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Abstract

This thesis presents the application of digital signal
processor (DSP) TMS32010 , used to be applied with the dig-
ital hand free telephone. The audio signal would be proces-
sed by TMS32010 which is designed to perform as a compander
by software. The analogue interface tcircuit interfaces bet-
ween the analogue circuit and TMS32010 circuit , so the au-
dio signal can pass the analogue circuit and TMS32010 thro-
ugh analogue interface circuit with the different format but
still the meaning. The output signal from the processing has
the same characteristic as the output signal from hardware,
by software control. Otherwise, DSP can be applied in., many

ways such as digital filter, equalizer, mixer and modulator.
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4 v - @ < .
nwmsqﬁﬂunﬁﬁ?uaLuﬁnﬂtﬂuauastu 1% Mu-255 Law

F(x) = sgn(x) 1ln(1+Mu
L F(x) = dﬂtawﬁun#nnﬂaﬂ
C X = ﬁwmﬁmauwnnnﬂuauaiaﬁ ( 4A1TENI9 -1 B9 1 )
Mu = ﬂnﬂautuiﬂiuwﬂsﬂuLmai ( = 255 TuaiuIn1ivia )
Sgn(x) = 1ATAYMANAUINAUTEY X

= o A
uqmswjﬁunaeqiiﬂ?ﬁ A-Law aiudunasavaaluu

sgn(x)AlX,/[1+ln(A)J #I¥TY 0<= <=1/A
F(x) = )
sgn(x)*(1+1InA|x|)/¢(1+41nA) @1M5u 1/A<= <=1
' ¢ -
F(x) = ﬂwsaﬂnwnnnnﬂam
A 4 - 1 ' -
X = ﬁmmwmauunnanuaualaﬁ { 419812149 -1 as 1 )
A = ﬂﬁﬂautwsaﬁuuﬂsﬂutmai ( = 87.6 ?unsﬂ )
P
sgn(x) = LATaNvHN8gUINaunDy X
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- -
A pu:'d Step Segment Quantization Code Decoder
nphtuce Size Code S Code Q Value Amplitude
Range
0-1 1 0000 0 o ‘
1-3 0001 1 2 -
3-5 2 000 0010 2 4 N
29-31 111 15 30
31-35 0000 16 33 .
4 001
91-95 1111 31 93
95-103 0000 32 " 99
8 010
215-223 111 47 219
223-239 0000 48 231
16 011
463-479 1111 63 471
479-511 0000 64 495
32 100
959-991 1111 79 975
991-1055 0000 80 1023
64 101
1951-2015 1111 95 1983
2015-2143 6000 96 2079
128 110
3935-4063 111 i 3399
- 4063-4319 0000 112 4191
i -
256 11
7903-8159 1111 127 8031

fA1719 3.2.1 ﬂ"l‘iL%lJ’lLLa‘dﬂﬂGl‘Sﬁﬁﬁa\i Mu-255 PCM

(Encoding/Decoding Table for Mu-255 PCM)
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DANDINNBAINITLEVTAAAINITANIAIIN LT 397015193, 2. 1

?ﬂ}éuﬁuﬁandﬂ 31, 95, 223 ,..... 4063 .
RQaniﬂ
31 = 2% - 33
95 = 2 - 33
223 = 2% - 33
4063 = 2°% - 3

[ " w v, " - . Vel g ﬁ . !
AELNUIDIUIN 33 LAl Tua auwn aEn1Tvnan L dulInuauan-
A ]
— 4 . ) A/ L .
NIRYLANTIIUFEY LAU33 ut%ﬂnaﬁLantuaﬁ (Bias)
'~ i N N ] P ' ]
ﬂﬂﬂmﬁTWQQzLHuﬁﬂﬂﬂauWﬂ?sQnuﬂNWUQﬂﬂﬂYuﬂﬂﬂau F911a
A

S8S (Segment Number) War QQQQ (Quantization Bin Number)

