ooooooood
BisEvWrite goooooooooo
BisResRead Oo0oooooooog

O4.14: 0000000
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O0000000000000000000000000000000 FLEX 2nd
O DRAMOOOODOOODODOOODO0OO0O0O0ODODO0OO0O0DO FLEX 1st000O0O0
goououououooouoouoooao

O000000000000000000 DisDimRead 0000000 SRAMO
O0000000000000000D000D000000DOO0O0 BisAlphaReadO Bis-
BetaRead 00000 o, 000000 .0 ﬂk_1DDDDDDDDDDDDDDD(2.2.27)
Oar+ 6+ /0000000000000 O0D0O000O0O BisAlphapBetaCalc O
ap+6, 00000 BisMaxCaleOO OO f,_; 0000 BisMaxComp OO OO OO0
O0000000000D0 BisMaxSet 00D O0O0OO0O0O0OOO0O0OO

O000 cO00O000 BisApBCaleO a+b 00000 BisCCalcOO OO 200
00 cOooogn

0gn ngDDDDDDDDDDDDDDDDDDD(2.2.29)DDDDDDDD
BisAlphamCCalc DO OODOO0OD ,—c000000D00OO-10000000 (2.2.29)
0010 0000

DDDD(2.2.29)DD 20000000000000000 300000 i—jDD
0000 BisBeta2Cale D0 O0DO0D0OO0O0D0DO0OO0ODOOOO B, 0000 ﬂg_IDDDD
000000000000 BisBeta2dQCale O %DDDDDDDDDDDDDDD
00 BisQCaleOODOOOOO ap—cOO i—jDDDDDD g 0o0ooooog

0000 BisQComp O ¢, 000000000000 O0O0DODOOO BisNewRange O
000000000000 00D0000000000 kOo0oDOoOoOoooOoOoOoooOOg
BisEvWrite 00 0000000000000 O00O0DO0ODOO0O0DODOOOO0ODOO Bis-
ResRead DD OO0 OO0DOODO0DOODOOODO

godgd

FLEX1st OODOOOODOODODO0ODOODOD0ODOO0ODOO0DO0DO0OO0O00O0DO0O0Dn
O0D00000 41500 VEDLOODOOOD B340000

0000000000000 00000DODO00O0oOoOOoO0D PCOODOOOOODO
FLEX 2nd O SRAMOOOOODOO0ODOOO0OOOOO0ODDOOO0OOOO FLEX 1st
ggddoooooooooobbbbbbbbbobobooooooo
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ggdod gad
InvStop 00
InvDimRead goooooooooooo
InvLambdaRead oooooooo
InvAlphamLambdaCalc ap—A000
InvViceRead G, 00000000
InvViceWrite G, 00000000
InvAlphalRead ap 00000000
InvAlpha2Read a1 00000000
InvBetalRead G, 00000000
InvBeta2Read G, 00000000
InvBeta3Read Sk 00000000
InvAbsComp ooooooo
InvMCalc mO00
InvM Write mO00000000
InvAlphal Write ap 00000000
InvBeta2Write G, 00000000
InvBeta3Write Sk 00000000
InvMxBeta3Calc m X Bpy1 000
InvMxBeta2Calc mx G, 000

InvAlpha2mMxBeta2Calc

ozk+1—m><ﬁk[l[|[l

InvRRange ooooooooog
InvRxXCalc Rx0O0O0O
InvXRead x00000000
InvXmRxXCalc x-Rax0O0O0O
InvAlphaRead ap 00000000
InvXCale x000
InvXWrite x00000000
InvX1Read zp, 00000000
InvX2Read rp 00000000
InvX1X2Comp rp 0z 00O
InvX1Write rx0O0000000
InvMxX1Calc mx xx 000
InvEvCalc zr1 000
InvResRead x00000000

04150000000

46

0000000000000 000000 InvDimReadDOO0OO0OO0OO0OOOO
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00000 InvDimRead DO OO M O00000D00O00O0O0O0O0O0O InvAlphal.amb-
daCalc00 0000 o, 000000 op—A0D0O0DO0OO

0000 InvViceReadO InvVieeWrite 000000000 £, 000000000
O000000000 InvAlphalReadd InvAlpha2Readd InvBeta2Readd InvBeta3Read
000000000 ex0 apy0 B0 Brpa O InvBetalRead 0000000 B 00
aoon

InvAbsComp O OO DOOO0OODOO0OODOODOO £4,000000 000000
00000 030 40 a1 0 0000000000000 InvMCale 0 m = 2
00000000000 mO0O0O0000000000D0O00000D0O00000 In-
vAlphal WriteO InvBeta2Write InvBeta3Write 00 00 0 £:0 By 000 OO
000000 InvMxBeta3CalcO m x 5, 00 000000000000 ODOOO
O00000000000000000000 InvMxBeta2Calc m x g, 0000
00000000000 DDODO InvAlphazmMxBeta2Calc O oy —m x 5, 0000
HEN

00 InvXmRxXCaleO # - Re 000000000000 00OO InvAlphaRead
0o, 000000000000 InvXCaleD x 0000000000 00000
DDDDDDDDD(2.2.31)DDDDDDDDDDDDDDDDDDDDDDDDD
000000000000 InvRRange 00D 0000000000000 InvRxXCale
D000 Re00D0D00D000D0D0ODO xO InvXReadOOOODOOOODOODOOO
O InvXmRxXCalcO - Re 000000

00000000000 0000000 2, 00000000 InvX1Read O InvX2Read
0000000 0 2, 0000000000 InvX1X2Comp O 2 0 x4y, 000
OO0 InvX1IWrite OO OO0 2, 0000000000 InvMxX1CalcO m x a2, 00
000000000000 InvEvCaleD 2, 000000

000000000000 000000000000000000000 InvRes-
Read O x OO0 0DOD0OODOOO

goooooooo

FLEX1st OODOODOOODOODOO0ODO0ODOD0ODOO0O0OO0DO0000O0O00O0DO0o0Dn
0000000000000 0DbO0000 41600 VEDLODODOODO B3.50000
goobooobboooobobbbooobooobbbooobobooobbuo
goobbooobboooooboooobooooboboooobboobbuo
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goddooooooooobbbbbbbbbboboboooooo
0000000000000 000000 FLEX 2nd0 SRAMOOODOOOOO
O00000D00O0DO0D000 FLEX 1st000000000DO0DOO0DO00O0O0OO0

000000000000 0Dooooo PCOOOOOO

ggdod gad
HsInvStop 00
HsInvDimRead oo0ooooooooooo
HsInvVarlni oooooo
HsInvUtxXCalc w2000
HsInvUtxXxCCalc cwl 2000

HsInvUtxXxCxUCalc

cwl zw000O

HsInvXmUtxXxCxUCalc

z-cwl zwO0D

HsInvX2Calc Zx% oono
HsInvNormCale Yxz 000
HsInvInvNormCalc L ogo
N
HsInvXNorm yOooad
HsInvResRead 00o0o00000ooooooo

O4.16: 0000000

D000000000000D00000000000000 HslnvDimRead 000
D000000000000D00000000 HslnvDimRead DDD0DODDOOO
D00000000D000 (2246)000000000000000000000O
0000000000 HslnvUtxXCale O w’ 2 00000 HslnvUtxXxCCale O cw?

00000000 HsInvUtxXxCxUCaleO = - ¢ w! 2w 00000 (2.2.46) 00
000 20000000000 HsInvXmUtxXxCxUCale O (2.2.46) 0 U~ 000
00

D00 r=n2000000000000000 y00D0D0D0D000 HslnvX2CaleO O
0000000 Y2;0000 HslnvNormCale DO 0D O00D00D0000 /> a2 0
00000000 HslnvinvNormCale 000000000000 0DDDOOO0OO0 —&

2.
OO0O000000 HsInvXNormO y 000000
O000000000000D00D00 HslnvResReadD OO DODODOODOODOODOO
googo



oot

5.1 0000O0OO0ODODOO

000 DRAMODDODOODOOODOOOODODODODOO0OOOOODOOOO
PCOOODDOOODO FPGADOODDOOODOOOO DRAMODOUODOOOODODOO
0000000000000 00 DRAMOODODODOOODOD FPGAODO PCO
0000000 DRAMOOOOODODOOODOO 30000000 DRAMODOODOOO
goooooooooo

DRAMODOOODOODOODODOODOODODOOODOOODODOODODOOOOOO
0000000000000 00000DO0O0 FPGAODODOOODOOOODOOOODO
goobooobobooobobbooobuoooobbooooobuooobbuo
000 FLEX1stDOODOODODO entity 0O 5100 VADLOOOOOD ADOOO
O0000000bo0o0oboboo0obobobo 4200000000000 0O0 2000
000000000060 0000O0DODUOODODDOODOO

0.500000 0.250000 0.500000 0.500000 0.250000 0.125000
0.500000 0.375000 0.750000 0.250000 0.125000 0.250000
0.250000 0.375000 0.625000 0.500000 0.250000 0.750000
0.500000 0.500000 0.250000 0.875000 0.250000 0.125000
0.500000 0.375000 0.250000 0.250000 0.125000 0.750000
0.250000 0.750000 0.500000 0.500000 0.250000 0.125000

49
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0.250000 0.750000 0.375000 0.125000 0.500000 0.250000
0.125000 0.750000 0.500000 0.375000 0.125000 0.500000
B_ 0.500000 0.250000 0.125000 0.375000 0.500000 0.750000
0.250000 0.500000 0.250000 0.125000 0.500000 0.750000
0.375000 0.250000 0.125000 0.500000 0.750000 0.500000
0.500000 0.250000 0.375000 0.125000 0.375000 0.500000
0.687500 1.031250 0.578125 0.546875 1.015625 1.187500
0.781250 1.062500 0.640625 0.609375 0.984375 1.250000
AB — 1.015625 1.125000 0.796875 0.687500 1.203125 1.593750
0.687500 1.343750 0.765625 0.593750 1.109375 1.406250
0.781250 1.062500 0.765625 0.484375 0.921875 1.125000
0.687500 1.218750 0.734375 0.703125 0.953125 1.375000
| ooo oo | oo | ]
CLK oooo in std_logic
A dooooooooog A inout | stdlogic_vector(15 downto 0)
BL 0ooooooooooBOO in std logic_vector(7 downto 0)
BH 0ooooooooooBOO out std logic_vector(5 downto 0)
OBF 0ooooooooo OBF in std logic_vector(1l downto 0)
ACK 000oooooo ACK out std logic_vector(1l downto 0)
STB 0oooooooao STB out std logic_vector(1l downto 0)
IBF 0oooooooo IBF in std logic_vector(1l downto 0)
R_DATA 0oooooooooo inout | stdlogic_vector(31 downto 0)
R_ADRS 0ooooooooooo out stdlogic_vector(15 downto 0)
R_SCS 0ooooooooooo (SRAM) out std logic_vector(3 downto 0)
RSOE | 0000000000D00000 (SRAM) | out std_logic
RSWE 00ooo0ooooooooo (SRAM) out std_logic
RDWE 00ooo0ooooooooo (SRAM) out std_logic
R_DRAS gooooooooooo (DRAM) out std logic_vector(3 downto 0)
R_DCAS gooooooooooo (DRAM) out std logic_vector(3 downto 0)
L_DATA 0oooooooooo out stdlogic_vector(31 downto 0)
L_ADRS 0ooooooooooo out stdlogic_vector(16 downto 0)
L_SCS 0ooooooooooo out std logic_vector(3 downto 0)
L_SOE goooooobobgooooobd out std_logic
LSWE ooooo0oooooooo out std_logic
L.DWE 00ooo0ooooooooo (SRAM) out std_logic
L_DRAS gooooooooooo (DRAM) out std logic_vector(3 downto 0)
L_DCAS gooooooooooo (DRAM) out std logic_vector(3 downto 0)

0 5.1: entity 0 O O

30
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O0o0D0O0ObO0000000 2000000000 b0obO0o0o0ooDoObDDboODbOon
gogoooooooooooobbbbbbbbooooooooooooooubooo
g

goobooobboooooobooobuoooboboboooobboobbuo
O000000ooooooboboboooooooooooooobD e 2000
OD00000D000008hit0 00000 24bit 000000000000 0O0O0O0O
OO0 24bit 0000000000000 O00DOOO00OOOO0OOOO

00000 35517 x 1556 0000000000000 00 1600000000
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-— DRAM Memory Controller (FLEX10k)

-— < ctdrmsrm3.vhd >
-- 1999/11/09 (Tue)
-- numa@tube.ee.uec.ac.jp

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.

library metamor;
use metamor.attributes.all;

entity ctrl_dramsram is

port ( CLK
RESET

ADRS

DATA

DATA_BUF
SRAM_ADRS_MUX
ROW_ADRS_MUX
COL_ADRS_MUX
WRITE_DATA_REG
READ_DATA_REG
SCS

SOE

SWE

OE

DWE

DRAS

DCAS

DOE
MEM_STATE_SEL
MEM_CYCLE
W_CYCLE
R_CYCLE
REF_CYCLE

>
end ctrl_dramsram;

all;

in std_logic;

in std_logic;

out std_logic_vector(16 downto 0);
in std_logic_vector(31 downto 0);
out std_logic_vector(31 downto 0);
in std_logic_vector(16 downto 0);
in std_logic_vector(11l downto 0);
in std_logic_vector(11l downto 0);
in std_logic_vector(31 downto 0);
out std_logic_vector(31 downto 0);

out std_logic_vector(3 downto 0);
out std_logic;
out std_logic;

: out std_logic;

out std_logic;

out std_logic_vector(3 downto 0);
out std_logic_vector(3 downto 0);
out std_logic;

in std_logic_vector(2 downto 0);
in std_logic;

: out std_logic;
: out std_logic;

out std_logic

architecture RTL of ctrl_dramsram is

type STATE_TYPE is (
STOP, S_WRITE1, S_WRITE2,

S_READ1, S_READ2,

D_WRITE1, D_WRITE2, D_WRITE3, D_WRITE4, D_WRITES,
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D_READ1, D_READ2, D_READ3, D_READ4, D_READS5,

60

REF1, REF2, REF3, REF4, REF5, CONT_D_READ1, CONT_D_READ2,
CONT_D_READ3, CONT_D_READ4, CONT_D_READS5, CONT_D_READS,
CONT_D_READ7, CONT_D_READS, CONT_D_READ9, CONT_S_READ

>

signal CURRENT_STATE : STATE_TYPE;
signal NEXT_STATE : STATE_TYPE;
signal NEXT_MEM_CYCLE : std_logic;
signal ADRS_COL : std_logic;
signal ADRS_ROW : std_logic;
signal ADRS_SRAM : std_logic;
signal W_CYCLE1l : std_logic;

signal CACHE_DATA :
begin

process ( CLK, RESET, CURRENT_STATE,

std_logic_vector(31 downto 0);

MEM_CYCLE, MEM_STATE_SEL, NEXT_MEM_CYCLE) begin

if RESET = ’1’ then
SOE <= ’1’; SWE <= ’17;
SCS <= "1111"; OE <= ’17;

DATA_BUF <= '"00000000000000000000000000000000" ;
READ_DATA_REG <= '"00000000000000000000000000000000";
CACHE_DATA <= '"00000000000000000000000000000000";

NEXT_STATE <= STOP;
ADRS_COL <= ’0’; ADRS_ROW <= ’0’;
ADRS_SRAM <= ’07;

DRAS <= "1111"; DCAS <= "1111";
DOE <= ’1°;

elsif rising_edge( CLK ) then
case CURRENT_STATE is

when STOP =>
SOE <= ’17;
0E <= ’17;
ADRS_COL <= ’0’;
DRAS <= "1111";
DOE <= ’1’;
NEXT_STATE <= STOP;

SWE <= 17;

ADRS_ROW <= ’0’;
DCAS <= "1111";

————— < SRAM CYCLE >————-
when S_WRITE1 =>

SCS <= "0000";
DATA_BUF <= WRITE_DATA_REG;
OE <= ’07;

ADRS_SRAM <= ’17;
NEXT_STATE <= S_WRITE2;

when S_WRITE2 =>
SWE <= ’07;
NEXT_STATE <= STOP;

when S_READ1 =>
SCS <= "0000";
ADRS_SRAM <= ’17;
NEXT_STATE <= S_READ2;

SOE <= ’07;

when S_READ2 =>
READ_DATA_REG <= DATA;
NEXT_STATE <= STOP;

when D_WRITE1 =>
SOE <= ’17;
0E <= ’07;
ADRS_SRAM <= ’0’; ADRS_ROW <= ’17;
DATA_BUF <= WRITE_DATA_REG;
NEXT_STATE <= D_WRITE2;

SWE <= 17;

SCS <= "1111";
ADRS_SRAM <= ’07;

OE <= ’1°;

SCS <= "1111";



when D_WRITE2 =>

ADRS_COL <= ’1’; ADRS_ROW <=
DRAS <= '"0000"; DOE <= ’0’;

NEXT_STATE <= D_WRITE3;
when D_WRITE3 =>

DCAS <= "0000";

NEXT_STATE <= D_WRITE4;
when D_WRITE4 =>

ADRS_COL <= ’0’;

DRAS <= "1111"; DOE <= ’1’;

NEXT_STATE <= D_WRITES5;
when D_WRITES =>

DCAS <= "1111";

NEXT_STATE <= STOP;

when D_READ1 =>
ADRS_SRAM <= ’07;
0E <= ’17;
ADRS_ROW <= ’1°;
NEXT_STATE <= D_READ2;
when D_READ2 =>

ADRS_COL <= ’1° ADRS_ROW <=

DRAS <= "0000";

NEXT_STATE <= D_READ3;
when D_READ3 =>

DCAS <= "0000";

NEXT_STATE <= D_READ4;
when D_READ4 =>

ADRS_COL <= ’0’;

READ_DATA_REG <= DATA;

DRAS <= "1111";

NEXT_STATE <= D_READ5;
when D_READ5 =>

DCAS <= "1111";

NEXT_STATE <= STOP;

when REF1 =>

ADRS_SRAM <= ’07;

0E <= ’17;

NEXT_STATE <= REF2;
when REF2 =>

DCAS <= "0000";

NEXT_STATE <= REF3;
when REF3 =>

DRAS <= "0000";

NEXT_STATE <= REF4;
when REF4 =>

DCAS <= "1111";

NEXT_STATE <= REF5;
when REF5 =>

DRAS <= "1111";

NEXT_STATE <= STOP;
when CONT_D_READ1 =>

ADRS_SRAM <= ’07;

0E <= ’17;

ADRS_ROW <= ’1°;

NEXT_STATE <= CONT_D_READ2;
when CONT_D_READ2 =>

ADRS_COL <= ’1’; ADRS_ROW <=

DRAS <= "0000";

NEXT_STATE <= CONT_D_READ3;
when CONT_D_READ3 =>

DCAS <= "0000";

NEXT_STATE <= CONT_D_READ4;
when CONT_D_READ4 =>

ADRS_COL <= ’07;

