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CMA7 % 75 1« 78 12bit 13,917
% O fth (CPU I/F, etc.) 3,605

&5t | 132,643
(%) CMA7 2 77 1 75 8bit 8,546

BSCMARIDSPD & RN % H3-3.10F & b, BWIEMICIE, YAFE¥—LERTOY 7, kY —A8R
Tuay 7, MHPOEBHETOY 2, FLTCMAT Y754 770y 7 hbio Tnh, T L IIXRI-1LITR
TEICEATF VT, FNFIY V7 VEBRIC—EOEE LTV, RATF —~JICET A T4 V0
BE2iT-o T\ b,



BREWE—-LD
1LQ7—7%

TNFE—DERT T Y [ i 3P SBA T T 0 2

Y- L iRIE BAE—LDT7 FL X

ITE LN
BHEHEAALLQT—F

¥ 47 =
Bk hBRTE Y CMA7Dy 7

1data Qdata

X3-3. BSCMAT ¥ 75 4 7DSPO LR
E3BHICMAT7 475 « T DIERK
25 118 Components
1. 12bit BEAEE 7oLy 4
CMAT & 77 4 7ER COFEEIX12-bit DE BN ABE TIThNTnb, ERTELN-FY 2 THEICSE
BEBHLEHE, Ar—0) 7 REEETNE, BEETLTL2EDLYERTES, 12-bitEIX{FH L72FPGA
D7 — MEOFIBRIZE Y E o 70

-1 <V F 754 Y EMultiplier#l)

Multiplier#f 1320 D 12-bit 7 — & % AJT & § 5 1DEE %17 7% 9 4 & 24bitDfull adderd GRS TV 5,
DSPHTIE, FICH O 2 VIRV 2DHBOLR DT — 7 2/ HI b D ET 5,

1.A X B = Carryf & {HE(E
2. Carryf +{EEE

CDINTFTT7AVEDOUIRERMAGDEERTERIN TS, FPGADRRE Y —VIZIZZDEZTD
library S22\, VHDL TRtk LEFN R GREBEAH Y — VAV TREBICEBR LAV TWS, /2, FICK
FPGADFRETO 7ty FEHOBERFEIZZ DM THRI > TWEEE-THIRVWEEZ ONL, T,
Accumulator® & 9 ICEEIRBLEN/2TA 7T L LTREBREMRTELWOTH S, 20885 13 Library
& L THERE S T 5 24bit Adder® IV 72,

Scaling

DSPOEE/NTHEEIEIA T =) Y 73N EHTH Y, #F. REORIIEROLLE Y b2 Hvis, &
DEFIZ, F—F OREPHRT L OBBE R AT =) v F%47% 9, 2L, 12bitX 12bitDEE DOFE R
2bit T — I HELNDL, ORI FADO1IbitH D H23bitH T TEFBEL T A5, 10bitE A H2bitH T TH
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HRLTAPRPETIETHL, COEDET Y77 4 TIIHIET2HED H 2 0B O - DFEDSPT
BEEDAZ =)V 7772 7207,

Overflow clip

ANEEVFRVEELE, FA4F3Iv s Ly Va5 L) RERENSEONZ), FOBETEHAT
EAHEIDDAREL G oT LESREE, A—N—70—- b, A—N—70—- I EFESVRELF
DEELRELTLE ) CHEBITAZODOFELE LTENE Y NeFBEEY b2 Eo s LERZRA
Ba. BHEH A VIR TEICTIUT L VDS, RIEDSPTIIEE L 7~ M e fladbETAH—1N—7O0—0
EZ I EfTR o TNnD,

Rounding error

ADBEEEFR T — Y Y T EFTLEIBICEL S, Ar—10 Y FEICHZ Yy b 2 REITH% 57284, 20
BEERTIEITAF AL 72y bR oTLE ) INEFHITEH-20IEIVHBTHE Y PR EMTO
BIAOWEEITR ) TREEHTE T 7=y 7 & LTI,

LY YVBTHOIYE—RY FORNILERY Y MO T ¥ —3REL. HTHY Y MI1EET,
2. Accumulator®Load#ERE > FIF T 5,

1-2 24 bit Accumulator&h

EINEE DR OIS %17 7% 5 Component TH % o Xilinx Dlibrary D 24bit Accumulator? #N F FHEH L T
bo HFEE N —TORBERNICIEL T ResetH D WITHOBREHRFER O T — ¥ % AccumulatoriZ T — F LT
BEMHT 5. Resetdh b \VridLoadfE 5 13 sequencerd HHIH S b,

1-3  Pipelining

70ty FEIZIMCLK T T RTORBLR 2 ENLD TR, FHLVIAS B GROSATI14 ¥
B TREIND, A TTA4 YREDY 4 37 72347 T o RIEDSPTO Y — 7 ¥ AITDWTEH
Th, VAT LAEMFEER LITALEFHNUL, SHICHELV IS 2T HELH L, LL, £DOF
PEEGDZN—F 72 THELKRE (25,

Mutiplier and Accumulator |
INPUT DATA ; OuTPUT
Register |:
Multipier Adder Register —Accumulator  +—Register ; Register
Register :
|
- 1 MCLK = 142 nsec e 12MCLK =71 nsec :I ‘

34, SOy IEOINL T A VAE



L.MCLEDO Y. LAY Ly I TTuty FEEDAND VI AT 200 F =95 v F 83N 3,

2. ROMCLKD. LA ) FTORICKREZET 38 5,

3 RBEREBRIIMCLKOY. AN =y DT, FELIVAZIZT v F3Nb,

4, F DR IT Accumulator® ASTICIE S N, AccumulatorAD L P A ¥ OFE & MBE T b b,

5. AOFREFERIIMCLKO B THT) T v ¥ TAccumulatotID L VA 125 v FENE,

Doy =4 2T, 1ROBMEEI1ISMCLKTRE T 5, 84 774 VABITEBEOFEE R LXE 5
EHATELD, PRIVIAZICL o TRIBHEEOBWKIZR ), FLENOEEERZHVWTCROEELYITR
5B CRELHESELTLEIREVD D, BICEFRIE, FR7A VY DX ) [CHEE L CRMELE *
T XD 7N ITY XLIRENIV, BENLERISOFEEETHROMCLKOY LAY v Y THD
BOVIRAZILTyFT5h,

