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Chapter 3

Real-Time Implementation

The GTE Sylvania Speech Processing System functions as a real-time,

full duplex terminal of a digital voice communications system. As such,

the GTE system accepts and digitizes analog voice input, processes it

using an Adaptive Transform Coding (ATC) algorithm, and transmits the

resulting serial bit stream at 9600 bits/second across a digital channel

to a similar terminal. Because of the full duplex requirement, the sys-

tem must simultaneously accept a similar bit stream, decode it to pro-

duce synthetic speech, and finally convert this synthetic speech to an

analog waveform which it then plays out.

This chapter describes the design and operation of the GTE system

and the hardware and software components used to construct it.

3.1 System Components

The GTE ATC system is implemented on a MAP-300 processor manufac-

tured by CSP, Inc., Billerica, Mass. The MAP architecture consists of

several independent processors, capable of parallel operation. Some of

these processors are the Arithmetic Processor, used for high speed

floating point operations; the Input/Output Scroll processors, of which

there are three in the system, used for the Analog In, Analog Out, and

Digtial In/Out functions; and the CSPU, which is used to control the

other processors and also to perform general computation chores.

Attached to the MAP is a GTE-manufactured Speech Processing Inter-

face (SPI). The SPI includes a handset with earphone and high-quality

microphone, amplifiers, and band-limiting filters. The SPI interfaces

to the ADAM and AOM scrolls. The Full Duplex Interface (FDI) is also

3-1



attached to the MAP. The FOI resides physically on the 1/O scroll board

and provides 9600 bps digital ports and their interfaces to the 1/0

scroll. Two additional SPI's and FDI's to be used on other MAP systems

have been supplied by GTE.

The MAP is attached to a host PDP-11 which is used to load the MA~P

programs and to initialize and start them. Once the MAP has been

started, it runs independently of the host. A block diagram of the sys-

tem is shown in Figure 3-1.

The software components of the ATC system include modules supplied

by CSP, Inc., as well as those written by GTE. Three categories of

software are used in the ATC system. The first, the Fortran Control and

Support programs, resides in the PDP-11 and is used for communication

between the user and the MAP. The second category, Executive software,

consists of the body of code that runs in the CSPU. This software is

used to control and schedule all the processes in the MAP. The third

category, MAP Functions, consists of the program modules that are loaded

into the Arithmetic Processor and 1/O Scroll processors. The scrolls

require only one program each, but the Arithmetic Processor, because of

limited memory, must be loaded with successive program modules and

started for each. The CSPU Executive software performs this task.

3.2 System Design and Operation

The ATC system is composed of seven distinct processes. These are

the Analog In process, the Analog Out process, the Digital In process,

the Digital Out process, the Analysis process, the Synthesis process,

and the Executive process. Figure 3-2 shows the function of and the

relationship between the various processes. Conceptually, all of these

3-2
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processes operate simultaneously, however, since at least portions of

all of them must be executed by the CSPU or the Arithmetic Processor,

both of which are sequential machines, the scheduling and synchronization

of these processes is at the heart of the system design. Since the four

1/0 processes are essentially similar, they will be discussed first.

The Analyze and Synthesize processes, which depend on their inputs on

the Analog and Digital In processes, will be discussed next. Finally,

the Executive process and the scheduling of the otier processes will be

presented.

3.2.1 Analog In Process

The Analog In process controls the A/D converter and makes the digi-

tized samples available to the Analysis process. The Analog In process

consists of three separate elements: the scroll program, the interrupt

routine, and the background program. Figure 3-3 shows the components of

the Analog In process.

3.2.1.1 A/D Scroll Program

This program runs in the ADAM scroll. It causes the A/D converter

to operate at a pre-selectable sampling rate, which is 6400 samples/sec-

ond for the purposes of the ATC system. As each sample is digitized, it

is placed in the next (empty) location in the current buffer. Two

buffers are used so that one can be filling while the data already in

the other is used. Each buffer is 246 samples, or 37.5 milliseconds

long. When a buffer is filled, an interrupt to the CSPU is generated by

the scroll program, and the other buffer becomes the current buffer.

3-5
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I

This program is used as supplied by CSP, Inc., and as described in their

documentation. The program used is ADMSD. The parameters supplied tn

it are ?DAMPM (=63), the BID of the buffer containing the ADAM crograi-.

t-jo identical sampling rates, each 6400 Hz; a control w-ord whicn selects

the internal clock, fixed point sampling, internal triggering, and no

slow sampling; channel 1 select; and the double buffering pair where the

input will be stored, NINI and NIN2.

3.2.1.2 A/D Interrupt Routine

The A/D interrupt routine runs in the CSPU at interrupt level 10.

It clears INPS (integer scalar 106) to indicate that a new frame of sam-

ples is available, and it also clears or sets INFLGS (integer scalar

107) to indiciate that buffer NINI or buffer NIN2, respectively, contains

the newest data.

3.2.1.3 A/D Background Program

The A/D background program runs in the CSPU. It is enabled by the

combination of INPS clear and INFULL (integer scalar 110 ) clear, which

indicates that the previous data has been used by the Analysis process.

TMe background process copies the new data from NINI or NIN2, depending

on the state of INFLGS, into the analysis buffer, NIN. Finally, it sets

INFULL and exists.

3.2.2 Analog Out Process

The Analog Out process is similar to the Analog In process except

that the data flow is reversed. The Analog Out process consists of the

D/A Scroll program, the D/A interrupt routine, and the D/A background

program. Figure 3-4 shows the components of the Analog Out process.

3-7
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I

3.2.2.1 D/A Scroll Program

This program runs in the AOM scroll. It controls the D/A converter

and uses a double buffering scheme similar to that used by the A/D

scroll program. As each of the two buffers is emptied, the program gen-

erates a Device 22 interrupt to the CSPU. This program is used as sup-

plied by CSP, Inc., and as described in their documentation. The pro-

gram module used is AOMID. The parameters supplied to it are AOMPM,

(=62), the BID where the AOM program is stored; a sampling frequency

divider which is 1; a control word which selects fixed point output,

single channel mode, and external triggering; the double buffering pair

which stores the output, NOUTI and NOUT2; and an offset, which is 2.

The AOM program produces two channels of output, one of which is the

data from the MAP and one of which is a ramp from 0 to 491.

3.2.2.2 D/A Interrupt Routine

The D/A interrupt routine runs in the CSPU at level 9. It clears

OUTS (integer scalar 104) to indicate that a buffer has been emptied.

It also clears and sets the flag OUTFLS (integer scalar 105) to indicate

that buffer NOUT1 or buffer NOUT2, respectively, is the buffer most re-

cently emptied and, hence, available.

3.2.2.3 D/A Background Program

The D/A background program module, called LOBUF, runs in the CSPU

and is enabled by the combination of OUTS clear and OUTFUL (integer

scalar 111) set, indicating that the Synthesis process has made new

data available for output. If synchrknization has been acquired, the

3-9
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background program copies the new data from buffer NOUT into either buffer

NOUTI or buffer NOUT2, depending on the state of OUTFLS. If the system

is not in synchronization, the relevant output buffer is set to zero.

Finally, the background program clears OUTFUL, indicating that NOUT is

available for filling by the Synthesis process.

3.2.3 Digital In Process

The Digital In process controls the digital input from the I/0

scroll, examines the digital data to determine or confirm synchronization,

and makes a frame )f digital data available to the Synthesis process.

The Digital in process consists of three components: the I/0 scroll

procram, the Receiver interrupt routine, and the Receiver background

program. Figure 3-5 shows the components of the Digital In process.

3.2.3.1 I/0 Scroll Program

This program, which runs in the IOS2 Scroll, both transmits and re-

ceives digital data, and, thus, is a component of both the Digital In and

the Digital Out process. This GTE written program is called LINE. It

uses two sets of double buffers. One set, RECV and RECV2, stores the

incoming bits from the modem. The other set, SENI and SEN2, store the

bits to be output to the modem. As either of the receive buffers is

filled, an interrupt from Device 16, line 2 to the CSPU is generated,

and the other receive buffer begins to fill. Similarly, as either of

the send buffers is emptied, an interrupt from Device 16, line 1 to the

CSPU is generated, and the next bit to be output is taken from the other

send buffer. All four of these buffers are 369 bits long and 16 bits

wide. However, only the low order bit from each 16-bit word contains

3-10
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the digital data. The reader is referred to section 3.4 for the

meanings of the other bits.

3.2.3.2 Receive Interrupt Routine

The Receive Interrupt routine runs in the CSPU at level 7. It has

two functions, first, to keep track of which receive buffer has the newest

data and to transmit this information to other processes, and, second, to

confirm that synchronization is still valid.

.hen an interrupt from the receive portion of the I/ Scroll pro-

gram occurs, the Receive interrupt routine clears SYNS (integer scalar

102) and clears or sets flag SFLGS (integer scalar 103) to indicate that

buffer RECV1 or buffer RECV2, respectively, has been filled.

When the ATC system has achieved synchronization (integer scalar

113, RSYN, greater than zero), the bit assumed to be the sync bit for

t,ie new data is compared to the sync bit from the previous buffer. If

these bits are opposite, synchronization is assumed to be still good.

It they are the same, and it is the fourth non-alternating sync bit

without two consecutive correctly alternating sync bits intervening,

synchronization is declared lost (RSYN is cleared). The location of the

sync oit in the data buffer is stored in SYNCS (integer scalar 117).

3.2.3.3 Receive Background Program

The Receive background program runs in the CSPU and is enabled by

flag RGO (integer scalar 114) being set. This flag is set by the Synthe-

sis process which is in turn enabled by SYNS being clear. The Receive

background program sets SYNS to one on entry.

3I
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The Receive background program performs several functions. First,

it must collect a new frame of data. This consists of finding the

i newest sync bit location, and using the 369 previous received bits as

gthe frame. This is implemented by having the background program copy

the new data into another set of contiguous buffers, BFI, BF2, and BF3.

If RECV2 contains the new data, it is copied into BF2. If RECV con-

tains the new data, it is copied into both GFI and BF3. Then, the 369

data bits prior to the sync bit location are copied into buffer RECV.

This double copying of RECV assures that, regardless of the position of

the synchronization bit in the new frame, the 369 data birs previous to

it are contained (contiguously) in the triple length buffer.

Second, the backqround proqram must acquire synchronization. That

4s. it must determine the position of the sync bit in the frame of data.

The background program builds a histogram containing 369 bins, one for

each bit in the frame., When it receives a new frame of data, the new

frame is compared bit for bit against the previous frame. If a given bit

alternates in the two frames, the corresponding bin in the histogram is

incremented. If it does not alternate, the bin is cleared. This process

continues until one bin both exceeds the acquired threshold (10.) and is

a unique maximum in the histogram. IYhen this occurs, the bit position

corresponding to the maximum bin is declared the Sync position and is

stored in SYNCS (integer scalar 117) and RSYN (integer scalar 118) is

set to one to indicate that synchronization has been acquired. Until

synchronization is acquired, the Receive background process terminates

at this point.

I
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Once synchronization has been acquired, the background process must

present an actual frame of data, one that has the sync bit at the begin-

ning of the frame, for further processing. To do this, it copies the

369 bits previous to the sync bit of the newest frame from the triple

length buffer (BF1, BF2, and BF3) into the receive processing buffer

RECVS. This procedure is shown in Figure 3-6. Reasons of efficiency

require that the new actual frame be present as a contiguous block within

the triple length buffer, in order that a "block move" instruction can

be used for the copying and no "corner turning" test is needed.

Once a new frame of data has been copied into RECVS, transmission

bit errors are detected and corrected if possible. A (63, 45) BCH code

is used to protect 45 bits of the sideband parameters with 18 protection

bits. These 63 bits are decoded using a table-look-up procedure for

e-ri-ienc,. For each of the 63 transmitted bits, there are three asso-

-4'ed valies -able 3-i. Three residues S1 , S3 , and S are computed

by exclusive-or'ing the appropriate value for each bit that is set into

each sum. If each of these residues is zero, no transmission errors

are detected, and the 45 data bits are used as received.

If the residues are not all zero, the number of errors is deter-

mined by computing three syndromes :71, o2, and C3, an, a determinant,

which is

S!3  + S3

If this determinant is zero, one error has occurred. jl is set to one

and _- and 73 are zeroed. Otherwise,

=S,

2 S 1 S 3 + SiS1 + S 3)

-3 S + 13) +SJ2
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Bit Position S, (decimal) S3 S5 Bit Position S, (decimal) S 3  S5

0 33 57 63 33 56 17 30
1 49 62 42 34 28 59 20
2 57 23 13 35 14 15 24
3 61 43 55 36 7 40 16
4 63 13 27 37 34 5 33
5 62 25 18 38 17 24 62
6 31 58 28 39 41 3 21
7 46 54 41 40 53 8 39
3 23 22 15 41 59 1 58
9 42 18 10 42 60 57 44

10 21 51 12 43 30 62 9
11 43 14 8 44 15 23 14
12 52 17 49 45 38 43 53
13 26 59 31 46 19 13 38
14 13 15 43 47 40 25 5
15 39 40 50 48 20 58 6
16 50 5 29 49 10 54 4
17 25 24 22 50 5 22 57
13 45 3 37 51 35 18 46
19 55 8 7 52 48 51 52
20 58 1 59 53 24 14 25
21 29 57 19 54 12 17 47
22 47 62 35 55 6 59 11
23 54 23 3 56 3 15 51
24 27 43 2 57 32 40 34
25 44 13 61 58 16 5 60
26 22 25 23 59 8 24 40
27 11 58 26 60 4 3 48
28 36 54 45 61 2 8 32
29 18 22 54 62 1 1 1
30 9 18 36
31 37 51 56

32 51 14 17

TABLE 3-1: RESIDUE TABLE TBPSM
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e The powers are formed using two tables TBRPC and TBPPC, shown in Table

v 3-2. These are essentially logarithm and anti-logarithm tables for

Galois field arithmetic. For example, S12 is found by using S, as an

index to TBRPC, doubling the value found in the table (modulo 63) and

using the result as an index into TBPRC. The division is performed

similarly.

The Chien search procedure (refer to Section 2.4 )is used to

Jetermine the position of the errors. This procedure uses three addi-

tional tables, TBALI, TBAL2, and TBAL3, shown in Table 3-3, to look up

tne products :*, >c, and m, which replace cI, , and >. For

eacn bit position, :7, 2, and 73 are exclusive or'ed together. If

tne result is unity, that bit position is in er-or and is orile[-ented.

..,nen *wans}ission errors have been correcled, the background crocess

rust eserialize toe bitstream into code words of various lengths. This

deserialization procedure is performed in two parts. The first part

deserializes the sideband parameters and makes them available to the Syn-

tnesis process. Figure 3-7 shows a map of the data frame and the bits

allocated to each of the sideband parameters. The sideband code words

are stored in buffer RQPBS, which is later read by the Synthesize process.

3efore the second part of the deserialization procedure, deseriali-

zation of the Discrete Cosine Transform (DCT) coefficients can be exe-

cuted, toe word lengths of the DCT's must be obtained from the Synthe-

size process, which has determined these word lengths from the sideband

parameters. To avoid delays and the consequent buffering, the trans-

mittec data consists of the current frame of sideband information and the
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TBRPC TBPRC

S Index S Index Index S Index S

0 0 32 5 0 1 32 9
1 0 33 62 1 2 33 18
2 1 34 25 2 4 34 36
3 6 35 11 3 8 35 11
4 2 36 34 4 16 3i6 22
5 12 37 31 5 32 37 44
6 7 38 17 6 3 38 27
7 26 39 47 7 6 39 54
8 3 40 15 8 12 40 47
9 32 41 23 9 24 41 29

10 13 42 53 10 48 42 58
11 35 43 51 11 35 43 55
12 8 44 37 12 5 44 45
13 48 45 44 1 13 10 45 25
14 27 46 55 14 20 46 50
15 18 47 40 15 40 47 39
16 4 48 10 16 19 48 13
17 24 49 61 17 38 49 26
18 33 50 46 18 15 50 52
19 16 51 30 19 30 51 43
20 14 52 50 20 60 52 21
21 52 53 22 21 59 53 42
22 36 54 39 22 53 54 23
23 54 55 43 23 41 55 46
24 9 56 29 24 17 56 31
25 45 57 60 25 34 57 62
26 49 58 42 26 7 58 63
27 38 59 21 27 14 59 61
28 28 60 20 28 28 60 57
29 41 61 59 29 56 61 49
30 19 62 57 30 51 62 33

31 56 3' 37

TABLE 3-2: TBRPC AND TFPRG TABLES
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TBALI TEAL2 TBAL3 TBALI TBAL2 TBAL3

0 0 0 0 32 3 6 12

1 2 4 8 33 1 2 4

2 4 8 16 34 7 14 28

3 6 12 24 35 5 10 20

4 8 16 32 36 11 22 44

5 10 20 40 37 9 18 36

6 12 24 48 38 15 30 60

7 14 28 56 39 13 26 52

8 16 32 3 40 19 38 15

9 18 36 11 41 17 34 7

10 20 40 19 42 23 46 31

11 22 44 27 43 21 42 23

12 24 48 35 44 27 54 47

13 26 52 43 45 25 50 39

14 28 56 51 46 31 62 63

15 30 60 59 47 39 58 55

16 32 3 6 48 35 5 10

17 34 7 14 49 33 1 2

18 36 11 22 50 39 13 26

19 38 15 30 51 37 9 18
20 40 19 38 52 43 21 42

21 42 23 46 53 41 17 34

22 44 27 54 54 47 29 58

23 46 31 62 55 45 25 50

24 48 35 5 56 51 37 9

25 50 39 13 57 49 33 1

26 52 43 21 58 55 45 25

27 54 47 29 59 53 41 17

28 56 51 37 60 59 53 41

29 58 55 45 61 57 49 33

30 60 59 53 62 63 61 57

31 62 63 61 63 61 57 49

I
TABLE 3-3: CHIEN SEARCH TABLES
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previous frame of DCT coefficients. Thus, the Synthesize process deter-

mines the DCT code word lengths for a given frame based on sideband in-

formation received in the previous frame. It passes this inforlation to

the Receive background program in buffer RIBITS and sets RG02 (integer

scalar 115) to 1 to indicate that new data is present. The Receive back-

ground program waits for RG02 to be set before it proceeds with the DCT

deserialization and clears RG02. The deserialized DCT coefficients are

ste-ed in tuffer RQ.TDCT. The Receive background program then terminates.

Figure 3-8 shows the organization of the complete Receive background oro-

gram.

3.2.4 Digital Out Process

The Digital Out process serializes and protects the data to be trans-

mitted and controls the digital output to the 1/0 scroll. The Digital

Out process consists of three components: the I/O scroll program, the

Transmit interrupt routine, and the Transmit background program. Figure

3-9 shows the components of the Digital Out process.

3.2.4.1 I/O Scroll Program

The transmitter function of the I/0 scroll program is described in

subsection 3.2.3.1. This program puts out the low order bit of each

half-word in the double buffer pair SENI and SEN2 and generates an inter-

rupt when either buffer is emptied.

I
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3.2.4.2 Transmit Interrupt Routine

The Transmit interrupt routine runs in the CSPU at level 7. Its

function is to keep track of which transmit buffer, SENI or SEN2, has

been most recently emptied, and to transmit this information to the Trans-

mit background program.

When an interrupt from the transmit portion of the I/0 scroll pro-

gram occurs, the Transmit interrupt routine clears ANAS (integer scalar

100) to indicate that a transmit buffer has become empty and clears or

sets AFLG (integer scalar 101) to indicate that buffer SENI or

SEN2, respectively, has been most recently emptied.

3.2.4.3 Transmit Background Program

The Transmit background program runs in the CSPU and is enabled by

flag XGO (integer scalar 115) being set. This flag is set by the

Analysis process, which is in turn enabled by ANAS being clear. The

Transmit background process sets ANAS to one on entry.

The Transmit background program first transforms the quantized side-

band parameters from buffer QPBS and the quantized DCT coefficients from

buffer QTDCTS into a bitstream which is built up in buffer SENS. The

SENS buffer contains 369 half-words, the low order bits of which form

the bitstream. The function of the higher order bits is described in

Section 3.4.

The serialization procedure is performed in two parts. The first

part serializes the sideband information according to the frame map in

Figure 3-7. This part also skips 18 words in SENS to allow for later

3-24
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I insertion of protection bits. The second part of the serialization pro-

g cedure serializes the DCT coefficients. These coefficients are those

obtained from the previous frame. That is, the DCT coefficients are

I delayed in the Analysis process by one frame before being serialized,

while the sideband parameters are those from the current frame and ex-

I perience no additional delay. The quantized DCT coefficients are to be

transmitted as code words of variable lengths. The background program

obtains the length for each coefficient from buffer IBITS. The DCT

coefficients in buffer QTDCTS are ordered by word length. These word

lengths are constrained to be monotonically decreasing, so that the

word length of each DCT coefficient must be equal to or less than that

of the orevious coefficient.

Then all parameters and coefficients have been serialized, the back-

around program generates BCH error protection bits for the resulting bit

S , eaB1. The protection bits are found using a table look-up procedure.

-a ]e 3-1 snows the protection taLle, T7ENC. cor each of the 45 bits

that is set, the bit position is used as an index into this table. The

18-bit values found from the table are exclusive or'ed together to form

the protection bits. Each of the 18-bit values occupies two half words,

the 15 least significant bits in one half word and the remaining 3 bits

in an adjacent half word.

A4hen all error correction bits have been inserted into buffer SENS,

the background program copies this buffer into either SENIS or SEN2S,

depending on AFLG being clear or set. The Transmit background program

then terminates.

t
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Val ue Value
Bit Position Bit Position

Low Order High Order Low Order High Order

0 30764 7 23 21534 7
1 17466 4 2a21027 4
2 8733 2 25 10513 6

34336 5 26 5256 7

428843 5 27 29288 4

516505 1 28 14644 2
6 22544 3 29 7322 1

721540 6 30 30305 7

8 10770 3 31 17180 0
927941 6 32 8590 0

10 13970 7 33 4295 0

11 25445 4 34 2147 4
12 12722 6 35 1073 6

13 6361 3 36 536 7

14 29760 2 37 31008 4

15 14880 1 38 15504 2

16 25916 7 39 7752 1

17 19122 4 40 30472 7

18 9561 2 41 17320 4

19 4780 5 42 8660 2

20 29050 543 4330 1

21 16529 5 44 28761 7

22 22628 1

TABLE 3-4: ERROR PROTECTION ENCODING TABLE TBENC
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I 3.2.5 Analyze Process

g The Analyze process performs the Adaptive Transform Coding algo-

rithm on the digital speech waveforms supplied to it. The result of

1 each instance of this process is a frame of quantized and coded sideband

parameters and Discrete Cosine Transform coefficients.

The Analyze process is composed of six functional procedures, each

of which consists of one or more array functions. The entire Analyze

process runs in the Arithmetic Processor portion of the MAP. The six

functional procedures are: Cycle Delay Lines, Compute DCT Coefficients,

Compute and Quantize Sideband Parameters, Determine Basis Spectrum, Bit

Allocation, and DCT Coefficient Quantization. The relationships of

these procedures are shown in Figure 3-10.

3.2.5.1 Cycle Delay Lines Procedure (FCB 237, PBFCB 172)

The Cycle Delay Lines procedure partially implements the buffering

between processes required by the ATC system. It consists of the single

array function VMOV1, as shown in Figure 3-11. The buffer delays im-

plemented in VMOV1 are shown in Figure 3-12.

VMOVI first moves the quantized parameters (QPRM) computed in the

previous instance of the Analyze process to the buffer (AQPB) used as

input by the Transmit background program. Then, it cycles two buffer

delay lines, one for the DCT coefficients (QTDCTI) and one for the cor-

responding bit allocations (MIBIT4). The outputs of these delay lines

j are moved to input buffers (AQTDCT and AIBIT4) used by the Transmit back-

ground program. The delay of one frame in the DCT coefficients and bit

assignments is required for the proper operation of the Synthesize

process. VMOVI also sets flag XGO (integer scalar 115) which enables

l the Transmit background program to run.
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I

3.2.5.2 Compu.e DCT Coefficients Procedure

The Compute DCT Coefficients procedure is used to find the Discrete

Cosine Transform representation of the current input frame. This pro-

cedure performs this transformation by using the appropriate pre-and post-

processing around a Fast Fourier Transform. In addition, it performs the

reformatting of the input data and the input frame overlapping.

This procedure consists of three array functions: MPFDVM, FFTN

(supplied by CSPI), and MPDCTM. The relationships between these array

functions are shown in Figure 3-13.

3.2.5.2.1 MPFDVM (FCB240, PBFCB 153)

MPFDVM converts the data in NINM from fixed point to floating point,

concatenates these 246 samples with the last 10 input samples of the pre-

vious frame, computes and removes the mean and variance of the frame of

256 samples, and reorders the frame in preparation for the following FFT.

The reordering algorithm, given by Makhoul , consists of generating

a 256 point complex buffer, of which the imaginary points are all zero,

the first half of the real points are the even numbered points of the

original, and the second half are the reversed odd-numbered points of the

original uffer. This array function stores the variance (in dB) in

scaldr 55 and stores the mean divided by the variance in scalar 52. The

,-e-ordered input is stored in buffer X2.

3.2.5.2.2 FFTN (FCB 204, PBFCB 168)

The FFTN array function is supplied by CSPI. As used in the Compute

DCT Coefficients procedure, it performs a 256 complex-to-complex FFT not

in place. To do so, it makes use of a cosine table (VSHRT) generated

during initialization. The output is stored in buffer X2.

3-31

r - ..-.- -' r - - - - -



Lw
a

0 co

4c I0:z I I L

0.10 cc 0

I -u

0.L w
-Jz 0

0 Z 0 0 :

>. 0.- 00< .

a ~ u. (LU -0 c

>- WN. 0 -- -

0 > LL

m 0 L0.

UU



g

3.2.5.2.3 MPDCTM (FCB 241, PBFCB 154)

MPDCTM forms the 256 unique, real Discrete Cosine Transform coeffi-

cients from the 256 complex frequency samples generated by FFTN. It

also forms the squared magnitudes of the DCT coefficients. These will

be used later by the Compute and Quantize Sideband Parameters procedure

for the calculation of an autocorrelation function.

The transformation from Complex Fourier coefficients is given by

Makhoul . Since the Fourier coefficients result from the FFT of a

real sequence, they are conjugate symmetric and only the first half

(128) of them need be used. These 128 Fourier coefficients are multi-

plied by one eighth of a cycle of a complex exponential. The real parts

of the result form the first 128 DCT coefficients and the imaginary parts

reversed form the negative of the remaining 128 DCT's. These 256 DCT

coefficients are stored in buffer DCTM. The squares of the OCT's are

also formed and are used to generate the real parts of 256 complex sam-

ples, which are used later. The imaginary parts of these 256 samples are

zeroed. These 256 complex samples are then reflected to form a 512

point conjugate symmetric spectrum. The magnitude-squared spectrum is

stored in buffer .2.

3.2.5.3 Compute and Quantize Sideband Parameters Procedure

This procedure consists of three array functions, as shown in Figure

3-14: FFTIN, MPMWGX, and MPQDPP. Its function is to compute the LPC

spectrum and the pitch which are later used to form the bit allocation

basis spectrum.

3
1
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3.2.5.3.1 FFTIN (FCB 206, PBFCB 169)

9 FFTIN is a CSPI supplied array function that performs an inverse

Fast Fourier Transform, not in place. As used in Sideband Parameter pro-

cedure, it performs a 512 point complex transformation. Since the input

to this function is a symmetric magnitude spectrum, the result is an

autocorrelation function consisting of 256 unique real points.

3.2.5.3.2 MPMWGX (FCB 244, PBFCB 155)

The MPMWGX function determines 8 parcor coefficients and an estimate

of the pitch and pitch gain from the autocorrelation input. In addition,

it also copies the last 10 samples from the current input buffer to an

area in the front of the input buffer. These samples will form the first

10 samples of the next frame.

The parcor coefficients are found using the Weiner-Levinson-Durbin

algorithm as implemented by CSPI in the MWLD array function.