CACHE_DATA <= DATA;

DRAS <= "1111";

NEXT_STATE <= CONT_D_READ5;
when CONT_D_READS =>

DCAS <= "1111";

ADRS_SRAM <= ’17;

NEXT_STATE <= CONT_D_READS;
when CONT_D_READ6 =>

OE <= '0°;

NEXT_STATE <= CONT_D_READ7;

O0 ADDDOO0ODOOOOOOOODOO
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when CONT_D_READ7 =>
SCS <= "0000";
DATA_BUF <= CACHE_DATA;
NEXT_STATE <= CONT_D_READS;
when CONT_D_READS =>
SWE <= 707;
NEXT_STATE <= CONT_D_READY;
when CONT_D_READ9 =>
ADRS_SRAM <= ’07;
SWE <= ’17; SCS <= "1111";
OE <= 17;
NEXT_STATE <= STOP;
when CONT_S_READ =>
SOE <= 707; SWE <= 17; SCS <= "0000";
OE <= 1°;
ADRS_SRAM <= ’07;

when others =>
NEXT_STATE <= STOP;

end case;
end if;
end process;

process ( RESET, CURRENT_STATE ) begin

if RESET = ’1’ then
W_CYCLE <= ’0’; R_CYCLE <= ’0’; REF_CYCLE <= ’0’;
NEXT_MEM_CYCLE <= ’1’; W_CYCLE1l <= ’0’;

else
case CURRENT_STATE is
when S_WRITE1 | S_WRITE2
| D_WRITE1 | D_WRITE2 | D_WRITE3 | D_WRITE4 | D_WRITES
=> W_CYCLE <= ’1’; W_CYCLE1 <= ’1’; NEXT_MEM_CYCLE <= ’1’;
when S_READ1 | S_READ2
| D_READ1 | D_READ2 | D_READ3 | D_READ4 | D_READ5
| CONT_D_READ1 | CONT_D_READ2 | CONT_D_READ3 | CONT_D_READ4
| CONT_D_READ5 | CONT_D_READ6 | CONT_D_READ7 | CONT_D_READS | CONT_D_READ9
=> R_CYCLE <= ’1’; NEXT_MEM_CYCLE <= ’17;
when REF1 | REF2 | REF3 | REF4 | REF5 =>
REF_CYCLE <= ’1’; NEXT_MEM_CYCLE <= ’17;
when STOP => W_CYCLE <= ’0’; R_CYCLE <= ’0’;
W_CYCLE1 <= ’0’; REF_CYCLE <= ’0’;
NEXT_MEM_CYCLE <= ’0’;
when others => W_CYCLE <= ’0’; R_CYCLE <= ’0’;
W_CYCLE1 <= ’0’; REF_CYCLE <= ’0’;
NEXT_MEM_CYCLE <= ’0’;
end case;
end if;
end process;

process (CLK, RESET, MEM_CYCLE, NEXT_MEM_CYCLE ) begin
————— < RAM Decision Controller >—-————
if RESET = ’1’ then

CURRENT_STATE <= STOP;

elsif falling_edge( CLK ) then
if MEM_CYCLE = ’1’ and NEXT_MEM_CYCLE = 0’ then
case MEM_STATE_SEL is
when '"000" => CURRENT_STATE <= STOP;
when '"001" => CURRENT_STATE <= S_READ1;
when '"011" => CURRENT_STATE <= CONT_S_READ;
when '101" => CURRENT_STATE <= D_WRITE1;
when '110" => CURRENT_STATE <= D_READ1;
when '100" => CURRENT_STATE <= REF1;
when '"111" => CURRENT_STATE <= CONT_D_READ1;
when others => CURRENT_STATE <= STOP;
end case;
elsif NEXT_MEM_CYCLE = ’1’ then
CURRENT_STATE <= NEXT_STATE;
end if;
end if;
end process;

process (CLK,RESET ) begin
1f RESET = ’1’ then
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DWE <= ’1°;

elsif falling_edge ( CLK ) then
if ADRS_ROW = ’1’ then
ADRS <= "00000" & ROW_ADRS_MUX;
elsif ADRS_COL = ’1’ then
ADRS <= "00000" & COL_ADRS_MUX;
if W_CYCLE1 = ’1’ then

DWE <= ’0°’;
else
DWE <= ’1°7;
end if;
elsif ADRS_SRAM = ’1’ or MEM_STATE_SEL = "011" then
ADRS <= SRAM_ADRS_MUX; ---'"000000000000";
DWE <= ’1°;
else
ADRS <= "00000000000000000";
DWE <= ’1°;
end if;

end if;
end process;

end RTL;

A.2 000 (FLEX 1st)

-- Floating Point Number Multiplier and Adder (FLEX10k)
-- < multaddé.vhd >

-- 1999/12/28 (Tue)

-- numa@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 multaddé is
port ( CLK : in std_logic;

wQ : in std_logic;

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

);

end multadd6;
architecture RTL of multaddé is

—————————— < fpmult signal >---——--—-—

signal MMA, MMB : std_logic_vector(23 downto 0);

signal MMC, MCO : std_logic_vector(25 downto 0);

signal MMQ : std_logic_vector(22 downto 0);

signal TMC1, TMC2 : std_logic_vector(47 downto 0);

signal MEA, MEB, ECO, EC1, EC02, EC12 : std_logic_vector(Q downto 0);
signal ECOA, EC1A, MEQ : std_logic_vector(7 downto 0);

signal S, SS, SSS, SSSS, MSQ : std_logic;

signal FC : std_logic_vector(31 downto 0);

—————————— < fpadder signal >—————-----

signal INFO, INFi, INF3, INF3, ZA, ZB, ZA1, ZB1 : std_logic;

signal SA, SB, SA2, ASQ : std_logic;

signal AEA, EA2, EA3, AEQ, ES, ES2 : std_logic_vector(7 downto 0);

signal AMA, AMB, MC3, AMQ : std_logic_vector(22 downto 0);

signal AMC : std_logic_vector(25 downto 0);

signal VO, Vi, V2, V3, V4, Vb6 : std_logic_vector(24 downto 0);

signal MB2 : std_logic_vector(23 downto 0);

signal VVO, VV1, VV2, VV3, VV4, MC2, MC34 : std_logic_vector(24 downto 0);
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signal QQ : std_logic_vector(31 downto 0);

——————————— < others >———-———-

signal DCNT : std_logic_vector(3 downto 0);

signal QQQ : std_logic_vector(31 downto 0);

—--constant DELAY_TIME : std_logic_vector(2 downto 0) := "011";

begin

———————————— < Multiplier Part >--————-
process begin --1st step--
wait until rising_edge( CLK );
MMA <= ’1’ & FA(22 downto 0);
MMB <= ’1’ & FB(22 downto 0);
MEA <= "00" & FA(30 downto 23);
MEB <= "00" & FB(30 downto 23);
S <= FA(31) xor FB(31);
end process;

process ——2nd step——
begin
wait until falling_ edge( CLK );
S <= S;
if DCNT(0) = ’1’ then
TMC1 <= MMA * MMB;
else
TMC2 <= MMA * MMB;
end if;
if ( (MEA = "0011111111") or (MEB
ECO <= "0011111111";
EC1 <= "0011111111";
elsif ( (MEA = "0000000000") or (MEB
ECO <= "0000000000";
EC1 <= "0000000000";
else
ECO <= MEA + MEB - "0001111111";
EC1 <= MEA + MEB - "0001111110";
end if;
end process;

"0011111111") ) then

"'0000000000") ) then

process begin --2.5 step--
wait until falling_ edge( CLK );
SSS <= SS;
EC02 <= ECO; EC12 <= EC1;
if DCNT(1) = ’1’ then
MMC <= TMC1(47 downto 22);
else
MMC <= TMC2(47 downto 22);
end if;
end process;

process begin --3rd step--
wait until falling_ edge( CLK );
SSSS <= SSS;
if ( MMC(25) = ’0’ ) then
MCO <= MMC + '"00000000000000000000000001";
else
MCO <= MMC + '"00000000000000000000000010";
end if;

case EC02(9 downto 8) is

when "11" => ECOA <= "00000000";

when "01" => ECOA <= "11111111";

when others => ECOA <= EC02(7 downto 0);
end case;

case EC12(9 downto 8) is
when "11" => EC1A <= "00000000";
when "01" => EC1A <= "11111111";
when others => EC1A <= EC12(7 downto 0);
end case;
end process;

process begin --4th step--
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wait until falling_ edge( CLK );
MSQ <= SSSS;
if ( MCO(25) = ’0’ ) then
MMQ <= MCO(23 downto 1);
MEQ <= ECOA;
else
MMQ <= MCO(24 downto 2);
MEQ <= EC1A;
end if;
end process;

FC <= QQQ when ( DCNT = "0111" or DCNT = "1000" ) else MSQ & MEQ & MMQ;

INFO <= ’1’ when

( (FC(30 downto 23 ) = "1111111111")

or ( QQ(30 downto 23 ) = "1111111111" )) else ’0’;
ZA <= ’1’ when FC(30 downto 23 ) = "0000000000" else ’0’;
ZB <= ’1’ when QQ(30 downto 23 ) = "0000000000" else ’0’;

process
variable VES1 , VES2, BUF_FA, BUF_FB : std_logic_vector(8 downto 0);
begin
wait until rising_edge( CLK );
INF1 <= INFO;

BUF_FA :
BUF_FB

’0’ & FC( 30 downto 23);
>0’ & QQ( 30 downto 23);

VES1
VES2

BUF_FA - BUF_FB;
BUF_FB - BUF_F4;

if ( VES1(8) = ’0’ ) then
SA <= FC(31); SB <= QQ(31); AEA <= FC( 30 downto 23);
AMA <= FC( 22 downto 0); AMB <= QQ(22 downto 0);
ES <= VES1( 7 downto 0); ZA1 <= ZA; ZB1 <= ZB;

else
SA <= QQ(31); SB <= FC(31); AEA <= QQ( 30 downto 23);
AMA <= QQ( 22 downto 0); AMB <= FC(22 downto 0);
ES <= VES2( 7 downto 0); ZB1 <= ZA; ZA1 <= ZB;

end if;

end process;

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

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

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

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

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

V5 <= V4 + "0000000000000000000000001";

MB2 <= V5(24 downto 1) when ES(7 downto 5) = "000" else "000000000000000000000000";

process
variable VMA , VMB : std_logic_vector(25 downto 0);
begin
wait until falling edge( CLK );
EA2 <= AEA; INF2 <= INF1;
if ( ZA1 = ’1’ ) then

VMA := "00000000000000000000000000";
elsif ( SA = ’0’ ) then
VMA := "001" & AMA;
else
VMA := "00000000000000000000000000" — ("001" & AMA);
end if;
if ( ZB1 = ’1’) then
VMB := "00000000000000000000000000";
elsif ( SB = ’0’ ) then
VMB := "00" & MB2;
else
VMB := "00000000000000000000000000" - (00" & MB2);
end if;

AMC <= VMA + VMB;
end process;
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process begin
wait until rising_edge( CLK );
SA2 <= AMC(25); EA3 <= EA2; INF3 <= INF2;
if (AMC(25) = ’0’) then
MC2 <= AMC(24 downto 0);
else
MC2 <= "0000000000000000000000000" - AMC(24 downto 0);
end if;
end process;

MC3A <= MC2 + '0000000000000000000000001";

ES2 <= "00000000" when MC2(24) = ’1’ else

"00000001" when MC2(23) = ’1’ else

"00000010" when MC2(22) = ’1’ else

"00000001" when MC2(21) = ’1’ else

"00000010" when MC2(20) = ’1’ else

"00000011" when MC2(19) = ’1’ else

"00000100" when MC2(18) = ’1’ else

"00000101" when MC2(17) = ’1’ else

"00000110" when MC2(16) = ’1’ else

"00000111" when MC2(15) = ’1’ else

"00001000" when MC2(14) = ’1’ else

"00001001" when MC2(13) = ’1’ else

"00001010" when MC2(12) = ’1’ else

"00001011" when MC2(11) = ’1’ else

"00001100" when MC2(10) = ’1’ else

"00001101" when MC2( 9) = ’1’ else

"00001110" when MC2( 8) = ’1’ else

"00001111" when MC2( 7) = ’1’ else

"00010000" when MC2( 6) = ’1’ else

"00010001" when MC2( 5) = ’1’ else

"00010010" when MC2( 4) = ’1’ else

"00010011" when MC2( 3) = ’1’ else

"00010100" when MC2( 2) = ’1’ else

"00010101" when MC2( 1) = ’1’ else

"00010110" when MC2( 0) = ’1’ else

"10000000";
VV0 <= MC2 when ES2(0) = ’0’ else MC2(23 downto 0) & "0";
VV1 <= VVO when ES2(1) = ’0’ else VV0(22 downto 0) & "00";
VV2 <= VV1 when ES2(2) = ’0’ else VV1(20 downto 0) & "0000";
VV3 <= VV2 when ES2(3) = ’0’ else VV2(16 downto 0) & "00000000";
VV4 <= VV3 when ES2(4) = ’0’ else VV3( 8 downto 0) & "0000000000000000";
MC3 <= VV4(23 downto 1) when MC3A(24) = 0’ else MC3A4(23 downto 1);

process begin
wait until falling edge( CLK );
ASQ <= SA2; AMQ <= MC3;
if INF3 = ’1’ then
AEQ <= "11111111";
elsif ES2(7) = ’0’ then
AEQ <= EA3 - ES2 + '"00000001";
else
AEQ <= "00000000";
end if;
end process;

process begin
wait until rising_edge( CLK );
if DCNT = "0110" then

QQQ <= ASQ & AEQ & AMQ;
elsif DCNT = "1000" then

QQQ <= "00000000000000000000000000000000" ;
end if;

if WQ = ’1’ or ( "0111" < DCNT and DCNT < '"1100" ) then
DCNT <= DCNT + "0001";

elsif WQ = ’0’ then
DCNT <= '0000";

end if;

end process;

QQ <= '"00000000000000000000000000000000" when DCNT > "1010" else ASQ & AEQ & AMQ;
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Q <= ASQ & AEQ & AMQ;
end RTL;

A3 0O0O0OO0DOOO

-- Matrix Maltiplier using Memory
-- Data DRAM to DRAM

-- < float8.vhd >

-- 1999/12/28 (Tue)

-- numa@tube.ee.uec.ac.jp

(FLEX10k)

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 float8 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(7 downto 0);

- BH1 : out std_logic_vector(l downto 0);
CL  : in std_logic_vector(5 downto 0);
OBF : in std_logic_vector(1l 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);

—————— < Right Memorles Controller

>

DATA_A : inout std_logic_vector(31 downto 0);
ADRS_A : out std_logic_vector(16 downto 0);
SCS_A : out std_logic_vector(3 downto 0);

SOE_A : out std_logic;
SWE_A : out std_logic;
DWE_A : out std_logic;

DRAS_A : out std_logic_vector(3 downto 0);

DCAS_A : out std_logic_vector(3 downto 0);
—————— < Left Memories Controller >-
DATA_B : inout std_logic_vector(31 downto 0);

ADRS_B : out std_logic_vector(16 downto 0);
SCS_B : out std_logic_vector(3 downto 0);

SOE_B : out std_logic;
SWE_B : out std_logic;
DWE_B : out std_logic;

DRAS_B : out std_logic_vector(3 downto 0);
DCAS_B : out std_logic_vector(3 downto 0)

);
attribute pinnum of CLK : signal
attribute pinnum of A : signal
attribute pinnum of BL : signal
attribute pinnum of BH : signal
attribute pinnum of CL : signal

attribute pinnum of OBF : signal
attribute pinnum of ACK : signal
attribute pinnum of STB : signal
attribute pinnum of IBF : signal

—— <<SRAM & DRAM (Right)>> ---

is
is

is
is
is
is
is
is
is

attribute pinnum of ADRS_A : signal

attribute pinnum of DATA_A : signal

IID22II ;
"BC23,BB24,BC25,BB26,BC27,BB28,BC29,BB30,
BC31,BB32,BC33,BB34,BC35,BB36,BC37,BB38";
"BC13,BB14,BC15,BB16,BC17,BB18,BC19,BB20" ;
“BC5,BB6,BC7,BB8,BC9,BB10,BC11,BB12";
"AU23,AV24, AU25,AU33,AV34, AU3E";
"AV18,AV28";

"AU19,AU29" ;

"AU21,AU31";

"AV20,AV30";

is "T38,W37,Y38,AA37,AB38,AC37,AD38,AE37,
AF38,AJ37,AK38,AL37, AM38, AN37,AP38, AR37,AT38";

is "F42,G43,H42,J43,K42,143,M42,N43,T42,
U43,V42,W43,Y42,AA43, AB42, AC43, AF42,
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attribute
attribute
attribute
attribute
attribute
attribute

pinnum
pinnum
pinnum
pinnum
pinnum
pinnum

of
of
of
of
of
of

————— <<SRAM & DRAM

attribute

attribute

attribute
attribute
attribute
attribute
attribute
attribute

end float8

pinnum

pinnum

pinnum
pinnum
pinnum
pinnum
pinnum
pinnum

>

of
of

of
of
of
of
of
of

architecture RTL of

port ( CL
RE

AD
DA
DA

SRAM_ADRS_MUX :
ROW_ADRS_MUX
COL_ADRS_MUX

SCS_A
SOE_4A
SWE_A
DWE_A
DRAS_A
DCAS_A

(Left)>>
ADRS_B :

DATA_B

SCS_B
SOE_B
SWE_B
DWE_B
DRAS_B
DCAS_B

float8 i

signal
signal
signal
signal
signal
signal

signal

signal

signal
signal
signal
signal
signal
signal

S

-———< Memory Controller >
component ctrl_dramsram is
: in std_logic;
: in std_logic;
out std_logic_vector(16 downto 0);
in std_logic_vector(31 downto 0);

K
SET

RS
TA
TA_BUF

is
is
is
is
is
is

is

is

is
is
is
is
is
is

AG43,AH42,AT43,AK42,AL43, AM42, AN43,
AT42,AU43,AV42,AW43,AY42,BA43,BB42,BC43";
"AG39,AH40,AT39, AM40" ;

"AP40";

"AN39";

"AF40";

"P40,R39,T40,U39";

"Y40,AA39,AB40,AC39";

“T6,W7,Y6,AA7 ,AB6,ACT,AD6,AE7,AF6,AJ7,AK6,\\
AL7,AM6,ANT ,AP6,AR7 ,AT6";
"F2,G1,H2,J1,K2,L1,M2,N1,T2,U1,V2,WL,Y2,
AA1,AB2,AC1,AF2,AG1,AH2,AJ1,AK2,ALL, AM2,
AN1,AT2,AU1,AV2,AW1,AY2,BA1,BB2,BC1";
"AGS,AH4,AJ5, AMA™;

IIAP4II;

IIAI\]’5II;

IIAF4II;

"P4 ,R5,T4,U5";

