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1. FreeARM7 A 2512

1.1. B4

FreeARM THAL B2 — TP A ARM B0 (IR AL B35 . ARM 4244 52—~ 32
PrRE R (RISC) AbPRESAUH, 2 I7EVFZ IR AR et
T RERRE AL ARM ZER RS ] TAT S A, A5 200t H AR A I
FE HL (¥R 7 « Free ARM FAR B 2RS4 2 56 423625 ARM ZER IR TG 3125, ‘&1 L) ARM
O VA A PRI ARRD TCEE RN H bR, HERIA B[R] ARM A R TAC BE 2% 1P A% —FF
MK THFERCR o Free ARM TAL B g4 Sy — AN TRURBE A I H Al FH 2 S A 4 9%
MR, $efbmai. (RINFEM SoC ffuk 7S . 1 3 vl DT R N %,
DUIE BT A il B bR, ProleRe s R0 @A IRS T SoC it s

FreeARM 1AL B 1K) ARM7 251 (BLF fAiFR FreeARM7) s iR A Ak
. BE KT www.socvista.com, & H free-arm BEA AR M &, KT
ARMv4A BRI IFR . BT 2540 1) verilog fURS AR, 2O, R K,
AR AL 2000 170 BRH = GRK L ANMG BR 45 R, A THIHE A5l o A

54 (B THUMB FIHpbE 2484 « Sl PP &L, ©71E Xilinx FPGA il SMIC
L2 AT AR SEIES SR o T A A IEA AL A2 A B AR 1 TP 4%, free-
arm 2 5IX SR, IRMGEHE S % . RN HE, A P A
VLR

I AR
Xilinx | Spartan-3E 500 | 5400+(LUT) 26 ns
SMIC | 0.35 um 2714024 ]) 40.91 ns
0.18um 24432( 2T ]) 24.67 ns

1E: DC ZEABIER T LI R T ;. FPGA ZEA 45 R4,
HELFHE S www.socvista.com/bbs,
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1.2. #OA

FreeARM7 IR 8, L0 HPUSK: —. RGN, #MERGEHIES: .
HRT YR, A ARM 80 75 1 AN W 5 5 s = . ROM #: 1, [AJ$4IEFR 4 ) ROM
Z 8T DY, B0 RAM £, [H 5. H RAM FIARA 2 TR B A8 Bz 1

FKal | B Ji 1a frgE | fidk
# 4| clk IN 1 I i A\ i 1
el | rst IN 1 SR, AR
cpu_en IN 1 AT RE I T, e A AR
W W1 | cpu_restart | IN 1 ARM ZE2H) reset T, mIAERK
W fig IN 1 ARM Z2H) FIQ(fast interrupt) H W I, &
A2
irq IN 1 ARM %244 TIRQ(interrupt) 1 Wi, i3 34
rom abort | IN 1 ARM %2#) Prefetch Abort(instruction fetch
memory abort) Wi, =AY
ram_abort | IN 1 ARM Z8#4) Data Abort(data access memory
abort) PTE, m=ARL
ROM | rom en OuT 1 ROM Beffifig, a4k
11 | rom addr | OUT 32 ROM Hbitilk 51 45
rom_data | IN 32 ROM %4
L 0 | ram_cen | OUT 1 RAM i fef5 5, mifis
RAM | ram_wen | OUT 1 RAM BAUREF 5, mPAERS, (KH
EE N AR
ram_addr | OUT 32 RAM Hitik 5 45
ram_rdata | IN 32 RAM 83 S 2
ram_wdata | OUT 32 RAM 55 B2k
ram_flag | OUT 4 RAM &1 ffifefs 5




1.2.1. RGO

® clk i
clk 15 5 A M AL BB FAE I &l . Free ARM7 TAELEIS B0 LTI . ]
] DUIE kA& AR S 25 A7 48 IR . always @ ( posedge clk or posedge
rst), A E & SCHRII B E 5 .

® st
S ENAE T Y st AR PR, FreeARM7 EAL W WIIGA . BIEALTT
N 5D o A 2 AT DA A8 e QR o 25 A7 4% B 634 - always @ ( posedge clk
or posedge rst)fll rst AR : if (rst) , o080 B @ ISP EALE .

® cpu_enfi
R REAE 5 o FERT B ETHAY, IF H cpu_en AMIKHISFIY, FreeARM7 I
AT A Ar s 1 AR, ABANSCR CREFI oY o AT W] UGB B A7 cpu_en
Kik FreeARM7 715 TAE . A% v DM &8 2 410 H 1

1 HRUAE PR 75 25 RAM HZEAN 808, Rz il 76— A g AN g
ik, ATLUEAT cpu_en AMKHLF, HARIZEIRHERSEEE, J7 BAL cpu_en
T AL BB AN S AT

2. WERRGAE TARMRIRAL, 4 TARTIAER H ), A2 v LLEAL cpu_en b
IRHF, FreeARMT7 £ 1 TAE, HRIXBIHEARE, R 5 HE AL
cpu_en 4 HLF:, FreeARM7 4k4: T4 .

3. W R EEIROC A, BB R ROM A — &8, X,
ATLUVEAT cpu_en MAEHT, M ROM A BZEUCC 7t (1l 4 28, 36 N i3
P 10, SRJG EAL cpu_en A HLF

IR A AT EAZAE S, WL b1, {13 FreeARM7 Ak T-/Kiz T

TERPIRES .



1.2.2. F IR

R ARM B X4 : ARM Architecture Reference Manual (JF# %1 5 .
DDIOI00E), ARMv4 5t

Table 2-3 Exception processing modes

. Normal High vector
Exception type Mode address ad?jress
Reset Supervisor OxFFFFO000
Undefined instructions Undefined OxXFFFF0004
Software interrupt (SWI) Supervisor OxFFFFOOO8
Prefetch Abort (instruction fetch memory abort) Abort OxFFFFQOQC
Data Abort (data access memory abort) Abort OxFFFFCO10
IRQ (interrupt) IRQ 0x00000018 OxFFFFOOL1B
FIQ (fast interrupt) FIQ 0x0000001C OXFFFFOOLC

Hor A~ 7. Reset. Prefetch Abort. Data Abort. IRQ. FIQ /& 75 Z A A
W) o AN 0 AN N B 1 49 506 I IX S

® cpu restart: XfLV Reset H1HT
W reset A T — N RGFD B AL WERAER B _ETHA,  cpu_restart
K, WHEA Reset HIbT ) . FreeARM7 2 HHAT R 4114k

® ‘& {7 PC(rf) = 0x0000 0000

® AR AERE: cpst m=5"b10011, 73 RGHENE B,
® ‘F17 IRQ FWiZif7#%: cpsr i=1'bl, KM IRQ H Ik

® ‘E17 FIQ FMiZif74%: cpsr f=1°bl, KM FIQ H i

® fiq: XIN FIQ 1l
I RAER B ETHAT,  fiq S\ VB P, R HL FIQ TR ki, W)
HEN FIQ i [ . FreeARM7 2T 414k

® /7 PC(rf) = 0x0000_001c
® E AT ERE T AERS: cpst_ m=5"b10001, fHfF RSN FIQ #ix



® {7 IRQ HWiZif7#%: cpsr_i=1"bl, KM IRQ H1lkf

® ‘E17 FIQ FWiZif74%: cpsr f=1°bl, KM FIQ H i

® {7 FIQ B NI LR: re fiq=rf—3°d4, f#i4F LR {47 F it i) PC
® ‘i f FIQ #:\ N f¥) SPSR: spsr fiq=cpsr, {#ifF SPSR {#f7 CPSR

® irq: XV IRQ "I
WERAEI B BT, irq A I s P, JF B IRQ Wk ¢, )
HEN IRQ F1 1) 5. FreeARM7 <047 F 41 #A4E

® ‘7 PC(rf) = 0x0000 0018

® A hR G AL RS cpst m=5’b10010, {3 RGLHEN IRQ #ix
® ‘F17 IRQ HWiZif7#%: cpsr i=1'bl, KM IRQ H K

® {7 IRQ i N LR: re irq =rf—3°d4, {#i#3 LR {547 Wi PC
® ‘{7 FIQ #:\ ) SPSR: spsr irq = cpsr, f#ifF SPSR {#f7 CPSR

® rom abort: XV Prefetch abort H Wy
WURAE I B T, rom_abort H3Imy HLAF, IR GeiEA Prefetch abort 11T
A —Fh b WRALFR L IO — S48 22— SRBIEHR 2, IR HL 2 ST
W% K AL . FreeARM7 250AT T 51IHRAE
® ‘& {7 PC(rf) = 0x0000 000c
® E ARG RFAEAS: cpsr_ m=5"b10111, ARG HEN ABT Bixk
® Ef7 IRQ WA f74%: cpsr_i=1°bl, KM IRQ K
® {7 ABT #X NI LR: re abt=rf—3°d4, {75 LR {147 T it PC
® ‘F 17 FIQ = () SPSR: spsr abt = cpsr, {{if5 SPSR f#f# CPSR

® ram abort: XJ/W Data abort H
WERAE I RAM 805 RAM I, &4 T R4k, wTRAE A 20 H o a0 RAEIS
B - THAY, ram_abort AR HLF, JUEEA Data abort 117 . FreeARM7 &4
TAERAE:



® ‘& {7 PC(rf) = 0x0000 0010

® H{ ARG AR epst m=5"b10111, 7RG HEAN ABT izt

® ‘F17 IRQ FWiZif7#%: cpsr i=1'bl, KM IRQ H Ik

® {7 ABT # NI LR: re abt=rf—3°d4, {75 LR {147 T it PC
® {7 FIQ #%: ) SPSR: spsr abt=cpsr, fiifF SPSR f£fF CPSR

U SRAE A AN B AP 1, iz 1 & 1760 BV el



1.2.3. ROM #

ROM
ck — g DOUT
rom_en  ——pie
rom_addr :>ADDR

:>rom_data

FreeARM7 WA AL B4R A7 T80T — BLE L [R] 22 ROM W o R IS B0 i F T3,
R rom en Ky, WIEE R AN 20 ETHAY, rom data 25 rom addr XSV 7

RS

WS R A ML, AT LUl i Prefetch Abort HH KT AR B, 1] LUE AT cpu_en
AR, HRRIEFIIE S, FEEAL cpu_en A



1.24. .1 RAM £

ARFE O PSR IE: —. KER 0 RAM, 1S FreeARM7 BEf% 1F
e S5 —. RN, {fifS FreeARM7 BEWS IEffER/EANX .

1.241. EHO RAM

FreeARM7 &1 RAM 47 10 L7715 (byte) A B4 o [RIIL, #0H 4 BB 47
WO 8 L RAM A7 32bit FEE— > byte. KX 705 —HLH 1 RAM,
ram_flag[3:0] 7] LR R bR B —Hog 0% «

RAMO

clk — Ik

ram_cen DOUT———>> ram_rdata[7:0]
ram_flag[0] —— CEN

ram_addr[31:M]==xx" |

ram_wen ———— ' WEN

ram_addr[N:2] c———">ADDR
ram_wdata[7:0] ————(pIN

i EE R, AR T 1Y [ RAM.

