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I|I|
m 8.2 KX9016XEAM 4 RGtkit

8.2.2 izaHIRALU
[i7) 2-1]

wodule ALV (&, kb, =el, o);
input[15:0] &, b; input[3:0] sel;
alupass=0, andop=1, orOp=Z, notdp=3, =xorop=4, plus=5,

oukbpukb[15:0] =; reg[l5:0] c;

parameter
alusub=6, inc=7, dec=8, zero=9;

always @(a or b or sel) i o ”"-_U"E
case (sel) ot C[15.0]  E[15.0] [t
alupass : ¢ <= a ; /B SEEREIR ALY B[15.0] et
andOp : o <= a & b ; A EE SR | sel[3.0] '_':'
orop @ o <= a | b ; / AERREERE = inst31 '
XorOQp o <= a * b ; / E SRR AR “@34&‘_{“&&

notQp : o <= ~a ; /B Rt

plus : ¢ «—= a + b ; A AN
alusubh : ¢ «— a - b ; FFELAREE
ing o <= a+ 1 ; A A0 14RE
dec : ¢ <<= a - 1 ; £ AT 1R
zero @ o < 0O ; S EnEE
default : o <= 0 ;
endease endmodule;




8.2.3 L ACOMP

[ 8-2]

8.2 KX9016FEA %

module CMP W
input[15:0] a, b;

parameter eg=0,

(=,

b,

gel,
input[2:0] =el;
necg=1, gt=<,

compout) ;

glways @(a or b or sel)

case [sel)
eq if
neq if
ot if
gte if
1t if
lte if
default

endoase

(&==h]
[a!=h)
[axh]
(a>=h)
[a<h)
[a<=h)

compout<=1; else

compout<=1; else
compout<=1; else
compoukt<=1; else
compout<=1; else
compout<=1; else

compout<=0;

endmaodule

gte=3,

output compout;

l1t=4, lte =5;

compout<=0;

compoukt<=0;

reg compout;

compout<=0; //aTh, &A1

compout<=0; //eTFTh Rl

— 2[15.0]

et (15, 0]

e c|[2 0]

compout

Bz-5 bhEmRERTs

//aFTh, RilbhA1, AFEED
compout<=0; //aMFTh W1

F s T i1
compout<=0; //afnTHF Th &A1




8.2 KX9016HL AT R4 B it

8.2.4 EAFHRETHHEIA

1. BEARFIFH
[17) 8-31

module REZ1EE (a, clk, o);
input[15:0] =a; input clk; oubtput[1353:0] q; reg[l3:0] g;

always @ (posedge clk) q <= a ;

endmodnule

{ REG1bE

2 af15.0] o150} i
— clk :

| insE3

B 26 EXEFTan




8.2.4 HEAFHEREFHRMEFA
1. EAFAE

[17] 8-41

wmodule TREGEV [a, en, clk, g

input[15:0] =; 4input en, clk; output[15:0] o; reg[l5:0] o,

always @ (posedge clk) val <= a ;
always @ (en or wval} if (en == 1'bl) g < wal ;
else o <= 16'bZEZEZZZZZZZZZZZZZZ endmodule

insl32

clk

en

ot 4[15..0]

ql15..0]

B 8-7 =& JHEFTee

8.2 KX9016HL AT R4 B it

wal;




8.2 KX9016HL AT R4 B it

8.2.4 HEAFHEREFHRMEFA
1. EAFAE

[ 8-5] rEG_B.v
wodule REG B (rst, clk, load, d, o);
input rst, clk, load; dinput[15:0] d; oubtput[15:0] g; reg[l3:0] o;
always @ (posedge clk or poszedge rst)
if {rst==1'bl}) g <= {1&{1'b0O}} ; else
begin if (load == 1'bl) g <= d ; end endmodule

q[15.0]
K

oad
d[15..0]

| instld

B 85 s s fETaa
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H” 8.2 KX9016H:AHEf R4 &t