2. 13 bit Subtractor

v nA NEGEICHY 24 P ERESEOEF ELABIAVOLNTVS, N—FY 2 TERSEICL Y R
XNTBY, AHBEETER LU TR SN TS, BESTD T — ¥ i3 Accumulator® B /1 Tld % { . 12bit =
NFTSAVYOHRALVIRAYPLEEINL, OB, 126itTIE LIt FTROTF— 5 280 TS5, 0
F— I PIOBAE, BEGFT—FIC1ER L, 0DBEIIF0EFF I =4 P DRBEZITRI, A—n"71—
Bk, AF—F ARABEELTBY, REDLVIAFIZA—NTO—DAF— ¥ A %S84, L
DAy WH BT — 71T 5, (204751, -2048)

3. Output & intermidiate register

ZNiE. Accumulator? S5 OB N 1BMICRFETALDD VIR THE, ALV I A FIZIZCMAR D
Ich, QchHD L VA% (cma_regl)E HLV IR Y OFEEN 2T HLVIAY (cma_regl) DS b, Thbilidt—
N—7a—BIEBOEBFEFIENRT VS, ZOMOVLIZAF ELTEASINY MV ECMARTINRS b
DEFHITEERIT R o R ERFTH12DDV VR T (in_regl2)’® 5,

v 50N HEFIIEsequencer P HEN M END, NI AEEOBEEOHELRIT L7720, LIXID
M) HAZ—TVRFIC N FEFEIEION, NIFAR-TVRETLIY RSO Oy 7 ADBTFICR
ANIClockEFNDT Yy VTT v Fidfrhbh s,

4. Multiplexer
ANPYBZ D200V K-V M TH Y, HEETIE Esequencer TRAESINL, F 7zMultiplexerD % b
NICKFART— DNy T 7 ENAEZHNTANYYBERIITE 5, AIEDSPTIIMHHTE 2BUSHAEHK

IR ASH o 72D T, BUSOUEZL HERS(CPU YED T — ¥ N A % O B L CHRET L2720, Tuty
HFAD A7 dMultiplexer BT W5,

5. Input register
Toty FEIOLVIAYR, HEPLDT—5 2 RTELV VA DELIET,

6. Channel Register/Threshold Register

Ve 2EIRY — 7 VAILBWT, BHEOEBIITHhNBED, T, V—AFSLHREAL Y 2L~
I REVHAEVIBRIFBICHEINSL, CNSERFTLHLDODOL I AT TH A,

7. WnRAM

FYTF L TUEOY A N REETAOIIET ¥ VAVHICRAMZE AW, iN—-Ya Tk, L
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VAYFBVTWED, F—ABROJEFEFAIUMEbL E Y2 M V-0 DBRIAIEL T LTS
BTHhole TNEFY—ALEYxA MERTIESEDHDRAMARICEE L7,

8. Slave sequencer

CMAT ¥ 774 78Dy O = V%4T% I Didss w9& W) =7 U THbH, SOV —7 Y HTHHIK
9 HIEME 5 i, '

1.CMAT ¥ 75 4 TEHOBZEINF 7L IO ) B2 ES

2LEVIAI~NDT v F M) FTES

3.7x4 FERAM®D 5 4 b 2 — T VES

4. 7aty AL - VMEFIREIT Y bo—v, Yy ba¥ho—))

LETHDI, BRNREFZE I PO~ VF 43IV D0 TIE, %R T 4 Timing ChartDIE TR 5,

E2W CMAPE 7547 70€y s 9DEdDN— Ry 1 PIER
CMAT7 777 4 7THH3-5.1RTHRIC ko Twh, T2 TR ENLFEEZTRCEMLZFEN L MRED

ATHLEDT, N—Fy 2 TIIHECHELBRTHEATR TH S5, CMAT ¥ 77 1 TEIIEAIRE 2.
BEER, SNVFTFLoY, VYRS, LTIV A= VETHERIATHS,

CMA Selected
INPUT | Beam 8:1
X Register [ MUX 3:1
™ X, MUX
Po
H— 41
MUX
Intermidiate gg;:?; CMA
data 8:1 8bit x 8bit OUTPUT
Register ™ mux |1 Multiplier |11 Y,
X:m y, Accumlator A
" -1 Hxyl—o?)
4:1
MUX
W | wn(welght) 8bit
Register 8:1
' mux : Subtractor

W

-0

WS - X, 5,

®3-5.CMAT7 ¥ 75 4 7O HERK K
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OUTPUT
Accun;ulator Reg
INPUT DATA

Muttipier Adder

OUTPUT

Accumulator
B

o

H3-6.CMAT ¥ 75 4 78O 70t v O

H3-612CMAT7 ¥ 77 4 770t v FMOER T H 5, FPGADENEREAT.04MH AR E LSRR TH o 7272
o, 1A DsamplingHfE T 210 DEHEZF CHEASSEDEBE L TE RV, LARETRERLZL ) I, 7o
Y PETIRNSA TIA VHERE Lo TV D, 8V, BRIDOT— 7 #RET 572010037 = 4 MEEFEE
Th, T, ADBREREDZD, 120V =7 VAP TTHEIC, RO —F v AT THETHD
T—=32H5h LdAccumulatorD L VR Y ICH— KT 5720084 JVPLEE LB, TITW) V=
A LB T, B L BHEE, RN RDIADRI VT T T T4 7Y =4 P E#ETEHE,
BELTWCERERI YT VAENVN), 22T, FRb0 x4 MEREZELSER WD,
Accumulator 22V, TN F IS A YV EHBIHAVBL EVWI FER E o7y TOFETIE Y24 FOEY
D7zHOEER, KHEIZAccumulatorF AT AEIZE D, LIAFTADT— KDY x4 MERIZEL 2V,