‘B ) CEN ¥iji%E+%: ram cen & ram flag[0] & ( ram_addr[31:M]==xx). &M
NME: 1, ram_cen bR/ 2R E5 RAM; 2, ram_flag[O] #5275 1y i) A 5
RAM; 3, (ram_addr[31:M]==xx)br il @& 47 & 75l 2 4. iR =34 i,
A REXZF T RAM BT E 8 1E .

ram_wen {E PR AU RAM FIEAE & B IR & 5H#E, HEIEERNE:
—He7 RAM (1] WEN,

75 RAM 1) ADDR #%#% ram_addr[N:2]. A N B4 HC RAM 25 1] 1)K

10



AN

77 RAM [#) DIN S8 58 o T4 715 RAM B AR5, LA
ram_wdata[7:0]. J34h =53 5%f W ram flag[1]. ram flag[2]. ram flag[3], FTLA
XF I[P DIN #2114 : ram wdata[15:8]. ram wdata[23:16] ram wdata[31:24],

i) I, DOUT [%iH % 4% ram_rdata.

1.24.2. BEIME

HMBEIR] Free ARM7 1344 )5 2RI RE 2 8 51 1 RAM REEHE (1 o A FH & 7 S
FARNEAFIS, N FT A Ao ol . lansisl: 0xE000_0001 724
SRBEARAS . W ram cen = 1°b1, ram_wen = 1°b0, ram_addr = 32°hE000 0000,
ram_flag=4’b0010. ZARXACHK Szl 0xE000 0001. ABALE F—/ANf4fi,
ram_rdata[15:8]58 W% HBLIZ A BCIRAS, ik FreeARM7 SREEA

A LA — A~ %5 A7 45 flag &7 ram cen = 1°bl, ram_wen = 1°b0, ram_addr =
32’hE000 0000, ram_flag=4’b0010, 1X—Z A H I, W ram rdata 7] LLAH verilog
XFERIAR

if (flag)
ram_rdata = ZMEIRES;
else
ram_rdata=DOUT FROM RAM;

W RN A TF S A B AL, Il S N BOE M HLEE SRR . i T-4h
WRHR N A a2y bk, BT A ram_cen = 1’bl, ram_wen=1"b1,
ram_addr 25 T-Z75€ ikl W ram_wdata 7] AN, HEATEALERAE .

11



2. FreeARM7 34K 2814

PC J
CPSR
code R _omd
ROM ! SPSR
—\ reg_ans[63:0]

RL/S@ " 17 2

Rn

.........................................................

FreeARM7 X H =i /K

1. %% PCAFBCATRA ML, bz ROM, MU iZfES, X2 %K.

2. B FRAMUHE, &4 code. M code, MZFAFARALILAFE] Rm Rl Rso 4
Jatnk 32 frafeikidy, 19201 64bit 45 RAFTLT reg_ans[63:0], code R {7 T
cmd. X2 K.

3. B =2 M4 omd, M reg_ans[63:0] L1532 2H —#RAEEL, A E 441 HL 15 2 R,
PR 32 AR INVEAS . RIS R, ZAIX N CPSR, SPSR EGAFA7
P, EFE NS RAM IHbhE. X5 =2,

ALV, SCBEBRARIKIIEAE T 32 LRI SReis o

12



21. ZFRESTHEH

AR S RAR A BT ) DT H bR RIS K35 4. CPSR/SPSR,
FA7#541. RAM/ROM. CPSR/SPSR F5 {1 Fiufk A % 47 4% CPSR Fl#5-Fh SPSR;
TA7 A HFR 0 RO~RI1S 3L 15 28274728 RAM/ROM $54— 4w i) RAM 75 i),
LB TT RAM S BB A

i

i

N

&

2.1.1. )\ CPSR/SPSR & & 17524

A 43584 MRS, EX/RE CPSR/SPSR 5 AN (25788, HTE
A Rm Al Rs, HiA & CPSR/SPSR, FITLL code iX—HAMATATHEAE . 24 emd
25T MRS I, 8 CPSR/SPSR 3% AN 1 25 47 2%

2.1.2. \FHE4 2 CPSR/SPSR

EUH - FIRL: MSR. BRI R F A4 5O BIAL, 25\ CPSR/SPSR.
XH, ATLURAE Rm A% A - as LRI 4 Rs=1"b1, B4 reg_ans[63:0]1478CH
ZEAG . A emd B ZEUR AT A INESE, HBGX AN CPSR/SPSR.

2.13. \FHRAZTFAEA
XK A5y =T

® BtiFe4: B. BL. BX
X Fe A AR BkL Huhl 8w +PC 32N PC . W14 code 24 B/BL, Il Rm
LT M, Rs=1, reg_ans RAF A E . 1H cmd i B/BL, Rn 55T PC,
IEAR S FAEN PC, W58 b Dh k. Al 4% U1 PC 2 LR # A7 4%,
Y] P 576 B o
U1 code A BX, W Rm ik, Rs=1, reg ans {77 A HhE. 40
Hemd 4 BX, Wizfw% il 565N PC,

13



® s abHiFE4: MOV/ADC 4%
XKL T Rm TR ERAE, SR H Rn HATIE 5, 45 REALRAT
N, A EAT CPSR.
Free ARM7 FJ ] el 2 58 I AT 4 o B4R A4 2 A7, U Rm fRFFA
A%, Rs A K: 2°b10, MIAHTEL: 1K) reg_ans[31:01 R kB4R A7 I 45 5L
mRZEAHA, HFMMAE Rs A ~rot_ num+1 (HH rot num AFEAIEH ),
A4t 1) reg_ans[63:32] BRI A RS 45 5L .
R emd MEHE A EEFE S, WARHER AT 72, B+ reg ans Ky 5 —HRAEAL,
B Rn #HTIE5, WA RIS 4R,

® SRiLaRhn. KL/ INIES
XEFEAZHE A : Rm*Rs + Rne Rm 1 Rs. R HCEIGE A A N R4
) &35 TR 328 N AH . 1) 5 A7 2 Y
TEF RN KRV TEADN PS8 X5 N TR 2
H—A LERT—NHBN, reg ans[31:01AFIN ] Rn #1001, 45535 N Rn %}
M ZF A A N, FEEAL epsr_zs {EE— MBI, reg ans[63:32] AIAHMY [ Rn
AR, S5 EAL cpsr_n Al cpsr_z.

2.1.4. FERHERN RAM 2 AR BBEE

® )\ RAM Wi, XA
XJ5$54 155 LDR, LDRB, LDRH, LDRSB, LDRSH . X244 % {45 b
5],
U RSN T A, W R Rm, Rs XA HM. £ cmd By
B, dEPEAHMNIEE "R, M Ro BRAT Bk, 25 R EE AT HIIE ]S,
B2 RAM i 1) ram_addr.

EALARAE)S, BN B, 48 ram_rdata 38 AR A A7 4 o

14



® A NI EdE, S5\ RAM
XHKFEA4UFE: STR, STRB, STRH. iXKF5 4 W A5 bl [7] 5
BTSRRI RS, A AR R AL NI H T N
P&, %N ram wdata ¥ B[R],

O A EEsd A RAM AT 5 1
XI5 Hr 4 H ALK SWP/SWPB.
BT 2 RAM f1'5 RAM &%k, NRATEHAT SWP/SWPB I, i
K TFHFEIE GG — AN R . BT DIEh N, S TEERE: 4 F e,
X, R rREEHIESN, oA T S5E1E.

® RS LA ERE

KR4 LDM/STM,. ©& 444, FREZ A4S N RAM i,
BN E 2 AN BN P A7 AR A

T35 RAM i R —8, Frblan il WIxRie4, KT EaEss.,
FEZE A AR P 5 2 B R IR A VBT 5 o

emd[15:01 /7T A2 5 B EAE I 27 A7 28 bR i o WHRIZAR R A 1, RORTTEXS
AT A . IWRB S TFLG, FRRGER AP AF 2 B, B AL AT N 1)
Fr&EA 0, HBFTH RIS H 5,

15



fff: FreeARM7 JiAHS (verilog)

LA A Free ARM7T Y55, 33§ B2 21— AN SCA S -

“timescale 1 ns/1 ns

“define DEL 2

module FreeARM7(
clk,
cpu_en,
cpu_restart,
fig,
irg,
ram_abort,
ram_rdata,
rom_abort,
rom_data,

rst,

ram_addr,
ram_cen,
ram_flag,
ram_wdata,
ram_wen,
rom_addr,

rom_en

input clk;

input cpu_en;



input
input
input
input
input  [31:0]
input
input  [31:0]

input

output [31:0]
output
output [3:0]
output [31:0]
output
output [31:0]

output

/******************************************************/

cpu_restart;
fig;

irq;
ram_abort;
ram_rdata;
rom_abort;
rom_data;

rst;

ram_addr;
ram_cen;
ram_flag;
ram_wdata;
ram_wen;
rom_addr;

rom_en;

//register definition area

/******************************************************/

reg
reg

reg [3:0]
reg

reg [31:0]
reg [31:0]
reg

reg

add flag;
all code;
cha num;
cha vld;
cmd;
cmd_addr;
cmd_flag;

code abort;

17



reg code flag;
reg [31:0] code rm;

reg [31:0] code rma;
reg [4:0] code rot num;
reg [31:0] code rs;

reg [2:0] code rs_flag;
reg [31:0] code rsa;

reg code und;
reg cond satisty;
reg Cpsr_c;

reg cpsr_f;

reg Cpsr_i;

reg [4:0] cpsr_m;

reg Cpsr_n;
reg Cpsr_v;
reg cpsr_z

reg [31:0] dp_ans;

reg extra num,;
reg fiq_flag;
reg [31:0] go data;
reg [5:0] go fmt;

reg [3:0] g0 _num;

reg go vld;
reg irq_flag;
reg Idm_change;

reg [3:0] Idm num;
reg [3:0] Idm_sel;

reg Idm_usr;
reg Idm_vld;

reg multl extra num;



reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg

reg

[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[3:0]

[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]

r0;

rl;

r2;

r3;

r4;

r5;

r6;

r7;

8 fiq;

r8 usr;

9 fiq;

19 _usr;

ra_fiq;

ra_usr;
ram_flag;

ram_wdata;

b _fiq;

tb_usr;

rc_fiq;

IC_Uusr;

rd;

rd_abt;

rd_fiq;

rd_irq;

rd_svc;

rd_und;

rd_usr;

re;

re_abt;

re_fiq;

19



reg [31:0] re_irq;
reg [31:0] re_svc;
reg [31:0] re_und;
reg [31:0] re_Uusr;
reg [63:0] reg_ans;
reg [31:0] rf;

reg rm_msb;
reg [31:0] m;

reg [31:0] ma;

reg [31:0] mb;

reg rs_msb;
reg [31:0] sec_operand;
reg [10:0] Spsr;

reg [10:0] spsr_abt;
reg [10:0] spsr_fiq;
reg [10:0] spsr_irq;
reg [10:0] Spsr_svc;
reg [10:0] spsr_und;
reg [3:0] sum_m;
reg [31:0] to_data;

reg [3:0] to_num;