8.2.4 EAFHRETHHEIA

1. EXRFHFH
progC s up counter i
BoEnE op | Shoad \PC15. 0]

data[15.0]  g[15.0] =

FE 8-9 PC ¥ B
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H” 8.2 KX9016ZEAME ARGt it

o e 1 e e 1 et REG_ARY |

8.2.4 EXAFHBESFHEHREIIA lpm_bustri0 —
REGn[15.0] clk

E insti0 |

regRd CRTROFF8EF

B 810 FiFsaMs it Zawiem| iR

[5] 8-6] REG AR7.v
module REG ART {(data, sel, clk, qgj:
input[15:0] data; input(2:0] sel; input clk; output[l5:0] q:
reg[15:0] ramdata[0:7];
always @ (posedge clk) ramdata[sel] <= data;

assign g = ramdatal[sel] ; endmodule




"II
“” 8.2 KX9016E ARG 1T

8.2.4 EAFHIEFHIMETH
2. FATAPES

BUS[15..0)
R7_RO | RegRd
| data[15.0] QSO ) e
RegWr | yyren ':%: - Lingt®a L 16

RegSelld 0] | address(4_0] C lpm bgugﬂiu;
T2 dinclock r:r

| inst12 Block type: AUTO

B g-11 A LPM RaM BT Tred M5 KB i

& b‘I‘EE
32 wiifds




8.2 KX9016HL AT R4 B it

8.2.5 B e

[5 §-71]

module IFT4ARA {(input[15:0] a.

input[2:0] =el, output regl[lS5:0] )

parameter shftpass=0, =ftl=1, =ftr==Z, rotl=3, rotr=4;
always @i{a or sel)
case (gel)
shftpass : v<=a ; SR EIE
sftl : wv<={al[l4:0], 1'kD}; //ZX%
sftr : w<={1'b0, al[l5:11}; // &5 g SR
rotl : wy<={all4:0], all15]};// a5 8 0 [ I
rotr : v<={al0], al[l5:11}; //{EERGE § sel[2.0] -{
default @ w<=0 é ;
endcase endmodule fﬁ?ﬂi

A 8-12 A 8BS




)
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8.2.6 EFF 5HIEf B oS

B B e 8 i LB e B i R 8 i

| RAMK |
| data[15..0] gl15.0].
r wren E . i
i address[6..0] h “:;’;{E :
inclock

 insti2 Block type: AUTO

A 813 TFiEdHT =S




8.3.1 84 #8=

F a2 WERSHER

"II
“” 8.3 KX9016V1iE4 R &kt

# 81 BFIESHEN
H1ER IRER  BRR(EN
Opcode SRC DsT

15]14|13|12|1]

5|4|32|1|n

R 1ER =[pki 3121
Cpcode DET
15|14|13|12|11 2|1|f_1

160 HR{ES

s|u]lefufwls [s 765 a3 ]z]1]0

# 83 WFEIES

HRAEDS BER{ER
Lo Jo |1 Jo Jo | o Jo] 1]
o|n‘n[o CIIDIEI||:] n‘n[ﬂ|1 DI]ICI|1

]

0




8.3 KX9016v1§4 R4 ¥ it

8.3.2 TR L BRIk
84 Kxo01s TRRieS BHINGE
¥RAERT | 84 ThaE MG (Y ThiE
00000 | NOP  [Bsi@dE 01111  |[ZERO EIERE O
00001 | LD SRR R 10000 |IMPLTI |/ FHTEE#E] w BN S bt
00010 | BTA WY FTrad I8 A7 &8 10001 |IMPGT | KX FHFEHE
00011 | MOV [EHrRiatigisEl 10010 |OUT HiEmEIES
00100 | LDR W srEpErdE A Fir s 10011 |MTAD 16 fi ik B
00101 | IMPI  BEfE®|gy s ERBrfs EhoMat | 10100 |MULT 16 fir Feik
00110 | IMPGTL X FH#ZE s Eidihl 10101 | WP T T
0011 | INC 1 BREFEFE 10110 [IMPEQ | ZFitE#
01000 | DEC & 1 EREIFFis 10111 |[IMPEQL | S FR+EE#EI Bl
01001 | AND |4 Z7rEia 5k 11000 |DIV 32 fir bk
01010 | OR e A 11001  [MMPLTE [/ FETFIEE
01011 | XOR  |BA- 17 Ria RISk 11010 [SHL EIBBRE A
01100 | NOT |[BE2R#%k 11011 [SHR SEERY
01101 | ADD B4 S einee 11100 |ROTR TEER ST
01110 | 5UB  |[W4 Siremey 11101 |ROTL s




