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## 4270212521 : MAJOR COMPUTER ENGINEERING
KEY WORD: ASYNCHRONOUS CIRCUITS / B-TERNARY LOGIC / ACKNOWLEDGEMENT
CIRCUIT / PHASE DETECTOR ELEMENT / ASYMMETRIC TERNARY C-
ELEMENT
KAWEE WATTANAVIROON : DESIGN OF AN ACKNOWLEDGEMENT CIRCUIT FOR
B-TERNARY LOGIC COMBINATIONAL CIRCUITS. THESIS ADVISOR : ARTHIT
THONGTAK, Ph.D., 96 pp. ISBN 974-03-0628-4.

This thesis presents a design of an acknowledgement circuit for B-ternary logic
combinational circuits for preventing delay hazard under Quasi-Delay-Insensitive model and
input-output mode operation. This method presents 2 main elements that were designed on
transistor level. The first is a phase detector element, and the second one is an asymmetric
ternary c-element. The phase detector element is a circuit that is used for detecting phase of
internal wires in combinational circuits. The asymmetric ternary c-element is a circuit that is
used for preventing the output signal from changing before internal signals of the
combinational circuit. This research uses SPICE for simulating the phase detector and
asymmetric ternary c-element, and develops a VHDL package tool for simulating B-ternary
logic circuits on the gate level. From the experimental results, it has been shown that the
design of the acknowledgement circuit for B-ternary logic circuits can prevent delay hazard.
The hardware cost of the acknowledgement circuit for B-ternary logic circuits is less than that
of the acknowledgement circuit for dual-rail circuits. The delay time of the acknowledgement

circuit for B-ternary logic circuits is equal to thatof the acknowledgement circuit for dual-rail

circuits.
Department ________| Computer Engineering....__. Student's signature .
Field of study______| Computer Engineering..___. Advisor's signature_______ ..

Academic year.___2001 Co-advisor's signature
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1 PACKAGE BT_LOGJ CLIB IS

2 TYPE bt _ulogic IS ( "U, -- Uninitialized

3 "X, -- Forcing Unknown

4 '0', -- Forcing O

5 S, -- Forcing Spacer

6 "1, -- Forcing 1

7 "Z, -- High Inpedance

8 "P', -- Forcing Unknown {0, S}

9 '"Q, -- Forcing Unknown {S, 1}

10 'R, -- Forcing Unknown {0, 1}

11 "W, -- Weak Unknown

12 "L, -- Weak 0

13 "B, -- Weak Spacer (Bel ow Spacer)

14 "A', -- Weak Spacer (Above Spacer)

15 "H, -- Weak 1

16 1, -- Wak Unknown {0, S}

17 *J', o -- Weak Unknown {S, 1}

18 "K', -- Wak Unknown {0, 1}

19 '-'); -- Don't care

20 TYPE bt _ul ogi c_vector IS ARRAY ( NATURAL RANGE <> ) OF bt_ul ogic;
21 FUNCTI ON resolved ( s : bt_ulogic_vector ) RETURN bt _ul ogi c;

22 SUBTYPE bt _logic IS resolved bt _ul ogi c;

23 TYPE bt _| ogi c_vector IS ARRAY ( NATURAL RANGE <>) OF bt _I ogic;

24 SUBTYPE UX0S1 | S resolved bt _ulogic RANGE 'U TO '1';

25 FUNCTION "and" (| : bt _ulogic; r : bt_ulogic ) RETURN UX0S1;

26 FUNCTION "and" ( I, r : bt_logic_vector ) RETURN bt_| ogic_vector;
27 FUNCTION "and" ( I, r : bt_ulogic_vector ) RETURN bt _ul ogi c_vector;

28 END BT_LOG C LI B;
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AT I sryanusndsliinnsszy A Fusu Wasananlaaifsens (Default Value) 1a3snuils
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ussiad 20 ilunnsfienuuuustindeya bt ulogic_vector Mifluunaandy (Array)
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=2

Aryoynumnnnautliunas uutatiadagatias bt logic sznausmaavianun 18 Ay
wanftuuLTindeya. bt ulogic” wasiiah 23 Wunstisnuuuuaiindaya bt logic_vector
Tidusnaandureuuuaiindesyates bt_logic UssaN 24 Wunistanduuuaiiadeya
dog UX0S1 Nlduuuaiindaya bt_ulogic funuuriindeyagiuniinisdnunadngliiile
aadynuiinindenmAedynrusetuuiaeaady e nndriauiastalsenay
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N1991889N19N N UTBI99 RN Imsn ATt g iU sunsnTumatn  (ModelSim)
o o A o = = = a o v o =
ANARINITNNIULRINATN LT UN IR TALES  LTIATNITOTLUIR AR UALTLN =BT

AUARUR9ATAIINLIATNATRAT f=ab'+a’b+c TuAnEUL I

1 library BT;

2 wuse BT.BT_LOd C LIB.all;

3 entity exanplel is

4 port ( a, b, ¢ : in bt_Ilogic;

5 f out bt _logic);

6 end exanpl el;

7 architecture rtl of exanplel is

8 signal wo_a, wo_b, wo_c : bt_logic;

9 signal w _an, wi _bn, wi _abn, wi _anb : bt | ogic;

10 signal wo_an, wo_bn, wo_abn, wo_anb : bt _| ogic;

11 signal w _f : bt_logic;

12 begin

13 wWo_a <= transport a after 1 ns;
14 wo_b <= transport b after 1 ns;
15 WO_C <= transport c after 1 ns;
16 Wi _an <= transport wo_a after 1 ns;
17 Wo_an <= transport w _an after 1 ns;
18 Wi _bn <= transport wo_b after 1 ns;
19 wo_bn <= transport w _bn after 1 ns;
20 wi _abn <= transport wo_a and wo_bn after 2 ns;
21 wo_abn <= transport wo_abn after 1 ns;
22 Wi _anb <= transport wo_an and wo_b after 2 ns;
23 wo_anb <= transport w _anb after 1 ns;
24 wi _f <= transport wo_abn or wo_anb or wo_c after 3 ns;
25 f <= transport w _f after 1 ns;
26 end rtl;
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d1154 BT_LOGIC_LIB Tundsldsunsn BT iudaridungnizanldlnaeuiansiesnisaing
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wndenfuingsean wazldni1sa1aesi@anenisnl (Event-Driven Simulation) lun1sanass
NM9179U  tasdsuondanazasauns ud lillifoasudsannosasiianisilaaunilag
Aryyruiensiwmaasasasdusianss  vsasousaunisiieuiiunainiua e

YRIRIMIARDN LALINYUA 15
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1

LGSynth 89-93 #aeAaN19agLN 5.1 Taainua i uuBUNAgIgATeNALEAINANAN
1 o a a dl £% :I/ %3 = o dl % a all ] £%
Wiy 2 8uwe Bunedldneseussasivsesdssinnldgaimeiuna¥ieaingunainyinli
KUNNAUGATDINAIAINAR DL FTWAAALAUAIBUNABUN LAAINNIIEN  AINN1INAADY
. oy s . d z o
WUd199RnEaNand I Havasnauiuinmaaaun sduganindsundlasdnyannniely
Aunsnnuiianan  Inaifanisasundasdyanuilisianisiesfnauednsas lu
PUTNNANTINANNH9A T UTUTAIAdaLn TR ugan Ll dnuulaedoysyrnunialy
aunsonieulagnsesnialiiNeulaniivun Kan19a1889n1INIULRINATINANT
AnwnuzAsgln 5.2 uazgln 5.3 Taanglh 5.2 WuaataNan199a89N19INNUTIINAT
a1 - K o , o
con1 nstilaiineasaauiunnsaaelnsduganisaauulasdnynunielu uazgih 5.3
I WAneENINANIA1A8INNINNUIEINAT conl  NITUHAIAIRELTLTINIIAAELINIAWEA

nnailasuulasdryoynnsnne

PD-Element PD-Element Convert VHDL
& ATCE -~ SPICE & ATCE Behavior
Specification Simulation " |Behavior Model Model to Source Code
(2 (T VHDL \WA
Benphmark e e VHDL _ VHDL‘ Simulation
Circuits > » Source Code » Simulation > Result
Converter .
- . (Model Sim)

A

dl ad o o
gﬂ‘Vl 5.1 98N17MRAINITNINY

SSSSSSS /1SS
1000000 / s1
1000000 / 01

22971 ns: In [/ Cut

23000 ns: In / Cut

23007 ns: In / Qut

23017 ns: In /[ Qut SSSSSSS /. S1

23035 ns: In / Qut SSSSSSS /01

23035 ns: ‘I ncorrect output signal changed.
Qut put (Expect / Actual) = S1/ 01

23037 ns: In / Qut SSSSSSS /' S1

23066 ns: In / Qut SSSSSSS /' SS

23096 ns: In / Cut 1111110 / 1S

23126 ns: In / Qut 1111110 / 10

TEST FAI L!

Total error is 53.

717 5.2 gUMLLNANI9A8INTNNIUANENNIRN AT IANNT0E NIt lHngAIne Ly

L1l

o z A y
Nm3agaun1sduganailasuulasdnyayininialu
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54532 ns: In

/ Qut = SSSSSSS / SS
54649 ns: In / Qut = 1111101 / 10
54777 ns: In / Qut = SSSSSSS / SS
54894 ns: In / Qut = 1000000 / 01
55024 ns: In / Qut = SSSSSSS / SS
55141 ns: In / Qut = 1111110 / 10
55269 ns: In / Qut = SSSSSSS / SS
55386 ns: In / Qut = 1111111 / 10
55514 ns: In / Qut = SSSSSSS / SS

TEST PASSED!

717 5.3 JUULLINANII91A8INTNNIUAIENIIRNABIUTLNANITS NITIHI9ATAELITL

o x A
Nm3agaun1sduganIsilasuulasdoyayrninialu

5.2 NSNARBINITINTUNRUILAIUIBLALATINEAUIA 32 1R

nimasestiiiunismnaeineanaaaunIsiieasdnanlssinnnssnylasniaaiin
= 173 tﬂl 1 v o 2/ ¥ a éj ¥
Tl lununasasseg lnglfaanasainaulalagldasacunuian nismasasilldesnuuy
wiagAUILAZRIINY (ALU) dszinnmsanglnsniatiiaiownn 32 0n Aa1u1s0ienuge
A9 ADD, SUB, AND, OR, XOR sazniaedauas tnelduuuanassaoumiaauniyly
Toslamonnmdosriiniaden LAZULILANA8IN1919IAIRIAFNLLLNIEuARaNF LN
A998N WATUUILAUIMIAZRAIINENANHIUEANT 5.4 Taandunn Al uay Bi usagn
AUTLNTT (Operand) 11 1 WAT 2 AANATAL UAEHEAUNA S,-S, HusaAHuN1g (Operation
Code) N51HiaaNTAAEIIDINUILAIUILUAZAIINE 1OFWE Do unadnENlFainnng
ANHUNIITAAIAIUBIUUILAIUIULAZATINE AIMTLLRIANA Co uar Vo Lusana (Carry)
! v o o dl o o a dl Y o 1 o =
wardoudu (Overflow) MINATIAL TFUAANLHUNIIN IEILMUILAUIIULAEATINENAIIN
o
UNEIF9T]
S,-S, = 000 = ADD
S,-S, 2010 = SUB
S,-S, = 100 = AND
S8, = 101.= OR
S,-S, = 110 = XOR

o o 1 o -QII v a a
m‘mq@mmimmuumﬂmmmmzmmﬂugﬂm 54 ‘]J?:iﬂ’ﬂ‘].lﬂﬂ]ﬂﬂuwm?'lll 67 UnLaY

Le7snmeaN 34 Ualaenivun i
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iNgs - iNg, =35,
ines - insz = 83179,
i, - in, =337,
out,, -out, = Do,,-Do,
out, =Co

out, =Vo

Tnefl in, Aedunalsd i waz out AaLaIFWATAT |

$2 S1 S0
Eb(;
| O
i l bt
—f>—»{D1 ¥ Bl =k,
BT_32MUX2i ADDER32
» DO »| Bi Co
—>- Aj Do — Y Y
XOR32 p3 1 SO 22
—» Bi Q » Do
» D2
BT_32MUX4i
32 ——»(D1
Ai A Dop—J 5o
32 OR32 >
Bi »| Bi
) S0
Y Do — D1 Q Co
AND32 BT_MUX2i
»| Bi »DO
fp—————
Ll Aj Si p1 0 Q Vo
Ai(31) So(31) )
Overflow BT_MUX2i
Bi Vo DO
Q(31)

71N 5.4 MrgAUIILAZATINTIWIA 32 TR

AINN1FINRBINITNNNY NLIMUILATUIURAZATINEAINTONURANA A LD

laifnsasnauiunnsaaeunisduganisulasuulasdyanuniely uazinanuldgndes

P o o

Wadasasaauiuinsagaunisduganisilasuulasdyoranialy Weiansunnig

NuaaniagAuInILAraIIN: luAN N sdiudayaansaames idssaainas
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(Register to Register Transfer) AagiagasAaLAN (Controller) Mflunssnzguaesisgin 5.5

wudnamsoin bilneldisAamenianwueagii 5.6

Ai Bi
32 32
Ack b =
N\
Ack_a = | Rega | \—{ Regb |
¥y 4 ; U
Req —> N\
Controler ALU
Ack <+——
Ack
- | Regc
Req 4 32
N
Do

dl ] 1 k4 a o a % dl [
g‘ﬂ‘Vl 5.5 ﬂ’h‘@\‘iN’]um‘ﬂﬁ#ﬂ@@’mw@@mﬂﬂﬂﬂ\iL?@@LW@?@QH’J\W?WJU@NWLﬂumi?ﬂtﬂﬁu@ﬂ\‘]

Ack «=— . |«— Req
= {0, 1} o = {0, 1}
i)
[¢)
Di— £ —» Do
= {0, 1/2, 1} ={0,1/2, 1}
(n)
Register 1 bit
Binary Logic
Ack ¢ Req
= {0, 1} x{0} ={0, 1}
Di bE>—{aT> ——— Do
={0, 1/2, 1} x{0} ={0, 1/2, 1}

(1)

