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11.2.2 ALUE LR

[# 11-1]

module ATUV {(input[15:0] a, b, input[3:0] sel, output reg[l1l5:0] c);
parameter alupass=0, andOp=1l, ocrOp=2, notOp=3, 2orOp=4, plus=5,;

alusub=6, inc=7, dec=8, zero=9;
always @(a or b or sel)

case (sel)

alupass :
andOp :
or0p :
Xorop :
notOp :
plus :
alusub :
inc :

dec :

Zero
default :

endcase
endmodule

c <= a;

c <= a & b;
c <= a | b:
c <=:a " b;
C <= ~aj;

c <= a + b;
c <= a —=-b;
c<=a+ 1:
c <=a - 1;

cC <=

0;
0;

c <=

//BEEFIEERE ALy
/I BEERE

/[ EBERRE

/I BERRERE
/AR RE

/A EARIEE

/T BER AR
J/in 1 BE
/AL BRE
SR o
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11.2.3 BB

o ans.o Compout
_;hl t||15 I-__'
R

P sel[2.0]

TEERECIEE Tl

inst10

£ 25 1 o o
[ 11-2] B 115 HEBRERGS

module CMP V (input[15:0] a, b, input[2:0] sel, ocutput reg compout);
parameter eq=0, neqg=1, gt=2, gte=3, 1lt=4, lte =5;

always @{a or b or sel)

case (sel)

eq : 1f (a==b) compout<=l; else compout<=0; //a =T h, wWHA1 , AEEO
neq : if (a!=b) compout«<=1; else compout«<=0; //a +FFb, WA

gt : if (a>b) compout<=1; else compout<=0; //aXTFb,@mHHI1

gte : if (a>=b) compout<=1; else compout<=0; //a KEST b, - iy B
1t : 1if (a<b) compout<=1; else compout<=0; //a PFE b, WHA1

lte : if (a<=b) compout<=1; else compout<=0; ffa’j‘:]:%:]:b,ﬁﬂ'}] 1
default : compout<=0;

endcase
endmocdule
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11.24 BEAFHFREFHERMENA

i a{15.0] q[15..0] "
i clk
| insdT |

E11-6 BEXFFasR

[#] 11-3]

module REG16EB (input[15:0] a, input clk, output reg[l1l5:0] q);
always @ (posedge clk) g <= a; endmodule



o (11.2 KX9016 AT M4 ARGt

11.2.4 BAFHFBESFHSEFA
1. BEFHH

[ 11-4]

module TREGE8V {a, en, clk,rst, g)-
input rst,en,clk; input[15:0] a; output[1l5:0] gq; req[l5:0] g,val;

always @ (posedge clk or posedge rst)
1f {(rst==1'bl) wal <= 1le6{l1'b0}}; else wval <= a;
always @ (en or val)
if {({en == 1'bl) g <= wval; else gq <= 16'bZZZZZZZZZZZ22Z2727;
endmodule

[l 11-5]

module REG B (input rst, clk, leoad, input[15:0]d, output reql[l5:0] g)r
always @ (posedge clk or posedge rst)
if (rst==1'bl) g <= {1l6{1'b0}}: else
begin if (load==1'bl) g <= d; end
endmodule



o (11.2 KX9016 AT M4 ARGt

11.2.4 BAFHFBESFHSEFA
1. BEFHH

T UTREGEV 0 T P BN L TR e A o R
- . PCnt
ke s W i prgcat [~ vy o
| i SRS L a5 ol o [15.0]
| n
- =t 4[i5 0] &
4t 16

o ' B 119 PC BB
B 117 2=5NEFSR 118 EmEEENTFS



o (11.2 KX9016 AT M4 ARGt

11.2.4 EAFHEESFARETH
2. FEREES

[ %l 11-6]

module REG_ AR7 (data, sel, clk, qg):
input[15:0] data; input[2:0] sel; input clk; output[l5:0] g:
reg[15:0] ramdata[0:7];
always @ (posedge clk) ramdatal[sel] <= data;
assign g = ramdatal[sel] ;
endmodule
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11.2.4 EAFHEESFARETH
2. FEREES

e TTREG ART BUIS{15.0]

Em_hu-ﬁg]u : | R7_RO E ReghRd
; .!El"\. Mhinﬂﬁ‘x : q[15 Dl L-Fala[‘lﬁ Dl '_' _— (:'.1[_.||'1f"_. I'| C ][I"_. I'f] —I .
i saljell ™7 _ppr;a?i: 0] ::ll:l—-:-‘zl 0] I'.E 2.2 e :