The pitch is estimated by finding the maximum autocorrelation value

that lies between sample indices 15 and 94. The position of the maximum

is used as the pitch period M, and the ratio of the maximum value to the

zeroth autocorrelation is used as the pitch gain. The pitch is stored

as a floating point number in scalar 61, and the pitch gain is stored in

scalar 62.

3.2.5.3.3 MPQDPP (FCB 243, PBFCB 156)

This array function quantizes the 8 parcors determined earlier, as

well as the mean, variance, pitch, and pitch gain. It also computes the

associated dequantized values, in order that the basis spectrum generated

from them later will be the same as that found by the receiver, assuming

3-35
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no uncorrectable channel errors. The quantization/dequantization tables

used are shown in Table 3-5.

Once the parcors have been quantized and dequantized, they are used to

find the corresponding Linear Prediction (LPC) coefficients. The follow-

ing recursion is used to find the first through eighth LPC coefficients:

A m(m) = -P(m)

A m(L) = A m_(L) - P m*A m_(M-L) I < m < 8

1 < L < m

where Ai(j) is the jth LPC coefficient during the ith iteration and P(j)

is the jth parcor coefficient. These LPC coefficients are used later in

the Compute Basis Spectrum procedure. The residual energy of the LPC

coefficients is also computed and stored as ENG in scalar 60.

The quantized, coded parameters are collected in buffer QPRM with

the parcor coefficients first, followed by the mean, variance, pitch, and

pitch gain.

3.2.5.4 Determine Basis Spectrum Procedure

This procedure, shown in Figure 3-15 computes the basis spectrum

from the quantized pitch value and the LPC coefficients. It consists of

three array functions: MPFSTV, FF2R, and MPBASP.

3.2.5.4.1 MPFSTV (FCB 245, PBFCB 157)

This array function forms two time-domain functions, one from the

quantized pitch and one from the LPC coefficients, and stores them as

real and imaginary parts of a complex buffer. The time domain function
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Dequantized Dequanti zed
Parameter Threshold Code Value Parameter Threshold Code Value

PARCOR 1 31 1.997 PARCOR 2 31 0.087
1. 933 1. 962

30 1.869 30 0.2631.789 1.926
1 29 1.703 

29 0.369
1.644 1.006

28 1.581 28 0.462
S1.541 1.867

1 27 1.502 27 0.556
1.444 1.836

26 1.385 26 0.624

1.343 10804
25 1.300 25 0.681

1.240 1.768
24 1.181 24 0.736

1.122 1.732
23 1.063 23 1.714

1.019 1.695
22 0.975 22 1.676

0.930 1.653
21 0.885 21 1.630

0.843 1.602
20 0.802 20 1.574

0.771 1.547
19 0.740 19 1.520

0.696 1.492
18 0.652 18 1.464

0.615 1.436
17 0.577 17 1.407

0.543 1.373
16 0.509 16 1.338

0.477 1.306
15 0.445 15 1.274

0.418 1.238
14 0.392 14 1.203

0.368 1.162
13 0.344 13 1.121

0.324 1.085
12 0.304 

12 1.048

0.286 1.012
11 0.268 11 0.977

0.251 0.942
10 0.235 10 0.907

0.219 0.876
9 0.204 9 0.846

0.190 0.819
8 0.176 8 0.792

0.162 0.764
7 0.150 7 0.736

0.137 0.709
6 0.124 6 0.681

0.112 0.653
5 0.100 5 0.624

0.090 0.590
4 0.080 4 0.556

0. 070 0. 509
0 3 0.060 

3 0.462
0.051 0.415

2 0.042 2 0.369
0.033 0.316

1 0.025 1 0.263
0.014 0.175

0 0.008 0 0.087

TABLE 3-5: PARAMETER QUANTIZATION AND DEQtANTIZATION TABLE
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Dequanti zed Dequanti zed
Parameter Threshold Code Value Parameter Threshold Code Value

PARCOR 3 15 1.844 PARCOR 4 15 1.950
1.750 1.882

14 1.655 14 1.183
1.585 1.754

13 1.516 13 1.695
1.462 1.642

12 1.408 12 1.589
1.358 1.539

11 1.309 11 1.489
1.261 1.441

10 1.213 10 1.393
1.168 1.346

9 1.123 9 1.300
1.080 1.255

8 1.037 8 1.209
0.995 1.165

7 0.953 7 1.121
0.911 1.076

6 0.870 6 1.032
0.829 0.988

5 0.787 5 0.943
0.745 0.897

4 0.703 4 0.851
0.658 0.801

3 0.613 3 0.752
0.562 0.696

2 0.512 2 0.640
0.452 0.572

1 0.392 1 0.504
0.315 0.409

0 0.238 0 0.314

TABLE 3-5: PARAMETER QUANTIZATION AND DEQUANTIZATION TABLE (CONT'D)
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Dequanti zed Dequanti zed
Parameter Threshold Code Value Parameter Threshold Code ValueI
PARCOR 5 7 1.591 PARCOR 6 7 1.621

I, 482 1. 5091 6 1.374 
6 1.398

1,297 1.3195 1.219 
5 1.240S1.153 1.173

1 4 1.086 
4 1.105

1 .022 1.0413 0.958 
3 0.976

0.891 0.909.
2 0.825 2 0.842

0.747 0.763
1 0.669 1 0.685

0.557 0.573

0 0.445 0 0.462

DARCOR 7 3 1.320 PARCOR 8 3 1.382
1.167 1.243

2 1.013 2 1.105
0. 875 0. 985

1 0.736 
1 0.865

0.568 0.722
0 0.397 0 0.879

I
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Mean 15 3.132 Variance 31 60.709
2.854 59.760

14 2.576 30 58.8102.394 58.016
13 2.212 29 57.2232.072 56.491

12 1.932 28 55.7581.816 55.072

11 1.699 27 54.3851. 598 53. 709

10 1.496 26 53.0341. 403 52. 334

9 1.314 25 51.6331. 231 50. 900

8 1.148 24 50.167
1.370 49.431

7 0.992 23 48.695
47. 960

6 0.846 22 47.224
46.483

5 0.706 21 45.741
44.982

4 0.572 20 44.222
43.443

3 0.441 19 42.664
41.864

2 0.313 18 41.065
40.204

1 0.187 17 39.343
38.386

0 0.062 16 37.430
36.477

15 35.525
Pitcngain 3 0.898 34.633

0.824 14 33.741
2 0.750 32.888

0.667 13 32.0351 0. 584 31,179
0.488 12 30.322

0 0.392 29.409
11 28.495

27.476
10 26.458

25.415
9 24.372

23.405
8 22.439

21.426
7 20.412

19.276
6 18.140

16. 994
5 15.849

14. 548
4 13.242

12.05-
3 10.868

9.831
2 

8.794

7. 798
3-40 1 6.802

5.631 4
0 4.460
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Decoded Decoded Decoded
Pitch (M) Code Pitch Pitch Code Pitch Pitch Code Pitch

0 0 i5 32 17 32 64 48 63

1 0 15 33 18 33 65 49 65
2 0 15 34 19 34 66 49 65

g3 0 15 35 20 35 67 50 67
4 0 i5 36 21 36 68 50 67
5 0 15 37 22 37 69 51 69
6 0 15 38 23 38 70 51 69
7 0 15 39 24 39 71 52 71
8 0 15 40 25 40 72 52 71
9 0 15 41 26 41 73 53 73

10 0 15 42 27 42 74 53 73
11 0 15 43 28 43 75 54 75
12 0 15 44 29 44 76 54 75
13 0 15 45 30 45 77 55 77
14 0 15 46 31 46 78 55 77
15 0 i5 47 32 47 79 56 79
16 1 16 48 33 48 80 56 79
17 2 17 49 34 49 81 57 81
18 3 18 50 35 50 82 57 81
19 4 19 51 36 51 38 58 83
20 5 20 52 37 52 48 58 83
21 6 21 53 38 53 85 59 85
22 7 22 54 39 54 86 59 85

23 8 23 55 40 55 87 60 87

24 9 24 56 41 56 88 60 87

25 10 25 57 42 57 89 61 89

26 11 26 58 43 58 90 16 89

27 12 27 59 44 59 91 62 91

28 13 28 60 45 60 92 62 91

29 14 29 61 46 61 93 63 93

30 15 30 62 47 62 94 63 93

31 16 31 63 48 63
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I

formed from the pitch represents the excitation function. It is an ex-

gponentially decaying pulse train with a period equal to the pitch and

contains zeroes except at multiples of the pitch period. The values at

the pulse points are the positive powers of the pitch gain. That is:

XR(K*M) = PGK+1 for 0 < K*M < 256

where M is the pitch period, PG the pitch gain, and XR is the output. The

excitation is stored in the real part of the 512 point complex output

buffer. The sum of the pitch pulses is accumulated and stored in scalar

73.

The other time domain function is the vocal tract filter function.

It is formed from the impulse response of the LPC filter, which is sim-

ply 1, -A(1), -A(2), ... -A(8). The remaining 503 imaginary values are

zeroed.

The two time domain functions, though both real, are stored in a

complex buffer to facilitate the use of an efficient FFT algorithm, FF2R.

3.2.5.4.2 FF2R (FCB 214, PBFCB 170)

FF2R is a CSPI supplied array function used to transform two real

signals simultaneously. One input function is stored in the real part

of a complex buffer, and its transform appears in the first half of the

complex buffer output. Similarly, the second function is stored in the

imaginary parts of the input buffer, and its transform appears in the

second half of the output buffer. As used in the ATC system, FF2R uses

512 point complex buffers as input and output. The output buffer is

divided in half into two 256 point complex buffers. The first contains

I
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the frequency spectrum of the pitch excitation function. The second

contains the frequency response of the vocal tract inverse filter.

3.2.5.4.3 MPBASP (FCB 253, PBFCB 158)

MPBASP forms the magnitude basis spectrum from the frequency spec-

trum and the inverse filter response. It also forms the base 2 logarithm

of this basis spectrum to be used later in bit allocation.

This routine first calculates the magnitude squared of the basis

spectrum by the following formula:

BASISI
2  = ENG * Pitchl

2

EGR2 * Inverse Filter 2

where ENG is the residual energy of the LPC spectrum as calculated in

MDQDPP and stored in scalar 60, and EGR is the sum of the excitation

pulses as determined by MPFSTV and stored in scalar 73. Then one half

the base 2 logarithm of the result is calculated. This is equivalent

to the base 2 log-magnitude basis spectrum. For reasons of efficiency,

the single MAP instructions LGS and RCP, which approximate the base 16

log and the reciprocal, are used. The DC component of the log magnitude

basis spectrum is forced to be very small.

The magnitude basis spectrum is found as follows:

log!Basisl2)
!BASISI = 2\ 2

This exponentiation is performed using the same technique as the CSPI

supplied array function VEXP. This approach was found to be faster

than finding the square root directly.
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The log base 2 magnitude basis spectrum output is stored in buffer

i TMP2 (256 real points). The magnitude basis spectrum output is stored

in buffer DCTMI (also 256 real points). Also, scalar 73, EGR, is modi-

fied to become i.0/EGR. Finally, the sum of the log magnitudes is sub-

tracted from the number of bits to be allocated, the difference is

divided by 256, and the resultant average bit allocatio'n is stored in

CTEMP, scalar 80.

3.2.5.5 Bit Allocation Procedure

The bit allocation procedure determines how many bits are to be

used to code each DCT coefficient for transmission under four constraints.

The four constraints are: I,' each DCT must be coded with an integral -

number of bits; 2) that the sum of the bits allocated to tne DCT coeffi-

cients must equal 267; 3) that the maximum number of bits allocated to

any DCT coefficient is three; and 4) that the numbers of bits allocated

to the DCT coefficients approximate the log-magnitude basis spectrum.

Satisfying these constraints exactly is a difficult, time consuming

task. An approximate solution is found by reordering to log magnitude

basis spectrum coefficients (and the corresponding DCT coefficients and

magnitude spectrum coefficients) by size. The bit allocation for the

reordered DCT coefficients will then be monotonically decreasing.

Monotonically decreasing bit allocations are usefdl for horizontal en-

coding and protection.

The bit allocation procedure consists of three array functions, as

shown in Figure 3-16. They are MPASRT, which performs the reordering,

MPSCAN, which determines the preliminary bit allocation, and MPCDBA,

which performs a correction on the preliminary bit allocation to produce

a final bit allocation.
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3.2.5.5.1 MPASRT (FCB 249, PBFCB 159)

This array function performs an approximate sort on the log-magni-Io
tude basis spectrum coefficients in buffer TMP2. It determines a vector

of indices expressing the sorted order, and reorders the DCT coeffi-

cients (in buffer OCTM) and the magnitude basis spectrum coefficients

(in DCTM1) accordingly.

The sort is performed by assigning each log-magnitude basis spec-

trum coefficient to one of four bins, depending on size. The index,

the position in the buffer of each coefficient, is added to an ordering

list corresponding to the bin. The thresholds for the four bins are

shown in Table 3-6. When all indices have been added to one of the four

lists, the lists are concatenated to form a complete ordering vector in

buffer IORDR.

Once IORDR has been obtained, the three input buffers DCTM, (DCT

coefficients), DCTMI (magnitude basis spectrum), and TMP2 (log-magni-

tude basis spectrum) are reordered by using IORDR as indirect addresses

into each of the input buffers and forming sequential outPuts. That is,

OUTPUT(I) = INPUT(IORDRM(I))

The three output buffers are TMP3, TMP4, and DCTM2, respectively.

The required indirect addressing is achieved by performing a

"scatter write" into APS program memory to modify the addresses used in

the input instructions.

3.2.5.5.2 MPSCAN (FCB 254, PBFCB 160)

This array function proceeds in two passes to form a preliminary

bit allocation. The first calculates a new log magnitude spectrum whose
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Bin 4 Threshold

3
2.907

2
1.322

1
-0.488

0

TABLE 3-6: BIT ALLOCATION THRESHOLDS
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mean is equal to the average number of bits per sample to be allocated.

g It also determines the last sample of this new spectrum to be coded.

That is, the samples which follow will be allocated zero bits. It also

keeps a running sum of the samples of the new spectrum to be coded.

The second pass generates another log magnitude spectrum whose

mean is the average number of bits available per sample to be coded and

whose trailing samples are zero. The coefficients of this spectrum are

then rounded and fixed to form the preliminary bit allocation.

Inputs to MPSCAN are buffer DCTM2, the log-magnitude basis spectrum,

and CTEMP, the average bit offset to be applied in pass 1, computed in

>IP8ASP and stored in scalar 80. The output is stored as floating point

numbers in buffer TMPI. In addition, ITOT, the number of samples to be

coded, is stored in scalar 83.

3.2.5.5.3 MPCDBA (FCB 255, PBFCB 161)

This array function consists of at least four passes. The first

pass forces the preliminary bit allocations to be monotonically decreas-

ing and sums them. If this sum ever exceeds the available number of

bits, BTLTH = 267, the remaining bit allocations in the input buffer are

zeroed. The second pass clips the bit allocations at 3, and updates the

total bits allocated sum accordingly. Pass 3 allocates the leftover

bits, beginning at the front of the buffer, but never raising the bit

allocation of any coefficient over 3.0. If some bits remain to be allo-

cated at the end of this pass, the pass is repeated. Finally, the bit

allocations are changed from floating point integers to fixed point

numbers and stored.
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The input to MPCDBA is buffer TMP1, the preliminary bit assignment.

The output is stored in IBIT.

3.2.5.6 DCT Coefficient Quantization Procedure (FCB 250, RBFCB 162)

This procedure, shown in Figure 3-17, consists of one array func-

tion, MPFSTQ. From the bit allocations in !BIT, this array function

determines the number of quantization levels and the associated thresh-

olds for each (reordered) DCT coefficient. The thresholds are multi-

plied by the corresponding magnitude basis spectrum value and then used

to quantize and code the DCT coefficients into code words of various

lengths. The thresholds, quantization levels, and resultant code words

are shown in Table 3-7.

The inputs to MPFSTO are IBIT; TMP3, the reordered DCT coefficients;

and TMP4, the reordered magnitude basis spectrum. The output of MPFSTQ

is stored as fixed point numbers in buffer QTDCTM.

3.2.6 Synthesize Process

The Synthesize process performs the Adaptive Transform Decoding algo

rithm to obtain digital speech waveforms. The input to this process is

coded, quantized sideband parameters and coded, quantized DCT coefficients.

The Synthesize process is composed of seven functional procedures:

Cycle Delay Lines, Dequantize Sideband Parameters, Basis Spectrum Deter-

mination, Bit Allocation, Copy Temporary Buffers, DCT Coefficients Dequan-

tization, and Inverse DCT Computation. The relationships between these

procedures are shown in Figure 3-18. Each procedure consists of one or

more array functions. The entire Synthesize process runs in the Arith-

retic Processor portion of the MAP.
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Code 3 Bit Threshold 2 Bit Threshold I Bit Threshold

3
2.3796

21.2327

1
0.5332 1.1269

0
0 0 0

Note: Negative values are quantized similarly,

sign bit of code is set

j TABLE 3-7: OCT COEFFICIENT QUANTIZATION
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3.2.6.1 Cycle Delay Lines Procedure (FCB 238, PBFCB 173)

The Cycle Delay Lines procedure consists of a single array function,

VMOV2. It pruvides data to the Analog Out process and accepts data from

the Digital In process, enables the Receive background program, and pro-

vides a single frame delay. This procedure is shown in Figure 3-19.

Output speech data from the previous instance of the Synthesize

process is stored in buffer NOUT. VMOV2 copies this data to buffer OUTB,

which will be used by the Analog Out process. VMOV2 sets the flag OUTFUL

(integer scalar 111) to indicate that new data is present, thus enabling

the A/D background program.

Similarly, VMOV2 copies data from two buffers, ARQPB and ARQDCT.

These buffers have been filled by the Receive background program and con-

tain the de-serialized sideband parameters and DCT coefficients. VMOV2

)oies these buffers into QPRM and QRDCTM and sets flag RGO to indicate

that the input buffers are empty, enabling the Receive background program

to execute and fill them again.

The input sideband parameters in QPRM do not represent the same

frame of speech as the DCT coefficients in QRDCTM. Because the bit allo-

cation, which is derived from the sideband parameters, must be obtained

before the DCT coefficients can be deserialized, the transmitted DOCT co-

efficients lag the transmitted sideband parameters by one frame. This

means that the bit allocation, basis spectrum, and reordering vector

determined in one instance of the Synthesize processs must be saved to be

used in the next instance of the process. VMOV2 implements this delay,

as shown in Figure 3-20. The bit allocation, basis spectrum, and reorder-

ing vector have been stored in buffers MIBITI, DCTITI, and IORDRI, by the
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previous instance of the process, and are moved by VMOV2 to MI31T2, DCT!T2,

and IORDR2, from .4hich they will be used in the DCT dequantization pro-

cedure. The mean and variance have been stored in scalars 102 and 103

and are moved to scalars 100 and 101 to implement a similar frame delay

on these parameters.

3.2.6.2 Sideband Parameter Dequantization Procedure (FCB 244, PBFCB 163)

This procedure, shown in Figure 3-21, consists of a single array

function, MPDQPP. MPDQPP decodes 12 sideband parameters: 8 parcor coef-

ficients, pitch, pitch gain, mean, and variance using the same tables

used by MPQDPP (subsection 3.2.5.3.3). The input parameters are fixed

point integers and are contained in buffer QPRM. These integers are

used as indices into the appropriate decoding tables. The dequantized

parcor coefficients are transformed to LPC coefficients as in MPQDPP,

.'mrcn . "en c2I.t to buffer Al. The residual energy of the LPC c-

efficents E';G' is stored in scalar 60. The dequantized :itcn is output

to scalar 91, the pitcn gain to scalar 90, the variance to scalar 89, and

the mean to scalar 88.

3.2.6.3 Basis Spectrum Determination Procedure

This procedure is identical to the Basis Spectrum Determination per-

formed in the Analyze process (subsection 3.2.5.4, Figure 3-15). This

procedure uses MPFSTV, FF2R, and MPBASP to determine the log-magnitude

hasis spectrum, stored in TMP2, and the magnitude basis spectrum,

stored in DCTM1. If there are no uncorrectable transmission errors,

these spectra will be identical to those determined in the Analyze

irocess.
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3.2.6.4 Bit Allocation Procedure

This procedure determines the number of bits used to code each of

the DCT coefficients. It is very similar to the bit allocation procedure

used in the Analyze process (subsection 3.2.5.5) except that the sorting

function is slightly changed.

The bit allocation procedure in the Synthesize process also consists

of three array functions: MPSSRT, MPSCAN, and MPCDBA. This procedure is

shown in Figure 3-22.

3.2.6.4.1 MPSSRT (FCB 248, PBFCB 167)

This array function is similar to MPASRT (subsection 3.2.5.5.1) in

that it reorders the magtitude and log-magnitude basis spectra contained

in buffers DCTI and TMP2, respectively, and stores the reordering infor-

"ation in a vector of indices, IORDRM. However, MPSSRT performs no

• erlering o, tre Icidei' DCT coefficients. T-e coded ?f coefficien:s

are transmitted in sorted order. They will be reordered to normal order

in the dequantization procedure (subsection 3.2.6.6) later.

3.2.6.4.2 MPSCAN (FCB 254, PBFCB 160)

This is the same array function used in the Analyze process and

described in subsection 3.2.5.5.2. it uses the same input and output

buffers and is invoked using the identical prebound FCB.

3.2.6.4.3 MPCDBA (FCB 255, PBFCB 175)

This is the same array function used in The Analyze process and

described in subsection 3.2.5.5.3. It is the identical FCB, but pre-

bound differently. As used in the Synthesize process, it is prebound FCB

!
1 -5



z

0 uJ

LLI-
a 0 x X >

C- 5 (0

LLI <(Lu -
CL- wu

z 0

Xo=~~ X 0z

w - <

J< C 4 u. -I
wiu j0 za - I

W z < I

CL 0~j < CLa <za-

0 00

L L - ) 0. ~a~

0 <

w nLL

cc -

3-60



175. The only difference made by this alternate prebiniing is that the

output buffer, which stores the bit allocations, is MIBITI instead of

MIBIT2, as is used in the Analyze process.

3.2.6.5 Copy Temporary Buffers Procedure (FCB 240, PBFCB 174)

This procedure, shown in Figure 3-23, consists of a single array

function, VMOV3. Its purpose is to copy data from temporary buffers,

used to speed up computation, to permanent buffers, which will remain

unmodified until the next instance of the Synthesize process. It also

makes the DCT bit allocation information available to the Receive process

and enables the Receive process to proceed by setting the flag RG02 (inte-

ger scalar 116).

VMOV3 copies buffer IORDRM, the reordering indices, into buffer

:,R RI, which is the first stage of the Syntnesize ordering delay line

:ecr-De, in s*ubsection 3.2.6.1. It also copies TP, tne reoaxerec 'ila-

nitude basis spectrum, into DCTITI, the first stage of the Synthesize

basis spectrum delay line. Buffer MIBITI, the first stage of the Synthe-

size bit allocation delay line, already contains the bit allocation infor-

mation, as a result of MPCDBA. VMOV3 copies this information into buffer

RIBIT, which will be used by the Receive process to deserialize the re-

ceived DCT coefffcients, and sets flag RG02 to enable the Receive process

to proceed with this deserialization. VMOV3 also copies the dequantized

mean and variance from scalars 88 and 89 to scalars 102 and 103.

3.2.6.6 DCT Coefficient Dequantization Procedure (FCB 252, PBFCB 164)

This procedure, shown in Figure 3-24, consists of a single array

function, ,PFSTD. MPFSTD uses each coded DCT coefficient (sorted order)
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from buffer QRDCTM as an index into a decoding table. The particular

table used is determined from the bit allocation vector, MIB[T2. The

value found from the decoding table is multiplied by the corresponding

magnitude basis spectrum coefficient (DCT1T2). The resulting product

is the dequantized DCT coefficient and is stored in buffer DRDCTM, using

the reordering vector (I[RDR2) as the index into this output buffer so

that the results will be in normal order. That is,

DRDCTM (10RDR2 (I1) = Decode (QRDCTM(1)) x DCTIT2(1)

The decoding tables are given in Table 3-8.

3.2.6.7 Inverse DCT Procedure

This procedure, shown in Figure 3-25, consists of three array runc-

tions, MPIDCM, FFTIN, and MPVDNM. It transforms the dequantized DCT

c-efficient3 Dack to a time domain waveform, restores the variance and

oean to tnis waveform, and overlaps it with the waveform obtained in ',e

previous frame to generate the output speech waveform.

3.2.6.7.1 MPIDCM (FCB 249, PBFCB 165)

This array function performs the inverse of the correction applied

by the Analyze process array function MPDCTM (subsection 3.2.5.2.3). It

forms a conjugate symmetric spectrum to which an inverse FFT will later

be applied from the dequantized DCT coefficients in buffer DRDCTM. The

real and complex parts of the output buffer X2 (XR(K) and XI(K)), respec-

tively, are formed as follows:
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I

Code 3 Bit Value 2 Bit Value 1 Bit Value

7 -3.0867 -

6 -1.6725 -

5 -0.8330 -

4 -0.2334 -

3 3.0867 -1.8340

2 1.6725 -u.4196

1 0.8330 1.8340 -0.7071

0 0.2334 0.4196 0.7071

I

I

3TABLE 3-8: OCT COEFFICIENT DEQUANTIZATION
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XR(K) = XR(N-K) = cos (7K/2N)*DCT(K) + Sin(-K/2N)*DCT(N-K)

XI(K) = -XI(N-K) = Sin(7K/2N)*DCT(K) -cos(K/2N)*DCT(N-k)

XR(0) DCT(O), XI () =

where N is 256 and K varies between I and 255.

This array function also computes a corrected mean and variance from

the (delayed) dequantized mean and variance. The dequantized variance

(scalar 101) is in dB and is changed to be linear. The dequantized mean

(scalar 100) is multiplied by this linear variance to form an adjusted

mean. Finally, the linear variance is divided by the frame length to form

the per sample variance. The resulting mean and variance are stored in

scalars 100 and 101, respectively.

3.2.6.7.2 FFTIN (FCB 206, PBFCB 171)

This array function, supplied by CSPI, performs a 256 complex inverse

FFT (not in place) on the corrected DCT coefficients in buffer X2. The

resulting time domain function is also stored in X2.

3.2.6.7.3 MPVDNM (FCB 253, PBFCB 166)

This array function restores natural order to the 256 point time

domain function in X2, multiplies it by the variance (scalar 101), adds

the mean (scalar 100), and overlaps the result with the last 10 samples

of the output from the previous frame to form 246 output speech samples

which are stored in buffer NOVT.

The overlapping consists of multiplying the first 10 samples by an

increasing ramp and the last 10 samples of the previous frame by a

descending ramp and adding the results as follows:

I
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OUTPUT(I) = NEW(I)*.I*I + OLD (236) * (l-.l*i)

where I ranges from 0 through 9.

The reordering of the time domain function forms the even numbered

OCT coefficients from the first half of the real parts of buffer X2. The

odd numbered coefficients are obtained by accessing the second half of

the buffer in reverse order.

3.2.7 Executive Process

The Executive process is used to schedule the tasks performed by the

Arithmetic Processor and the CSPU. The Executive, as supplied by CSPI,

runs in the CSPU and assigns the AP sequential tasks from function lists,

loading the AP with and starting it on a new array function as soon as it

has finished with the previous one. Responding to interrupts and this AP

scheduling are the only functions required of the CSPU in the standard

SNAP software system. The ATC system, however, also uses the CSPU to per-

form computations required by the algorithm and unsuited to the AP, such

as serialization and error correction. The standard SNAP executive has

been modified to include this additional use of the CSPU.

3.2.7.1 Executive Modifications

The new CSPU program, which will be referred to as the Background

program, actually includes the four background processes and a dispatch

routine to schedule them. It is interfaced to the existing executive as

a co-routine. However, in order to minimize modifications to the execu-

tive, it is implemented as a single interrupt routine containing multiple

exit,.
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The standard Executive loads and starts the AP, prepares the next

function to be loaded into the AP, and then waits for the AP to finish.