717 5.6 WAgwesIua 1 dndwiunssnslnsnaniadnideunounuiunssnzguasy

(N) WHUNINLADA, (1) 2AT



49

NN3A1ABNNITNINIUNATAINAI T HANIIR1ABININNNUAILTN 5.7 Tauanali
-3 { o a A ¥ t:ll M v t:ll ¥
Wiudnaunsntnganssnelnsniagiiadunldununoasiedld Taenaiunsaldasas

dl | ¥ A a
AL @NVILﬂuﬁlﬁ“iﬂzﬂ’]u@’Ni@ PHBULAN

-l /bt_ali32_with_ctr_sim/din Juuuw bt — —A A — " A —" ¥
1 I /b eh32_wit_chl_sim/dout TR e T e S e, W o T o, T o T o, T ¢
W /bt_alu32_with_otrl_sim/da_req u h L 1 1 L [ 1 1 I 1
W /bt_alu32_with_ctil_sim/co_req u h N 1 1 I 1 1 1 1
W /bt_slu32_with_chrl_sim/va_req u n — L I 1 1 L [ 1 1 — L 1
bt Treq |0 | e S D S LI 1 T LT L 1 T
W bt_alu3Z_with_ctil_sim/reg_rstn u H
W /bt_slu32_with_chil_sim/ai_sck u — 1 1 1 1 1 T 1 1 1 I_
I bt_alu32_with_cti_sim/bi_ack u — o T o 1 1 1 [ 1 [
W /bt_alu32_with_ctrl_sim/sel_ack u gl ey PP [ 1 L 1 1 1T
W /bt_alu32_with_chrl_sim/alu_ack u L THTE N 7 S S I S R S R N
W /bt_alu32_with_otrl_sim/rego_ack u e Sy L F " e e B e B e e B D B
W /bt_alu32_with_ctrl_sim/clr_ack u 1 Ly 47 7 ™ 3 1 I 1 1 1 1
W /bt_alu32_with_ctr_sim/start 0
W /bt_alu3Z_with_ctrl_sim/resstn 1 [
W bt_alu3Z_with_ctil_sim/testdone 0
W /bt_alu32_with_otrl_sim/fetch u FE e [ ] 0 | 0O ] 1 1
W /bt_alu32_with_ctrl_sim/last_output_phase U Cammr). [F] [l [ L [ 1L T 1L T 1L T 1
T T T T T T T T T T
500 Tus 1500 Zus 2500
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T029A7 UIUBUNA ATUIUBVANR UIUNAL
5xpl 7 10 75
9sym 9 1 87
al u4 14 8 1028
apex1 45 45 206
apex?2 39 3 1035
apex3 54 50 280
apex4 9 19 438
apex5 117 88 1227
b12 15 9 431
Bw 5 28 87
dip 9 5 167
conl 7 2 9
Cordi c 2% 2 1206
Cps 24 109 654
duke2 22 29 87
e64 65 65 65
ex1010 10 10 1024
ex4p 128 28 620
ex5p 8 63 256
I nc Y, 9 34
m sex1 8 i 32
m sex2 25 18 29
m sex3 14 14 1848
m sex3c 14 14 305
064 130 1 65
rd53 5 B 32
rd73 7 3 141
rdg4 8 4 256
sao2 10 4 58
Seq 41 35 1459
Spl a 16 46 2307
sqrt8 8 4 40
squar 5 < 8 32
t481 16 1 481
t abl e3 14 14 175
t abl e5 17 15 158
vg2 25 8 110
xor 5 D) 1 16
Z5xp1l 7 10 128
Z9sym 9 il 420




P399 6.2 ANUAUAAENYNIAININEAIIAABLAINILNNATINE LazATUIUANENYNIAaN

A o o A = o p
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LGSynth 89-93
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ﬁﬁuqu@umm@q@mmﬂqmm
WNAT 2 3 4 5 6 7 8
dar bt dr bt ar bt Dr bt dar bt dr bt dr bt
5xpl 285| 285] 168] 168] 115 115 96 96 90 90 88 88 87 87
9sym 529 529 312 312 211 211 204 204 113 113 110 110 108 108
al ud 7873| 7873] 4199| 4199] 3009| 3009) 2317| 2317] 2040| 2040| 1751| 1751] 1476| 1476
Apex1 2601| 2601) 1367| 1367 948 948 746 746 639 639 557 557 475 475
apex2 [14526]14526] 7505 7505| 5253| 5253] 4078| 4078] 3353| 3353| 2863] 2863] 2531| 2531
apex3 2979| 2979] 1582| 1582| 1139| 1139] 843| 843] 783 783 702] 702] 544] 544
apex4 4970| 4970] 2553| 2553| 1834| 1834| 1299| 1299] 1210 1210] 1114] 1114] 937 937
apex5 7077| 7077] 3950 3950] 2678| 2678] 2325| 2325] 2002 2002| 1906| 1906] 1885| 1885
b12 1874| 1874| 1077 1077 784 784 654 654 530 530 514 514 505 505
bw 330 330 179 179 139 139 97 97 92 92 92 92 92 92
clip 887| 887 485 485| 365| 365| 285 285] 224 224] 201 201 197 197
conl 26 26 18 18 17 17 16 16 16 16 16 16 16 16
cordic |18388[18388] 9258| 9258| 6876| 6876| 4701| 4701] 4573| 4573| 3476| 3476| 3448| 3448
cps 7019| 7019] 3659| 3659] 2564| 2564] 1986 1986| 1635 1635| 1426] 1426] 1289] 1289
duke2 884 884 468 468 330 330 266 266 228 228 188 188 161 161
e64 2146| 2146) 1122| 1122 781 781 610 610 508 508 440 440 391 391
ex1010 J10677|10677] 5853| 5853| 3562| 3562| 3440| 3440| 2345| 2345| 2296| 2296| 2261| 2261
ex4p 4504| 4504] 2556] 2556 1968] 1968| 1376| 1376] 1297| 1297] 1282] 1282 827 827
ex5p 9309| 9309] 4779| 4779] 3268| 3268] 2379| 2379] 2005| 2005| 1758 1758] 1313] 1313
inc 243] 243] 130] 130 98 98 74 74 57 57 51 51 49 49
m sex1 116 116 70 70 48 48 41 41 40 40 40 40 40 40
m sex2 188 188 113 113 90 90 77 77 72 72 62 62 58 58
m sex3 |17957|17957| 9434| 9434 6571| 6571 5359| 5359] 4091| 4091] 3812| 3812] 3650 3650
m sex3c| 1789 1789] 983] 983] 708| 708] 563 563] 482 482 425 425 390 390
064 258 258] 226] 226] 216] 216] 210] 210] 207| 207] 205] 205 204 204
rds3 143| 143 81 81 61 61 42 42 40 40 40 40 40 40
rd73 841 841 462 462 298 298 287 287 238 238 169 169 165 165
rds4 2204| 2204) 1234| 1234 910 910 620 620 600 600 586 586 320 320
sao2 445 445 239 239 174 174 i85 135 110 110 109 109 106 106
seq 17797|17797] 9294| 9294] 6433| 6433] 5007| 5007] 4216| 4216] 3632| 3632| 3169| 3169
spl a 46849]46849]24581|24581]15661|15661|12286(|12286] 9470 9470| 8964| 8964] 8574| 8574
sqrt 8 157 157 94 94 68 68 57 57 53 53 52 52 52 52
squar 5 202] 202] 102] 102 91 91 51 51 48 48 46 46 43 43
t 481 4766| 4766| 2611| 2611] 1682| 1682] 1465| 1465] 1145| 1145 993 993 965 965
t abl e3 2457| 2457] 1265| 1265 889 889 678 678 565 565 472 472 443 443
t abl e5 2331 2331} 1201| 1201 831 831 639 639 531 531 452 452 414 414
vg2 813| 813] 444| 444] 320] 320 261 261] 217 217] 191] 191] 186 186
xor5 83 83 44 44 41 41 24 24 23 23 23 23 23 23
Z5xpl 1331| 1331 668] 668] 442|442 397 397] 370 370] 224] 224] 208] 208
Z9sym 3787| 3787) 1898| 1898) 1408| 1408 953 953 932 932 918 918 908 908
73 1
*MNWELM@ drlﬁuﬂtmdﬂﬁﬁﬁdq

bt IFunueasnssnglnsniaanad
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1
a

guUnsnirtinunuafin (Static C-element) NXBUNAABIBUNWATI TN UIUNIUTALNDT
1 o % zﬂl A = a -e:ll-e:lza a Y o
WMANU 6*(2(n-1))+12 /A2 ngﬂmmfﬂummmummmmuwmam@uwmhmmu

NINUTALAATINAL 12 67

ANMAATIETNEU ausaagllfdineameuiudiunmaasudunsina ey
2939039n2 TN IATHATINIUIA 1/3 189NATABLFLAIUAIINARLTUNITNNIULIBIINATIN-
A uazieninszirunnresaneuiulngiansnnduaunsuiame i disinne99as

ROUFUAMIUNAIINGUATIAsARLTUAMTINasRsInE InsnaTtiad ansnsnaglddn

YU AVBINATABLFUANNTUNAFINA =6n + 6*(2(n-1)) + 12
=18n
YU ATRINATAALTUA 1M UNA9IR TN IMINATRAT = 2n + 65(2(n-1)) + 12

=14n

FatuneasmeusUd mitasasaesnglasnatiiafasdaun adnndnaunnaeeas
RRUFUAUTLNAIING  22.22% Lﬁ@ﬁmquﬁuwmqmmmmmLL@uﬁLmemﬁwhﬁu 2
Buns uazideiBaufieudnnisanassesauinedasasmefudmiiasasnmnglnznia
THATFUUIAWNAIABLTUAIMITLN9ATTNEA  IWNIANUIUBUNAGIAATBINARBLFTR ALY
U 2, 3, 4, 5,6, 7 48z 8 BunA AapsasiFaumeuANsInUy L GSynth 89-93 wudliHAAY
199l 6.3 TanaTeNSEIdIuTasIsaIRRLFLT IR TaNasRusiazasad A mlautisite
Glﬂﬁtﬁmﬁmﬁ'@ﬁmm%uwmﬁqzﬁmmmmmﬁﬂ'ﬁwhﬁu Imﬂmtﬁﬁ@?mquﬁuwm@mmmmm
W UABNBUNANARIIN1TAARITITUIATBINATFLTUAMILINAsAINT Insn AT linilse

a '

TUIANATRRUFIAINI IR AR AR TAHANINIY 22.22%
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A1T197 6.3 BRTINNTANAITBITUNIATBINAIRALTUAMTUNATRTTNZ IRIn1ATiindfe

PUIAYBINATABLTURNNTLINATI9E

NUILBUNAFIGATELNA
eNCh
2 3 4 5 6 7 8

5xpl 22.22%|  28.47%]  31.46%]  33.10%|  34.22%|  34.92%|  35.44%
9sym 22.22%|  28.52%|  31.52%|  33.22%|  34.19%|  34.92%|  35.53%
Al u4 22.22%| 28.57%|  31.57%|  33.33%|  34.47%|  35.28%|  35.88%
Apex1 22.22%| 28.57%]|  31.56%|  33.29%|  34.44%|  35.24%|  35.84%
Apex2 22.22%| 28.57%|  B1.58%|  33.33%|  34.47%|  35.29%|  35.88%
Apex3 22.22%|  28.56%|  31.56%] _ 33.30%|  34.44%|  35.26%|  35.84%
apex4 22.22%| 28.57%|  31.57%|  33.31%|  34.46%|  35.26%|  35.87%
apex5 22.22%|  28.57%|  31.57%]  33.33%|  34.46%|  35.28%|  35.87%
b12 22.22%|  28.56%|  31.56%]  33.28%|  34.44%|  35.23%|  35.85%
bw 22.22%|  28.53%|  31.48%]  33.16%| 34.07%|  34.85%|  35.66%
clip 22.22%|  28.55%|  31.51%|  33.27%|  34.36%|  35.11%|  35.79%
conl 22.22%|  27.69%]|  30.09%]|  32.00%| 33.33%|  33.33%|  33.33%
cordic 22.22%| _28.57%]  31.58%|  33.33%|  34.48%|  35.28%|  35.89%
cps 22.22%|  28.57%]  31.57%|  33.32%|  34.47%|  35.27%|  35.88%
duke2 22.22%| _ 28.54%| _ 31.52%|  33.21%|  34.34%|  35.07%|  35.74%
e64 22.22%|  28.56%|  31.56%|  33.28%|  34.42%|  35.20%|  35.82%
ex1010 22.22%| 28.57%| _ 31.58%|  33.33%|  34.47%|  35.28%|  35.89%
ex4p 22.22%|  28.57%|  31.57%|  33.32%|  34.45%|  35.27%|  35.87%
ex5p 22.22%| 28.57%| _ 31.57%|  33.32%|  34.47%|  35.28%|  35.87%
inc 22.22%| _28.45%|  31.31%]  32.89%|  33.83%|  34.58%|  35.38%
m sex1 22.22%|  28.34%| 31.17%|  32.93%|  33.90%|  34.48%|  35.00%
m sex2 22.22%| 28.50%| _ 31.36%|  33.12%|  33.96%|  34.64%|  35.15%
m sex3 22.22%| 28.57%|  31.58%|  33.33%|  34.48%|  35.28%|  35.89%
mi sex3c 22.22%| _ 28.56%|  31.55%|  33.28%|  34.40%|  35.23%|  35.81%
064 22.22%|  28.50%| _ 31.49%|  33.18%|  34.30%|  35.19%|  35.79%
rds3 22.22%|  28.47%]|  31.36%|  32.56%|  33.90%|  34.48%|  35.09%
rd73 22.22%|  28.54%]  31.53%|  33.24%|  34.34%|  35.17%|  35.68%
rds4 22.22%|  28.56%]  31.56%|  33.30%|  34.44%|  35.24%|  35.79%
sao2 22.22%|  28.54%]|  31.46%]|  33.13%|  34.27%|  35.10%|  35.69%
seq 22.22%| 28.57%]  31.58%|  33.33%|  34.48%|  35.28%|  35.89%
spla 22.22%|  28.57%|  31.58%|  33.33%| _ 34.48%|  35.29%|  35.89%
sqrt8 22.22%]|  28.40%]|  31.19%]|  33.04%]|  33.87%|  34.67/%|  35.14%
squars 22.22%| 28.41%]|  31.43%|  32.80%]| _ 33.80%|  34.59%|  35.39%
t481 22.22%|  28.57%|  31.56%|  33.32%]|  34.46%|  35.26%|  35.87%
tabl e3 22.22%|  28.56%|  31.56%|  33.28%|  34.44%|  35.22%|  35.80%
tabl e5 22.22%|  28.56%]  31.55%|  33.29%|  34.45%|  35.20%|  35.84%
vg2 22.22%|  28.53%|  31.50%|  33.27%|  34.31%|  35.14%|  35.70%
xor5 22.22%|  28.21%]  30.94%|  32.43%|  33.09%|  34.07%|  34.07%
Z5xp1 22.22%| 28.55%]  31.55%|  33.29%|  34.42%|  35.11%|  35.74%
Z9sym 22.22%| _28.56%| _ 31.57%]| _ 33.32%| _ 34.44%| _ 35.27%| _ 35.86%