"Y4,AAS, AB4,ACE";

out std_logic_vector(31 downto 0);
in std_logic_vector(16 downto 0);

in std_logic_vector(11l downto 0);
in std_logic_vector(11l downto 0);

WRITE_DATA_REG : in

SC
S0
SW
OE
DW
DR
DC
DO

W_
R_

REF_CYCLE

);

end compon

port ( CLK :
wQ

FA
FB
FD
Q

);

end compon

signal FA :

signal FB
signal FD
signal QQ

signal A_R
signal ACK

S
E
E

E
AS

AS
E

CYCLE
CYCLE

ent;

MEM_STATE_SEL :
MEM_CYCLE :

READ_DATA_REG : out

out
out
out
out
out
out
out
out

std_logic_vector(31 downto 0);
std_logic_vector(31 downto 0);
std_logic_vector(3 downto 0);
std_logic;
std_logic;
std_logic;
std_logic;
std_logic_vector(3 downto 0);
std_logic_vector(3 downto 0);
std_logic;

: out std_logic;
: out std_logic;
out std_logic

in std_logic_vector(2 downto 0);
in std_logic;

---< 32-bit Multiplier and Adder >-------
component multadd3 is

in std_logic;
in std_logic;

in std_logic_vector(31 downto 0);
in std_logic_vector(31 downto 0);
out std_logic_vector(31 downto 0);
out std_logic_vector(31 downto 0)

ent;

std_logic_vector(31 downto

std_logic_vector(31 downto
std_logic_vector(31 downto
std_logic_vector(31 downto

0) := "00000000000000000000000000000000" ;
0) := "00000000000000000000000000000000" ;
0) ;

0) := "00000000000000000000000000000000" ;

EG : std_logic_vector(15 downto 0);
std_logic_vector(1l downto 0);

_BUF :
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signal
signal
signal
signal
signal
signal
signal

signal
signal
signal
signal
signal
signal

signal
signal
signal

signal
signal
signal
signal
signal
signal

signal
signal
signal
signal

signal

signal
signal
signal
signal
signal

signal
signal
signal
signal
signal
signal

signal
signal
signal
signal

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

STB_BUF : std_logic_vector(1l downto 0);
IN_CNT_A : std_logic;

IN_CNT_B : std_logic;

OUT_CNT : std_logic;

OUT_DCNT : std_logic_vector(3 downto 0);
Q_CNT : std_logic;

CLK_CNT : std_logic_vector(2 downto 0);

COL_A : std_logic_vector(9 downto 0);
COL_B : std_logic_vector(9 downto 0);
COL_Q : std_logic_vector(9 downto 0);
COL_A_CNT : std_logic_vector(9 downto 0);
COL_B_CNT : std_logic_vector(9 downto 0);
COL_Q_CNT : std_logic_vector(9 downto 0);

SRAM_CNT : std_logic_vector(9 downto 0);
SRAM_CACHE_CNT : std_logic_vector(9 downto 0);
SRAM_CNT1 : std_logic_vector(9 downto 0);

ROW_A : std_logic_vector(9 downto 0);
ROW_B : std_logic_vector(9 downto 0);
ROW_Q : std_logic_vector(9 downto 0);
ROW_A_CNT : std_logic_vector(9 downto 0);
ROW_B_CNT : std_logic_vector(9 downto 0);
ROW_Q_CNT : std_logic_vector(9 downto 0);

WA : std_logic;
WB : std_logic;
WQ : std_logic;
CACHE_Q : std_logic;

CACHE_WAIT : std_logic;

START_CALC : std_logic;
END_READ : std_logic;
END_CALC : std_logic;
OUT_READY : std_logic;
END_OUT : std_logic;

OE_A : std_logic;

OE_B : std_logic;

DOE_A : std_logic := ’0’;

DOE_B : std_logic := ’0’;

DATA_BUF_A : std_logic_vector(31 downto 0);
DATA_BUF_B : std_logic_vector(31 downto 0);

MA_L : std_logic_vector(15 downto 0);
MA_H : std_logic_vector(15 downto 0);
MB_L : std_logic_vector(15 downto 0);
MB_H : std_logic_vector(15 downto 0);

MEM_CYCLE_A : std_logic;
MEM_CYCLE_B : std_logic;

MEM_RESET_A : std_logic := ’0’;
MEM_RESET_B : std_logic = 07,
NOT_READ_A : std_logic := ’0’;
NOT_READ_B : std_logic := ’0’

DATA_END_A : std_logic := ’0’;
DATA_END_B : std_logic := ’0’;

MEM_STATE_SEL_A : std_logic_vector(2 downto 0);
MEM_STATE_SEL_B : std_logic_vector(2 downto 0);
SRAM_ADRS_MUX_A : std_logic_vector(16 downto 0);
SRAM_ADRS_MUX_B : std_logic_vector(16 downto 0);
ROW_ADRS_MUX_A : std_logic_vector(il downto 0) ;
COL_ADRS_MUX_A : std_logic_vector(11l downto 0) ;
ROW_ADRS_MUX_B : std_logic_vector(il downto 0)

COL_ADRS_MUX_B : std_logic_vector(1l downto O0)
R_CYCLE_A : std_logic;
R_CYCLE_B : std_logic;
W_CYCLE_A : std_logic;
W_CYCLE_B : std_logic;

""000000000000" ;
""000000000000" ;
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signal
signal
signal
signal
signal
signal

signal

signal
signal
signal
signal

REF_CYCLE_A : std_logic;
REF_CYCLE_B : std_logic;

REFRESH_A : std_logic;

REFRESH_B : std_logic;

REF_CNT_A : integer range O to 65;
REF_CNT_B : integer range O to 65;

COUNT : std_logic_vector(20 downto 0);

W_MA : std_logic_vector(31 downto
W_MB : std_logic_vector(31 downto
R_MA : std_logic_vector(31 downto
R_MB : std_logic_vector(31 downto

0);
0);
0);
0);

signal WE_MA : std_logic;
signal WE_MB : std_logic;
signal OE_CALCA : std_logic;
signal OE_CALCB : std_logic;
signal OE_MA : std_logic;
signal OE_MB : std_logic;
signal WE_RES : std_logic;
signal OE_RES : std_logic;

signal BHO
signal BH1
signal BH2

std_logic;
std_logic;
std_logic;

constant DELAY_TIME : std_logic_vector(S downto 0) := "1010"; —--"111";
begin

DATA_A <= "ZZZZZ72Z2Z7Z7Z727Z77Z7Z227Z22272722227Z7272727Z7Z2" when OE_A
DATA_B <= "“ZZZZZ77ZZ7ZZ7777Z7Z72727Z727272727Z72227Z777Z7Z7Z7" when OE_B

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

ACK_BUF <= OBF;
ACK <= ACK_BUF;

—————————— < Input Matrix Data from PC >-—————---—-—-
process ( BL(0), OBF ) begin
if BL(O) = ’1’ then
IN_CNT_A <= ’0’; IN_CNT_B <= ’07;
MA_L <= "0000000000000000"; MA_H <= '"0000000000000000";
MB_L <= '"0000000000000000"; MB_H <= '"0000000000000000";
BH1 <= ’07;
elsif OBF’event and OBF = "11'" then
if WA = ’0’ then
if IN_CNT_A = ’0’ then

MA_L <= A; IN_CNT_A <= ’17; BH1 <= ’1°;
else

MA_H <= A; IN_CNT_A <= ’07; BH1 <= ’0’;
end if;

elsif WA = ’1’ and WB = ’0’ then
if IN_CNT_B = ’0’ then

MB_L <= A; IN_CNT_B <= ’17; BH1 <= ’1°;
else
MB_H <= A; IN_CNT_B <= ’0’; BH1 <= ’0°’;
end if;
end if;
end if;

end process;

————————— < Matrix A Row Counter >———————--

process ( BL(0), BL(1), WA, IN_CNT_A ) begin

if BL(0) = ’1’ or ( BL(1) = ’1’ and WA = ’0’ ) then
COL_A <= '"0000000000";

elsif rising_edﬁe( IN_CNT_A ) then
COL_A <= COL_A + "0000000001";

end if;

end process;

————————— < Matrix B Row Counter >————-—-——-
process ( BL(0), BL(1), WA, WB, IN_CNT_B ) begin

’>1’ else DATA_BUF_A;
’>1’ else DATA_BUF_B;
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if BL(0) = ’1’ or ( BL(1) = ’1’ and WA = ’1’ and WB = 0’ ) then
COL_B <= '"0000000000";

elsif rising_edge( IN_CNT_B ) then
COL_B <= COL_B + '0000000001";

end if;

end process;

————————— < Matrix Column Counter >-——--———-
process ( BL(0), BL(1) ) begin
if BL(O) = ’1’ then
ROW_A <= "0000000001"; ROW_B <= '0000000001";
elsif rising _edge( BL(1) ) then
if WA = 0’ then
ROW_A <= ROW_A + '"0000000001";
elsif WA = ’1’ and WB = ’0’ then
ROW_B <= ROW_B + '"0000000001";
end if;
end if;
end process;

————————— < Selecter of Matrix >-----—-———-
process ( BL(0), BL(2) ) begin
if BL(0) = ’1’ then
WA <= ’0’; WB <= ’07;
elsif rising_edge( BL(2) ) then
if WA = ’0’ then

WA <= ’17;

elsif WA = ’1’ and WB = ’0’ then
WB <= ’17;

end if;

end if;
end process;

————— < Generate Memory Write Signal ( Matrix & ) >-—-—-
process ( BL(0), W_CYCLE_A, IN_CNT_A ) begin
if BL(0) = 1’ or W_CYCLE_A = ’1’ then

WE_MA <= ’07;

elsif falling_edge( IN_CNT_A ) then
WE_MA <= ’17;

end if;

end process;

————— < Generate Memory Read Signal ( Matrix &4 ) >--—-—--
process ( BL(0), CLK, END_CALC, END_READ, W_CYCLE_A, CACHE_Q ) begin
if BL(0) = 1’ or END_CALC = ’1’ or END_READ = ’1’ or W_CYCLE_A& = ’1° \\
or CACHE_Q = ’1’ then

OE_MA <= ’07;
elsif falling_edge( CLK ) then

if WB = ’1’ and END_CALC = ’0’ then

OE_MA <= ’17;

end if;
end if;
end process;

————— < Generate Memory Cache Signal ( Matrix &4 ) >-—-—-
process ( BL(0), CLK, END_CALC, END_READ, W_CYCLE_A, R_CYCLE_A ) begin
if BL(0) = 1’ or END_CALC = ’1’ or END_READ = ’1’ or W_CYCLE_A = ’1’ then
OE_CALCA <= ’07;
elsif falling_edge( R_CYCLE_A ) then
if OE_MA = ’0’ and END_CALC = ’0’ then
OE_CALCA <= ’17;
end if;
end if;
end process;

————— < Generate Memory Write Signal ( Result Data ) >-——--
process ( BL(0), W_CYCLE_A, OUT_DCNT ) begin
if BL(0) = 1’ or W_CYCLE_A = ’1’ then
WE_RES <= °0°’;
elsif OUT_DCNT’event and OUT_DCNT = DELAY_TIME then
WE_RES <= ’1°’;
end if;
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end process;

————— < Generate Memory Read Signal ( Result Data ) >——-—-—
process ( BL(0), BL(3), R_.CYCLE_A ) begin
if BL(0) = ’1’ then

OE_RES <= ’07; QUT_CNT <= ’0’;
elsif rising_edge( BL(3) ) then
OE_RES <= ’17;

if OUT_CNT = ’0’ then
QUT_CNT <= ’1°;
else
QUT_CNT <= ’0’;
end if;
end if;
if R_CYCLE_A = ’1’ then
OE_RES <= ’0’;
end if;
end process;

————— < Selecter of Memory Operation ( Matrix A4 ) >-——--—
process ( BL(0), CLK ) begin
if BL(0) = ’1’ then

MEM_CYCLE_A <= ’0’; MEM_STATE_SEL_A <= "000";
SRAM_ADRS_MUX_4 <= '"00000000000000000";
ROW_ADRS_MUX_A <= '"000000000000"; COL_ADRS_MUX_A <= "000000000000";

W_MA <= "Q0000000000000000000000000000000";
elsif risin _edge( CLK ) then

if WE_MA = ’1’ then
W_MA <= MA_H & MA_L;
MEM_CYCLE_A <= ’17;
MEM_STATE_SEL_A <= "101";
ROW_ADRS_MUX_A <= "00" & ROW_A;
COL_ADRS_MUX_A <= "00" & COL_A;

end if;

if OE_MA = ’1’ then
MEM_CYCLE_A <= ’17;
SRAM_ADRS_MUX_A <= "1100000" & SRAM_CNT;
ROW_ADRS_MUX_A <= "00" & ROW_A_CNT;
COL_ADRS_MUX_A <= "00" & COL_A_CHNT;
MEM_STATE_SEL_A <= "111";

end if;

if OE_CALCA = ’1’ then
MEM_CYCLE_A <= ’17;
SRAM_ADRS_MUX_A <= "1100000" & SRAM_CACHE_CNT;
MEM_STATE_SEL_A <= "011";

end if;
if WE_RES = ’1’ then
W_MA <= QQ;

MEM_CYCLE_A <= ’1°;
MEM_STATE_SEL_A <= "101";
ROW_ADRS_MUX_A <= "11" & ROW_Q;
COL_ADRS_MUX_A <= "11" & COL_Q;

end if;

if OE_RES = ’1’ then
MEM_CYCLE_A <= ’1°;
MEM_STATE_SEL_A <= "110";
ROW_ADRS_MUX_A <= "11" & ROW_Q_CNT;
COL_ADRS_MUX_A <= "11" & COL_Q_CNT;

end if;

if W_CYCLE_A = ’1’ or R_CYCLE_A = ’1’ or REF_CYCLE_A = ’1’ then
MEM_CYCLE_A <= ’0’;
MEM_STATE_SEL_A <= '"000";

end if;

if REFRESH_A = ’1°’ then
MEM_CYCLE_A <= ’1°;
MEM_STATE_SEL_A <= '"100";

end if;

end if;
end process;

————— < Generate Memory Write Signal ( Matrix B ) >-—-—-
process ( BL(0), W_CYCLE_B, IN_CNT_B ) begin
if BL(0) = 1’ or W_CYCLE_B = ’1’ then
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WE_MB <= ’07;

elsif falling_edge( IN_CNT_B ) then
WE_MB <= ’17;

end if;

end process;

————— < Generate Memory Read Signal ( Matrix & ) >-——-
process ( BL(0), CLK, END_CALC, END_READ, W_CYCLE_B, CACHE_Q ) begin
if BL(0) = ’1’ or END_CALC = ’1’ or END_READ = ’1’ or W_CYCLE_B = ’1’ or CACHE_Q = ’1’ then
OE_MB <= ’0’;
elsif falling_edge( CLK ) then
if WB = 71’ and END_CALC = ’0’ then
QOE_MB <= ’17;
end if;
end if;
end process;

————— < Generate Memory Cache Signal ( Matrix &4 ) >-—-—-
process ( BL(0), CLK, END_CALC, END_READ, W_CYCLE_B, R_CYCLE_B ) begin
if BL(0) = 1’ or END_CALC = ’1’ or END_READ = ’1’ or W_CYCLE_B = ’1’ then
OE_CALCB <= ’07;
elsif falling_edge( R_CYCLE_B ) then
if OE_MB = 0’ and END_CALC = ’0’ then
OE_CALCB <= ’17;
end if;
end if;
end process;

————— < Selecter of Memory Operation ( Matrix B ) >-—---—
process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
MEM_CYCLE_B <= ’0’;
MEM_STATE_SEL_B <= '"000";
SRAM_ADRS_MUX_B <= '"00000000000000000";
ROW_ADRS_MUX_B <= '"000000000000";
COL_ADRS_MUX_B <= "000000000000";
W_MB <= "00000000000000000000000000000000";
elsif risin _edge( CLK ) then
if WE_MB = 71’ then
W_MB <= MB_H & MB_L;
MEM_CYCLE_B <= ’1’;
MEM_STATE_SEL_B <= "101";
ROW_ADRS_MUX_B <= "00" & ROW_B;
COL_ADRS_MUX_B <= "00" & COL_B;
end if;
if OE_MB = 1’ then
MEM_CYCLE_B <= ’1’;
SRAM_ADRS_MUX_B <= '"1100000" & SRAM_CNT;
ROW_ADRS_MUX_B <= "00'" & ROW_B_CNT;
COL_ADRS_MUX_B <= "00" & COL_B_CNT;
MEM_STATE_SEL_B <= "111";
end if;
if OE_CALCB = ’1’ then
MEM_CYCLE_B <= ’1’;
SRAM_ADRS_MUX_B <= '"1100000" & SRAM_CACHE_CNT;
MEM_STATE_SEL_B <= "011";
end if;
if WE_RES = ’1’ then
ROW_ADRS_MUX_B <= '"000000000000";
COL_ADRS_MUX_B <= "000000000000";
MEM_CYCLE_B <= ’1’;
MEM_STATE_SEL_B <= "101";
end if;
if OE_RES = ’1’ then
MEM_CYCLE_B <= ’1’;
MEM_STATE_SEL_B <= "110";
end if;
if W_CYCLE_B = ’1’ or R_CYCLE_B = ’1’ or REF_CYCLE_B = ’1’ then
MEM_CYCLE_B <= ’0’;
MEM_STATE_SEL_B <= '"000";
end if;
if REFRESH_B = ’1’ then
MEM_CYCLE_B <= ’1’;
MEM_STATE_SEL_B <= '"100";
end if;
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end if;
end process;

————— < Memory Cache Read Counter >-————-

process ( BL(0), CLK ) begin

if BL(0) = ’1’ then
COL_A_CNT <= '0000000000"; ROW_A_CNT <= "0000000001";
COL_B_CNT <= '"0000000001"; ROW_B_CNT <= "0000000000";
SRAM_CNT <= '0000000000";
CACHE_WAIT <= ’0’;
END_CALC <= ’0’;

elsif fallin%_edge( CLK ) then
if MEM_STATE_SEL_A = "111" and CACHE_Q = ’0’ and END_CALC = ’0’
if COL_A_CNT < COL_A then
COL_A_CNT <= COL_A_CNT + "0000000001";
ROW_B_CNT <= ROW_B_CNT + "0000000001";
SRAM_CNT <= SRAM_CNT + "0000000001";
if COL_A_CNT = COL_A - "0000000001'" then
CACHE_WAIT <= ’1’;
else
CACHE_WAIT <= ’0’;
end if;
end if;
elsif WE_RES = ’1’ then
CACHE_WAIT <= ’07;
if COL_B_CNT < ROW_A then
COL_A_CNT <= "0000000000";
ROW_B_CNT <= "0000000000";
COL_B_CNT <= COL_B_CNT + "0000000001";
SRAM_CNT <= "0000000000";
elsif ROW_A_CNT < ROW_A then
COL_A_CHNT <= "0000000000";
COL_B_CHNT <= "0000000001";
ROW_B_CNT <= "0000000000";
ROW_A_CNT <= ROW_A_CNT + "0000000001";
SRAM_CNT <= "0000000000";
else
END_CALC <= ’17;
end if;
end if;
end if;
end process;

process ( BL(0), CLK, CACHE_WAIT ) begin
if BL(O0) = 1’ then
CACHE Q <= ’0’;
elsif falling_ed%e( CLK ) then
if CACHE_WAIT = ’1’ then
CACHE Q <= ’1°;
else
CACHE_Q <= ’0’;
end if;
end if;
end process;