8.3 KX9016v184 &

e it

) | =]
8.3.2 155 # kMY
Fes5 THEF
F | #RiE FE fEiE | HEE e
e & NES ¢ | Tm | = | e | en PR
2001H 00100 | moom o | 001 \ .
LDE R1. 0025H oozsH | 2 500 0000 G010 D101 ST E#E 0025H #£ R
2002H 00100 |xmoom | mx | 010 — "
LDE R2, 0M7H o7 | 2 500 5000 0160 011 i 0047H #£ R2
2006H 00100 | =oox | mx | 110 , ‘
LDE RE6, 0036H oozer | 2 5000 0600 0011 0110 BN 0036H 3£ R6
A R1 98 5F 11 RAM
LD R3. [R1 080BH | 1 | 00001 | moo | QO1 011 oy ,
= 7 g BT BV R3
14 B3 B P BIEA
STA  [R2], R3 1014H |1 00010 011 010 v
[R2] R R2 1578 RAM B5T
I00FL 00110 | oo 001 110 E Ri1=Ré, NIEEME
TMPGTL  [0000] 0000H | 2 0000000000000000 i ik [0000H]
INC Rl 3801H |1 [ 00111 | oo | o 010 R1+1 2 Rl
T R2 3802H |1 | 00111 | moo | = 010 R2+1 2 R2
2800H 00101 | moo | o XK 28 o R e A,
TP [0006] 0006H | 2 0000000000000110 $% (5 A 0006H




8.3 KX9016v1i§4 R4 #it

8.3.3 B v SL
i 8-6 7 F B RIICRE T F

Hhoab | #0286T e & IhiEEHee
ggg‘fg ﬁggﬁ LDR R1,0032H M ar BPST 0032 H 2 FIEE R
ggggg gg?lzg LDR R2, 0011H 1 BN 0011 H 2 TR R
00dH | 6804H | ADD E1, E2, E3 [ ETEER R1 1 R2 B9 A BRI EiE RS
000SH | 1819H MOV Rl, R3 19 FI7E BRI B AL A R
oooeH | 3802H T R2 EZ2+1=>F2
0o07H | 101AH STA [R2], R3 19 B3 B BT A B2 18 Ul Radd BT
0OOSH | 0S0BH LD E3, [RI1] & R1 15 F ML RAM BT HEEE B3
0009H | 0000H NOP 2= 4 4




8.3 KX9016v1i§4 R4 #it

8.3.3 B vt L

F &7 IHESutet a0t RAM 16.mif FIRH
WIDTH = 16, 03 : 0011, 0B : 0000, | 13 : OOOD,

DEPTH = 256, 04 : 680A | OC o+ 0000, | ...
ADDRESS RADIX=HEX, |05 : 1819 0D . 0000, |41 : 0000,
DATA RADIK = HEX, 06 : 3802, OE : 0000, |42 : 000C,
CONTENT BEGIN 07 : 1014 | OF : 0000, |43 : AGCT,
00 s 2001, 08 : 080B, | 10 : 0000, | .. ;

01 . 0032, 09 & 000O: 11 : 0000, | 4F & 0000,

02 . 2002 OA @ 0000 12 . 1524 END:




8.3 KX9016v1i§4 R4 #it

8.3.4 KX9016 v1¥42e ¥+t

[ 5] 8-8] CONTRLA.v

module CONTELA {(clock, reset, instrReg, compout, progCntreir, progCntrRd,
addrRegWr, addrRegRd, outRegWr, outRegRd, shiftsel, alusel, compiel,
opRegRd, opRegWr, instrWr, regiel, regRd, regWr, rw, vma);

input clock; input reset; ST RFIERES

input[15:0] instrReg; input compout; //¥8% {7 eotdIERD i A F L Hrdd o Bigi
output progCntriir; //RFEF TR ME T, B TLHEAGER
output progCntrRd; /B EFEREERE R E R =FF R ITES
output addrRegWr; /MBS TR RiF B RS A, BF T2 A
output addrRegRd; /MR I SR AE R IF

output outRegWr; S FTFRATFEREEEA, EE TZEAN
output outRegRd; /7 FIERAIEH A ER RF, BT =5

% It



output[2:0] shiftsel; output([3:0] alusel; A/ EAT R ThEEEFEFN AL U ThEER
cutput[2:0] compSel; output opRegRd; SRR B hBEIR IR TEF F 8T o if

output opRegWr; S/ ERHERFOA IET TS, EFTLAN
output instrwr; S/ ERHERFOAESTES EF T2 AN
output [2:0] regSel; /TR | R

output regRd; /R e FEF B tH 2 5 28 = SR S IS
output regWr; JEE PHIE R EATITRES, B% T2 88
output rw; Sirw=1l, RRM B iF; rw=0, RAMIELIF;
output vma; /7T 8 RaM RN H E B = niF s

req progCntriWr, progCntrRd, addrRegWr, addrRegRd, outRegir, outRegRd,
opRegRd, opRegWr, instrirc, regRd, vma, regWr, ©w;
reg[2:0] shift3el, regl3el; wirel[Z2:0] comp3el; reg[3:0] aluiel;
parameter shftpass=0, alupass=0, zero=9%, inc=7, plus=5; /EMEFEH -1
parameter resetl=0, resetd=1, reset>=<Z, execute=3, nop=4, load=5, store=f,
loadZ=7, load3=8, loadd=9, storezZ=10, store3=11, stored=12, incPc=13, inckcZ=14,
incPc3=15, loadIZ=19, loadI3=20, loadId=21, loadIS5=ZZ, loadIf=23, incZ=24,
inc3=25, incd=26, movel=Z27, moveZ=28, add2=29, add3=30, add4=31;
/TR TSN P =R R BRI AREF E B ST add2, add3, add4.
reg[4:0] current state, next state; //FXHGFUEERGEEE
always (@ {current state or instrReg or compout} begin : CCM /AR
progCntrilr<=0; progCntrRd«<=0; addrRegir«<=0; addrRegRd<=0; outRegWr<=0;
outRegRd<=0; shift3el<=shftpass; alulel<=alupass; opRegRd<=0; opRegWr<=0;

NI

instric<=0; reglel<=0; regRd<=0; regWr<=0; rw<=0; wvma<=0;



m Case (Ccurrent state)

1| resetl : begin aluSel<=zero; shiftSel<=shftpass;

CULReqgiir<=1"hl; next state<=resetz; end

resetZ : begin outRegRd<=1"bl; progCntrWr<=1Thbl;

addrRegqWr<=1"bl; next state<=resets; end

reset3 : begin wvma<=1"bl; rw<=1"b0; instrWr<=1'bl;

HEKt_StatE{=EKECUtE} end

execute : begin

case (instrReg[l5:11]} /A E¥E A R A A S b

5ThO0O000 next state <= incPc ; // ¥ nop 844t E

5'h00001 : next state <= load2 ; // ¥ load 18-&4bHE

5'hb00010 : next state <= store2 ; /) store 1844

5Th00100 begin progCntrRd<=1"bl; alulel<=inc; shiftdel<=shftpass;
next state<=loadIZ; end //¥ loadI f854tE