Blased Input Values Compressad Code Word
Bit:12 11 10 9 8 7 6 B 4 3 2 1 0 Bit: 6 5 4 3 2 1 o
0 0 0 0 0 0 0 1 Q3 Q2 Q7 Qo «x 0 0 0 Q3 0z Q1 Qg
0 0 0 0 0 0 1t QG302 Oy Qp x «x 0 0 1 @3 0; Q1 Qg
6 0 0 0 0 1 Q302 Q1 Qg x -x x 01 0 Q3 0 Qy Qg
0 0 0 0 1 0302 Q7 Qp x x x-x 0 1 1 Q3 Q3 0y Qg
0 0 0 1 03 Q2 Q4 O x x X X, X 1 0 0 Q3 Q; 07 Qg
0 0 .1 Q3 Q2 Q1 Q0 x x x x x x 1.0 1 Q3 Q2 Q7 Qp
0 1 0302010 x x x x x x x.- 1 1 0 Q3 Q2 Q1 Qo
1 Q3 Q2 Q4 Qg x x x 'x x x x x 11 1 Q3 Q2 Q9 Qo

Polarity bit is not included in this table.
example:
(a) +865,, + Bias = +865,  , 33, = 4898 _ = +382 _ =
(0)0 00111000 0010, = (0)100 1100,
(b) -2513 _ - Bias = -2513 ,- 33 , = -2546, = -9F2 =
(10 1001 1113 00102 = (1)110 00112
AYTI1Y 3.2.2 NATLETHE Mu-255 PCM
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. Compressed Code Word Blased Output Values
Bit 6 65 4 3 2 1 0 Bit: 12 11 10 8 8 7 6 65 4 3 2 1 0
‘0 0 0 Q3 Q2 Q7 Qg 0 0 0 0 0 0 O 1.Q3 Q7 Qy Qg1
0O 0 1 Q3 Q2 Q7 Qg 0 60 0 0 0 0 1 Q3 Q2 Q1 Qy 1 O
0 1 0 a3 03 Q Qp 0 0 0 0 0 1 0302QQ ' 0 0
0 1 1 Q3 Q2 Q1 Qo 0 00 0 0 1 @3 Q201 Q0 1 0 0 ©
1 0 0 Q307 07 Qg 0 0 0 1 03 0y Qg Op 1 0 0 0 o
1 0 1 Q3 Q2 Q1 Qg 0 0 1 Q3Q0,0 I 0 0 0 00
1 1 003 02 01 Qp 0 1 03000 1 0 0 0 0 0 O
11 1 Q3 Q Q1 Qp 1.3 Q2 Q1 Gp ¢t 0 00 0 0 O 0O O
The polarity bit is not included in this table.
i |
example:
(a) 3016 = (0)011 11002 = (0)0 0001 10002 =
*01C8,, =4458,, _,,ua1e - Bias =+456 . - 33 _ =+423 _
(b) E315 = (1)110 00112 = (1)0 1001 00002 =

-09C0,, =-2496,  =-2496 _ + Bias=

o

M177% 3.2.8 N19020TNF Mu-Law PCM

3.2.5 NMIUAANWANIU ( Performance )

-2496  + 33, =-2463

' X [ 1
qqﬂﬂ']"%lﬂ'ﬁ']”“?”ll'ﬂﬂ'lTﬂﬂNLlwua\illUU Mu-Law PCM 3zi1vun

ﬁmmﬂmﬂwmaanimauuﬂﬁﬁnatnaqnuﬁmmﬂmauﬁaanauwn mdaﬂﬂS/N 39.3 dB
dﬁu1uﬁmmﬁmﬁnuutmuﬂqq 1mﬂn1q1ﬁﬁmmﬁmtﬁﬂquuanQﬂuwmwawmaﬂnnﬂ1
Arauladeila s umﬁmmﬁmtanonuﬂﬂtwﬂtdaﬁmﬂtﬂunuﬂﬂ S/N awTFunag

LEITARLLY Mu~-255 uﬁmoY%ﬁuzu 3.2.3 dﬂn?uﬁmdﬁmﬁugnﬁﬂuﬂ
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X . Lu ,
.6 DITaaNuWUNGNTaalY A-Law (A-Law Companding)