/******************************************************/

/******************************************************/

//wire definition area

/******************************************************/

wire  [31:0] and_ans;



wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

wire

[31:0]

[3:0]
[31:0]

bic_ans;
bit_cy;
bit_ov;
cha rf vld;
cmd_is b;
cmd_is bx;
cmd_is_dpO;
cmd_is dpl;
cmd_is dp2;
cmd_is ldm;
cmd_is 1dr0;
cmd is ldrl;
cmd_is 1drhO;
cmd is ldrhl;
cmd_is 1drsbO;
cmd is ldrsbl;
cmd_is 1drshO;
cmd is ldrshl;
cmd_is_mrs;
cmd_is msr0;
cmd is msrl;
cmd is mult;
cmd is multl;
cmd is multlx;
cmd_is swi;
cmd_is_swp;
cmd_is swpx;
cmd_ok;

cmd sum_m;

code;

21



wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

wire

[3:0]

[3:0]

[3:0]

[3:0]

[3:0]

code is_b;
code is_bx;
code is_dp0;
code is_dpl;
code is_dp2;
code is_ldm;
code is_1dr0;
code is ldrl;
code is_ldrh0;
code is ldrhl;
code is_ldrsbO;
code is_ldrsbl;
code is_ldrshO;
code is_ldrshl;
code is_mrs;
code is_msr0;
code is msrl;
code is mult;
code is multl;
code is_swi;
code is_swp;
code rm num;
code rm vld;
code rn_num;
code m_vld;
code rnhi num;
code rnhi_vld;
code rs_num;
code rs_vld;

code sum m;

22



wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

wire

[10:0]
[1:0]
[31:0]

[31:0]

[63:0]
[31:0]
[31:0]
[31:0]
[31:0]
[31:0]

[31:0]
[31:0]
[31:0]
[31:0]

[31:0]
[31:0]

cpst;

cy_high bits;

eor_ans;
fiq_en;

go rf vld;
high bit;
hold en;
int _all;
irq_en;
ldm_data;
Idm_rf vid;
mult ans;
or_ans;

r8;

r9;

ra;
ram_addr;
ram_cen;
ram_wen;
rb;

IC;

f b;
rom_addr;
rom_en;
sum_middle;
sum_rn_rm;
to_rf vld;
to_vld;

wait_en;

23



/******************************************************/

/******************************************************/

//wire statement area

/******************************************************/

assign and ans= rn & sec_operand;

assign bic_ans= r & ~sec_operand;

assign bit cy=cy_high bits[1];

assign bit ov=bit_cy ” sum_middle[31];

assign cha rf vld= cha vld & ( cha num==4'hf);

assigncmd is b= ( cmd[27:25]==3'b101 );

assign cmd _is bx = ( {cmd[27:23],cmd[20],cmd[7],cmd[4]}==8D00010001 );

assign cmd_is dp0 = (.cmd[27:25]==3D0 ) & ~cmd[4] & ( ( cmd[24:23]!=2b10 ) |
cmd[20] );

assign cmd _is dpl = (cmd[27:25]==3b0 ) & ~cmd[7] & cmd[4] &
( (ecmd[24:23]'=2"b10 ) | cmd[20] );

assign cmd _is dp2= ( emd[27:25]==3'b001 ) & ( (cmd[24:23]!'=2b10 ) | cmd[20] );
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assign cmd _is ldm = (cmd[27:25]==3'b100 );

assign cmd is 1dr0 = ( cmd[27:25]==3D010 );

assign cmd is Ildrl = (.cmd[27:25]==3'D011 );

assign cmd is ldrh0= (cmd[27:25]==3'b0 ) & ( cmd[7:4]==4'b1011 ) & ~cmd[22];

assign cmd is Idrhl = (cmd[27:25]==3'D0 ) & ( cmd[7:4]==4'b1011 ) & cmd[22];

assign cmd is_Idrsb0 = (cmd[27:25]==3'b0 ) & ( cmd[7:4]==4Db1101 ) & ~cmd[22];

assign cmd_is Idrsbl = (cmd[27:25]==300 ) & ( cmd[7:4]==4b1101 ) & cmd[22];

assign cmd _is_ldrshO= (cmd[27:25]==3'b0 ) & ( cmd[7:4]==4b1111 ) & ~cmd[22];

assign cmd_is Idrshl = (cmd[27:25]==3D0 ) & ( cmd[7:4]==4'b1111 ) & cmd[22];

assign cmd _is mrs = ({cmd[27:23],cmd[21:20],cmd[7],cmd[4]}==9'b000100000 );

assign cmd _is msr0 = ({cmd[27:23],cmd[21:20],cmd[7],cmd[4]}==9'b000101000 );

assign cmd_is msrl = ( emd[27:25]==3'b001 ) & ( cmd[24:23]==2b10 ) &
~cmd[20];
assign cmd_is mult = (emd[27:25]==3b0 ) & ( cmd[7:4]==4b1001 ) &

( emd[24:23]==2'b00 );
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assign cmd_is multl = (emd[27:25]==3b0 ) & ( cmd[7:4]==4b1001 ) &
(cmd[24:23]==2'b01 );

assign cmd _is multlx = (.cmd[27:24]==4'b1100 );

assign cmd _is swi= (. cmd[27:25]==3'b111 );

assign cmd is swp = (cmd[27:25]==3b0 ) & ( cmd[7:4]==4D1001 ) &
( emd[24:23]==2'b10 );

assign cmd _is swpx= ( cmd[27:24]==4'b1101 );

assign cmd ok= ~int all & cmd flag & cond satisfy;

assign cmd sum m =

(cmd[0]+cmd[1J+ecmd[2]+cmd[3]+cmd[4]+emd[5]+emd[6]+cmd[7]+ecmd[8]+emd[9]

+emd[10]+emd[11]+emd[12]+emd[13]+emd[ 14]+emd[15]);

assign code= rom_data;

assign code is b= ( code[27:25]==3'b101 );

assign code is bx = ( {code[27:23],code[20],code[7],code[4]}==8'b00010001 );

assign code is_ dp0= ( code[27:25]==3'D0 ) & ~code[4] & ( ( code[24:23]!=2'b10 )
| code[20] );

assign code is_dpl = (code[27:25]==3DP0 ) & ~code[7] & code[4] &
( (code[24:23]'=2'b10 ) | code[20] );
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assign code is dp2= (code[27:25]==3'b001 ) & ( ( code[24:23]!=2'b10 ) | code[20]
);

assign code is ldm = (code[27:25]==3'b100 );

assign code is 1dr0 = ( code[27:25]==3'b010 );

assign code is Idrl = ( code[27:25]==3'b011 );

assign code is ldrh0 = (code[27:25]==3DP0 ) & ( code[7:4]==4D1011 ) &
~code[22];

assign code is Idrhl = (code[27:25]==3'b0 ) & ( code[7:4]==4'b1011 ) & code[22];

assign code is_ldrsb0 = (code[27:25]==3D0 ) & ( code[7:4]==4D1101 ) &

~code[22];

assign code is_Idrsb1 = (code[27:25]==3'b0 ) & ( code[7:4]==4'b1101 ) & code[22];

assign code is_ldrsh0 = (code[27:25]==3D0 ) & ( code[7:4]==4D111]1 ) &

~code[22];

assign code is_Idrshl = (code[27:25]==3'b0 ) & ( code[7:4]==4'b1111 ) & code[22];

assign code is mrs = ({code[27:23],code[21:20],code[7],code[4]}==9D000100000

)
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assign code is_msr0 =

({code[27:23],code[21:20],code[7],code[4]}==9b000101000 );

assign code is msrl =  ( code[27:25]==3'b001 ) & ( code[24:23]==2b10 ) &
~code[20];
assign code is mult = (code[27:25]==3D0 ) & ( code[7:4]==4'b1001 ) &

( code[24:23]==2'b00 );

assign code is multl = (code[27:25]==3DP0 ) & ( code[7:4]==4b1001 ) &
( code[24:23]==2"b01 );

assign code is swi= (code[27:25]==3D111 );

assign code is_swp = (code[27:25]==3D0 ) & ( code[7:4]==4D1001 ) &
( code[24:23]==2'b10 );

assign code rm_num = code[3:0];

assign code rm vld = code flag &
( code is msrOjcode is dpO|code is bx|code is dpl|code is multjcode is multljcod

e is_swp|code is ldrhO|code is_IdrsbOjcode is ldrshO|code is ldrl );

assign code rn_num = code[19:16];

assign code m_vld = code flag &
( code is_dpO|code is dpl|code is multlcode is swp|code is ldrhOjcode is ldrhljc
ode is_ldrsbO|code is Idrsbl|code is ldrshO|code is Idrshl|code is dp2|code is Idr
Olcode is_ldrl|code is Idm );
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assign code rnhi num= code[15:12];

assign code rnhi vid = code flag &

( code is_multjcode is multl|((code is ldrhO|code is ldrhl|code is ldrO|code is Idr

1)& ~code[20]) );

assign code rs num= code[11:8];

assign code rs vld= code flag & (code is dpl|code is multjcode is multl );

assign code sum m =

(code[0]+code[1]+code[2]+code[3]+code[4]+code[S]+code[6]+code[ 7]+code[8]+cod

e[9]+tcode[10]+code[11]+code[12]+code[13]+code[14]+code[15]);

assign cpsr= { cpsr_n,cpsr_zcpsr_c,cpst_v,cpsr_icpsr fcpsr m};

assign cy high bits = add flag ? ( rn[31] + sec_operand[31] + sum_middle[31] ) :
(m[31] - sec_operand[31] - sum_middle[31] );

assign eor ans= rn " sec_operand;

assign fig en= fiq flag & cmd flag & ~cpsr _f;

assign go_rf vld = go vld & (go_num==4'hf);

assign high bit= cy high bits[0];

assign hold en = omd ok & ( cmd is swp | cmd_is multl | ( cmd is ldm &

(cmd_sum_m !=4'00) ) );
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assign int all = cpu_restartiram_abort/fiq enfirq en|( cmd flag &