————— < Memory Cache Read Counter >-————-
process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
SRAM_CACHE_CNT <= "0000000001";
WQ <= ’0’; OUT_DCNT <= "0000";
START_CALC <= ’07;
END_READ <= ’0’;
elsif falling_edge( CLK ) then
if WQ = ’1’ then
END_READ <= ’17;
START_CALC <= ’07;
OUT_DCNT <= OUT_DCHNT + '"0001";
end if;

if OUT_DCNT = DELAY_TIME then
QUT_DCNT <= "0000";
SRAM_CACHE_CNT <= '0000000001";

then
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WQ <= ’07;

--TWQ <= ’0’;

END_READ <= ’07;
end if;

if MEM_STATE_SEL_A = "011" and WQ = ’0’ and END_CALC = ’0’ then

if SRAM_CACHE_CNT < COL_A then
START_CALC <= ’1’;
SRAM_CACHE_CNT <= SRAM_CACHE_CNT + '0000000001";
else
WQ <= ’1’; —--TWQ <= ’17;
end if;
end if;
end if;
end process;

-——-< Input Matrix Data to Multiplier and Adder ( component
multadder2 ) >---
process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
FA <= "00000000000000000000000000000000" ;
FB <= "00000000000000000000000000000000" ;
elsif falling_edge( CLK ) then
if START_CALC = ’1’ then
FA <= DATA_4;
FB <= DATA_B;
else
FA <= "00000000000000000000000000000000" ;
FB <= "00000000000000000000000000000000" ;
end if;
end if;
end process;

————————— < Result Matrix Row and Column Counter ( WR mode ) >

process ( BL(0), W_CYCLE_A, END_CALC ) begin
if BL(0) = ’1’ then
COL_Q <= '"0000000001";
ROW_Q <= "0000000001";
BHO <= ’07;
elsif falling_edge( W_CYCLE_A ) then
if WB = 71’ then
if COL_Q < COL_B then
COL_Q <= COL_Q + "0000000001";
elsif ROW_Q < ROW_A then
COL_Q <= "0000000001";
ROW_Q <= ROW_Q + "0000000001";
else
BHO <= ’1°;
end if;
end if;
elsif END_CALC = ’1’ then
BHO <= ’17;
end if;
end process;

process ( BL(1), BL(4) ) begin
if BL(1) = ’1’ then
OUT_READY <= ’0’;
elsif BL(4) = ’1’ then
OUT_READY <= ’17;
end if;
end process;

——————————— < Output Result Data to PC >———————--———-
process ( BL(0), R_CYCLE_A ) begin
if BL(0) = ’1’ then

Q_CNT <= ’07;
A_REG <= "0000000000000000" ;
BH2 <= 0’;

elsif falling_edge( R_CYCLE_A ) then
if OQUT_READY = ’1’ and END_OUT = ’0’ then
if QUT_CNT = ’1’ then
A_REG <= R_MA(15 downto 0);
Q_CNT <= °1’; BH2 <= ’1’;
else
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A_REG <= R_MA(31 downto 16);
Q_CNT <= ’0’; BH2 <= ’07’;
end if;
end if;
end if;
end process;

BH <= "00000" & BH2 & BH1 & BHO;

————————— < Result Matrix Row and Column Counter ( RD mode ) >————-————-
process ( BL(0), Q_CNT ) begin
if BL(0) = ’1’ then
ROW_Q_CNT <= '"0000000001";
COL_Q_CNT <= "0000000001";
END_OUT <= ’0’;
elsif falling_edge( Q_CNT ) then
if COL_Q_CNT < COL_B then
COL_Q_CNT <= COL_Q_CNT + "0000000001";
elsif ROW_Q_CNT < ROW_A then
COL_Q_CNT <= "0000000001";
ROW_Q_CNT <= ROW_Q_CNT + "0000000001";
else
END_OUT <= ’17;
end if;
end if;
end process;

————————— < Handshake Operation >--——————-
process ( BL(0), IBF, R_CYCLE_A ) begin
if BL(0) = ’1’ or IBF = "11" then
STB <= "11";
elsif falling_edge( R_CYCLE_A ) then
if OUT_READY = ’1’ and END_OUT = ’0’ then
STB <= "00";
end if;
end if;
end process;

————————— < Refresh Counter >—————-——-
process ( CLK, REF_CNT_A, REF_CYCLE_A, W_CYCLE_A, R_CYCLE_A) begin
1f REF_CYCLE_A = ’1’ or W_CYCLE_A = ’1’ or R_CYCLE_A = ’1’ then
REF_CNT_A <= 0; REFRESH_A <= ’07;
elsif rising _edge( CLK ) then
REF_CNT_A <= REF_CNT_A + 1;
elsif REF_CNT_A = 62 then
REF_CNT_A <= 0; REFRESH_A <= ’17;
end if;
end process;

process ( CLK, REF_CNT_B, REF_CYCLE_B, W_CYCLE_B, R_CYCLE_B) begin
if REF_CYCLE_B = ’1’ or W_CYCLE_B = ’1’ or R_CYCLE_B = ’1’ then
REF_CNT_B <= 0; REFRESH_B <= ’07;
elsif rising_edge( CLK ) then
REF_CNT_B <= REF_CNT_B + 1;
elsif REF_CNT_B = 62 then
REF_CNT_B <= 0; REFRESH_B <= ’17;
end if;
end process;

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

MEM_A : ctrl_dramsram port map ( CLK => CLK, RESET => BL(0),
ADRS => ADRS_A, DATA => DATA_A, DATA_BUF => DATA_BUF_A,
SRAM_ADRS_MUX => SRAM_ADRS_MUX_A, ROW_ADRS_MUX => ROW_ADRS_MUX_A,
COL_ADRS_MUX => COL_ADRS_MUX_A, WRITE_DATA_REG => W_MA,
READ_DATA_REG => R_MA, SCS => SCS_A, SOE => SOE_A, SWE => SWE_A,
OE => OE_A, DWE => DWE_A, DRAS => DRAS_A, DCAS => DCAS_A,
DOE => DOE_A, MEM_STATE_SEL => MEM_STATE_SEL_A,
MEM_CYCLE => MEM_CYCLE_A, W_CYCLE => W_CYCLE_A,
R_CYCLE => R_CYCLE_A, REF_CYCLE => REF_CYCLE_A );

MEM_B : ctrl_dramsram port map ( CLK => CLK, RESET => BL(0),
ADRS => ADRS_B, DATA => DATA_B, DATA_BUF => DATA_BUF_B,
SRAM_ADRS_MUX => SRAM_ADRS_MUX_B, ROW_ADRS_MUX => ROW_ADRS_MUX_B,
COL_ADRS_MUX => COL_ADRS_MUX_B, WRITE_DATA_REG => W_MB,
READ_DATA_REG => R_MB, SCS => SCS_B, SOE => SOE_B, SWE => SWE_B,
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OE => OE_B, DWE => DWE_B, DRAS => DRAS_B, DCAS => DCAS_B,
DOE => DOE_B, MEM_STATE_SEL => MEM_STATE_SEL_B,

MEM_CYCLE => MEM_CYCLE_B, W_CYCLE => W_CYCLE_B,

R_CYCLE => R_CYCLE_B, REF_CYCLE => REF_CYCLE_B );

———————————— < Multiplier and Adder >--------—————-
multadd : multadd3 port map ( CLK => CLK, WQ => WQ, FA => FA, FB => FB, FD => FD, Q => QQ );
end RTL;
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B.l 000000000 (SRAM,DRAMOD)

-— DRAM&SRAM Memory Controller (FLEX10k)
-- < ctdrmsrm4.vhd >

-- 2000/01/31 (Mon)

—-— numa@tube.ee.uec.ac.jp(DRAM Controller)

-— yamaoka@tube.ee.uec.ac.jp(SRAM Controller)

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

library metamor;
use metamor.attributes.all;

entity memctrld is

port ( CLK : in std_logic;
RESET : in std_logic;
ADRS : out std_logic_vector(16 downto 0);
DATA : inout std_logic_vector(31 downto 0);

SRAM_ADRS_BUF : in std_logic_vector(16 downto 0);
ROW_ADRS_BUF : in std_logic_vector(11l downto 0);
COL_ADRS_BUF : in std_logic_vector (11 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;

DWE : out std_logic;

DRAS : out std_logic_vector(3 downto 0);
DCAS : out std_logic_vector(3 downto 0);
MEM_STATE_SEL : in std_logic_vector(2 downto 0);
WR_CYCLE : out std_logic;

RD_CYCLE : out std_logic;

RF_CYCLE : out std_logic

);

end memctrld;
architecture RTL of memctrld is

type STATE_TYPE is (
STOP, S_WRITE1, S_WRITE2, S_READ1, S_READ2,
D_WRITE1, D_WRITE2, D_WRITE3, D_WRITE4, D_WRITES,
D_READ1, D_READ2, D_READ3, D_READ4, D_READ5,
REF1, REF2, REF3, REF4, REF5, D_RD.WRI, D_RD_WR2,
D_RD_WR3, D_RD_WR4, D_RD_WR5, D_RD_WR6, D_RD_WR7,
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D_RD_WR8, D_RD_WR9, CONT_S_READ

>

signal CURRENT_STATE : STATE_TYPE;

signal NEXT_STATE : STATE_TYPE;

signal OE : std_logic;

signal DATA_BUF : std_logic_vector(31 downto 0);
signal NEXT_MEM_CYCLE : std_logic;

signal ADRS_COL : std_logic;
signal ADRS_ROW : std_logic;
signal ADRS_SRAM : std_logic;

signal W_CYCLE1l : std_logic;
signal CACHE_DATA : std_logic_vector(31 downto 0);

constant S_WRITE_CYCLE : std_logic_vector(2 downto 0) := '"000";
constant S_READ_CYCLE : std_logic_vector(2 downto 0) := "001";
constant CONT_READ_CYCLE : std_logic_vector(2 downto 0) := "010";
constant D_WRITE_CYCLE : std_logic_vector(2 downto 0) := '"100";
constant D_READ_CYCLE : std_logic_vector(2 downto 0) := '"101";
constant D_REF_CYCLE : std_logic_vector(2 downto 0) := "110";
constant D_RD_WR_CYCLE : std_logic_vector(2 downto 0) := "111";
begin

DATA <= "ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ" when OE = ’1’ else DATA_BUF;
process ( CLK, RESET, CURRENT_STATE ) begin

if RESET = ’1’ then
SOE <= ’1’; SWE <= ’1°;
SCS <= "1111"; QOE <= ’1’;
DRAS <= "1111"; DCAS <= "1111";
DATA_BUF <= ( others => ’07);
RD_DATA <= ( others => ’0’ );
CACHE_DATA <= ( others => ’0’ );
WR_CYCLE <= ’0’; RD_CYCLE <= '0’;
RF_CYCLE <= ’07’;
NEXT_MEM_CYCLE <= ’0’;
NEXT_STATE <= STOP;
ADRS_COL <= ’0’; ADRS_ROW <= ’07;
ADRS_SRAM <= '0’;

————— < SRAM CYCLE >-----
elsif rising_edge( CLK ) then

case CURRENT_STATE is

when STOP =>
SOE <= ’1’; SWE <= ’17;
SCS <= "1111"; QOE <= ’1’;
DRAS <= "1111"; DCAS <= "1111";
WR_CYCLE <= ’0’; RD_CYCLE <= ’0’;
RF_CYCLE <= ’0’;
ADRS_COL <= ’0’; ADRS_ROW <= ’0’;
ADRS_SRAM <= ’07;
NEXT_STATE <= STOP;
NEXT_MEM_CYCLE <= ’0’;

when S_WRITE1 =>
SCS <= "0000";
DATA_BUF <= WR_DATA;
0E <= ’07;
ADRS_SRAM <= ’17;
NEXT_MEM_CYCLE <= ’17;
NEXT_STATE <= S_WRITE2;

when S_WRITE2 =>
SWE <= ’07;
WR_CYCLE <= ’1’;
NEXT_STATE <= STOP;

when S_READ1 =>

79



00 BOOODODODOODODODODOODOODOO

SCS <= "0000";

SOE <= '07;

OE <= 1°;

ADRS_SRAM <= ’17;
NEXT_MEM_CYCLE <= ’1’;
NEXT_STATE <= S_READ2;

when S_READ2 =>
RD_DATA <= DATA;
RD_CYCLE <= ’1"
NEXT_STATE <= STOP

when D_WRITE1 =>
SOE <= ’1’; SWE <= ’17;
SCS <= "1111";
0E <= ’07;

ADRS_SRAM <= ’0’; ADRS_ROW <= ’1°;

DATA_BUF <= WR_DATA;

NEXT_MEM_CYCLE <= ’1"

NEXT_STATE <= D_ WRITE2
when D WRITE2 =>

ADRS_COL <= ’1’; ADRS_ROW <= ’0Q’;

DRAS <= "0000";

WR_CYCLE <= ’1"

NEXT_STATE <= D_WRITE3;
when D WRITES =>

DCAS <= "0000";

NEXT_STATE <= D_WRITE4;
when D_WRITE4 =>

ADRS_COL <= ’0’;

DRAS <= "1111";

NEXT_STATE <= D_WRITES5;
when D_WRITES =>

DCAS <= "1111";

NEXT_STATE <= STOP;
READ CYCLE to SRAM >—-
when D_READ1 =>

ADRS_SRAM <= ’07;

0E <= ’17;

ADRS_ROW <= ’1°;

NEXT_MEM_CYCLE <= ’17;

NEXT_STATE <= D_READ2;
when D_READ2 =>

ADRS_COL <= ’1’;

ADRS_ROW <= ’0’;

DRAS <= "0000";

RD_CYCLE <= ’1’;

NEXT_STATE <= D_READ3;
when D_READ3 =>

DCAS <= "0000";

NEXT_STATE <= D READ4;
when D READ4 =>

ADRS_COL <= 07,

RD_DATA <= DATA;

DRAS <= "1111";

NEXT_STATE <= D READ5;
when D READ5 =>

DCAS <= "1111";

NEXT_STATE <= STOP;

REFRESH WRITE CYCLE for DRAM >--
when REF1 =>
ADRS_SRAM <= ’07;
0E <= ’17;
NEXT_MEM_CYCLE <= ’17;
NEXT_STATE <= REF2;
when REF2 =>
DCAS <= "0000";
RF_CYCLE <= ’1’;
NEXT_STATE <= REF3;
when REF3 =>
DRAS <= "0000";
NEXT_STATE <= REF4;
when REF4 =>

80



00 BOOODODODOODODODODOODOODOO

DCAS <= "1111";

NEXT_STATE <= REF5;
when REF5 =>

DRAS <= "1111";

NEXT_STATE <= STOP;
when D_RD_WR1 =>

ADRS_SRAM <= ’07;

0E <= ’17;

ADRS_ROW <= ’1°;

NEXT_MEM_CYCLE <= ’17;

NEXT_STATE <= D_RD_WR2;
when D_RD_WR2 =>

ADRS_COL <= ’1’;

ADRS_ROW <= ’0’;

DRAS <= "0000";

RD_CYCLE <= ’1"

NEXT_STATE <= D_RD _WR3;
when D RD WR3 =>

DCAS <= "0000";

NEXT_STATE <= D_RD_WR4;
when D_RD_WR4 =>

ADRS_COL <= ’0’;

CACHE_DATA <= DATA;

DRAS <= "1111";

NEXT_STATE <= D_RD_WR5;
when D_RD_WR5 =>

DCAS <= "1111";

ADRS_SRAM <= ’17;

NEXT_STATE <= D_RD_WRS6;
when D_RD_WR6 =>

OE <= ’0"

NEXT_ STATE <= D_RD_WR7;
when D RD WR7 =>

SCS <= "0000";

DATA_BUF <= CACHE_DATA;

NEXT_STATE <= D_RD_WRS;
when D_RD_WR8 =>

SWE <= ’07;

NEXT_STATE <= D_RD_WR9;
when D_RD_WR9 =>

ADRS_SRAM <= ’07;

SWE <= ’17;
SCS <= ”1111”'
OE <= ’1’;

NEXT_STATE <= STOP;
when CONT_S_READ =>

SOE <= 70’; SWE <= ’17;

SCS <= "0000";

OE <= 17;

ADRS_SRAM <= ’07;

when others =>
NEXT_STATE <= STOP;

end case;
end if;
end process;

process (CLK, RESET, NEXT_MEM_CYCLE ) begin
————— < RAM Decision Controller >—-————
if RESET = ’1’ then

CURRENT_STATE <= STOP;

elsif fallin dge( CLK ) then
if NEXT_ YCLE = ’0’ then
case MEM STATE SEL is
when S_WRITE_CYCLE =>
CURRENT_STATE <= S_WRITE1;
when S_READ_CYCLE =>
CURRENT_STATE <= S_READ1;
when CONT_READ_CYCLE =>

CURRENT_STATE <= CONT_S_READ;

when D_WRITE_CYCLE =>
CURRENT_STATE <= D_WRITE1;

when D_READ_CYCLE =>
CURRENT_STATE <= D_READ1;
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when D_REF_CYCLE =>
CURRENT_STATE <= REF1;
when D_RD_WR_CYCLE =>
CURRENT_STATE <= D_RD_WR1;
when others =>
CURRENT_STATE <= STOP;
end case;
elsif NEXT_MEM_CYCLE = ’1’ then
CURRENT_STATE <= NEXT_STATE;
end if;
end if;
end process;

process (CLK,RESET ) begin
if RESET = ’1’ then
DWE <= ’1°;

elsif fallinﬁ_edge ( CLK ) then
if ADRS_ROW = ’1’ then
ADRS <= '"00000" & ROW_ADRS_BUF;
elsif ADRS_COL = ’1’ then
ADRS <= "00000" & COL_ADRS_BUF;
if W_CYCLE1 = ’1’ then

DWE <= ’0’;
else

DWE <= ’1°;
end if;

elsif ADRS_SRAM = ’1’ or MEM_STATE_SEL = CONT_READ_CYCLE then

ADRS <= SRAM_ADRS_BUF;

DWE <= ’1°7;

else
ADRS <= "00000000000000000";
DWE <= ’1°7;

end if;

end if;
end process;

end RTL;

B2 OO0OOO0O0OODOODOO

B.2.1 00OO

82

goobooobboooobobbodouobuoobobbooobooobobbuo

0000 Bb|000000oooog

-- 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
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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 ’07;

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

process begin

wait until rising_edge( CLK );
SA1 <= FA(31);
SB1 <= FB(31);
EA2 <= EA1;
EB2 <= EB1:
MA1 <= FA(22 downto 0);
MB1 <= FB(22 downto 0);
INF2 <= INF1;
ZA2 <= ZA1;
7B2 <= ZB1.

end process;

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

SA2 <= SA1 when VES1(8)

’0’ else SB1;
SB2 <= SB1 when VES1(8)

’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 <= EA3;
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MQ2 <= MQ1;
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
""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) & "0";
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
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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, 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 TMQ1 : std_logic_vector(47 downto 0);
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 <= 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
E .