HIRTI131U A-Law 1ﬁ%u311U uﬂmﬁnumﬂaﬂﬂnuMu Law WaN@1Y
num7ﬂn Segmentuin (quﬂMﬁﬁu 3.2.4 Uznauivana) wstwunﬁﬁﬂwsu
A-Law uaaiumaqunﬂiiuaaﬁmmﬂmauuﬂ ﬂﬁauwnﬂ Ntﬂﬂaaﬁﬁﬂ 4096 (Tu
Mu-Law #A1 8158) nunaunaa A-Law 393%a#nd Mu-Law Luadaﬁnnﬂs
uﬂoszﬁn#uauuﬁqmﬂqnaq A-Law &asLaganin Mu- Law umnuauﬂa?mnﬂ

18y Mu-Law 3z N“Lﬂﬂﬂﬂ')'i A-Law Muu‘nﬁ’mmwmuauuammﬂﬁuuuMu—Law

wANII uaznqi?ﬁqﬂuﬁmmﬂNnuﬂuﬂaQQNQﬁﬁunn A-Law

mﬂ1ﬂﬂuﬁﬂﬂﬂli}ﬁliﬂﬁuauﬂamiwﬂuNQGQQHWﬂiﬂ0 3.2.4 uax
AITINAVTLEIINA A-Lav WHA9GI801T79 3.2.5 R1950N170865Rdude
ATURITIN 3.2.6 WazsiU 3.2.5 UAAYA1 S/N w89 A-Law

3.2.7 undsy
A ]
o ¢ ¢ (— Y
FMMTuTdar119n (Flowchart) LaeTUTUATH aaiua1auuan
|

'CHARACTER SIGNAL " // \\1 8 14 12

a1 f1]1] 12540k
1f1f1[1]oo]o]o0 112
|
- ;
11[1]ojojofojof = 98 |
o ' '
z: | ]
{1[ojr|efojojo| & 8o l £ o625+
o) ! )
o { o :
o [a]
1{1{ofofo|o]o]0 2 o4 " 2 0.500 4
a l | A=g76 g :
1{of1]1 @ a8 '
ofolo|o 3 | | -3 o.375-:-
[+
% il I g |
1{o1]ofojolofo| & s " : ozso-f
. :| ! 1
1jolo[1]olo]o]o 16 ”l | . l 0.125 +
!I:I ' ! '
1]ojojlofoojojo Y f:l i ! ! :
RN ‘
3

BINARY CODE*  1/128" 3,64 132 116 INPUT SIGNAL RELATIVE LEVEL
v W X

U 3.2.4 1AUTAINAINITABUUWHASULUY A-Law

°

(Companding Curce of A-Law Compander)
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)

A n’l)l::d Step . Segment Quantization Code Decoder
mpriude Size Code S Code Q Value Amplitude
Range

0-2 0000 0 1

2-4 . 000 ' 0001 1
30-32 2 1 15 31
32-34 0000 16 33
001 . ' . .

. . . M x
62:64 : 1111 31 63 e
64-68 0000 32 66 g

4 010 X

124128 1111 47 126 F

128-136 0000 48 132 4

8 011 5

) 1

248-266 f 1111 63 252 ;
256-272 0000 - 64 264 5
4

H

16 100 P

. . . . "!:

496-512 1111 79 504 p

512-544 0000 80 528 !