5'h00111 : next state <= incZ ; /¥ inc 84 4bE

5'b01101 : next state <= add2 ; / /0 — i ADD #8443

5'h00011 : next state <= movel ; /7 ¥ move 384 4ME

default : next state <= incPc ; SAEEPCID 1
endcase end

loadZ @ begin

~load? @ bkegin

regqiel<=instrReqg[5:3]; regRd<=1"bl;

addrRegiir<=1"bl; next state<=lcads; end

vina<=1"hl; rw<=1"h0; regiel<=instrReg[Z2:0];
regiir<=1'bl; next state<=incPc; end TR



add2 : begin regsel <= instrReg[5:3];: /TR Tra FEFI I RL;
regRd <= 1'bl ; /7 UF R ST SRS IESH A B 2R,
next state<=add3; opRegWr<=1'bl; end//IJHEEsH A\ TIEFFE.
/AL E 4EFE— STER b, LT RIEE.
add3 : begin regSel <= instrReg[2:0] ; //EFEFIFEREFK r2
regRd<=1'bl; aluSel<=plus;/fif R2 FiEEMEH S8, [FITHE ALY EMZE,
shiftSel<=shftpass; outRegWr<=1'bl;/{Ff ALU M E@EHAE, [FITIGHES A 1S FE
next state<=add4; end //IrBTHMNERwFHAER. 5 HE—1 STEP WP T .
add4 : begin regSel <= 3'b011 : //BEIFHEIFERESH R,
outRegRd<=1'bl; regWr<=1'bl;/fMiFit FFaErEEH B8, FHEEs A THETTFE R3.
next state <= incPe ; end //IIEHRIEHE T, EBFALE pC il 1B EFRE.
movel : begin regSel<=instrReg([5:3]; regRd«<=1"bl; aluSel<=alupass;
shiftiel<=shftpass; outReglr<=1'bl; next state<=moveZ; end
move?Z @ begin regiel<=instrReg[2:0]; outRegRd<=1"hbl;
regiir<=1"hl; next state<=incPc; end
storeZ : begin reglel<=instrReg[2:0]; regRd<=1'hl;
addrRegiir<=1"bl; next state<=storeis; end
store3 @ begin reglel<=instrReg([5:3]; regRd<=1"hl;

rw<=1"hl; next_atate-{:incPc; end

i It



loadTIZ2 : hegin progontrRd==1"hl; aludel<=inc ; shift8el<=shftpass;
outRegilr <= 1'hl ; next state <= loadI3 ; end
loadI3 : begin outRegRd<=1"hl; next state<=loadI4d; end

loadI4 : begin outRegRd <= 1"hl ; progCntriWr <= 17hl ;
addrRegir <= 1"hl ; next state <= loadI3 ; end
loadIS : begin vma<=1"bl; rw<=1"h0; next state<=loadI6; end
loadIé : begin vma <= 1'hl; rw <= 1'h0 ; regfel <= instrReq[2:0] ;
regiilr <= 17hl ; next state == incPe el
incZ @ begin regfel <= instrReg[2:0] ; regRd == 1'hl ; alufel <= inc ;
shift8el<=shftpass; outRegWr<=1"hl; next state<=inc3; end
ine3d @ begin  outRegRd <= 1'hl ; next state <= incd ; end
incd @ begin outRegRd<=1"bl; reg8el<=instrReqg[2:0];
regiWr<=1"hl; next state<=incPc; end
incPe @ begin progCntrRd<=1"hl; aluldel<=inc; zshift8el<=shftpass;
outRegilr <= 17bl ; next state <= incPc:z ; end
incPeZ @ begin outRegRd <= 1"hl ; progCntrWr <= 17hl ;
addrRegiWr <= 1Thl ; next state == incPz3 ; el
incPe3 @ begin outRegRd <= 1'b0 ; +wvma == 1"kl ; rw <= 1%h0 ;
instrWr <= 1'hl ; next state <= execute ; el
default : next state <= incPe
endcase erud
always (@ (posedge clock or posedge reset) /AT AR
if {(reset==1) current state<=resetl; else current state<=next state;

endmodul e



8.3 KX9016v1i§4 R4 #it

8.3.5 ¥R i LB AR
(1) HEIhRE.
(2) WiETR2HBAERD,
(3) WREMRHEE.
(4) BEIREITTE.
(5) AT EAERS A E A
(6) MATEERRTR S DR HPR S HRIE .
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