The ATC modification changes this wait to a programmed interrupt (Device

24, level 8 ) which causes the Background program to continue from its

last exit. The Background program periodically checks flag APONFL (in-

teger scalar 126) to determine whether the AP has finished. If it has,

the Background program saves its state and exits, returning to the point

in the Executive program following the original wait. The Executive tnen

continues normally, restarting the AP and preparing the next array func-

tion, until it again reaches the state where it would wait for the AP.

The APDONE interrupt service routine, also part of the original

Executive, has been modified for this new program structure. It now

sets APDNFL before returning.

3.2.7.2 Process Scheduling

The process scheduling required in the ATC system includes the

scheduling of the Analyze and Synthesize processes as well as the sched-

uling of the four I/0 process background programs. The internal sched-

uling of array functions in the Analyze and Synthesize processes is accom-

plished by function lists, as described in subsection 3.3. The sched-

uling of the processes themselves is determined by flags ANA (integer

scalar 100) and SYN (integer scalar 102.) as shown in Figure 3-26. The

.1inalyze process is enabled by flag ANA being clear. ANA is cleared by

the Transmit interrupt routine to indicate that the last output has been

used and the output buffer is available. ANA is set by the Transmit

background program, which will fill the output buffer. The Synthesize

process is enabled by flag SYN being clear. SYN is cleared by the Re-
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ceive interrupt routine to indicate that the input buffer has been filled

and is, therefore, available. SYN is set by the Receive background pro-

gram which will read this buffer.

Tne Transmit background program is enabled by flag ,GO being set.

It is set by VMOVI in the Analyze process when the output data has been

copied into buffers AQPB and ACTDCT and is thus available to the-Trans-

mit background process. The background process clears the flag.

The Receive background program is enabled by flag RSO being set. It

is set by VMOV2 in the Synthesize process when the data in ARQPB has been

copied into a processing buffer, thus making ARQPB available for writing

by the Receive background program, which clears the flag. When the Re-

ceive background program has deserialized the sideband parameters, it

waits until the bit allocation determined by the Synthesize process is

made available to it. VMOV3 in the Synthesize process sets flag RG02

.hen it has written new data into buffer RIBIT. RG02 being set enables

the Receive background program to proceed to deserialize the DCT coeffi-

cients and to clear RG02.

T, A/D background program is enabled by a combination of two flags.

It runs when new input is available to it and its previous output has been

used. Flag INP is cleared by the A/D interrupt routine to indicate that

new input data is available. Flag INFULL is cleared by VMOV1 in the Ana-

lyze process to indicate that it has read the previous output of the back-

ground program (.I,"B) and that buffer is available for refilling. The

A/D background program sets both of these flags.

The D/A background program is also enabled by a combination of two

f1'ags. It runs when its output buffer is empty and its input buffer is

3
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full. Flag OUTP is cleared by the D/A interrupt routine to indicate that

a buffer has been emptied and is available for more output. Flag OUTFUL

is set by VMOV2 in the Synthesize process when new output speech has been

copied to buffer OUTB and is available to the background program. The

background program clears OUTFUL and sets OUTP.
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3.3 System Software

The ATC system software consists of MAP-300 software and host PDP-I

software.

3.3.1 MAP-300 Software

The MAP-300 software includes the array functions described individ-

ually in section 3.2 and the Executive program. It also includes the

IOS-2SM program, LINE. Areas of MAP memory used by the MAP-300 software

are shown in Table 3-9.

3.3.1.1 Array Functions

The array functions contained in the ATC system are shown in Table

3-10. The starred finctions have been written by GTE. All other array

functions normally included in the CSPI SNAP II system have been deleted.

This means that before a program using any of these deleted functions

can be run after running the ATC system, the standard SNAP II system must

be reloaded into the MAP.

3.3.1.2 Executive Program

The Executive program that is included in the ATC system has been mod-

ified from the standard SNAP II release. The modifications consist of a

revised APDONE routine which has had buffer checking eliminated for rea-

sons of efficiency and which has added flag control and additional soft-

ware to provide computational support for the AP. The additions to the

Executive are described in subsection 3.2.7.
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Bus I

O-21FE EXEC

2260-38A4 Prebinding Buffers

4000-4678 SNAP Array Functions
4690-49C4 FF2R
49DO-515A IDS

5714-5BC4 Scroll Program Buffers

639C-6EC4 GTE Array Functions

7150-89F8 GTE Array Functions

8A O-8AA5 Data Buffers

8AA6-AC60 CSPUIS (background programs)
AC62-ACA8 Scroll Interrupt Additions

FFF Top of Memory

Bus 2

400-17CO Data Buffers

ID30-230D Table Storage
231E-2F43 Data Buffers

3FFF Top of Memory

Bus 3

"-'FFF Data Buffers
IFFF Top of Memory

TABLE 3-9: MEMORY MAP
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Function FCB Number GTE-Supplied

VFLT (Y, A, U, B) 136

VMOV (Y, U) 143

VSMA1 (Y, A, U, B) 144

VCOS (Y, A, U, B, V, C) 186

FFTN (Y, U, V, W) 204

FFTNB 205

FFTIN (Y, U, V, W) 206

FFTINB 207

FF2R (Y, U, V, W) 214

FF2RB 215

VMOV1 (Y) 237 *

VMOV2 (Y) 238 *

VMOV3 (Y) 239 *

MPFDVM (Y, U, V) 240 *

MPDCTM (Y, U, V, W) 241 *

MPQDPP (Y, U, V) 242 *

MPDQPP (Y, U, V) 243 *

MPMWGX (Y, U, V, W) 244 *

MPFSTV (U) 245 *

MPSSRT (Y) 247 *

MPIDCM (Y, U, V) 248 *

MPASRT (Y) 249 *

MPFSTQ (Y, U, V, W) 250 *

MPFSTD (Y, U, V, W) 251 *

MPVDNM (Y, U, V) 252 *

MPBASP (Y, U, V, W) 253 *

MPSCAN (Y) 254 *

MPCDBA (Y) 255 *

!

TABLE 3-10: ARRAY FUNCTIONS
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3.3.1.3 LINE Program

This program runs in the IOS-2SM scroll. It is loaded, initialized,

and started by the host Fortran program. The function and operation of

this program is described in subsection 3.2.3.1.

3.3.2 PDP-11 Software

The PDP-1i software consists of a Fortran control program, used to

configure and initialize MAP buffers and to define function lists; soft-

ware which provides the interface between this control program and the

MAP driver; and utility software which provides an improved user inter-

face to the MAP assembler.

3.3.2.1 Fortran Control Program

The Fortran control program consists of five major segments. These

are: Configure and Initialize Buffers and Scalars (MAPON), Prebind

Functions (CREATE), Define Function Lists (DEFINE), Configure Scroll Pro-

grams (SETUP), and Execute Function List (System).

These five segments are each subroutines, contained in separate over-

lays. The main program, MASTER, calls these subroutines in sequence.

Data is passed between the main program and the subroutines through

named common blocks. Other subroutines, mainly debugging aids, are in-

cluded in the Fortran program which was designed to operate in any of

three modes - Real-Time, Timing, and File-to-File. Only the Real-Time

mode is operative in the delivered system.

3.3.2.1.1 Configure and Initialize Buffers

The buffer locations, sizes, types, and identifiers are shown in

Table 3-11. The buffer initialization defines three cosine vectors.
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SA P -3 0 0
3 IJ F F k A k E A S

1 (is 01 FA + Ii 0.*- Is ST SI

4OP- 43 1 35328. 35341. 14 f K L

A)TI'C'r 44 7 334). 3 7. 256 1 E L

A1IIT 45 I 35 9 . 35-A53. 25 - - L

49 1 35854. 36223. 370 I E L

I tPrA 5) 1 3h2?4. 36479. 25h I E L

, 1Ib 3 1 3b480. 3h R48. 364 1 F,

LF2 1 36849. 37217. 369 1 K f1

13 1 3721H. 3 5m 6. 369 1 1,

Zko1 1 37587. 37955. ie)9 I E L

UJTrs 59 1 37,P f. 3 211. 2Li [ h I,

HKCV 56 1 38212. 358I . 370 I E

ARI.PR 57 1 38582. 3k5q5, 14 1 E L

A-IP CI' - 9 1 3 8596. 3951. 29h -- m L

42 1 3i52. 39220. 3-- I I--

SyNM 2 1 39]221. 3958 9, 369 I F; C,

NI I'r 2 1 3q590. 36245. 256 1 K L

I NF 1 63 1 100)00¢. 14499. 450u I F. I.

iiIDBF2 1 HO0. 9999. 1200 1 E L

COSZ 24 2 1024.0 1535.0 256 R F L

Y[m 26 2 204. 0 2067. 10 o ; 0

xnp 27 2 20,8.0 2087.) 10 8 F L

w4ApA 28 2 2068. 0 257Q.() 25b H F. L

'4l8IT 29 2 208 .0 2343.0 256 1 . u

TABLE 3-11: ATC SYSTEM BUFFER CONFIGURATION
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L)CTM 30 2 2144.U 2W55.0 25)b R F. L

2 2856.0 79b7.0 12 1 P.

) 1) CT 32 2 28oP4.0 3123.0 256 1 E I

N I N 4 33 2 3124.o .369.0 24b I F. 1,

;IN1 34 2 3370.0 3h15.0 246 I F [
-----m--------------------------m----------------------- --------- -------- --------
v IN2 35 2 3 61b.0 3h61 .) 24b I F L

N 01IT'F 3h 2 3462.0 4107.0 246 1 K [

N0Ur 1 37 2 4104.0 4353.() 246 b K

NOUT2 3 A 2 4354.0 4599.0 24h I K L

i CV t9 2 4600.0 496. 0 .3 t P, I

QC2 40 2 4qt9. 0 5337(0 3t, w4 1 K L

s[E N 1 41 2 534o.0 570)9. 0 3 1 1 E I,

S N2 42 2 5710.0 O7q.0 370 T F- L

OCT1r 1 51 2 Poo).o0 45 1 .0 25m R L L

)CT 1'r 2 52 2 9 I1 2. o 10023.0 ?!h p K ,

----------------------------------- ------------------------------------- --------T ON D H 53 2 10)2 4.U 10279.0 256 I F. Li

----------------mm------------------------------------------ ----------------------IURPP2 54 7 10 2 8 U. J) I (, 9 5. 256 1 K L

%#I F 55 2 10536.0 10791.0 25 t K 1,
------------------- ------------------------- ------------------ ------- --- --------

" I RIT2 bO 2 P792.0 1 1 o47 . 5 I

!TI)CT1 7 2 1 1048.0 113(3.f, 25h I . L

l10BIT3 5 2 11304.0 11559.0 256 1 K L

MIRIT4 6 2 115b0. o 1 H 5.0 25b I F ,

3 1 2 11 f I 0 1$ 29,0 14 T E L

QRPHN 8 2 11830.0 11943.0 14 1 E L

Q RDCr4 9 2 11844.0 12099.0 25b I i 14

AvUK 10 3 0.0 2047.0 512 C E L

TABLE 3-11: ATC SYSTEM BUFFER CONFIGURATION (CONT'D)
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X - --- - 2)4.0 409.u 512 C -.-

3 4 0355.2u 6L

3 512 R h L
A I I* 3 ') 2 k K- I.,

X2 4H 3 204R .0 3071 .0 256 C E l,

i(IRD014 #1 12 3 0.0 299,. 0 256 I E L

PwEKTmo 13 3 0.(2 255.0 256 1 K L

)CT41I 14 3 512.0 1023.0 25b p . L

t)CTW2# 15 3 1024.0 1535.0 256 H E L

RIDlb 3 0.0 17.u 14N E L

A1# 17 3 18.1) 33 3.0 8 p L

1;; 3 35.0 0h) l

PAWC; 3 3 6 k E L

rupi v 19 3 2()48.() 7559.0 '- h 6 [(

f'AP2 a 20 3 25n0.0 3(071. 0) 256 ) K

TAP 3 4h 3 3> R4. f) 40 j5.0 5 o 4 r- L

r*P4a 4 1 3 3 072.o .35 H 3. u 25b N FK L

ORrCTm, 21 3 1024.0 1535.0 25f w K L

YN'A 3 51210 1()23.o 20h R L L

V L(N(3 23 2 404h.0 5119.O 512 p t L

WSHNT 25 2 5120.0 5631.0 256 R K Pi

TABLE 3-11: ATC SYSTEM BUFFER CONFIGURATION (CONT'D)
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Two of these, VSHRT and VLONG, are used for FFT's and contain a full

cycle of the cosine each, consisting of 256 and 512 points, respectively.

The third, COSZ, is used in the DCT correction and contains one quarter

cycle of the cosine in 256 points. The initialization also clears the

overlap buffers XOM and YOM, the I/0 buffers NINI, NIN2, NOUTI, NOUT2,

RECV1, RECV2, SENI, and SEN2. It also clears the data delay line

buffers AQPB, AQTDCT, DCTITI, DCT1T2, QTDCT1, QPRM, and QRPRM, and the

sync buffers BF1, BF2, SYNBI, and SYNB2. It stores a buffer of zeros,

ZRO, for subsequent use by the ATC system. It initializes the reorder-

ing vectors IORDRI and IORDR2 to be the integers from 0 to 255, and sets

the bit allocation buffers, MIBITI, MIBIT2, MIBIT3, and MIBIT3 to contain

134 values of two and the remainder of the values in these buffers to be

zero.

The scalars used and their initial values are shown in Table 3-12.

3.3.2.1.2 Prebound FCB's

To reduce AP loading overhead, all array functions used in the real-

time loop of the ATC system are prebound. That is, a separate copy of

the APS portion of each array function is maintained for each set of call-

ing parameters given the function. The values of these parameters are

stored in the copy at pre-binding and the time copy is block-loaded into

the APS at execution time. Table 3-13 lists the prebound functions and

the associated calling parameters.

3.3.2.1.3 Function Lists

The prebound array functions are collected into function lists. The

use of function lists allows the MAP to run independently of the host

which, by eliminating host overhead, increases the speed of the system.
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SID NAME DESCRIPTION INITIAL VALUE CONSTANT

50 constant 1/512. *
51 constant 1/256. *
52 unused
53 unused
54 LTHINV LTH Inverse 1/256. *
55 unused
56 DARG constant 1/1024. *
57 MDARG constant 1/1024. *
58 unused

73 unused

74 LPCNP1 LPC order +1 9 *
75 LPCN LPC order 8 *
76 constant 4.0 *
77 constant l0E-10 *
78 unused
79 BTLTH Bits avail, for DCTs 268
80 CTEMP Bit all offset
81 unused
82 BITSMN Temp for CTEMP calc.
83 ITOT : of DCTs to be coded
84 BITMAX Max bits/DCT 3.0 *
85 CTEMP +.5
86 LPC Threshold .995 *
87 LTH Frame Length 256 *
88 DQDC Dequantized Mean
89 DQVAR Dequantized Variance
90 DQPG Dequantized Pitch Gain
91 DQM Dequantized Pitch
92 LTH2 2*LTH 512
93 Inverse Variance
94 constant 20.0
95 Log 16 (10)*

96 LTH4 4*LTH 1024.
97 LTHM1 LTH-1 255*
98 constant .05*
99 unused

100 DC - 2  Mean from 2nd prev. frame
101 VAR - 2  Variance from 2nd prev. frame

102 DC-' Mean from prev. frame e
103 VAR- ' Variance from prev. frame

TABLE 3-12: SCALARS
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STATU6='APF SV( A P ) '
INS ii=156i
STATus~l=,'P tiC (iC'r A (FTT',,N)57. (1
T NSTHRl 59

STArISmPALkT((JlMkrA)cA
1 'JST P = 1 5
STATUS=MPdSTVN(A1 m)
lINSTP1b
STATfJS='APt3)HAS(DCI3TM1PT.,wP,
INSTk=1 59

I NI ST H = 16 3
SiT AT 115 = v P PM PIAk I q Pkm,

S T ArT 1) S= " TI L~(~)c; T I ,AQ1 1 I P I I J R02

I NS T k 16 bo
STAT U = M PP A~ 1) 0 I i , ~ X 2

I h 3T R 1 b 7

sI AT S =,, P 1 5'
5 1A rJs p i i s =2 ,;, e,)C ( o'S

SrT A T US=,'P P( ( ~Rh I P I t) H

IrST [s= IIe) 14

1I4ST k = I3

INS sr H= 7 !1)
sTrATJ: T : F ( X I , 1 , XAI , V 0NG , .4 tj R )

S T ATU S F F T I X 2 , 1, A 2, VS~UT H 7
I !,j S T 4 =4
S'rATU.%=*Ap rbp (o

INST=1 72

SIA T U 5 v irGV I (Aid P
I NSTR=:1 73
s rA T U S =V 4 V 2 W(RPWR4m
INSTR:I 14
SrA'r'JS=V ,41V 3(H I IT)

STATUS=MPCLiriA( IkiITl
srATtS=mi i'MP(OJ

TABLE 3-13: PREBOUND FCB'S
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The top level function list (WAIT) is very simple. It consists of

g three subordinate function lists, STRTUP, ATCSYN, and ATCANA, which are

conditionally executed or not based on the state of three associated

scalars, INIT, SYN, and ANA. STRTUP is executed only once. Its execu-

tion causes INIT to be set to unity, which denies the execution condi-

tion for all succeeding passes through the main function list. STRTUP

initializes the process synchronization flags and double buffer pointers

as shown ir Table 3-14. It also loads and starts the three I/O scrolls.

Both ATCSYN and ATCANA are unconditional, sequential lists of pre-

bound array functions. They are shown in rable 3-15. ATCANA is the con-

trol structure of the Analyze process, as discussed in section 3.2.5,

and ATCSYN is the control structure of the Synthesize process, as dis-

cussed in section 3.2.6.

3.3.2.2 Host Support Software

The host support software consists of a function definition module

for each array function, an additional function, FCBGN, called by each

of these definitions, error reporting routines, and the MAP driver inter-

face routine. This software is contained in the SNAPHS library. This

library has been modified for the ATC system, as detailed in section 3.5.

The changes are to delete unused array function definitions, to make

separate libraries for each of the three MAP drivers in the host oper-

ating system, and to change FCBGNI to support newly released array func-

tions. This last modification increases the size of table ISARG from

18 to 22. ISARG contains parameter usage configurations. The ATC sys-

tem requires these additional configurations.

3
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Flag Integer Value Meaning DescriptionScalar

OUT 104 1 false A/D buffer full

INP 106 1 false D/A buffer empty

AFLG 101 0 buffer 1 current send buffer

SFLG 103 0 buffer 1 current receive buffer

IFLG 107 0 buffer 1 current A/D buffer

OFLG 105 0 buffer 1 current D/A buffer

APDNFL 126 0 false APDONE has occurred

RGO 114 0 false enable Receive background

RG02 116 0 false enable Receive background part 2

XGO 115 0 false enable Transmit background

INFULL 110 0 false Analyze input full

OUTFUL ill 0 false Synthesize output full

SYNC 117 0 sync position

RSYN 118 0 sync lost sync state

NEWSYN 119 0 - frames since sync acquired

OLSYN 120 0 - previous frame sync bit

LSTER 121 0 false error previous frame

ERSYN 122 0 - number of sync bit errors

TABLE 3-14: SYSTEM FLAG INITIALIZATION
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C II Is r A I
srA i ",,ASNP ii, ,; I1 b T r
S .T A'Ir 1-1,S A p I ! v( i %i urP 1):3 t, 5 T P "FIP , o ,
STATI," 6 t P i F 3 l ,i , I , A ..,S Y N , Fl, l) )

STATIjS=.pI I [F (A'A , FJ , U, ATCANA , FLO)
S T A'r uS=,o PF FL (F L3 )

C 1.1ST ",ST r 1": f il T r ALL ZAT I f) LOf.PfSTA TI.,,S=,m P II1, (ST R' P)

s"rA'II,=, i P IS1( IN IT, I)
STA TIIS= PIST (I)UT, 1)
STA iIS= AP I S I' lAP I)
3 r A'rIS=' p I si ( A I(, )
S P A'i =p '.= r ( SF ,C;, 0)

S'TA I'lU S= iP I ST I l'I.,L;, u
,6TAT US=4 "" 1 I ,( , (.+ )•
ST AT1i , I I SqT I \1 K, t- I, r, I

ST All, S=' P IT W(flTrFir, , -1)
'; T A J'iJ S = P I " .( A P"'r FI, U
STATIiS=MP 1ST ( P(l (I )
6TAr IIs=r- p I ST( X(; ) I

STATIIS-'P Sl (,y;C )
6TA rtjS=v P1s r s . Y , o))
S V'A I I ,'4 p I ;T (T F N SY , o
ST A TI, Q.P IST ( (1,5 Y , •() 3
.sr A'r us; p I.ST L-S'I : k 0
s'r -I S P 1[S r(V FPS Y • i)
5 TA ri, , I -,; 1, ( AU, ( [II (5 A M, P'm
S TArU,5-'.P , D( AIIM • IUJS AIJIMA)
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r A rhs".1 1 FL (1 A )

TABLE 3-15: FUNCTION LISTS
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S'IA| rij,--=m Xf,. F I 7!)

C tie' ( li )=FT: ( ? X2, I , X2 , V-SOiRT .VJ JP K
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,"%TrA TUS=t.4p X 1-. 1 t ,9.

STA rICs= . (PX be ( 155 )
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TABLE 3-15: FUNCTION LISTS (CONTD)
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TABLE 3-15: FUNCTION LISTS (CONT'D)
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3.3.2.3 Utility Software

A utility program, PREMAP, is included in the delivered ATC system.

This program reformats text file to be acceptable to the MAP assembler,

MAPASM. In particular, it changes tabs in the input text to sequences

of spaces in the output text and supplies continuation lines for com-

ments.
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3.4 System Hardware

The ATC system includes equipment manufactured by CSP Inc., Billerica,

Mass., and equipment designed and built by GTE Sylvania.

!
3.4.1 CSPI-Supplied Hardware

fThe CSPI-supplied hardware consists of a MAP-300 Array Processor,

Model 1030, with attached options. These options are:

8K x 32 MOS Master Memory, 500 nsec, Bus 1, model 2030

16K x 32 MOS Slave Memory, 500 nsec, Bus 1, model 2050

8K x 32 MOS Master Memory, 300 nsec, Bus 2, model 2203

4K x 32 MOS Master Memory, 170 nsec, Bus 3, model 2410

PDP-11 Interface, model 3110

I/O Scroll type 2SM, model 4020

Bus Switch (2), model 4040

Analog Data Acquisition Module (ADAM), model 5120

Analog Output Module (AOM), model 5130

Expansion Chassis, model 6100

Auxiliary Power Supply, model 6200

The MAP includes preprogrammed micro-code in read-only memory. The ATC

system requires Revision 18 of this micro-code.

3.4.2 GTE-Supplied Hardware

The GTE-supplied hardware consists of the Speech Processing Inter-

face (SPI), which provides an analog interface to the MAP, and the Full

Duplex Interface (FDI), which provides a digital interface to the MAP.

These interfaces were supplied to two other contractors as well as being

used in the GTE ATC system.

g As the ATC project progressed, it became apparent that modifications
1

to the GTE-supplied hardware were required. Subsection 3.4.2.3 describes

these modifications.
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3.4.2.1 GTE Speech Processing Interface (SPI)

The SPI assembly provides the amplification, equalization, and fil-

tering necessary to interface an audio handset to the MAP-300 A/D and D/A

converters. A block diagram of the SPI is shown in Figure 3-27. The SPI

also serves as the common junction point for all digital signals between

the MAP-300 and an external modem. The interconnections between the MAP,

the SPI, and the external devices are shown in Figure 3-28.

A switch on the SPI front panel, which is shown in Figure 3-29, per-

;nits the selection of either of two sets of filters, thereby permitting

a choice of cutoff frequency. Filters having cutoff frequencies of

3200 Hz and 3800 Hz are provided. The filters are of the plug-in type,

thereby enabling the user to install other filters with different cutoff

frequencies of his choice if so desired.

The handset provided with the equipment uses a dynamic microphone

which has been designed to GTE Sylvania specifications and nas been opti-

mized for use in speech processing applications. The handset connects

directly to the front panel of the audio interface assembly and may be

stored on the hookswitch, which is also located on the front panel. When

"on hook," the audio circuits (both receiving and transmitting) for the

handset are disabled. A 25-foot extension cable for use with the hand-

set is also provided.

A pair of telephone jacks located on the rear panel of the audio

interface unit (shown in Figure 3-30) may be used to connect a tape re-

corder or test equipment for test and measurement purposes. The audio

circuits for the tape recorder are always active and are unaffected by

the operation of the hookswitch. A single connector, also located on

the rear panel, is used to connect the assembly to the A/D-D/A converters

of the MAP-300. Table 3-16gives the specifications of the SPI.
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Handset Interface

Input impedance ...................... 150 ohms, balanced

Output impedance ..................... 150 ohms, balanced

Gain, input to A/D converter ......... 42 dB

Gain, D/A converter to output . -24 dB

Tape Recorder Interface

Input impedance ...................... 600 ohms, balanced

Output impedance ..................... 600 ohms, balanced

Gain, input to A/D converter ......... 0 dB

Gain, D/A converter to output ........ 0 dB

MAP-300 Interface

Output impedance - A/D converter ..... 3000 ohms

Signal level - A/D converter .........+5 V pk-pk

Input impedance - D/A converter ...... 3000 ohms

Signal level - D/A converter .......... +5 V pk-pk

Filter Characteristics

Cutoff frequency ...................... 3.2 KHz ?switch
3.8 KHz j selectable

Rolloff ............................... 130 dB per octave

TABLE 3-16: SPI SPECIFICATIONS
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3.4.2.2 Full Duplex Interface (FOI)

The CSPI IOS-2SM scroll has been modified by GTE Sylvania to provide

a means for interfacing to any modem employing an EIA RS-449/RS-432 in-

terface. The interface connections are given in Table 3-17. The inter-

face design is such that an EIA RS-232-C interface may also be Jsed, and

the line drivers and receivers have been selected such that the protec-

tive networks for RS-449/RS-232 interoperation (refer to EIA Industrial

Bulletin No. 12) are not required. Table 3-18 is a comparison between

RS-449 and RS-232-C conventions. In addition to the modem interface, the

modified I/O scroll includes a programmable real-time clock which gener-

ates the timing signals for speech sampling and the modem data. The I/O

scroll is connected to the audio interface assembly by means of a single

cable.

The data and speech sampling rates are set by issuing a single 16-

bit control word from the IOS-2SM. The format of this control word and

the FDT data formats are shown in Figure 3-31. The most significant

byte of the control word determines the data rate, whereas the least

significant byte determines the speech sampling rate. These control

bytes and the associated data and sampling rates are given in Table 3-19.

Each control byte controls a separate frequency divider. The basic

clock frequency, 1.536 MHz, is first divided by four and then further

divided by the selected divide ratio. The modem clock is then divided

by an additional factor of two to produce a square wave with a 50% duty

cycle. Once the real-time clock has been so programmed, it is not nec-

essary to issue any other control words unless it is desired to change

either of the clock rates, or unless power is removed from the MAP-300.

It should be noted that the entire control word must be issued whenever

changing rates, even if only one rate is to be changed.
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PIN SIGNAL

2 SI - Signal Rate Indicator

4 SD - Send Data

6 RD - Receive Data

7 RS - Request to Send

8 RT - Receive Timing

9 CS - Clear to Send

11 DM - Data Mode

12 TR - Terminal Ready

13 RR - Receiver Ready

15 IC - Incoming Call

16 SR - Signal Rate Selector

17 TT - Terminal Timing

19 SG - Signal Ground

20 RC - Receive Common

33 SQ - Signal Quality

37 SC - Send Common

TABLE 3-17: MODEM INTERFACE CONNECTIONS (RS-449)
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TABLE 3-18: RS-449/RS-232C COMPARISON
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TABLE 3-19: REAL TIME CLOCK CONTROL
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TABLE 3-19: REAL TIME CLOCK CONTROL (CONT'D)
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TABLE 3-19: REAL TIME CLOCK CONTROL (CONT'D)
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Data transfers between the MAP-300 and the modem take place via the

IOS-2SM data bus. The data transfer process is interrupt driven, with

timing based on the transmit data clock, for output transfers, and the

modem receiver clock, for input transfers. The interrupts will, there-

fore, occur at the data rate, thereby allowing sufficient time for the

IOS-2SM to acknowledge each interrupt and perform the appropriate data

transfer. The interrupts are controlled by a two-phase clock such that

simultaneous interrupts can never occur. Furthermore, the interrupts

are mutually exclusive so that the IOS-2SM can receive only one interrupt

at a time. Interrupt number 1 is used for receive data, and interrupt

number 2 is used for transmit data.