>

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

85
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B.2.3 00ODO

-- 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);
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
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""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
E .

>

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

B.2.4 000000

-- 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 :

variable MQ
variable EQ

std_logic_vector(25 downto 0);
std_logic_vector(24 downto 0);
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
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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;

B.3 ODO00OOO0O0OOO

B.3.1 0O0ODO

000000 DRAMODUOOOOOUOOODOODDOOODOODDODODOODOOOOO
goodooooooo

-— ALU for Householder Method (upper FLEX10k)

-- < alul01i.vhd >

-- 2000/01/31 (Mon)

—-- numa@tube.ee.uec.ac.jp(modified for DRAM Controller)
-- 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 alulOl is
port (CLK : in std_logic;

DATA_BUS : inout std_logic_vector(31 downto 0);
ADRS_BUS : in std_logic_vector(15 downto 0);

CTRL_BUS : in std_logic_vector(5 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;

R_DWE : out std_logic;

R_DRAS : out std_logic_vector(3 downto 0);
R_DCAS : out std_logic_vector(3 downto 0);

L_DATA : inout std_logic_vector(31 downto 0);
L_ADRS : out std_logic_vector(16 downto 0);
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L_SCS
L_SOE
L_SWE
L_DWE
L_DRAS
L_DCAS

)
attribute pinnum

attribute pinnum

attribute pinnum

attribute pinnum
attribute pinnum
attribute pinnum

attribute pinnum

attribute pinnum

attribute pinnum
attribute pinnum
attribute pinnum
attribute pinnum
attribute pinnum
attribute pinnum

attribute pinnum

attribute pinnum

attribute pinnum
attribute pinnum
attribute pinnum
attribute pinnum
attribute pinnum
attribute pinnum

end aluilli;
architecture RTL

out
out
out
out

out
out

of
of

of

of
of
of
of

of
of
of
of
of
of

of

std_logic_vector(3 downto 0);
std_logic;
std_logic;
std_logic;
std_logic_vector(3 downto 0);
std_logic_vector(3 downto 0)

CLK :

signal is '"AY22";

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";

ADRS_BUS : signal is "AV18,AU19,AV20,AU21,AV22,AU23,4V24,

AU25, AV28,AU29,AV30, AU31,AV32, AU33,
AV34,AU35";

CTRL_BUS : signal is "AV10,AU11,AV12,AU13,AV14,AU15";
CALC_DONE : signal is '"AU9";
OE_ALU : signal is '"AV8";

R_ADRS : signal is "T38,W37,Y38,AA37,AB38,AC37,AD38,AE37,AF38,

AJ37,AK38,AL37,AM38, AN37,AP38,AR37,AT38";

R_DATA : signal is "F42,G43,H42,J43,K42,143,1M42,N43,T42,U43,

V42,W43,Y42,AA43,AB42,AC43,AF42,AG43, AHA2,
AJ43,AK42,AL43,AN42, AN43,AT42,AU43, AV42,
AW43,AY42,BA43,BB42,BC43";

R_SCS : signal is "AG39,AH40,AJ39,AM40";
R_SOE : signal is '"AP40";

R_SWE : signal is "AN39";

R_DWE : signal is "AF40";

R_DRAS : signal is 'P40,R39,T40,U39";
R_DCAS : signal is '"Y40,AA39,AB40,AC39";

L_ADRS : signal is "T6,W7,Y6,AA7,AB6,AC7,AD6,AE7,AF6,A]7,

AKS,AL7,AM6,ANT ,AP6,AR7 ,AT6E";

L_DATA : signal is "F2,G1,H2,J1,K2,L1,M2,N1,T2,U1,V2,W1,Y2,

AA1,AB2,AC1,AF2,AG1,AH2,AJ1,AK2,ALL, AM2,
AN1,AT2,AU1,AV2,AW1,AY2,BA1,BB2,BC1";

L_SCS : signal is "AGb5,AH4,AJ5,AM4";
L_SOE : signal is '"AP4";

L_SWE : signal is '"ANB";

L_DWE : signal is "AF4";

L_DRAS : signal is '"P4,R5,T4,U5";
L_DCAS : signal is '"Y4,AA5,AB4,ACBE";

alulll is

—————————————— < Memory Controller >--———-—-————-
component memctrld is

port ( CLK
RESET

ADRS

SRAM_ADRS_BUF :

ROW_ADRS_BUF
COL_ADRS_BUF

DATA
WR_DATA
RD_DATA

SCS
SOE
SWE

DRAS
DCAS

in std_logic;

in std_logic;

out std_logic_vector(16 downto 0);
in std_logic_vector(16 downto 0);

in std_logic_vector(11l downto 0);

in std_logic_vector(11l downto 0);
inout std_logic_vector(31 downto 0);
in std_logic_vector(31 downto 0);

: out std_logic_vector(31 downto 0);

MEM_STATE_SEL :

WR_CYCLE
RD_CYCLE
RF_CYCLE

);

end component;

out std_logic_vector(3 downto 0);
out std_logic;
out std_logic;
out std_logic_vector(3 downto 0);
out std_logic_vector(3 downto 0);
in std_logic_vector(2 downto 0);
out std_logic;
out std_logic;
out std_logic
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————————————— < 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_SRAM_ADRS_BUF : std_logic_vector(16 downto 0);
signal R_ROW_ADRS_BUF : std_logic_vector(11 downto 0);
signal R_COL_ADRS_BUF : std_logic_vector(11 downto 0);
signal L_SRAM_ADRS_BUF : std_logic_vector(16 downto 0);
signal L_ROW_ADRS_BUF : std_logic_vector(11 downto 0);
signal L_COL_ADRS_BUF : std_logic_vector(11 downto 0);
signal R_MEM_STATE_SEL : std_logic_vector(2 downto 0);
signal L_MEM_ STATE_SEL : std _logic_vector(2 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_RF_CYCLE : std_logic;

signal L_RF_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_loglc_vector(S downto 0);
signal DCNT3 : std_logic;

signal DCNT4 : std_logic_ vector(2 downto 0);
signal DCNT5 std_logic;

signal CALC1 ACK : std_logic;

signal CALC3_ACK : std_logic;

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);
signal R_ADRS_CHNT : std_logic;

signal L_ADRS_CNT : std_logic;

type DATA_BUS_SEL_TYPE is (
dR_MEM_RD, 4dL_MEM_RD, d4INPRO_F,
dMUL, dADD, 4STOP

>

type LATCH_SEL_TYPE is (
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RR_MEM, LR_MEM, LL_MEM,
FR_MEM, FL_MEM, FF_MEM, 1STOP

>

signal DATA_BUS_SEL
signal LATCH_SEL

constant
constant
constant
constant
constant
constant
constant
constant

S_WRITE_CYCLE
S_READ_CYCLE
CONT_READ_CYCLE
D_WRITE_CYCLE
D_READ_CYCLE
D_REF_CYCLE
D_RD_WR_CYCLE
STOP_CYCLE

constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant

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_MEM_R
cINPRO_MEM_L :
cINPRO_MEM_LR :
cFF_MUL
cFR_MEM_MUL
cFL_MEM_MUL
cRR_MEM_MUL
cLL_MEM_MUL
cLR_MEM_MUL
cFF_ADD
cFR_MEM_ADD
cFL_MEM_ADD
cRR_MEM_ADD
cLL_MEM_ADD
cLR_MEM_ADD
cCALC_F
cCALC_MEM_R
constant cCALC_MEM_L

constant cCALC_MEM_LR
—-— new command
constant cLR_DRAM_WR

constant cL_DRAM_WR
constant cR_DRAM_WR
constant cL_DRAM_RD
constant cR_DRAM_RD
constant cLR_DRAM_WR :
constant cINPRO_DRAM_R :
constant cINPOT_DRAM_L
constant cFR_DRAM_MUL
constant cFL_DRAM_MUL
constant cLR_DRAM_MU_
constant cCALC_DRAM_R
constant cCALC_DRAM_L

begin
RESET <=

DATA_BUS <= "ZZZZZZZZZZZZZ7ZZZZZ2Z2ZZ2ZZ2Z7ZZ2ZZZZ2ZZ" when OE_ALU
dADD or DATA_BUS_SEL
dMUL else

ADD_Q
MUL_Q

’1’ when CTRL_BUS =

when DATA_BUS_SEL =
when DATA_BUS_SEL =

: DATA_BUS_SEL_TYPE;
: LATCH_

SEL_TYPE;

std_logic_vector(2 downto 0)
std_logic_vector(2 downto 0)
std_logic_vector(2 downto 0)
std_logic_vector(2 downto 0)
std_logic_vector(2 downto 0)

std_logic_vector(2 downto
std_logic_vector(2 downto

std_logic_vector(2 downto 0)

std_logic_vector (b
std_logic_vector (b
std_logic_vector (b
std_logic_vector (b
std_logic_vector(b
std_logic_vector (b
std_logic_vector (b
std_logic_vector (b
std_logic_vector (b
std_logic_vector (b
std_logic_vector(b
std_logic_vector(5
std_logic_vector (b
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5

std_logic_vector(5
std_logic_vector(b
std_logic_vector(b
std_logic_vector(b
std_logic_vector(b
std_logic_vector(5
std_logic_vector (b
std_logic_vector (b
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5

""000000" else

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

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

’o’;

0)
0)
0)
0)
0)

lloooll ;
”001” ;
1= "010";
”100” ;
II101II ;
0) := "110";
0) := "111";

1= "011";

""000001";
""000010";
"000011";
""000100";
""000101";
"000110";
"000111";
""001000";
"001001";
"001010";
"001011";
"001100";
"001101";
"001110";
"001111";
""010000";
"010001";
"010010";
"010011";
"010100";
"010101";
"010110";
"010111";
"011000";
"011001";
"011010";
"011011";
"011100";
"011101";

"011110";
"011111";
'"100000" ;
'"100001";
'"100010";
'"100011";
'"100100";
""100101";
'"100110";
"100111";
'"101000";
'"101001";
'"101010";

’0’ else
dINPRO_F else

91
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R_RD_DATA when DATA_BUS_SEL
L_RD_DATA when DATA_BUS_SEL
( others => °0° );

dR_MEM_RD else
dL_MEM_RD else

process ( RESET, CLK ) begin
if RESET = ’1’ then
DATA_BUS_SEL <= dSTOP;
elsif rising_edge( CLK ) then
case CTRL_BUS is
when cMEM_STOP | cCALC_F | ¢CALC_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 cFF_MUL | cFR_MUL | cFL_MUL | cRR_MUL | cLL_MUL | cLR_MUL =>
DATA_BUS_SEL <= dMUL;
when cFF_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;

rocess ( 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_MEMN;
when cLL_INPRO | cLL_MUL | cLL_ADD =>
LATCH_SEL <= LL_MEMN;
when cLR_INPRO | cLR_MUL | cLR_ADD =>
LATCH_SEL <= LR_MEMN;
when cFR_MUL | cFR_ADD =>
LATCH_SEL <= FR_MEMN;
when cFL_MUL | cFL_ADD =>
LATCH_SEL <= FL_MEMN;
when cFF_MUL | cFF_ADD =>
LATCH_SEL <= FF_MEMN;
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;

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

MUL_A <= ( others => ’0’ );

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

if DCNT1 = ’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 | 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;

process ( RESET, CLK ) begin
if RESET = ’1’ then
ADD_A_BUF <= ( others => ’0’ ); ADD_B_BUF <= ( others => ’0’ );
elsif risin _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 c¢CALC_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;

process ( 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;
end if;
if ( ( CTRL_BUS = c¢FF_MUL or CTRL_BUS = cFF_ADD ) and CALC_CNT = ’0’ )
or DCNT = ’1’ then
CALC_CNT <= ’17;
else
CALC_CNT <= ’07;
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 <= ’17;
else

DCNT <= ’0’;
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end if;
end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
DCNT1 <= ’0’;
CALC1_ACK <= ’0’;
elsif rising_edge( CLK ) then
if CTRL_BUS = cRR_INPRO or CTRL_BUS = cLL_INPRO or CTRL_BUS = cLR_INPRO then
CALC1_ACK <= ’1’;

else
CALC1_ACK <= ’0’;

end if;

if CALC1_ACK = ’1’ then
DCNT1 <= ’1°;

else
DCNT1 <= ’0’;

end if;

end if;

end process;

rocess ( 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 <= ’1’;
end if;
if ( CTRL_BUS = cCALC_F or CTRL_BUS

cCALC_R or CTRL_BUS = cCALC_L
1

or CTRL_BUS = cCALC_LR ) and CALC3_ACK ’ then
DCHNT3 <= ’1°;
CALC3_ACK <= ’0’;
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 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
or CTRL_BUS = cCALC_LR ) and CALC4_ACK
if DCNT4 < '"100" then
DCNT4 <= DCNT4 + ’1°;
else
CALC4_ACK <= ’0’;
end if;

cCALC_R or CTRL_BUS = cCALC_L
’1’ then

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

process ( RESET, CLK ) begin
if RESET = ’1’ then
DCNTE <= ’0’;
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

DCHNT5E <= ’1°;
else

DCNTE <= ’0’;
end if;

end if;
end process;

rocess ( 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 <= ’1°;
else
CALC_DONE <= ’0’;
end if;
end if;
end process;

——————————————— < Adder Feedback >————————-——-—-
rocess ( RESET, CLK ) begin
1f 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
if RESET = ’1’ then
R_MEM_STATE_SEL <= STOP_CYCLE;
elsif risinﬁ_ed e( CLK ) then
case CTRL_BUS is
when cR_MEM_WR | cLR_MEM_WR =>
R_MEM_STATE_SEL <= S_WRITE_CYCLE;
when cR_MEM_RD =>
R_MEM_STATE_SEL <= S_READ_CYCLE;
when cMEM_STOP | cINPRO_F | cCALC_F =>
R_MEM_STATE_SEL <= STOP_CYCLE;
when cRR_INPRO | cLR_INPRO | cFR_MUL | cRR_MUL | cLR_MUL | cFR_ADD
| cRR_ADD | cLR_ADD =>
R_MEM_STATE_SEL <= CONT_READ_CYCLE;
when cINPRO_R | cINPRO_LR =>



00 BOOODODODOODODODODOODOODOO

if DCNT2 = "1000" then
R_MEM_STATE_SEL <= S_WRITE_CYCLE;
else
R_MEM_STATE_SEL <= STOP_CYCLE;
end if;
when cCALC_R | cCALC_LR =>
if DCNT5 = ’1’ then
R_MEM_STATE_SEL <= S_WRITE_CYCLE;
else
R_MEM_STATE_SEL <= STOP_CYCLE;
end if;
when cLR_DRAM_WR =>
R_MEM_STATE_SEL <= D_WRITE_CYCLE;
when others =>
null;
end case;
end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
R_WR_DATA <= ( others => ’0’ );
elsif risinﬁ_ed e( CLK ) then
case CTRL_BUS is
when cR_MEM_WR | cLR_MEM_WR | cLR_DRAM_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_SRAM_ADRS_BUF <= ( others => ’0’ );
R_ADRS_CNT <= ’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_SRAM_ADRS_BUF <= 0’ & ADRS_BUS;
when cINPRO_R | cINPRO_LR =>
if DCNT2 = "1000" then
R_SRAM_ADRS_BUF <= 0’ & ADRS_BUS;
end if;
when cCALC_R | cCALC_LR =>
if DCNT5 = ’1’ then
R_SRAM_ADRS_BUF <= 0’ & ADRS_BUS;
end if;
when cLR_DRAM_WR =>
if R_ADRS_CNT = ’1’ then
R_COL_ADRS_BUF <= ’0’ & ADRS_BUS;
R_ADRS_CNT <= ’07;
else
R_ROW_ADRS_BUF <= ’0’ & ADRS_BUS;
R_ADRS_CNT <= ’17;
end if;
when others =>
null;
end case;
end if;
end process;
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rocess ( RESET, CLK ) begin
if RESET = ’1’ then
L_MEM_STATE_SEL <= STOP_CYCLE;
elsif risinﬁ_ed e( CLK ) then
case CTRL_BUS is
when cL_MEM_WR | cLR_MEM_WR =>
L_MEM_STATE_SEL <= S_WRITE_CYCLE;
when cL_MEM_RD =>
L_MEM_STATE_SEL <= S_READ_CYCLE;
when cMEM_STOP | cINPRO_F | cCALC_F =>
L_MEM_STATE_SEL <= STOP_CYCLE;
when cLL_INPRO | cLR_INPRO | c¢FL_MUL | cLL_MUL | cLR_MUL | cFL_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 <= S_WRITE_CYCLE;
else
L_MEM_STATE_SEL <= STOP_CYCLE;
end if;
when cCALC_L | cCALC_LR =>
if DCNT5 = ’1’ then
L_MEM_STATE_SEL <= S_WRITE_CYCLE;
else
L_MEM_STATE_SEL <= STOP_CYCLE;
end if;
when cLR_DRAM_WR =>
L_MEM_STATE_SEL <= D_WRITE_CYCLE;
when others =>
null;
end case;
end if;
end process;

process ( RESET, CLK ) begin
if RESET = ’1’ then
L_WR_DATA <= ( others => ’0’ );
elsif risinﬁ_ed e( 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_SRAM_ADRS_BUF <= ( others => ’0’ );
L_ADRS_CNT <= ’0’;
elsif risinﬁ_ed e( 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_SRAM_ADRS_BUF <= ’0’ & ADRS_BUS;
when cLR_INPRO | cLR_MUL | cLR_ADD =>
L_SRAM_ADRS_BUF <= DATA_BUS(16 downto 0);
when cINPRO_L =>
if DCNT2 = "1000" then
L_SRAM_ADRS_BUF <= ’0’ & ADRS_BUS;
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end if;
when cINPRO_LR =>
if DCNT2 = "1000" then
L_SRAM_ADRS_BUF <= DATA_BUS(16 downto 0);
end if;
when cCALC_L =>
if DCNT5 = ’1’ then
L_SRAM_ADRS_BUF <= 0’ & ADRS_BUS;
end if;
when cCALC_LR =>
if DCNT5 = ’1’ then
L_SRAM_ADRS_BUF <= DATA_BUS(16 downto 0);
end if;
when cLR_DRAM_WR =>
if L_ADRS_CNT = ’1’ then
L_COL_ADRS_BUF <= 0’ & ADRS_BUS;
L_ADRS_CNT <= ’0’;
else
L_ROW_ADRS_BUF <= 0’ & ADRS_BUS;
L_ADRS_CNT <= ’1°;
end if;
when others =>
null;
end case;
end if;
end process;
———————————— < Memory Controller >-————--——————-
R_MEM : memctrld port map (
CLK => CLK, RESET => RESET,
ADRS => R_ADRS, SRAM_ADRS_BUF => R_SRAM_ADRS_BUF,
ROW_ADRS_BUF => R_ROW_ADRS_BUF, COL_ADRS_BUF => R_COL_ADRS_BUF,
DATA => R_DATA, WR_DATA => R_WR_DATA, RD_DATA => R_RD_DATA,
SCS => R_SCS, SOE => R_SOE, SWE => R_SWE,
DRAS => R_DRAS, DCAS => R_DCAS,
MEM_STATE_SEL => R_MEM_STATE_SEL,
WR_CYCLE => R_WR_CYCLE, RD_CYCLE => R_RD_CYCLE,
RF_CYCLE => R_RF_CYCLE