32 101 . . . :

992-1024 - 11 95 - 1008

1024-1088 0000 96 1056

64 110 . . . :
1984-2048 111 1 2016
2048-2176 , 0000 112 2112

128 m .
3968-4096 : , 1N 127 4032

1919 3.2.4 ﬂ'W’ILE"lLlaﬁﬂﬂﬂ’SﬁﬁLlUU A-Law

(A-Law Encoding/Decoding Table)
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{nput Values Compressed Code Word

git:t11 10 9 8 7 6 6 4 3 2 1 O Bit: 6 6 4 3 2 1 0
0O 0 0 O O O O Q3 Q2 Q1 Qo «x 0 0 0 Q3 Q2 Q4 Qo
0O 0 0 0O 0O O 1 Q03 Qz Q3 Qo x 0 0 1 Q3 07 Q7 Q
0 0 0 O 0 1 Q3 Q2 Q7 Q9 x x 0 1 0 Q3 Q3 Q7 Qo
O O O O 1 Q3 Q02 01 Q0 x x X 0 1 1 Q3 Q2 0y Qo
0 0 O 1 Q3 Q2 Q3 Qg x x x X 1 0 0 Q3 Q2 Gy Qo
0 0 1 Q3 02 Q4 Qp x x x x X 1 0 1 03 Q02 0y Qo
0 1 Q3 G2 @1 Qp x x x x x X 1 1 0 Q3 Q2 Oy Qg
1 Q3 072 Q3 Qp x x x x x X X 1 1 1 Q3 Q2 Oy Qo

The polarilty is nol included in Lhis tahlo

example:

(a) +3221 , =+C95 .= (011100 1001 0101, = (0111 1001,

(b) -199

==CT

10

61919 3.2,

(1/0000 1100 0111,

(1)011 1000,

5 nI5L IVINALDY A-Law




Compressed Code Word ik Qutput Values

Bi:6 5 4 3 2 1 0 Bt:11 10 9 8 7 6 5 4 3 2 1 0
0 0 O a3 0 Qy Qp 0O 0 0 0 0 0 0 Q3 Q2 Qy Qo 1
0 0 1 Q3 07 04 Qp 0O 0 0O O 0 0 1t Q3 Q3 Qy Qy
0 1 0 Q3 Q2 Q0 Qp 0O 0 O O 0 1 Q3 G2 @1 Qp Vv O
0O 1 1 Q3 Q02 Q1 Qp 0O 0 0 0 1 Q3 Q2070 1 O O
1 0 0 Q3 G2 Gy Qp 0O 0 0O 1 Q3 02Q1 Q0 1 0 O O
1 0 1 Q3 QG2 Gy Qo 0 0 1 Q3 Q200 Qp ' 0 O 0 O
1 1 0 Q3 Q2 01 Qo 0O 1 Q3 02 @1 060 ¢+ O O O O O
1 1 1 Q3 Q2 Q3 Qp 1 Q3 Q2 @1 Qo ¥+ 0 0 O O O O

The polarity is not. included in this tuble

example:

ta)y «0HYOOL1 11071, o000 0011 1011 +3H‘“ ISE-)“'

thy (1rttio U\Uﬂu c1HYoi1nl 0010 0000 ':—5"2(.)“1 —11{12‘“

BN S. 2.0 T neeaWdL Uy A-Law
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APPENDIX A

TMS32010 HARDWARE SUMMARY

Al COMPONENTS
NAME ) SYMBOL

Program ROM -

Program Counter PC
Stack -
Data RAM -
Data Memory Page Pointer DP
Auxiliary Registers O and 1 AR
Auxiliary Register Pointer ARP
Shifter -
¥

SIZE (bits)
1536 X 16

12

4 X 12

. 144 X 16

2X16

DESCRIPTION

On-chip masked ROM containing program
code.

Register containing current address of pro-
gram memory.

Four 12-bit registers for saving program
counter contents during subroutine and in-
terrupt calls.

On-chip RAM containing data. It can be ad-
dressed both directly and indirectly. The in-
struction DMOVE enables the user to move’
the contents of a given location in RAM to
the next higher location in one machine cy-
cle. This is a very useful function in many
applications, such as signal processing.

A single-bit register containing the page ad-
dress of data RAM. 1 page = 128 words.
Note that the second page utilizes only the
first 16 words.

The eight least significant bits are used for
indirect addressing of data memory. The
nine least significant bits can also be con-
figured as bidirectional counters for loop
control, with options for autoincre-
ment/decrement.

A single-bit register which points to curient
auxiliary register.