Upon receiving interrupt number 1, the processor should perform an

input data transfer, acknowledging the interrupt after the transfer is

complete. The input data word will contain the current modem data sam-

ple (least significant bit), RS-449 interface status data (bits 17-22),

and a hookswitch status bit (bit 23). The receive interrupts are timed

by the modem receive data clock; hence, the maximum response time to in-

put the data and acknowledge the interrupt is approximately one-half of a

period at the modem data rate. (The one-half period results from the

fact that the processor must also supply transmit data.)

Upon receiving interrupt number 2, the processor should perform an

output data transfer, acknowledging the interrupt after the transfer is

complete. The output data word must contain the next data bit in the

least significant bit position, and the appropriate RS-449 interface

control bits in bit positions 17-19. The transmit interrupts are timed

by the transmit data clock; hence, the maximum response time to output

the data and acknowledge the interrupt is approximately one-half of a
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period at the transmit data rate. In order to insure the correct timing

of the transmit data at the modemn interface, the output data is double

buffered. Hence, while the MAP-300 is transferring transmit data bit n,

data bit n-i appears at the modem interface.

The audio interface has been tested according to the attached table.

These tests insure that all amplifiers and filters are performing to the

designed specifications. The loop tests performed for both the handset

and tape audio paths insure that the entire audio interface functions

properly with the MAP-300, and that the overall loop gains and frequency

response requirements are met.

The real time clock portion of the modified IOS-2SM scroll has been

tested by programming several different line and speech sampling rates.

A sufficient number of possible rates have been programmed to insure

proper functioning of all RTC control bits. The modem interface has been

tested by first outputting various control and data bit patterns from

the MPA-300, and insuring that the correct bit patterns appear at the

modem interface connector. Once the output had been determined to func-

tion properly, the modem input was tested by inputting various control

and data bit patterns, looping through the MAP-300, and observing the

bit patterns at the interface connector. A digital loop test was per-

formed in which the MAP-300 output a digital data stream which was looped

back at the modem interface connector and fed back into the processor

where the resulting input was compared to the original output.

3.4.2.3 Modifications on Map Analog 1/O Hardware

Due to the fact that the Map Analog circuitry is located in a very

noisy environment (with the switching power supplies and the digital
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circuitry nearby), noise reduction techniques are very important in order

to reduce the background noise in the presence of a signal. The modifi-

cations listed below were found necessary to reduce the background noise

to +1 LSB of a 12 bit A/D converter operating at 5V full scale. The noise

reduction techniques consisted of the reducing ground loops, separating

ground and signal ground, and the reconfiguring the sample and hold ampli-

fier with a differential input to reject common mode noise. It was ob-

servea tnat a good air circulation was required to reduce the terminal

drift of the components in the analog circuitry.

List of Modifications on Map Analog I/O Hardware

1. ADAM Board

a. Added decoupling capacitors between +15V and ground at the A/D,

S/H, and MUX

b. Cut ground etch to eliminate ground loops on analog circuit

(around S/A and Hold capacitor)

c. Added ground from A/D to S/H directly.

d. Converted S/H to differential input. As a result, signal inputs

are on Pin 28 (signal +) and Pin 29 (signal -) instead of Pin 34

and Pin 36. (Note: Only S/H designated as #4 on schematic has

been modified.)

2. AOM Board

a. Cut ground etch from I/O pin 15 and 16 and added ground wire

directly from D/A (pin 21) to I/O pin 15 and 16.

b. D/A cable modified. Wires to connector P4 pin 7 (purple) and

pin 8 (black) have been removed to separate I/O drawer ground

from AOM board ground.
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3.5 System Usage

This section describes the operating instructions for executing the

GTE system and for generating it. The examples in this section will use

MAP A. Changes required for MAPs B and C are noted when not apparent.

Three steps are necessary for running the ATC system once it has

been generated. First, the MAP must be allocated and loaded with the re-

quired programs as follows:

>A[,[, AA:

tij& c r i ij ?

-- ,Sr(.P
?

Second, the task must be installed as follows:

> I,,s A r CA

Third, the ATC task must be run, as follows:

>.<i * Arr'A
> rC

>>>>> (;TK ghf)O IAPS A IT YS'Io'W <<<<<

SIAk'-UP(Y/1))? Y

(1 ) ,4AP OPP.'O') A 4f) HIFP:kS DohCIAR AI

(2) I, RI .. f4LIIN J F'tJNCT I N (' R A T kf
( 3) VI.UJr('TI )N 1I,1STS OFV"INIVO)!
(4) 111,.6-2 5FTtII CL) PI,F'IP"!

(5) AOM S I'0P CLbmPLIrI
(b ) AI)m SFI1OP COM'PL"I'K!

PUP <= > MA. II. A", I Ab HAS A ft'rK! SI5PIRI) I)
(DATP AN) 1" 1- )

rYpF "WI-S AICA" 'T) TEWM I ATF
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The file LINE.PBJ must be available for proper execution. The task

starts MAP A and then suspends itself. To halt the ATC system, the task

must be resumed as follows:

q s A r c

ACCA -- S rUP

>

When resumed, the task closes the MAP and exits.

If a complete, two MAP system is desired, the process above must be

repeated for the second MAP.

If the ATC system is to be started again, without additional loading

of GTE.BO, the start-up procedure can be avoided by answering "N" to the

"Start-up" question, as follows:

>HUN ,ICA

>>>>> (;iF. 9tO( ; uiP.5 ATC SYSIF'. <<<<<

,$ rART-0IP(Y/N) ? N

(2) )PVDF-jA UUN1) v'w (rjo,, s r F r
( 2 ) FONtlCTI)N hAJI I K(: r I 'lSlc'h!

(4) I S-2 SETUP CI. PI". o

(5) A11M Sr.rup coUPIErw!
(b) ADA4 SDm 1LP C.U 4F 1,PI E

PIP <==> MAP I. 1I A P HAS Bi",'l SUSPF:[O)F )

(DATF AND TI"4 1.)
TYPE "QFS ArCA" TO TMKMTNATK
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3.5.1 System Generation

The ATC system generation consists of generating the MAP load module

and of generating the ATCA, ATCB, and ATCC tasks.

3.5.1.1 MAP Load Module Generation

The process of generating a MAP load module consists of four steps.

For purposes of illustration, the array function VMOV1 will be used in

the example to follow.

First, the source file, VMOVI.TXT must be reformatted using PREMAP,

as follows:

[I P Ul' F I" f, r' -'4 A 0.'rK
,dT' T 1 I iI,'r A-e = V V. ,',P

-- ,TuPF

VMOV1.MAP is the reformatted source file, acceptable to the MAP assembler.

Instructions for building the PREMAP tasks are included in Section 3.5.2.2.

Second, the reformatted source file must be assembled as follows:

> KIIN M ,A PAS'
ikLikC[ V" 1i,K>,A A ?

t iti.C F"c~ t* l,t N' Am .1 ?
v Aov '1 *Phi
LiS I'IN(; ()1iTPWT?

ii:

Si '9949

(INFT.i vT7tH {>kJRS: 0 (mAP VVkIiN 8(O101.10) K-
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Third, all of the PBJ modules must be combined into a single PBJ

file. This can be accomplished by using the command file GTESYS.CMD as

fol lows:
d.; T - S Y S
PIP 'AI- .Ph',: I -

PIP (, T i'bj
PIP (,T-,'- H J ,/ ;

PILP ,A P ph :S iX . Pod A PIONK . P I,,GTF'30O . PH.j , F2k . P W, 1,-!S. Pt

P [P (;'IF. Pjbj=,1AAP. P,-,,, :AP DV '. . PHJ, ",PrI,("'m Pij, P(j.)prF. Pei ,I*)Pp. PbJ
pip (.T F . P -t, ;,r -. . P ,j , Pi- (; X. P ij,m P FN ITVo.P PJ, 1 PA.j o-'I . PHjo,1i-, SSH k .I' . fj

P P ,TF.I.)R j i = G) .P r l , * T oFSl' , ,, F F-,s r,") 0;, J .k',H AS P .P J , fW'( A N . Fi J
P IP ;I v.PjJ= (.r . HJ, , C DiA.P ,j, V 1'I 111C-P II'.!Pv 0. P- J , -'AT CH.P Rj
PIP 6 f P P nJ = GT i j V I' V .V sJ ,V:,, iV A f1hV 3 ' 9 P J (73 P 0 1 P 11

S0sv AACe'' i ",C"

I < (C( ) V - (Ci ) -I LS,S IS>SS

*S , ,-'t- 23 I ' .S'
2 3 < W*V S)ISrK I S.s

I oC G;T.: . PPJ,

4 1 < K;
KI- F"F"

lU
' 

AP h i1 ;q' AP PkF p .'5;: I H,',#-'I" HA Ij IW', "Af 2 19l 0
2 < IF' IS.tS [S S

3S -1 t's 2r, S > S S

i)* .AP-II ,A -' j A P 3I'IH. *' Jt)I, Il" - PktJ(., aM 3 1l . ,3 "AY 1 , ' H

I 0:FAOT;1 " F I Kk 'F k kA N,&n'I R A :Mf) 1 ,,VFoeSo- *pi1,i FK'j AI,jk'['Tr. S 14 AdJ(;

1I) ?FCF 2 1 ... ' p"C I (Y, ,V "? l 1 '1 1F lC T A4i) II'S -F1,Fr C' r lA. k)(i

IW ? CrC 242... "',P 1,PP( Yi)VJ"?, JA"NT 7 F/ t) ijwAN IIZW SIi)'-.,A u
I( ?I"C 243.. "'.HO ,,PP Y,1),V ) ')HA111 ZK. .'I 1 DI')F P (,Y U

11) ? C" ' 4,1,.. ",,PF,,.,,G,,,tY tJV,;,, " ? -XrT -, C T M , P ; ,'A (",V I. X

I() ' lC' 245. ""PI",STV(I .) CRFAI' PICT .H Aiv[) ViCAI, IPAC ' ON P.JSP

1')1 ? Cl 24 4.. . " APA.9P'I (I)"?6utI CTI ( . ) C0 F I CI ;vTS

1') ? C-' 4 1... "'AP S S RTUf '?% GRT 1,CTIC.) C)f-FF'ICT oNT3

I j ? C' - 250.. . " M SI ( Y ,I, V,A) " ? IjAN FIrZ. Ocr P A A'F. I'F'Ie j

1!) ?K'CH 2!1 . . . "'. 'srU(Y,iJV )"?IF AN'I IZE I) P A,,T. S
1') '? IC 25 ... * 1) V ? AIU (y ,S spvc riI.H ( J'r .CI.,('I,AT I N

I) ?FCA 23.b ... ""P, C " 'A (,V ) CANo1 ('1 H AI ISS IP tCT H F 'F

1 ' ? [V C " 2 ' . . . M PC D k- C . ) C I ', P 1, 'F 1 1 I I I 5S 1 , 4''.

1)'?FCA 248?.P. "P 11)C,'(YA0,V)"? Ak H f)U IICT C*'k*ECTION

U ! 2 3 C 4 }W I V .AJ) \ 2~ '?o' A,)VI \j MlCH n' F" PSII"'F 1"{ 1) RUP F '

') r?Pk( . CSP1).iJ TXI

,d i
PIP G'I' .PHJ Pi

Ct -- I ASK Nk'r iN ,SSI E-#
)

3-113



Note that once the command file has invoked TECO, the user must give the

specified TECO commands. The PREMAP and assembly procedures must be re-

peated for each of the files used in GTESYS.CMD. If the file 5300EX.PBJ

is unavailable, it must be obtained from the delivered tape, as assembly

is not possible. In addition, the procedure must be performed on

LINE.TXT if LINE.PBJ does not exist.

Fourth, the file GTE.PBJ must be transformed by the MAP Loader into

a binary object file, as follows:

>kJN '44[ i;
i sipV~ l j il'?(-.'r ,P ,j

I|N A 1Y ,,,;*1 P I i ' { T? .

-- $IrJl' 2

The file GTE.BO is then ready for use.

3.5.1.2 Task Generation

The command files ATCA.CMD and TBATCA.CMD are used to build the ATC

task. When taskbuilding the ATC tasks, it is necessary, for reasons of

space, to use the GTE-supplied RSX system library, F4PLIB.OLB. The

existing system library, SYSLIB.OLB, should be renamed to something else,

e.g., OSYSLIB.OLB, and F4PLIB.OLB should be renamed to SYSLIB.OLB. The

file ATCA.ODL is used to specify the overlay structure. The contents of

ATCA.CMD are:

riv
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The contents of TBATCA are:

• I I- I 1 )

The contents of ATCA.ODL are:

, O - ( Cw r, e 1 14.tl w ,J b, (, P j t t S T, 1,oI () L i d~ Y Z o Z ) 2, )

S: ,e'CTP' icS rr:I -' SjPA

.i : . FCIk tl AIr

*'- I K C

* C ri )'-
KC k l€.l!, SlK I'tiF P (i, t iA I-)I I S.,i - A/~..rt fl -.- 1.0l1, r i A -A J u/1, ,

.'(* r ri s T s ' A -i (- / i :,

i.-I .1.(. I i+ I)LVA
,]: .}VC I' k OC V A . ,

F .C FC' P vPC

J :c ri i fc r ) JIP.I%

V.C rTP F11 i

+]: ( W "I k. IP')'V F . ',; I
.FC AV, ", IA

I,: o rC'I' V ( ,I)C

I: ~ C FIC IT IP

r!') .ssC0v!r 1

y P C [FP I)ICT

4.3: .CTk SNR
* E T~l 1)
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ATCA.ODL requires a particular host support library, NSNPA, which has the

unused array functions deleted. The command file to create this library

is AGTESN.CMD. Its contents are

TLm

* CH AT. SEP A ATK veiliSI;1a fiF "S;,PL It4.Uf,rm"

PIP NS "A.0LPBNN,[AL,.HLH

ALi ATC riSP kUlI fl.gi,S

h.,rR ,r, -A/ I,,, F V2WhSP

1,t 4 v rPA/ ij.= ; n I, 1i P "c r( "A, i•. X , k'' ", 4-vs r v ,A A6P, , M Aik I

S Y A IIC C I"i4 L' , C kCl i : Ctd I I :csC1 C S -:I2 C

r3 R ,S Y i.L,' P K C VCTJ C V XH , C1j CP'V5 [i ',,4' ;,,.A : i, 1 ;,, H : , ,,.'. ,: [ll:1) b V 1'F N WS I' A t I V H;-*, VT C 'Ch S P4 1) tdlT f 14 OnS

6,- i T . S,' PJI A P! 1. v 1 , o o. I i)i ' 1* ) rl' f, 2 2 " f) I r., I I;:[ p

1, ,4 61 r 4-' A/ 1 . V Af, (l;,i V Ai,,: I. -I 1 ;T :V f VI, A I-.P:V k 4%1 : v , 2 VS 1 A 3
!.,AR I 5. iA/I, 0ALA X : V [:'vC Il' : VA : V Ik: V A ,SO: V Al-
l,A W SY ', S N A I :VA L t(G V A 1, 2 V C 1,1.P V C ( I,"P V 1) 1V V LV Ni I|X e v ,[1

,-i p 3 : ,iVFA/I)K.:V RCT :VVTI :V INbkT:VITP : 1,(;I h:VL IM:V ,fJ:tUL.,{jH
u, -A SY l " , t. P A i - : V L,7 : Ni 'A A G : V G( : V !1 k;S 1, : 4 f, I. V M 1 At : V, S- 5 : V 'i I'"l H V i J ,

Lk Y j:SwA/I)_i: V.1 NJ :vSmI,:Vso:V(4kNr, v.srj: vi A(;:V P

* DKt' -:Tt IjAUS ) " i- A. ' ,&"J AjNi,.. r FC '- " HSP P.01lJl' , ,I N S

H R S Y :N SNPA/I): P(I'm : MPC()I, : P'X(': MPPJX k : MPIU.(.: mPRSA: %iP-w,'31 -'PAhT
LiR N.5NPA/ DE:flPCI, A:mVCH8: 'APrA P P0(R:PT L
Lrik 'j S,1PA/I)P Y: PCS .1 vPAP NP(CS K ' TS S P 10 I C: 0P EC : M'I, I k4'A V I

,k aN NPA/L) :'K PI A1:) MPIs:Ci A ) PI :F * PI 'L: P FR:M'P I'
1, k P ,'R vSN P A/[)k K m P I v I I w P I u L V I' W L S , P I SF 4 fvP I rY PA k,' IT k' 1 , P I T'3: ' ,,1 :t -
L, #3R N 5N P A/I) F ,v P H ,I AA V t4 P'(1 V ) H H P WH A %P P hS M ,S C'F, WSP H ti
b Ak NSN P A D LK : P'I ,.5 M PT H 5 iP, -%BA f-* P W'V N *A P (11) P vIP TS

.X I'W ACT AS M; tAiikj c' T Lk R0' I 11 S ,M T

1,3R SY : NSiv PA = N'iSP4 A / X

PIP .iN PA.4/LI
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The library NSNPA is based on the library SNALB, which contains the GTE-

delivered version of FCBGN, as well as SNAPHX, EAFHSP, MRTPCK, and MAADVR.

If it is necessary to compile the Fortran files, three command files

are provided for this purpose. GTEFTN.CMD compiles the host support

modules for the GTE-written array functions. Its contents are:

i' -4P Vwf)'V 1 ,LP/[ I: I:=V;"(jV Il/()W/10)l].'F(

F'WP VV,)2 ,i,P/Lj :I =V a;V2/uE/ 4OTk
F4P V II0JV J L 1, 1/ : I=:1V () V 3 / I) ./ N N

4 'P 'I PIv")DV I I / 1 1.:viP ilv A/ll i i) l'R

F -4 P M C [).j P , Li'/l, T jf
-4P YP%'M. TVI,P/ I I I: I= S V/?) ./ rVT'

W P M WS' T, V i P/t, I i =:A S r[/I)/ t rR

P, .4 P m IPC , P/1,I =' Pli (; c i/ j r

V4 Pf i' A6I 1, ild./ , 1 #PA s rl)f/ID lP
F4P P lSTtiu [I/U II= P1 K-ST/) E' / 1g'ii
F"4p 'ijv ,s'r , Pil , j. : = AP sr. i .I , -/ 'ii
p-',.tt A7'lp)V,p.,l'/F.F :1l= klV[) M/, /l i 'rF,

FI MP A.'A P, [ /I,I: 'i',IAJ/nt 1,' VII
"P 14 PSCAN L. Pl1,I 1 1=; b li l :~ ~ f

F;4P -PlCI)H A~lll~ "l: 'P(Cli AID)P.litjl1)
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CFTN.CMD compules most of the modules in the Fortran control program.

The delivered version is incorrect and must be modified to correspond to

the following:

I '. A A'rER=,P A S'rTt. A fC/:jr I FR

W 4 PA AN IPI= I I pT / 1 /r I TiF4P I'ATE'CN1T/I)/IICTR

F4 P 'A FPN= 17 A P /,1f l' /ti N )
F4P C k : F7 i = H AE I./ I j T
V 4P DE IAT= 0 ifr'F/F./ DkTR
F'4p C s'PuC,: AR/I/ riUIR
W4 P IVAL-,PC=Ti) crK. / '
t.4P tS"= tIS / NE I I

I.'4p UC =A51)C/i1 / .1I

KF4P A 1.T w = /0R/ j ilkII

V'4P A I C A -" A 1) A e / N 1/) F P
"IP 5SS''Ak=S- ('-* f,;/j ,/flit) IR

F4P "iTsNrCSYTS1/ , ' N UT

i' p 1)11 r .,A-'Sy Ill IJ'./i:riU~yr

4"-P I,'iPUI'= NPOI /iF./,,GOI k
V',*P 1) C V A R--Df)C \ A k/h1 K / rl G 'TH
r'4 P DC T P= DC)rF / U -/, UT R

F4P S(JkPC= PT'iPc/iov/,\Ti'N
W 4 P Q L*P A P M =,) 1 A P I ) 1-'/ N 1. i I'
0' 4 P; V 0P S = VPhblI/ I t ',/ '"I
w4 IP 8A 5S S I- A S P t L''/ .I( k

t-'4,P A61 "- IRl l1./ i~~

"4p P l 6 1) C' I 6 )C T / 1, ! /r I' 1 t

F",t P till 1A=E- I f lnl)F1,()ri
F4P ( 0C T = ( 1)C 1/F / N i li TH
1.-14P CHA,,-.,=CHAa jI,/[j ' 

/.NULTR
0.'4 P P' P A k t = D P A H M r/ t 0 1 Ha '

F4P ,S 8 k'l -S5 R T / t)l / t, R1

"4P OD C T k-=D0Cr k ! 1)t. / il k

F" .4 P V A , 1) C-=V A i IPC / 0) K / N 1) 1 R#

PiP ,5 (4 H =. R / 11 E ' / N It j T
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I The command file TAPFTN.CMD compiles the remaining files needed by the

Fortran control program. Its contents must be modified to conform to the

following:

W WI TAPK-2=API 2/f.!( rk
IF4F OPT I =)P'r 1 /,;;l [ r,
i AllP 1pr2=u)P'[2/.,rp
1"4P OPT3:() I 3/i 1q1"

F4P OPI 4=01>1 4=/01 R

W41 UPTb= PT/N0 1 w
F '4 l I jP'r r,=[CI Pr I'v i) T w

K4P 0p PrT7 0Pl 7 7 11,1 JTH
F.4P uLI ,= o P'/,r txi

'4P oPi ?IA=up'rHA/N(ITW
4 jP T 1 h CPT H /NIT H

A command file for generating PREMAP is also provided. The contents

of PREMAP.CMD are:

Tr, SY:' i i%AP,1, o P P, = A ' F. Al-.

PIP PI' AP.4/l-'i
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3.6 System Listings

The ATC system listings which follow are divided into three sections:

MAP Functions, Executive Programs, and Fortran Host Support, Control, and

Support Programs.

3.6.1 MAP Functions

The modules contained in this section are:

VMOV1

VMOV2

VMOV3

MPFDVM

MPDCTM

MPQDPP

MPDQPP

MPMWGX

MPFSTV

MPSSRT

MPIDCM

MPASRT

MPFSTQ

MPFSTD

MPVDNM

GPATCH

MPBASP

MPSCAN

MPCDBA

LINE
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3.6.2 Executive Programs

The modules contained in this section are:

GTE 300

lOS

FF2R

APDONE

CSPUIS

3-331



II

tra t

Zr tr f

C%-

ox

X I

2 u z z

29 CL 3 3.
2 4 - 4...Z 22 >

-L O*. a.-~ x

-6 W



crp

InI

I z

I- Ic I nI

An aN 4A
c 't It -1 40 -

Lr I LL I - L z' si
tr x C-f -1 4 c4 .z ZI

t h V . z Z Z V V I. 
t

z z x x- , u % n1

a C

- - - N vN %N 4 N '

m C. C.

V. =i 111 c1 c 0

c cz c c c~ C-I = 0 It=

06 e ~ L ~ 22 - - C l~aa U~ltC: C



I

I

II

C

C

C

w r w 4 c N ~ w.. 46 L. r

46 w If of a If I III -Hx

1110 It 0 It N lilt 1 ot1 'n z ' " 46

Ljma 17 z~ .. ~ I

,x L= a x I ,. c, a.

w. W4C -A In 'A w~- . If I- to1 .v 11 0 If

tr

1--f 6. z- or o Lq 'ao >.1 r > la ;

I-
m C

do c - l !t c, 1

* c -:
V. CC C CcC C cccc=7 C c cc C ,f CC CCCO C CCC

4 = CC c C c cCC C c CC C C cC zOCcCcCcC=Cc
c c c c cC CCc c CCCCc c c ccOCCCCC

- 04L q 4 4 ~ ~ ... .. ~ .



C
2a
a
C

2

C 2
a

I..

C

C 9-
2

C I-
I-

0
2 *a a

- 2

C a

F- C

C
I

C

C 2

0 - -

* - I-
a- - a ca - -

a C
C

* V~ C

I- -C B

- 2 2 2 -
U~ 4

El-
S C C *

2 9- L.
9- a
- II C
a
4 -

*00 0*40 *0
0

- ~

4 ~CCCCC0C~CCCC
N CCCCCCCCCCOCC

- 2 2
I 2 F- C:
a F- CC
-. C C CO
7 C C CC
~r.

C C CC

2
C

-. N
C
C

4a I
- - -- --- ---



c Y!

tI-

Z-40

- -2 - - - - -

-S 41bd



* U I I S a aa ~ a a a a a a
* rJ~ I S I I S
* a a a a a
* - a a a a a a

u a a a a a
* 4 a a a a a a
S I B S I I I

k I I.. S I S I I
I- I I I B S I
~ a a- a a a a a a
7 I U~ I U~ I 4 I 7 I U I C Ia - S a- a cr. a u~ a u~ S u~ I
a- a a - a a a a a
7 I S 7 I S I I
t I 2 I I S a a a7 - I C I I I I I S
7 I - I C I I S I

* I- I 7 I a a a a
- I U I a- I S I I
2 S Z I 2 5 I I I I
3 a 7 I 7 S I I I
- S ~ I ~ S S I I I

> 7 I I S I I I
4 - I C I I I I I
K -

I.- a 4 a a a a a
* 4 I I I I I a a

C I I 7 I I S I I I
* 7 I L I I S S I I

- 4 z a ~.. a a a a a a
o 7 a a a s a a
- 7 S I- I I I I - I - I
C 4 - ~ I )~ I I - I - S C I - I
- 7 5- I . a a ~ a ~ a - a -
7 - ~ S z a a a - a - I - I
- - :3 7 I a a a a a

4 a a a C 5 7 a 7 a 7 a
a- a- a a- a 7 a z a z a 2 a z a

e 7 - a a a ~ a ~ a 4 S 4
- 7 I ~ * 7 a a a a a

7 - a a 2 5 - a - S - I - a
7 a a- a = a o a - a N I -~ a

a- - I z a z a - a - a - a - I
a ~ a - a a a a a a

I 7 a 7 a ~ a a ~ a :3 a
si~ 7 a a ~. a a a a

- a a . a a a a a a-
- a- a a a a a a a U

4 a a a a a a aa a a a a a a
- 7 7 -.-.-.-.-.- *-*-.-.-*-*-.-.-.-*-.-.-*-.-.-.-.-.-.-.-*-.-.
1 4 C S a a a a a a

C 7 a a a a a a a
* z ~ a a a a a a a

z 4 7 C I c a - S N I - I ~ a e a
a- a- z a a a a a a a
7
4

C

* NNNfS N
7
4 C7CC7C7770CCCCCCCCCCCOCCCCCCCCCCCCCCCC
I 7707CC 7CCCCCOCCC7CCC7C700 ZCCOCCCOC70077

2
Sr.

4
7

I,

U - - -~ - -- *-- *-



cc Z . rz

2 :
Ir% I r t

c dg -9d4 -

U 0.

If If It If 11 1

z II La I LI Io z z I In
U: U: - r - -w I

c IL c LW . .

tr tr S. C tr A. t" r- n. 1.

- - -- - - - - - - - - -

Cc C -C =- -C LL. =

E~' 5 ;z Z , -~ s , Fl CZ C CC CC -4

c c E C cr Nc C11 . C ci~o cC c ~ Cc c

C~ c, NC -WC cCC (!C -C! CU: CU2 IUC ~.. .:2 ~ ~ ~ ~ ; tC CCU -1CU TCU ;Ct ;..: C : C. C 2 : ~ U .

cc CL -Ea&-y01

-C: Coe Cc czC Coe cc(- COO Coo Coe C c C
C . 2 Coe Coe Coe CCC CO- CC'C Coe Coe c.C.C = c



z x

M- S 1

tr r t cr C C C

4; 4

9- m

11 It1 i-t t

c

L2 z. tr m

4 E~ Er v. -. v , c.m r xr r

C C C It4 .