);
L_MEM : memctrld port map (
CLK => CLK, RESET => RESET,
ADRS => L_ADRS, SRAM_ADRS_BUF => L_SRAM_ADRS_BUF,
ROW_ADRS_BUF => L_ROW_ADRS_BUF, COL_ADRS_BUF => L_COL_ADRS_BUF,
DATA => L_DATA, WR_DATA => L_WR_DATA, RD_DATA => L_RD_DATA,
SCS => L_SCS, SOE => L_SOE, SWE => L_SWE,
DRAS => L_DRAS, DCAS => L_DCAS,
MEM_STATE_SEL => L_MEM_STATE_SEL,
WR_CYCLE => L_WR_CYCLE, RD_CYCLE => L_RD_CYCLE,
RF_CYCLE => L_RF_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;

B.3.2 0DO0OODOOOOO

00000000000 DRAMODOOOOOOOODOOOODOODOOOOO
gooooooooooooo

-- Householder Transform (Lower FLEX10k)

—— < hshldi101.vhd >

-- 2000/01/31 (Mon)

-— numa@tube.ee.uec.ac.jp(modified for DRAM Controller)
-- yamaoka®@tube.ee.uec.ac.jp

library IEEE;

use IEEE.std logic_1164.all;

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

use WORK.MATH.all;

library metamor;

use metamor.attributes.all;

entity hshldi101 is

99

port (CLK in std_logic;
A : inout std_logic_vector(15 downto 0);
BL in std_logic_vector(7 downto 0);
BH in std_logic_vector(7 downto 0);
CL in std_logic_vector(5 downto 0);
DATA_BUS inout std_logic_vector(31 downto 0); -- connection B & A
ADRS_BUS out std_logic_vector(15 downto 0); -—- connection D(0) & C
CTRL_BUS out std_logic_vector(5 downto 0); —-— connection D(5 downto 1)
CALC_DONE : in std_logic; -— connection D(6)
OE_ALU out std_logic; -- connection D(7)
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 '"BC5,BB6,BC7,BB8,BC9,BB10,BC11,BB12";
attribute pinnum of CL signal is "AU23,AV24,AU25,AU33,AV34,AU35";
attribute pinnum of DATA_BUS signal is "A5,B6,A7,BS,A9,B10,A11,B12,A13,B14,A15,B16,
A17,B18,A19.B20,A23,B24,A25,B26,A27 ,B28, 429,
B30,A31.B32,A33.B34.A35,B36,A37,B38";
attribute pinnum of ADRS_BUS signal is "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,F16";
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,AU29";
attribute pinnum of STB signal is "AU21,AU31";
attribute pinnum of IBF signal is "AV20,AV30";

end hshldio01;
architecture RTL of

hshldi101 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(31 downto 0);
signal DIV_ACK std_logic;

signal DIV_DONE std_logic;

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

signal OUT_CNT : std_logic;--_vector(4 downto 0);
signal OUT_ACK1 : std_logic;

signal OUT_ACK2 : std_logic;
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signal

signal
signal

signal

signal
signal

DCNT : std_logic;

N : std_logic_vector(11l downto 0);
ROW : std_logic_vector(11l downto 0);

WA : std_logic;

MA_L : std_logic_vector(15 downto 0);
MA_H : std_logic_vector(15 downto 0);

MA_WR : std_logic;

type CALC_STATE_TYPE is (

signal

FIRST_DATA, SECOND_DATA);
CALC_STATE : CALC_STATE_TYPE;

type ALU_STATE_TYPE is (

—— New

signal
signal
signal
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,

command

LR_DRAM_WR, L_DRAM_WR, R_DRAM_WR,

L_DRAM_RD, R_DRAM_RD, LR_DRAM_RD,

INPRO_DRAM_R, INPRO_DRAM_L,

FR_DRAM_MUL, FL_DRAM_MUL, LR_DRAM_MUL,
CALC_DRAM_R, CALC_DRAM_L, CALC_DRAM_LR,
RR_DRAM_MEM, LL_DRAM_MEM, LR_DRAM_MEM,

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;

ROW_ADRS_BUF1 : std_logic_vector(15 downto 0);
COL_ADRS_BUF1 : std_logic_vector(15 downto 0);
SRAM_ADRS_BUF1 : std_logic_vector(15 downto 0);

ADRS_BUF2 : std_logic_vector(15 downto 0);
ALU_ACK : std_logic;
DRAM_ADRS_CNT : std_logic;

type HS_STATE_TYPE is (

signal
signal

HsDimWrite,

HsS2LoopIni, HsS2LoopBdy,

HsSCalc, HsAkRead, HsSNorm,

HsAkxSCalc, HsS2pAkxSCalc, HsCCalc, HsCWrite, HsViceWrite,
HsAkpSCalc, HsAxUCalc, HsPCalc,

HsPxUCalc, HsAlphaCalc, HsAlxCCalc, HsAlxCd2Calc,
HsAlxCd2xUCalc, HsQCalc,

HsUxQtCalc, HsQxUtCalc, HsUxQtpQxUtCalc, HsACalc, HsResRead,

hStop );

HS_STATE : HS_STATE_TYPE;
S2, S, Ak, AkxS, S2pAkxS, C, AxU, AL, ALxC, ALxCd2, ALxCd2xU, UxQt, QxUt,

UxQtpQxUt : std_logic_vector(31 downto 0);

signal

constant FP_ONE : std_logic_vector(31 downto 0)
constant FP_TWO : std_logic_vector(31 downto 0)

constant cR_MEM_WR : std_logic_vector(5 downto 0)
constant cR_MEM_RD : std_logic_vector(5 downto 0)

RES : std_logic_vector(31 downto 0);

'"00111111100000000000000000000000" ;
'"01000000000000000000000000000000" ;

""000001";
""000010";
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constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant

cL_MEM_WR
cL_MEM_RD
cLR_MEM_WR
cMEM_STOP
cRR_INPRO
cLL_INPRO
cLR_INPRO
cINPRO_F
cINPRO_MEM_R
cINPRO_MEM_L

cINPRO_MEM_LR

cFF_MUL
cFR_MEM_MUL
cFL_MEM_MUL
cRR_MEM_MUL
cLL_MEM_MUL
cLR_MEM_MUL
cFF_ADD
cFR_MEM_ADD
cFL_MEM_ADD
cRR_MEM_ADD
cLL_MEM_ADD
cLR_MEM_ADD
cCALC_F
cCALC_MEM_R
cCALC_MEM_L
cCALC_MEM_LR

—-— new command

constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant

begin

cLR_DRAM_WR
cL_DRAM_WR
cR_DRAM_WR
cL_DRAM_RD
cR_DRAM_RD
cLR_DRAM_RD

cINPRO_DRAM_R :
cINPRO_DRAM_L :

cFR_DRAM_MUL
cFL_DRAM_MUL
cLR_DRAM_MUL
cCALC_DRAM_R
cCALC_DRAM_L

cCALC_DRAM_LR :

cRR_DRAM_MEM
cLL_DRAM_MEM
cLR_DRAM_MEM

std_logic_vector (b
std_logic_vector (b
std_logic_vector(b
std_logic_vector (b
std_logic_vector (b
std_logic_vector (b
std_logic_vector (b
std_logic_vector (b
std_logic_vector(5
std_logic_vector(5
std_logic_vector(b
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5

std_logic_vector(5
std_logic_vector(b
std_logic_vector(b
std_logic_vector(b
std_logic_vector(b
std_logic_vector(5
std_logic_vector (b
std_logic_vector (b
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5
std_logic_vector(b
std_logic_vector(5
std_logic_vector (b
std_logic_vector(5
std_logic_vector(5
std_logic_vector(5

b <= “ZZZZZZ7ZZ7Z7Z7Z7Z7ZZZ72" when ACK_BUF = "00"

ACK_BUF <= OBF;
ACK <= ACK_BUF;

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

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

else A_REG;

—————————— < Input Matrix Data from PC >-—————---—-—-
process ( BL(0), OBF ) begin
if BL(0) = ’1’ then
IN_CNT <= ’0’;
MA_L <= ( others => ’0’ )
MA_H <= ( others => 0’ )
1

elsif OBF’event and OBF = "11" then
if WA = ’0’ then
if IN_CNT = ’0’ then
MA_L <= A;
IN_CNT <= ’1°’;
else

MA_H <= A;

"000011";
""000100";
""000101";
"000110";
"000111";
""001000";
"001001";
"001010";
"001011";
"001100";
"001101";
"001110";
"001111";
""010000";
"010001";
"010010";
"010011";
"010100";
"010101";
"010110";
"010111";
"011000";
"011001";
"011010";
"011011";
"011100";
"011101";

"011110";
"011111";
'"100000" ;
'"100001";
'"100010";
'"100011";
'"100100";
""100101";
'"100110";
"100111";
'"101000";
'"101001";
'"101010";
"101011";
'"101100";
"101101";
"101110";
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IN_CNT <= ’07;
end if;
end if;
end if;
end process;

————————— < Matrix A 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 + ’1°’;
end if;
end process;

————————— < Matrix Column Counter >--——————--
process ( BL(0), BL(1) ) begin
if BL(O) ’1’ then
<= ( 0 => ’1’, others => ’0’ );

e151f r1s1ng edge( BL(1) ) then

if WA = ’0’ then

N<=N+ "17;

end if;
end if;
end process;

————————— < Selecter of Matrix >-----—-———-
process ( BL(0), BL(2) ) begin
if BL(0) = ’1’ then
WA <= ’07;
elsif r1s1n edge( BL(2) ) then
WA <=
end if;
end process;

————— < Generate Memory Write Signal ( Matrix 4 ) >

process ( BL(0), ALU_ACK, WA, IN_CNT ) begin
if BL(O) = ’1’ or ALU_ACK = ’1’ or WA = ’1’ then

MA_WR <= ’07;

elsif falling_ edge( IN_CNT ) then
MA_WR <= ’17;

end if;

end process;

——————————— < 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_ edge( BL(3) ) then
STB <= "00";
if OUT_CHNT = 0’ then
A_REG <= RES(15 downto 0);
QUT_CNT <= ’17;
else
A_REG <= RES(31 downto 16);
QUT_CNT <= ’0’;
end if;
end if;
if IBF = "11" then
STB <= "11";
end if;
end process;

process ( BL(0), CLK ) begin
if BL(O) = ’1’ then
OUT_ACK1 <= ’0’;
QUT_ACK2 <= ’0’;
elsif rising_edge( CLK ) then
if BL(4) = ’1’ then
OUT_ACK1 <= ’17’;

102
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else
OUT_ACK1 <= ’07;
end if;
if BL(4) = ’1’ and OUT_ACK1 = ’0’ then
OUT_ACK2 <= ’17;
else
OUT_ACK2 <= ’07;
end if;
end if;
end process;

DATA_BUS <= "ZZZZZZZ7Z7Z7Z727272Z722727Z72727227Z272Z227272Z7ZZ" 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;
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;

\4

\4
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when CALC_L =>

CTRL_BUS <= cCALC_L;
when CALC_LR =>

CTRL_BUS <= cCALC_LR;
when LR_DRAM_WR => —— New Command

CTRL_BUS <= cLR_DRAM_WR;
when R_DRAM_WR =>

CTRL_BUS <= cR_DRAM_WR;
when L_DRAM_WR =>

CTRL_BUS <= cL_DRAM_WR;
when LR_DRAM_RD =>

CTRL_BUS <= cLR_DRAM_RD;
when R_DRAM_RD =>

CTRL_BUS <= cR_DRAM_RD;
when L_DRAM_RD =>

CTRL_BUS <= cL_DRAM_RD;
when INPRO_DRAM_R =>

CTRL_BUS <= cINPRO_DRAM_R;
when INPRO_DRAM_L =>

CTRL_BUS <= cINPRO_DRAM_L;
when FR_DRAM_MUL =>

CTRL_BUS <= cFR_DRAM_MUL;
when FL_DRAM_MUL =>

CTRL_BUS <= cFL_DRAM_MUL;
when LR_DRAM_MUL =>

CTRL_BUS <= cLR_DRAM_MUL;
when CALC_DRAM_R =>

CTRL_BUS <= cCALC_DRAM_R;
when CALC_DRAM_L =>

CTRL_BUS <= cCALC_DRAM_L;
when CALC_DRAM_LR =>

CTRL_BUS <= cCALC_DRAM_LR;
when RR_DRAM_MEM =>

CTRL_BUS <= cRR_DRAM_MEN;
when LL_DRAM_MEM =>

CTRL_BUS <= cLL_DRAM_MENM;
when LR_DRAM_MEM =>

CTRL_BUS <= cLR_DRAM_MENM;
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
| LR_DRAM_WR =>
DATA_BUS_BUF <= DATA_BUF1;
OE_BUF <= ’07;
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(15 downto 0) <= ADRS_BUF2;
OE_BUF <= ’07;
when FF_MUL | FF_ADD =>
OE_BUF <= ’07;
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’ );
DRAM_ADRS_CNT <= ’0’;
elsif falling edge( CLK 5 then
case ALU_STATE is
when MEM_STOP | INPRO_F | FF_MUL | FF_ADD | CALC_F =>
ADRS_BUS <= ( others => ’0’ );
when LR_DRAM_WR =>
if DRAM_ADRS_CNT = ’1’ then
ADRS_BUS <= COL_ADRS_BUF1;
DRAM_ADRS_CHNT <= ’07;
else
ADRS_BUS <= ROW_ADRS_BUF1;
DRAM_ADRS_CHNT <= ’17;
end if;
when others =>
ADRS_BUS <= SRAM_ADRS_BUF1;
end case;
end if;
end process;

process( BL(0), CLK )
variable i, j, k : std_logic_vector(11 downto 0);
begin
if BL(0) = ’1’ then
HS_STATE <= hStop;
ALU_STATE <= aStop;
ALU_ACK <= ’0’;
DIV_ACK <= ’0’;
DATA_BUF1 <= (others => ’0’);
DATA_BUF2 <= (others => ’0’)‘
SRAM_ADRS_BUF1 <= (others => ’0’);
ROW_ ADRS BUF1 <= (others => ’07);
COL_ADRS_BUF1 <= (others => ’0’);
ADRS BUF2 <= (others => ’0’);
i ( others => 0’ );

i2 := ( others => 0’ );
j := ( others => 0’ );
k := (0 =>"1", others => ’0’ );

elsif rising_edge( CLK ) then
case HS_STATE is
when hStop =>

if WA'= ’1’ then
HS_STATE <= HsDimWrite;

elsif MA_WR = ’1’ then
DATA_BUF1 <= MA_H & MA_L;
ROW_ADRS_BUF1 <= "0000" & ROW;
COL_ADRS_BUF1 <= '"0000" & N ;
-—ALU_ACK <= ’1’;
ALU_STATE <= LR_ DRAM WR;

elsif ALU_ACK = ’1’ then
ALU_ACK <= ’0’;
ALU_STATE <= MEM STOP;

else
ALU_STATE <= aSTOP;
HS_STATE <= hStop;

end if;

when HsDimWrite =>
if ALU_ACK = ’0’ then
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ALU_STATE <= L_MEM_WR;
DATA_BUF1 <= "00000000000000000000" & N;
SRAM_ADRS_BUF1 <= "1000000000000000";
ALU_ACK <= ’1’;
else
ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’0’;
HS_STATE <= HsS2LoopIni;
end if;

when HsS2LoopIni =>
1 := k;

j =K+ 17,

HS_STATE <= HsS2LoopBdy;

when HsS2LoopBdy =>
if i2 < N then
ALU_STATE <= RR_MEM_DRAN;
i2 = 12 + ’1’;
ROW_ADRS_BUF1 <= "0000" & ROW;
COL_ADRS_BUF1 <= "0000" & N ;

>

end if;

if i < N then
ALU_STATE <= RR_INPRO;
i:=1+ ’1°;
SRAM_ADRS_BUF1 <= i(7 downto 0) & k(7 downto 0);

e
ALU_STATE <= INPRO_F;
end if;

els

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

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

when HsSCalc =>
S <= sqrt(S2);
HS_STATE <= HsAkRead;

when HsAkRead =>

if ALU_ACK = ’0’ then
ALU_STATE <= R_MEM_RD;
SRAM_ADRS_BUF1 <= k(7 downto 0) + ’1’ & k(7 downto 0);
ALU_ACK <= ’1’;

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
AkxS <= DATA_BUS;
HS_STATE <= HsS2pAkxSCalc;
end if;
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when HsS2pAkxSCalc =>
ALU_STATE <= FF_ADD;
DATA_BUF1 <= 352;
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;
SRAM_ADRS_BUF1 <= "0000" & k;
ALU_ACK <= ’1’;

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’0’;
HS_STATE <= HsVicelirite;
end if;

when HsVicelWrite =>
if ALU_ACK = ’0’ then
ALU_STATE <= LR_MEM_WR;
DATA_BUF1 <= ( not S(31) ) & S(30 downto 0);
SRAM_ADRS_BUF1 <= k(7 downto 0) & k(7 downto 0) + ’1° ;
ALU_ACK <= 17,
else
ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’0’;
HS_STATE <= HsAkpSCalc;
end if;

when HsAkpSCalc =>
ALU_STATE <= FF_ADD;
DATA_BUF1 <= Ak;
DATA_BUF2 <= 3;

if CALC_STATE = SECOND_DATA then

ALU_STATE <= CALC_L;

SRAM_ADRS_BUF1 <= k(7 downto 0) + ’1’ & k(7 downto 0);
end if;

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

when HsAxUCalc =>
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if i < N then
ALU_STATE <= LR_INPRO;
1:=1+ ’1°;
SRAM_ADRS_BUF1 <= j(7 downto 0) & i(7 downto 0);
ADRS_BUF2 <= i(7 downto 0) & k(7 downto 0);
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;