( code abort/code und|(cond satisfy & cmd_is_swi)));

assignirq_en = irq flag & cmd flag & ~cpsr_i;

assign ldm_data= go data;

assign Idm_rf vild = (Idm_vld & ( ldm num==4'hf ))|((cmd ok & cmd is ldm &

cmd[20])&(1dm_sel==4'hf)) ;

assign mult ans = code rm * code rs;

assign or_ans= rn|sec_operand;

assignr8 = (cpsr_ m==5b10001) ? r8 fiq: r8 usr;

assignr9 = (cpsr_ m==5b10001) ? r9 fiq : r9 usr;

assignra= (cpsr m==5b10001) ? ra_fiq : ra_usr;

assign ram_addr= {cmd_addr[31:2],2'b0};

assign ram_cen = cpu_en & cmd ok &

(cmd _is_IdrhOjcmd is Idrhljecmd is IdrsbOjcmd is Idrsbljcmd is ldrshOjcmd is Idr

shljemd is_1drOjcmd _is Idrljcmd is swplcmd is swpx|(cmd is ldm

&(cmd_sum m!=4'00)));

assignram_wen = cmd_is swp ? 1'b0 : ~cmd[20];

assignrb = (cpsr_ m==5b10001) ? rb_fiq: rb_usr;
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assignrc = (cpsr m==5'b10001) ? rc_fiq : rc_usr;

assignrf b= rf-3'd4;

assign rom_addr= rf;

assign rom_en= cpu_en & (~(int_all | to rf vld | cha rf vld | go rf vld | wait en |

hold en));

assign sum middle = add flag ? ( r[30:0] + sec_operand[30:0] + extra num ) :

( m[30:0] - sec_operand[30:0] - extra num );

assign sum_m _rmm= {bit cyhigh bit,sum middle[30:0]};

assign to rf vid = cmd ok & ( (  (cmd[15:12]==4'hf) &
( (emd_is_dpOjemd _is dpllecmd is dp2) & ( cmd[24:23]!'=2b10 ) ) ) | (cmd is b |
cmd_is bx));

assign to vld = cmd ok &
( emd_is mrs|((cmd_is dpOjcmd is dpljemd is dp2)&(cmd[24:23]!=2'b10))|cmd is
_multjemd is multllemd is_ multlx|((cmd_is ldrhOjcmd is_Idrhljemd is ldrsbOjcmd
_is_ldrsbl|jecmd is ldrshOjcmd is ldrshljcmd is ldrOjemd is 1drl)&( cmd[21]]
~cmd[24]))|(cmd_is_ldm &(cmd sum m==4'b0)&cmd[21]) );

assign wait_en = (code rm vld &cha_vld
&(cha_num==code rm num))|(code rm vld & to vld &
(to_num==code rm num))|(code rm vld & go vld &(go num==code rm num)) |
(code rs vld & cha vld & (cha num==code rs num))|(code rs vld & to vld &
(to_num==code rs_num))|(code rs vld & go vld & (go num==code rs num)) |
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(code m_vld&cha vld&(code rm num==cha num)) |
(code rnhi vld&cha vld&(code rnhi num==cha num)) | (code rm vld & (Ildm_vild
& ~hold_en) & (Idm_num==code rm num)) | (code rs vld & (Idm_vld & ~hold_en)

& (Idm_num==code rs num));

/******************************************************/

//register statement area

etk s e e ok okl sl e ok ok sl sl s e ok ok ek sl ek ok ok ook sk sk ok
always @ ( *)
if (cmd_is multiemd is_bjemd is bx )

add flag= 1'bl;
else if (cmd_is multljemd_is multlx )

add flag= cmd[22] ? ~(rm_msb”rs msb ) : 1'bl;
else if (cmd_is dpOjemd is dpljcmd is dp2)

add flag —
(cmd[24:21]==4'00100)|(cmd[24:21]==4'b0101)|(cmd[24:21]==4'b1011)|(cmd[24:21]
==4'p1101);
else

add flag= cmd[23];

always @ (*)
if ( code[27:25]==3'b0 )
if ( ~code[4])
if ( (code[24:23]==2'b10 ) & ~code[20] )
if (~code[21] )
all code= (code[19:16]==4'hf) & (code[11:0] == 12'b0 );
else
all code = ( code[18:17] == 2'b0 ) & ( code[15:12]==4'hf ) &
( code[11:4]==8'h0 );
else
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all code= (code[24:23]!=2b10 ) | code[20];
else if ( ~code[7] )
if ( code[24:20]==5'b10010 )
all code= (code[19:4]==16'hfff1 );
else
all code= (code[24:23]!=2b10 ) | code[20];
else if ( code[6:5]==2'b0 )
if ( code[24:22]==3'b0 )
all code= 1'bl;
else if ( code[24:23]==2'b01 )
all code= 1'bl;
else if ( code[24:23]==2'b10 )
all code= (code[21:20]==2'b0 ) & ( code[11:8]==4b0 );
else
all code= 1'b0;
else if ( code[6:5]==2'b01 )
if ( ~code[22] )
all code= (code[11:8]==4'b0 );
else
all code= 1'bl;
else //if (( code[6:5]==2"010 )|(code[6:5]==2b11))
if ( code[20] )
if ( ~code[22] )
all code= (code[11:8]==4'b0 );
else
all code= 1'bl;
else
all code= 1'b0;
else if ( code[27:25]==3'b001 )
if ( (code[24:23]==2'b10) & ~code[20] )
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all code= code[21] & ( code[18:17]==2'b0 ) & ( code[15:12]==4"hf);
else
all code= ( code[24:23]!=2b10 ) | code[20];
else if ( code[27:25]==3'b010 )
all code= 1'bl;
else if ( code[27:25]==3'b011 )
all code= ~code[4];
else if ( code[27:25]==3'b100 )
all code= 1'bl;
else if ( code[27:25]==3'b101 )
all code= 1'bl;
else if ( code[27:25]==3'b111 )
all code= code[24];
else

all code= 1'b0;

always @ ( *)
cha num= cmd[15:12];

always @ ( *)
if (cmd_ok)

cha vid =
( emd _is_ldrhOjemd is ldrhljcmd is IdrsbOjcmd is ldrsbljemd is_ldrshOjemd is 1d
rshljcmd is ldrOjemd is ldrljcmd is swp ) & cmd[20];
else

cha vid= 0;

always @ ( posedge clk or posedge rst )
if (rst)
cmd <= #' DEL 32'd0;

34



else if ( cpu_en)

else;

if (~hold_en)

else

else

cmd <=#DEL code;

if (ecmd_is_swp ) begin
cmd[27:25] <=# DEL 3'b110;
cmd[15:12] <= #DEL cmd[3:0];
end

if (cmd_is_multl )

emd[27:25] <= # DEL 3'b110;

else if (cmd _is ldm ) begin

else;

cmd[0] <= # DEL 1'b0;
cmd[1] <= # DEL cmd[0] ? ecmd[1] : 1'b0;

cmd[2] <= # DEL (|(cmd[1:0])) ? cmd[2] : 1'b0;
cmd[3] <= # DEL (|(cmd[2:0])) ? cmd[3] : 1'b0;
cmd[4] <= # DEL (|(cmd[3:01)) ? cmd[4] : 1'b0;
cmd[5] <= # DEL (|(cmd[4:01)) ? cmd[5] : 1'b0;
cmd[6] <= # DEL (|(cmd[5:0])) ? cmd[6] : 1'b0;
cmd[7] <= # DEL (|(cmd[6:0])) ? cmd[7] : 1'b0;
cmd[8] <= # DEL (|(cmd[7:0])) ? cmd[8] : 1'b0;
cmd[9] <= # DEL (|(cmd[8:01)) ? cmd[9] : 1'b0;
cmd[10] <= # DEL (|(cmd[9:0])) ? emd[10] : 1'b0;
cmd[11] <= # DEL (/(cmd[10:01)) ? cmd[11] : 1'b0;
cmd[12] <= # DEL (|(cmd[11:0])) ? cmd[12] : 1'b0;
cmd[13] <= # DEL (|(cmd[12:0])) ? cmd[13] : 1'b0;
cmd[14] <= # DEL (|(cmd[13:0])) ? cmd[14] : 1'b0;
cmd[15] <= # DEL (|(cmd[14:0])) ? cmd[15] : 1'b0;

end
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always @ ( *)
if (cmd _is 1dm)
cmd addr= sum rn rm;
else if (cmd_is swplemd is swpx )
cmd_addr= rn;
else if ( cmd[24] )
cmd addr= sum rn rm;
else

cmd_addr= rn;

always @ ( posedge clk or posedge rst )
if (rst)
cmd flag <=#"DEL 1'd0;
else if ( cpu_en)
if (int all)
cmd flag<=#DEL O0;
else if ( ~hold en)
if (wait_en |to rf vld | cha rf vild | go rf vid)
cmd flag <=#DEL 0;
else
cmd flag <=#DEL code flag;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)

code abort <= #DEL 1'd0;
else if ( cpu_en)

if (~hold_en)

code abort <=#DEL rom_abort;
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else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
code flag <=# DEL 1'd0;
else if ( cpu_en)
if (int all|to_rf vld |cha rf vld |go rf vid |Ildm rf vid)
code flag<=#DEL 0;
else
code flag<=#DEL 1;

else;

always @ ( *)
if (code is_ldrhl|code is Idrsbl|code is Idrshl )
code rm={code[11:7],code[3:0]};
else if (code is b)
code rm = {{6{code[23]}},code[23:0],2'b0};
else if ( code is Idm)
case( code[24:23] )
2'd0 : code rm = {(code sum m - 1'b1),2'b0};
2'dl : code rm= 0;
2'd2 : code rm = {code sum m,2'b0};
2'd3 : code rm = 3'b100;
endcase
else if ( code is 1dr0 )
code rm = code[11:0];
else if ( code is msrl|code is dp2)
code rm = code[7:0];

else if ( code is multl & code[22] & code rma[31] )
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code rm= ~code rma+ 1'bl;
else if ( ( (code[6:5]==2'b10) & code rma[31] ) &
(code is_dpOjcode is dpl|code is Idrl) )

code rm= ~code rma;
else

code rm = code rma;

always @ ( *)

case ( code[3:0] )

4'h0 : code rma=10;
4'hl : code rma= rl;
4'h2 : code rma= r2;
4'h3 : code rma= 13;
4'h4 : code rma= r4;
4'h5 : code rma= r5;
4'h6 : code rma= 16;
4'h7 :code rma= 17;
4'h8 : code rma= r8;
4'h9 : code rma= 19;
4'ha : code rma= ra;
4'hb : code rma= r1b;
4'hc : code rma = rc;
4'hd : code rma= rd;
4'he: code rma= re;
4'hf: code rma= code is dpl ? (rf+4'b1000) : (rf+3'b100);

endcase

always @ ( *)
if (code is_dpOjcode is 1drl )
code rot num = (code[6:5] ==2'b00 ) ? code[11:7] : ( ~code[11:7]+1'b1 );
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else if (code is_dpl)

code rot num = ( code[6:5] == 2'b00 ) ? code rsa[4:0]