2. <. - c - . 2 2 A -a

2C ev ;/ /2C C
9IN v- -r2 1/w in2 v- e- 9

c C 

2 C' C c t 4 F- 2
Lr t~ e 4

= -c -C 7 -.- c-- -- cC C 'c C C -
C C. c- F- c. . . . . . . -IF- E. c Fc E; ECc cC=

C r, 1. IN wr *i 2.2 * 2. N -w2 * c cc2 ;9 L Lc I - *. w2w
11 It r% .2F.2
a, o-V aJ " & 2.r. a./ &-/ V2if .2a , a l ,0

cc ccC .Vc 2./i cc C .2....2 ... c-'' cC c.O ccc o cco c c =
22L o2 -C Z C Z C Z CC 'I 4 -4 -1

cc cooi cc~ ('I c/ cooi ccV coo' c2V c4/ Nc fl o4 o14 c

N9LiC ~ C h C 119C 1)/ / 4 C 4 ~ C C 9



td u

C P0

z Cl

vI4 az= = '

c- t- > L4 2 >2t -2 d

m X x XC

a a .c-2 a c. C a c r. m EZ2

IN N (% ev IN N. IN C. C% IN c -%I N
S C IC I C0 C 1 C fC

0a. C Ic- l C .T IN t.) C -0 9- t .

C I C - - .

x C1 - "1 1, 7'C a. 0'4 11 , 1 144 c4 c 4- -F*I L aa m z 01.r0 a, 3,1 &r a9,()

S cc -C .- C -- 'C Co Co Co '"C- 'Co "c .c -

C 63 - 2 3 3 * *er .- '!-* 3

,I- .. ~ !.U '3 3 .'~ 7.1 ~ ~
IL -- - - -



C 4

C C C , tr L

tr 14 -

o. z. Cr tr trC

of If- 11 If 21 21 11 1 1

cc Er 2r 2r 2- D 2

I-~ =- =- IX z- I 6 1
z. 2 , 2 Z z z

a. I, II I II I IIv. I I I

r4 - N Frr N - - - C --

NC
I Cc C c C C -c 'C C c c c, c

C 2 N L, oct 22 c 2 f. - *. f N c

2 c 2c .. c C-c c-I N C C, c I C2 o2? c 2cCc
C c~ V- cC c-4 cC c. C C -C.- z 4

c !C w~. 'aC -N 2C NN w4' 4 lO ;..C 2-

o- cC2 a,2 a.- -- o-Z a,2 CIC C(t2 CIC2 CC
ac cc2co c c-I c*I .IC LN. ccI c~ 2cce 2 cC-cc ccoI Ic

IL

fl--



zp

2

2 14 z N

-- i

D- orI --

or 6- a

Co I- C - . -

C CL

01 1 it 1 to2 E o

W .V, N - z z L. C. 7 L. v Ceu .

M or V a. ..- M. C- Z.-
ix > e, !n 2 2%t . o .

0. (-1 474. 4. 4.

2: 2E 2L 9E 9- ... 9. M-r-- ia
z 2: 4 Ct. F F- EZ 2:E : cc E r - - a , r_ C

A di A[ 4 44 K I

0 Oc on 2 CU c-

2 - ------ a sc-E1 z - - - I II - -z

- -c - !t c c = z~~ -C - c - -
Cl C c c g ~ -

4 9 - ; !w. *r. 2?- *'- cc2 C.: c .4 r. w- 2

-~ ~ ~ ~ 1 -=' "W" 4-C. 'C CClC 4 - C 's

0 C 0. c-- 0~4 0 44 CC C 1C% UC 0 C>= C 4
c CC. o zccc 4CC c C . ccC CC -cc a-c. -c. CEO. C C c



a..

a. z -±z L

4 dt

61 m

- - -~ -2

w. Lo w !2 r ! .

x. Lr e, tr -CNLe,-V

4 CX cx a . 1.2 -9-4a 4

4 I.

x c cI 1. L4 4 41

C L C C ,CC0 C

C~~~ ~ ~~~~ ;I I I II I i B I, I I I
NC c c

-~L ;C. c I 2 c 4
N ------- - - - --

z -- It dM ;l 1 10 C -e ' 1- -Ce W 4 M- dU60 MV I
N m- N. - - . - - -N v- V V.I. *V L ,A r n4 I -

2 ~ ~ : 1 4t. C-2 .~ .2~ N 0 N1 Z.1 .1 .. .. !. .. I C

*~ 2 .O .. 0 20 c~ cN 2 2 2 2 .
cc ccSz cc c-0 coN 10.c 1-0 o0c COE 1000 ESE~

I- m.. I. - . ~ C . 0 . Cr~ 12 CO. 00

2 U NIO 4-10 2N -10 N10 210 ~.1 ~.2'2 10 4VI



I-

c r1

CL

Lw I

t. a. cc I

z z 2

z4 z m

-c a

Nr I- L
t 4 - d tr A. w

1.2 K I
c 'o r- 4

0 - - f- -c c iyt .c.

44 f- c q le -a t-
I. Cc C cc cc = a atc aa 7 r c'

-c 4 a a a c c & -

C C c . C .- c . C4 C c C

cc- - -* - - N cco NNc No c c c ~c = c cc c

CL - . . N .



2. z L

Ir,~~a x t :. .-

z z. 2

It Is 11 It8 t ItIKI

C cC c C

aZ x V . tr Z

7 r - r -ir ir

-~; r7 CN C - C. - -
7. 2. a. a .cy . c .v. c 1.a 2 - - -

2 2 v C.. e.. = e xe rxP2 epere

w a. a. a. ww

tC C ! - - - - - - -. - - ------------

u c C -C- - -z -1ccI ,c - cct
Z C = CS t : '? c =S c v c c (Sc r

z- C LC C - - - - -C C zC c-

- -- NN C.N cc ,-- z Cc I xP a t, f-. Lr. r-..

14 4Z ICdc ICZ 1 CCZ C-r 1C 1! C~ 44c c CZO2 C e CC
cc1, czcc 224 224 224 Zcoo Z2c 2Ce c 4 coo0 224 0

C L 4 4C 1C 4C 04 40 0( nO 1C 41C 4



II

c c% r IN IN c rcIN

dtd

z z 2 2 2 z V 2 z2 2 2 z 2 V

t,-c a t - d% -C -x x

- -c -- c f c c-c c -cc c c cc ccc c cc :-c -

2~ :z c ;Z2 z c c2

ic c wo zmoh c c cta 40. 404h c0h 404 400
- ?: EE r =.. = =cc ~ Z?.c=c c c c cc.

I L C L CC C CC oC cCC oL cC CC' CL C

c cc :->oCIz cc CC cC C Cc o cc cCZ

L.6



c C C c C a a c 0 Cz

I.: Lc U: ;e. w U: w U EL:

z 2 2 2 2 2 2 Z 2.

tr ci I, In Is II tr tr trii i

rN N N N r -

2

Z. =..M U Z V, VU: aC U =U t.CU a . C : = tr . .. = u: Z. r: -

c Cn o00 CnO C00 a00 000 cIO c00 Q00 Q00 c C c C

c CL cCzCL C C L CC c C cC cC CC mC cC C

- - c Cc. cC c C CC cc CC C C c C C C

cc C c =C CCC CCC cCC 0CC CCC coo CCC cc - CCC C

C aCCCC C C C C C C C EI C

.. .... .



Cl C C C CC c C r, e

2z 2 x 2 2 w2 2 z z 2 Z 2

r - L- - - -, 4 4 u L, -9 <
I

- - - - - - - - - - - - - - - - - - -

*-C C C

-d S- C- U- C-C .- C CC C C C"-C L C t !-

2 2 cZ C t CC C Q . CC Cz CZ C.C = =*~~~ ~ 2 c2 2C CZU 224 C Zc 2C 2 2 ~2
U~~C. =~Z C, 7 C~ /. C C CC =U~ CU;z c

CLC =CL =CL FCL cCCL, C C C v CCCL

C CCCCC = = CC C

- cc Ccc. cCQ a' CID ;-Cc acc CCC oCC Coc CDC C
- cc CCC COD ccc CcC CCC ocC CCC Coc CCC CcC C



2 2 2 2 2 2 2 Z

cre r w . E
;r t cr LO Vt vt V

it~~~ 6r Wt i i t it i

2 2 w 2 2 2 2 2 Z -

Z - E E -7 2- -Z

4 C1 -NI

- ------- -- - --- -- C--------C- - - - - -

CL -C 220 22 0 220a 22 72 22 C20 NNc

= C 2 C ccX z ICL z 'L = y x% CxL. X L C %C x l 11
c 0 c = c =c 0 c =c r c 0Iz - 0 c cc 00 c -2.

c c ccc c c ccc- c0 c0



orp

Io
c

4. o .
z Id

tr0

,z L

2z x

:mo :N -C

or A og . o a x r

-z -

Z- Z - - -

2 ~ ~ ~ ~ 2 Z2 C N c N - C

c c
c~ ~ ~ ~ c- c

1 fl h~ 2c
CC= -c -o - - -



LL' 21l2i

1: c

4 .1 4 t -mi.111
c ou- --L r
K r Lt. Kr6 rt K v -

~I

- .-- .Lo,

-1 au CL4

* 9-z~.: ~ 4 lz Ci

a2 M-i c .. cL:

4 Z :

-9*0 c i-K 9 -K d



II

CC.

- N

or 4r. c V. c- 4 : i

;7 V. L2 cc X. 3

* 2 Nit

2- C.2 2 C - . o v71
4 ~ ~ ~ ~ ~ o * 4 4 -cNCr
if C: 2 .- z- C Z 2 ~ - 2 to

2 or. - ~ ~V N V ..

-- - -' - - - - - ~ 4N -~ -z. - - ------ ------
or - IN 

41.x2,c
I. P. 2,

a C- a

c N- 4 ZIIcr

r * - 0 IV"4

.11 dg -9 dg -. .1 C a

-~ - .. 2 ~ -VON



.w.

L U
c 2.

V.~~ ~ ~ v 2:Zit+ vx i

nt +

3e W

v I v

I LL c 1 11 2.

it I 4 N-4
It z

2. d. o -9

4. ~ ~ V. .... XI- - S I-

101 -~ -- . -- -1- --2

2L 0. 2L 7 *64

IN- N2. INI N- N-- - - - -
em 1-c- LN ~ 2 N *..

-c *c2 VI V c. Nc c cN
- Lc1- IZ '2=. C .L K 22421(l 2. 2

Lit-
o r- c 2 4 2

C- .- 7 x4 *4 6r 4

-z dN c 4 L L: N 4 (Z 42 W-4 4

.1, v- Pi 4 2. 2exX 4 z~ 4 0 4 -4

4i d9 19 d4[ - 9 a.. 29 a4 49 1-2 4774 2.4K794 M



4 NN at3

I- It - 4

v -W t W Cc Ie

C * Z; V 4V I. Z,

N a N 1 'a It It Vx m ,

1.' V V V V V *

Lr It ofe VV -2 V C C

N~ ~~ ~~~ : V.VU. ,V I

CK X UL~~ 2c v, - V V

m m0 uV' V*.V .. L -V

,c V V0V. , -C * * 2 - + V c N V
K ~ 4 . V V~ x a, -z+ 2 Kuz.0Lzw V wz 4x

2 ~~~~~ Nw V S 2 V V NOV V VIV,

S. C.'I..-V4 . 'VV~V - - - V .C V V V V
- -241 ~ V~ eIIV .' I 2 2 NVS .SV~ N

I NI r~ V~ V S2'VI 2. I II V4 I. - Nil t N

* ~ ~ ~ ~ ~ ~ ~ ~ 2 N1 aN2 1 .. V * . 2 V V . UV IVV

N 2 I Z II I - V Ii V VV - V V - V VV V V(1c
IIC~ N2 II C VV *N 4 V2 -VV VN V

V ?~ +2. 22~2~ l~ V S*'- 2* '~~'~ L4'-
V~ ~~~~~~ zzV Z, z)SV V . . VV . 4 ~ V V

C -II !iiiIIIIC I ' % ca ; Cl~ll. -e II~2IIIII2I11 VImNIII
* . C C cNCC I C V V V C ~ V . C

& 4K V V V X. L, VC.. - q.ZCVL ir f VV Z
C INNNV 0 v i 0-

.9.9dca 6 9 4 o 9 g - g4-C Z - d a-



4 IN

S NN C%

co, 4

x *t

r. r -A

x, - C- * -

c 2 - -
a. *-1 -a 2 N I taow* st_

N 4 0

C N - v CZ v I

IN c* c a N
=1 tIN X11 C. V

u c4 C. * 24 C6'a6'6'w6'C, %..- 0 NL*JUc16-

O 4 I t II 3 I II e eI Ir e rl 4% eI N II wI II 10 It I
dc - 9 9 a .9aa. 4 -C N 4 N C O NItNaCN N9 -NK

digX 42 Z 2 4X 2 2 22 K 2



i p

I

,- -c

r4

rr

e aI

3 2 44 I

".:It 1'
=2 . ,'e

! -
U

4I

i I



tr'

It #

14 s ti1 1 
L, Nr cr xa* 2

Z 24 x a -

x &~ x 4 a I a~.H z 4

-~~~~~ c z4 4 r.i 1-111.1 111

c N Ia c1- - C N CC CC' M

c 2 L-c

c - c

oI 4 1, w c N v

c c ZN Z Z~ s4 := :

- IN ; V4 p Z a,4 Z2 . ;. =:

di -c .?.U d2 do A C W

2 4 -CLC C - ~ ~ .4 L



0 4d

a CLx t

cc V -t I I - cc

M~U M 1 1dN.U z

Z C I- I.- =

C224 U = 4- - 2

LL: x. ~ . C.: A:c
x - aC.C -- V. ~ dt -t t

I- tr. 2
2 ~ ~ t I- 

C .. C422:2 =- 22 4-4 C

-0

10 c c . -

cc cc. 4c m C% N
c c

e2c cc .o co C.c 2

N - *. 4 4 C ,- = %

.6 K a t- -i 4 -4 -9 dt



- c 2

-1 tr. L2

CC C: a-I'L

2 ~ ~ ~ z 24' U

v. w I r- 2 2; Z 1..

-- N; --------- .. z

-v w N = a333- a = = C e
~a ol az CC

-f f- t- w p c~L.
-, , a- 4m u. - 2!

N V2 -r

a c4 o a 
-d=-

- 2 .- *'- 4 -



I p

i
I
I
I
I
I
I N

CI a
h.

I-

I
K

I
C

e

N

q
N

- 4 a
U-

4 -
I C a

* - N

I- w
- N N

4 2 - -
4 - -

a a a a a a

N C-N 4d~
I- ~Np-
~- C:c C~C
4-
Kg CCC CCC

- -
- - N
54

4 C C

- C

- ~

I
C

a.1'
(p

- - - ~Wu.~w.in-r~w - .- - - - - -. - ____________



I Lr

w -.
ft -9 z

a ~ ~ ~ ~ z L II

L C

a. . 2 w

-. 2 - -. - -= -- -- - 2

7~~~~2 7 777 7 ;m'. - ---- - - - -

= -= c c c ==C,= :c= c c~ s2 = =
- -2 -- - - - - - - - - - - - - - -

4 c Z z

.4 -* 9 -9 -9d



I
I
I
I

II

U 2



2

9-

- 2 2

4 2
2 9-

2

- 9-

2 2

.9- 2 Z

22 N
- 2 -

2 Z 4
U: .8.

.8. N

- 4 2
-- I- I
- 2 4

- Is
* .

* 4 U,
- 2 4 4
9*- 4
- 9- N N
2 u~ - -
4 - -

***~ 422

N ~ 2O~
I- tL~2

42
Is C:

- - N
4 £

- C
* C
2 - -

C

£

- 4.
C

4

U - -~ -~ - _____-- - _



to 2 r-

-~ cz c~, u

*~d CZ2 1~
Z X.2 W J_ 2U4 z

ol . - a ;&

Lr n z 2Is , r-2 F

V. C7 444 1' x1

I x I2 ~ X~14
* -l....l-= '.x

*~L x1224 C C

dc 2 2 2 C1 Z 4 -4 -2

- - - - - - - - --- - - - - - - - - - - - - -

49 -9 -9 .4 dK dt 0'

- 4..



x
z Q

t. _ -z -r

. . .. .I- . . . . ..

S~~ S~ 31 3 --3
ma tr2

Z 0z

----- - - -- - - - - - -

e4 N NfN N1%e% t r f N v . N

*C **-c c c

N -r --- d 2
! a. 2

m ~ ~ w 4 4a - -a wN v. =- -t C d tA -



2 -

4 -

2 T

2 C

u~ z u

4 ... 2I



o x

c

IL

z t IKz

W. oU

2

IL

•.. IV



z- 2

x zC

iK C-
r Z, E

x az -X. Ir

x z

z 0 .Lr L:

2c 2

P- z. I2
- - ; AL

a L- I- o- i

2 2 at. 2 m L2zv 7 1- a = 0 c c 0

- - - - -

a* - -,-N I



z

b6

Lz i.. %r-

- 2 2E-

T ~ F- 26t

~.- - ~ -4~it

-. : NL

I zI4Z 2 -

- 111111 %.2 .U'7;W- C



- :r

x x L x2 m
tr LL:1

.4 i2r

7~~ ~ tr&r xt

z~. 4~~

tr.. N

cr C.Z.

If. C. l It.N~

2 i.4 2 .

222 - - sa 1C



fI

-- 2

IFI

;r x. 2

C2 v x v a- r. m9

X xQ 4 4. LL -

- ~ra 2;I --- z rL.

- -; - - - -

w * 2 2

Kc t4 c . 2. c. *

4444 -z -~ .. 4 .. 42



zp

C:

2 x

a K f. t. 2 c I

- -- - - - - -- --- .-- - - -- - - - - -

~.. I..z

ZZ p .Z4*
er NI- C 2 14.2 1-I 1 2 4r

.cC c N *L

-15-m-wo



v v v v v I- v

N v

x 4r V. Z J, C. tr. tr. C .tr V

X Z z Z' z2 Z. x2U~ x Z :

Ir -0

'A.0 0 0 0 0

x e22 c 2 r e e r0-

f44 r44 4 *
V00 w0 0 v V w v



I

I
I
I

C =
2 -22

II II 99

~. 4.4..r
222

2

Cl-

-l-

I
-z

2 £
a

~
9= *N

1.. J~ -
u~ a *~
a.- 4.2
-- za
-- 2 2* 9..~
~C ~uC.
-- C..2~ -:
22 Z~

22

I--

22

I
C
£

4.4.4. ~t ~I. 4.

CC~ C::

I

~ - ~..., C

2 ~

C

r h~ ~
CCCC
4...

v~ -we ~WWW~~ -~ - - --



AD-AU91 b63 GTE PRODUCTS CORP NEEDlHAM HEIGHTS MA COMMUNICATION S-ETC F/G 5/A
SPEECH OPTIMIZATION AT 9600 BITS/SECOND. VOLUME 2. REAL-TIME SO--ETC(L
SEP 80 A J GOLDBERG, L COSELL, S KWON DCAIOO-7S-C-O064

UNCLASSIFIE-

IEEEII
I 11111



00

z -

Ec4 1- 21 Incm 4i

a :U 2Z . In Le

=. = wC I.N = -C
I. x r. W2 F- a =c .-..
z* I 2 cI &C tr Q6.

r z x2 I. i. I.L.. w
* - 0 -l.~K 0.5 w

LU 66 1- U' . = - 0 - = .
= 1.. 2 LL:~ L..I Le.1- Uc L - .C tr %

t. Z 1-E 116 L..C0 - C- h..
w --e C1.. 1C 0.

Lr C Ct in W I l. 1~.O C
Z 2 c r1. C V C I2 Cl.-

LI * 1-l~ ~r.~ I 2CCC -C -C2 2U
2.~ V - C5 1. 1. C.. l~ZLe

'A. 4 £.. 1.. . -
x to .. 2 * IC ~ 2 C -. I- -'C C I
+ x% c., .l.- 0 - L1. IC. - 1
w Im*I C2 1. . .1.. -C . 0 2 .

- +~ 4r V. I-L2r0U ~ U
U LI 44 ~ 1- 1-. x I-

*im = .V C U 04 . *. 2
N I- .11 ;-C4 = m2- xxP ca

4t m

m C 4

- 440

CI- 42 " 0 z ,C C;f ; -i

44x w 654

N N N N N

Cc- 4 c CocoU 1

-14 2*K .a.04 5-- U4 .



trp

tt-

Lt t

CLC

C C

22

C z

CI-IL

C7 2

A w

A.6 *



zp

C M: 3

x I.-= ! a

tr Z

~'
4f, 33

CO tr l r -W

2. *NZ L. 1

2 z~4 C z. w a2

-, k r I e ;I-
Al XC qpQ

z *--.". 10 1v C' M

0IT,



I- 31

c- 21 0 C Q

-C~sL '-i& - = 2

4 4dL 2 tr Cr C7 m ls.ZeZ o
LrC~s2 L) 2j N. w Li,3 z zU - u - :L

of z1C C b - '. 2c

DL c <-I~Z 0= 2x Er LL r1 2r t

CZ wIII -A C. 4 L JC 'A2
*~~ ~ T~ 4V V 0~2 i- - . ~

40 40) 'A c ).Zs.

o 444 29 to~

C~~ 4r 44 40Z.Z

a.mL % rI- cr' to4 C.C

LU L L U -C tr .2 2U 2 4

Is.~~r C, 44 f1 6. *

Cr .4 333 LO VA. * . 4 fC
.1- + 414 3 *Z- 2 Li RU .6P

2) 2XsiC £r mLI z1-I Ii CN 2 2

2 ..- .s. .2 z .4 L'

I ZC Ira ~ z a*2 - 1 C 2 U
as J~c2 tr x((J .i-Z - . 4Z:

LIZ 22 2 * iZ 22 ~ ZI-s.I 24 2N. *

6..- .Z2 J - C t2 J
222 ~ 2 22 ----------- Z2 2lIZ 12 I- 2

MU N 11. dl

-~~~I *2 -V 4 C 4
1 2 IZ24CCI-2 cc



4) La 4 4 4

(I r L r Lo vl

44

z a

cc
b6~

,Iwo 2 2



zpIc

9L 2

Cr W -C
w cr 4: : - i mz -

2 z r
26 *6 - 4"

r 1- 2

v wtrU. p 0 1- 0 Ir

s ILI - Z 2
4 C 2 U~ 2 C -* *-2 4

a z ..

C~~ ~ ~ l SC 10- -4 1 0 0C... .I

1.I- C2L ;i~ iO 20 1

2 4 0.22 444 u0-0 a 4?02 mU 1

*~~~ 2 z4 CZ -2z3 x4 Z -- .
.Z is X- C.-?,. M. 2 t,' -a XV. m~2 m0 x 2

2 >- 2. 2r

;41

-0 10 m4 IU
.2 c0 cc c-
I. C 4 . 1.6

0 2Z C - * 02 4 06

2r4 m 'a 2.,J ' CXJ Cot

2 ~ ~ 4 4 r I . 1.. - 1.. ... Li C
- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I m I"~241 . il. - 1) . . 2 =

2 ~ ~ ~ o cec. 222 1 o 2 ccoc-c 1 11 .



:I -W

w Uv
2

U:

c 3 A
2 ch

* 6-

2r * p

C 0 C

v.= w~~ * 



0..

cc x r CL

= L9 C 1.

Z. a. C.CA. C t, z
- W 6CI- W. I. *r L mx

tr Lc 0. C t C.

3w w U. w 3. - m

I. t, : *r tU: 4r 0 < *C

c r.* 4 *-- C
3r L3 * 3-- * 3 3

Q6 z * tr 0* U
c. * 1. 6~

-~~~~E .3* 3 3
-. --- -- 4 4 * l~ -

z tr 33 2L 3C 3 K. s C U 6 -
I: I- i.. N C 4 r-

3 33 al: 3-3 3 2

x 2 C 3 -

Lw CL 2: x.

Nr I- c.-

z f tL 1. a- ix 4L a. I-r

- -- -- - - - --. - -: -. -4

C - - --- - - - - - - -

t.. 3. 3 c 4 . . a
19 at~ x- . Z4 4 3 C

42 Ze c ~ I c c c4 cc c4 6 ?

IL 
.

'.N 3 4 3 '



('2 2 c t
C

6. U. r-.

1.. A- C Z r C2
cc Lo W . 0 ; t-

it3 a z3 * c L - F
L) ir N CK c 0M.0 L 6a
=5 U- ; L Eft 0 C U U OK-0 f

ft~~f ft C z . 1I C 22 4

*Z 0& F.2 z. 2 U c5 C
0- C L6 0 AA 2 C ft-CZ3 f

ft ft 5:2 .U 1 ft 6.6 4 - U KS Cc= f

Cow 1U . f . * f Ct U
1- ~ ~ ~ ~ ~ ~ ~ ~ L a-UO 3C6A0 - (2C C2

2 ft a~l ft.; 6.0 3 C 4 ft ft 5 3.3 1.

- = OCX SW 6. VV * ;. (- 2.

a 0 0. .- x - C2 2 x CCAa L L 2 w x O C X

ft a-.

di -9 CC

11 r

-6 C

If 1- w 1
V IV. 0 V. wftI
cc C, co c



II
I.zz

V, to z It2 0
Z4 11 -. 4 c 4 I- u

.a f22 2. 12 I. W0 I

A .A .ZX X. ZC

I-I- 6: L)U2 4 0 U 1F.20 I

m . cc I LL 02 0;

VI- - 1POL)L1*- 212

S. F.- I- 1..: -1~ . 44 0. -
te. rZ 21-Z1M

2..3 1... ..J1.... .2.. .. ...

4202 20 -. 2.22

z V. mL 1 a 4

Zlf.~ = ..

-to w 40)1 ;A .. 0 0 0

- - - - - -- - - -

f.



I-..

3. 3

3. o- cr %r

I tr

C- -4 2 -c uo E.

2L z
z a. 4

4 u I4

I- CEc4 c 1
c 2 , -

C C LL N N .'22

-r L. c I. .L. r a x a z

C~~ C z OS I.

- C CK M2 M M

- ~ ~ 1 - -9I~

.- 2 2- -4 cm

'so * 2 2 *~2



C

I
i

C

* 4
K

C

C

4.

C

a

4

Ou~
CE ~
~*~4 Wid~dI
I~ SeEm
aA.~ EKe.

OCOC

-~ CE
IS ON
I CC
41 Cc
N CC

~ CC

~*- ~

*
4.4.
Ce
ELi

CO
U 44
4

IL



Ca - -% a C -TQ -
X-r-- - a A 1 'a -a 4

ar Ot' dL Tr 0- CtON 40

C, - = I

i* N N

- l -- I- 4 49 4 4 4 4z

C; r% r- 4c 'a C aI LL -0 -, -C 4

2 L4 -d Z: 4t I r-.

.a~~ c4 c.C I a C 4

fir z- ZCL~.~ x- K z K a 3L a

I c I e- l.., 4 4 4 - ..

Ff -9 Z ~

v VI v- -0 V w It v'
c cc cc..Z cc c C cc c N ccc cc

* C C ? C C-, Ia- C- 44-4 * 4 4 44 4 4 4L4

C. 49 C-c di -C -9 -K



p

I
I
I

u it
- a
- .-

N N N CCNN
- it it
a - a
II II II ii II Ii
N ~ N CO~
4 4 4

C
a - -

NN~
4 4 444

N ~
N 4 4 444

4 - - - -
I it 4

-- ~ N
.3 4 4

-4 -
CI 3 3 333
-~ a a 133

- -

= - N
-. 4 4 444

N *q
4 4 - 444

C C 3 C3~
N C C

II 4 4 4 4itit

it
C ~ N CCC
- 4 4

=3 - -
C 3 3 3 1 3333

C =
lit 2 1 1 -~ 3121

3

32

C~.