ALRAY 22.22%|  28.50%| - 31.46%| = 33.17%| 34.26% | 35.03% 35. 61%
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6.1.2 N9 1AT12HAN 1A E1999 7189321199 EINAN NN TARUTLILAZ9AT
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1H8%LAT s ULNLENoUMENA T TINAN  WATRALFLITAIAAUNTRUGANNT
wasuwlasdnynrunieTy wazasasiensing Tnanfzaumsusaiuaunauiame s lddwiu
a dt:ll % ¥ o g o o o 1 14
wasnsanglmsniartaiinailnaliinauauduazinaeasuazsiounduiuneasneg als
o dl dl Y & 1 dl o a al ¥ U |

HAAIANINT 6.4 Fauansliiviuddatinngasassnylasnaatiaillldunusassedazdas
Tlszudpanuauniuiamasles 16.14%-20.85% uaziiaanaung099aInsanlngnig
a g v & & & | 0% o o a 1%
ladfen1snALULALI BN ALaUA LA INAaafazdae T sy ndnanuaunudamasle
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[51'1‘3'1\‘1% 6.4 ﬁmmmmmmm@wmWn@\m%miiﬂﬂmmmﬁmﬁ&imm ﬂ?]ﬂ\?fJ\‘]'%‘ﬁ"N@:

\HeasTiIaeslszinniinsasnauiuazaasdaue fns

NUIUBUNAGIGATBINA
AT
2 3 4 5 6 7 8

5xpl 15. 54% 17. 66% 18.23%  18.43%  18.58%  18.69%  18.769
9sym 16. 45% 19.40%  20.69%  21.17%  21.87%  22.04%  22. 169
al ud 16.62% 19.83%  21.13%  21.88%W  22.27%  22.50%  22.879
apex1 17.54%  20.34%  21.06%  21.23%  21.19%  21.12%  20.989
apex2 16. 64% 19.91%)  21.26%  22.00%  22.48%  22.81%  23.049
apex3 16.09% 18. 75% 19.69%  20.13%  20.36%  20.50%  20.56¢
apex4 17.86% 21.29%  22.41% _ 23.18%  23.22%  23.27% _ 23.449
apex5 16. 71% 10.58%  20.68% _ 21.10%  21.38%  21.50%  21.509
b12 16.47% 10.45%  20.65%  21.25%  21.67%  21.86%  22.009
Bw 14.48% 15.58%  15.69%  15.17%  15.17%  15.26%  15. 359
dip 16. 42% 19.39%  20.51%  21.15%  21.55%  21.76%  21.909
conl 12.37% 12.70%4  13.00%  13.10%  13.35%  13.35%  13.359
cordic 16.65% 19.96%  21.249% 22 159  22.43%  22.89%  23.019
cps 16. 25% 10.06%  20.08%  20.58%  20.86%  21.02%  21.139
duke? 15.61% 17.78% 18.37%  18.57%  18.64%  18.58%  18.529
e64 15.68%  17.989%  18.66%  18.89%  18.07%  18.99%  18.989
ex1010 16.63% 19.819 ~ 21.32%  21.80%  22.48%  22.66%  22.799
ex4p 16. 62% 19.50%  20.67%  21.39%  21.62%  21.78%  22.15¢
ex5p 16. 48% 10.56%  20.79%  21.47% _ 21.84%  22.07%  22.349
inc 15. 43% 17.40%  17.92%  17.97%  17.85%  17.83%  17.899
m sex1 14.47% 15.77%  15.68%  15.63%  15.72%  15.81%  15.909
m sex2 13.25%  13.77%  13.54%  13.219%  13.04%  12.48%  12.249
mi sex3 16.64% 10.88%  21.23%  21.01%  22.46%  22.70%  22.859
mi sex3c 16. 38% 19.31%  20.44%  21.02%  21.36%  21.58%  21.739
064 18.63% 22.95%  24.87%  25.97%  26.66%  27.20% _ 27.549
rds3 15.77% 18. 12% 18.88%  19.02%  10.26%  10.37%  19.489
rd73 16. 49% 19.53%  20.85%  21.32%  21.73%  22.16%  22. 269
rds4 16.58% 10.69%  20.95%  21.80%  22.09%  22.28%  22.929
sao2 16. 20% 19.01%  20.03%  20.54%  20.84%  21.01%  21.129
seq 16.59% 10.799%  21.119%  21.83% _ 22.25%  22.55%  22.789
spla 16. 64% 19.87%  21.33%  22.05% _ 22.58%  22.79%  22. 949
sqrts 15.69% 18..00% 18.71%  19.08%  19.21%  19.36%  19.469
squars 15, 41% 17.31% 17.97%4  17.67% 17.76%  17.824  17.859
t481 16.63% 10.819%  21.26%  21.87%  22.40%  22.71%  22.859
tabl e3 16. 46% 19.529  20.72%  21.36%  21.74%  22.01%  22. 149
tabl e5 16.42%  10.45%)  20.64%  21.26%  21.62%  21.86%  22.019
Vg2 16. 19% 18.99%  20.03%  20.55%  20.84%  21.03%  21.149
xor’5 15. 73% 18. 07% 18.87%  19.10%  19.2294  19.42% 19429
Z5xpl 16. 42% 19.44%  20.65%  21.14%  21.43%  21.84%  21.989
Z9sym 16.64% 10104%  21.21% | 22.129 _ 22.39% __ 22.58% __ 22.719

ALRAY 16.-14% 18.83% ~ 19.83% 20.28%  20.56%  20.73%  20.859
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AN919% 6.5 SMIINITAAAITANUUIATDII9ATATINE IMTAIATRATNRNTaAUuAeas TasE

NALUUA U BINALBUARRTHRIUIAR99198 18R eT9ABI sz ANTN9AT

AALFLLATINATAIULRIANA

UIUBUNAGIGATELN A

NAT
2 3 4 5 6 7 8

5xpl 19. 31% 24.18% 27. 03% 28. 43% 29. 08% 29. 38% 29. 589
9sym 18. 67% 23. 35% 26. 18% 26. 91% 30. 12% 30. 45% 30. 709
Al u4 18. 38% 23. 17% 25.55% 27.19% 28. 06% 28. 92% 29. 799
Apex1 18. 79% 22. 87% 24. 54% 25. 41% 25. 84% 26. 20% 26. 559
Apex2 17. 59% AL 1A% 23. 75% 24. 98% 25. 84% 26. 48% 26. 949
Apex3 17. 48% 21.40% 23. 15% 24. 36% 24. 82% 25. 26% 25. 979
Apex4 19. 21% 24. 07% 26. 15% 28. 03% 28. 29% 28. 61% 29. 379
Apex5 19. 14% 24. 08% 26. 92% 28. 06% 29. 10% 29. 49% 29.679
B12 19. 56% 25. 01% 27.96% 29. 66% 31. 35% 31. 79% 32. 099
Bw 18. 63% 22. 84% 24. 46% 25. 90% 26. 24% 26. 39% 26. 559
dip 18. 99% 24.21% 26. 67% 28. 52% 30. 12% 30. 91% 31. 209
conl 18. 10% 21.57% 22. 69% 23. 57% 24. 03% 24. 03% 24. 039
cordic 17. 53% 21. 71% 23. 49% 25. 04% 25. 40% 26. 33% 26. 479
cps 17. 59% 21.61% 23. 47% 24. 60% 25. 37% 25. 88% 26. 249
duke2 17.22% 20. 80% 22. 34% 23. 16% 23. 68% 24. 15% 24. 529
e64 16. 08% 18. 73% 19. 66% 20. 08% 20. 30% 20. 42% 20. 509
ex1010 17. 92% 22.22% 24. 87% 25. 50% 27. 13% 27. 39% 27. 589
ex4p 18. 55% 23. 14% 25. 17% 27. 27% 27. 77T% 28. 02% 30. 159
ex5p 16. 92% 20. 41% 21. 93% 22. 88% 23. 38% 23. 73% 24. 239
i nc 17.72% 21.62% 23. 21% 24. 33% 25. 19% 25. 61% 25. 869
m sex1 18. 76% 22. 97% 25. 31% 26. 42% 26. 77% 26. 92% 27.089
m sex2 15. 71% 17. 93% 18. 62% 18. 93% 19. 06% 19. 08% 19. 129
m sex3 18. 02% 22. 54% 24. 81% 26. 06% 27. 35% 27. 80% 28. 099
m sex3c 18. 74% 23. 68% 26. 19% 27.81% 28. 87% 29. 68% 30. 249
064 22. 88% 28. 83% 31. 51% 33. 06% 34. 04% 34. 79% 35. 269
rd53 18. 99% 23. 94% 26. 30% 28. 53% 29. 18% 29. 34% 29. 519
rd73 18. 77% 23. 78% 26. 88% 27. 62% 28. 87% 30. 80% 31. 059
rdg4 18. 15% 22.57% 24. 69% 26. 67% 27.11% 27. 41% 29. 839
sao2 18. 06% 22.52% 24. 61% 26. 03% 27. 09% 27. 34% 27.589
seq 17.71% 21.95% 24.03% 25. 29% 26. 11% 26. 75% 27. 289
spl a 17. 31% 21.16% 23. 17% 24. 21% 25. 09% 25. 39% 25. 609
sqrt8 19. 24% 24.16% 26. 84% 28. 42% 29. 08% 29. 44% 29. 589
squar5 17. 95% 22.17% 23. 44% 25. 41% 25. 80% 26. 08% 26. 429
t 481 17. 98% 22. 34% 24. 85% 25. 87% 27. 06% 27. 77% 28. 019
t abl e3 17. 48% 21.51% 23. 37% 24.55% 25. 30% 25. 92% 26. 199
t abl e5 17. 41% 21. 37% 23. 22% 24. 34% 25. 07% 25. 61% 25. 949
vg2 18. 13% 22.62% 24. 82% 26..13% 27.12% 27. 83% 28. 079
xor 5 18.49% 23.36% 24.70% 27. 64% 28. 05% 28. 35% 28. 359
Z5xpl 17.79% 22. 16% 24.40% 25.22% 25.72% 27. 39% 27. 739
Z9sym 18. 12% 22. 90% 25. 02% 27. 05% 27. 44% 27. 70% 27. 899

rﬁi’naﬁﬂ 18.23% 22.58% 24. 65% 25..98% 26. 78% 27.27% 27.679
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ANdaA1NUAAINAINETINIDATIZNNIAIANNUIMTR AN IF A uFuLIng
wiazlszinn  Tnanivuelidasoudunagegareanaidnyindy 2 Buwn amnsamad

ANNMUNIRNALFAZsT AN LA sail

ﬂ'ﬂmmumwmmmz%w%umamgmmm

LALLAUE = 3 wman
\NRBAT = 3 uioaman
e . a A ]
ginsadaling = 3 wilaga

ANAINNUINUBN ARV URINE Iean AT AT

LI = 2 wdenan
NAKBUA = 4 Wdhenan
nAeas = 5 s’
Qﬂﬂiiﬁﬁ]ﬁ"ﬁ@ﬂﬂ%uﬂﬂﬁ‘ﬁ’m’m = 1 wdagaa
qunsafrdaiuuulpsnipatineanning = 7 widemoan
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1 A dt:llda a
mﬁwmwquﬂﬂa‘mmumwmuwm n AuN

] q

%% a

= max(ANNNUNTBUNADATANBUNA N BUWE, AMNUUNTDUNAUBUANNBUNA n BUNH)

. Aa dzﬂlda a
+ muﬂmm@q@ﬂﬂimmumsﬁwu@uwm 2 AUN

q q

WAIMALFUANTUIR39796)

a

AVINMUONTDINATABLFY = AN NMHITRUNADESNHEUNA 2 BUN

Q

a

+ ANVNINT8g 1 INTiTHATANBUWE n BuWE

q

3+max((3* Engzn |_—)| (3* Ebgzn |_—)|)+3
(3*Ebg2n |_—1|+6

1937AAUSUAINTUN993R9 N IRINIATRA L]

AINNMUINTDINAIARUFL = ANvUesrasglnIninsaane LN

! e a dd‘da a
+ ANULNTNRLUNIITUATANBUNA N BUNR
1+max((3*|__ng2nD|, (S*Ebgan—ll)+3
(S*Ebgzn|_—)|+4

Il

‘ﬂl ¥ a o Y @ U tﬂl U o o o o
wmﬁ,mmnmm LATIZULAAY LA LA a% 1 1N 19191189998 A LU &1L
v = o

A79NAUATNAIRaLiIdmTURsINE lsnratia DR A lndipeiuTaas1eiwies 2 uidos

nanlngasasisaasutlsdumaen Lbg,nClndauiu

At laRmIN 1HA3LAILARAA I 1NN TN UUBITELLNNATTIN AN A RNA TR a5

LAZINATLENFNATRIIATTIARAL LN IALNI AN URREABINATTINAN AT

ANAINUUNLRAEIURIIATITINAY

= (max(min_delay(f,), ... min_delay(f,))+ max(max_delay(f,), ... max_delay(f))) / 2

Taain1vun 1
m = AU IFNATDINATTINAN
min_delay(f) = AIAINUUNAIGAYBLVANA |

max_delay(f) ANANNNUNGIZATBUBVANG |
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uananzfinand i lun1einnuressiunadeanidaminenfuuazasas
Lmr;i"vgm‘lumtﬁﬁﬁ%ﬂmu‘ﬁuwmnggmmmqw?ﬁmwhﬁu 2 Euwmﬁmﬁqmmqﬁ' 6.6 WANIT
Ansrzfuanalfifiudinnanildluniinuresnsunandaaniidennefuazasas
1FNAI89NATAsINg lasnATiiadiANINNd19as99E  awssnanadumssinauay
guUnsndrfiatunulnsnipiineanunnsdmiunsasduand miunsine lnsnagiaien

AHMUNHINNINALazgLnsniTlaGi LdiU29A59194

B399 6.6 ANUIUNLNEIAIN I 11IN1971N9UIBINATIN A LA NAIATINE AT ATHAT]

TUNIUNAUIUBNNAGIAATBINATHANTINAL 2 BN

99793794 wasasInglneniattind
= o a Sa
1949 - FYULINNATINNANTING 943 _ FTULNANTIANNHI9AT
WATTINAN 4 " Q9ATTINAN . )
AOUFLUATINATLENFNA FRLFLUATINATLEFNA

5xpl 21 54 33.5 66.5
9sym 27 63 43.5 79.5
al ua 34.5 79.5 55.5 100.5
apex1 31.5 73.5 50.5 92.5
apex2 39 87 62.5 110.5
apex3 315 73.5 50.5 92.5
apex4 315 76.5 51.5 96.5
apex5 27 7 42.5 87.5
b12 28.5 67.5 46.5 85. 5
bw 15 48 23.5 56.5
clip 24 60 38.5 74.5
conl 12 33 19.5 40.5
cordic 42 o 67.5 118.5
cps 27 72 42.5 87.5
duke2 22.5 58.5 35.5 71.5
e64 19.5 61.5 27 69
ex1010 33 81 52.5 100.5
ex4p 27 72 43.5 88.5
ex5p 3L.5 79.5 50.5 98.5
inc 21 51 33.5 63.5
i sex1 15 42 28.5 50. 5
i sex2 15 45 28.5 53.5
i sex3 34.5 85.5 55.5 106.5
i sex3c 28.5 67.5 45.5 84.5
064 22.5 55.5 36.5 69.5
rds53 19.5 9.5 31 61
rd7a 25.5 61.5 a1 77
rdsa 3.5 73.5 50.5 92.5
sao2 24 57 37.5 70.5
seq 315 82.5 49.5 100.5
spla 42 96 67.5 121.5
sart8 21 51 33.5 63.5
squar 5 18 48 28.5 58.5
1481 34.5 79.5 55.5 100.5
tabl e3 28.5 70.5 46.5 88.5
tabl e5 315 73.5 49.5 91.5
vg2 24 60 38.5 74.5
xor5 19.5 46.5 31 58
Z5xp1 25.5 64.5 a1 80
Z9sym 36 78 57.5 99. 5
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MANUIIN A

suanualiuradllsinsudisa BT LOGIC_LIB

Title : B-ternary_Logic nmulti-value system
Li brary :  This package shall be conpiled into a library
: synbolically nanmed BT.

