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6.2 KX9016REAMEH RAE W1

6.2.2 IZHAEALU
[ 6-1]

module ALUYV {(a, b, =sel, <)
input[15:0] a, b; input([3:0] sel; outputl[l5:0] c; reg[l5:0] c;
parameter alupass=0, andop=1, orop=Z, notop=3, xorip=4, plus=5hH,

alusub=A, inc=7, dec=8, zero=9:;

always @ {a or b or sel) begin
case (sel)
alupass : c <= a ; S/ BSEEEEALU
andCp : ¢ <= a & b ; /BB EE
orop : c <=a | b ; /AP R 1E
XOrop : ¢ <=a * b ; /BB R AR 2
notop : c <= ~a ; /AU RAE =1 sell3.0]
plus : c <=a + b ; //E AR = ot
alusub : o <= a - b ; /B AR o A
inc @ ¢ <= a + 1 ; /AN L3RAE ALUV
dec : ¢ <=a - 1 ; /L ERE Ee-4 AR
zero @ c <= 0 ; //HIHTED
default : c <= 0 ;
endcase end

endmodule;?
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6.2.3 L ACOMP

[ 6-21]

module CMP WV {a, b, sel, compout);

parameter eg=0, neq=1l, gt=Z, gte=3, 1lt=4, lte =5;
always @{a or b or sel) begin
case (sel)
eq @ 1f

neq : 1f

POMPYVTTTTT :

a[15.0] compout
b[15..0]

bt 52120 :

L inst31

Mo 5 HEBEARS

input[15:0] &a, b; inputlzZ:0] sel; output compout; reg compout;

(a==b} compout<=1l; else compout<=0; //a%EThb, #EH1 AFED
{a!=b) compout<=1l; else compout<=0; //aTFTh, #WHHEL

gt : if {axb) compout<=l; else compout<=0; //aXTh, HHA1
{
(
{

gte : if {a>=b) compout<=1l; else compout<=0;//aXTHEFb, EHA1
1t : 1if (a<h) compout<=1; else compout<=0;//a/hTh, HHA1
lte : 1if {a<=b) compout<=l; else compout<=0;//ahTHFETh, HHAEL
default : compout<=0;

endcase end

endmodule
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6.2.4 HEAFHEBEFHRMEFIH
1. EARFAR
(1) HAEMFEGIN 2 T3S

=——t3[15.0] g[15.0] ==
— clk :

i inst3

B e BEFFE

[5) 6-3]
module REG1EE {(a, clk, q);
input [15:0]1 a; input clk; output[l5:0] g; reg[l5:0] q;

always (@ (posedge clk) o <= a ;:

endmodule



6.2 KX9016FE A4 RS % 1T

6.2.4 HEAFHEBEFHRMEFIH
1. EARFAR
(2 A A ?%mmmmi

clk
i & ;
=t a15.0]  q[15.0] _4

B 67 =& FE
[ 6-4]

module TEEGEV f{a, =n, clk, q);
input[15:0] a; input en, clk; output [15:0] q: reg[l5:0] q, wal:;

alwavs (@ (posedge clk) val <= a ;
always @{en or valy if {en == 1'bl) g <= wal ;
else g <= 1A'hERZEREEZEREZLGRE ;

endmodule
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6.2.4 HAHIEE LA 1P RIETIL

! st q[15.0] fe—

1. EXRTHFAS | o %

(3) AHOMBEO GRS NS . |

i ingtld

[#5]6-5] REG B.v -8 E#EIFFR

module REG B (rzt, clk, locad, d, d};
input rst, clk, load; input([l5:0] d; output[1l5:0] g; regll5:0] q;
always @ {posedge clk or posedge rst) begin

if (rst==1"hl) g <= {16{1'b0}} ; else
begin if {load == 17bl) q <= d ; end

and progCntrdyr up counter| |
suss | Seed PC[15. 0]
endmodule —— ] 15, (] q[‘lﬁ__l’_‘l]-:_
mno!
— I} clock - i
RST ins116 ¥ i
e .