X
SI "~~--~-

4-
~ CCCCCCCCCCCC

it

- N £ N -
S . .I* ~ -

I I 'C C
4 C e w C
2 N ~ - 'C

~ - I3?~
- 4~

C 1 4 ~ CN0

.c -~ - ~ -. 3,---
4 4 4 4444
C C C CCOC

C - N - 4.t'CN
. N N N N NNNN
~ 4 * 4 4 4444

4I
It

--- ~ -~4-- ~Wr~ -~--~--~ ---- 3 - - - - ----------- -U -



0

Z z
4rc

* x
2+

w tr: :
tr IC:o i u ,I- g

I z -1

a2= rL6L

2, If ~ 1 a a
Lr 4 x- ta s . - - - r& T _

-~ -. - - -I - --- ---- --- - - ----



3'x m

MN Ln Li .U zXI w

11 -N 43 Ul X ! c3' -P

w mtI II cc QE N: (Nm

C- C== -!!g ... C-i C. - r

wIr L)vlld 04 0. 111 ui~ rz ZUr U liii iia

CC

C C

IIq

z -4

A.L 2 2 6

am 'm awm7a0 O a --------

NC NN x .C max c a LVN L
'C xl r" - Ex ccN c m

4 ~ t f. Z ~-
C2, 1C : C- -

N % C :l - c C C CI CCa C Qc cCavcI

'v .'E -t Ia NI 'D11 ;4 4 - tAt

coc CCC - '

de&d a ,r 112L ; 'N V , 4 w .-
w C, N 1E c-4 N M ftNm " mm q

d9 a. f- .9 -a. a i c - i c aii, c -9~~ -9 .t.wCK N~I- 22 1. 1 NL-1 ~



-z -u CC rd L0 w-
lo CC ,~ It 11 ct U .. J

x -r -C .9 1. z N- 2 2
I- C CLc - v X~ C 040 U U.

K V. X ;. .1 2.e -II Ct c
;; 31 - - cr 64 uN L

-~~I - IX w u (O N 4.Z N N
a I- a r 011 a CCI -31- L ~ . 2 C 0

LI- C11- a.- X L --C dc... c a 4

c X0 N II's1

.% .4 _; "- 4 *

IV0. - - - =- =

2C 1t 1--

t - - - - - -C -. -

a . . : -:.> Z

= I cIc = =4c c4c

w mN N J C N ~ NN N~ v -v v4 v -ewv-,pY' .L 4

4 2 c 4 24 C4 C, 4 , t- 4r f%-

w a - CL m X, a, X . m a, *
-K-4 c v -C rU c .tc 1,aa

-W 40 -01, -v00 -*0 N 0N .1P 2
4...V4IN4 V0 V0' w4 L

cc 00cc 000, cc0 0000. 0 0000 0Z cc

160 - i a,22 112 1111j N V 1 0r 2112c 11~ v2 2

1-4 a41.- 4- 9. ifd jA a- 9-
-dig



zp

ZCI

CK a

~.c QO C .9 cC

X 4

Tz

z I x- x x Z .aa222n L

.1z w! CIL- z

w z . ' v .0 4 &

v. Z- * . .c .N. 4f i

.4 cc *C hCC 0 - -

di 411 a -4 . -9C,- . d9 . d9 .9

I-C



C C 0

of If It 11 at If I

L. I

o .~ 4

x -c LC .

v. XN a2

1 6 ZO t .a0 4x- q

o 1. b- = =L 0 2 di

014 2

f- 4 4 K-

cc z r CL6

2 !E I-. ' ;L CI-h '
*~. z N N N 4 - 4s

z c if. tr. ~ 2 2 V2 04 "
V.- c *t.rV ri2 4 LU 4 4

Q,0 4 - . 2 -a C

a, Q62 W. o j)

c4 2l .1 C1

0.4c r% w l a '

** w in 22D22t-00 000 000 - - - - -N NN NtN-)

24:4 td OOOO 0a00 - - - - - - - - - - - - - - - - - - -
d, N N N N N N N N N N NN N N ~ N N N N N N N N

IL~www 00 0 0 c o O CC C o o ocaO o c e cow



p

i
1

C

a.

I-

E
K

C...-

C .~

N
Sm

ZL.
I-

Eq

SR

2

4
a.

SW

- -w--.--- - ~vY~ - ____________________________- - - - -- -



C- - i - - r-
- - dl - -K C I W

--- c - -

F-~ -r dK tr --. C

CN NcC-- C N 0

dC ~ V4r n -I
It"

tr N. -o -a-c.e

z m C C

'A' 4- z zC z 44 4 z, z, x

r4NNNNNNN .NNNNf N N
C.. - 0 l Z

-t :H - - -

C.. AE 4 *CP. -c 4 a =*

r I- .C , *r v -I -w

oc- cc Nc cc.. cc ee -cc

Ue -4 .4 -m a d K - m -K - -

-1 -6- 4



'I

- -
~

- -
N N N CONN
2 U~ IG
K - Z K--K
II II II II II II

N ~ N
4 4 4 2222

0

K

- 4 4 444

* N 4 J~J~4
N 4 4 444

1: 1: 21:2
4 = = 022

t~ 4g~4

-
4 4 - - -

-~ 222
K K KIN

-x - -
K

4 4 444

N 4
4 4 -. 444

2 C. I 21:1:
4 N 2 2 ~ 22

@3 4 4 4 -
-............................. 2

4-----.-
2 ~ N 202
- 4 4 L~ 2221:

=
2. ~ K ~
2
S~ K K S KINK

K

I-.

1:2
44

-± K~2-N4.r~NN~
* K NZKKKIIKKKK

41 NNNNNNNNNNNNI
- N ~C N L~.LJL..L
I J~ ~ -

K -. N~K
4 2 4 4 2 4442

I N 4

;. ::::
N C IaL~K

N 4 4 1: 4LaC
!.~ ~

4444

4444I
C - N - 4~IN

.. N N N N NNNN
~.: 4 4 4 4 4444

1:

I?

- - - ---- K. ~ ~ W-~--~ -'~'. - ------ - - - - - - -



m- r2.C t, t I

Z. = ;F

C ..

*4 1'a 22

-1 It 1 1 i-o L

N= 0 NMuNN %O

c 4

06.

-- -- -----



zC

V -

In w'l 11 4K 1K
xN zli It 1 11 N c cC I S lr6

Cu C,- I.- 22 CC 0iip rCf C

112 U~~U 111 ILl Im tr. 2lii i

C.

c le

v 14

.; CC
1 2.4

C~ 4& I.

tr. 
C. 1

1= =I =C ICC I4 
-=2 a

"7 I I 2. 1 1 11 ;16 4
IV F XKK 6" P h

liP4 d.. Off ~ ,X - 2. K K K 1UK

digh d[d a d C W -9 .11C~~
22 22 - N 1 . 4



- zc~ zr r ~ z a z Z-)

-I C4 CL x LI; r"~
I I"~ I I 41I 0

z w 4C .9 C% NP N.4 4

C= 21 C Z a2 c cc xU :; 4 a

it It2 C03-C 241 .12I1 144 . 1

IC

4 ~ ~ ' -Z .. C

1 124 2 4

C C -C NC a 4

i. 4 N2 c 4C 4 t

C: -c c -- - -4 4 CL

-. - - - - - - - -.- - -

7 Nl
2 ' 1 CL r' C- x r4 v

22 'C r -- 4 )J rI rnX lJ

24422~ ~ c4 CC C 22 2 2= .

Ir ~ *2 414 r% rJ
dc- a .9 -Kad 6 - 4 "U Naa d -



22 C.

CC

rl "1'C- 4 C.
-~~ zr~ J

C 2424 24N

Ze cz= *. 7c-

IM .- v- v .
c~ c =c= cc. c 7-c c c

-'e ,4 4 44Z-

22 'K cc- ~

- =- 2-=- .- 2 m . V.



z9

=r

3:NC I

C

Lr- 2)- E

w~w-

f- c2 0



z C-

a' z

LC C

L& C.

4-L IV

=m 4r C m

222

4~4r w C. *
V) Cr 4. gr I r

I I .~ Ir 0~ J, 22-- czzz r- zzcI. a5

- c

* 2CC . 22.2

-X 24 2 '

N~. L.:-== I
I-~~ Z. i

e J, I-J ,red

c 2. c

dc aI .' a. dig



I

-c
02

0
2

2 -
2

02

2

~22 I.-

C

o a 2
2
~ '-I-I- 1-
- 000

222 2

2

01-
a

I-
- 0 L~

0* a -

1-1-- -~
2'- - -. * *2
2 ~h1- - -

I.~ *ot'~ * ~

2 .-. -ira 0=0 2 02
.. ~C 222 2 ~
~X ±22 2-

002 2 22

71- CC~S u~

= 4.iV) (h
1-~ -~
-I.. *~.: -
2~ 22 1
C2 L~U

a *.

o
Ii 200000000
0.. a NSNNNNNr~
1~#~ 000000000

- OCN ~ Or-
I 000 2 Or-

- --- ~ 0~
C 000 C 0~,
2 CC~ 2
~ 221 -

(U~2 2 Ci..,

~1C L .0
-~

- J~J~ J~ t~d~
r- ~

ccc C Ce
~C2 L 0~

* Ccc C CC
CCC C CC

C
2

e5~ - - ~f ~ -- _____________ -. I,,



C-- uL: L-
4a

'r. - - -
&r C

n gr V3 3 A 0- N0 A x A rU

4' -Z

tr LO -r&

N kr z- 0J a a a .

!,- v I- cc 4e 4v 4w rv % IV - - -v 0'rv

c 24

a I-a .9 a29- 94 -K I-d -9 -

2:.MW 2 Z. - -C- .. ..



2 2

2 2 ±

4

C

o ±
- 4
CI- ..~

2~ L
-~ --. ~

~, 4-~.. I-
2 -- 4
2-9 1h

2
ii

L~.X -xu*8~. ~
~Z 3~ 3~
-- ~i- 2-
~~I- 2-2 '-2
-~ 103 01

0=
12 ~ 4~

2

xi,. C
.- ,'.- -
~.8. 21 1

2± 2
4± L~s

a ~
.4

- - N - q J~
m.J~ J~J'Jd.

~.g *~v~eq~
41 NNNNNNN
&~S OCCOCCO

- ±± CC
I .C~ 02
- -~ CC
4 NC~
2 C~C ~
?. N2 1~

C%4 £1
~qq 44

~22
444 44

- J~-, J'~j.
N 444 44

CCC CC

0N 4
-. N~I% tN
c. 444 44
4
a.

'U
-. ,- -~ -~ - - - - ~ ~ _________U



22 2 2,;

CC

V. = ~ . +

x z aU 2 ILUO.Z a
L, gr V V.

It I-x

2c c

z C

-W w -0 IV-0

ff 4 % & .

.9 Cr2 K. a- ,. M



I- de

Z fr-

c- -a c .
-4 Q I

tr Ici x z
4 L2

11 It 1 z I- = M -ca
Z z 2 z 9--L

Li 222w

x tr v. U L -, c-

zr =- = =a a = -.

Le, -c 2444 m w a
Le cc at C x.2 2 ~ ~ a

41~ iL z4 '

-2- - v, t

t- Lr v, vZa~ a 42 - a

cr7 2z 72

NC 1.4 N C.444 v4J N- .Nr mNe .r



ILk

-CC

9

4 ~ ~ -W- r vt

C4 -

It. x 9.. C 2 s

3r c 4 a
w ~ c ~ ' Qc I-3C

.. 4 Lr = '.-

NN NANNNz- - -11 -~ - v U w. v. ef jeV.L peepL

-, x -w ~ 3 p ,AeewI eeeI )A I,* e. * 4 A= l J eMe ewa

z z- z x C c
- - C !

-CC c cc4- c c

C4 ;e 6. e na

a -9 a. g c d 9 - 9 9- 9K

--- v spn - -'m-



-C

!2

40

46

Lt % N t

CAC

C2 6 V

~rr

7 47 J a
o x- -T 4maL

f- 2

444



2 1

z t

4-4

r 'r LL

U -

x2 X

- V.. 4 CF

- - - -- - -~ -2- - - 4

7 c . 4r 2 - pIL

1= = 9- 4 -':N ( 2 t2-9-
2 2 3 - - - - - - - - - - - --2

c 1P * a 2 ~ 2 .l~

N. v2 L

I-r

4c

di- dc 2 - 11 -2 -4 -4W dc



z -

f-

:1 4. X

4 I

C N.

I z z 4

-5 .1 -4 .4 dG. d

-- --- ----



CLC

trC

2 or2

u L: ": U uL.I U

z 2

zUL
2 2 z z22 %. o

,c - -94 W449444 -

- - - - - - - - --C

c. c

AL L



C. v

c c:zc C

x -- - CC

C: trL aL

c~ -. 4,CC 2r

7 44 4
c7. j.zc4zzc- . C tU C -f

-N~.LL C% F-N N

-C F- - - - - - > a. ----

-C C

* a.

4 C zz - r
Z4. C!. C. I2"" -

c 2 22 C C c>2

-~ c c cc c -- C C

=- WON" CC C -'



p

2

2 2

9-

E
K

9-

- 2

C -

C

3

U

2

.*. I..

- 2

a a.- -
'I

* 3
3 *
9- - L

3~ -. -

4 =

.K z~~-r.~-
* 0=----
~. -~-~-~

4Z NNNCs~Nj
5i7

K

I ~.4

4I..
I'.



Coe 0Ceocc coocc 0cc

'c NNO~ N -1c V.N~

ecccocce~ cOccoCC

C C

NNcOcc Nc C c c

* - eee~cce =C ccceC

Z OC C CC V ZxaN4 CCCvCC

z CII - , r

--- --- ---..

-C ttC-J .C

J~~L.C ~ ~ V.J . t Cr.C ~ Z t -d ~
-1 I- aCCvCCCCW.C&C.CCCC!-

a Z 2 2 Z 2 2 91 r. C, M C C, Q. 0. CL 91 M a 0, 9L ~ N N

woC:C -c 4 a 4 4 . a 4



m-!

c c

Q c c c c z c c c c

C.

C

II

a. Q amN

. w4 4w

cc Ldt ut -UL ~ - Ll --uuf -t r -F

- .1~ -m a



04~ ~ kf 6- Z

CCOCC ooCCoCCoo

42 ccv2 ' c r N Z N 4 c
LC az r- x C CCNC % vvw CO C

ccc e e cC cC Cc Cc

N N %4

-4 C.CN QCOC C

CCCCC z Cc z ( 7 -rV C C CCC CCCC

z~~~- c - 44 Jc cf c

NN C% C C%

40

-l t - I - t- L, L- t- kN N-L ,uL L .t ,

- 4 A 14- 44.



ICh

c CN c

Q6 - C

'C -. m c 31

c C

t. c c .ccc 0Ccc z -0 c cc c C

40 th4 ' )4 tC A -Wcc1

CN C !0 % . A4 4 f .ut

cc C. C6 . r'

I C- I- I. I- N t:

iC 1&C1 L .4a w
6. k CWi L6 LW& 6 f &:.kI &I 61 LL



COO

C~~ C C C c

NN

II

Oc c

a_:, "l. , -! c N:, N c vf
N C* CCCOCC;C =

IN :p v c c

C - -;CNNNNNCN*C CCCcOCCOc

C ?~ q- r- oNNN

Lo 0- 1-NNN . 1-FN. g f

wk v A CO a 2O :tC



C

I
I

C
w

C
C

C

C aC

c Q zcccE

w. r

i sw vCWCW

Kt6. W.V WV -V .l .V .wW -I . 3 .3 .VCCCCCCCCOC" CC. C C O C CC O C.

z



C -.

-2 ;

c c

-t-- - N. rV.-

11 wc -Z4 C4 CC CLCCnC64
CC tr Cl CC C

- CK~2CN C ~ N K~ .~NNN~~lt



IC.

CC 0000-

P - c Cc v~ C%

occocc

-N NO

z~ ~ ~ 'C c

a~ 2 cc -- sr v
do~~ ~ ~ .9 .9 'C aC NK9 L

N CC0tr



c z L; L a

c cm dd

4l N1r
a IL. 2r=

* m a L L

x x- =a -C
C z 4 atU

2 2 i-i.

I-~z z- . tz±

a ZC0 46 w
a aa,

C CCC&r 4e
CC all C

*o,, ---- - c ,3



CC

V. %r z. .a a .

4

C& 2

cL a

t t

4 a~z a z.

2 1 =Z~=I~ ,

~t. I,. I,
4 CL ff

V. r-

2 cc

9-so

a4o -ra



-4 r-L

o %LC
*r C-

m =1 NC1.

c M - f

2

%OC N 2

C C INN

a I- ' v.. Ia2 of

C 1 w IC I

- ---C-- -CI - - -

c c c.N o cu2 c c.c

C ID X W L
c 2L a, 2 c

c~ - aCII
cc 2 c c c c c



F

2

I-.
2

2 0

0 2
2

I-
c.~ I- 4
t~ 2 U
4 - -
2 C
C 2

4 I- I- C
1j~ U 2

C 4 2
I-

2 1~ 1-
C 4
c 2
C 2

- 4
2 2 2 -

C ~
- 1- I- C

U
2 4
4 2
2

a

2

* 2

2
I-

2 4 U
2 U C 4

e
2 I- 4

a
-~ 4 II

2 -- e~z I-
- 2 .C -&. 2 L~ I~
4 r~ ~C I.~± 2 2 2

~ 44 ~.4 ~ 4 2 =
* 4 2224 2 I- I- C
* tJ11 liii II - u 2 4
* 4 II 44C',II 4
* SIll 1. I..l - -.

II ~C 22 1111112 C
22 2 I. N I I-

~ 444w .- 211 U~4 C-N2 I
~ -. ~l 44 42 4444 II I II
4 ~22~ 2~4 .4 212~. I
~ ~lJA,~ lCli~4 ~Z ~ 4 I

t C 2 2 C - 1% - ~ ~ N 2 2 C - N £ N 2 2 C - N

C CCCCCCCCCCCCCCCCCCCCCCCCCCCOO
- CCCCCCCCCCCCCCCCCCCCCCCCCO

~.CC2 C..C -- 2212 C - 2
4 CCXC ~CC ~2 NNN C 2 N
7 CCCC ~CC -C CCCC C ~ C ~

C CC CCCC C C C C
C C

CCC CCC CCCC C C C -
CCC CC CCCC

2
I

N N
C

CI
4

(p

- - ~, "'~ - - - -



rj z

:;I. 4.

, uI cr

CE z

L, ,N .2 c

to x = U
W, -c u 2

C = tC

if it 4f # f 1

*t d

* - ) .C N

L2 LL.

a. 4. - 4

- A---- 
- - - -* 4 * 4 .4 IN

-- 444 44 KI

4C La c c,, N 0. c . a I

I A- ZC U~~ CC - CC

* ~ a x4 a x2 * 3 * 4 4 .
cU c c c 444
Coe V. 4 44



-N N -% N N N f- N N N N m f N N N N - N N

N~~~~~ c, 0 N N

Lr vNN v. v. v N 0N

~~~~~~~~~~~~~L V. v. V.2 '2 '2 ' '2 '2 '2 2 '2 '2 '2

N ~ ~ ~ ~ ~ ~ ~ v N, Nv
4 I~i~i* SilI*S8 lill lgU

C CCC CCCC~ CCC CC~C CCx.

4e

Sc c

c cz



- - - - - - - - - - - - N--N

Wi.hkawwhbWwWL iwtaLikw WcI.

m. m m .C

NM N

NN~r N NC NN I NN C% , NN N F-7- F

C z r. I I ISr V.ms II S I r 2r% r. vvv

C v.

- - -

cKc c c c c c c o c c c



9-

z

2

I-
4
U

C ~
* 4

- I-
C ~
C

~. -,

- ~

2
4
2

2

4

I I*-

* C
I-

'I
C-

-
L~ -4.
44

- ~cc
2 COO

Ii- 0
0

4- ~
a
~I

C

'C

C

I,



u

CC

C x.L
a. i -x-

2 4

C 6-

g, 2c - -

tr ~ ~ U - C c zcccc Ccc

cCC 6- c = 2

-. z c

0 cc cc cocccomo C



2

2

2

2 ~ 2
2 ~

- C
6*- 3 =

C
2

2 2
4 I- 2
- u: ~
e 2 ~

* - C
- L~ *-
C z
C 4 1.. 2
2 ~

- 2 L~ 2

I
4
2

2

I ii: z N 2
I Li: 2 +

4 .~ - -

- I. ~ 2

2 Li. r-~.. ~
- Li: * .U 4

- 2
* 2 2 2 Li:

2
- Ii:

2 -
-a

4 -~ 2
*.i: !.~

- 4 CC I
IC - L .. z -
IC 4

I- -
~ - 2

l~C a -
L2 -
42 Ii:

(S *~0-* * .

C

:~ NN~NNN~.NNNN
-z oCCcC~eoc=e

CCCCCC~CCOC

N ~-.- C

4 C~ 2
a - C

C C~ C
Li C NC C C

,~ .~. C I
I -~ 2 C

- -~t ~
~ ~ ~ a.

~
e * 4
C CC C C

A.

,4

- - -~-. - - -- - -*'. ~-'.
U -- ---



L16L

tr. a

z L I-- I-

C* c

CP(7 ~~q u a
C ~a = 4



or C a E; CL C

1.2 1. M. 1.21

2: V) 2 -2

-- M C

z0 w

29 22 2 2 22 2

24 U - 4 4 1 --
I.4 .. 52. 22.

le U0

I- 2 20 .. 2 20 - 2

N. N- f... f, - m0 N0 mNNe

-- i .t-5.

C~~~~~ =m 21 19. 1- 2- (22.

2~~- - 0-
It Cr

- 2 c 2.C C CC c

2L

11.2 0



cr w. =r hr

x.1 I- cc c I-

2.0a 2.0 20 2

z- c0 I -0 20 C-L
-r c

LO 2 o

=2 02 K 0 0 .- w z0

ML c00
-~~0 t2 m2 w.4 2. 0

fn t- I.- (r I- LO f1-

C~~ 2 2- ~ 2 2- h 1

7- a- -1 2. a w

ftm42 %r % - -

a

*~~~a a. C aa-*

~- 2 La I r-Aa-



t- 01

z- 2 I- i*- 2 I- 1-0

W L = -- LO

C I c I L 0. 

w.. I.0 E LC. I.L0 w..t
2 z

I~0 hL I-0. g.I-. 2 h0.

-~0 di 0 02 42 0 0

t0 cr - 2L L

:.. ;- .a. -- 6= a.

t1 =U c. 2 LL. 0U 2

22

40L -- v re

22c c

2C4

40 - 4 ;L a
0 2 : 4 - 2 4 4 1- 2 4 it

01 . 0 2 ~ Coz w 0



2 zc

cr. 10 ! 03 - w 3

-z cc c -c .C
CL LL2 CL W,2

30(- I- - I- 0. - cr t

k-0 C)3 3'- f30 I.- -

I- 02: u '0 0

2 N

a0- 0- a I- m t3 z 303- I L

-3- I- c I c- C -

c- - 4 &L. x-czac 4 a-C



I.P

cc- i- a- L. c. - m -

1.~ 3~tr. 3- LL

tc~~ ~ n, ;L .I

11 14. a

2 2

t.. w. .0 .0 .0z = = = =

C~ ~~~~ 3. -- 3 I-3-.

- - - -

x ,. c c.2 c. 2 cL

22 -

3a a- Q. 3- -

wL. N -. v N ; x t, - ;-
II.. 2. (p a a 4

-1 e Cw- *--w~ v-. ---



w. cc IX - I-xt

tr L2 Lr I. fr%2V

i- c m c - cc = 0: c-c

C = =K c c=t

U)- C 1

21? UU) I- 2W .L I- V)3.

> 2r

D c == c a .

40.2 .2 .. .'

2 2:r . L : .

r- - 3-

40 - - -- c-w



I- CL -c I-- cr -

1-r ir I-r020 I -

- M = =

gn I- ~ V. I- m I-

LL: Ui. - i.2 ,2.

a a

- -- - - - - - -0

7 m2 c 42a C 4l72 42 c 42 3 Q

-~ ~~~ 02 02 al .C

C 1- 1- -- I- 9-



!3 !i 2- z3 m W

QL 020 20

aU . CL~ -z 2ca .2

F- - 4 F- CL

z I aI x

LOz LOU LO3 LO

c2 z2 2 k.3..

* ~ ~ Z z. Z- .5 - 3- 0

2v v w v -- -& v

06~ 22

2g



I:

dc 4

2 v- 7 W-oi

-~u u

4r r u: u

a a a . a -r x-. 72 a l- x t- vx t

- - -- - -Z - - ----------. -

'r vx me e c 7 Ne '7 mr c4 4N 4r 7z 4v .' 4x a = m .

C = =0 .C = 44 c = = U Z

-~ C X -

2o F- cF - L, c f c c
£r 2c 20 - V - -- V-

... r r. r:~ . I

cI c F- c F- c C- c c- F



5-

U
4 ~

0

a
4 U~ 2
- C
- a -

4
~ C.: 4
4 ~ a

4 C
- a
C -

* I.. u -~
- .5. - -

C -.
C a -
* 4 2
2 4

.5- ~
2

4 1

-4
22 - -
~.4 ~f

I a -
2ia o -

0.5. 3 C'. -
u.s. . a
I..- .Z -. -

- U -
C: o-
2 1 -~ 0

-~ ?~0 L. .5.

-a ~- -

z
~ a

- ~

32 ~L aC ~.s.2 -
IC Cf.~ ~X 4ft.., -
I-.

.s.2

'4'-

I- ~

-a :CCCCCCCCCC
a C~C~C0CCCCC

32 ~ -
* C

4 2 -
2 -
?. 04 -~

-c ~ ..-
~..L.. %.s.

~2

a;~ --

- #4 44 44
CC CC CC

.5.

4

I,



I

- N N N N N N

2 2 2 2 2 2 2 2 2 2 2 2 2 2

- .~

- a U I I I I I * I I I I I I I I
- U -

- 2 .C ~ 2 2 C - N ~ .2 N 2 ~ C -
- 2 a - - - - N ~ N N - - - N N
C ~.. C Cd~ 1
e - ~ a ~ ~. L.Z (.s ~ ~ I~ a a a

* 2 2 U U U U U L- U U U U U U U U
- 3 -

2 4 - 2 2 2 2 2 2 ~ 2 2 2 2 2 2 2 2
- - a

-~ ~- 2 3 - - C ~ C C C C -
2 2 I a

C -~- 7
42 2 ~.2N.2 -
2C~ 2 22.22
~ ~..
C4 ~ I-p-I-I- '.~ C
2Z 2 'C'C'C4 - 'C
24 - 04440 a

2 ~I-I' 2 2
C LUUU C

12 '. 2C2.2 ~. 2

Ia - ,~ a
Ia 2 CCfI- ~

- C 2233
Cl a ~..CC 2

* - ~. 0000
-- ~I-I- ~ C C C C .~ - - C C C C C

2 4 22CC - 2 C C C C C ~ C C C C C C C C
2 =
3 3

I - ,' a
C - -

2C 2 'C 4
* 1 4 4 4 4 4 .2 4 'C 'C 4 4 4 4 4

2 1222 2 I- ~- I I- I- ~- I- I.' I- ~- I- I- I- I-
12 2211 2 'C 'C 4 4 4 40 'C 'C 'C 'C 'C 4 4 4
IC U V.Uu~U I- U C C C C C C C C C C C C C C
Ia a 'C
I 2

L~ 2 3
.4. .4. 2

I = 14. ~f.
C 2 3 1

'C~ 2 0 40
.2= -
UC ***-
42
a

- ~ ~f .0 ~*- 2 2 C- N - 4 ar .2
'f.2 7~~CCCCCCCCCC NN N N N N 4%
-- .rt.tLt3.2.21t.Lt.CC.2.2 .2 .2 .2 .2 .2 .2 .2 2.2 .2 .2 .2 .2 .2

2 CCCCCCCCCCCCCCCC C C C C C C C CC C C C C
2CCCCCCCCCCCCCCCC C C C C C C C CC C - C

12 .2.2.2.2
-- ~122
4 .2.2.22
2

CCCCCCCCCCCCCC CCCCCCCCCCCC
.CCCCCC---------CCCCCCCC

CCCCCCCCCCCCCCC CCCCCCCCCCCC
CCCCCCCCCCCCCCCC CCCCCCCCCCCC

4224 UCC-N4J.22242 UC~~ON4~2N444~J.r2~.rt .2222222
- 2222 2221212222222222 222222222212
N 4444 4444444444444*44 444444444444

CCCC CCCOCCCCCCCCCCCC CCCCCCCOCCCC

'C
a

It,

'3 ~-3-~--in4-w- W~S~ -- -



3r w

- 2 z

C

c c
c C

9 - -

v rq



IC I- I I I I

4 0 - N4
z C

Cc c.-

o -.: ~ C.: .: . C.: C.J .: :. C. .

Z' Z Z E s 2

z2 1

Ia

2-m --- lmo- - C C C C C C



W Z .

N N N N

€ - -

2

4T

- a a

C

* - N

.- N N = N

C

o ,

Iz

ax ggg~~g

a...

aL



39a

ax -l C

I 6 3 I I

a- a za zxc c7 a a , a
4E E t x c- c 't a- av -L 4 f 4 a

S aoml LW I U I I I



III

aa

IIr

tr.
CC

I- 4. LIu L

tr I Q ev It.

CC c x .

2. c c - - - - - - - -- --

Z S S- 6- - - - - -- C

W6 . - U 2 .3 6

C U - 2 6. U ~ _6 . I a .. I



IW

z I

u ! ! 2 w = c
>j a u c 0

6: X L t

- ~ c -c 2.

2 r C -- f-m
*: z2 a M. V. . -

I . -2 CCC U

L. L.. A. X 0

a~~~ be -c - . . 2-

a2 '

CA:C cc-c t 'C2 CUC CCC

r - c - C I2

C~~ ~ v 1. 24 Ux

z 2 2- 22 -v t2 24 A c~ Lc 2
22 ;.C 2. ta 2C aE C V ~ m *

2~ L.

4c cc c C~



4z

40 2cc

cc Z z ~2

Lr a x- -t L. a 3

2L-

tr tr c

c. z = t)c' = = c4r

cc 7. X ~ 6. 2r x06
V~~~. vvv wv ! v w v vw v c *

c c ~ occc cc 2 2 2c



!: C

72 C
CC I- I-I e 0 1At

2 t1. =N, "
V . C. 1. A.: C

C l' I- - .: k45-- -

~~ 2r r- z 0 . - 45

If 4 N 2 2 2 2 0 w2
IIf V. V4 L .

4 2 C..2 C 5- 4 If LAA 2 . L
-~~ =c x - N ii C x

2 a X 2 .. a .4 x a m -Z C

-L 2l .1 x ~ x

4r - > = 4r 2n 2r 2. 2 . . M~ Cr a a. 2 r

M 2 Z r x

7 CCL
4Z V

c m2 LX a
- N

- - ". -

at ap a a32

- N 5 5- 2Z - 5 5;z

C ~ ~ ~ wpm STM W4 . - 4 2.



5I.

C -C c

a it C 2c = aL

C c -

-e. C CC I.4

it z a:
z-.

-C W a 5
4 -- AS a U i. 4 I a C ~ Z C 55
- C - L~CCS ~ CC ~ it

C .Z CCC - ~ a a e-
*~~l K. a - ccsa

trU t-rT i KC- -C 7 - 2 o -r Cf. V:

I a x tI -n4

L CL

II

C4 a

a X VI
N N r-

Nr N N. Uw
q.. It .. qr qv w -W 4

cc - c c -cc c ccc occ *



z

12; ds

.2 2t m a .

z A if N L. 2 -I- w W - LC

C~ c0 0 .

'r X a. x 2- T.

2r .. Lc 4- = -Z- a
;E2 t ~ A .. a of. it it

I.U 2 2

22 L .2 ..

022~~ ~c x . IN *

4 I*22 . 2 L.C 2 *. 2 3- - x
- 24 A I t~~ 2 2 2 2w

-... ~. a.= 2
L. L2 I. t2- > .mIi 1,1 C, " f I 2 L

- -C. --I -t - 3 --- - - -- -3. - 2 3-I- -

---- - AC -~C - II - i e rd , e m

CU c t- z-3-

N f Ua 2 e 2, 2l N m NI

X =2 I - CL C X2 .
f d, 3-N k3. Nr 4 c c

IL~ -v4 4 2 2
.. I- c- NU T



C -r

c a

m X

Q. z

Ca C C - z

z a

c 2c

a -l

a a c-



I-x

A 0-
L7C K

:z It =

- ~ ~ t L I2 I

- C-I6r C

44
2 c cc



U-

I-
2

2

2
a

4 4

- - 2
a - - -

- 222
C

I- ~-

= L CCC
2 - 444

- 4 a

4
2

DCC

IC -~ 4
12 2
IL C
I~ 2 - z

2 - - -

- 222

- I
- .~ ~'-~z

2 222
XC -

2
4 Z - - - -

I ~
- 2 CC C ~

C
- 121

I a
IL -. -

I -
a - tt. 2

- *0 o~ **S*~ *4

- -

* -

XCI

444

* -- 4 4tt

'p
e- in---



I
I
I

I-
2 2

2
.NNC.

2 2

- ± 2±22±2±2

z

7

2

a
* -

Ox
22222222

7-

*C 22.. 22222222
ZZ

Z .. :..:
2 ~ ..

C~- 2
~ 2±222222 -.

SJ~ ~ 22~2r.2
- 2a

2 ~' 2
C-

*

I
C

II -- 2~~ ~JZJPJ

\...X 2tLI
C4CCC 4*22122±

**~ qw~wqqq'.

U
4

I
- ~ -- - - ---- - -.. ~- ~--'.-. -~-- ~,- -~ ----.--- ~-- -- ________ - -. -



zr i,

aLa

14- tr

z 0a

lk a-N N4 -C ca

44



I9

I

t

!

* C

* -~ . .. a-o.ao-a °a

I I I I I I I I

I U I I I

I! C I-
* - a a a

-



cr c I-

f- c c L g

V.3 t I- t *r_

2 1* -

tr. 2 1t1 r

It xt- ~ L, L x

- -. -e 3- -- - -Z -- - - - -~ - 2