FYANEFLVIAY

F ¥ U AINEEF —
Channel
#5
LYARSL
16bit
==
)ty MEE
e ———
Channel
ki
VIARE2

16bit

H3-7. 7xA M)ty MEBRFAEES

ANE—LDHAEDLREDPEDLoRIZ) £y MEFEREESEZEBICOWVTHI-TIORT, TOEBI
C—2BEREBIUBHO 7 24 ZZTEET 2, 2070y 7 I2BTAEEE. IPTERIN-E—20
FXYVANVEFET Y VAVEFTLVIVAY LICREET S, SOVIAFIEnTF YV AVDY AT ADHAn
Y MDVIRY THD, BIROEEIKE DS &, mEDRBRROEFE, Fv X ANVEFL VAT ITEIm-bit7?
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. IFERAINTBY, BRENLY -2 DHEAEDENTDDP L, FYVANVES LI AF 212138
BERENF ¥ VANV FSFEEEN TS, FY UV AVEFLIAY L EF YV AVEFLIRY 2%
HEL, BEPELR o TWABEEIC )ty NEFERET L, ZOEFICL o TRENCMALSTIZICMAD
WEIMTONLENIS, EAPWHLENG, T2, RECMAT S 7714770y g TIFZD Iy b %
YAZ LTE—LDHAEDENPE-TH, VAo Yy PLAWVIDICTHELTRIILTWD, #
BRI 7 V5 2 HEmSSHERIC NS v F U 7S¢ 554, BELLTE Yy FEVREEELTIUL, Y
Ly FEFRDBVWENRIVERNE SR TN,

FROM 13bit Subtractor
"000H" MUX
Wn
RAM
THRESH ___|
Status
4bit MUX
Reg
TRIG SELECT Write Enable
sequencer

[3-6. Thresh level D HL D v

ABNY M PREHEBELT OBE0OEER., HB3-6DRBTERINL, EHELEDOAF-JItBn
THBICREHEE L DB LT o TV A E R, FOBHITitL VA S IR ENRDL, kDY =
4 MNEFRICREHEELTOY - A0B4&, MUXTEHSRZE—207 24 bO#ED Y IZ"000H" DF
AWnRAMIZXT LTHANENE L H Ik b, '

£33/ CMAT7HT7+4770%y P> 77T X LBE & Timing Chart

CMAT7 ¥ 774 7DFEED 70— %[3-71IR T, £F, #RENALE 2RI —L T IR F—%
FRELCMAT Y 77 4 TEROB N kKD 5o EHER, BEIMONEF CHE T4 9 25, 22 D Accumulator®
Hwizizo, 0Oy = 4 MEEENOPIZEL TV ARV, BT, W MY F—DOEFOHEEN L SN
bo Ty, NEIMEXRKDLEEEITL ) EHI L BEEIRFEINMAESNL, 20y, BIMED S K
BiEfEcx Z LK DTHIH, *0FIRMAFEBETHLIEYEZ, HLBYULHITELTV., F0FF
Accumulator CIE X ITL ) LI T L72e ST THONIEICAT Y TEBUEHITADTHHH, (7T
A VTR oTnhilzD, T T YA MNERPELTWE, CORSTESEXROLILBEDAN T —
BB NI RICEANNRZ PVEISCHERIT2 )0, X, Ly OEFRHITEEIT L), 22
TH22oDAccumulatorF VT o A MEEPELZ WL I L TWE, FOEEFHITEOERIIFTHELV Y
AZ (n_regI2)ITRFFEND, KIZ, &7 =4 MEICHI Y =4 P2 LOBEHEITE ) 72— AT Ab, HE L
VAR EN AN MIVEERIZBON-A 05 —Ex#T &b, FORIZAccumulator® Flv 31
TE. 2 13bit Subtractor{Z ¥ S A1, [FIHFIZ13bit Subtractor 2R = 4 PR ENTB Y, BEHFHIfTFHLNL, TD
BR12bitlEBE CRIB T & A A. B/MEIZF RFN2047(7TFFH), -2048(800B) TdH 5 D TEN B Z 5 FHH L
F—N=70 =%, FEFPPFELTLI)DT, F—N—TU—DRAT—F A& ZIT2R, RROLVY
AZIZEFEX VA2 L, BREOEERY 2 4 MNEEE RS TWE2, 7 o4 MEXRETARAM
CEERBFTL ) 12OIEL2, LETCMAT ¥ 77 4 7THBERD 1sample D THE DT T 5%,
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Y—b L EAREEHTHETVELDDEWEHD
=]

i

AN —& Hly]*—02) ko5

ENFROY - 28I Xy, 2RO

i

H(y)r—0%) & Xy, E#HOIELEREDTLHL

/

WD pomEsrsls WY 255

[3-7.CMAT ¥ 75 4 7HOEE 70—

CMAT ¥ 75 4 7HLEE D Timing Chart% {37149 %o Timing Chart T &sequencer?* & DHIHIEF D
Timing& &> 7)) v VR OMICET T HEREOFHO BN 7 0 — %R LTV 5%, Timing ChartiZ/R & 1
TWAHIHEE IOV THAT 5,

u9Dsseqil LB a3 ¥ ba—Jv

ROW_MUX: AHRZ PAVF—FDWhEIhEzay ra—n

DLT_MUX: FRELVYASICREES N TS oy gz oy ba—)b

WNR_MUX E—2BFEFEHEFLTCVE LIRS T, EEHOBEEROENYIEZOa Y bu— IV
WNILMUX — E—2FBEEFLTVAL YA T, BEHOEEROMII ) BL0aY bo—)VAE
A_MUX VARE SR ENOPNyIL-IE -5 el g = Ry %

B_MUX TOEyFANOANTYFEZ 2 Pa—

OUT_MUX VEEHETROLANZ —EOHNP Y Fxa Y bu—)