F 6-9PC B IHE
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6.2 KX9016REAMEH RAE W1

6.2.4 HAZ IR H I AT I

lpm_bustri0
i i

2. HIEBIES S (o R
REGn[15..0] clk
" %__._ﬁﬁ57_5._%%ﬁ.;.ﬂ_._"?_ﬁ'_‘?__

£l 6-6] F 6-10 FFaEsIm ity =& =k

module REG ART (data, sel, clk, qj;
input [15:0] data; input([2:0] =el; input clk; output[l5:0] g
reg[l5:0] ramdata[0:7];

always @ (posedge clk) ramdata[sel] <= data;

assign q = ramdata[sel] ; BUS[15. 0]
RegWr {wren ﬁ i
RegSelld. 0] | addressfd 0] 2.8 P .
HHss | {lpm bustiO|
i [
T2 linclock

é:nﬂ12 Block type: ALTO

B 6-11 F LPM Rah BT TreE e f i
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fFRGu vt

6.2 KX9016FE AT

6.2.5 A%
[ 6-71
module 3FT4RA {(a, sel, V)
output [15:0] v, reg[l5:0] ¥

input[15:0] a; inputl2:0] =sel;
parameter shitpass=0, =sfitl=1, sftr=Z,rotl=3, rotr=4;

always @(a or sel; begin
case 1sel)
shftpass : vy<=a ; /R E
sftl : w<={a[l4:0], 1'h0}; //EX%
sftr : vy<={1'b0, all5:1]1}; // %G
rotl : wy<={a[l4:0]1, all5]};//{EFIHE m— S€l[2..0]
rotr : y<={al0], all15:1]}; //{ESFEE =peee e
default : wy<=0 ; SFT4A
endcaszse end Ee12 BUEFS

endmodule
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6.2.6 T fF SR fE A
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6.3.1 8 &K% =

(D i?jﬁ‘é}o Fz 61 BEFIESHET
HRIER BIB{ES  ErERER
Opeode SRC DST
15|14|13|12]11 5|4[32|1]u

=62 WFEIESRE

B A RAER EEaE 1=
(2 ﬂi?ﬁi’° Opcode DST
15|1-1[13|12|n 2|1|c|
16 42 PR{ER
5] |fufw]s [s]|7[6 |5 ]a]3]2]1]0

63 UFETNIES

HR{ETS BR{ER
Lo Jo |1 Jo fo | o Jo] 1]
n|n]0|a n]n|0[u n]0|ﬂ|1 ul1[n|1

0 0 1 3
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6.3.2 R HAFMY

64 KXo016 Tl wiess R ET R

TR | 159 Thae RN |[fE% Thee

00000 | NOP  |[59%1E 01111 |ZEROD = FE ()

0001 | LD  ERNRisrE 10000 |[JMPLT | FETES E] S AL
ooolo | wTA G 2T TR T BT AT (R ioool - (JMPGT TR

00011 | MOV HEEfranl ol =R iER ol |oUT HiERLIsS

0010 | LDR e AR TS A T IT AR 10011 MTAD 16 {37 Feydk i

00101 | JMPI (B3| mw AEHEE MsHE | 10100 |MULT |16 {w 36

00110 | JMPGTI DhFEie % ar AN EHe Ik 0101 |[JME TAERER

o011l | INC R EIE TSy 10110 |JMPEQ FHTHERE

01000 | DEC @ | BRI 2 7ae 10111 [JMPEQ] | TR 3] AT HRAE
o1onl | AND  [F-ETFER A SHR1E 11oo0 DIV 2 {if BgiE

01010 | OR [P B R aselt 11001 |[IMPLTE | N FETHER

0101l | ZOR [ -F e A RER(E tigto |SHL EIFEEN

01100 | NOT (B 11011 |8HR R

01101 | ADD [ B REmes 11100 |ROTR B G

01110 | 8UB B B RS men 1101 |ROTL B A
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SV

6.3.2 R HAFMY

65 THIERF
F | #®IE & iF% | Hong e
fg & 250 TheiHed
i g g B | TE¥Y
2001H 00100 001 N ,
LDR RL, D025H | poyepy | 2 nnnnxéiéiu}?nnm?ﬁu 57 AEE 0025H 3% Ri
2002H 00100 | x| mmx | 010 N \
LDR R2Z, 0047H | gga7g | 2 3500 00000100 0111 LB 0047H IE R2
2006H 00100 | soemece wE 110 N \
LR Rf, 0036H o0ied | 2 IZIEII!IEIIIIIIIIIIIJEIEI|11E|11EI| SLBM#Y 0036H IE Ré
M. R1FE7ERT RAM
LD R3 [RI 080BH | 1 0oooi 001 011 e )
[R1] e i AL RS
15 R3 BIHETA
5TA  [R2]. R3 IMAH |1 00010 011 010 L
[R2] S R2 5 RAM BT
IN0EH no11o A AN nol 11n = Rl=Ra6, MEMR
IMPGTL {0000] | goppy | 2 0000000000000000 Hi4it [0000H]
INC Rl 3301H 1 00111 | sexe | m=x 010 Ri1+1 = Rl
INC R2 3802H 1 00111 | smxem | m=x 010 Ri+1 = R2
2800H no1o1 MHEI | XX H E NS L | o = =R
JMP1 [0006] onoéH 2 0000000000000110 Atk 0006H
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6.3.3 iz v SE)
F i 7T EIETRNCIRERTF