* ~~~ -- -- - - -.. - 2- -.
- z-~ z c *2 c 42 z c = c C,. ccc

'- -2- - ---- -C..- -2

4 c* . - 0 - 3

t- L , . L -

z c3 LI* c2 -c -c* 1*2,. 2. 3.

2ww . a



.z z

_z z

at z

tr~
22

7a 2

r.. x -9-a. f

o- e, a c, xf

cc c~. - c o cU occ.c c

-g2 =



CmC

-c-

- z

14 C

tz Lf. t -rtu

I- z
za x a

- -- - - -

14I



i p

I
I
I
I

II- -

4z

C oo

C

Cq



p

a a a a I I
a ~ a a a I I I
* ~r. I I I I I I
a p a a a a a
a a a a a a a
a a a a a I a
a ~ a a a a a a
a a i a a a a

.~ a a a a a a aa- a a a a a a a
~. a a- a - a a I B

- a ~ a ~ a - a I a
a a ~ a z a c a a
a a a a a a

z a a ~ a ~ a a a a
- - a ~ a a a a a a
C 2 - a a i a a a a
c z a a a a a a a

a - a a a a a
a ~. a a a a a a
a a a a a
a = e I I I B I

E a L.. a a a a a a
a a a a a a

4 2 a z a a a a a a

a- a ~ a a a a a
-~ a a a a a a

a ~ a a a I a a
a c B B a a aa a a a a a a
a a a a a a a

a u~ a a- a a a a a a
... a ~' a a a a a
a- a a a a a a a
~- a a a ~ a a a a
: a a a u~ I 4 I I I

c, r a z a a ~ a ~ a a a
24 - a a- a ~ a ~ a ~ a a

a a ~ a a a C a a
-~ a ~ a a ~ a ~ a a a

a- a a a a a a a
£ a - a a a a a a

2~ - a 2 a a a a a a
-~ a - a a a a a a

a a a a a a a
a ~ a a p a a a
a a a a a a a a-

4a- ~ a- a a a a a a a
a a a a a a a -.

a aC B a I I I a a -
2 -*-*-*-*-*-.-*-*--.-*-*-*-.-*-*-.-*-**--*-**~

a a a a a a
a. - a a a a a a

C ~ a a a a a a a
2 a £ C a C a - I N B - I ~ B J I

4 3 a a a a S a
U 4
4C 2

4-;

*~* ~ £ ££ £ ££££ L~-
- ~
-E

c~ CCCCCCCZCCCCCCCCCCCC C CCCCCCC

24

4
2

4

I-
- ~ - - - ~IWT~ - ____ - - -

E -



II

z z

z

-" C x x 2 2 2

-~~ -Tg.a

V. -0 'a S- 'a a

-a - 1 a 0 -mL

CLCZ 7. 2 '

44 r U -Z 22 .Z C 'as C C.
L4 CI Z, . -2 -U - 2 - - ------

4 1I 0-S 'a -M "Y

Cl~~ ZII E'

p-SuCo Coe cc 4 2 U ~ I



p

I

4

2

2

I -

2
2

4 I-

C

* 2
- ~- C ~-
C 4
* II
2

~*. ;*.

£
4

2 2
2 -

4 e-~
U: -z -

2 -~ 4
g4 4-

2
CE ~4 2
24 44 26
2C 4

* .2
r. £4N

.2 221 2.22
IC

2
22 2 2 2 2
4~ 2 - 2 2

~ -~
*U~ ICa :-Z

I-.
I-

C C
2 4 4

.2 4 4
'. 4 4
4C 2 2
2~ 2
L~ I * *2

C~: N~NN~~-~

-E -
CCCCCCCCCC

* 22 2 C
2 C2 C -
4 22 £
24 q4 C 4
~4 4C C4 -

4 rr,.- 5f4
I LC- C4C ..

C

Q2~ 0
- 222 222 2
a ccc :±e -
4 #44 444 4

ccc ccc c

4
a-

Ep

V.- ~ -- - -.



C.--

I -. " I I e I I l a

I a B I I
4 ~ a- a a a a



z :r

141

X I- -

v zI- x Ya a 0

22Cc c c- K c~ c c C

4C1m ma



p

I
I
I
I
I

B - I 2 B B B I
2 B 2 I h I B I I B

B U~ B B B I I B
B I B I
B B B I B I
* ~ * B- I B B I
I *~ I 2 I I I B B
I -~ B ~. B I B I I

2 I ~.. I C B I I B B
I- B I I B B B I

- 2 B B- B B B B B B
- 2 B ~ B 2 I B B B B

B - B ~ B B B I B
* 2 I- I - B B B B B B

B I ~ B I B B B
V B 2 B ~ B 2 B B B B

e~. - B B ~ B . B B 2 B B
2 B B B - I B B B

~ B- B - B 2 B ~ B B B- B
22 ~ B B B - I B ~ B I

- 2 B 2 B I ~ B :.. B - B B
B B ... B 2 B I t2 I

-. - B B ~- B . B 3. B ... B B
1 B- B B 2 B C I B- B 2 B I

- V. B C I I - I B B B- B
2 B- I ~ I B * . * 2 B =

B B B B I - B B
2 B 2 B B C B 2 I B- B ~ B

2 B ~ I I 2 B ~, B 2 B B
B- I I I ~ B U~ B ~ B B

2 I B B ~ B B I- B
B... V~ I - B B B B ~ B I

V B B B B B B
B .~ B- B I B B B B B
BC t 3. B 2 B I B B B B

B- C 3 2 B I B I B B B
... 2 2 B C B B B B B

B- ~ B B- B I B B B B
0 - B B - B B B B B

- B 2 B I B B B B
- - B B B B B B B

B !-. B B B B B B
22 - B 2 B B B B B

- I - I B B I B B
B C B B B B B B

2... - B I B B B B B
B B B B B B I B-

~B- 2 B- B B B B B B B
B B I B B B B

3 B B I B B B B
2

* I B B B B B B
a~. I B B I B B B

- 2 B B B I B B B
2 ~ 2 C B 2 B - I C\ I B * I ~ B

3 B B B B B B I
- IL
~C 3
gB-
Li - 3 * 3 * 3 3 3 * * 3 * 3 3 3 3 3 3 3 * S 3 4 3 3 4 3

---------------------------------

0220------CC-------

-x

------------------------------------------------------------------------------------------------

23.
:2

I
I

U -- **s-3*~* m-,--.-~,-*-.~ -- .--- *.



AD-A(191 b63 GTE PRODUCTS CORP NEEDHAM HEIGHTS MA COMMUNICATION S-ETC F/G 5/8
SPEECH OPTIMIZATION AT 9600 BITS/SECOND. VOLUME 2. REAL TIME SO--ETC(L)
S EP 80 A J GOLDBERG, L COSELL, S KWON DCAOO-78--0069

UNCLASSIFIE NL

I III""'
III11111111ll

Eu.. IIII



CL

V ;~

wi: ul w

-L I:z- LC C+:
x .- 4 x u ~ f N

xt - -0
I V.. v -r oc 31
o - ~ 6 I-

-C 26 ft * 021-3

fti atft~

4 a mV lo-I ft c I& L.

CL; cz . ~ t (

C0 :~ :.6 :. : :: : : -f :-

Z c I- C

4:: 42- 1w:

0 ~- VL6 -'



t.. t

16-

U24

2 1 1 tr Lr1:1,E
z Cs =~ w -N

I- CC a 9L1

- CL4 I- -x- . :k

x M - ~ - i- tow :

L4 m!r I- w 4 2I
4 2 -c24 .

2r I- U ~ 3- L, 3- z ~

2 2 - 43- 9L

L2 - ; -2 L .- LL44 L.:

C- 0. t tr c%0n2zLm

2.04 :102 .24 2 2 3 0 n.
2C 2. trZ~ CL 04

64~ 'A I IL42 2 2 - 4. .

6 Ir c 0 .

Z - C- - CCmm C 0, 2, 2, (3 270

- ----- - - -23 -2- -- - -

dlI 2 4 I L
02 = 3 - 422 2de

V 2. -2 ~ 4t~L. ? 0.-r

- ~ ... 4- 2 UI- I.000 CC
4 2 .- U 223- 4 t

dc2 4 3 4 0 3



Z

F-

I- ;
2. 01.

C~~~ =) U)2

2I - !- 2 c
- 0~I.cc t- a) 2-

C K 4

c Ln I.- v 2w I- ccC
2 L - wz C V

CL I- U 21 r-U Ld w c-
L.: V. IL1 1 2 -1- ~ ~ F -. 1))C ~ .- 2 ) L

- cU Cr CL) f-.h. 0- 1

- !L = K 2 - c21-

c w- cr mC C4K-. L.

2 - 4r tr i1- z I I.- -E

1 - Co - C 2 )1- 4 Er W.02C :a:-

z IL: = .~ ,1 c C 2O
2 ~ ~ ~ ~~~~~L - z ~11 -- UUU -X S U

c =tE = r x6 4

Q, Ix (Li CK C- 2U)

EZ- -L 0Ux II Q42 im r

1-1t . CL2 22ii. -

CN N2 C'C 2N -NNN C, C2 U- W I"' "II-

N-2- N i C

2 U)1 ~ .. 1--w -'n wC - N - It- 2



K

z. -C r

a4 f2
=1 t.

2: N

I z4 x L

ir~ - - - - - -

C21 > C = -- =4 Z > -aI= -

2~~ ~~ cL 2 z 6 9

- --F -~0 - ----- - --I ~ - -- - ~ --

7 I c% - c - v ~ - - -

I. cz~ c c = ;. =xC..~
6. 'U 22 L c c 2L.. U

4U1. ccU 21U

2~ ~~~~~ c~* c - 2 -,9 K ~ 9

cI c~~~: .- c -c o co

- x, z1 ~ K K U 4 UU K



K

I

K

U

K
- C

I--
-I-

N --
- K
N

C f-~
* a -

- U:... ~-3r
C ;..... ~
C ;..= ~ I.. ~
C =~ Z... -

CI
K I-i- C~

~..
- CC P.1

I

KZ

Z3- C
3= 3

3 ~ a a
I.. -~

3= a*
C: - ZN

I u~ ~~
IC

K 3- *
C- CL --
K .-- 3± I -~

C

II 2

3
z

a: ~ -

a 3 I~ 2 L
a :~z::~~ -. -~

I: .1~ .~
C .~ -. C
L C

~r. :
I t~

N I N

.t £ K ~ - N ~ r C N K ~ C

CC

- CCCCCCCCCCCCCC

I: CJ~ a Caa- -~ ..
- as -.
2 ~ -.
V. CL£KNC C£KC

- C C a C- £ C C - I
.aN~tNC

- a~s.a
~

CCCCC:C CCCc

C

.- --a *~ --



2z

4

2

2E

-- 2

zC

"- - ==-

4 -

- j
4I



2
4

2 I - S U I I ~ I
I 2 I I I I I 2 S
I U. U 1 I I I i. I

2 I - I I I I I 1 I
* ..- I I C I I I C, I
I I I - I I I 2 I

2 I 4 I I I I I 4 I
2 I I I 2 I 0 I I 2 I
4 ~ I L~ I I ~ I - I I 4 I

U I I 2 I h. I I I 2 I
4 1- .- ~. I I I
- 2 I V~ I 2 I 2 I 4~ I I ~ I
o t. I I I 2 2 I I L) I

* - ~- I . I 2 I I 2 I I C I
- 2 I I 2 I - I 4 I I .
02 - ~ I 2 I I 4 U 2 I I U I
24 I 2 I 2 I U I U I I

2 2 I - 4 6 - I I I ~ I
e2 K I I- I 2. I L~ I I I
2 - I U I 4 I 2 I I I *

2 1 2 I I I I U U I
3 I 2 I I I I ~ I -

- I - I -. I I I 2 I 2 I
2~ 4 = I I I I I I ~ I
42 2 ~. I 2 I I I I 4 I
22 4
24 1 I 4 I I I I I
2~r. ..~ 4 I I I I I 2 I I
2 2 1 I 2 I I I I ~ I I
22 I- 2 I U' I I I I ~ I

- I ~. I £ I I 2 I I
- I I I - I I 2 I ~ I

IL.. I/ I I- I I . I I 2 I 2 I
* - -~ - I I I I I U I 2 I
1. U 2 ~- I . I I 2 I - I I K I
12 2 2 ~ I 2 I I .~ I - I I I

3 2 3 2 I I I ~ a i e z
2- 2 I 2 I I ~ I I I 2 I
2~P. U- I- I 1- I I 2 I I I

- - .~. I g ~ I 2 I z I I I-
-1 ~ I 2 I I I 2 I I I

4 .2 I I I .. I 4 I I L~ I
I I... I I 4 I 2 I I I

- I 2 I I U I U I I 2
- I - I I - I I I 2

* 2 I I I I I U I
I 2 I I 2 I I I 4 I

I * I
4 - I I I I I I I

4 I I I I I I I
I I I I I I I I
2
2 I I I I I I I

2 I I I I I I
2 4 2 I I I I I I I

2 2 I 2 I - I ~ I I ~ I ~ I
U 3 I I I I I I I

............... * 3. 3~ .................. * * 3 *

£42~ £22 24 £2222222442£22242CC22£2224.r2

- ~222222 2222020002202222222022220222022

2

23

4
2

..- -- ~-U ----



2 W.aLeL

2 7 C 1-2
C C~ 42a --

m V L-L L

,; Cf : z M. - 7 i

C -S 2r 2 f rt
LL L-. C 

-C C R ~i. Z F- 2
4~~~L z,~2~4

-X. C4 7r 4 0~

1Ex2 tr1
m4I. 4 4E3 N 2 w C x2 1- 0 w2

- x~1 I. 3E. x-C 2 It~.4

t- -r XC C 0 Z

V. tr C 
L. 4 - . -

22~- IV 2 .
4 x ' ~ 4 2

2~ ; .-. 1 - 1 I 1 - 1 1 z 2 - . 1- - -
2!~ c v. w U U V 4 V V 2

c c



2 EcL

w =

2r N

4 1- M.t C4L

U~ tr x, . a. 2 2
x ~ c CL CL c z

2LL~ x a = L)

CzIf 2E 24

4.2. 24 a.CI -- -. -

> > C V. >- 2 - -2.. ~
X Z, V. V . 2 V. x~ X0 t. 4, Q I x 2 f

C ~~..----- ----------2 u 2 0 . -C --- -

a. t2 .

c c c c c c c ct c



3.-9

= U V:.2 I -.: = - :

- - CoI Z L

-. (2 f- w2

IrZI 0 2 J c. 2

1.- ~ ~ t 4C3.A12. i * a.

xc x... a-2 x x ~ x4 I- 4

-1 0 4 C 4 = :. ,

- - - - I - - - - - - - - - -- -2 -- - - - - -

- -I.. - 0 - I- - - --- -f - - - - - :. -U - - -

-l e

Z 2 N*



z L.4

cU

2N

3i

Cix

:2La L

tr V

- -22 --1 -

-~ ax

ZZ -- = Ez2Xaal- - CC C

3 Iz
a LL

c ~ ~ ~ ~ ~ 0~ 044 cc ccc l



CL I

II

44

it - 11 :w LC L-1

c LI ad 4. L;f

C7 x

1. V. 4 z 4

- - - - - - - - - - - --- - -- - - -

x x X.. x x x x

-7 - - -

Z = £44: = = c
I-; E4 C I S7:

cc c Z, c
J, 7c ma aU Z

c c a c a c- c 'o
J, z I7. mz 4tZ

C.~ c cc

4t KW a 9 -- 74 -4



--

zz

<

- --- --- --- - - -

C C- tC

L- S--



awa

r- tr tr

P- - -

I w ; L
4r tr tr -c LO .1w 0-

-~~~2 x 4 2C2 (

2~ X

C, c.. a. - c-v
-.. -2 - -

- - - C - - - - - -- - 1- Z - - - - -

2~~ c c IC 2 CC.I I

- 2 c4 4 C

4= N v -C L. 4 't Z4

- C c.01 2 ~ c 4 c c.L =

4 osL 221 l C C
- IC -2 C 4 Cl 22. -4 l 124c=



I

2
F-

2

.2

I'2 -
- It

-- F- ~Z

L. Va 2:2 (..2 a2 21- L~
I.. 2
Sr. C

2

F- 2
- 2:

* 2: 2~. .1..
C
F-o It C

- - F- F-C2fL~
2 - '2
2 a 2

27

2

24

2
52 -
I 2: -
IC F-

-- 2
2 . 2:

- - 2 --
* - - NCZZI I

2 2
2

2 F-C 2 2222222 2:
VF-F-~ F-F-F-F-

2422222 2

2: F-

22:

2: ~~
2

C2
7

C~~:C.. 2

,~? ~7?777?777 7
~2 -CC~ C

I -

2 C -CC

Sr. C Cz ~'ZCCa.aaa

c::: C a~ I.. a

2~. a ~
£2 £ -

- .~. a
2 * ?4 C CCCCCCC.,

cc C CCCCCCCC

Ca a:
a - - - N

2:

-t
I

C - * --

~1

I



I I

II

f2

II I

f,. .eeeee 1 e 4 a e a eeee ae e

/. I - I .itI 
I . S III 2 

J



F- c t2c 1

x < 2. -K i. 2r ;L

2~ z I.. z '.

w. Lj. I- n. a NVc.-C . a.

a: X z C L f 2 2 -

4. VL- 4. 1-. zV w,

t a. LL -C =C 32 E Cz ,
v . 2£. 0 aC -rz xv

c 12 22 Cs-r -~2 I 2 C - C~ c

C~ Z F- L,2 CC t2CC ~ r
-- I -- V.~ V C C~C~ C C C .

a2 C C 2 t r C - £ 2 C .- z I- - 4

I C

z Z- Z Lr z. v. Z-C ~ . 2

4r a. -4 C4 (5. (

I c,

V2 2 a2C 1 2 2 C C2. 2 2
4~ ±- 2 -- 2 m22 a C m ~ C2 - 2 27

IC V.

4- 4



4. L

2 Li F
0- c- L2 EiV 2L

a.2 2 V., z. Q2.-E

to -C. =2-F

z. U .L- CL C Z

- ; - - - - -- - - -

.. CE .2 C% N C%2- C r
z 1- 2L l.. c c- cC

44 C 0. I

c. 2. c.2 *.. II c c c c c c c



C C.

C. a. LL C. LL w . C C .

L2 L6 C C-. -

I f 2

~ KL. a.

tr -Z C. Lr E. < E. r- 4E 4 2 0

- - -. - - --

II 4 -C

- -. -. -- - -~ -- -22 C C C 2 Z 2 2

- - - - - - - - -2 2 - -= 2 2 -2

*~ c C.* I a~

-~ ~~ - - -. -.. C. -2 -2 - - -2 - -2-

C c K c4 c = c c c c c c c cc

2 ~ ~~ c c C. C' c C. 4

C C ~ Lf Cr C. X~ X.

C. 4a .~ .. . .-.- I.-.

1 a 4 4 4 44 4 4 44 4 4 4



c3

CL CL a- 3 - . 3 . 0. 2. a. 3

-Z C -C z z C

4~ Z 2- Z 2

K K u L. I K . 2 K

C7 -C C
- - - - >- - - 1- tr V. I-

C7 2 2 2 2 7 2 2

1.. . 4

- - - - - - - - - - - --- - -U - C - - - -' -C

-a - - - - -

- -- - -.. - - - -

C N V x 4 L. 2 N V C
-f ZK.CEC~ C = -f- f: Ef

- C-(. c cc *co C ~O = = C =



a z x x x x x z 2

2 C 2 Z Z(

CL~ LI: ..

L. 6. C . C . L. L; 2 C
ECC

F- I- F- -I- . I- I -- 1 i- F -Lntr x .

Z z x x Z. 2 2,Z .KC.

U I. C C C-1 C
I - - - - - - - C -- - - -

I-21

- -- - - - - - - - - - - - C

2 i-K ..Z 27 -

C & 4 4 2 .V
2 i -It t~x 2L L x T z IC W tZ.

c 2 2 c 2 2 2 c c.C .. c -



I

2

'I

I--:

'Ca
;a.

II

V.
I&2

2
L

-2

a
42

4
- 44
C U2

* 'CL'

C 2W
o
C U-
e
2 8-2

2-
a -~

r
CU
Zr

a:.
as

'C
I -
I~ I
Ia
82 -

2 I
ZC -
ax -
?L. I

£ --
-- II

a:.

C~ CC

I'C CC
I ZZ
I:.
II-

2
aC

4
2

a a

aaa..

44444

£ ttJ4
CC



I

a -~ a a a a a a
a ~ I a a a a

a a ~ a a a a a a
a a a I a S I
a a a a a a a
a e a a a a aa ~ a a a a a a
a a a a a a a

- C * a~. a a I I a a
L C i- a a a a a a

- a ~- a a- a a a a a
- a a ~ a a ~ a a a
o a a a a - a a ac a a a a a a

* a- a a a - a a a a
- . ~ a- a a a S a a a

a z a a a a a a
- a a a a a a a

a a a- a a a - a a a a i a
- a a- a a a a a a

a- a. - , u a a a a a
a- z I 2 a I S I I U

z a = a a a a a a
a- a a. a a a a a

K E I a a a a
~ a a a a a a a a a
a

- a- a ~ a a a a a a
4 I a I a a a

* K a a a a a a a a
a a a a a a a a

a - a a a a a a
a I a a a a a a

a a- a a I a a a
- a ~ a a a a a a
- - a a a I I I a

a- a a a a a a a
2 3 a a a a a a a a

a a ~ a a a a a
a- a a.- a N a a a a a

- - -. a a N a a a a a a a a a
-~ a- - a a a a a- a a a

- a .. a a I a a I
a a- a a a a a

K - - I a a I a a a a
4 a - a a a a a a
a- a a a a a a a

a a a a a
a a a a a a a

it a- a a a a a a a
a- 4 I a a a a a a
-. 3 a a a a a a a

a.. . Z a
a a a a a a a

- I a a a a a a
.~ a a a a a a a

- a a a - I N a - a ~ a .r. a
* 3 a a a a a a a

.a- 4

............. 3.....* te**** *3*34*343*3*33

~4 £K! -Ne? ~~-KC~ -'~f~~2a a
-------------------------- NNNNNNNNNN

------------- NNNNNNNNNNNNNNNNNNNN
N N N N N -' N N N N N -' N N N N N N N N N N N N N N N N N N N N N N N N N

3:
z2 -

7

4

I

U - - - ~ - ___________________



4 Lr

2 
2

-~~ z z - 4

cc -- f.; F-2- a- zI-~-
- TA a r.-

-4 L.. UC - = L~ . 2 2=
u ~ ~ ~ ~ t tr. CI: ~4 4 0 1

-~ . z. CI 4 2 - 22c
- ~ f ,. -1 in w.. tc . . r

# tr. 2 .4r C .

.- 2 .. . . . . .. ..