Ipm_bustnO

REGn[15..0)

clk - : -
stil ¢ )
inst10 2 inclock I_L

regRd R7-ROZF {73 B ata Block type: AUTO

B 11-10 ZEEELNTHs5=A247aiE BIil-11 B LPM RAM B FESEE5M B
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FT4A
11.2.5 BArEa 1k ii—r-f~;=€ 0 al15.0] fe
sel[2 0 —h

(41 11-7]

module SFT4A (input[15:0] a,
input[2:0] sel,
output reg[15:0]1 v ) -
parameter shftpass=0, sftl=1, sftr=2, rotl=3, rotr=4;
always @(a or sel)
case (sel)
shftpass & ‘yigs=g ; J/BREER
sftl : y<={a[l14:0], 1'b0};: //E®
sftr : y<={1'b0, a[15:11}; //B%8
rotl : y<={a[l4:01, a[151}; //EHREE
rotr : y<={al[0l, a[l15:11}; //FBEHEE
default : y<=0 ;
endcase

endmodule
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11.3.1 8 &\
(1) BFHRS

BB =5 B eI
Opcode | SRC DST
15 | | 13 Iz | 12 | L 3 4 3 2 1 0

(2) NFHEL

=125 BEIEHAEH
Cpcode . DsT
15 14 13 12 e e 2 1 o
16 T E4Ea
15 14 13 12 11 10 9 g 7 ] 3 4 3 2 1 o |
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11.3.2 5458 1/EME

F 1111 KX9%01é it RERER

=45 EE Bl 1 =) BEs B3l

00000 MNOP DEE 01111 IV MEBERIET
00001 LD EEWEFNTESE 10000 IMPLTI TR EEE U B At
00010 STA HEEROBEATRSE 10001 IMPGT ATHES

00011 MOV ESTEAEEEER 10010 ouUT HERLES

00100 LDE BUNSEATTS 10011 MTAD 16 R Z R0

00101 TMPT EEIHUBMIEEN M 10100 MULT 16 Ui

00110 IMPGTI FTFEEE U 10101 P EEHEE

00111 INC 1 EHOFEES 10110 TMPEQ ETHHEE

01000 DEC w1 EHOEFE 10111 TMPEQI FTrEER UMM
01001 AND AT-EERESEE 11000 DIV 32 4R

01010 OR AT FERE gt 11001 IMPLTE MFETHEE

01011 XOR A-HEsRARagt 11010 SHL EEHEN

01100 NOT FEERE 11011 SHE AEREL

01101 ADD A EERNERE 11100 ROTE BHLE

01110 SUB A FERAEE 11101 ROTL BHEE
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e [11.3 KX9016v1}E4 R 41T

F 112 REER
g He9E
BS HLERRE | =& EED FEE HEEiH
i YEBL
001H 00100 HEEXK KX 001
IDE PRl ,0025H . 2 UEI 0025HE R
00253H Q000 Q000 00100101
002H 00100 KEXNE EXX 010 ;
IDE B2, 0047H i 2 BN 0047H B B2
0047H Q000 0000 01000111
006H 00100 HEHEH KHX 110 .
LDE FR6 , 0036H 2 U ED® 0036H & R6
0036H Q000 0000 0011 0110
M R1EEH RAM
LD R3, [R1] 080BH | 1 00001 XXXXX 001 011 b
T 2 TEHUE RS
HRIBHEEA
5TA [B2], B3 101AH 1 00010 HEXXX 011 010 o
R2EERAM ¥
I00EH 00110 HEXMK 001 110 ERI=Re MG
JMPGTI Rl B6 [0000] 2 : :
0000H 0000 0000 0000 0000+ #b 4E[0000H]
INC Rl 3801H 1 00111 HENNK MM 010 Fl1+1=E1
INC R2 380ZH 1 00111 HEXXX EXX 010 FI+1=R2
2800H 00101 EEHKK KKK KXX W E RS
IMPI [0006] 2
0006H 0000 0000 0000 0110 FFH 0006H
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11.3.3 RHERF L

113 tE&E+HLERERTA

bk Y8 BT ThEE A

EEETE EE:‘;E LDR R1,0032H BUBEHOIHEFES R

EEE;E EE[EE LDR E2,0011H HUBH011IHEFESE R

0004H 630AH ADD Ri,R2,R3 HEFER AR BARENEE RS
0005H 12819H MOV R1, R3 EEES R HAEELR

0006H 3802H INC R2 B2+ 1=R2

0007H 101AH STA [R2].R3 BRHAEFAR SE#SUMM RAM BT
0008H 0%0BH LD R3, [R1] ER1 ET# AT RAM £ TEIZEERE RS
0009H 0000H NOP ZEE
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11.3.3 RHERF L

F 114 FFRERDMA{LIHE RAM 16.mif AR

WIDTH=16; 03 S 0011; 0B - 0000; 13 - Q000;
DEPTH= 236; 04 - BE0A; oc 20000 ] .