i A | | F T 18 & ThEEHAE
ggg?g Sggég LDE R, 0032H 14 AR 0032H X FHFEE R
gggig ﬁﬁ'ffg LDR R2 0011H 14 AL RTE 001 IH X FF8E R
0004H | A304H ADD R1, B2, R3 14 ZFIFEE B A0 R2 B HEHEIN EE RS
00o0sH | 1819H MOV Rl.  R3 18 HIFEE R AT EIE A RI
0006H | 3802H INC RZ RZ+1=R2
0007H | 101AH STA [RZ], R3 1% BRI BTN EFEA R2IETHIEAT RaM 8 T
0008H | 020BH LD R3 [RI] 1% R135EHNEAY RAM BoTAIEEE RS
0009H | o0ooH HMOP FiRE
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6.3.3 M1 v 524

T 67 TPEEEIIS LN RAM 16 mif B HEE

WIDTH = 16; 03 : 0011, 0B : 0000 | 13 @ 00o0o,
DEPTH = 256, 04 : AB0A; oco - oooom |
ADDRESS RADIX = HEX, 05 : 1819, 0D : 0000, |41 : 0000,
DATA RADIX =HEX, 06 : 3802, 0E : 0000, |42 @ 0000
CONTENT BEGIN 07 @ 10L& OF @ 0000; |43 @ AACT
oo : 2001, 08 : 080B; 10 o000, | . -,

01 : 0032, 0% : 0000, 11 0000, | 4F : 0000
0z : 2002 04 @ 0000, I« 1524 END:;
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[{f] 6-3] CONTRLA vhd

likrary IEEE;

use IEEE.std logic 1164.all;--UATHIIFFENAINESSERERFRTR, L LETHE

entity CONTRLA is --1ZEHM clockAFEFRH sTEP

port( clock : in std logic; reset : in std logic; —-FrEPFE i

instrReg : in std logic wvector (13 downto 0); —-— 54 BT en e TE DS A
compout @ in std logic; -kt ErEEsE R
progCotriWe : out std logic; --TEFFarreaozNEgnid BEE 1M LHEE
progCntrRd : out std logic; - EFF T B R B =S TR
addrRegllr : out std logic; —-HHF R T E AR A, BF 2 AR
addrRegRd : out std logic; —- M FaaE A S T
oubtRegWr : out std logic; - R E Tt EEEIES AL, BF 2 AR
outRegRd : out std logic; - -HiHE TFeREEE A BT, BT H =]

shiftiel : out std logic wvector (2 downtao 0); ——FE{uaRTh e it
aludel : out std logic vector [ 3 downto 0 ); —-ATL U IHEE RS
comp3el : out std logic wvector (2 downto 0O); - bk ErRRTh R AR

opRegRd : out std logic; —-T{E&EFaamiT

opRegWr : out std logic; —— IR A TiF S e, BT T18H
instrWr : out std logic; —- BRI A e Y T e, BF T2 AR
reg3el : out std logic vector (2 downto 0O); ——Br Tr R I

regRd : out =td logic; —-Erfraares BRI D B i =5 o HE R

regir : out =td logic; --Ez FEE s A S raaker, BF Tz 8%

rw : out std logic; —-rw=1, RAMEMITF; w0, RAMIERTT;

via : oout std logic); - s raAMEiERmD 2 5L _u_n%%.ﬁ.la?E%U %—F

end CONTELA;



architecture rtl of CONTRLA i=

constant shftpass: STD LOGIC VECTOR(Z DOWNTO 0) := "0D00"; --fEufREA
constant alupass : STD LOGIC VECTOR(3 DOWNTO 0) := "0000";--aLUEJA
constant  zero : STD LOGIC VECTOR(3 DOWNTO 0) := "1001"; --Biremoe
constant ine @ 3TD LOGIC VECTOR(3 DOWNTO O) := 0111t --40 1