SRAM_ADRS_BUF1 <= j(7 downto 0) & k(7 downto 0);
end if;

if CALC_DONE = ’1’ then
if j < N then
j i3t L
HS_STATE <= HsAxUCalc;
else
j =k + 1
HS_STATE <= HsAlphaCalc;
end if;
end if;

when HsAlphaCalc =>
if i < N then
ALU_STATE <= LR_INPRO;
i:=1+ ’1°;
SRAM_ADRS_BUF1 <= i(7 downto 0) & k(7 downto 0);
ADRS_BUF2 <= i(7 downto 0) & k(7 downto 0);
else
ALU_STATE <= INPRO_F;
end if;

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

i:=k+ ’1’°;
HS_STATE <= HsAlxCCalc;
end if;

when HsAlxCCalc =>
ALU_STATE <= FF_MUL;
DATA_BUF1 <= AL;
DATA_BUF2 <= C;

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

if CALC_DONE = ’1’ then
ALxC <= DATA_BUS;
HS_STATE <= HsAlxCd2Calc;
end if;

when HsAlxCd2Calc =>
if DIV_ACK = ’0’ then
DIV_A <= ALxC;
DIV_B <= FP_TWO;
DIV_ACK <= ’17;
else
DIV_A <= ( others => ’0’ );
DIV_B <= ( others => ’0’ );
end if;

if DIV_DONE = ’1’ then
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ALxCd2 <= DIV_Q;
DIV_ACK <= ’07;

HS_STATE <= HsAlxCd2xUCalc;

end if;
-- ok
when HsAlxCd2xUCalc =>
if ALU_ACK = ’0’ then
ALU_STATE <= FL_MUL;
DATA_BUF1 <= ALxCd2;

SRAM_ADRS_BUF1 <= i(7 downto 0) & k(7 downto 0);

ALU_ACK <= ’1’;
else

ALU_STATE <= CALC_F;
end if;

if CALC_DONE = ’1’ then
ALxCd2xU <= DATA_BUS;
ALU_ACK <= ’0’;
HS_STATE <= HsQCalc;
end if;

when HsQCalc =>
if ALU_ACK = ’0’ then
ALU_STATE <= FR_ADD;

DATA_BUF1 <= ( not ALxCd2xU(31) ) & ALxCd2xU(30 downto
SRAM_ADRS_BUF1 <= i(7 downto 0) & k(7 downto 0);

ALU_ACK <= ’17;
else
ALU_STATE <= CALC_R;

SRAM_ADRS_BUF1 <= i(7 downto 0) & k(7 downto 0);

end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’0’;
if i < N then
i =1+ ’1’;

1 5
HS_STATE <= HsAlxCd2xUCalc;

else
i:=k + ’1’;

HS_STATE <= HsUxQtCalc;

end if;
end if;

when HsUxQtCalc =>
if ALU_ACK = ’0’ then
ALU_STATE <= LR_MUL;

SRAM_ADRS_BUF1 <= i(7 downto 0) & k(7 downto 0);
ADRS_BUF2 <= j(7 downto 0) & k(7 downto 0);

ALU_ACK <= ’1°;
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;

SRAM_ADRS_BUF1 <= j(7 downto 0) & k(7 downto 0);
ADRS_BUF2 <= i(7 downto 0) & k(7 downto 0);

ALU_ACK <= ’1’;
else

ALU_STATE <= CALC_F;
end if;

if CALC_DONE = ’1’ then
QxUt <= DATA_BUS;
ALU_ACK <= °07;

HS_STATE <= HsUxQtpQxUtCalc;

end if;

when HsUxQtpQxUtCalc =>

109
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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 UthprUt(Si) ) & UxQtpQxUt(30 downto 0);
SRAM_ADRS_BUF1 <= j(7 downto 0) & i(7 downto 0) ;

ALU_ACK <= ’17;
else
ALU_STATE <= CALC_LR;

SRAM_ADRS_BUF1 <= j(7 downto 0) & i(7 downto 0);
ADRS_BUF2 <= j(7 downto 0) & i(7 downto 0);

end if;

if CALC_DONE = ’1’ then
ALU_ACK <= ’0’;
if i < N then
:_1+ ’1’.
HS _STATE <= HstQtCalc
elsif j < N then
J ::j + ’1’.
i =k+ ’1’.
HS_STATE <= HstQtCalc;
elsif k < ( N - "000000000010" ) then
k =k + ’17;
HS_STATE <= HsS2LoopIni;
else
:= (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;

SRAM_ADRS_BUF1 <= j(7 downto 0) & i(7 downto 0);

ALU_ACK <= ’1’;
else

ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then
RES <= DATA_BUS;
end if;

if OUT_ACK2 = ’1’ then
ALU_ACK <= ’0’;
if i < N then

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

when others =>

null;

end case;

end if;

end process;
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process ( BL(0), CLK ) begin
if BL(0) = ’1’ then
DCNT <= ’0’;
DIV_DONE <= ’0’;
elsif rising_edge( CLK ) then
if DIV_ACK = ’1’ and DCNT = ’0’ and DIV_DONE = ’0’ then

DCHNT <= ’17;
else

DCHNT <= ’07;
end if;

if DCNT = ’1’ then
DIV_DONE <= ’17;
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;

B.3.3 0O0ODO

gobbboooobuooboobodoubuooobbooobuooobbouo
goodooooooobbbbbbuobobooooo

-- 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;

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";
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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(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(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,
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;
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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";
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



00 BOOODODODOODODODODOODOODOO 114

STB <= "11";

OUT_CNT <= ’0’;

A_REG <= ( others => ’0’ );

elsif rising_edﬁe( BL(3) ) then

STB <= "0Q0";

if QUT_CNT = ’0’ then
A_REG <= RES(15 downto 0);
OUT_CNT <= ’17;

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(0O) = ’1’ or OUT_ACK2 = ’1’ then
QUT_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
0UT_ ACK2 <= ’0"

elsif risin e( CLK ) then
if CK = ’1’ then
OUT ACK2 <= ’17;
else
QUT_ACK2 <= ’0’;
end if;

end if;
end process;

DATA_BUS <= "ZZZZZZZ7Z7Z7Z7Z7272Z727272727272227Z22Z227272Z7ZZ" 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 <= 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 =>
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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;
OE_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_edﬁe( 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;
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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)
Max <= (others => ’07);

i := (0 =>"1’, others => 0’ );
k := (0=>"1", others => ’0’ );
r := ( 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;
else
ALU_STATE <= aSTOP;
BIS_STATE <= BisStop;
end if;

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_ME
ADRS_BUF1 <= 0’
ALU_ACK <= ’17;

M_RD
& i

;o
& 1i;
else

ALU_STATE <= MEM_STOP;
end if;

if CALC_DONE = ’1’ then
Alpha <= DATA_BUS;
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ALU_ACK <= ’0’;
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_ME
ADRS_BUF1 <= ’0°
ALU_ACK <= ’17;

M_RD
& i

g (i + °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’ & 01dBeta(30 downto 0);

if CALC_STATE = SECOND_DATA then
ALU_STATE <= CALC_F;
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
1i:=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;
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when BisApBCalc =>
ALU_STATE <= FF_ADD;
DATA_BUF1 <= BisA;
DATA_BUF2 <= BisB;

nPos :=

(others => ’07);

if CALC_STATE = SECOND_DATA then

end if;

ALU_STATE <= CALC_F;

if CALC_DONE = ’1’ then

end if;

ApB <= DATA_BUS;
BIS_STATE <= BisCCalc;

when BisCCalc =>
if DIV_ACK = ’0’ then

else

end if;

DIV_A <= ApB;
DIV_B <= FP_TWO;
DIV_ACK <= ’1°;

DIV_A <= ( others => ’0’ );
DIV_B <= ( others => ’0’ );

if DIV_DONE = ’1’ then

end if;

BisC <= DIV_Q;
DIV_ACK <= ’0’;
BIS_STATE <= BisAlphamCCalc;

when BisAlphamCCalc =>
if ALU_ACK = ’0’ then

else

end if;

ALU_STATE <= FR_ADD;

DATA_BUF1 <= ( not BisC(31) ) & BisC(30 downto
ADRS_BUF1 <= 0’ & i & 1i;

ALU_ACK <= ’1’;

ALU_STATE <= CALC_F;

if CALC_DONE = ’1’ then

end if;

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

when BisBeta2Calc =>
if ALU_ACK = ’0’ then

else

end if;

ALU_STATE <= RR_MUL;
ADRS_BUF1 <= 0’ & (i - ’1° ) & 1i;
ALU_ACK <= ’17;

ALU_STATE <= CALC_F;

if CALC_DONE = ’1’ then

end if;

Beta2 <= DATA_BUS;
ALU_ACK <= ’07;
BIS_STATE <= BisBeta2dQCalc;

when BisBeta2dQCalc =>
if DIV_ACK = ’0’ then

else

end if;

DIV_A <= Beta2;
DIV_B <= Q;
DIV_ACK <= ’1’;

DIV_A <= ( others => ’0’ );
DIV_B <= ( others => ’0’ );
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if DIV_DONE = ’1’ then
Beta2dQ <= DIV_Q;
DIV_ACK <= ’0’;

BIS_STATE <=
end if;

when BisQCalc =>

ALU_STATE <= FF_ADD;
DATA_BUF1 <= AlphamC;

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

BisQCalc;

if CALC_STATE = SECOND_DATA then

ALU_STATE <=
end if;

CALC_F;

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

BIS_STATE <=
end if;

when BisQComp =>

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

BisQComp;

+ ’1’;
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0);

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

i:=1+ 1%
end if;

if i < N then
1:=1+ 1’

BIS_STATE <= BisAlphamCCalc;

else

= (0 =>"1", others => ’0’);

i:=
BIS_STATE <=
end if;

when BisNewRange =>

if nPos >= k then
BisA <= BisC;
else
BisB <= BisC;
end if;

if r < BISEC_R then

r:=r + 1

BIS_STATE <=
else

r := (others

BIS_STATE <=
end if;

when BisEviWrite =>

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

ADRS_BUF1 <= '"100000001" & k;

ALU_ACK <= 1
else

ALU_STATE <=
end if;

if CALC_DONE = ’1’ th
ALU_ACK <= ’0
if k < N then

BisNewRange;

BisApBCalc;

=> >0°);
BisEvirite;

L_MEM_WR;
BisC;

’5
MEM_STOP;

en
).
3

k:=k + '17;

BisA <= ’1’ & Max(30 downto

BisB <= BisC;

BIS_STATE <= BisApBCalc;

else

BIS_STATE <= BisResRead;

end if;
end if;

0);
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when BisResRead
if ALU_A

else
end if;

if CALC_

end if;

goodduo

=>

CK = ’0’ then

ALU_STATE <= L_MEM_RD;
ADRS_BUF1 <= '"100000001" & 1i;
ALU_ACK <= ’17;

ALU_STATE <= MEM_STOP;

DONE = ’1’ then

BH <= ( 0 => ’1’, others => ’0’ );

RES <= DATA_BUS;

if OQUT_ACK2 = ’1’ then

end if;

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

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

DCNT <= ’0’;

DIV_DONE <= °’0’;
elsif rising_edge( CLK ) then

BH <= ( others => 0’ );
ALU_ACK <= ’07;
if i < N then

1:=1+ 1%
else

i:= (0 => 1", others => ’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;

B.3.4 0000

-- 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;
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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(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,ﬁB24,BC25,BB26,BC27,BB28,BC29,BB30,

BC31,BB32,BC33,BB34,BC35,BB38,BC37,BB38";
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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,Aﬁ25,AU33,AV34,AU35”;
attribute pinnum of DATA_BUS : signal is '"A5,B6,A7,B8,4A9,B10,411,B12,A13,B14,

A15,B16,A17,B18,A19,B20,A23,B24,425,B26,A27,B28,429,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 '"AU19,4U029";
attribute pinnum of STB : signal is '"AU21,AU31";
attribute pinnum of IBF : signal is '"AV20,4V30";

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 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(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 (



OO0 BOOOO

signal CALC_STAT
type ALU_STATE_T

signal ALU_STATE :

signal DATA_BUS_
signal DATA_BUF1

signal DATA_BUF2
signal OE_BUF :

signal ADRS_BUF1

signal ADRS_BUF2
signal ALU_ACK :

type INV_STATE_T

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

, X2, MxX1 : std_logic_vector(31 downto 0);

ImRxX, Alpha, X1

signal Ex
signal Rrange
signal RES

constant FP_ONE :

;= "001111111000
constant FP_TWO
:= "010000000000

constant cR_MEM_
constant cR_MEM_
constant cL_MEM_
constant cL_MEM_
constant cLR_MEM
constant cMEM_ST
constant cRR_INP
constant cLL_INP
constant cLR_INP
constant cINPRO_
constant cINPRO_
constant cINPRO_
constant cINPRO_

gogooooooooooon

FIRST_DATA, SECOND_DATA

>

E : CALC_STATE_TYPE;

YPE 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

>

ALU_STATE_TYPE;

BUF : std_logic_vector(31 downto 0);
std_logic_vector(31 downto 0);
std_logic_vector(31 downto 0);

std_logic;

std_logic_vector(16 downto 0);

std_logic_vector(16 downto 0);
std_logic;

YPE is (

InvDimRead,

InvLambdaRead, InvAlphamlLambdaCalc,
InvViceRead, InvVicelWrite,

InvAlphalRead, InvAlpha2Read,
InvBetalRead, InvBeta2Read, InvBeta3Read,
InvAbsComp, InvMCalc, InvMWrite,

InvAlphallWWrite, InvBeta2Write, InvBeta3Write,
InvMxBeta3Calc, InvMxBeta2Calc, InvAlpha2mMxBeta2Calc,
InvRRange, InvRxXCalc, InvXRead, InvimRxXCalc,

InvAlphaRead, InvXCalc, InvXWrite,

InvXiRead, InvX2Read, InvX1X2Comp, InvXiWrite, InvMxXiCalc,

InvEvCalc,
InvResRead,
InvStop

>

INV_STATE_TYPE;

std_logic_vector(254 downto 1);

: std_logic_vector(7 downto 0);

std_logic_vector(31 downto 0);

std_logic_vector(31 downto 0)

00000000000000000000";
std_logic_vector(31 downto 0)

00000000800000000000"' ;

WR : std_logic_vector(4 downto 0) :=
RD : std_logic_vector(4 downto 0) :=
WR : std_logic_vector(4 downto 0) :=
RD : std_logic_vector(4 downto 0) :=
_WR : std_logic_vector(4 downto 0) :=
OP : std_logic_vector(4 downto 0) :=
RO : std_logic_vector(4 downto 0) :=
RO : std_logic_vector(4 downto 0) :=
RO : std_logic_vector(4 downto 0) :=
F : std_logic_vector(4 downto 0) :=
R : std_logic_vector(4 downto 0) :=
L : std_logic_vector(4 downto 0) :=
LR : std_logic_vector(4 downto 0) :=

"00001";
"00010";
"00011";
"00100";
"00101";
"00110";
"00111";
"01000";
"01001";
"01010";
"01011";
"01100";
"01101";
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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°’;

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 <= ’07;
elsif rising_edge( CLK ) then
if QUT_ACK = ’1’ then
OUT_ACK2 <= ’1°;
else
OUT_ACK2 <= ’0’;
end if;
end if;
end process;

DATA_BUS <= "ZZZZZZZ7Z7Z7Z7Z7272Z727272727272227Z22Z227272Z7ZZ" when OE_BUF = ’1’ else DATA_BUS_BUF;
OE_ALU <= OE_BUF;

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

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
when
when
when
when
when
when
when
when
when
when
when

when
end case;

end process;

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 =>
CTRL_BUS <=
LR_MUL =>
CTRL_BUS <=
FF_ADD =>
CTRL_BUS <=
FR_ADD =>
CTRL_BUS <=
FL_ADD =>
CTRL_BUS <=
RR_ADD =>
CTRL_BUS <=
LL_ADD =>
CTRL_BUS <=
LR_ADD =>
CTRL_BUS <=
CALC_F =>
CTRL_BUS <=
CALC_R =>
CTRL_BUS <=
CALC_L =>
CTRL_BUS <=
CALC_LR =>
CTRL_BUS <=

others => null;

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

FR_ADD

DATA_BUS_BUF <= ( others =>

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 |

| FL_ADD =>

DATA_BUS_BUF <= DATA_BUF1;

>

);

<= 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;
cLL_MUL;
cLR_MUL;
cFF_ADD;
cFR_ADD;
cFL_ADD;
cRR_ADD;
cLL_ADD;
cLR_ADD;
cCALC_F;
cCALC_R;
cCALC_L;
cCALC_LR;

00 );

OE_BUF <= ’0’;
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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;
OE_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
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;

———————————— << 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 <= ’07;
DIV_ACK <= ’0’;
DATA_BUF1 <= (others => ’0’)
DATA_BUF2 <= (others => ’0’)
ADRS_BUF1 <= (others => ’0’)
ADRS_BUF2 <= (others => ’0’)
i )
)

i :=(0=>"1", others => :
j := (0 =>"1", others => DN
k := (0=>"1", others => ’0’ );

r := ’'0’;
BH <= ( others => ’0’ );
elsif rising_edge( CLK ) then
case INV_STATE is
when InvStop =>
if BL(5) = ’1’ then
INV_STATE <= InvDimRead;
else
ALU_STATE <= aSTOP;
INV_STATE <= InvStop;
end if;
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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 =>

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;
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if CALC_DONE = ’1’ then
ALU_ACK <= ’07;
if i < ( N - ’1’ ) then
i:=1+ ’1°;
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;
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 InvAlphaZ2Read =>

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_MEM_RD;
ADRS_BUF1 <= 0’ & i & (i + ’1?);
ALU_ACK <= ’17;

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_ME
ADRS_BUF1 <= ’0?
ALU_ACK <= ’17;

M_RD
& i

g (i + °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;
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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 =>

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;
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end if;

when InvBetalWrite =>

if ALU_ACK = ’0’ then
ALU_STATE <= L_MEM_WR;
DATA_BUF1 <= Beta2;
ADRS_BUF1 <= 0’ & i & (i + ’17);
ALU_ACK <= ’17;
else
ALU_STATE <= MEM_STOP;
end if;

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

if CALC_DONE

= 9 n
if 1 < (W -

the
’1’) then
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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;

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 0);

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_ME
)

_MEM_
ADRS_BUF1 <= 0’ &

RD;
j& 3
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else

end if;

if CALC_DONE = 1’

end if;

ALU_ACK <= ’17;

ALU_STATE <= MEM_STOP;

then

Alpha <= DATA_BUS;
ALU_ACK <= ’07;
INV_STATE <= InvXCalc;

when InvXCalc =>

if DIV_ACK = ’0’ then
DIV_A <= XmRxX;
DIV_B <= Alpha;
DIV_ACK <= ’17;
else
DIV_A <= ( others => ’0’ );
DIV_B <= ( others => ’0’ );
end if;
if DIV_DONE = ’1’ then
X <= DIV_Q;