ADDERESS RADIX =HEX; 03 - 1819; oD - 0000; 41 - 0000;
DATA FADIX=HEX; 06 13802, 0E - 0000; 42 - 0000,
CONTENT BEGIN 07 D 101A; OF : 0000; 43 C AGCT;
oo 1 2001; 0g - 0%0B; 10 “000d; ] s

01 20032, 0 - 0000; 11 - 0000; 4F - 0000;
02 ©2002; 0A - 0000; 12 11524 END;
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11.3.4 KX9016v1334| 32 i% 1}
[ %] 11-8]

module CONTELA (clock, reset, instrReq, compout, progCntrWr, progCntrRd,
addrReqgWr, addrRegRd, cutRegWr, cutRegRd, shiftsSel, alusSel, compSsSel,
opRegRd, opRegWr, instrWr, regSel, regRd, regWr, rw, vma);

input clock; input reset; J/REHENES

input[15:0] instrReg; input compout;//IErEFaRtER A REEREE A

output progCntrWr; [/ EREERRSNEAY , BFE 11 N LEFRER
output progCntrRd; /I BEFEFRRRERUERE =S A R
output addrRegWr; [N EEEATRERESA  BE 2 581
output addrRegRd; SN EFEREARE AT

output cutRegWr; //RAEEFREATEENEEA BE 2 BN
output outRegRd; /B EFEREERE AR AY |, IITF =50

output[2:0] shiftSel; cutput[3:0] alusSel; //BUSRIheEEEN ary hankE
output[2:0] compSel; output opRegRd; //HEEsHREEEM TESFesimtnir

output opRegWr; //EEREEATEA IS ES , BEE 1 B
output instrWr; /BRI A ETE RS B2 B
output[2:0] regsSel; /B EE

output regRd; // EEEEREREE R SR AR

putput regWr; /B PHERATE AT RS B 2 A%
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11.3.4 KX9016v1iZ 231t
output rw; //rw=1 , RRM BR¥F; rw=0 , RAMIERYF
output vma; / /T iEE ram BRI E B = AT s A il

reg progCntrWr, progCntrRd, addrRegWr, addrRegBRd, cutBRegWr, ocutRegRd,
opRegRd, opRegWr, instrWr, regRd, vma, reqWr, rw;

reg[2:0] shiftSel, reqSel; wire[2:0] compSel; reg[3:0] alusSel;

parameter shftpass=0, alupass=0, zerc=9%, inc=7, plus=5h; ff@;mﬁgﬁ! 11-1

parameter resetl=0, reseti=1, reseti=Z, execute=3, nop=4, load=5,
store=6, load2=7, load3=E8,lcad4=9,store2=10,store3=11,stored=12,
incPc=13,incPc?=14,incPc3=15,10adI2=19, loadI3=20, loadI4=21,
loadI5=22,10adI6=23,inc2=24, inc3=25, inc4=26,
movel=27 ,movei=28, add2=29, add3=30,add4=31;

/A ERET PN = MEIERRENRETE T E add2, add3, add4
reg[4:0] current state, next state; ffﬁﬁmﬁﬂmﬁﬁﬁ’ 3

always @ (current state or instrReg or compout) begin : COM /TR
progCntrWr<=0; progCntrRd<=0; addrRegWr<=0; addrRegRd<=0; cutRegWr<=0;
outRegRd<=0; shiftSel<=shftpass; aluSel<=alupass; opRegRd<=0;
opRegWr<=0; instrWr<=0; regSel«=0; regRd<=0; regWr<=0; rw<=0; vma<=0;
case (current state)
resetl : begin aluSel<=zero; shiftSel<=shftpass;
outRegWr<=1'bl; next state<=reseti; end
reset2 : begin outRegRd<=1'bl; progCntrWr<=1'bl;
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11.3.4 KX9016v1i&] 2%t

addrRegWr<=1'bl; next state<=reset3; end
reset3 : begin vma<=1'bl; rw<=1'b0; instrWr<=1'bl;

next stated=execute; end
execute : begin
case (instrReg[15:11]) / /T RIESIR A5 A=
5'b00000 : next state <= incPc; // B nop ESHLE
5'b00001 : next state <= loadZ2; // B load ETLE