SUBREG_TRIG Riv = 4 MEL EFEDOWERICRFTELIAI~D M) HEF

ACC_EN Accumulator~DHOEEHER T —F DO — F2477% 9 o (Accumulator® #IEA1L)
WN_RAM_WE 7 x4 FRAMDEEZ AL X —TNVEF

DLT_TRIG FEIVVASICRIFTH200 M) TES

ROW_TRIG AHNVIVAZIEET L0 ) TES

CHREG TRIG VY —ABZEERFEHLVIAIAD L) TES

OUT_TRIG Y, LEHFEZROIAN T —EERFETELIAI~D VRS

AS_CONT AccumulatorD{FEE TME P BE 2 HIHT 5 -0 DES

WNRI.MUX 7 x4 FEHMARAMD BEEHRAMOE HEI N &z o b —)b

COMP_TRIG Y —AFESzRFETELIZAI~D ) TEF
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ASICH JAW7:CMAT ¥ 75 1 THBEOKEL - RAEIZ DV TRz, BEIT12bitE B/ NS IS B THESE L
1205, ELIEBERIIINTIREGEELEVWINE LA T+ -3 VP ETHLEEbNS, /-
HAY ALSIZ BT E ST KBELZERICTE, T-MMbEMCL 28 L0 TRETH L, 558D
ZEE L TRARTETCORBNRNFEEEZHET 5720007V TY) XADEN— FI 2 7 \OBIL%E
WEFEBREE LW,

ROE A

HYE L ) 58I . ATREE R BE T HRITHRICE ORI LT, IR HEzED S
BHEDELWARNBEEHV:, BREFFER, T BTEEMER. = HEIEEMRBRICR R
Bz LEd, o, BERBEESE -RZOEHKIEH LI,
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mux82_1
mux84 1
ss_comp4
row_reg83
reg44
mux44_1
SS_u9p6
thr_reg

ff
proc12x120ma
muxi2_8
regi2
ram16x12
mux122
muxi24
fdrs12
FDRS
cma_regi12
in_reg12
fdcel2
sub13of
X74_374
X74_37412
X74_3744

2 281 Misc Information
25 118 Timing Chart

% 387 VHDL Listing
#1718 ss_u9 VHDL Listing

-- Copyright(c) 1995 ATR Optical and Radio Communications Research Laboratories

-- All rights reserved
-- Written by Toyohisa Tanaka @Radio Communications Department
-- Rev.A Thu, October, 5, 1995

-- Slave Sequencer for U9 Phase 6
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-- Funtion

-- 1. ROW MUX(2:0) Control

- 2. WN_MUX(2:0) Control > change
--3. DLT_MUX(2:0) Control = —> change
-- 4. A_MUX(1:0) Control -->change

-- 5. B_MUX(1:0) Control  --> change

-- 6. ROW_TRIG(3:0) Control

-- 7. DLT_TRIG(7:0) Control

-- 8. WN_TRIG(7:0) Control  --> change
-- 9. OUT_TRIG(2:0) Control

--10. ACC_ENA, ACC_ENB, AS_CONT
--11. QUT_MUX(1:0) Control

--a. SUB reg 1Q Trig
—b. IN Trig EN for Channel registers
—-c. WnMUX for I, Q
- d. We for Wn RAM

-- MRST and START are active low signal in this module.
- MCLK2 has been eliminated due to minimize clock skew.
-- OUT_EN and FIR_SEL are proceeded 1/2 MCLK, because of timing optimization.

library mgc_portable;
use mgc_portable.qsim_logic.all;

-- Slave Sequencer Entity Description

entity ss_u9pb6 is
port(

MCLXK, START, MRST: in gsim_state; -- eliminated MCLK2
ROW_MUX, DLT_MUX: out gsim_state_vector(2 downto 0);
WNR_MUX, WNI_MUX, A_MUX, B_MUX, OUT_MUX, SUBREG_TRIG, ACC_EN, WN_RAM_WE:

out gsim_state_vector(1 downto 0);
DLT_TRIG: out gsim_state_vector(7 downto 0);
ROW_TRIG, CHREG_TRIG: out gsim_state_vector(3 downto 0);
OUT_TRIG: out gsim_state_vector(2 downto 0);
AS_CONT, WNRI_MUX, COMP_TRIG: out gsim_state
)
end ss_u9p6;

~- sseq_u9p6 Architecture Description

architecture rtl of ss_u9p6 is

-- Signal declaration for STATE GENERATOR
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signal start2: qsim_state :='1};

-- Signal declaration for MCLK sensitive signal

-- Signal declaration for MCLK2 sensitive signal

signal count, count?2, istate: integer range 0 to 63 :=0;
signal mux_sell, mux_sel3: gsim_state_vector(2 downto 0);

signal mux_sela, mux_selb, mux_selo, mux_sel2, mux_sel4: gsim_state_vector(1 downto 0);

signal trig2: gsim_state_vector(7 downto 0);

signal trig4: gsim_state_vector(2 downto 0);

signal trigl, trigh: gsim_state_vector(3 downto 0);
signal en2, trig3, wel: gsim_state_vector(1 downto 0);
signal en3, mux_sel5, trig6: gsim_state;

type type2_states is (s00, s01);

type type3_states is (s10, s11, s12);

type type4_states is (s20, s21, s22, s23);

type type5_states is (s30, s31, 532, s33, s34);

type type8_states is (s0, s1, s2, s3, s4, s5, s6, s7);

type type9_states is (s40, s41, s42, 543, s44, 545, 546, s47, 548);

signal present_mux1_state : type8_states := s0;
signal next_muxl1_state :type8_states :=sl;
signal present_mux2_state : type4_states := s20;
signal next_mux2_state :type4_states :=5s21;
signal present_mux3_state : type8_states := s0;
signal next_mux3_state : type8_states :=sl;
signal present_mux4_state : type4_states := s20;
signal next_mux4_state :type4_states :=s21;
signal present_mux5_state : type2_states := s00;
signal next_mux5_state : type2_states := s01;