Two shifters are present. One left-shifts data.
from O to 15 bits on its way to the ALU; the
other left-shifts the result of the accumulator
either 0, 1, or 4 bits. The shifter is controll-
ed by four bits in the opcode of arithmetic
operations, and its output is always a 32-bit
word. To handle two's complement
arithmetic, shifted data is zero-filled, and the
high-order bit is sign-extended. In addition,
there are instructions that suppress sign
extension.

A-1



NAME SYMBOL
T Register T

Multiplier -

P Register P

Arithmetic Logic Unit ALU

Accumulator ACC

Interrupt Flag Register INTF

Interrupt Mode Register INTM

Overflow Flag ov

Overflow Mode OVM

SIZE (bits)
16

32

32

32

DESCRIPTION

Contains the multiplicand in multiply
operations.

Multiplies two 16-bit numbers. The result is
32 bits. The multiplier is a word from the
data RAM or a 13-bit immediate value in the
instruction word. The immediate value is
loaded right-justified and sign extended.

Contains the 32-bit product of multiply
operations.

Performs all arithmetic and logical functions
except multiply. Logical operations are bet-
ween the 16 least significant bits of the ac-
cumulator and the data memory value.

Accunmulates results of ALU. Holds branch
address of program memory during branch
operations. Contains an overflow mode (see
below).

Used to indicate an interrupt. Automatical-
ly cleared upon grant of an interrupt.

Used to mask the Interrupt Flag. Upon grant
of an interrupt, this bit is set to one by the
DINT instruction. This disables further inter-
rupts. This register is reset by the EINT
instruction.

A one irdicates an overflow in arithmetic
operations. The BV (branch on overflow) in-
struction tests if this flagis clear and clears
it. This feature allows the flexibility of
overflow examination outside time-critical
loops.

Defines whether the TMS32010 operates in
the saturated or unsaturated mode during
arithmetic operations. In the saturated
mode, an overflow/underflow causes the ac-
cumulator to be set to its largest/smallest
representative value. A logic one enables the
overflow mode, and a logic zero disables it.

A2 ADDRESSING MODES AND INSTRUCTION FORMAT (SEE SECTION 3.3)

A.3 INTERFACE AND CONTROL



Table 9. Segmented p=255 Companding®
(Courtesy of John Wiley & Sons, see Reference 6)

Segment S Quantization
000 001 010 011 100 . 101 110 111 BIN Q
0 31 95 223 479 991 2015 4063
0000 0
1 35 103 239 511 1055 2143 4319 5007 3
3 39 11 255 543 1119 2271 4575 5070 >
5 43 119 271 575 1183 2399 4831 5011 3
7 47 127 287 607 1247 2527 5087 0100 2
9 51 135 303 639 1311 2655 5343 5101 Py
11 55 143 319 671 1375 2783 5599 0170 6
i 13 59 161 335 703 1439 2911 58556
Quantization - 0111 7
o 15 63 159 351 735 1503 3039 6111
Endpoints  ~ 1000 8
. 17 67 167 367 767 1567 3167 6367 7001 9
19 71 175 383 799 1631 329¢ 6623 1070 70
21 75 183 399 831 1695 3423 6879 071 3
23 79 191 415 863 1759 3551 7135 705 o
25 "~ 83 199 431 895 1823 3679 7391 o3 - 3
27 87 207 447 927 1887 3807 7647 110 2
29 91 215 463 959 1951 3935 7903 T e
31 95 223 479 991 2015 4063 8159

' 111 Sample values are referenced to a full-scale value of 8159. (2} Negative samples are encoded in sign-magniude format with a polanity
bit of 1. (3) In actual transmission the codes are inverted to increase the density of 1's when low signal amplitudes are encoded. (4,
Analog output samples are decoded as the center of the encoded quantization interval. {5 Quantization error 1s the ditference betwecer
the reconstructed output value and the original input sample value.