);
else if ( code is msrl|code is dp2)

code rot num= {(~code[11:8]+1'b1),1'b0 };
else

code rot num= 5'b0;

always @ ( *)
if (code is_multl)
if ( code[22] & code rsa[31])
code rs= ~code rsa+ 1'bl;
else
code rs= code rsa;
else if ( code is mult )
code rs= code rsa;
else begin
code rs= 32'b0;
code rs[code rot num]=1bl1;

end

always @ ( posedge clk or posedge rst )
if (rst)
code rs_flag <= #DEL 3'd0;
else if ( cpu_en)
if (~hold_en)
if (code is_dpl)

code rs_flag

{(code rsa[7:0]>6'd32),(code rsa[7:0]==6'd32),(code rsa[7:0]==8'd0)};

else

<=

: (~code _rsa[4:0]+1'bl

# DEL
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code rs flag <=#DEL 0;
else;

else;

always @ ( *)

case ( code[11:8] )
4'h0 : code rsa= 10;
4'hl : code rsa= rl;
4'h2 : code rsa= 12
4'h3 :code rsa= 13;
4'h4 : code rsa= 14,
4'h5 :code rsa= 15;
4'h6 : code rsa= 16;
4'h7 :code rsa= 17;
4'h8 : code rsa= 18;
4'h9 : code rsa= 19;
4'ha : code rsa= ra;
4'hb : code rsa= r1b;
4'hc : code rsa= rc;
4'hd : code rsa= rd;
4'he: code rsa= re;
4'hf: code rsa= code is_dpl ? (rf+4'b1000) : (rf+3'b100);

endcase

always @ ( posedge clk or posedge rst )
if (rst)
code und <=#'DEL 1'd0;
else if ( cpu_en)
if (~hold_en)
code und <=#DEL ~all code;
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else;

else;

always @ ( *)

case (cmd[31:28] )

4'h0 : cond satisfy = (cpsr_ z==1'b1);

4'h1 : cond satisfy = (cpsr_z==1'b0);

4'h2 : cond satisfy = (cpsr_c==1b1);

4'h3 : cond satisfy = ( cpsr_c==1'b0);

4'h4 : cond satisfy = (cpsr_ n==1'bl);

4'h5 : cond satisfy = ( cpsr_n==1'b0 );

4'h6 : cond satisfy = (cpsr_v==1'b1);

4'h7 : cond satisfy = ( cpsr_v==1'b0);

4'h8 : cond satisfy = ( cpsr_c==1b1 )&(cpsr_z==1'b0);
4'h9 : cond_satisfy = ( cpsr_c==1'b0 )|(cpsr_z==1'Db1);
4'ha : cond satisfy = (cpsr_n==cpsr_v);

4'hb : cond satisfy = ( cpsr_n!=cpsr_v);

4'hc : cond satisfy = (cpsr_z==1'b0)&(cpsr_n==cpsr_v);
4'hd : cond satisfy = ( cpsr_z==1'b1)|(cpsr_n!=cpsr_v);
4'he: cond satisfy = 1'bl;

4'hf: cond satisfy = 1'b0;

endcase

always @ ( posedge clk or posedge rst )
if (rst)
cpsr_c <=#'DEL 1'd0;
else if ( cpu_en)
if (cmd_ok)
if (cmd_is msrOjcmd_is msrl )

if (~cmd[22] & cmd[19] )
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cpsr_ c<=#DEL reg ans[29];
else;
else if (cmd_is dpOjemd is dpljemd is dp2)
if ( cmd[20] )
if (cmd[15:12]==4'hf)
cpsr_ c<=#DEL spsr[8];
else if
( (emd[24:21]==4'b1011)|(cmd[24:21]==4'b0100)|(cmd[24:21]==4'b0101)|(cmd[24:2
1]1==4'b0011)|(cmd[24:21]==4'b0111) )
cpst_ c<=#DEL bit cy;
else if
( (cmd[24:21]==4'p1010)|(cmd[24:21]==4'b0010)|(cmd[24:21]==4'b0110) )
cpst_ c<=#DEL ~bit cy;
else if (emd_is dpl & ~code rs flag[0] )
case (cmd[6:5] )
2'b00 : cpsr ¢ <= #DEL code rs_flag[2]? 1'b0 :
(code rs flag[1]? reg ans[0] : reg ans[32]);
201 : cpsr ¢ <= #DEL code rs_flag[2]? 1'b0
(code rs flag[1]? reg ans[31] : reg_ans[31] );
2'b10 : cpsr ¢ <= #DEL code rs_flag[2]? rm_msb
(code rs flag[1]? rm_msb : reg_ans[31] );
2bll : cpsr ¢ <= #DEL code rs_flag[1]? cpsr c
reg_ans[31];
endcase
elseif (cmd is dp2)
cpsr_c<=# DEL reg ans[31];
else if (emd_is dp0)
case (cmd[6:5] )
2'b00 : cpsr ¢ <= #DEL  (cmd[11:7]==5'b0) ? cpsr_c :
reg_ans[32];
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2'b01 : cpsr_c<=#DEL reg ans[31];
210 : cpsr ¢ <= #DEL (cmd[11:7]==5b0) ?
reg_ans[31]:reg_ans[31];
2bll : cpsr c <= #DEL (cmd[11:7]==5b0) ?
reg_ans[0]:reg_ans[31];
endcase
else;
else;
else if (cmd_is ldm & (cmd sum m==4b0 ) & Ildm_change )
cpsr_ c<=#DEL spsr[8];
else;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
cpst_f<=#DEL 1'd0;
else if ( cpu_en)
if (cpu_restart | fig_en)
cpst f<=#DEL I;
else if (cmd_ok & ( cpsr_m != 5110000 ))
if (cmd_is msrOjemd_is msrl )
if (~cmd[22] & cmd[16] )
cpst f<=#DEL reg ans[6];
else;
else if (cmd_is dpOjemd is dpljcmd is dp2)
if ( cmd[20] )
if  (cmd[15:12]==4"hf)
cpsr_f<=#DEL spst[5];
else;
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else;
else if (cmd_is ldm & (cmd sum m==4b0 ) & Ildm_change )
cpst f<=#DEL spst[5];
else;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
cpsr_i<=#DEL 1'd0;
else if ( cpu_en)
if (int_all)
cpst i<=#DEL I;
else if (cmd_ok & ( cpsr_m != 5110000 ))
if (cmd_is msrOjemd_is msrl )
if (~cmd[22] & cmd[16] )
cpst_ i<=#DEL reg ans[7];
else;
else if (cmd_is dpOjemd is dpljcmd is dp2)
if ( cmd[20] )
if  (cmd[15:12]==4"hf)
cpst_i<=#DEL spsr[6];
else;
else;
else if (cmd_is Idm & (cmd sum m==4b0 ) & Ildm_change )
cpst_i<=#DEL spsr[6];
else;
else;

else;
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always @ ( posedge clk or posedge rst )
if (rst)
cpst_ m<=#DEL 5'b10011;
else if ( cpu_en)
if ( cpu_restart )
cpst m<=#DEL 5b10011;
else if ( fig_en)
cpst m<=#DEL 5b10001;
else if ( ram_abort )
cpst m<=#DEL 5D10111;
elseif (irq_en)
cpst m<=#DEL 5b10010;
else if (cmd_flag & code abort )
cpst m<=#DEL 5D10111;
else if (cmd_flag & code und )
cpst m<=#DEL 5Db11011;
else if (cmd_flag & cond_satisfy & cmd _is_swi )
cpst m<=#DEL 5b10011;
else if (cmd_ok & ( cpsr_m != 5510000 ))
if (cmd_is msrOjcmd_is msrl )
if (~cmd[22] & cmd[16] )
cpst m<=#DEL reg ans[4:0];
else;
else if (cmd_is dpOjemd is dpljcmd is dp2)
if ( cmd[20] )
if  (cmd[15:12]==4"hf)
cpst m<=#DEL spsr[4:0];
else;

else;

else if (cmd_is ldm & (cmd sum m==4b0 ) & Ildm_change )

45



cpst m<=# DEL spst[4:0];
else;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
cpst_n<=#DEL 1'd0;
else if ( cpu_en)
if (cmd_ok)
if (cmd_is msrOjcmd _is msrl )
if (~cmd[22] & cmd[19] )
cpst n<=#DEL reg ans[31];
else;
else if (cmd_is dpOjemd _is dpljcmd is dp2)
if (emd[20] )
if (cmd[15:12]==4'hf)
cpst_ n<=# DEL spsr[10];
else
cpst n<=#DEL dp ans[31];
else;
else if (cmd_is multjemd _is multlx )
if (emd[20] )
cpst n<=#DEL sum rn_mm[31];
else;
else if (cmd_is ldm & (cmd sum m==4b0 ) & Ildm_change )
cpst n<=#DEL spst[10];
else;
else;

else;
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always @ ( posedge clk or posedge rst )
if (rst)
cpst_v<=#DEL 1'd0;
else if ( cpu_en)
if (cmd_ok)
if (cmd_is msrOjcmd_is msrl )
if (~cmd[22] & cmd[19] )
cpsr v<=#DEL reg ans[28];
else;
else if (cmd_is dpOjemd is dpljcmd is dp2)
if ( cmd[20] )
if (cmd[15:12]==4'hf)
cpst_ v<=#DEL spst[7];
else if
( (cmd[24:21]==4'd2)|(cmd[24:21]==4'd3)|(cmd[24:21]==4'd4)|(cmd[24:21]==4'd5)|(
cmd[24:21]==4'd6)|(cmd[24:21]==4'd7)|(cmd[24:21]==4'd10)|(cmd[24:21]==4'd11) )
cpst v<=#DEL bit ov;
else;
else;
else if (cmd_is ldm & (cmd sum m==4b0 ) & Ildm_change )
cpst_ v<=#DEL spst[7];
else;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)

cpst_z<=#DEL 1'd0;
else if ( cpu_en)
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if (cmd_ok)
if (cmd_is msrOjcmd _is msrl )
if (~cmd[22] & cmd[19] )
cpsr z<=#DEL reg ans[30];
else;
else if (cmd_is dpOjemd is dpljcmd is dp2)
if (emd[20] )
if (cmd[15:12]==4'hf)
cpsr_z<=#DEL spsr[9];
else
cpst_ z<=#DEL (dp_ans==32'b0);
else;
else if (cmd_is multjemd_is multl )
if (emd[20] )
cpst z<=#DEL (sum_rn_rm==32'b0);
else;
else if (cmd_is multlx & cmd[20] )
cpst z<=#DEL  cpsr z& (sum_rn_rm==32'b0);
else if (cmd_is ldm & (cmd sum m==4b0 ) & Ildm_change )
cpsr_z<=#DEL spsr[9];
else;
else;

else;

always @ ( *)

case (cmd[24:21])

4'h0 : dp ans= and ans;
4'hl :dp ans= eor_ans;
4'h2 :dp ans= sum rn mm;