signal present_muxa_state : typed_states := s20;
signal next_muxa_state :type4_states :=s21;
signal present_muxb_state : type4_states := s20;
signal next_muxb_state :type4_states := s21;
signal present_muxo_state : type3_states := s10;
signal next_muxo_state : type3_states :=sll;
signal present_en2_state :type3_states := sl0;
signal next_en2_state : type3_states :=sl1;
signal present_en3_state :type2_states := s00;
signal next_en3_state :type2_states:=s01;
signal present_wel_state :type3_states :=s10;
signal next_wel_state :type3_states :=s1l;
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signal present_trigl_state : type5_states := s30;
signal next_trigl_state :typeb_states :=s31;
signal present_trig2_state : type9_states := 540;
signal next_trig2_state :type9_states := s41;
signal present_trig3_state : type3_states := s10;
signal next_trig3_state :type3_states:=sl1;
signal present_trig4_state : type4_states := s20;
signal next_trigd_state :typed states :=s21;
signal present_trig5_state : type5_states := s30;
signal next_trig5_state :typeb_states := s31;
signal present_trig6_state : type2_states := s00;
signal next_trig6_state :type2_states := s01;

begin
START2_PROCESS:process(MRST, MCLK)
begin
if (MRST ='1") then
start2 <="1";
elsif (MCLK'event and MCLK = '0' and MCLK'last_value = '1") then
start2 <= START;
end if;
end process START2_PROCESS;

INCREMENT_PROCESS:process(istate)
begin

count <= istate;

end process INCREMENT_PROCESS;

INIT_SEQ:process(START,MCLK) -- incremented by MCLK2 = count
begin

if (START ='0") then -- Initializing local phase counters

istate <= 0;
elsif MCLK'event and (MCLK = '0") and (MCLK'last_value = '1")) then
istate <= count +1;

end if;

end process INIT_SEQ);

INIT_SEQ2:process(start2, MCLK) - incremented by MCLK = count2
begin
if (start2 ='0') then
count2 <=0;
elsif (MCLK'event and (MCLK = '1') and (MCLKlast_value ='0")) then
count2 <= count;
end if;
end process INIT_SEQ?2;

-- MUX CONTROL
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—~ ROW_MUX CONTROL

MUX1_STATE_DECODE:process(count)

begin

next_mux]1_state <= s0;

case count is
when 111012426 => next_mux]1_state <= s0); -- Frrebbisebbtimbbbbt it
when 219125127 => next_mux]_state <= s1; -~ ¥¥dweebbiiibbtbnbbbbtt it
when 3112128130 => next_mux]_state <= g2; -~ ¥¥brtbbkbitmbbtnbibbertiis
when 4111129(31 => next_mux1_state <= 83; -- #hbt¥irttitissdhits i x %%
when 5114132134 => next_mux]1_state <= sd; -~ ¥Hbbbbirbtbbbtbbbhtbidtk
when 6113133135 => next_mux]1_state <=s5; -- *#+obbbbttbbtrnbbbtertttit
when 7116136138 => next_mux]1_state <=56; -- Frrebbbbebbbtbbbbibntte
when 8115137139 => next_mux]1_state <= §7; -~ #¥ebbisdbbimnbbbttmtbtobtt
when OTHERS => next_mux1_state <= s0;

end case;

end process MUX1_STATE_DECODE;

MUX1_OUTPUT_DECODE:process(present_mux1_state)
begin

case present_mux1_state is

when s0 => mux_sell <= "000";

when s1 => mux_sell <= "001";

when s2 => mux_sell <= "010";

when s3 => mux_sell <="011";

when s4 => mux_sell <= "100";

when s5 => mux_sell <="101";

when s6 => mux_sell <= "110",

when s7 => mux_sell <="111";

when others => mux_sell <="000"; -- Select A
end case;
end process MUX1_OUTPUT_DECODE;

- WNR_MUX CONTROL

MUX2_STATE_DECODE:process(count)
begin
next_mux?2_state <= s20;

case count is
when314111112144145146 => next_mux2_state <= s21; -- ¥Heettttseni

when 516113114 147148149 => next_mux?2_state <= s22; -- ¥Heeeeeenbo
when 718115116 150151152 => next_mux2_state <= 523; -- ¥Hreetennti
when OTHERS => next_mux2_state <= s20;
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end case;
end process MUXZ_STATE_DECODE;

MUX2_OUTPUT_DECODE:process(present_mux2,_state)
begin

case present_mux2_state is

when s21 => mux_sel2 <="01";

when s22 => mux_sel2 <="10";

when s23 => mux_sel2 <= "11";

when others => mux_sel2 <= "00"; -~ Select No. 1 channel
end case;
end process MUX2_OUTPUT_DECODE;

- WNI_MUX CONTROL

MUX4_STATE_DECODE:process(count)

begin

next_mux4_state <= s20;

case count is
when 314111112145146147 => next_mux4d_state <= s21; -~ *##+rksttrsax
when5(6113114 14814950 => next_mux4_state <= §22; -~ #¥¥#trestrsis
when 718115116151152153 => next_mux4_state <= §23; -~ #¥rbtetbiett
when OTHERS => next_mux4_state <= s20;

end case;

end process MUX4_STATE_DECODE;

MUX4_OUTPUT_DECODE:process(present_mux4_state)
begin

case present_mux4_state is

when 521 => mux_sel4 <= "01";

when s22 => mux_sel4 <= "10";

when s23 => mux_sel4 <="11";

when others => mux_sel4 <= "00"; -- Select No. 1 channel

end case;
end process MUX4_OUTPUT_DECODE;

-- WNRI_MUX CONTROL

MUX5_STATE_DECODE:process{count)
begin
next_mux5_state <= s00;

case count is
when 2141618110112114116142145148151 => next_mux5_state <= g01; - *estrtsnnrs

when OTHERS => next_mux5_state <= s00;
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end case;
end process MUX5_STATE_DECODE;