Table 10. Scegmented A-Law Companding
(Courtesy of John Wiley & Sons, sce Reference 6)

Segment S y Quantization
000 001 010 011 100 101 110 111 BIN Q
0 32 64 128 256 512 1024 2048 0000 o
2 34 68 136 272 544 ° 1088 2176 0001 »
4 36 72 144 288 576 1152 2304
0010 2
6 38 76 162 304 €08 1216 2432 5011 3
8 40 80 160 320 640 1280 2560 0100 > P
10 42 84 168 336 672 1344 2688 5707 5
12 44 88 176 352 704 1408 2816 5110 6
o 14 46 92 184 368 736 1472 2944 -
Quantization - : 0111 /
. 16 48 96 192 384 768 1636 3072
Endpoints - 1000 8
18 50 100 200 400 800 1600 3200 o001 5
20 52 104 208 416 832 1664 3328 010 5
22 54 108 216 432 864 1728 3456 TR T
24 56 112 224 448 896 1792 . 3584 1100 12
26 58 116 232 464 928 1856 372 7101 13
28 60 120 240 480 960 1920 3840 10 1a
30 62 124 248 496 992 1984 3968 T 15
o]
32 64 128 256 512 1024 2048 4096
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A-LAVW

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028

0000

32010 FAMILY MACRO ASSEMBLER PC2.1 84.107 02:51:10
01-01-80 PAGE 0001

06001
0002
0003
0004
0005

IDT ' A-LAW’
' ALAWEXP’ PERFORM AN A-LAW EXPANSION.

Y = P S2 S1 SO Q3 Q2 Q1 Q0 WHICH CONSIST OF

POLARITY BIT: P
3-BIT SEQGMENT NUMBER: S = 82 S1 S0
4-BIT QUANTIZATION NUMBER: Q Q3 Q2 Q1 QO

X = P X11 X10 X11 ... X2 X1 X0 CONSISTING OF

POLARITY BIT: P
AND A 13-B1T MAGNITUDE (X12...XQ)

*

*

*

*

%

¥

¥

*

*

* THE INPUT Y IS EXPANDED INTO A 13-BIT OUTPUT
*

*

*

*

*

#*

* PORT 1 IS USED FOR 1/0.

* WORST-CASE TIMING IN CYCLES: 4 INIT / 25 LOOP
L SPACE REQU[REMENTS IN WORDS: T DATA / 48 LOOP

AORG 0

* CONSTANTS:

*

ONE EQU
BIT7Y EQU
BIT4 EQU

MASK12 EQU
MASK8 EQU

g e W N



0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057

0000

0000
0001
06002
0003

0004
0005
0006
0007

0008
0009
000A

0006
0007

0008
0009
000A
000B
000cC
000D

TEG1
5001
2701
5002

4108
TEFF
7808
5008

7902
500A

7ETF

MASK4 EQU
MASK2 EQU
* VARIABLES:
*
Y EQU
X EQU
P EQU
S EQU
Q EQU
SUM EQU
/4
* 4
INIT  LACK
SACL
LAC
SACL
*

¥ INVERT INPUT

*
START

# SAVE

IN
LACK
XOR
SACL

POLARITY

AND
SACL
LACK

10
11
12

13

ONE
ONE, 7
BITT

Y,1 INPUT DATA THRU PORT 1
>00FF

AND STRIP TO LOW 7 BITS
BITT

p 0000 FOR POS; 0080 FOR NEG
>00TF



A-LAVW 32010 FAMILY MACRO ASSEMBLER PC2.1 84.107 02:51:10
01-01-80 PAGE 0002

0058 000B 7908 AND Y
0059 000C 5008 SACL Y
0060 *
0061 % MAGNITUDE IS CORRECT. STRIP Y OF S AND Q.
0062 000D 2108 LAC Y, 1 SHIFT S INTO HIGH HALF OF ACC
0063 OCOE 580B SACH S
0064 0OOF 200B  LAC S— CHECK FOR SEGMENT 0
0065 0010 FEOO © BNZ SEGNZ
0011 0016
0066 0012
0067 * SEQMENT 0: EXPAND X TO 24Q + 1
0068 0012 2108 LAC i)
0069 0013 0001 ADD ONE
0070 0014 F900 B SIGN
0015 001D
0071 0016
0072 #* NONZERO SEGMENT: SUM = 2%Q + 33
0073 0016 TE21 SEGNZ LACK 33
0074 0017 0108 ADD Y, 1 ¢
0075 0018 150B SUB S,5 REMOVE S BITS
0076 0019 500D SACL SUM
0077 * ,
0078 % SHIFT SUM BY S USING VARIABLE SHIFT ROUTINE AT SBAS
0079 001A TE1D: LACK SBASE-2 OFFSET (MINUS 0 CASE)
0080 001B 010B ADD s, 1 DOUBLE S (2 WDS/SHIFT SEGMEN
0081 001C 7F8C . CALA SHIFT SUM BY S
0082 *

0083 % ACC = MAGNITUDE. ADD POLARITY TO BIT 12.



0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
0111
0112

001D
001E

001F
0620
0021
o022
0023
0024
0025
0026
0027
0028
0029
002A
0028
oozcC
002D

050A
5009

200D
TF8D
210D
TF8D
220D
7F8D
230D
7F8D
240D
7F8D
250D
7F8D
260D
7F8D

SIGN

¥ LOAD

SBAS

* ¥ K ¥ Kk Kk ¥ ¥ K ¥

E

>ALAWCOMP’

X

SUM SHIFTED 0:6

LAC
RET
LAC
RET
LAC
RET
LAC
RET
LAC
RET
LAC
RET
LAC
RET

SUM, 0

" SUM, 1

SUM, 2

SUNM, 3

SHIFT P TO BIY 12

PROGRAM AN A-LAW COMPRESSION.
THE 13-BIT SIGN-MAGNITUDE INPUT X,

P X11 X10 ...

X2 X1 XO

IS ENCODED AS AN 8-BIT
SIGN-MANITUDE NUMBER Y,
P S2 S1 S0 Q3 Q2 Q1 QO

Y

consisting

of



A-LAV 32010 FAMILY MACRO ASSEMBLER PC2.1 84.107 02:51:10
01-01-80 PAGE 0003

0113 * POLARITY BIT: P,

0114 * 3-BIT SEGMENT NUMBER: S = S2 S1 SO

0115 ¥ 4-BIT QUANTIZATION BIN' NUMBER:

01186 * Q = Q3 Q2 Q1 QO

0117 ¥ Y IS INVERTED BEFORE TRANSMISSION.

0118 * PORT 1 IS USED FOR I/0.

0119 *

0120 * WORST-CASE TIMING IN CYCLES: 14 INIT / 36 LOOP
0121 * SPACE REQUIREMENTS IN WORDS: 11 DATA / 97 PROG
0122 *

0123 *

0124 * GET INPUT AND SAVE POLARITY

0125 *

0126 002D 2CO01 LAC ONE, 12 POLARITY BIT MASK

0127 OOZ2E 7909 AND X

0128 002F 5C0A SACH P,a 0 FOR POS; 1 FOR NEG.

0129 *

0130 ¥ STRIP TO LOW 12 BITS

0131 0030 2008 N € LAC X

0132 0031 7904 AND MASKi2

0133 0032 5009 SACL X

0134 0033

0135 # S = BP - 4 WHERE BP = BIT POSITION OF THE LEFTMOST
0136 # IN X. TIND THE 1’ THROUGH A BINARY SEARCH OF 8 MSB
0137 ¥ OF X. STORE S AND LOAD X SHIFTED LEFT BY 16-S SC TH!
0138 * THE *1° AND FOUR FOLLOWING BITS ARE IN HIGH HALF OF
0139 ¥ THE ACCUMULATOR. SEARCH BITS 4 THRU 11.