4'h3 :dp ans= ~sum rn_rm;
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4'h4 :dp ans= sum rn_rmm;
4'hS :dp ans= sum rn_rmm;
4'h6 : dp ans= sum rn_rmm;
4'h7:dp ans= ~sum rn_rm;
4'h8 :dp ans= and ans;
4'h9 :dp ans= eor_ans;
4'ha :dp ans= sum r_rm;
4'hb :dp ans= sum rn_rmm;
4'hc : dp ans= or _ans;
4'hd : dp ans= sum rn_rmm;
4'he: dp ans= bic_ans;
4'hf:dp ans= sum r_rm;

endcase

always @ ( *)

if (cmd_is mult | cmd_is multl )
extra_num = 1'b0;

else if (cmd_is dpOjemd is dpljcmd is dp2)
case ( cmd[24:21])
4'b0010 : extra_num = 1'b0;
4'b0011 : extra num = 1'bl;
4'b0100 : extra_num = 1'b0;
4'b0101 : extra num = cpsr_c;
4'b0110 : extra num = ~cpsr_c;
4'b0111 : extra_num = cpsr_c;
4'b1111 : extra num = 1'bl;
default: extra num = 1'b0;
endcase

else if (cmd_is multlx )

extra num = multl extra num;
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else

extra_num = 1'b0;

always @ ( posedge clk or posedge rst )
if (rst)

fiq_flag <= # DEL 1'b0;
else if ( cpu_en)

if (fiq)

fiq flag <=#DEL 1'bl;
else if (cmd_flag )
fiq flag <=#DEL 1'b0;
else;

else;

always @ ( *)
if (go fmt[5])
go data= ram_rdata;
else if ( go_fmt[4] )
if (go fmt[1])
go data= {{16{go fmt[2]&ram rdata[31]}},ram rdata[31:16]};
else
go data= {{16{go fmt[2]&ram rdata[15]}},ram rdata[15:0]};
else// if (cha_reg fmt[3] )
case(go_fmt[1:0])
2'b00 : go data= { {24{go fmt[2]&ram rdata[7]}}, ram_rdata[7:0] };
2'b01 : go data= { {24{go_fmt[2]&ram_rdata[15]}}, ram_rdata[15:8] };
2'b10 : go data= { {24{go fmt[2]&ram_rdata[23]}}, ram_ rdata[23:16] };
2'bll : go data= { {24{go fmt[2]&ram rdata[31]}}, ram rdata[31:24] };

endcase
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always @ ( posedge clk or posedge rst )
if (rst)
go fmt <=#'DEL 6'd0;
else if ( cpu_en)
if (emd_is ldrOjcmd is Ildrljemd is swp )
go fmt <= # DEL cmd[22]
{4'b1000,cmd_addr[1:0]};
else if (cmd _is ldrhOjcmd is_Idrhl)
go fmt<=#DEL {4'b0100,cmd addr[1:0]};
elseif (cmd is ldrsbOjcmd is Idrsbl )
go fmt<=#DEL {4'b0011,cmd addr[1:0]};
elseif (cmd is ldrshOjcmd is Idrshl)
go fmt<=#DEL {4b0101,cmd addr[1:0]};
elseif (cmd is ldm)
go fmt<=#DEL {4'b1000,cmd addr[1:0]};
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)

go_num <= # DEL 4'd0;
else if ( cpu_en)

go num <=#DEL cha num;

else;

always @ ( posedge clk or posedge rst )
if (rst)

go vld <=#'DEL 1'd0;
else if ( cpu_en)

go vld <=#DEL cha vld;

?7{4'b0010,cmd_addr[1:0]}:
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else;

always @ ( posedge clk or posedge rst )
if (rst)

irq_flag <= # DEL 1'b0;
else if ( cpu_en)

if (irg)

irq_flag <=#DEL 1bl;
else if (cmd_flag )
irq_flag <=#DEL 1'b0;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
ldm_change <=#'DEL 1'd0;
else if ( cpu_en)
if (~hold_en)
ldm change <=#"DEL code[22] & code[20] & code[15];
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
ldm_num <=#'DEL 4'd0;
else if ( cpu_en)
if (cmd _is 1dm)
ldm num <=#DEL Ildm_sel;
else;

else;
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always @ ( *)
if (ecmd[0] )

Idm_sel= 4'h0;
else if (ecmd[1])

Idm sel= 4'hl;
else if ( cmd[2] )

Idm sel= 4'h2;
else if (cmd[3] )

Idm sel= 4'h3;
else if ( cmd[4] )

Idm sel= 4'h4;
else if ( cmd[5] )

Idm_sel= 4'hS5;
else if (cmd[6] )

Idm sel= 4'h6;
else if (cmd[7] )

Idm_sel= 4'h7;
else if (cmd[8] )

Idm sel= 4'h8;
else if (cmd[9] )

Idm sel= 4'h9;
else if ( cmd[10] )

Idm_sel= 4'ha;
else if (ecmd[11])

Ildm_sel = 4'hb;
else if (emd[12] )

Idm sel = 4'hc;
else if (ecmd[13] )

Idm_sel= 4'hd;
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else if (cmd[14] )
Idm_sel= 4'he;
else if (ecmd[15] )
Idm_sel= 4'hf;
else

Idm sel= 4'h0;

always @ ( posedge clk or posedge rst )
if (rst)
ldm_usr <= #DEL 1'd0;
else if ( cpu_en)
Idm usr<=#DEL cmd is ldm & cmd[20] & cmd[22] & ~cmd[15];

else;

always @ ( posedge clk or posedge rst )
if (rst)
ldm_vld <=#'DEL 1'd0;
else if ( cpu_en)
Idm vld <=#'DEL cmd ok & cmd is ldm & cmd[20] & (cmd_sum_ m!=4'b0);

else;

always @ ( posedge clk or posedge rst )
if (rst)
multl extra num <=# DEL 1'd0;
else if ( cpu_en)
if (cmd ok & cmd _is multl )
multl extra num <=#DEL bit cy;
else
multl extra num <=#DEL 0;
else;
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always @ ( posedge clk or posedge rst )
if (rst)
10 <=#'DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (1dm_num==4'h0) )
10 <=#DEL Idm data;
elseif ( go_vld & (go num==4'h0) )
10 <=#DEL go data;
elseif (cmd ok & to vld & (to num==4h0))
10 <=#DEL to data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
rl <=#'DEL 32'd0;
else if ( cpu_en)
if (Idm_vld & (1dm _num==4'h1))
rl <=#DEL Idm data;
elseif ( go vld & (go_ num==4'h1))
rl <=#DEL go data;
elseif (cmd ok & to vld & (to num==4'hl))
rl <=#DEL to data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
r2 <=#'DEL 32'd0;
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else if ( cpu_en)

if (Idm_vld & (1dm num==4'h2))
2 <=#DEL Idm data;

elseif ( go_vld & (go num==4'h2))
2 <=#DEL go data;

elseif (cmd ok & to vld & (to num==4'h2))
2 <=#DEL to data;

else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
r3 <=#'DEL 32'd0;
else if ( cpu_en)
if (Idm_vld & (1dm_num==4'h3))
3 <=#DEL Idm data;
elseif ( go vld & (go num==4'h3))
3 <=#DEL go data;
elseif (cmd ok & to vld & (to num==4'h3))
3 <=#DEL to data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
r4 <=#'DEL 32'd0;
else if (cpu_en)
if (Idm_vld & (1dm_num==4'h4))
4 <=#DEL Idm data;
elseif ( go vld & (go num==4'h4))



4 <=#DEL go data;

elseif (cmd ok & to vld & (to num==4'h4))
4 <=#DEL to data;

else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
r5 <=#'DEL 32'd0;
else if ( cpu_en)
if (Idm_vld & (1dm_num==4'h5))
15 <=#DEL Idm data;
elseif ( go vld & (go num==4'h5))
15 <=#DEL go data;
elseif (cmd ok & to vld & (to num==4h5))
15 <=#DEL to data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
16 <=# DEL 32'd0;
else if ( cpu_en)
if (Idm_vld & (1dm_num==4'h6) )
16 <=#DEL Idm data;
elseif ( go_vld & (go num==4'h6))
16 <=#DEL go data;
elseif (cmd ok & to vld & (to num==4'h6))
16 <=#DEL to data;

else;



else;

always @ ( posedge clk or posedge rst )
if (rst)
17 <=# DEL 32'd0;
else if ( cpu_en)
if (Idm_vld & (1dm_num==4'h7))
17 <=#DEL Idm data;
elseif ( go vld & (go num==4'h7))
17 <=#DEL go data;
elseif (cmd ok & to vld & (to num==4h7))
17 <=#DEL to data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
8 fiq <= # DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (ldm_num==4'h8 )& ( ~ldm_usr & (cpsr_ m==5'b10001 )) )
8 fiq<=#DEL Idm_data;
elseif ( go vld & (go num==4'h8 ) & (cpsr m==5b10001 ) )
8 fiq<=#DEL go_ data;
elseif (cmd ok & to vild & (to num==4'h8 ) & (cpst m==5b10001 ) )
8 fiq <=#DEL to_data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)

58



8 usr <=#DEL 32'd0;
else if ( cpu_en)

if (1dm_vld & (1ldm num==4'h8 ) & (1dm_usr | (cpsr_ m!=5'b10001 ) ))
8 usr<=#DEL Idm_data;

elseif ( go vld & (go num==4'h8 ) & (cpsr m!=5'b10001 ))
8 usr<=#DEL go data;

elseif (cmd ok & to vld & (to num==4'h8 ) & (cpsr_ m!=5b10001 ) )
8 usr<=#DEL to_data;

else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
9 fiq <= # DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (ldm_num==4'h9 )& ( ~ldm_usr & (cpsr_ m==5'b10001 ) ) )
19 fiq<=#DEL Idm_data;
elseif ( go vld & (go num==4'h9 ) & (cpsr m==5b10001 ) )
19 fiq<=#DEL go_ data;
elseif (cmd ok & to vild & (to num==4'h9 ) & (cpst m==5b10001 ) )
19 fiq<=#DEL to_data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
19 usr <=#DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (ldm_num==4'h9 ) & (1dm_usr | (cpsr_ m!=5'b10001 ) ))
19 usr<=#DEL Idm_data;
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elseif ( go vld & (go num==4'h9 ) & (cpsr_ m!=5'b10001 ))
19 usr<=#DEL go data;

elseif (cmd ok& to vild & (to num==4'h9 ) & (cpsr m!=5'b10001 ) )
19 usr<=#DEL to_ data;

else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
ra_fiq <=#'DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (1dm num==4'ha )& ( ~ldm_usr & (cpsr m==5b10001 ) ))
ra_fig <=#DEL Idm data;
elseif ( go vld & (go_num==4'ha ) & (cpsr_ m==5'b10001 ) )
ra_fig <=#DEL go data;
elseif (cmd ok & to vild & (to num==4'ha ) & (cpsr m==5'b10001 ) )
ra_fig <=#DEL to_data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
ra_usr <=# DEL 32'd0;
else if ( cpu_en)
if (Idm_vld & (1dm_num==4'ha ) & ( ldm_usr | (cpsr_ m!=5'b10001 )) )
ra_usr <=#DEL Idm data;
elseif ( go vld & (go_num==4'ha ) & (cpsr_m!=5b10001 ) )
ra_usr <=#DEL go data;
elseif (cmd ok& to vild & (to num==4'ha ) & (cpsr m!=5'b10001 ) )
ra_usr <=#DEL to_data;
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else;

else;

always @ ( *)

if (cmd _is_1drOjcmd is_Idrljcmd is swplemd is swpx )
ram_flag= ocmd[22]? (1'bl<<cmd_addr[1:0]):4'b1111;

else if (cmd _is ldrhOjcmd is_Idrhljcmd is ldrshOjemd is Idrshl )
ram_flag= ocmd addr[1] ?4'b1100 : 4b0011;

else if (cmd_is ldrsbOjcmd is Idrsbl )
ram flag= 1'bl<<cmd_ addr[1:0];

else

ram flag= 4bllll;

always @ ( *)
if (cmd _is 1dm)
if (ecmd[0] )
ram_wdata= 10;
else if (ecmd[1])
ram wdata= rl;
else if ( cmd[2] )
ram wdata= 12;
else if (cmd[3])
ram_ wdata= 13;
else if (cmd[4] )
ram wdata= r4;
else if ( cmd[5] )
ram_wdata= 15;
else if (cmd[6] )
ram_wdata= 16;

else if (cmd[7] )
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ram_wdata= 17,
else if (cmd[8] )

ram_wdata= cmd[22] ? t8 usr: 18;
else if (cmd[9] )

ram_wdata= cmd[22] ? 19 usr: 19;
else if ( cmd[10] )

ram_wdata= cmd[22] ? ra_usr: ra;
else if (cmd[11])

ram_wdata= cmd[22] ? tb_usr: rb;
else if (ecmd[12] )

ram_wdata= cmd[22] ? rc_usr : rc;
else if (cmd[13] )

ram_wdata= cmd[22] ? rd_usr: rd;
else if (cmd[14] )

ram_wdata= cmd[22] ? re_usr : re;
else if (ecmd[15] )

ram_wdata= rf;
else

ram_wdata= 4'h0;

else if (cmd_is ldrOjcmd is ldrljcmd is_swpx)

if (cmd[22] )

case( cmd_addr[1:0] )