MUX5_OUTPUT_DECODE:process(present_mux5_state)
begin

case present_muxb_state is

when s01 => mux_sel5 <="1";

when others => mux_sel5 <= "0"; -- Select No. 1 channel

end case;
end process MUX5_OUTPUT_DECODE;

-- WN_RAM_WE CONTROL

WE1_STATE_DECODE:process(count)

begin

next_wel_state <=510;

case count is
when 42145148151 => next_wel_state <= s11; -~ s+
when 43146149152 => next_wel_state <= 512; -~ *##+¥ex
when OTHERS => next_wel_state <= s10;

end case;

end process WE1_STATE_DECODE,;

WE1_OUTPUT_DECODE:process(present_wel_state)
begin
case present_wel_state is
when s11 => wel <="01";
when s12 => wel <="10";
when others => wel <="00"; -- NOT WE
end case; '
end process WE1_OUTPUT_DECODE;

- DLT_MUX CONTROL

MUX3_STATE_DECODE:process(count)
begin
next_mux3_state <= s0;

case count is

When 40 => neXt_muXS__state <= SO, o R 2222 A 3 2

When 41 = next mux3 state <= Sl o 0302 oo N S A R A
e’ — — 4

when 43 => next mux3 state <= g2: -~ Febebbtbbbibtbbbbbtt bbb bk
"’ ! — s

when 44 => next mux3 state <= §3; -- FebEtERbbbbbbtbbbbbbbbb btk
- ! - !

When 46 => next mux3 state <= s4. oo AR S 2 R 2 NN 2 23 N
— - 4

When 47 => next mux3 State <= 55. o PR A AN NN AR RN
v’ o - 7
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when 49 => next mux3 state <= s6; -- e 65 O D oo oS5 258 S 6 6 2 e
- e — z.
When 50 ___> next mux3 State <= s7. _— '*****************************
et " o - ’
when OTHERS => next_mux3_state <= s0;
end case;

end process MUX3_STATE_DECODE;

MUX3_OUTPUT_DECODE:process(present_mux3_state)
begin

case present_mux3_state is

when s0 => mux_sel3 <= "000";

when s1 => mux_sel3 <= "001";

when s2 => mux_sel3 <= "010";

when s3 => mux_sel3 <= "011";

when s4 => mux_sel3 <= "100";

when s5 => mux_sel3 <= "101";

when s6 => mux_sel3 <= "110";

when s7 => mux_sel3 <= "111";

when others => mux_sel3 <= "000"; -- Select A

end case;
end process MUX3_OUTPUT_DECODE;

-~ A_MUX CONTROL -

MUXA_STATE_DECODE:process(count)
begin
next_muxa_state <= s20;
case count is
when 18119140141 142143144145146147148149150151152153 => next_muxa_state <= s21;
when 20 => next_muxa_state <= §22; -- ¥¥¥ereres:
when 23 ¥> next_muxa_state <= §23; -- #¥b¥pRebR
when OTHERS => next_muxa_state <= s20;
end case; 4
. end process MUXA_STATE_DECODE;

MUXA_OUTPUT_DECODE:process(present_muxa_state)
begin
case present_muxa_state is
“when 520 => mux_sela <= "00";
when 21 => mux_sela <="01";
when s22 => mux_sela <= "10";
when s23 => mux_sela <= "11";
when others => mux_sela <= "00"; -- Select A

end case;
end process MUXA_OUTPUT_DECODE;
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-- B_LMUX CONTROL

MUXB_STATE_DECODE:process(count)
begin
next_muxb_state <= s20;

case count is
when 18119123124125126127128129130131132133134135136137 138139 => next_muxb_state <= s21;

%K

when 20 => next_muxb_state <= §22; -- ¥¥rdeieiinn
when 40141142143144145146147148149150151152153 => next_muxb_state <= s23; -- ***
when OTHERS => next_muxb_state <= s20;

end case;

end process MUXB_STATE_DECODE;

MUXB_OUTPUT_DECODE:process(present_muxb_state)
begin

case present_muxb_state is

when s20 => mux_selb <= "00";

when s21 => mux_selb <= "01";

when s22 => mux_selb <="10";

when s23 => mux_selb <= "11";

when others => mux_selb <= "00"; -- Select A

end case;
end process MUXB_OUTPUT_DECODE;

- QUT_EN CONTROL

MUXO_STATE_DECODE:process(count)

begin

next_;muxo_state <= 510;

case count is
when 19125126129130133 134137138 => next_muxo_state <= §11; -- ¥bbtrsrrss
when 23140141142143144145146147148149150151152153 => next_muxo_state <= §12; -- #¥¥¥¥ristass
when OTHERS => next_muxo_state <= s10;

end case;

end process MUXO_STATE_DECODE;

MUXO_OUTPUT_DECODE:process(present_muxo_state)
begin

case present_muxo_state is

when s10 => mux_selo <= "00";

when s11 => mux_selo <="01"; --SelectIm|Ynl

when s12 => mux_selo <="10"; -- Select k

when others => mux_selo <= "00"; -- Select Re! Yn |
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end case;
end process MUXO_OUTPUT_DECODE;

-- DLT TRIG

DT_STATE_DECODE:process{count)
begin
next_trig2_state <= s40;
case count is
when 27 => next_trigZ_sfate <=5 41; RN AN AN RN AN AN
when 29 => next_tringstate <= 842,' RO A
when 31 => next_trigZ_state <=g 43; RS O ook S 5 S5O 3 3532 ok
when 33 => next_trig2_state <= s44;
when 35 => hext_t-rigZ__state <=s4b; -
when 37 => next_trig2_state <=s46; -

- o 3 5 5o 5 3 5 5 56 35 o 58 3 36 50660 X o5 % %

RO SR 3O S R S R

when 39 => I‘leXf_lTlgz_Sfafe <= 547; o PR 3 25 5 3 o 5 o oo ok

when 4]_ => next_t-rigZ_state <= 548} e KRR o SNk R 2 R S
when OTHERS => next_trig2_state <= s40;

end case;

end process DT_STATE_DECODE;