0140 *



0141 0033 2806 LMOST LAC MASK4,8

0142 0034 7909 AND X
0143 0035 FFO0O BZ EEE
0036 0057
0144 0037
0145 *
0146 0037 2A07 LAC - MASKZ2,10 1100 0000
0147 0038 7909 AND X‘
0148 0039 FFOO BZ CC
003A 0049
0149 003B
0150 *
0151 003B 2BO1 LAC ONE, 11 1000 0000
0152 003C 7909 AND X
0153 003D FFO0O BZ B
O03E 0044
0154 OO03F
0155 *
0156 003F 2007 LAC 7 R
0157 0040 500B SACL S .
0158 0041 2909 y LAC X,9
0159 0042 F900 B XDONE
0043 0077
0160 0044
0161
0162 0044 7E08 B LACK 6 . 01.. ....
0163 0045 500B SACL S
0164 0046 2409 Lac X, 10

0165 0047 Fs00 B XDONE



A-LAVW

0166
0167
0168
0169
0170

0171
0172
0173
0174
0175
0178

0177
0178
0179
0180
0181
0182

0183
0184
0185
01886
0187

0188

0048
0049

0049
004A
004B
004cC
004D

004D
004E
004F
0050
0051
0052

0052
0053
0054
0055
0056
0057

0057
0058
0059
0054
005B

32010 FAMILY MACRO ASSEMBLER
01-01-80 PAGE 0004

23901
7909
FFO0O
0052

TEO5
500B
2B0S
Fs0o0
0077

7TE04
500B
2C09
F900
0077

2607
79089
FFO0O
0069

CcC

EEE

LAC
AND
BZ

LACK
SACL
LAC

LACK
SACL
LAC

LAC
AND
BZ

ONE, 9

5

S

X, 11
XDONE

X,12
XDONE

MASK2,6
X
GG

PC2.1 84.107

0010 0000

001. ....

0001 ....

0000 1100

02:51:10



0189
0190
0191
0192

0193
0194
0185
01986
0197
0198

0199
0200
0201
0202
0203
0204

0205
0206
0207
0208
0209

0210
0211
0212
0213

005B
00scC
005D
OOS5E
005F

005F
0060
0061
0062
0063
0064

0064
0065
0066
oos7
0oes
0069

0069
006A
0063
00e6cC
006D

006D
00S8E

2701
7909
FFoO
0064

TEO3

500B

2D09
F900
0077

TEOQ2
500B
2E09
F800
0077

2501
7909
FFO0O
0072

TEO1
500B

GG

LACK
SACL
LAC

LACK
SACL
LaC

LAC
AND
BZ

LACK
SACL

ONE, 7

X,13
XDONE

X,14
XDONE

ONE, 5

SEGZ

0000 100

0000 1...

0000 0O1..

0000 0010

-

0000 0O01.



A-LAW 32010 FAMILY MACRO ASSEMBLER PC2.1 84.107 02:51:10
01-01-80 PAGE 0005

0214 O00BF 2F09 . LAC X, 15
0215 0070 FS00 B XDONE
0071 0077
0216 0072
0217 * SEGMENT 0: 135S5SQQQQ = X/2
0218 0072 2F09 SEGZ LAC X, 15
0219 0073 5809 ~ SACH X
0220 0074 2009 LAC X
0221 0075 FS00 B SIant
0076 007B
0222 0077
0223 %* :
0224 * REMOVE LEFTMOST "1’ AND STORE Q
0225 0077 6203 XDONE SUBH BIT4
0226 0078 580C SACH Q
0227 %
0228 * FORM 8-BIT COMPRESSED WORS FIR Q, S, AND P.
0229 0079 200C LAC Q Q:BITS 0-3 1311QQQQ
0230 007A 040B ADD S,4 S:BITS 4-6 1SS5QQQQ
0231 007TB 070A SIGN1 ADD P,7
0232 007C
0233 * COMPLEMENT FOR TRANSMISSION AND OUTPUT
0234 007C 7805 XOR MASKS8
0235 007D 5008 . SACL Y
0236 OOTE 4908 ouT Y, 1 PORT O
0237 *
0238 OOTF F900 B START

0080 0004



0239 *
0240
NO ERRORS, NO WARNINGS

END
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