Devel opers: Kawee Wattanaviroon
Pur pose :  This packages defines a B-Ternary |ogic standard for
: designers to use in describing the interconnection data
types used in vhdl nodeling.

Limtation: The logic systemdefined in this package may
: be insufficient for nodeling switched transistors,
since such a requirenent is out of the scope of this
effort. Furthernore, mathematics, prinitives,
timng standards, etc. are considered orthogonal
issues as it relates to this package and are therefore
beyond the scope of this effort.

Not e : No declarations or definitions shall be included in,
: or excluded fromthis package. The "package declaration”

defines the types, subtypes and decl arations of
BT_Logic. The BT _Logic package body shall be
consi dered the formal definition of the semantics of
this package. Tool devel opers nmay choose to inplenent
the package body in the nost efficient nanner avail able
to them

nod. date: | Changed:

DEC 11, 2000 | 1. Add functions :
| resol ved, bt_and(), bt_nand(), bt_or(), bt_nor(),
| bt _xor (), bt_xnor(), bt_inv(), bt_ltrO0s(), bt_Itr0o(),
| To_bit(), To_bitvector(),
| To_stdU ogic(), To_stdLogicVector(), To_stdULogicVector(),
| To_btULogi c(), To_btLogicVector(), To_btULogicvector(),
| To_X0S1(), To_X0S1Z(), To_UX0Si(),
| pl us_edge(), m nus_edge(), return_edge(), |s_X()
| 1. Add bt_pd() function(s).
| 1. Add overload function(s) "and", "nand",
| "xnor", "not"

JUL 20, 2001
SEP 09, 2001

or xor",

nor

library |EEE;
use | EEE. std_|l ogic_1164.all;

PACKAGE BT_LOG C_LIB IS

TYPE bt _ulogic IS( 'U, -- Uninitialized
*X, -- Forcing Unknown
‘0", -- Forcing O
'S, -- Forcing Spacer
‘12", == Forcing 1
‘Z', -- Hgh Inpedance
‘P, -- Forcing Unknown {0, S}
‘Q, ~-- Forcing Unknown {S, 1}
‘R, ~-- Forcing Unknown {0, 1}
"W, o-- Weak Unknown
‘LY, -- Weak 0
‘B, -- Weak Spacer (Bel ow Spacer)
‘A, -- \eak Spacer (Above Spacer)
‘H, -- Wak 1
Y1 == Weak Unknown {0, S}
3, .- Weak Unknown {S, 1}
'K, -- Weak Unknown {0, 1}
vt -- Don't care

-- _unconstrained array of bt_ulogic for use with the resolution function

FUNCTION resolved ( s : bt_ul ogic_vector ) RETURN bt _ul ogic;

-- unconstrained array of bt_logic for use in declaring signal arrays

TYPE bt _| ogi c_vector IS ARRAY ( NATURAL RANGE <>) OF bt_| ogic;

SUBTYPE X0S1 IS resolved bt_ulogic RANGE'X TO'1'; -- ('X
SUBTYPE X0S1Z IS resolved bt _ulogic RANGE ‘X TO'Z'; -- ('X



SUBTYPE UX0S1 IS resolved bt _ulogic RANGE ‘U TO'1'; -- (‘U,'X,'0,'S,'1")

SUBTYPE UX0S1Z IS resolved bt_ulogic RANGE'U TO'Z'; -- ('U,'X,'0,'S,'1','Z")

-- overloaded | ogical function

FUNCTI ON "and" (1 bt _ulogic; r bt _ul ogi ¢ ) RETURN UX0S1;

FUNCTI ON " nand" (1 bt _ulogic; r bt _ul ogi ¢ ) RETURN UX0S1;

FUNCTI ON "or" (1 bt _ulogic; r bt _ul ogic ) RETURN UX0S1;

FUNCTI ON "nor" (1 bt _ulogic; r bt _ul ogi ¢ ) RETURN UX0S1;

FUNCTI ON " xor" (1 bt _ulogic; r bt _ul ogi ¢ ) RETURN UX0S1;

function "xnor" (1 bt _ulogic; r bt _ulogic ) return UX0S1;

FUNCTI ON "not " (1 bt _ul ogic ) RETURN UX0S1;

FUNCTI ON bt _and (| : bt_ulogic; r bt _ul ogi ¢ ) RETURN UX0S1;

FUNCTION bt _nand ( | : bt_ulogic; r bt _ul ogic ) RETURN UX0S1;

FUNCTI ON bt _or (I : bt_ulogic; r bt _ul ogic ) RETURN UX0S1;

FUNCTI ON bt _nor (1 bt _ulogic; r bt _ul ogi ¢ ) RETURN UX0S1;

FUNCTI ON bt _xor (1 bt _ulogic; r bt _ul ogi c ) RETURN UX0S1;

function bt_xnor ( | bt _ulogic; r bt _ulogic ) return UX0S1;

FUNCTI ON bt _i nv (1 bt _ul ogi c ) RETURN UX0S1;

FUNCTION bt _Itr0Os ( | bt _ul ogi c ) RETURN UX0S1; --literals function {0, S}
FUNCTION bt _Itr0 (| bt _ul ogi c ) RETURN UX0S1; --literals function {0}
FUNCTI ON bt _pd (1 bt _ul ogi c ) RETURN UX0S1; --phase detector

-- vectorized overloaded |ogical operators

FUNCTI ON "and" (1, r bt _|ogic_vector ) RETURN bt_| ogi c_vector;

FUNCTI ON "and" cfl,r bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector;

FUNCTION "nand" (|, r bt | ogi c_vector ) RETURN bt _| ogi c_vector;

FUNCTION "nand" (I, r bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector;

FUNCTI ON "or" (1, r bt | ogic_vector ) RETURN bt_| ogi c_vector;

FUNCTION "or" cfl,r bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector;

FUNCTI ON "nor" (1, r bt _logic_vector ) RETURN bt_| ogic_vector;

FUNCTI ON "nor" cfl,r bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector;

FUNCTI ON " xor" (1, r bt _logic_vector ) RETURN bt_| ogi c_vector;

FUNCTI ON " xor" cfl,r bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector;

function "xnor" (I, r bt | ogic_vector ) return bt_|ogic_vector;

function "xnor" (I, r bt _ul ogi c_vector ) return bt_ul ogi c_vector;

FUNCTI ON "not " (1 bt _|ogic_vector ) RETURN bt_l ogic_vector;

FUNCTI ON "not " (1 bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector;

FUNCTI ON bt _and (1, r bt _| ogi c_vector ) RETURN bt _| ogi c_vector;

FUNCTI ON bt _and cfr,r bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector;

FUNCTION bt _nand ( |, r bt | ogi c_vector ) RETURN bt _| ogi c_vector;

FUNCTION bt _nand ( |, r bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector;

FUNCTI ON bt _or (1, r bt _| ogi c_vector ) RETURN bt _| ogi c_vector;

FUNCTI ON bt _or ! bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector;

FUNCTI ON bt _nor (1 i bt _l ogi c_vector ) RETURN bt_|ogic_vector;

FUNCTI ON bt _nor (& # bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector;

FUNCTI ON bt _xor 1, r bt _| ogi c_vector ) RETURN bt _| ogi c_vector;

FUNCTI ON bt _xor (1, r bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector;

function bt_xnor ( I, r bt _| ogic_vector ) return bt_|ogic_vector;

function bt_xnor (I, r bt _ul ogi c_vector ) return bt_ul ogi c_vector;

FUNCTI ON bt _i nv (1 bt _| ogi c_vector ). -RETURN bt _| ogi c_vector;

FUNCTI ON bt _i nv (1 bt _ul ogi c_vector ) RETURN bt _ul ogic_vector;

FUNCTION bt _tr0Os ( | bt _| ogic_vector ) RETURN bt_logic_vector; --literals function {0, S}
FUNCTION bt _Itr0s ( | bt _ul ogic_vector ) RETURN bt __ulogic_vector; --literals function {0, S}
FUNCTION bt _Itr0o (| bt _| ogic_vector ) RETURN bt_|ogic_vector; --literals function {0}
FUNCTION bt 1tr0 (| bt _ul ogi c_vector ) RETURN bt _ul ogic_vector; --literals function {0}
FUNCTI ON bt _pd (1 bt | ogic_vector ) RETURN bt_l|ogic_vector; --phase detector

FUNCTI ON bt _pd (! bt _ul ogi c_vector ) RETURN bt _ul ogi c_vector; --phase detector

-- conversion functions

FUNCTI ON To_bi t (t bt _ul ogi c ; xmap BIT :='0") RETURN BIT;

FUNCTI ON To_bi t vect or (t bt _| ogi c_vector ; xmap BIT :='0") RETURN BI T_VECTOR;
FUNCTI ON To_bi t vect or (t bt _ul ogi c_vector ; xmap BIT :="'0") RETURN BI T_VECTOR;
FUNCTI ON To_st dU ogi c (t bt _ul ogi c ; xmap : std_ulogic : RETURN st d_ul ogi c;
FUNCTI ON To_st dLogi cVector ( t bt _ul ogi c_vector ; xmap std_logic : RETURN st d_| ogi c_vector;
FUNCTI ON To_stdLogi cVector ( t bt _| ogi c_vector ; xmap @ std_logic RETURN std_| ogi c_vector;
FUNCTI ON To_stdULogi cVector ( t bt _ul ogi c_vector ; xmap : std_ulogic RETURN st d_ul ogi c_vector;
FUNCTI ON To_st dULogi cVector ( t bt _| ogi c_vector ; Xxmap std_ulogic : RETURN st d_ul ogi c_vector;
FUNCTI ON To_bt ULogi ¢ (b: BT ) RETURN bt _ul ogi c;

FUNCTI ON To_bt ULogi ¢ (s : std_ulogic ) RETURN bt _ul ogi c;

FUNCTI ON To_bt Logi cVector ( b : BIT_VECTOR ) RETURN bt _| ogi c_vector;

FUNCTI ON To_bt Logi cVector ( s : std_ulogic_vector ) RETURN bt_| ogi c_vector;

FUNCTI ON To_bt Logi cVector ( s : std_logic_vector ) RETURN bt_| ogic_vector;

FUNCTI ON To_bt Logi cVector ( t : bt_ulogic_vector ) RETURN bt_| ogic_vector;

FUNCTI ON To_bt ULogi cVector ( b : BIT_VECTOR ) RETURN bt _ul ogi c_vector;



FUNCTI ON To_bt ULogi cVector ( s :
FUNCTI ON To_bt ULogi cVector ( s :
FUNCTI ON To_bt ULogi cVector ( t

std_ul ogi c_vector
std_| ogi c_vector
bt _| ogi c_vector

FUNCTION To_X0S1 ( t : bt_logic_vector ) RETURN bt _| ogic_vector;
FUNCTION To_X0S1 ( t : bt_ulogic_vector ) RETURN bt_ulogic_vector;
FUNCTION To_X0S1 ( t : bt_ulogic ) RETURN XO0S1;

FUNCTION To_X0S1 ( s : std_logic_vector ) RETURN bt_|ogic_vector;
FUNCTION To_X0S1 ( s : std_ulogic_vector ) RETURN bt_ul ogic_vector;
FUNCTION To_X0S1 ( s : std_ulogic ) RETURN XO0S1;

FUNCTION To_X0S1 ( b : BIT_VECTOR ) RETURN bt _| ogic_vector;
FUNCTION To_X0S1 ( b : BIT_VECTOR ) RETURN bt _ul ogi c_vector;
FUNCTION To_X0S1 ( b : BIT ) RETURN XOSL1;

FUNCTI ON To_X0S1Z ( t : bt_|l ogic_vector ) RETURN bt _| ogic_vector;
FUNCTI ON To_X0S1Z ( t : bt_ulogic_vector ) RETURN bt _ul ogic_vector;
FUNCTI ON To_X0S1Z ( t : bt_ulogic ) RETURN X0S1Zz;

FUNCTI ON To_X0S1Z ( s : std_logic_vector ) RETURN bt _|ogic_vector;
FUNCTI ON To_X0S1Z ( s : std_ulogic_vector ) RETURN bt _ul ogic_vector;
FUNCTI ON To_X0S1Z ( s : std_ulogic ) RETURN X0S1Z;

FUNCTI ON To_X0S1Z ( b : BIT_VECTOR ) RETURN bt | ogic_vector;
FUNCTI ON To_X0S1Z ( b : BIT_VECTOR ) RETURN bt_ul ogi c_vector;
FUNCTION To_X0S1Z ( b : BIT ) RETURN X0S1Z;

FUNCTION To_UX0S1 ( t : bt_logic_vector ) RETURN bt_|ogic_vector;
FUNCTION To_UX0S1 ( t : bt_ul ogic_vector ) RETURN bt_ul ogic_vector;
FUNCTION To_UX0S1 ( t : bt_ulogic ) RETURN UX0S1;

FUNCTI ON To_UX0S1 ( s : std_logic_vector ) RETURN bt_|ogic_vector;
FUNCTI ON To_UX0S1 ( s : std_ulogic_vector ) RETURN bt _ul ogic_vector;
FUNCTI ON To_UX0S1 ( s : std_ulogic ) RETURN UX0S1;