2'b00 : ram_wdata= rna[7:0];

2'b01 : ram_wdata= {rna[7:0],8'b0};

2'b10 : ram_wdata= {rna[7:0],16'b0};

2'bll : ram wdata= {rna[7:0],24'b0};

endcase
else

ram_wdata= rna;

else if (cmd_is ldrhOjcmd is_Idrhl)



if (cmd_addr[1])
ram_wdata= {rna[15:0],16'b0};
else
ram_wdata= rna;
else

ram_wdata= rna;

always @ ( posedge clk or posedge rst )
if (rst)
b_fiq <= # DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (ldm_num==4'hb )& ( ~ldm_usr & (cpsr_ m==5'b10001 ) ) )
tb_fig<=#DEL Idm_data;
elseif ( go vld & (go_ num==4'hb ) & (cpsr m==5b10001 ) )
b _fig<=#DEL go data;
elseif (cmd ok & to vild & (to num==4'hb ) & (cpst m==5b10001 ) )
tb_fig<=#DEL to_data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
rb_usr <=#DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (ldm_num==4'hb ) & (1dm_usr | (cpsr_ m!=5'b10001 ) ))
tb_usr <=#'DEL Idm_data;
elseif ( go _vld & (go_num==4'hb ) & (cpsr_ m!=5'b10001 ))
tb_usr<=#DEL go data;
elseif (cmd ok& to vild & (to num==4'hb ) & (cpsr m!=5'b10001 ) )
tb_usr<=#DEL to_data;
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else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
rc_fiq <=#'DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (1ldm_num==4'hc )& (~ldm_usr & (cpsr m==5b10001 ) ))
rc_fig <=#DEL Idm data;
elseif ( go _vld & (go_num==4'hc ) & (cpsr_ m==5'b10001 ) )
rc_fig <=#DEL go data;
elseif (cmd ok & to vild & (to num==4'hc ) & (cpsr m==5'b10001 ) )
rc_fig <=#DEL to_data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
rc_usr <=# DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (ldm_num==4'hc ) & (ldm_usr | (cpsr_m!=5b10001 )))
rc_usr <=#DEL Idm_ data;
elseif ( go vld & (go_num==4'hc ) & (cpsr_m!=5b10001 ) )
rc_usr <=#DEL go data;
elseif (cmd ok & to vild & (to num==4'hc ) & (cpsr m!=5'b10001 ) )
rc_usr <=#DEL to_data;
else;

else;

always @ ( *)
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case (cpsr_m)
510001 : rd =rd_fiq;
511011 : rd =rd_und;
510010 : rd = rd_irq;
510111 : rd =rd_abt;
510011 : rd =rd_svc;
default :rd=rd usr;

endcase

always @ ( posedge clk or posedge rst )
if (rst)
rd_abt <=#'DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (1dm num==4'hd )& ( ~ldm_usr & (cpsr m==5'b10111 )))
rd abt <=#'DEL Idm_data;
elseif ( go vld & (go num==4'hd ) & (cpsr m==5D10111 ) )
rd abt<=#'DEL go data;
elseif (cmd ok& to vild & (to num==4'hd ) & (cpsr m==5'b10111 ) )
rd _abt <=#DEL to data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
rd_fiq <= # DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (ldm_num==4'hd )& ( ~ldm_usr & (cpsr_ m==5'b10001 )) )
rd fig<=#DEL Idm_data;
elseif ( go vld & (go num==4'hd ) & (cpsr m==5b10001 ) )
rd fig<=#DEL go_data;
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elseif (cmd ok & to vild & (to num==4'hd ) & (cpst m==5b10001 ) )
rd fig<=#DEL to_data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
rd_irq <= #'DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (ldm_num==4'hd )& ( ~ldm_usr & (cpsr_ m==5'b10010 )) )
rd irq<=#DEL Idm_data;
elseif ( go vld & (go num==4'hd ) & (cpsr m==5b10010 ) )
rd irq<=#DEL go_data;
elseif (cmd ok & to vild & (to num==4'hd ) & (cpst m==5b10010) )
rd irq<=#DEL to_data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
rd_svc <=# DEL 32'd0;
else if ( cpu_en)
if (1dm_vld & (ldm_num==4'hd )& ( ~ldm_usr & (cpsr m==5'b10011 )))
rd sve<=#DEL Ildm_data;
elseif ( go vld & (go num==4'hd ) & (cpst m==5'b10011 ) )
rd sve<=#DEL go data;
elseif (cmd ok & to vid & (to num==4'hd ) & (cpst m==5b10011 ) )
rd sve<=#DEL to_data;
else;

else;
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always @ ( posedge clk or posedge rst )
if (rst)
rd und <=#DEL 32'd0;

else if ( cpu_en)

if (1dm_vld & (1dm num==4'hd )& ( ~ldm_usr & (cpsr m==5'b11011 )))

rd und <=#DEL Idm data;
elseif ( go vld & (go num==4'hd ) & (cpsr m==5b11011))
rd und <=#DEL go data;

elseif (cmd ok& to vild & (to num==4'hd ) & (cpst m==5'b11011 ) )

rd und <=#DEL to_data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
rd_usr <=# DEL 32'd0;
else if ( cpu_en)
if ( ldmvid & ( ldm num=—4hd ) & (
((cpsr_m==5'b10000)|(cpsr_ m==5'b11111)) ) )
rd usr <=#'DEL Idm_data;
else if ( go vld & (go_num==4'hd
((cpsr_m==5'b10000)|(cpsr_ m==5'b11111)) )
rd usr<=#DEL go data;
else if ( comd ok & to vld & (1 to num==
((cpsr_m==5'b10000)|(cpsr_ m==5'b11111)) )
rd usr <=#DEL to_ data;
else;

else;

Idm_usr
) &
4hd ) &
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always @ ( *)

case (cpsr_m)
5'b10001 : re =re_fiq;
511011 : re =re_und;
510010 : re =re_irq;
5b10111 : re=re_abt;
510011 : re =re_svc;
default :re=re usr;

endcase

always @ ( posedge clk or posedge rst )
if (rst)
re_abt <=# DEL 32'd0;
else if ( cpu_en)
if (ram_abort| ( ~fiq_en & ~irq_en & (cmd_flag & code abort ) ) )
re_abt <=#DEL rf b;
else if (ldm_vld & ( ldm_num==4'he ) & ( ~ldm_usr & (cpsr m==5'b10111) ) )
re_abt<=#DEL Idm data;
elseif ( go vld & (go_num==4'he ) & (cpsr_ m==5'b10111) )
re_abt<=#DEL go data;
elseif (cmd ok & cmd is b & cmd[24] & (cpsr_ m==5'b10111) )
re_abt<=#DEL tf b;
elseif (cmd ok& to vild & (to num==4'he) & (cpsr m==5D10111) )
re_abt<=#DEL to_data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
re_fiq <=# DEL 32'd0;
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else if ( cpu_en)
if (fig_en)
if (ram_abort)
re_fig <=#DEL 32'hl0;
else
re_fiq <=#DEL tf b;
else if (ldm_vld & ( ldm_num==4'he ) & ( ~ldm_usr & (cpsr m==5'b10001) ) )
re_fiq <=#DEL Idm data;
elseif ( go_vld & (go_num==4'he ) & (cpsr m==5'b10001) )
re_fig <=#DEL go data;
elseif (cmd ok & cmd is b & cmd[24] & (cpsr_ m==5'b10001) )
re_fiq <=#DEL tf b;
elseif (cmd ok & to vld & (to num==4'he) & (cpsr m==5b10001) )
re_fig <=#DEL to data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
re_irq <=# DEL 32'd0;
else if ( cpu_en)
if (~ram_abort & ~fiq en & irq_en )
re_irq <=#DEL rf b;
else if (ldm_vld & ( ldm_num==4'he ) & ( ~ldm_usr & (cpsr m==5'b10010) ) )
re_irq <=#DEL Idm data;
elseif ( go _vld & (go_num==4'he ) & (cpsr m==5'b10010) )
re_irq <=#DEL go data;
elseif (cmd ok & cmd is b & cmd[24] & (cpsr_ m==5'b10010) )
re_irq <=#DEL rf b;
elseif (cmd ok & to vild & (to num==4'he) & (cpsr m==5b10010) )
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re_irq <=#DEL to data;

else;

always @ ( posedge clk or posedge rst )

if (rst)

re_svc <= # DEL 32'd0;

else if ( cpu_en)

if (~ram_abort & ~fiq en & ~irq_en & (cmd_flag & ~code abort & ~code und

& (cond satisty & cmd _is_swi) ) )

re svc<=#DEL rf b;

else if (ldm_vld & ( ldm_num==4'he ) & ( ~ldm_usr & (cpsr m==5'b10011) ) )
re_svc<=#DEL Idm_data;

elseif ( go_vld & (go_num==4'he ) & (cpsr m==5b10011) )
re_svc<=#DEL go data;

elseif (cmd ok & cmd _is b & cmd[24] & (cpsr m==5'b10011) )
re_ svc<=#DEL rf b;

elseif (cmd ok & to vild & (to num==4'he) & (cpsr m==5b10011) )
re_svc <=#DEL to data;

else;

always @ ( posedge clk or posedge rst )

if (rst)

re_und <=# DEL 32'd0;

else if ( cpu_en)

if (~ram_abort & ~fiq en & ~irq_en & (cmd_flag & ~code abort & code und )