constant  plus : STD LOGIC VECTOR(3 DOWNTO0) := "0101"; -—i&FE—{&#riniE ©

type state is (resetl, resetld, reseti, execute, nop, load, store,
loadZ, load3i, loadd, stored, stored, stored, incPco, incPcocs, incPcocd,
loadIéZ,loadI3, loadId,loadI3, loadI6, incZ, incd, incd,movel , mowveds
add2,add3,addd}; -- FEEGHHEN=EIERIRIFRRETETE.
signal current state, next state : state; —-TE S IS SRS R
begin
COM: process| current state, instrReq, compout) begin --2H5HIE
progintrWr<="'0"'; progCntrRd<='0"'; addrRegWr<='0'; addrRegRd<='0";
putRegqiir<='0"'; outRegRd<='0"'; shiftS3el<=shftpass; alulel<=alupass;
opRegRd<="'0"; opRegWr<='0"'; instrWr<='0"'; regi3el-="000";

regRd<='0"; regWr<='0"'; rw<='0"'; vma<='0";
case current state is
when resetl=> aluiel<=zero; shiftSel<=shtfttpass;
oubRegWr<="'1"'; next state<=reseti;
when reseti=> outRegRd<='1l"'; progCntrWr<='1";
addrReglhr<="'1"'; next state<=reset3; %—Fﬁ

when reseti=> vma<='l"'; rw="'0"; instrWr<='1l"'; next state<—execute;



when exXecute==

case instrReg(lh downto 11) is D I E = Rl o A
when "000007 => next state <= incPo;-—-— NOP F5<
when "00001" => next state <= loadi; -- LD g

gtored ;—— STA TS

il

when "00010" => next state

il

when "00100"™ => progontrRd '1'; alusel <= inc ;

shiftsel <= shftpass; next state<=loadli; --LDE 5<%

when "00111" => next state <= incid; -- ING 5%

when "01101" => next state <= add?; --IEI1—{0iE aopfEdao=
when "00011" => next state <= movel; -- MOV E $55

when others =>next state <= incPo; ——%rcid1

end case;
when loadi=> reg3el<=instrReq (5 downto 3); regRd<='1"';
addrregWer<="'1"'; next state-=load3;
when load3i=> wvma<='l'; rw<—="'0'; reglel<instrReg(2 downto 0);
reghc<="'1"; next state~incPc;
WHEH add2 => regSel<—instrReq(5 downto 3); --15EZT Faars7lH) R1;
regRd<='1'; --7i3F Rl FiFaadiiEH A\ S,
next state<=add3; opRegWr=='1l' ;- AR A TiE S Far. [ 4 F7E—1 sTER BdSERk
WHEH add3 => regSel<—instrReq(2 downto 0); --1%FEFFaarsrlH R2
regRd<='1'; alusel<=plus; --7IT B2 BFeaaiEit A B, BIFNEE anutEINiE;
shiftsel<==shftpass; outRegWr<='1"' ;——fﬁ ATT ﬁﬁgﬁﬁﬁﬁgs Eﬁ#%ﬁﬁ%ﬁﬂﬁﬁ%ﬁ%
next state<=add4; --IWErtENNsE R A A B, W 5 FE—- sTER bR
WHEH addd => regqSel<="011"; --1&EFiraareyf rI,
outRegqRd<='1'; regWr<='1"';——miThIEFeaafEdEE 88, HibEaEs . THEEFas R.
next_state<= incPo; --IIFERIEER. |EEAF pc il 1 BFRITE.

&I



when movel => regfel<=instrReg(5 downto 3); regqRd<="1"; alusel <= alupas=zs;

when

when

when

when

when

when

when

when

when

when

when

shiftsel<=shftpass; outregWr<="1"7; next state<=movez;

movesz =» regSel<=instrReg(Z downto 0); outRegRd<="1";
regWer<="1"; next_statei=incPc;

storeZ =r regdel <= instrReg(Z downto 0); reghd <= "17;

addrregWr <= T17; next state <= storel;

storeld => regfel <= instrReq(i downto 3); reghd == "17;
rw <= "17; next state == incPe;

loadIZ2 = progentrBd == "1%; alusel<=inc; shiftsel<=shftpass;

outreglir <= "1'; next state<=loadI3;

loadI3 =* outregRhd <= "17; next state<=loadI4;

loadTd =% outregRd <= "17; progoentrWe<="1"7; addrregWr<=T1";
next state <= loadI3;

loadId =% wma <= "17; rw <= "07; next state <= loadIeg;

loadIa =% wvma <= "1%; rw <= '07; regdel<=instrReg(Z2 downto 0);
regiir <= "1"; next state <= incPo;

inc?Z => reg8el<=instrReqg (Z downto 0); regRd<="1%7; alusel<=ing<;
shiftsel<=shftpass; outregWr<="1"; next state<=incd;

incd == outregRd <= T17; next state <= incd;