FUNCTI ON To_UX0S1 ( b : BIT_VECTOR ) RETURN bt _| ogic_vector;
FUNCTI ON To_UX0S1 ( b : BIT_VECTOR ) RETURN bt_ul ogi c_vector;
FUNCTION To_UX0S1 ( b : BIT ) RETURN UX0S1;

-- edge detection

FUNCTI ON pl us_edge (SIGNAL t bt _ul ogi c) RETURN BOOLEAN;

FUNCTI ON ni nus_edge (SI GNAL t bt _ul ogi ¢) RETURN BOOLEAN;

FUNCTI ON return_edge (SIGNAL t bt _ul ogi ¢) RETURN BOOLEAN;

FUNCTI ON I's_X bt _ul ogi c_vector ) RETURN BOOLEAN
FUNCTION I's_X bt _| ogic_vector ) RETURN BOOLEAN;
FUNCTION Is_X bt _ul ogi ¢ ) "RETURN BOCLEAN;

END BT_LOG C_LI B;
PACKAGE BODY BT_LOG C LIB IS

-- local types

TYPE btlogic_1d IS ARRAY (bt _ulogic) OF bt_ulogic;
TYPE btlogic_table IS ARRAY(bt _ul ogic,

bt _ul ogi c) OF bt_ul ogic;
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FUNCTI ON resolved ( s :
VARl ABLE resul t
BEG N
-- the test for a single driver is essential otherw se the
loop would return ' X for a single driver of '-' and that
-- would conflict with the value of a single driver unresolved
-- signal.
(s' LENGTH = 1) THEN

bt _ul ogi c_vector ) RETURN bt _ulogic IS
bt _ulogic :="'2Z"; -- weakest state default

RETURN s(s' LOW;

I'N s' RANGE LOOP
result := resolution_table(result,
END LOOP;

s(i));

XECTERN-SRQAURR OO X C

XRCETCUASTQAVIRQOXC

) RETURN bt _ul ogi c_vector;
) RETURN bt _ul ogi c_vector;
) RETURN bt _ul ogi c_vector;
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= (

btl ogic_table

oper ations

bt _and function

truth table for

CONSTANT bt _and_table :

RETURN resul t;

END | F;
END resol ved;

-- tables for |ogical

(

btlogic_table :

bt _or function

truth table for

CONSTANT bt _or_table :

)

(

btlogic_table :

bt _xor function

truth table for

CONSTANT bt _xor _table :

X
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‘R,
‘R,

X,
X,

‘R,
‘R,
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X
X

o,
btlogic_1d :
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btlogic_1d :

btlogic_1d :
I'trOs function

inv function
Itro function

bt _
_inv_table:
XL, 'S,

bt _|
ItrOs_table:
U

bt _|
Itro_table:

(v,
(v,

truth table for

CONSTANT bt

-- truth table for

CONSTANT bt

-- truth table for
CONSTANT bt



-- truth table for BT_PD_S function
CONSTANT bt _pd_table: btlogic_1d : =

FUNCTION "and" (| : bt_ulogic; r : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_| ogic;

BEG N
rtn := bt_and_table(l, r);
case rtnis

when 'U | "X | '0" | 'S | '1' => RETURN rtn;
when others => RETURN ' X' ;
end case;
END "and";
FUNCTION "nand" (| : bt_ulogic; r : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_| ogic;

BEG N
rtn := bt_inv_table ( bt_and_table(l, r));
case rtnis

when 'U | ‘X | *0" | 'S | "1 =
RETURN rtn;
when ot hers =>
RETURN ' X' ;
end case;
END "nand";
FUNCTION "or" (1 : bt_ulogic; r : bt_ulogic ) RETURN UX0OS1 IS
VARI ABLE rtn : bt_logic;

BEG N
rtn := bt_or_table(l, r);
case rtnis

when 'U | "X | '0" | 'S | '1' => RETURN rtn;
when others => RETURN ' X' ;
end case;
END "or";
FUNCTION "nor" (| : bt_ulogic; r : bt _ulogic ) RETURN UX0S1 |S
VARI ABLE rtn : bt_| ogic;
BEG N
rtn := bt_inv_table ( bt_or_table( I, r ));
case rtnis
when 'U | ‘X | '0" | 'S | "1 => RETURN rtn;
when others => RETURN ' X' ;
end case;
END "nor";
FUNCTION "xor" (| : bt_ulogic; r : bt_ulogic ) RETURN UX0S1 | S
VARI ABLE rtn : bt_logic;
BEG N
rtn := bt_xor_table(l, r);
case rtnis
when 'U | ‘X | "0 | 'S | "1 => RETURN rtn;
when others => RETURN ' X' ;
end case;
END "xor";
function "xnor" ( I : bt_ulogic; r: bt_ulogic ) return ux0sl is
VARI ABLE rtn : bt_|ogic;
begi n
rtn := bt_inv_tabl e(bt_xor_table(l, r));
case rtnis
when 'U | "X | '0" | 'S | '1'" => RETURN rtn;
when others => RETURN ' X' ;
end case;
end "xnor";
FUNCTION "not" (| : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_logic;
BEG N
rtn := bt_inv_table(l);
case rtnis
when 'U | "X | '0" | 'S | "1 => RETURN rtn;
when others => RETURN ' X' ;
end case;
END "not";
FUNCTION bt _and ( | : bt_ulogic; r : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_| ogic;

BEG N
rtn := bt_and_table(l, r);
case rtnis

when 'U | "X | '0" | 'S | "1 => RETURN rtn;
when others => RETURN ' X' ;
end case;

END bt _and;
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FUNCTION bt _nand ( | : bt_ulogic; r : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_logic;

BEG N
rtn := bt_inv_table ( bt_and_table(l, r));
case rtnis

when 'U | ‘X | '0" | 'S | "1 =>
RETURN rtn;
when ot hers =>
RETURN ' X' ;
end case;
END bt _nand;
FUNCTI ON bt _or (I : bt_ulogic; r : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_logic;

BEG N
rtn := bt_or_table(l, r);
case rtnis

when 'U | ‘X | '0" | 'S | "1 => RETURN rtn;
when others => RETURN ' X' ;
end case;
END bt _or;
FUNCTION bt _nor (| : bt_ulogic; r : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_logic;
BEG N
rtn := bt_inv_table ( bt_or_table( I, r ));
case rtnis
when 'U | "X | ‘0" | 'S | '1' => RETURN rtn;
when others => RETURN ' X' ;
end case;
END bt _nor;
FUNCTION bt _xor (| : bt_ulogic; r : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_logic;
BEG N

rtn := bt_xor_table(l, r);
case rtnis

when 'U | "X | ‘0| 'S | ‘1" => RETURN rtn;
when others => RETURN ' X' ;
end case;
END bt _xor;
function bt_xnor ( | : bt_ulogic; r : bt_ulogic ) return ux0sl is
VARI ABLE rtn : bt_| ogic;

begi n
rtn := bt_inv_tabl e(bt_xor_table(l, r));
case rtnis

when 'U | "X | '0" | 'S | "1 => RETURN rtn;
when others => RETURN ' X' ;
end case;

end bt _xnor;

FUNCTION bt _inv (| : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_| ogic;
BEG N

rtn := bt_inv_table(l);
case rtnis

when 'U | ‘X | '0" | 'S | "1'" => RETURN rtn;
when others => RETURN ‘X' ;
end case;
END bt _i nv;
FUNCTION bt _ItrOs ( | : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_logic;

BEG N
rtn := bt_ltrOs_table(l);
case rtnis

when 'U | "X | "0 | S | "1 /== RETURN rtn;
when others => RETURN ' X ;
end case;
END bt _| trOs;
FUNCTION bt _Itr0O (| : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_logic;

BEG N
rtn = bt_ItrO_table(l);
case rtn is

when 'U | "X | "0 | 'S | "1 => RETURN.rtn;
when others => RETURN ' X' ;
end case;
END bt _ItroO;
FUNCTION bt _pd ( | : bt_ulogic ) RETURN UX0S1 IS
VARI ABLE rtn : bt_logic;

BEG N
rtn := bt_pd_table(l);
case rtnis

when 'U | "X | '0" | 'S | "1 => RETURN rtn;
when others => RETURN ' X' ;
end case;
END bt _pd;

FUNCTION "and" ( |,r : bt_logic_vector ) RETURN bt_| ogic_vector IS
ALIAS |v : bt_logic_vector ( 1 TOI'LENGTH) IS I;
ALIAS rv : bt_logic_vector ( 1 TOr'LENGTH) IS r;
VARI ABLE result : bt_|logic_vector ( 1 TO|'LENGTH );
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BEG N
IF ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_and' operator are not of the sane |ength"
SEVERI TY FAI LURE;
ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_and_table (Iv(i), rv(i));
case result(i) is

when 'U | "X | "0 | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END | F;
RETURN resul t;
END "and";

FUNCTION "and" ( |,r : bt_ulogic_vector ) RETURN bt _ul ogic_vector IS
ALIAS |v : bt_ulogic_vector ( 1 TOI'LENGIH ) IS |;
ALIAS rv : bt_ulogic_vector ( 1 TOr'LENGTH ) IS r;
VARI ABLE result : bt_ulogic_vector ( 1 TO|'LENGTH );
BEG N
I'F ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_and' operator are not of the sane |ength"
SEVERI TY FAI LURE;

ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_and_table (Ilv(i), rv(i));
case result(i) is
when 'U | ‘X | '0" | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END | F;
RETURN resul t;
END "and";
-- nand

FUNCTION "nand" ( |,r @ bt_logic_vector ) RETURN bt_| ogi c_vector IS
ALIAS |v : bt_logic_vector ( 1 TOI'LENGTH ) IS |;
ALIAS rv : bt_logic_vector ( 1 TOr'LENGTH ) IS r;
VARI ABLE result : bt_logic_vector ( 1 TO|'LENGIH );
BEG N
IF ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_nand' operator are not of the sane |ength"
SEVERI TY FAI LURE;
ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_inv_table(bt_and table (lv(i), rv(i)));
case result(i) is

when 'U | 'X | 'O | 'S | "1 => NULL;
when others => result(i) := "X ;
end case;
END LOOP;
END | F;
RETURN resul t;
END "nand";

FUNCTION "nand* ( I,r @ bt_ulogic_vector ) RETURN bt _ul ogi c_vector IS
ALIAS |v : bt_ulogic_vector ( 1 TOI'LENGTH ) IS |;
ALIAS rv : bt_ulogic_vector ( 1 TOr'LENGTH) IS r;
VARI ABLE result : bt_ulogic_vector ( 1 TO|'LENGTH );
BEG N
I'F ( I"LENGTH /= r' LENGTH )~ THEN
ASSERT FALSE
REPORT “argunents of overloaded 'bt_nand' operator are not of the sane |length"
SEVERI'TY FAI LURE;

ELSE
FOR i I'N resul t' RANGE LOOP
result(i) := bt_inv_table(bt_and_table (lv(i), rv(i)));
case result(i) is
when 'U | "X | ‘0" | 'S | "1' => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END | F;
RETURN resul t;
END "nand";
-- or

FUNCTION "or" ( I,r : bt_logic_vector ) RETURN bt_| ogic_vector IS
ALIAS |v : bt_logic_vector ( 1 TOI'LENGTH ) IS |;
ALIAS rv : bt_logic_vector ( 1 TOr'LENGTH ) ISr;
VARI ABLE result : bt_logic_vector ( 1 TO|'LENGTH );
BEG N
IF ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_or' operator are not of the sane |ength"
SEVERI TY FAI LURE;

ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_or_table (lv(i), rv(i));
case result(i) is
when 'U | "X | "0 | 'S | "1 => NULL;

when others => result(i) :='X;
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end case;
END LOOP;
END | F;
RETURN result;

END "or";

FUNCTION "or" ( I,r : bt_ulogic_vector ) RETURN bt_ul ogi c_vector IS
ALIAS |v : bt_ulogic_vector ( 1 TOI'LENGTH) IS I;
ALIAS rv : bt_ulogic_vector ( 1 TOr'LENGTH) IS r;
VARI ABLE result : bt_ulogic_vector ( 1 TOI|'LENGTH );

BEG N
IF ( I"LENGTH /= r' LENGTH ) THEN

ASSERT FALSE
REPORT "argunents of overloaded 'bt_or' operator are not of the sane |ength"
SEVERI TY FAI LURE;
ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_or_table (lv(i), rv(i));
case result(i) is
when 'U | "X | "0 | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END I F;
RETURN result;
END "or";

FUNCTION "nor" ( |,r : bt_logic_vector ) RETURN bt_| ogic_vector IS
ALIAS |v : bt_logic_vector ( 1 TOI'LENGTH ) IS |;
ALIAS rv : bt_logic_vector ( 1 TOr'LENGIH ) IS r;
VARI ABLE result : bt_logic_vector ( 1 TO|'LENGTH );
BEG N
I'F ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overl oaded 'bt_nor' operator are not of the sane |ength"
SEVERI TY FAI LURE;

ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_inv_table(bt_or_table (Iv(i), rv(i)));
case result(i) is
when 'U | X | '0" | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END | F;
RETURN result;
END "nor";

FUNCTION "nor" ( |,r : bt_ulogic_vector ) RETURN bt _ul ogi c_vector IS
ALIAS |v : bt_ulogic_vector ( 1 TOI"LENGTH ) IS I;
ALIAS rv : bt_ulogic_vector ( 1 TOr"LENGTH ) IS r;
VARI ABLE result : bt_ulogic_vector ( 1 TO|'LENGIH );
BEG N
IF ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_nor' operator are not of the sane |ength"
SEVERI TY FAI LURE;

ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_inv_table(bt_or_table (lv(i), rv(i)));
case result(i) is
when 'U | "X | "0 | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END I F;
RETURN resul t;
END "nor";
-- xor

FUNCTION "xor" ( |,r : bt_logic_vector ) RETURN bt_| ogi c_vector IS
ALIAS | v : bt_logic_vector ( 1 TOI'LENGTH) IS |;
ALIAS rv : bt_logic_vector ( 1'TO r"LENGTH ) IS rj
VARI ABLE result : bt_|logic_vector (1 TO|'LENGIH );
BEG N
IFE ( 1"LENGTH /= r'LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_xor' operator are not of the sane |ength"
SEVERI TY FAI LURE;

ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_xor_table (Iv(i), rv(i));
case result(i) is
when 'U | "X | "0 | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END | F;
RETURN resul t;
END "xor";