TRIG2_OUTPUT_DECODE:process(present_trig2_state)
begin

case present_trigZ_stafe is

when s41 => trig2 <= "00000001";

when 542 => trig2 <= "00000010";

when s43 => trig2 <= "00000100";

when s44 => trig2 <= "00001000";

when 545 => trig2 <= "00010000";

when s46 => trig2 <= "00100000";

when s47 => trig2 <= "01000000";

when $48 => trig2 <= "10000000";

when others => trig2 <= "00000000"; -- Trig nothing
end case;
end process TRIG2_OUTPUT_DECODE;

-~ ROW TRIG

ROW_STATE_DECODE:process(count2)
begin .

next_trigl_state <= s30;

case count? is

When 47 => next trlg]- State <= 531. s DEANOR ORI N0 O H KNI N NN NN
- — — - /

when 48 => next_trigl_state <= 532’. L RARNRSR R ok o oo o S

when 49 => next—t_rigl’—state <= 533; o PR R R R X o o X2k 2 oo

when 50 => next—tr1g1~state <= 534/ o SRR 5 o OO X R ok o
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when OTHERS => next_trigl_state <=s30;
end case;
end process ROW_STATE_DECODE;

TRIG1_OUTPUT_DECODE:process(present_trigl_state)
begin
case present_trigl_state is
when s31 => trigl <= "0001";
when 532 => trigl <= "0010";
when s33 => trigl <= "0100";
when s34 => trigl <= "1000";
when others => trigl <= "0000"; -- Trig nothing
end case;
end process TRIG1_OUTPUT_DECODE;

-- SUB REG TRIG

WT_STATE_DECODE:process(count?)

begin

next_trig3_state <=s10;

case count2 is
when 41144147150 => next_trig3_state <= g11; -- #¥rhovbbbitbetag
when 42145148151 => next_trig3_state <= §12; -- ¥wivebbopbbeiia
when OTHERS => next_trig3_state <= s10;

end case;

end process WI_STATE_DECODE;

TRIG3_OUTPUT_DECODE:process(present_trig3_state)
begin
case present_trig3_state is
when s11 => trig3 <= "'01";
when 512 => trig3 <="10";
when others => trig3 <= "00"; -- Trig nothing
end case;
end process TRIG3_OUTPUT_DECODE;

-~ OUT TRIG

OT_STATE_DECODE:process(count2)

begin '

next_trig4_state <=s20;

case count? is
when 10 = next_trig4—state <= 521; e AR o oo oo 2 Rk 0 N o
When 18 => next_t—rig4_state <= 322; o R0 o oo o3 3o o X o bk o o ko %
when 22 | 25 => next_trigd_state <= §23; -- ¥H¥#ibtssborstoritbbubie

when OTHERS => next_trig4_state <= s20;
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end case;
end process OT_STATE_DECODE;

TRIG4_OUTPUT_DECODE:process(present_trigd_state)
begin
case present_trig4_state is
when s21 => trig4 <= "001";
when s22 => trigd <="010";
when s23 => trig4 <="100";
when others => trig4 <= "000"; - Trig nothing
end case;
end process TRIG4_OUTPUT_DECODE;

-- INPUT CHANNEL REG TRIG

INTRIG_STATE_DECODE:process(count)

begin

next_trig5_state <= s30;

case count is
when 1121314 => next_trig5_state <= g31; -- #¥exbwbittbbnnbbmtt
when 5161718 => next_trigh_state <= §32; -- ¥#o¥ebbbnmmbntibutsttiris
‘when 9110111112 => next_trig5_state <= §33; -~ ¥¥e#ibmpbbipitistitis
when 13114115116 => 7next_trig5_state <m §34; - WERBEbRRhbbbbk b
when OTHERS => next_trig5_state <= s30;

end case;

end process INTRIG_STATE_DECODE;

" TRIGS5_OUTPUT_DECODE:process(present_trig5_state)
begin
case present_trig5_state is
when s31 => trigh <= "0001";
when s32 => trigh <="0010";
when s33 => trigh <= "0100";
when s34 => trig5 <= "1000";
when others => trigh <= "0000"; -- Trig nothing
end case;
end process TRIG5_OUTPUT_DECODE;

-- COMP CH REG TRIG

COMP_STATE_DECODE:process(count2)

begin

next_trigh_state <= s00;

case count? is
when 216110114 => next_trigh_state <= 501; -- ¥r¥»sdsbnnbxint
when OTHERS => next_trig6_state <= s00;
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end case;
end process COMP_STATE_DECODE;

TRIG6_OUTPUT_DECODE:process(present_trig6_state)
begin
case present_trig6_state is
when s01 => trig6 <="1";
when others => trig6 <= '0'; - Trig nothing
end case; _
end process TRIG6_OUTPUT_DECODE;

-- ACCEN

ACC_STATE_DECODE:process(count2)

begin

next_en?2_state <= s10; -- Default: "11" = reset all

case count? is
when213141516171819119120121124127128131132135136139140 =>

next_en?2_state <=sl1l; -—-*****"10"=ACCA
when 10111112113114115116117125126129130133134137138 =>
next_en2_state <=s12; --*****"01"= ACCB '

when OTHERS => next_en2_state <= s10;

end case; ‘

end process ACC_STATE_DECODE;

ACC_OUTPUT_DECODE:process(present_en?_state)
begin

case present_en?2_state is

when 510 => en2 <= "11";

when s11 => en2 <= "10";

when 512 => en2 <= "01";

when others => en2 <= "11"; -- Reset all

end case;
end process ACC_OUTPUT_DECODE;

- AS CONT

AS_STATE_DECODE:process(count2)
begin
next_en3_state <= s00; -

case count? is
when 3151719128132136140 => next_en3_state <= s01; -- '1' = SUBSTRUCT MODE

when OTHERS => next_en3_state <= s00;

end case;
end process AS_STATE_DECODE;
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AS_OUTPUT_DECODE:process(present_en3_state)
begin
case present_en3_state is
when s01 => en3 <="'0';
when others => en3 <= '1"; - Trig nothing
end case;
end process AS_OUTPUT_DECODE;