DIV_ACK <= ’0’;
INV_STATE <= InvXWrite;

end if;

when InviWrite =>
if ALU_ACK = ’0’

then

ALU_STATE <= R_MEM_WR;
DATA_BUF1 <= X;
ADRS_BUF1 <= 10 & j & k;
ALU_ACK <= '1°;

else

ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1°

then

ALU_ACK <= ’07;
if j > "00000001" then

J _J_:i:.
1:= 3;
INV_STATE <= InvRRange;
elsif r = ’1? then
j := (0 =>"1", others =>
i:= (0 =>"1", others =>
if k < N then
k k+’1’.
:= :o:.
INV STATE <= InvLambdaRead;
else
INV_STATE <= InvResRead;
end if;
else
j := (0 => 1, others =>
:= (0 => 1", others =>

INV STATE <= InvXiRead;

end if;
end if;

when InvX1iRead =>
if ALU_ACK = ’0°

then

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

if CALC_DONE = 1

’ then

X1 <= DATA_BUS;
ALU_ACK <= ’0"
INV_STATE <= Ian2Read

end if;

00 );
00 );

00 );
00 );
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when InvX2Read =>

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

else
ALU_STATE <= MEM_STOP;

end if;

if CALC_DONE = ’1’ then

X2 <= DATA_BUS;

ALU_ACK <= ’07;

INV_STATE <= InvXi1X2Comp;
end if;

when InvX1X2Comp =>
if Ex(conv 1nte§er(1)) ’1’ then

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 i < (N - ’1’) then
=i+ 217,
INV_STATE <= InvX1Read;
else
’1’;
u;
N;
RXX <= (others => ’07);
INV_STATE <= InvXRead;

(SR
II nn
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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 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+: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’;

DIV_DONE <= °’0’;
elsif rising_edge( CLK ) then

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;

B.3.5 0DO00O0OOOOOODO

—-— 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;
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use WORK.MATH.all;

library metamor;
use metamor.attributes.all;

entity hsinv is

port

);

(CLK : in std loglc

A : inout std_logic_vector(15 downto 0);
BL : in std_logic_vector(7 downto 0);

BH : out std_logic_vector(5 downto O);
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

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,
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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";

A15,B16,A17,B18,A19,B20,A23,B24,425,B26,A27,B28, 429,B30,A31,B32, A33,B34, A35,B36,
A37,B38";

attribute pinnum of ADRS_BUS

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 '"AV18,6AV28";
attribute pinnum of ACK : signal is "AU19,6AU29";
attribute pinnum of STB : signal is '"AU21,AU31";
attribute pinnum of IBF : signal is '"AV20,4V30";

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
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 O)

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

signal is "F16,G19,F20,G21,F22,G23,F24,G25,F26,
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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,

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,

signal HSINV_STATE :

HsInvUtxXCalc, HsInvUtxXxCCalc, HsInvUtxXxCxUCalc,

HsInvimUtxXxCxUCalc,

HsInvX2Calc, HsInvNormCalc, HsInvInvNormCalc, HsInvXNorm,

HsInvResRead,
HsInvStop

>

HSINV_STATE_TYPE;

signal UtxX, UtxXxC, UtxXxCxU, X2, Norm, InvNorm :

signal RES
constant FP_ONE :

:= "00111111100000000000000000000000" ;

constant FP_TWO

;= "01000000000000000000 00000000000 ;

std_logic_vector(31 downto 0);
std_logic_vector(31 downto 0)

std_logic_vector(31 downto 0)

constant cR_MEM_WR std_logic_vector(4 downto
constant cR_MEM_RD std_logic_vector(4 downto
constant cL_MEM_WR std_logic_vector(4 downto
constant cL_MEM_RD : std_logic_vector(4 downto
constant cLR_MEM_WR : std_logic_vector(4 downto
constant cMEM_STOP std_logic_vector(4 downto
constant cRR_INPRO std_logic_vector(4 downto
constant cLL_INPRO std_logic_vector(4 downto
constant cLR_INPRO std_logic_vector(4 downto
constant cINPRO_F std_logic_vector(4 downto
constant cINPRO_R std_logic_vector(4 downto
constant cINPRO_L std_logic_vector(4 downto
constant cINPRO_LR std_logic_vector(4 downto
constant cFF_MUL std_logic_vector(4 downto
constant cFR_MUL std_logic_vector(4 downto
constant cFL_MUL std_logic_vector(4 downto

"00001";
"00010";
"00011";
"00100";
"00101";
"00110";
"00111";
"01000";
"01001";
"01010";
"01011";
"01100";
"01101";
"01110";
"01111";
'"10000";

135

std_logic_vector(31 downto 0);
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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 <= ’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 <= ’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 <= "“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
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when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when

when

end case;

end if;
end process;

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

FR_ADD

R_MEM_WR =>
CTRL_BUS <= cR_MEM_WR;

R_MEM_RD =>

CTRL_BUS <= cR_MEM_RD;
L_MEM_WR =>

CTRL_BUS <= cL_MEM_WR;

L_MEM_RD =>

CTRL_BUS <= cL_MEM_RD;
LR_MEM_WR =>

CTRL_BUS <= cLR_MEM_WR;
MEM_STOP =>

CTRL_BUS <= cMEM_STOP;
RR_INPRO =>

CTRL_BUS <= cRR_INPRO;
LL_INPRO =>

CTRL_BUS <= cLL_INPRO;
LR_INPRO =>

CTRL_BUS <= cLR_INPRO;
INPRO_F =>

CTRL_BUS <= cINPRO_F;
INPRO_R =>

CTRL_BUS <= cINPRO_R;
INPRO_L =>

CTRL_BUS <= cINPRO_L;
INPRO_LR =>

CTRL_BUS <= cINPRO_LR;
FF_MUL =>

CTRL_BUS <= cFF_MUL;
FR_MUL =>

CTRL_BUS <= cFR_MUL;
FL_MUL =>

CTRL_BUS <= cFL_MUL;
RR_MUL =>

CTRL_BUS <= cRR_MUL;
LL_MUL =>

CTRL_BUS <= cLL_MUL;
LR_MUL =>

CTRL_BUS <= cLR_MUL;
FF_ADD =>

CTRL_BUS <= cFF_ADD;
FR_ADD =>

CTRL_BUS <= cFR_ADD;
FL_ADD =>

CTRL_BUS <= cFL_ADD;
RR_ADD =>

CTRL_BUS <= cRR_ADD;
LL_ADD =>

CTRL_BUS <= cLL_ADD;
LR_ADD =>

CTRL_BUS <= cLR_ADD;
CALC_F =>

CTRL_BUS <= cCALC_F;
CALC_R =>

CTRL_BUS <= cCALC_R;
CALC_L =>

CTRL_BUS <= cCALC_L;
CALC_LR =>

CTRL_BUS <= cCALC_LR;
others => null;
) begin
<= ( 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 |

| FL_ADD =>

DATA_BUS_BUF
OE_BUF <= ’0’;

when MEM_STOP | INPRO_F

DATA_BUS_BUF <=
OE_BUF <= ’1°;

<= DATA_BUF1;

| CALC_F =>
( others => 0’ );
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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
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_edﬁe( 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(0) = ’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);
i := ( others => 0’ );
j := ( others => 0’ );
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";
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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;
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;
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if CALC_DONE = ’1°

end if;

then
ALU_ACK <= ’07;
if i < N then

' :_1+’1’.

HSINV STATE <= HsInvUtxXxCxUCalc;
elsif j > ”00000001” then

J J_’i’.

1:=17;
HSINV STATE <= HsInvUtxXCalc;
elsif k < N then

k _k+’1’.

HSINV STATE <= HsInvVarIni;

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

end if;

when HsInvX2Calc =>
if i < N then

else

end if;

if CALC_DONE = 1’

end if;

ALU_STATE <= RR_INPRO;
i=1+ 1
ADRS_BUF1 <= ’1’ & i & j;

ALU_STATE <= INPRO_F;

then
X2 <= DATA BUS;

= (0 => ’1’, others => ’0’);
HSINV STATE <= HsInvNormCalc;

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

when HsInvInvNormCalc =>

if DIV_ACK = ’0’

else

end if;

if DIV_DONE = ’1°

end if;

then
DIV_A <= FP_ONE;
DIV_B <= Norm;
DIV_ACK <= ’1’;

DIV_A <= ( others => ’0’ );
DIV_B <= ( others => ’0’ );

then

InvNorm <= DIV_Q;

DIV_ACK <= ’0’;
HSINV_STATE <= HsInvXNorm;

when HsInvXNorm =>

if ALU_ACK = ’0°

else

end if;

if CALC_DONE = ’1°

then

ALU_STATE <= FR_MUL;
DATA_BUF1 <= InvNorm;
ADRS_BUF1 <= ’1’ & i & j;
ALU_ACK <= ’17;

ALU_STATE <= CALC_R;
ADRS_BUF1 <= 1’ & 1 & j;

then
ALU_ACK <= ’07;
if i < N then

=1+ 717,
elsif j < N then
J =J+:1:.

:= (others => ’0’);
HSINV STATE <= HSInVX2CalC
else
j: .
J

(0=> 17,
(0=> 1",

others => 0’ )

others => 0’ );

>
>
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HSINV_STATE <= HsInvResRead;
end if;
end if;

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

M_RD
& i

& 3
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’ );

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’;

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

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;
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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);
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);



00 BOOODODODOODODODODOODOODOO

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));
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// output low 16 bit data

sprintf (buf2,"%s",strtok (NULL," \t\n"));

N sscanf (buf2,"%f",&buf3);
fgets(bufl,LINE,fp_data);

// k++;

// if(k == 1){
dim++;

//

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

jo g ot
outp(P_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
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

outp(P_BL, 0x08);

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

data



00 BOOODODODOODODODODOODOODOO 144

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);
N 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
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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#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

#define P_BL P_B

#define P_BH P_B + 1

#define P_CL P_C

#define P_CH P_C + 1

#define P_CTRL_L P_CTRL

#define P_CTRL_H P_CTRL + 1

#define DATAOQO Ox1
#define DCLK 0x02
#define nCONFIG 0x04

#define CONF_DONE 0x40
#define nSTATUS 0x80

/* A:in m0 B:in mO CH:in CL:out 0x94 */
/* A:in m0 B:in mO CH:out CL:out 0x92 */
/* A: mode2 BL: out BH: in CL3: out CH3: in 0xDB(H) 0xD8(L) */

int main(int argc, char #*argv[])

{
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long 1i;

printf ("TTF Downloader for FLEX10K100 Eval. Board.\n");
if(arge !'= 2)

{

printf("usage : flex10k foo.ttf \n");
y exit(1);

FILE *fp;

if ((fp = fopen(argv[i], "rt") == NULL){
fprintf(stderr, "Ys 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 = H Check...");
unsigned char a;

a = inp(P_BH) & nSTATUS;

if ( a !'= nSTATUS ){
printf("nSTATUS O High OO0 \n");
exit(1);

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

outp(P_CL , 0 );

printf(”nCONFIG PLUS Check...");
ghile(i)

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

outp(P_CL , nCONFIG );
while(1)
{

unsigned char a;
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 |
outp( P_CL , nCONFIG | DCLK |
c >>= 1;

(c& 1)
(c& 1)

153
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}

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

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

b
%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;

}
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#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

#define P_BL P_B

#define P_BH P_B + 1

#define P_CL P_C

#define P_CH P_C + 1

#define P_CTRL_L P_CTRL
#define P_CTRL_H P_CTRL + 1

#define DATAOQO Ox1
#define DCLK 0x02
#define nCONFIG 0x04

#define CONF_DONE 0x40
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#define nSTATUS 0x80

/* A:in m0 B:in mO CH:in CL:out 0x94 */
/* A:in m0 B:in mO CH:out CL:out 0x92 */
/* A: mode2 BL: out BH: in CL3: out CH3: in 0xDB(H) 0xD8(L) */

int main(int argc, char #*argv[])

{

long 1i;

printf ("TTF Downloader for FLEX10K100 Eval. Board.\n");
if(arge !'= 2)

{

printf("usage : flex10k foo.ttf \n");
exit(1);
}

FILE *fp;

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

fprintf(stderr, "Ys O0OO00O0O \n",argv[i]);
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 OO0 \n");
exit(1);

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

outp(P_CL , 0 );

printf(”nCONFIG PLUS Check...");
Ehile(i)

unsigned char a;
a = inp(P_BH) & nSTATUS;
if ( a !'= nSTATUS ) break;
outp(P_CL , nCONFIG );
while(1)
{

unsigned char a;
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;
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int ci;
if ( EOF == fscanf(fp,"%d,",&cl) ) break;
int j;
c = cl;
for ( j=01 ; j< 81 ; j++){
outp( P_CL , nCONFIG |
outp( P_CL , nCONFIG | DCLK |
c >>= 1;

(c&1));
(c&1));

}

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

printf("Abnormal end.\n");

exit(1);
¥

b
%f (i = 1491311)

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

%or (1 =01 ; i< 81 ; i++)
outp( P_CL , nCONFIG );

outp( P_CL , nCONFIG | DCLK);
}

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

return O;

}
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C.6 PPI8255
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0000000000 000000000000000 Accolade 00 PeakVHDL O
Altera0 0 Max+PLUSIHIOODOOOOO FPGAODOODOOOOOOOOODOOO
g

D.1 PeakVHDL

D.1.1 VHDLOOOODODOODOODOO

00000 PeakVHDLOODOODOOOO VHDLOODOOODDOODOOOODOD
gdgd
goodggo

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;

O0000 VEHDLOODOODOODOOOOOOO0OO metamor D00 OOOOOO
0000000 PeakVHDL O Synopsys library 0000000000000 O0OO
g

161
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O00000entityOODDOOOOO0 FPGAOODOOOOODDOOOOOOOD

entity count 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(7 downto 0);
CL : in std_logic );

attribute pinnum of CLK : signal is ‘‘D22’7;

attribute pinnum of 4 : signal is ‘‘BC23,BB24,BC25,BB26,BC27,BB28,BC29,BB30, ..
attribute pinnum of BL : signal is ‘‘BC13,BB14,BC15,BB16,BC17,BB18,BC19,BB20’’;
attribute pinnum of BH : signal is ‘‘BC5,BB6,BC7,BB8,BC9,BB10,BC11,BB12’’;
attribute pinnum of CL : signal is ‘‘AU23’’;

end count;

O00Oentity OOO0ODO0OO00O0OD0OO0OO0DDOOO FPGAODOODDOOOODOD
00000000000 0000000D000000D000000 portO0O FPGA
O000000000 FPGAODODODOODODOODODDOODOD mMOOODOODOOODOO
O00owtDDO0D000D00 inoutd 00000

000 attribute 0000000000000 0D0OOO0OOOO4500000

architecture RTL of count is

signal CLK_CNT : std_logic_vector(7 downto 0);
signal RESET : std_logic;

begin

end RTL;

00 architecture 000000000000 O0O0O count D000 entity 00 OO
O00000begmO0O0000000 signal 00000 beginOOO0O0O000OO
gonooood
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D.1.2 VHDLOOOOOOO

Oo0oovHbLODOOOOOOOOOO0O0O0ODOOO0000000 VEDLODOOO
obooboboboobdoboooboboooobooooboooboo

e U0 PeakVHDLOOOOOO

e JID0DDUDODDOUDODDDUDOODODOODO”Add Module” DD DDOO
0000000000 00000”The Project has not been saved. Save it
now?”” 00 00000070K” 0000000000000 O0DOODOO0OO0O
000 VHDLOOOOOODODOOOODO0OO0O0O0O0000000 (*acc)0O
gooo
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e VHDLOOOODODODOOOOOOODOPCOMPILE”" OOODOOOOOOOOO
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e 000D OOODOSynthesize” 000000000 DOODOOODOODODOODO
oodooOo0o0ooooO00oboOoOooooUUoDboUooboOooOoOoDoOO EDF
goboooobooobog

e ]0I00UDODDOUOULODO VHDLOODOOD 20000000000
oo oobuooot compo-
nent 000 function 0000000000000 0D0O0D0O0OODOODOOOO
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D.1.3 PeakVHDLOOUOOOOOOOOOO

0000000000000 0DO0000O0DO00D0DO0DOO0O0 VEDLODODOOD
000000000000 DO VEHDLODODOODODOODODDODOODDODOOoOooODOOooDO
O00port 0000000000 signal 000000000000 port000O0OO
O0000000DUTOO begmODOODODOOOODO proecss 0000000000
0000000000000 0DO000O0DO00D0O0 VEDLODODODOODOODOODO

—— Test Bench for memi3.vhd
-- < tmemi5.vhd >

-- 1998/06/16 (Tue)

-- numa@tube.ee.uec.ac.jp

library IEEE;
use IEEE.std _logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity tmeml5 is
end tmeml5;

architecture TESTBENCH of tmeml5 is

component meml5 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(7 downto 0);

ADRS : out std_logic_vector(16 downto 0);
DATA : inout std_logic_vector(31 downto 0);

SCS : out std_logic_vector(3 downto 0);
SOE : out std_logic;
SWE : out std_logic;

OBF : in std_logic_vector(1l 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);
CL : in std_logic_vector(5 downto 0)

);

end component;

signal CLK : std_logic;

signal A : std_logic_vector(15 downto 0);
signal BL : std_logic_vector(7 downto 0);
signal BH : std_logic_vector(7 downto 0);
signal ADRS : std_logic_vector(16 downto 0);
signal DATA : std_logic_vector(31 downto 0);

signal SCS : std_logic_vector(3 downto 0);
signal SOE : std_logic;
signal SWE : std_logic;

signal OBF : std_logic_vector(l downto 0) := "11";
signal ACK : std_logic_vector(l downto 0) ;-—:= ’1°;
signal STB : std_logic_vector(l downto 0) ;-—:= ’1°;
signal IBF : std_logic_vector(1l downto 0) := "00";

signal CL : ‘std _logic_vector(5 downto 0);
begin

DUT : meml15 port map ( CLK, A, BL, BH, ADRS, DATA, SCS, SOE,
SWE, OBF, ACK, STB, IBF, CL);

process begin
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CLK <= ’0°;
wait for 100 ns;
CLK <= ’1°;

wait for 100 ns;
end process;

process begin
wait for 250 ns;

wait for 25 ns;

BL <= "00000001";
wait for 200 ns;
BL <= "00000000";
wait for 200 ns;

OBF <= "00";

A <= "0000000000000001";
wait for 800 ns;

OBF <= "11";

wait for 200 ns;

OBF <= "00";

A <= "1010101010101010";
wait for 800 ns;

OBF <= "11";

wait for 200 ns;

-— READ_CYCLE

OBF <= "00";

A <= "0000000000010000";
wait for 800 ns;

OBF <= "11";

wait for 1000 ns;

DATA <= "ZZZZ777Z727277777771111111111111110";

A <= “ZZZZZ7Z7Z7727Z7ZZZ7Z";
IBF <= "11";
wait;

end process;
end TESTBENCH;
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D.2 Max+PLUSII
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