FUNCTION "xor" ( I,r : bt_ulogic_vector ) RETURN bt_ul ogic_vector IS
ALIAS |v : bt_ulogic_vector ( 1 TOI'LENGTH) IS I;
ALIAS rv : bt_ulogic_vector ( 1 TOr'LENGTH ) IS r;
VARI ABLE result : bt_ulogic_vector ( 1 TO|'LENGTH );

BEG N



I'F ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_xor' operator are not of the sane |ength"
SEVERI TY FAI LURE;

ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_xor_table (Iv(i), rv(i));
case result(i) is
when 'U | "X | "0 | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END | F;
RETURN resul t;
END "xor";
-- xnor

FUNCTION "xnor" ( |,r : bt_logic_vector ) return bt_|ogic_vector is
alias |v : bt_logic_vector ( 1 tol'length ) is |;
alias rv : bt_logic_vector ( 1 tor'length ) is r;
VARI ABLE result : bt_logic_vector ( 1 to |'length );
begi n
if (1'"length /=r'length ) then
assert false
report "argunents of overloaded 'bt_xnor' operator are not of the sane |ength"
severity failure;

el se
for i in result'range |oop
result(i) := bt_inv_table(bt_xor_table (lv(i), rv(i)));
case result(i) is
when 'U | &X' | ‘0" | S | "1 => NULL;
when others => result(i) := 'X;
end case;
end | oop;
end if;

return result;
END "xnor";
FUNCTION "xnor" ( I,r : bt_ulogic_vector ) return bt_ul ogic_vector is
alias |v : bt_ulogic_vector ( 1 tol'length ) is |;
alias rv : bt_ulogic_vector ( 1 to r'length ) is r;
VARI ABLE result : bt_ulogic_vector ( 1 to |'length );
begin
if (1'"length /=r"length ) then
assert false
report "argunents of overloaded 'bt_xnor' operator are not of the sane |ength"
severity failure;

el se
for i in result'range |oop
result(i) := bt_inv_table(bt_xor_table (lv(i), rv(i)));
case result(i) is
when ‘U | "X | "0 | 'S | "1' => NULL;
when others => result(i) :='X;
end case;
end | oop;
end if;
return result;
END " xnor";
-- not
FUNCTION "not" (| : bt_logic_vector ) RETURN bt _| ogic_vector IS

ALIAS |v : bt_logic_vector ( 1 TOI'LENGTH ) IS I|;
VARI ABLE result : bt_logic_vector ( 1 TOI|'LENGTH ) := (OTHERS => 'X');
BEG N
FOR i IN result' RANGE LOOP
result(i) := bt_inv_table( Iv(i) );
case result(i) is
when ‘U | ‘X | 0" | *S | "1 => NULL;

when others => result(i) :='X;
end case;
END LOOP;
RETURN resul t;
END;
FUNCTION "not" (| : bt_ulogic_vector ) RETURN bt _ul ogic_vector IS
ALIAS |v : bt_ulogic_vector ( 1 TOI'LENGTH ) IS |;
VARI ABLE result : bt_ulogic_vector ( 1 TOI'LENGTH ) := (OTHERS => 'X');
BEG N
FOR i IN result' RANGE LOOP
result(i) := bt_inv_table( Iv(i) );
case result(i) is
when 'U | "X | "0 | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
RETURN result;
END;
-- bt_and

FUNCTION bt _and ( I,r : bt_logic_vector ) RETURN bt_|ogic_vector |S
ALIAS |v : bt_logic_vector ( 1 TOI'LENGTH) IS I;
ALIAS rv : bt_logic_vector ( 1 TOr'LENGTH) IS r;
VARI ABLE result : bt_|logic_vector ( 1 TO|'LENGTH );
BEG N
I'F ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE



REPORT "argunents of overloaded 'bt_and' operator are not of the sane |ength"
SEVERI TY FAI LURE;
ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_and_table (Iv(i), rv(i));
case result(i) is

when 'U | "X | "0 | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END I F;
RETURN resul t;
END bt _and;

FUNCTION bt _and ( I,r : bt_ulogic_vector ) RETURN bt_ul ogi c_vector IS
ALIAS |v : bt_ulogic_vector ( 1 TOI'LENGTH ) IS |;
ALIAS rv : bt_ulogic_vector ( 1 TOr'LENGTH ) IS r;
VARI ABLE result : bt_ulogic_vector ( 1 TO|'LENGTH );
BEG N
I'F ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_and' operator are not of the sane |ength"
SEVERI TY FAI LURE;

ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_and_table (lv(i), rv(i));
case result(i) is
when 'U | "X | "0 | 'S | '1' => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END | F;
RETURN resul t;
END bt _and;
-- bt_nand

FUNCTION bt _nand ( |,r : bt_logic_vector ) RETURN bt_| ogi c_vector |S
ALIAS |v : bt_logic_vector ( 1 TOI'LENGTH ) IS |;
ALIAS rv : bt_logic_vector ( 1 TOr'LENGTH ) IS r;
VARI ABLE result : bt_logic_vector ( 1 TO|'LENGTH );
BEG N
IF ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE

REPORT "argunents of overloaded 'bt_nand' operator are not of the sane |ength"

SEVERI TY FAI LURE;
ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_inv_table(bt_and table (lv(i), rv(i)));
case result(i) is

when 'U | ‘X | "0 | 'S | "1 => NULL;
when others => result(i) :="'X;
end case;
END LOCP;
END I F;
RETURN resul t;
END bt _nand;

FUNCTION bt _nand ( |,r : bt_ulogic_vector ) RETURN bt _ulogic_vector |S
ALIAS |v : bt_ulogic_vector ( 1 TOI'LENGTH ) IS |;
ALIAS rv : bt_ulogic_vector ( 1 TOr'LENGTH ) IS r;
VARI ABLE result : bt_ul ogic_vector ( 1 TO |'LENGTH );
BEG N
IF ( |"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE

REPORT "argunents of overloaded 'bt_nand' operator are not of the sane |ength"

SEVERI TY FAI LURE;

ELSE
FOR i I N result' RANGE LOOP
result(i) := bt_inv_table(bt_and_table (lv(i), rv(i)));
case result(i) is
when 'U | "X |0 vS | t1' => NULL;
when others => result(i) :='X;
end case;
END. LOOP;
END | F;
RETURN resul t;
END bt _nand;
-- bt_or

FUNCTION bt _or ( I,r : bt_logic_vector ) RETURN bt_|ogic_vector IS
ALIAS |v : bt_logic_vector ( 1 TOI'LENGTH ) IS |;
ALIAS rv : bt_logic_vector ( 1 TOr'LENGTH ) ISr;
VARI ABLE result : bt_logic_vector ( 1 TOI|'LENGTH );
BEG N
IF ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_or' operator are not of the sane |ength"
SEVERI TY FAI LURE;

ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_or_table (lv(i), rv(i));
case result(i) is
when 'U | "X | "0 | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;

END I F;
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RETURN result;
END bt _or;

FUNCTION bt _or ( I,r : bt_ulogic_vector ) RETURN bt_ul ogic_vector IS
ALIAS |v : bt_ulogic_vector ( 1 TOI'LENGTH) IS I;
ALIAS rv : bt_ulogic_vector ( 1 TOr'LENGTH) IS r;
VARI ABLE result : bt_ulogic_vector ( 1 TO|'LENGTH );
BEG N
IF ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_or' operator are not of the sane |ength"
SEVERI TY FAI LURE;
ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_or_table (lv(i), rv(i));
case result(i) is

when 'U | "X | "0 | 'S | "1 => NULL;
when others => result(i) :="'X;
end case;
END LOOP;
END I F;
RETURN result;
END bt _or;
-- bt_nor

FUNCTION bt _nor ( I,r : bt_logic_vector ) RETURN bt_| ogic_vector |S
ALIAS |v : bt_logic_vector ( 1 TOI|'LENGTH ) IS |;
ALIAS rv : bt_logic_vector ( 2 TOr'LENGTH) IS r;
VARI ABLE result : bt_logic_vector (1 TO |'LENGTH );
BEG N
I'F ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunments of overloaded 'bt_nor' operator are not of the sane |ength"
SEVERI TY FAI LURE;

ELSE
FOR i IN result" RANGE LOOP
result(i) := bt_inv_table(bt_or_table (Iv(i), rv(i)));
case result(i) is
when 'U | "X | "0 | 'S | "1' => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END | F;
RETURN result;
END bt _nor;

FUNCTION bt _nor ( |,r : bt_ulogic_vector ) RETURN bt _ul ogi c_vector IS
ALIAS |v : bt_ulogic_vector ( 1 TOI|'LENGTH ) IS |;
ALIAS rv : bt_ulogic_vector ( 1 TOr'LENGTH ) IS r;
VARI ABLE result : bt_ulogic_vector (1 TO|'LENGTH );
BEG N
I'F ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_nor' operator are not of the sane |ength"
SEVERI TY FAI LURE;
ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_inv_table(bt_or_table (Iv(i), rv(i)));
case result(i) is

when "U | "X | '0" | 'S | "1' => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END I F;
RETURN result;
END bt _nor;
-- bt _xor

FUNCTI ON bt _xor. ( I,r : bt_logic_vector ) RETURN bt_|ogic_vector
ALIAS |v : bt_logic_vector (-1 TO|'"LENGTH ) IS |
ALIAS rv : bt_logic_vector ( 1 TOr'LENGTH) IS r;
VARI ABLE result : bt_|logic_vector ( 1 TO|"LENGTH );

S

BEG N
I'F ( |1"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_xor' operator are not of the sane |ength"
SEVERI TY FAI LURE;
ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_xor_table (Iv(i), rv(i));
case result(i) is
when 'U | "X | '0" | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END | F;
RETURN resul t;
END bt _xor;

FUNCTION bt _xor ( I,r : bt_ulogic_vector ) RETURN bt_ul ogi c_vector IS
ALIAS |v : bt_ulogic_vector ( 1 TOI'LENGTH) IS I;
ALIAS rv : bt_ulogic_vector ( 1 TOr'LENGTH ) IS r;
VARI ABLE result : bt_ulogic_vector ( 1 TO|'LENGTH );
BEG N
I'F ( I"LENGTH /= r' LENGTH ) THEN
ASSERT FALSE
REPORT "argunents of overloaded 'bt_xor' operator are not of the sane |ength"



SEVERI TY FAI LURE;

ELSE
FOR i IN result' RANGE LOOP
result(i) := bt_xor_table (Iv(i), rv(i));
case result(i) is
when 'U | "X | "0 | 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
END | F;
RETURN resul t;
END bt _xor;
-- bt _xnor

FUNCTION bt _xnor ( |,r : bt_logic_vector ) return bt_|logic_vector is
alias v : bt_logic_vector ( 1 tol'length ) is I;
alias rv : bt_logic_vector ( 1 tor'length ) isr;
VARI ABLE result : bt_logic_vector ( 1 to |'length );
begi n
if (1'"length /=r'length ) then
assert false
report "arguments of overloaded 'bt_xnor' operator are not of the same |ength"
severity failure;

el se
for i in result'range |oop
result(i) := bt_inv_table(bt_xor_table (Iv(i), rv(i)));
case result(i) is
when 'U | "X | 0" | 'S | '1' => NULL;
when others => result(i) (= 'X;
end case;
end | oop;
end if;

return result;
END bt _xnor;
FUNCTION bt _xnor ( |,r : bt_ulogic_vector ) return bt_ul ogic_vector is
alias |v : bt_ulogic_vector ( 1 to |l'length ) is I;
alias rv : bt_ulogic_vector ( 1 to r'length ) is r;
VARI ABLE result : bt_ulogic_vector ( 1 to I'length );
begi n
if (1'"length /=r'length ) then
assert false
report "arguments of overloaded 'bt_xnor' operator are not of the same |ength"
severity failure;

el se
for i in result'range |oop
result(i) := bt_inv_table(bt_xor_table (lv(i), rv(i)));
case result(i) is
when 'U | 'X | ‘0" | S ] 1" => NULL;
when others => result(i) :='X;
end case;
end | oop;
end if;
return result;
END bt _xnor;
-- bt_inv
FUNCTION bt _inv (| : bt_logic_vector ) RETURN bt_| ogic_vector IS

ALIAS |v : bt_logic_vector ( 1 TOI'LENGTH ) IS |;
VARI ABLE result : bt_logic_vector ( 1 TOI|'LENGIH ) := (OTHERS => "X );
BEG N
FOR i IN result' RANGE LOOP
result(i) := bt_inv_table( Iv(i) );
case result(i) is
when 'U | "X | "0 |'S | "1 => NULL;

when others => result(i) := "X
end case;
END LOOP;
RETURN resul t;
END;
FUNCTION bt _inv ( | : bt_ulogic_vector ) RETURN bt_ul ogi c_vector 1S

ALIAS | v : bt_ulogic_vector ( 1 TOI'LENGTH) IS |;
VARI ABLE result : bt_ulogic_vector (1 TOI'LENGTH ) := (OTHERS => 'X );
BEG N
FOR i IN resul t' RANGE LOOP
result(i) := bt_inv_table( Iv(i) );
case result(i) is
when 'U | "X | "0 | 'S | "1 => NULL;

when others => result(i) :='X;
end case;
END LOOP;
RETURN result;
END;
-- bt_Itr0Os
FUNCTION bt _ItrOs ( | : bt_|logic_vector ) RETURN bt_|ogic_vector IS

ALIAS |v : bt_logic_vector (1 TOI'LENGTH) IS I;
VARI ABLE result : bt_logic_vector ( 1 TOI|'LENGTH ) := (OTHERS => 'X');
BEG N
FOR i IN result' RANGE LOOP
result(i) := bt_ltrOs_table( Iv(i) );
case result(i) is
when 'U | "X | "0 | 'S | "1 => NULL;
when others => result(i) :='X;
end case;



END LOOP;
RETURN resul t;

FUNCTION bt _ItrOs ( | : bt_ulogic_vector ) RETURN bt _ul ogic_vector IS
ALIAS |v : bt_ulogic_vector (1 TOI'LENGTH ) IS |;
VARI ABLE result : bt_ulogic_vector ( 1 TOI'LENGTH ) := (OTHERS => 'X');
BEG N
FOR i IN result' RANGE LOOP
result(i) := bt_ltrOs_table( Iv(i) );
case result(i) is
when 'U | "X | "0 | 'S | "1 => NULL;

when others => result(i) :='X;
end case;
END LOOP;
RETURN result;
END;
-- bt_Itr0
FUNCTION bt _ItrO ( | : bt_logic_vector ) RETURN bt_|ogic_vector IS