re_ und <=#DEL tf b;
else if (ldm_vld & ( ldm_num==4'he ) & ( ~ldm_usr & (cpsr m==5'b11011) ) )
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re und <=#DEL Idm data;
elseif ( go vld & (go_num==4'he ) & (cpsr_ m==5'b11011) )
re und <=#DEL go data;
elseif (cmd ok & cmd is b & cmd[24] & (cpsr_ m==5'b11011) )
re_ und <=#DEL tf b;
elseif (cmd ok& to vild & (to num==4'he) & (cpsr m==5b11011) )
re und <=#DEL to_data;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
re_usr <=# DEL 32'd0;
else if ( cpu_en)
if ( ldmvid & ( Ildm num==4he ) & ( Idm usr
((cpsr_m==5'b10000)|(cpsr_ m==5'b11111)) ) )
re_usr <=#DEL Idm data;
else if ( go vld & (go_num==4'he ) &
((cpsr_m==5'b10000)|(cpsr_ m==5'b11111)) )
re_usr <=#DEL go data;
else if ( cmd ok & cmd is b & cmd[24] &
((cpsr_m==5'b10000)|(cpsr_ m==5'b11111)) )
re_usr <=#DEL tf b;
else if ( omd ok & to vld & ( tonum=— 4he ) &
((cpsr_m==5'b10000)|(cpsr_ m==5'b11111)) )
re_usr <=#DEL to_data;
else;

else;

always @ ( posedge clk or posedge rst )
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if (rst)
reg_ans <=# DEL 64'd0;
else if ( cpu_en)
if (~hold_en)
reg ans <=# DEL mult ans;
elseif (cmd _is Idm)
if (cmd_sum m==4'b1l)
reg ans[5:2] <=# DEL sum m;
else if ( cmd[23])
reg_ans[5:2] <=#'DEL reg ans[5:2] + 1'bl;
else
reg_ans[5:2] <=#'DEL reg ans[5:2] - 1'bl;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
rf <=#DEL 32'd0;
else if ( cpu_en)
if (cpu_restart )
f <=#DEL 32'h0000_0000;
elseif ( fig en)
rf <=#DEL 32'h0000 00lc;
else if ( ram_abort )
rf <=#DEL 32'h0000 0010;
elseif (irq_en)
rf <=#DEL 32'h0000 0018;
elseif (cmd_flag & code abort )
f <=#DEL 32'h0000 _000c;
elseif (cmd_flag & code und)
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rf <=#DEL 32'h0000_0004;
else if (cmd_flag & cond satisfy & cmd _is_swi )
f <=#DEL 32'h0000_0008;
elseif (ldm_vld & (Idm_num==4'hf))
f <=#DEL ldm_data;
elseif ( go_vld & (go num==4'hf))
f <=#DEL go data;
else if ( omd ok & (cmd is dpOlemd is dpljemd is dp2) &
(cmd[24:23]'=2'b10 ) & (cmd[15:12]==4'ht) )
f <=#DEL dp ans;
elseif (cmd ok & (cmd is b|cmd is bx))
rf <=#DEL sum rn mm;
else if (~hold en & ~wait en)
rf<=#DEL rf+4;
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
rm_msb <= # DEL 1'd0;
else if ( cpu_en)
if (~hold_en)
rm_msb <= #DEL code rma[31];
else;

else;

always @ ( *)

if

(ecmd_is bx|((cmd_is dpOjcmd is dpljemd is dp2)&((cmd[24:21]==4'b1101)|(cmd[
24:21]==4'b1111)))|(cmd_is multlx & ~cmd[21]) )
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m= 0;
else if (cmd_is multjemd_is multl)
if (cmd[21] )
m= rna;
else
m= 0;
elseif (cmd_is b)
m= rf;
else

rm = rnb;

always @ ( *)
case (cmd[15:12])

4'h0 :ma= r0;
4hl :ma= rl;
4'h2 :mma= 12;
4h3 :ma= 13
4h4 :ma= r4;
4'h5 :ma= r5;
4'h6 :ma= r6;
4h7 :ma= 17,
4h8 :ma= r8;
4h9 :ma= 19

4ha :ma= ra;
4'hb :ma= rb;
4'hc :ma= rc;
4hd :ma= rd;
4he: ma= re;
4'hf:ma= rf;

endcase



always @ ( *)
case (cmd[19:16] )

4h0 : b= r0;
4hl :mb= rl;
4h2 :mb= 12
4h3 :mb= 1r3;
4h4 :mb= 14,
4h5 :mb= r5;
4h6 : b = r6;
4h7 :mb= 17,
4h8 :mb= r8;
4h9 : mb= 19;
4ha :mb= ra;
4'hb : mb= r1b;
4hc :mb= rc;
4hd :mb= 1rd;
4he: b= re;
4'hf:mb= rf;
endcase

always @ ( posedge clk or posedge rst )
if (rst)
rs_msb <= # DEL 1'd0;
else if ( cpu_en)
if (~hold_en)
rs_msb <=#DEL code rsa[31];
else;

else;
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always @ ( *)
if (cmd _is_dpOjcmd is_Idrl )

case(cmd[6:5])

2'b00 : sec_operand = reg ans[31:0];

2'b01 : sec_operand = (cmd[11:7]==5'00)?32'b0 : reg_ans[63:32];

2'b10 : sec_operand = (emd[11:7]==500)?{32{rm_msb}} : (rm_msb ?
~reg_ans[63:32] : reg_ans[63:32]);

2bll : sec operand = (cmd[11:7]==5b0)?{cpsr,reg_ans[31:1]}
(reg_ans[63:32]|reg_ans[31:0]);

endcase
elseif (cmd is dpl)

case(cmd[6:5])

2'b00 : sec_operand = ( code rs_flag[2:1]!'=2"b0 )? 32'b0: reg_ans[31:0];

2'b01 : sec_operand = ( code rs_flag[2:1]!=2'b0 )? 32'b0: ( code rs flag[0] ?
reg_ans[31:0] : reg_ans[63:32] );

2'b10 : sec operand = ( code rs flag[2:1]'=2b0 )? {32{rm_msb}}
(code rs flag[0] ? reg_ans[31:0] : (rm_msb ? ~reg_ans[63:32]:reg_ans[63:32] ) );

2'bll : sec operand = ( code rs flag[l]jcode rs flag[0] ) ? reg ans[31:0] :
(reg_ans[63:32]|reg_ans[31:0] );

endcase
elseif (cmd_is msrljemd is dp2)

sec_operand = reg ans[63:32]|reg_ans[31:0];
else if (cmd_is multlx )

sec_operand = reg ans[63:32];
else

sec_operand = reg_ans[31:0];

always @ ( *)
if (cpsr m==5b10011 )
SpSI = SpSr_Svc;
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else if ( cpst m==5'b10111 )
spsr = spsr_abt;

else if ( cpst m==5'b10010 )
Spsr = spsr_irq;

else if ( cpsr_ m==5'b10001 )
spsr = spsr_fiq;

else if ( cpst m==5'b11011 )
spsr = spsr_und;

else

SpST = cpsT;

always @ ( posedge clk or posedge rst )
if (rst)
spsr_abt <=#'DEL 11'd0;
else if ( cpu_en)
if (ram_abort| ( ~fig en & ~irq_en & (cmd_flag & code abort ) ) )
spsr_abt <=#'DEL cpsr;
else if ( ecmd ok & ( cpsr m==5b10111) & ( cmd is msrOjcmd is msrl ) &
cmd[22] )
spsr_abt <= # DEL
{{cmd[15]?reg_ans[31:28]:spsr_abt[10:7]},{cmd[12]?{reg_ans[7:6],reg_ans[4:0]} :sp
sr_abt[6:0]}};
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)

spsr_fiq <=#"DEL 11'd0;
else if ( cpu_en)

if (fig_en)
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if (ram_abort)
spsr_fiq <= # DEL
{cpsr_n,cpsr_zcpsr_c,cpst_v,1'bl,cpsr £,5b10111};
else
spsr_fiq <=#DEL cpsr;
else if ( ecmd ok & ( cpsr m==5b11011) & ( cmd is msrOjcmd is msrl ) &
cmd[22] )
spsr_fiq <= # DEL
{{cmd[15]?reg_ans[31:28]:spsr_fiq[10:7]},{cmd[12]?{reg_ans[7:6],reg_ans[4:0]}:sp
st_fiq[6:0]} };
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
spsr_irq <=# DEL 11'd0;
else if ( cpu_en)
if (~ram_abort & ~fiq en & irq_en )
spsr_irq <= #DEL cpsr;
else if ( cmd ok & ( cpsr m==5'b10010) & ( cmd is msrOjcmd is msrl ) &
cmd[22] )
spsr_irq <= # DEL
{{cmd[15]?reg_ans[31:28]:spsr_irq[10:7]},{cmd[12]?{reg_ans[7:6],reg_ans[4:0]}:sp
st_irq[6:0]} };
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
spsr_sve <= #DEL 11'd0;
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else if ( cpu_en)
if (~ram_abort & ~fiq en & ~irq_en & (cmd_flag & ~code abort & ~code und
& (cond satisty & cmd _is_swi) ) )
spsr_svc <=#'DEL cpsr;
else if ( ecmd ok & ( cpsr m==5b10011) & ( cmd is msrOjcmd is msrl ) &
cmd[22] )

SpSr_svc <= # DEL
{{cmd[15]?reg_ans[31:28]:spsr_svc[10:7]},{cmd[12]?{reg_ans[7:6],reg_ans[4:0]} :sp
st_sve[6:0]}};

else;

else;

always @ ( posedge clk or posedge rst )
if (rst)

spsr_und <= #'DEL 11'd0;
else if ( cpu_en)

if (~ram_abort & ~fiq en & ~irq_en & (cmd_flag & ~code abort & code und )

spsr_und <=#DEL cpsr;
else if ( ecmd ok & ( cpsr m==5b11011) & ( cmd is msrOjcmd is msrl ) &
cmd[22] )
spsr_und <= # DEL
{{cmd[15]?reg_ans[31:28]:spsr_und[10:7]},{cmd[12]?{reg ans[7:6],reg_ans[4:0]}:s
psr_und[6:0]}};
else;

else;

always @ ( posedge clk or posedge rst )
if (rst)
sum_m <= # DEL 4'd0;
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else if ( cpu_en)
if (~hold_en)
sum m<=#DEL code sum m;
else;

else;

always @ ( *)
if (cmd_is mrs )
to data = cmd[22] ?  {spsr[10:7],20'b0,sps1r[6:5],1'b0,spst[4:0]}
{cpsr[10:7],20'b0,cpst[6:5],1'D0,cpst[4:0]};
else if (cmd is dpOjcmd _is dpljcmd is_dp2)
to _data= dp ans;
else

to data= sum rn rm;

always @ ( *)

if (cmd_is mrs|(cmd_is dpOjcmd is dpljemd is_dp2)lcmd is_multl)
to num= cmd[15:12];

else

to_num = cmd[19:16];

/******************************************************/

//function statement area

/******************************************************/

endmodule
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