-- STATE REGISTER PROCESS

MCLK2_STATE_REGISTER:process(mclk, start) -- Triggered by MCLK2
begin
if (start = '0") then
' present_trigl_state <= s30;
present_trig3_state <=510;
present_trigd_state <=s20;
present_trig6_state <= s00;
present_en?_state <= s10;
present_en3_state <= s00;
elsif ( MCLK'EVENT AND MCLK ='0' AND MCLK'LAST_VALUE ='1") THEN
present_trigl_state <=next_trigl_state;
present_trig3_state <=next_trig3_state;
present_trigd_state <= next_trigd_state;
present_trig6_state <= nexf_trigG_state;
present_en?_state <= next_en?2_state;
present_en3_state <= next_en3_state;
end if;
end process MCLK2_STATE_REGISTER;

MCLK_STATE_REGISTER:process(mclk, start2) -- Triggered by MCLK
begin ‘
if (start2 ='0") then
present_mux1_state <= sO;
present_mux2_state <= s20;
present_mux3_state <= s0;
present_mux4_state <= s20;
present_mux5_state <= s00;
present_muxa_state <= s20;
present_muxb_state <= s20;
present_muxo_state <= 510;
present_trig2_state <= s40;
present_trig5_state <= s30;
present_wel_state <= s10;
elsif (MCLK'EVENT AND MCLK ='1' AND MCLK'LAST_VALUE ='0") THEN
present_mux1_state <=next_mux1_state;
present_mux2_state <=next_mux2_state;
present_mux3_state <= next_mux3_state;
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present_mux4_state <= next_mux4_state;
presentﬁmuxS_state <= next_mux5_state;
present_muxa_state <= next_muxa_state;
present_muxb_state <= next_muxb_state;
present_muxo_state <= next_muxo_state;
present_trig2_state <= next_trig2_state;
present_trig5_state <= next_trigh_state;
present_wel_state <= next_wel_state;
end if;
end process MCLK_STATE_REGISTER;

-- TRIGGERED BY MCLK, MCLK2 PROCESS = FINAL OUTPUT

MCLK2_OUTPUT_REGISTER:process(MCLK, start) -- Triggered by MCLK2
begin
if ( start ='0") then
ROW_MUX <= (OTHERS => '0");
WNR_MUX <= ( OTHERS =>'0");
DLT_MUX <= ( OTHERS => '0");
WNI_MUX <= ( OTHERS => '0");
WNRI_MUX <="'0;
A_MUX <= (OTHERS => '0);
B_MUX <= ( OTHERS => '0");
OUT_MUX <="00";
DLT_TRIG <= ( OTHERS =>.'0");
CHREG_TRIG <= ( OTHERS => '0";
WN_RAM_WE <= ( OTHERS => '0");
elsif ( MCLK'EVENT AND MCLK ='0' AND MCLK'LAST_VALUE ="'1") then
ROW_MUX <= mux_sell;
WNR_MUX <= mux_sel2;
DLT_MUX <= mux_sel3;
WNI_MUX <= mux_sel4;
WNRI_MUX <= mux_sel5;
A_MUX <= mux_sela;
B_MUX <= mux_selb;
OUT_MUX <= mux_selo;
DLT_TRIG <= trig2;
CHREG_TRIG <= trig5;
WN_RAM_WE <= wel;
end if;
end process MCLK2_OUTPUT_REGISTER;

MCLK_OUTPUT_REGISTER:process(MCLK, START?) -- Triggered by MCLK
begin
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if (START2 ='0") then
OUT_TRIG <= ( OTHERS => '0');
SUBREG_TRIG <= { OTHERS => '0');
ROW_TRIG <= (OTHERS => '0");
COMP_TRIG <=0}
ACC_EN <= ( OTHERS => '1');
AS_CONT <=0

elsif ( MCLK'EVENT AND MCLK ='1' AND MCLK'LAST_VALUE ='0") then
OUT_TRIG <= trig4;
SUBREG_TRIG <= trig3;
ROW_TRIG <= trigl;
COMP_TRIG <= trigé;
ACC_EN <=en2;
AS_CONT <= en3;

end if;

end process MCLK_OUTPUT_REGISTER;

-- End of rtl.

end rtl;

% 2718 subi3of VHDL Listing

library mgc_portable;
use mgc_portable.qsim_logic.all;

-- sub9of Entity Description
entity sub9of3 is
port(
A: in gsim_state_vector(7 downto 0);
B: in gsim_state_vector(8 downto 0);
D: out qsim_state_vector(7 downto 0);
GT,LT: out gsim_state '
N
end sub9of£3;

-- sub%of3 Architecture Description

architecture rtl of sub9of3 is
signal pre_D : gsim_state_vector(8 downto 0);
signal pre_OV : gsim_state;

begin

ARITHMETIC_Process: process(A,B)

variable fct_out : gsim_state_vector(8 downto 0);
variable a_ext,b_ext :-qsim_state_vector(8 downto 0);
variable pre_B : gsim_state_vector(8 downto 0);
variable carry_ext: qsim_state_vector(l downto 0);
variable msb : integer;
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begin
-- pre b process rounding LSB
carry_ext := (OTHERS =>'0');
carry_ext(0) :='1";
pre_B =B + carry_ext;

-- zero extend inputs to include carry bit
a_ext:="0"& A;
b_ext :='0" & not pre_b(8 downto 1);

--SUB
fct_out := a_ext + b_ext + carry_ext;

-- Assign to signal for use outside process
pre_D <= fct_out;

-~ Calculate overflow bit
if (a_ext(7) = b_ext(7) and fct_out(7) = not a_ext(7)) then

pre_OV <="1}
else

pre_OV <=0}
end if;

end process ARITHMETIC_Process;

-- Assign the outputs
D <= pre_D(7 downto 0);

-- Assign flags

GT <= pre_OV and pre_D(7);

LT <= pre_OV and not pre_D(7);
end rtl;
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