ALIAS |v : bt_logic_vector (1 TOI'LENGTH ) IS I|;
VARI ABLE result : bt_logic_vector ( 1 TOI|'LENGTH ) := (OTHERS => 'X');
BEG N
FOR i IN result' RANGE LOOP
result(i) :=bt_ItrO_table( lv(i) );
case result(i) is
when ‘U | "X | "0 | 'S | "1 => NULL;

when others => result(i) :='X;
end case;
END LOOP;
RETURN result;
END;
FUNCTION bt _Itr0 ( | : bt_ulogic_vector ) RETURN bt_ul ogi c_vector |S

ALIAS |v : bt_ulogic_vector (1 TOI|'LENGTH ) IS |;
VARI ABLE result : bt_ulogic_vector ( 1 TO|'LENGTH ) := (OTHERS => "X');
BEG N
FOR i IN result' RANGE LOOP
result(i) :=bt_Itro_table( Iv(i) );
case result(i) is
when 'U | 'X | *0" | 'S |-'1 => NULL;

when others => result(i) := "X ;
end case;
END LOOP;
RETURN resul t;
END;
-- bt_pd
FUNCTION bt _pd ( | : bt_logic_vector ) RETURN bt _| ogi c_vector IS

ALIAS |v : bt_logic_vector ( 1 TOI'LENGTH ) is |;
VARI ABLE result : bt_logic_vector (1 TO|'LENGTH ) := (OTHERS =>'X);
BEG N
FOR i IN result' RANGE LOOP
result(i) := bt_pd_table( lv(i) );
case result(i) is
when 'U | X | *0" | 'S | "1' => NULL;

when others => result(i) :="'X;
end case;
END LOOP;
RETURN resul t;
END bt _pd;
FUNCTION bt _pd ( | : bt_ulogic_vector ) RETURN bt_ul ogic_vector IS

ALIAS |v : bt_ulogic_vector ( 1 TOI'LENGTH ) is |;
VARI ABLE result : bt_ul ogic.vector (1 TO|'LENGTH ) := (OTHERS =>'X');
BEG N
FOR i IN result' RANGE LOOP
result(i) := bt_pd_table( I'v(i) );
case result(i) is
when "U | X | "0 'S | "1 => NULL;
when others => result(i) :='X;
end case;
END LOOP;
RETURN resul t;
END bt _pd;

TYPE | ogi c_x0sl_table 1S ARRAY (bt_ul ogic' LOWTO bt _ul ogic' H GH) OF X0S1;

TYPE | ogi c_x0s1z_table IS ARRAY (bt _ul ogi c' LONTO bt_ul ogi c' H GH) OF X0S1Zz;

TYPE | ogi c_ux0Os1_table IS ARRAY (bt _ul ogi c' LONTO bt_ul ogi c' H GH OF UX0S1;

TYPE | ogic_std_to_x0sl_table 1S ARRAY (std_ul ogic' LONTO std_ul ogic' HH GH) OF X0S1;
TYPE | ogic_std_to_x0slz_table |I'S ARRAY (std_ul ogic' LONTO std_ul ogic' H GH) OF X0S1Z;
TYPE | ogic_std_to_uxOsl_table |I'S ARRAY (std_ul ogic' LONTO std_ul ogic' H GH) OF UX0S1;

-- table name : cvt_to_x0sl

-- paraneters :

-- in : bt_ulogic -- sone |ogic val ue

-- returns : x0sl -- state value of |ogic value

-- purpose : to convert state-strength to state only

-- exanpl e :if (cvt_to_x0sl (input_signal) ="'1" ) then ...

CONSTANT cvt_to_x0sl : |ogic_x0sl_table := (
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-- table name : cvt_to_x0slz

-- paraneters :

-- in : bt_ulogic -- sone |logic value

-- returns : x0slz -- state value of |ogic val ue

-- purpose : to convert state-strength to state only

-- exanpl e : if (cvt_to_x0slz (input_signal) ='1" ) then ...

CONSTANT cvt_to_x0slz : |ogic_x0slz_table := (
A L
X, --'X
0 - o
‘s g
T
[
‘X . 4 '
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'S, - ‘A
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-- table name : cvt_to_ux0sl

-- paraneters :

-- in : bt_ulogic -- sone |ogic value

-- returns : ux0s1 -- state value of |ogic value

-- purpose : to convert state-strength to state only

-- exanpl e :if (cvt_to_uxOsl (input_signal) ='1" ) then ...

CONSTANT cvt_to_ux0sl : |ogic_uxOsl_table := (
‘U

X
- Q

X363 X 0 QX X XXX (D% C
[

G IR@CERQTUN

)
CONSTANT cvt_std_to_x0sl : logic_std_to_x0sl_table := (

X, - U
X, -- X
ol o
e
X g
X, - W
ol Ll
"1, .- 'H
el

)i
CONSTANT cvt_std_to_x0slz : logic_std_to_x0slz_table := (
X - tu
X o x



)
CONSTANT cvt_std_to_ux0sl : logic_std_to_uxOsl_table := (

‘U, --'U
X, -- X
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T
g
X, - W
ol e
"1, .- 'H
)

FUNCTI ON To_bi t ( t : bt_ulogic; xmap : BIT :='0") RETURNBIT IS
BEG N
CASE t IS

WHEN '0' | 'L => RETURN (' 0');

WEN'1' | 'H => RETURN (' 1');

WHEN OTHERS => RETURN Xnap;
END CASE;

FUNCTI ON To_bitvector ( t : bt_logic_vector ; xmap : BIT := '0") RETURN BIT_VECTOR | S
ALIAS tv : bt_logic_vector ( t'LENGTH1 DOMNTOO ) IS t;
VARI ABLE result : BIT_VECTOR ( t'LENGTH-1 DOANTO 0 );
BEG N
FOR i IN result' RANGE LOOP
CASE tv(i) IS
WHEN '0' | "L'" => result(i) 3 0';
WHEN "'1' | '"H =>result(i) o
WHEN OTHERS => result(i) := xnap;
END CASE;
END LOOP;
RETURN resul t;

FUNCTI ON To_bitvector ( t : bt_ulogic_vector; xmap : BIT := '0') RETURN BI T_VECTOR | S
ALIAS tv : bt_ulogic_vector ( t'LENGTH1 DOMTO O ) IS t;
VARI ABLE result : BIT_VECTOR ( t'LENGTH 1 DOMTO 0 );
BEG N
FOR i IN result' RANGE LOOP
CASE tv(i) IS

WHEN '0' | 'L'" => result(i) :='0";
WHEN '1' | 'H =>result(i) :="'1";
WHEN OTHERS => resul t (i) := Xxnmap;
END CASE;
END LOOP;
RETURN resul t;
END;
FUNCTI ON To_st dUl ogi ¢ (t : bt_ulogic ; xmap @ std_ulogic := 'X) RETURN std_ulogic IS
BEG N
CASE t IS
WHEN 'U => return 'U ;
WHEN ' X' => return 'X;
WHEN ' 0' => return '0';
WHEN '1' => return '1';
WHEN ' Z' => return 'Z';
WHEN 'W => return 'W;
WHEN ' L' => return 'L';
WHEN '"H => return 'H;
WHEN '-'" => return "-';
WHEN OTHERS => return xnap;
END CASE;
END;
FUNCTI ON To_stdLogicVector (<t : bt_ulogic_vector ; xmap @ std_logic :="'X ) ‘RETURN std_| ogi c_vector

ALIAS tv : bt_ulogic_vector ( t'LENGTH1 DOMTO O ) IS t;
VARI ABLE result : std_logic_vector ( t'LENGTH 1 DOMTO 0 );
BEG N
FOR i IN result' RANGE LOOP
CASE tv(i) IS

WHEN 'U => result(i) :="'U;
WHEN ' X' => result(i) :="'X;
WHEN ' 0' => result(i) :='0";
WHEN '1' => result(i) :="'1";
WHEN ' Z' => result(i) :='Z";
WHEN 'W => result(i) :='"W;
WHEN 'L' =>result(i) :="L";
WHEN 'H => result(i) := "H;
WHEN '-' =>result(i) :="'-";
WHEN OTHERS => result (i) := xmap;
END CASE;
END LOOP;
RETURN result;
END;
FUNCTI ON To_stdLogi cVector ( t : bt_|ogic_vector ; xmap @ std_logic :='X) RETURN std_| ogi c_vector

ALIAS tv : bt_logic_vector ( t'LENGTH1 DOMNTOO ) IS t;
VARI ABLE result : std_logic_vector ( t'LENGTH 1 DOMTO 0 );

[
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BEGI N
FOR i IN result' RANGE LOOP
CASE tv(i) IS

WHEN 'U => result(i) :="'U;
WHEN ' X' => result(i) :="'X;
WHEN ' 0' => result(i) :='0";
WHEN '1' =>result(i) :="'1";
WHEN ' Z' => result(i) :='Z";
WHEN 'W => result(i) := '"W;
WHEN 'L' =>result(i) :="L";
WHEN 'H => result(i) := "H;
WHEN '-' =>result(i) :="'-";
WHEN OTHERS => result (i) := xmap;
END CASE;
END LOOP;
RETURN result;

FUNCTI ON To_st dULogi cVector ( t : bt_ulogic_vector ; xmap : std_ulogic :="'X ) RETURN std_ul ogic_vector IS
ALIAS tv : bt_ulogic_vector ( t'LENGTH 1 DOMTO O ) IS t;
VARI ABLE result : std_ulogic_vector ( t'LENGTH 1 DOANTO O );
BEG N
FOR i IN result' RANGE LOOP
CASE tv(i) IS

WHEN 'U => result(i) :="'U;
WHEN ' X' => result(i) :="'X;
WHEN ' 0' => result(i) :='0";
WHEN '1' =>result(i) :="'1';
WHEN 'Z' => result(i) :="'2Z;
WHEN 'W => result(i) := "W;
WHEN 'L' =>result(i) :='L";
WHEN 'H => result(i) := "H;
WHEN '-' =>result(i) :="'-";
WHEN OTHERS => result (i) := xnmap;
END CASE;
END LOOP;
RETURN resul t;
END;
FUNCTI ON To_stdULogi cVector ( t : bt_|ogi c_vector ; xmap @ std_ulogic :='X ) RETURN std_ul ogic_vector IS

ALIAS tv : bt_logic_vector ( t'LENGTH 1 DOMNTOO ) IS t;
VARI ABLE result : std_ulogic_vector ( t'LENGTH 1 DOANTO O );
BEG N
FOR i IN result' RANGE LOOP
CASE tv(i) IS

WHEN 'U => result(i) := "
WHEN ' X' => result (i)
WHEN ' 0' => result (i)
WHEN '1' => result (i)
WHEN ' Z' => result (i)
WHEN ' W => result (i)
WHEN ' L' => result (i)
WHEN 'H => result (i)
WHEN '-' => result(i) :

L IESNROXC

S0 e

WHEN OTHERS => resul t (i XMep;
END CASE;
END LOOP;
RETURN resul t;
END;
FUNCTI ON To_bt ULogi ¢ (b: BIT ) RETURN bt _ul ogic I'S
BEG N
CASE b IS
WHEN ' 0' => RETURN '0';
WHEN '1' => RETURN '1';
END CASE;
END;
FUNCTI ON To_bt ULogi ¢ (s : std_ulogic ) RETURN bt _ulogic IS
BEG N
CASE s IS
WHEN 'U => return 'U ;
WHEN ' X' => return 'X;
WHEN ''0' => return '0";
WHEN '1' => return '1';
WHEN ' Z' => return 'Z';
WHEN ' W => return 'W;
WHEN 'L' => return 'L";
WHEN 'H => return 'H;
WHEN ' -' => return '-";
WHEN OTHERS => return 'X ;
END CASE;
END;
FUNCTI ON To_bt Logi cVector ( b : BIT_VECTOR ) RETURN bt _| ogi c_vector IS

ALIAS bv : BIT_VECTOR ( b'LENGTH-1 DOMNTO 0 ) IS b;
VARI ABLE result : bt_logic_vector ( b'LENGTH 1 DOANTO O );
BEG N
FOR i IN result' RANGE LOOP
CASE bv(i) IS

WHEN ' 0' => result(i) :='0";
WHEN '1' => result(i) :="'1";
END CASE;
END LOOP;
RETURN resul t;

FUNCTI ON To_bt Logi cVector ( s : std_ulogic_vector ) RETURN bt_| ogic_vector IS
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ALIAS sv : std_ulogic_vector ( s'LENGTH-1 DOMNTO 0 ) IS
VARI ABLE result : bt_|logic_vector ( s'LENGTH 1 DOANTO O
BEG N
FOR i IN result' RANGE LOOP
CASE sv(i) IS

S;
)

WHEN 'U => result(i) :='U;
WHEN ' X' => result(i) :="'X;
WHEN ' 0' => result(i) :='0";
WHEN '1' => result(i) :="'1";
WHEN 'Z' => result(i) :="'2Z;
WHEN 'W => result(i) := '"W;
WHEN 'L' => result(i) :="'L";
WHEN 'H => result(i) :="H;
WHEN '-' =>result(i) :="'-";
WHEN OTHERS => result(i) := 'X;
END CASE;
END LOOP;
RETURN resul t;

FUNCTI ON To_bt Logi cVector ( s : std_logic_vector ) RETURN bt_|ogic_vector IS
ALIAS sv : std_logic_vector ( s'LENGTH1 DOMTO O ) |S s;
VARI ABLE result : bt_logic_vector ( s'LENGTH 1 DOMNTO O );
BEG N
FOR i IN result' RANGE LOOP
CASE sv(i) IS

WHEN 'U => result(i) :='U;
WHEN ' X' =>result(i) :="'X;
WHEN ' 0" => result(i) :="'0";
WHEN '1' => result(i) :="1';
WHEN ' Z' => result(i) :='Z";
WHEN 'W => result(i) :="W;
WHEN ' L' =>result(i) :="'L";
WHEN 'H => result(i) := "H;
WHEN '-' =>result(i) := '-";
WHEN OTHERS => result(i) :='X;
END CASE;
END LOOP;
RETURN resul t;

FUNCTI ON To_bt Logi cVector ( t : bt_ulogic_vector ) RETURN bt_|ogic_vector IS
ALIAS tv : bt_ulogic_vector ( t'LENGTH 1 DOMTO O ) IS t;
VARI ABLE result : bt_logic_vector ( t'LENGTH 1 DOANTO O );

BEG N
FOR i IN result' RANGE LOOP

result(i) = tv(i);
END LOOP;
RETURN resul t;

END;

FUNCTI ON To_bt ULogi cVector ( b : BIT_VECTOR ) RETURN bt _ul ogi c_vector IS
ALIAS bv : BIT_VECTOR ( b'LENGTH 1 DOMTO 0 ) IS b;

VARI ABLE result : bt_ulogic_vector ( b'LENGTH 1 DOANTO 0 );