5'b00010 : next state <= storeZ; // ¥ store ETAE
5'b00100:begin proglintrRd<=1"'bl;aluSel<=inc;shiftSel<=shftpass;
next state<=lcadI2; end //¥ loadI ET{tE

5'b00111 : next state <= inc2; /1% inc ETAE
5'b01101 : next state <= add?2; / /WM —ADE app 4%
5'b00011 : next state <= movel; // B move ERLE
default : next state <= incPc; //FEpCin1

endcase end

load2 : begin regSel<=instrReq[5:3]; regRd<=1'bl;
addrRegWr<=1'bl; next state<=load3; end
load3 : begin vma<=1'bl; rw<=1'bl; regSel<=instrReg[Z2:0];
regWr<=1'bl; next state<=incPc; end
add2 : begin regSel <= instrReg[5:3]; /I IEEEESREDMN R
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11.3.4 KX9016v1i&] 2%t

regRd <= 1'bl; /I R FEEERHARE
next state<=add3; opRegWr<=1'bl;end /IR BESATESTS
J/7ELE 4 i —A sTEp fiUh =R |, LTE#
add3 : begin regSel <= instrReqg[2:0]; //EEHFHEHNR2
regRd<=1'bl; aluSel<=plus;/ /¥ Rz FFHEH A\ B4 A BN

/ /& AU fEIE
shiftSel<=shftpass; outRegWr<=1'bl; /M raumHERBuEE | Er R
/AR EFSR
next state<=add4; end S/ B A A B, s FE—4 sTED
/ /BORSE R

add4 : begin regSel <= 3'b011;//BEEESTFHEEIMN RS
outRegRd<=1'bl; regWr<=1'bl;//AFAHSFENEEHRAEE  FHEE
/T BIATEF 7R R3
next state <= incPc ; end //MEBRELER , REEAM oc Il 1 BENRTS
movel : begin regSel<=instrReg[5:3]; regRd<=1'bl; aluSel<=alupass;
shiftSel<=shftpass; cutRegWr<=1'bl; next state<=moveZ; end
moveZ : begin regSel<=instrReg[Z:0]; outRegRd<=1'bl;
regWr<=1'bl; next state<=incPc; end
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11.3.4 KX9016v1i&] 2%t

storeZ : begin regSel<=instrReqg[2:0]; regRd<=1'bl;
addrRegWr<=1'bl; next state<=store3; end
store3 : begin regSel<=instrReg[5:3]; regRd<=1'bl;
rw<=1'bl; next state<=incPc; end
loadIZ2 : begin progCntrRd<=1'bl; aluSel<=inc ; shiftSel<=shftpass;
outRegWr <= 1'bl; next state <= loadI3; end
loadI3 : begin outRegRd<=1'bl; next state<=loadI4; end
loadI4 : begin outRegRd <= 1'bl; progCntrWr <= 1'bl;
addrRegWr <= 1'bl; next state <= loadI5; end
loadI5 : begin wvma<=1'bl; rw<=1'b0; next state<=loadI&; end
loadI6é : begin wvma <= 1'bl; rw <= 1'b0 ; regSel <= instrReqg[2:0];
regWr <= 1'bl; next state <= incPc; end
incZ : begin regSel <= instrReg[2:0] ; regRd <= 1'bl; aluSel <= inc;
shiftSel<=shftpass; outRegWr<=1'bl; next state<=inc3; end
inc3 : begin outRegRd <= 1'bl; next state <= inc4; end
inc4 : begin outRegRd<=1'bl; regSel<=instrReg[Z2:0];
regWr<=1'bl; next state<=incPc; end
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incPc : begin progCntrRd<=1'bl; aluSel<=inc; shiftSel<=shftpass;
outRegWr <= 1'bl; next state <= incPc2; end
incPc2Z : begin outRegRd <= 1'bl; progCntrWr <= 1'bl;
addrRegWr <= 1'bl; next state <= incPc3; end
incPc3 : begin outRegRd <= 1'b0; wvma <= 1'bl; rw <= 1'b0;

instrWr <= 1'bl; next state <= execute; end
default : next state <= incPc;
endcase end
always @ (posedge clock or posedge reset) / /F AR

if (reset==1) current state<=resetl;
else current state<=next state;
endmodules

e [11.3 KX9016v1}E4 R 41T
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3. F|HIn-System Sources & Probesn&ﬁ?ﬁﬂ!ﬁﬁ
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