. = e T T . = . .

inzd == outreghd <= "17; regsel <= instrReg(z downto 0); %%7:ﬁi

regiiir <= "17; next state == incPo;
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when incPe == progentrRd<="17; alusel<=inc; shiftsel<=szhftpa=s=;

outregWe=="1"; next_stateﬂ=inc9c2;

when incPcZ2 =» outregRd=="1"; progentriWr == "17; addrregWr<="1";
next state <= 1ncPcl;

when incPcd =» outregRd=="0"; wvma<="1"; rw=<='0"; instrWr=<="1";
next state<=execute;

when others =% next state <= incPo;

end case;

end process;

REG: processiclock, reset) hegin ——HTﬁﬁﬁiﬁ

1f reset = "1'" then current state <= resetl ;
elsif rising edge{clock) then current state<=next state ; end 1if;
end process;

end rtl;
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(1) HaEIhRe.
(2) WaeTeL e,

(3) WEMHFREEL
(4) HEIPRETE.

(5) IMAFER BRI FEER.

(6) IMATERHSERRTE 2 T REHPIRS BB

(7) A#EPC,
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6.4.1 i Pl R 5L BT B 2T

CLE
e I e e e T e N e e e e e T T
ST

B 000 b [[1:H

1 @}meun}tm ¥ 00U 3 0043 f 0004 3 0005 Y 1819 % Ziiz § 0043 § 0043 f 0005 f D006 ff se0F §
ise®e | [T | 1 L
¥E

AE ™ Y [ 4

ALY POy cooa T FrFF § 00sc K o043 f 0043 K o005 § 0005 KK o190 § FFEF § 004s § 0043 f ooos f cooe g sooe K
outfegtr I I | 1 1

RN I Ba0A | 1813 )

VA L] 1 L
FC 0004 % 0005 H

EEGn 000 o032 00l1 k] D00 0043 Lkl 0000

REG: o 1 ¥ 2z % 3 f o Y~ 3 W 1 ¥ i

reghd 1 1

reghr 1 1

B 6-14 KX9016 BMAEIER, & ADD 38430 MOV I8-SRIFF
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6.4.1 i Pl R 5L BT B 2T

CLE

STEF ] L L] L LJ L L] L L L L L L] L Lr
ST

BUS foof o007 $)01A § 7riz K ooiz K 0043 ¥ 0007 f O00s f§ OS0B ¥ iz 0043 4K ASCT §_ 0008 ¥ 00US #0000 X
inztrir | 1 1
¥E 1

B [ o7 j 12 j ] ¥ 43 ¥

ALY fooik_ 0007 #4101 §_ FFFF_§_ O0lz 0043 % 0008 0008 fy OS0B % FFFF_§ 0043 4% ABCT ¥ OO0 §_ 0009 KK o000 f
outBeghr [ | 1 1

RAN I 101A } 0043 b (=] ) | WELT ) 4

LT I — 1 1 — 1
i FiCDS 0007 4 O00E ) [77]
EEGn [ ¥ ooz ¥ o043 D000 D043 JD4§ECT |

BEG: 1] D T ] L O

rechd | T | 1

regfr l_l

B 6-15 KXo016 R BT, & oTa 15430 LD f5-SRIATFF
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6.4.2 CPUL{EE 17 H R A5k
1. ARZHE i Signal Tap IR 597

Instance Status LEs 1385]  Memony: 11264 | M512 MLAB: 0,0 | MAK MK 47260 M-RAM M144K- 0/0 |
|ECFU15?B 1385 calz 11264 bitz 0 block:s 3 bhocks 0 blocks
o 200 203024 21: 3509 #0 click 10 inzert time bar
Type [Alas e I T T . R 7 @ R . i
o [+ AL 0 2h b 0043k
& [+ AR : 12h
= @ BUS D012h i D043h
o # PC : D0OTh
5 [+ RAM 1014k 1‘:‘ 1524k
o [+ REGn 0 2h }(:l D043k
I |

B 6-16 B2ATLEIEIRRT K3X0016 #4TM Fan SHIETE-% /Y Il g
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6.4.2 CPUL/ERE I B AR 2F M

2. FHIn-System Sources & Probesi# AT Szl
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