BEG N
FOR i IN result' RANGE LOOP

CASE bv(i) IS
WHEN ' 0' => result(i) :='0";
WHEN '1' =>result(i) :="1";
END CASE;
END LOOP;
RETURN resul t;

END;

FUNCTI ON To_bt ULogi cVector ( s : std_ulogic_vector ) RETURN bt_ul ogi c_vector IS
ALIAS sv : std_ulogic_vector ( s'LENGTH-1 DOMNTO O ) IS s;
VARI ABLE result : bt_ul ogic.vector ( s'LENGTH 1 DOMTO 0 );

BEG N
FOR i IN result' RANGE LOOP

CASE sv(i) IS
WHEN 'U => result(i) :='U;
WHEN " X' .=> resul t(i) :="X;
WHEN '0' => result(i) :="'0";
WHEN '1' => result(i) :="'1";
WHEN 'Z' => result(i) :="'2Z;
WHEN ' W => result(i) :="'W;
WHEN 'L' => result(i) :="'L";
WHEN 'H => result(i) :="'H;
WHEN '-' =>result(i) :="-";
WHEN OTHERS => result(i) := 'X;
END CASE;
END LOOP;
RETURN resul t;
END;
FUNCTI ON To_bt ULogi cVector ( s : std_logic_vector ) RETURN bt_ul ogic_vector IS

ALIAS sv : std_|logic_vector ( s'LENGTH1 DOMTO 0 ) IS s;
VARI ABLE result : bt_ulogic_vector ( s'LENGTH 1 DOANTO 0 );
BEG N
FOR i IN result' RANGE LOOP
CASE sv(i) IS

WHEN 'U => result(i) :="'U;
WHEN ' X' => result(i) :="'X;
WHEN '0' => result(i) :="'0";
WHEN '1' =>result(i) :="'1";
WHEN ' Z' => result(i) :='Z";
WHEN 'W => result(i) :="'W;
WHEN 'L' =>result(i) :="L";
WHEN 'H => result(i) := "H;



WHEN '-' =>result(i) :="'-";
WHEN OTHERS => result(i) :='X;
END CASE;
END LOOP;
RETURN resul t;

FUNCTI ON To_bt ULogi cVector ( t : bt_Il ogic_vector ) RETURN bt _ul ogi c_vector
ALIAS tv : bt_logic_vector ( t'LENGTH1 DOMTO O ) IS t;
VARI ABLE result : bt_ulogic_vector ( t'LENGTH 1 DOANTO O );
BEG N
FOR i IN result' RANGE LOOP
result(i) = tv(i);
END LOOP;
RETURN resul t;
END;

FUNCTION To_X0S1 ( t : bt_logic_vector ) RETURN bt_|ogic_vector IS
ALIAS tv : bt_logic_vector ( 1 TOt'LENGTH ) IS t;
VARI ABLE result : bt_logic vector ( 1 TOt'LENGTH );

BEG N
FOR i IN result' RANGE LOCP
result(i) := cvt_to_x0sl (tv(i));
END LOOP;
RETURN resul t;
END;

FUNCTION To_X0S1 ( t : bt_ul ogic_vector ) RETURN bt _ul ogic_vector IS
ALIAS tv : bt_ulogic_vector ( 1 TOt'LENGTH ) IS t;
VARI ABLE result : bt_ulogic_vector ( 1 TOt'LENGIH );
BEG N
FOR i IN result' RANGE LOCP
result(i) := cvt_to_x0sl (tv(i));
END LOOP;
RETURN resul t;

FUNCTION To_X0S1 ( t : bt_ulogic ) RETURN X0Sl IS
BEG N
RETURN (cvt_to_x0s1(t));

FUNCTION To_X0S1 ( s : std_logic_vector ) RETURN bt_|ogic_vector IS
ALIAS sv : std_logic_vector ( 1 TO s' LENGTH ) IS s;
VARI ABLE result : bt_logic_vector (1 TO s'LENGTH );

BEG N
FOR i IN result' RANGE LOOP
result(i) := cvt_std_to_x0sl (sv(i));
END LOOP;
RETURN resul t;
END;

FUNCTION To_X0S1 (s : std ulogic_vector ) RETURN bt _ulogic_vector IS
ALI AS sv : std_ul ogic_vector ( 1 TO s'LENGTH ) IS s;
VARI ABLE result : bt_ulogic_vector ( 1 TO s'LENGTH );

BEG N

FOR i IN result' RANGE LOOP

result(i) := cvt_std_to_x0sl (sv(i));

END LOOP;

RETURN resul t;
END;
FUNCTI ON To_X0S1 ( s : std_ulogic ) RETURN XO0Sl IS
BEG N

RETURN (cvt_std_to_x0s1(s));
END;

FUNCTION To_X0S1 ( b : BIT_VECTOR ) RETURN bt_|ogic_vector IS
ALIAS bv : BIT_VECTOR ( 1 TO b' LENGTH ) 1.Sb;
VARI ABLE result : bt_logic_vector ( 1 TO b'LENGTH );
BEG N
FOR i I'N result'RANGE LOOP
CASE bv(i) IS

WHEN '0' => result(i) :="'0";
WHEN '1' => result(i) :="'1";
END CASE;
END LOOP;
RETURN resul t;

FUNCTION To_X0S1 ( b : BIT_VECTOR ) RETURN bt _ul ogic_vector IS
ALIAS bv : BIT_VECTOR ( 1 TOb'LENGTH ) IS b;
VARI ABLE result : bt_ulogic_vector ( 1 TO b'LENGTH );
BEG N
FOR i IN result' RANGE LOOP
CASE bv(i) IS

WHEN ' 0' => result(i) :='0";
WHEN '1' => result(i) :="'1";
END CASE;
END LOOP;
RETURN resul t;

FUNCTION To_X0S1 ( b : BIT) RETURN XOSl IS
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BEG N
CASE b IS
WHEN ' 0" => RETURN('0');
WHEN '1' => RETURN('1');
END CASE;
END;
-- to_x0slz

FUNCTION To_X0S1Z ( t : bt_logic_vector ) RETURN bt_|ogic_vector IS
ALIAS tv : bt_logic_vector ( 1 TOt'LENGTH ) IS t;
VARI ABLE result : bt_logic_vector ( 1 TOt'LENGTH );

BEG N
FOR i IN result' RANGE LOOP
result(i) := cvt_to_x0slz (tv(i));
END LOOP;
RETURN resul t;
END;

FUNCTION To_X0S1Z ( t : bt_ulogic_vector ) RETURN bt _ulogic_vector IS
ALIAS tv : bt_ulogic_vector ( 1 TOt'LENGTH ) IS t;
VARI ABLE result : bt_ulogic_vector ( 1 TOt'LENGIH );

BEG N

FOR i IN result' RANGE LOOP

result(i) := cvt_to_x0slz (tv(i));

END LOOP;

RETURN result;
END;
FUNCTION To_X0S1Z ( t : bt_ulogic ) RETURN X0S1Z IS
BEG N

RETURN (cvt_to_x0s1z(t));
END;

FUNCTI ON To_X0S1Z ( s : std_logic_vector ) RETURN bt_|ogic_vector IS
ALIAS sv : std_logic_vector ( 1 TOs'LENGTH ) IS s;
VARI ABLE result : bt_logic_vector ( 1 TO s'LENGTH );

BEG N
FOR i IN result' RANGE LOOP
result(i) := cvt_std_to_x0s1z (sv(i));
END LOOP;
RETURN resul t;
END;

FUNCTI ON To_X0S1Z ( s : std_ulogic_vector ) RETURN bt _ul ogi c_vector
ALIAS sv : std_ulogic_vector ( 1 TOs'LENGTH ) IS s;
VARI ABLE result : bt_ulogic_vector ( 1 TO s'LENGIH );

S

BEG N

FOR i IN result' RANGE LOOP

result(i) := cvt_std_to_x0slz (sv(i));

END LOOP;

RETURN result;
END;
FUNCTI ON To_X0S1Z ( s : std_ulogic ) RETURN XO0S1Z IS
BEG N

RETURN (cvt_std_to_x0s1z(s));
END;

FUNCTION To_X0S1Z ( b : BIT_VECTOR ) RETURN bt _| ogic_vector IS
ALIAS bv : BIT_VECTOR ( 1 TO b' LENGTH ) IS b;
VARI ABLE result : bt_logic_vector ( 1 TO b' LENGTH );
BEG N
FOR i IN result' RANGE LOOP
CASE bv(i) IS

WHEN ' 0' => result(i) = '0";
WHEN '1' => result(i) :="1";
END CASE;
END LOOP;
RETURN resul t;

FUNCTI ON To_X0S1Z ( b : BIT_VECTOR ) RETURN bt _ul ogi c_vector IS
ALIAS by : BIT_VECTOR ( 1 TO b'LENGTH ) IS b;
VARI ABLE result : bt_ulogic_vector ( 1 TO b'LENGTH );
BEG N
FOR i IN resul t' RANGE LOOP
CASE bv(i) IS

WHEN ' 0' => result(i) :='0";
WHEN '1' => result(i) :="'1";
END CASE;
END LOOP;
RETURN resul t;
END;
FUNCTION To_X0S1Z ( b : BIT ) RETURN X0S1Z IS
BEG N
CASE b IS
WHEN ' 0" => RETURN(' 0');
WHEN '1' => RETURN('1');
END CASE;
END;
-- to_ux0sl

FUNCTION To_UX0S1 ( t : bt_logic_vector ) RETURN bt_|ogic_vector IS
ALIAS tv : bt_logic_vector ( 1 TOt'LENGTH ) IS t;
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VARI ABLE result : bt_logic_vector ( 1 TOt'LENGTH );

BEG N
FOR i IN result' RANGE LOOP
result(i) := cvt_to_ux0sl (tv(i));
END LOOP;
RETURN resul t;
END;

FUNCTION To_UX0S1 ( t : bt_ulogic_vector ) RETURN bt_ulogic_vector IS
ALIAS tv : bt_ulogic_vector ( 1 TOt'LENGTH ) IS t;
VARI ABLE result : bt_ulogic_vector ( 1 TOt'LENGTH );

BEG N

FOR i IN result' RANGE LOOP

result(i) := cvt_to_ux0sl (tv(i));

END LOOP;

RETURN result;
END;
FUNCTION To_UX0S1 ( t : bt_ulogic ) RETURN UX0S1 IS
BEG N

RETURN (cvt_to_ux0s1(t));
END;

FUNCTION To_UX0S1 ( s : std_logic_vector ) RETURN bt _|ogic_vector IS
ALIAS sv : std_logic_vector ( 1 TO s'LENGTH ) IS s;
VARI ABLE result : bt_logic_vector ( 1 TO s'LENGTH );

BEG N
FOR i IN result' RANGE LOOP
result(i) := cvt_std_to_ux0sl (sv(i));
END LOOP;
RETURN resul t;
END;

FUNCTION To_UX0S1 ( s : std_ulogic_vector ) RETURN bt _ul ogic_vector IS
ALIAS sv : std_ulogic_vector ( 1 TOs'LENGTH ) IS s;
VARI ABLE result : bt_ulogic_vector ( 1 TO s' LENGTH );

BEG N

FOR i IN result' RANGE LOOP

result(i) := cvt_std_to_ux0sl (sv(i));

END LOOP;

RETURN result;
END;
FUNCTI ON To_UX0S1 ( s : std_ulogic ) RETURN UXOSL IS
BEG N

RETURN (cvt_std_to_ux0s1(s));
END;

FUNCTION To_UX0S1 ( b : BIT_VECTOR ) RETURN bt | ogic_vector IS
ALIAS bv : BIT_VECTOR ( 1 TO b' LENGTH ) IS b;
VARI ABLE result : bt_logic_vector ( 1 TO b' LENGTH );
BEG N
FOR i IN result' RANGE LOOP
CASE bv(i) IS

WHEN ' 0' => result(i) = '0";
WHEN '1' => result(i) := "1";
END CASE;
END LOOP;
RETURN resul t;

FUNCTION To_UX0S1 ( b : BIT_VECTOR ) RETURN bt_ul ogic_vector IS
ALIAS bv : BIT_VECTOR ( 1 TO b'LENGTH ) IS b;
VARI ABLE result : bt_ul ogic_vector ( 1 TO b'LENGTH );
BEG N
FOR i IN result' RANGE LOOP
CASE bv(i) IS

WHEN ' 0' => result(i) :='0";
WHEN "'1' => result(i) :="'1";
END CASE;
END LOOP;
RETURN result;
END;
FUNCTION To.UX0S1 ( b : BIT) RETURN UX0S1 IS
BEG N
CASE b IS
WHEN ' 0' => RETURN(' 0');
WHEN "1' => RETURN('1');
END CASE;
END;

FUNCTI ON plus_edge (SIGNAL t : bt_ul ogi c) RETURN BOOLEAN | S
BEG N
RETURN (t' EVENT AND (To_X0S1(t) = '1') AND
(To_XOS1(t'LAST_VALUE) ='S'));

FUNCTI ON ni nus_edge (SIGNAL t : bt_ul ogi c) RETURN BOOLEAN | S
BEG N
RETURN (t' EVENT AND (To_X0S1(t) = '0') AND
(To_X0S1(t' LAST_VALUE) = 'S'));

FUNCTI ON return_edge (SIGNAL t : bt_ul ogi c) RETURN BOOLEAN | S
BEG N



RETURN (t' EVENT AND (To_X0SI(t) = 'S') AND
((To_X0S1(t' LAST_VALUE) = '0') OR
(To_X0S1(t' LAST_VALUE) = '1')));

FUNCTION Is_X ( t : bt_ulogic_vector ) RETURN BOCLEAN IS

BEG N
FOR i IN t' RANGE LOOP
CASE t(i) IS
WEN'U | "X | "Z | "P | 'Q | "R | "W | "I'] "3 |
WHEN OTHERS => NULL;
END CASE;
END LOCP;
RETURN FALSE;
END;

FUNCTION Is_X ( t : bt_logic_vector ) RETURN BOOLEAN IS
BEG N
FOR i IN t' RANGE LOOP
CASE t(i) IS
WHEN'U | 'X | *Z | 'P | 'Q | "R | W | "I' | "J |
WHEN OTHERS => NULL;
END CASE;
END LOOP;
RETURN FALSE;

FUNCTION I's_X ( t : bt_ulogic ) RETURN BOCLEAN IS
BEGI N
CASEt IS
WEN'U | "X | "Z | 'P | '@ | 'R [ "W | "I' |3 | 'K
VHEN OTHERS => NULL;
END CASE;
RETURN FALSE;
END;
END BT_LOG C_LI B;

'-' => RETURN TRUE;

'-' => RETURN TRUE;

=> RETURN TRUE;
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