- -4 - - -0 - - - .- - - - - - - - - - -

a C

1-2 r r L - ,

c c2 22 =00c



- -

F2- Nxx a

Cc cr .

t- x N r K . 2-

x-L. z . r Lr x-2 t C r

Y 9- x2 x. 2 - I. r l z .Y x-r

.z z a z z ... k L aI.I

- -- - - - -- - - i--i - - ~ .- - - - - - -

a- -a -2 -9 - - -- -=

f x.. .4 U r 'r x

c - c



Ir.

4- 4

-m-

z zz, 14

. . .D . ...

;Z 7Z

fz Z,2 ZZ ,

4c c

I~ 7~

c : scc a

c

- I



- r . T- I Er

V. 24 3. 4

a L. -r

V. Z x L V. 4

2 -- CC- - - - - - - - - -~

7 7

c 2- c

c c 4



I M-

It

4Z V.t- t

I It

4

- -4 -- - - -

Z. Z- Z

C = CCccC- - c-
- - ~2V -

- - -

C c c

c-

r
C V. C

a. m w Jll, .a



K

2

4

4 2
a

C 4

C
c-i

4
= L

K
4
2

2

C
2

K

SI
2 2 a -

4 2 =
a - 0

* * Z a -
I ..~ K 2
I 2 I~ a
* a

2 2
c-~ -.

* .4.4= =4
4

a CCCC~CC

Ia 4

J.

KU~

2

C

4
S

J.
I- S

*
U
4
0.

- I
I

p
V.. -. - -u---- ~ I -



c c

c
;Z ; ;

-Ycco
I

- - - - - -- - - - - - - - - -

z C C C-C

V.V .Z .w 44c V .L

V. E. V.V. V N r 7 2 1-



x N

f C

7 C

C COC

-~~ ~ ~ = i z;

V, z

il~ ~ ~ 2r V.4 V rV -V
x x aC T -uL .C. t - 4 v - C



N f C V; ;c M77

C C CCC C C C

r - -' -' --
- - - - - - - - :- -

c =0 0 C;C=c-==== = c= = :c : : c 0

NN N

23 £rNNN
I~ a--- r- V



C N

N: 07

Nc ICqr x.

cc -c C

42 Z Z C

- -N -- - - --- C

-- ------C - ~ 0 =

C C f f c .4

- - -C - - C --

-C - - - C 

Vx 0C 0. NO N2J NOM ON

-N - - -C - - .-C

'go- C



c *f -- 0 c 0

-C

;zC CCC

2;

-4 - - -* - - z. - -- ----

C -

I~~ a, X? ~



0**-

- N 2

=c C

C

~~20
- - - N
CCCC

2 N ~ 0
4 ~NCJ~

- N 2 C
C - - - N

CCCC

C

C
C~CN

K CKC
- - - N

K
4a NN g'

KNC2 C
J~-Z2 -~a -
CCC -

* N -
I KNCN C
I * t~KK -,

N C...-.- -C CCCC C Ia - -----

CC-. N -'
K N -- N C~ - -

CCC- -x - ----- -

C - -
N .rtx- j~ - eI N N 7?- 4~ ~ CI N ~ K N K

I C C C -
I C. C. CCCC C C 2

C NNK2 ?NN~f~NCC ~
~ N-.-N X~C~~NZ N~ee ~

CCCC CNC.C-.-..
C CCCC CCCCCCCCCCC ~

K
- -

* -- ~~.CCCC.L.2NNcC~ C
-~ CCCCC~...
-~ CZC CCCCCCCCCCC.CC

C~ NKCq~~4~rs
~ .ZCKJKZ .. X~ Q

aa - *...tCC -
- CZCCCCCCC

aa

V. ~ Z
12 *. -

- I-~ 1-. C *1 -
K

* ~ CC~t.V~ ~- U~Lr~-I-~.I.I-3 UKEJE 2

IU - -~ ------ ,-- ---. - -- - - -.-------



U

C

K

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

a

a

4 1-.I F- a 4
-~ 4 a

2 ~
4 - -

a 44
33 -~ I

.d~ 2 --
4 4 a.

- l.a
a -a. - -a 22

* a.~

a. 44 c.a
a>

a ~
a --- a.

a z~.z -a.

* a.I~t 4~a.
N - *~4a
-~ - - aZ4 4ZZ4U~4~2
- ZNI U 44~- i-i.'.:
a. a ~ - aav. ~

a

4 ~rax...2 Wa. ~zaI4eaa
a F- ZZ~-

2 44

- 22 a. Ia
S CCa.~ La.

~ ala> > V.

a. s -. ~~ta

- a.a.Z-aaIKaa. Ill 1a.a.a..

4 2......aF-ZZa2L.alU K Z

4
a. a a 4

a

~ *a
4 4

~ I-
,--a C.

I
-, - -~



J. 4

z 4 21v

M f

z- IS L- z .. - -. -Z -4



mF-

M ~ ~ sti .IF I(

Ln
- .. L z

to Ll.. v 4

L163 I -F
x.. 4

C. -Z ~ WLI
11 11 I 1..0 1 t ci

A.I-
I2~~I VF'~ II.aF ,I

2 4 x aI ;L ar

z c a c c-c I

------ - - - - - - - S Z Z Z Z

*~~~~~ C C 4 4 ~ . U

S SE



)

2

I
2

- .2

N 2

.2
a - x
N a 4 2

- I -

* .- a
- - a C -

I N S fl.

- I-

- 24 -
a:

jai- ~a~--
- .1 V. -.

- *NQ~fl .NCOO

Z -N V-2I~ ~2I2
I . -- Nil ~ ~

z ...
.2 .. '- aa 4aaa .2aaa
I- -

2 ... * I-
4Z ..... .244 44~ a

a: L. a 4
I-~ i- X

NN
a~ V II

22
4-
a 4~2?Z-N~1~~,-2!N

CC~ZCZZCCCCC
a:
.4 ZC~ZZ:::CC:C:C:eC:eC

a

C - C.r~ e.,~ -
I-a. ZC C.~C

ecec c:C: c

444 444
- - C C
CCC CCC

4

a

p

- - - Zr - .-.-.----- - - J



Ic V:

Ira

LC ar t-

11 It

;A:-

2 < ~ a u -- V rc

,ir~z x .

z av a~r az

7 - - - -
c c. E- -Z tZ. - - - Z - -- -

- r-. - - -- - - - - - - - - - - - - - - - - - -

c c c 7~ c c~ c c aa



IrI

tr v r . . .t r t

.mt.

>. => =S = s . C = z z x
-L 2v. I L 2 x - z zL

- - - - - .-S -S -SI -I -I -fI - - - - - - - - -s

X C -LS c c

c c V c c*VCC C *v-- C CV cv cv c



1-

L 4 F-

C.L +i.

z 14 z r -2
7 7 7 7 - X2 all

a L xL - m 7(2.

4 V.-7 - 4 .2,

4 Zzz 2 * .

C C - - - - --

- - - --- - - - -f -- -2 -- -4~ - - - -

1 1 02 04.

to C: I 4 4

*N c c .2 4 C

sm.7 444 7



z

3

3 N . tfr i i .
2 - 39 Lf: .i-

- Vt. cdu

2~ ~ 31 Z Z~2 C

3~t Ld CL:4i-L. 4'2 tr C

it 2.4 -C c . C 3-t2
v'20 z. U 2 ~ 4 . 4

Ill f . 2 2 2 22 2 2

LC -- tr L... LC*r 2 1vif1 2 1 d

It, x

-to -3 3i-t w -
-44~~ ~ 3--

*td: 4I. f%2 2
4t to .

k 42 h x a.V

IC - m tot to. x z x z3

- Z * m dt a ft w 4 L.. w X
-- ~ ~ ~ ~ L. * 2 L~" Lt

- - -- -~ - - 2 2 T1 j- X. 1' x .c

- - -. : -1 2 2 Z 2 2 - - - - - - - - - - -: - - - - - - -2 - - -

x .2 = x

*L4. 4 : L2L c : I!: :

cc N V.24.2

3..~1 -a. C



3

C
2

~' 2 2 2
4 4 4

~ 2
~ ~-.

2 2 2

I- *- I-2 v~ J

- to to
I - -

I . . .
N to to to
... J- 2

2 2 Z
C 'C C

1 . I
to to to

2 2 1 ~
I-
- to to to
2 1 1 1

f. ~

Ci.- *~'
4~ J- 4~

l~ 2 2~ 2
2 .r .r

12 22 1
2 22 22

C :22:22:
42 1...1..1
2:

2...

21

2: 22CC22C
-22::.----

22

24 7 7
- 2 2

~.. ~CNC:
?.. f?2J4~2r
C L I 2 1

*222224

3
- - - -. '. -~-- ~'W~U*~-t---A2. 

-~ -- - - -.



4 it -: x P- 3.~ - r

C~7 v -C z~. ~ . 1U

L. :- XV E.~ C ~
a ~ ~ ~ ~ ~ c *aLr421~-La 4 C

x z a:. c 1- 24 x... C i

- 13 1 .L. x I Lr C - I

L- 31 L L;C Z

24r

z 2 a C1

V' zL '

-- - - - * a - - - - - - - -a

= * 4C L. C CL t. C: Z

s: 24 c.. c c *LI C. *- z4 c La cc0c

A £ . -- 2 .e- a -A-



V. Lr

-- - - - - - - - - -

- - 9-2

c c cc

2--T wo- o mW mm



xI

CL
IE z L L, t

a z

aes

-- --C -a - - -. - 3

c2 x

I- C

wawa



I

4

2

N 4

7

I

• •f



C~~ -V.-

xI II V.I 1 I I

V. C- C> > C

a

z ! 4 z 

C 4

c 2

-4. A4 1



w

C-- C - - ~ -. - -
4 C'- ) 4- -- - Cr Cr

aa- - z - - a a -
fl - ,- ~ , -

C C-.- C CC 0- N NC CN C
CC -C >C C'-C >.C CrCC CrC
ax- - ax -a -- a- a.~- -a

a C- N CC C- C CN 4.C ~

444 4 C4 C4 C4 04 444 44

a -

4 1

N .C - -
-C- C- 4 4 4 4 4 4 4

4 C N C
4 4 4 4 4 4

- 4 Cr a C C C C C
- C = -* u~ u~ ~ Cr

a i-I - - -

11Z C C C C 4.
%~ Cr Cr11C-C'. C 4 4
~4 4 ,-...a -'

.*.4 Z4 4 .aUz -a - 4 > 4 > 4 4
N N - - - - - -

-- Cr..~4 - a a a a a a
s~z 4 - - -' -' - -

- ~4"CZ - - - - -
* -4 a a N - - -

IC> 4 4 4 4 4 4
a - *

-~ C .t d 4 C N C
- C 4 4 4 ~ 4

44 >Z 4 7 Cr -
C ------- 4 C- C

-~ ... C if *.2C - C-'CsI.. C CO C~ C' ZN CC-
12- I.. 44444 -~ 44 Cr4 Cr4 44 444 44

I -4-1 7
1 I ?.C- N 444 4Cr 2 4 4 4 4 44 4

IC - - CCCCC - CC CC CCCC 4CC ~C

- -- C 4~ 4
C 4~ ;;>z;a a >> 4> >4 4> >44 4>

SCr21-. 71 .- 2~Z CC -----------------------------------S IZI4I~ £1 Ia 11 aa aaa CI

-Z2*C.~4 a
S C-...2CCC41 -
- U - 2 V * 4

I I ~ C a
Z~CZICC4 2 4 V. 4
*~-a-V.-~-C 4 1 1.. 1

- Cr
U *. .,... - U

.'1 ~' I C -N4 a~-aCC'-4.r.c~-x~ C-r-.-4.tr?-aC
41 ~ 44.4 444.444.r.r.rrdJaa

4 4444444.44444444.~444444.4444444.44444.44444444
CCCCCCCCC

CCC C::CCCCCCCCCCCCCCCCCCCCCCCCC

a
C-~CNa ~'C U- L UN 40.-

... 3 Ni ~I ~4 Ci
- -~ ~C 40 4C 4C 4C 4CC 40
C-~CNC U: U UN 4C. .r
331-a: £1 .. X ... 3 -I 33 -X

C4C- ?C 4C 40 4C 400 4C

~Z4U~C NW ax 41.. .C N4a X4

* --- N-~
- 444444 44 44 44 44 444 44

ZCCCC CC CC CC CC 0CC CC

fl N3 04 C-.- ......

444444 44 44 44 44 444 44

a

I
S

1



p

- -C N N' N CONN
4 -

- II II II II II
N .~ - CC'CC

* 4 4 4

4
4

4 4 444
(S 4

4 4 444
N - -

U~ 4 U~4U~

' ~-
4 4

4 4
S - -

4 4 141
- -

err-
4 4 444

-~ N 4
4 4 444

41 4 4 4

C -

- 4 4

V 4 4 4 4 4444

~ I &

I

S~
~ £ £ £ £ (S (S

C ~44444~44

S
£
r -.. z S C ~r-a4

4 C 444C
~-. N £ -. £ ~
v . r -
4 4 - C
S C 4 4 ? 444C

* C N 4£44
* C CCCC

.1~ - - 1 4 4444
- 4 4 4 4 4444C C C CCCC

- (S -S N N N N N(SNN
4 4 4 4 4444

4
S

I



II,

aa

a -c

11 11 I 1 I I

a. 2 ,c 77

- ~ I z



X IE

m .7 71 1 1 12 It 12

to if , .- 2- c1 c cS

itI I1 2CC 2I- I--- C

2 11 1134 '3(4 it - ( 4

C-~~ CC Cli T C

L C X

72 7

c - - ,



X c - ! C '
N "

I c - 1.- (-I z
to I t ? f i 1 I It It -f #I - a 1 I I i
c: - . a -ciu

--------- - - - -- - EC Z1 z 1

X -Z z a - Z aa a z-~r.- --

zca- c -c e -c c c C. c ~ .. c



4 I-

x at

t- 2

2~~~ c. - 2 2

m - 2 x%

-~~~~ lii cI II II cl~i i i

4 2 22 2 2 2



-C 9 c z

61' -e

NN

it 41 of I a

r t- L

JEW - .3



I

C
a
a.

K

3
N

a
N

I

I-

3

C

a
3

* a.
a.-
I-C

a
IC

C - - - -.
a: ~
I-I J.f~4~
a.

a

I-

N

e
C

~ -



X Z

.2

Q.r-z . L.:

cc c

-- 2 - -

7 -c cC



z 2

Z 4

2t

4. z. 4 -v, ;,

i z =vi : = -I - - --

v.. .4 czL

-w x 4 x22L -r2

-z - -- - -

=' --L -4 - - - - - - - - - - - - - - - - - - - - -

c -- 4zc

l N < 3r

-K a4 4-



zz -

-- z
a

2

C.-
- - a

, ~

* 2
* * * C
set -

I 2

225 2

a
2

a

I

1- -

=1
I -

a:. u-I-- -:
- '-Li. .1

'~ ~ - -
- .~ c o, . r to La.
4~ .. 2N *

2 -- -
II ~ 4
at
=2 2'-'

:.tL Z2 2Z
i -
1- 44~
4..
I-..

to
a - -
2.. -- -
-- 11 1

L~~1 ~ ii
5=
C,-
a
-, ~

at CCCCCC

- N

Z'ZC ~ -~
:c c c~

C. 'C

~ 5-
SIC

* III 1 XI
-S ~ CC

CCC C CC

C.t.~ L .
CCC C CC
CCC CC

'I
3



4r

tr -4

tr - *a- - - - - -
L:C2 2 C -

it I2 2 22t

r Z*

aa

c - 2 c c

I, 4 4 4



I
1

C

7

F- - -

2 2
4 = -
I - -

- 2

- C

I
F-

2

F-

.6 2

II- .

z~ ~..
~p.I- *-~: -
2 *

- .~.-
I 4~.. *-

I ~C ~bC
4- 222 12

~~*x -~
2. ~
12 II~~ 5~

.~ .- ~.
1=1 =2

~2 ~.4 4
1±
~-z *,

C
5 £ F-
2. 51 1

22 2
~..2 ~L.
~I ~ .. ~
24
4
2~. F-VJC~-
i-~r. -

22 CCCCCC
.- : CO~CCCC

- -=~ CC
'C C( ~

qq

~C2 4~.

' 77~ 77

-'
~N q

- NN~ NN
444 44

4

*0" - -- -~--- --- -. * .-. - - -~--- - -



9

3

CC

2 C

- 3 -

- 2 - - NN
-g 4-, 4*.4

'-N C
C - 3 333 3333
2 N 3CC N

- 3 -
II 4 I-I-I- I-F-I-I-

I ~- 2 ~
-3 n I-F-F- F-F-F-I-

F- -
3
3
N F-

C
N 2
a
a F- I

V -V
IN CC

3
CCI

F-F-- N

- - . ~.2
. &4Z .4 -. I-F*I- I-I-I-1

£
C- C . QNc rect

Na t CC ZCCC 3
32 ii 3*3 3333 3

:1:: -
-- --- - .-- 3 - -

LZ L ZC> C I CCC CC±C ±
C Ca =

cC t~ .- ~ citc cqttc if.
3±
F-: Cx-

Vi it Cc>
I - -ac ~..
aa -- 2 CLa -
-- 32 1 7
a- ~tt V. V.
CCX * L~. *.t *
2~
C-

-CC ~---2333212t2z??7O?33O3CZ
I ~

is ~ccz: CCCCZCCCCCZCC

a
?N4 .Ctn e

- ~-:i
C CCC 23CC 2

CCN C 22CC N
CC S CNC CCNC -

222 3322 -
4 4..a C NrC ZCL... C

ncr 2 s-pr pr:: £

£24 CN r
- NN N

333 3 733> 3
N err wee veer r

c:e : CCC cc:c
Pt- I 3CC t~~C~;a. C

a NNN $4 NN~' N(NNN -
- ccc C CCC CCCC C

5

U -. - - - -



c-

-z

Lr L-

2 II/
t, k -

V4 4

T2 w. T r .. 3 -

4r L. F- t U

-z N 2 Z 2 -Z L-2

2r 2- 16-

4w 2 

a ~~4 z iiLL x 1- Z I-7

2.. V

V. aV o, it 1 . 4

77

x ~ ~ % 4

;Z - ----- ----- ---- --- -- - -- - -



I

C

2=

a 4

.12
V.4

4=
s-a -
V. V.

2L.
2 4 a

~2 V. C C
4 ~C 2

z- as- 4
- =
-4 S~ .. ~ a

2 =2 ~.Z
- 42 -- 2 V.

4 Z 2 23 2 ~s- 9-
3 491 -C. s-a 2

= 9-4
- SR C. aS-
~' 4 V.a =~ av V.

a 9-
- - i-i- 9-4 '-9- 4

- - .5- sa 3-

2 4 V~f2 ?V. ~

N ,.( ~

2 2 N
2

9- 4V. 4

a - -
N C. 4 a
a ~ a

4 a 23 4 -
= L. C.

I I a C. 3
3 3 ..t a.

- 35 -

9- 9- 9- 9- - - --

a - .- .- -- -- V. V * 2
*~~C ~ aal..~..... *43

3 ~*4*3 *4*4 3i-3~39-3iZ 3
- ~ s- aa~a: x~ a -a-a-- a 4 a
4 ----.-- 3 .~ -N N NV.

- - *.a .2 - --

a 33*323 ia 3a3C3C3CL 32 L I- 33
a; asaRaaa3 a

a -a
a- ~.....L4 '.

2 2 2
a 2

aZ a.C:aazaaz I
3 - -

25 Z 4 44.SL :2 ~4V./4V.V.I )2 . .~ f.
34 -. 6 9- 2

a V. - *4
- 4 N *4 4 - -
a a - -~ a s- s- a -

.. ~ 4 L 4 4 44 4 V. V. a 2
- 4 4 4 44 4 3- .2 9- 4
as a a a aa a 9- 9- V. a

2-

a-
233333 3333233232322322223222CZ222232

2L a aaCcaacaaaacaa ezcaacca aaaacac
S - eaaaacaaaaCaaacC.~-

-------------------------------------------------------------------------------------------------
a
- a aa~a= CZ £N£N~N~~S ~
- - NNa..-- a NaNZNCN 4 4
a aa:caa a: :azaaacc ~ 3

- accaaaaa
9- a -- a-az a~ -4-N-4~N - a a-
-. - 4NaN 22222232 - N
* N 42341.... C~ 4234L.aN 4 ~ 34

a ~LL2L2 ~-r N~-1Z2 2 2 23

4~ 241.,aN4a 2 4

N NNN ~ 4 4
* ,,,,aa a, ,,,,,,~a , ,

4 44444 !4 44444444 4 4 44
- czaacz ac cCCaaaaC C a --

- L1. 42L:.1.1a- r. -' 44
- - ~44~~444 4 4 4.

- C *4444 CE 44424444 4 C 44
4
2

I
- -~ - .~-~a-------

U



W 2.

2, =

Cr 0 0 0

II c

72 V 7V 2

;z ;: V C Z: c

-- C C

cii k c

I C N -

A1on - loo.. 2s



z i

tr

c -cZ;V
2L

tr

2;.

r II t- L) L

f 3 2

z a2

- - - - I- -- -- -- ;

Z. Z2 S Zl ZC 2 LI

Ic c. - 3 2 c c.~: C.21

2 ~ ~ ~ ~ ~ I 21r P. e - LLV lV2 .20L -



N

7

* ,s. --
4. a~
i.-. a
tc. -

4 4 14
a =- ~-

a. ~'Z4
4. -~

4

- z ~
a - -- :
N *J~

4

a -
- a 4

= a
a

- .4
2 a

a~ -

- I

= * -

a? -~ -
-44'.-

a - * a

- * z
a

* 4
4 -44

.4..

4 S..:.

- 6-
14 ~r. Lr

- - 4=4 6-

~c4
7-

~. 4.24.2.rJ-fa Laaa~

- 4? =r~
- .4

4.: :6- -:
-. 4 .1*1 -

a
~, ,~
?, ?~

- 44 4-

a,

44 4* 4

3



2

C
I - 2 2

4 Z4..~ - -
I - -

4 22 2 2
C Z4 =

4~.'. N 2

4 C CU~2 I
2 C 4-3

NN -
~4 ~N

2 4US' ZZC.~I
- ZVC .. ~Z22

- 3 2.-.2333 2
I I VVVIVV 4

I

2
.4 ..~

* 3-
I -

- I-.
13 4 -

CI - -~
I- -z -' -

'-I = 3- - I--
* 23 ... -
2 2 ~C .~--~-F- L.
- ~1'~ 2'~

11C~ *14
N- IN INN~ N~

C Nt * . . .r .c
C Z-' C- ~/ C~

1~. -3 1ICCa--Z 22
32 21 lallilt IL.

r44>C>ZCI 11

NI ~~..144144L~~ ~

-3

-. ~ V.. V~V~
I

2.~ .~. U

14 £2 - ~'.~f £I~ .- '.4.t £NII
-a 2Lt.~

o ~
12

CCCCCCCC

I
CCNNNC NC
CC-CCZ.L 2

CCZCCCC CU
CCzC~ J

I- 544144N IC
IC

4 £Z4~...CN~2I4

CC..C'. ~ C'.

044444344 II- 0!Co~CIC0 0~

CCCCCCCC CC

~CL~4Nr~?N F-,-44444444444 44

'~ ~



I

at

z z z

z I -z -z

- 2

1 1

- epee- -- / 'rl



p

4

4
2

N

K
N
L..
I..

K

4

K
K

1~
Z 42
4 I-.
2
I- -

a i
2 S

2*

2 .. N
'- %N

24

4~.
.6U~

d.
C

z

- :~ .'



II

II
I

cc
c cc

7c

cc

cc

1~

- c .c c-o- - - - - -

I -g

x -|

Z ~ 2 7 Z ZC a , U L a a x a a x 2 '
Lc L- L L LC LUU L



c C-
c ccc

cc c c r

cc c c c
c cc ccc

-a c mr w

7 z c S c c

czc c c o. ..

N= N

w Ns -rxa . r47a(. .

a c cccc

z a I 

V). V V v vv

L L - f-L , LU jt-%-:



4=~ CC

0 cc c zc ccc

I0 N

c z. c0 0 c 0 00000

- Z , Z 4Z S C 0 Z

.1. 4.0 X -I~

cc cc c 0cc c

V. V. V.V V e. .tnAV c . U.V



2

4
7

a
a
N

I..

a
N

a

a

- C
4

2 -
a
a. -

C
2 a
I

a v.
I a
- S.
* S.

2
4 4
I a

N
IS.

-1 -
IC C
CI- -

S.-. 4
a

= - N* a
4~ e a

a

U

a
.- - -
~ N 2
C -

a. ,iI;



3

I
I
1
I

N

U
C
a

2
N

a

2

- .. .

a

.- ~- .-
2

-

* 4
2

I
C

- II
C

a
a

1 V.

2

-
*

C

S



I-

0 a
a = a

I-

2 u
- 3 -2 *N 2 2

2 0a - 0 0
4 I*- 0 42 2 4

I.. 0 -.
2 4 2

4
2 a ~-a 0 0

* U
- 3a 0 3 ~.

~ 2 ~ 2
- 2

a.~r4 ~. -
2 -
N 2 3

c~. ~~ a - -
4 a
2 .. ~.. i 1

I-a - ~
a

a ~,.

0 U
2 0
4 a a
a z024 2

a -- a
I- 2
- 4 2
- e-..0 0
a zzv~z. - a
a -4 ~- 4
- 2.0 2

~ - 4
* - z~.z.- -

j. ~ - £
0

- 4 .. c'.U 4 -
* ~a U I- .~
a
- ~ It

4 - . . * *2**~**~ .* ft

'C2

C
- N

C 0

N

4
a

I'
)

- r.* --



Lt

;r 4

-. V: -- Ct ~
-1 1 L. -

cc Z, Z i Z t'. tt.II

44~~ cI c II c zI z11,- II Z- li c

c0~ ,.414, -.. z cz cc
r~ c ct c z c c z c c c 1.



C -C2rL

2 4L

LL A.. ;t1.
Zz w t-

O2::L
IE2 z FL L

a. ...
a L1.. !

d9 4 xX 4.

Lal S.. 3

2 . . .0 . .. .~ . a

z - - z- !- -L. - c= c=c
2: c2 12 s c 1! ;7cccc c.

- -- - - -- - - - I - - 0 - > - C-- - --

es c
c c I-



z~ 42

4 A

Lr -C

to z z c Z .

s~ a :L x L

CL L 1z4

-- .-- 2 --. -.

- - - - - - - - - I- - .- 2

tc ;r :1 .

c c c c 2 z;.

4. 2 N 4... 40 4



U-

- aL

- tr VaVxrL

- a -

a x

-- - - - -

.I .LL .
4 . . .a

ca. c z c z c

a ac



9

I
I
I

a

a '- a a r-
a a

a Ca.
C a
a a

.2. Li -
CC U C
t2± LZ

C 'a
C.. I- k2 a. a

a ~ Z -
a. 22% U 2 a.Z 2

1- 2* C3*4 C -4
a C. C.C*2 * z
- c* a.2z* a.Z&i~* a
- - 44 -z ~ .2 -- CC *2
a .2* L.t..*z C CCL * 2 Qa.*a

CIC ~-.
- 4* r% ~-. ? .2.244* F-
V. CL* a.LC*a. CC * CC
- .2* a~..zaa aF- zc.za. t
- a.. * >a.2*

* aca-.
F- * * U F-* -
- 2. a. a~a2C* *
C)- U* * CtC* -

* ~-v:,.a*
-- * * a.~ * -
-- .2* * ~ 1
V .2* * aQ.2-* *

- -* - aC-c* *
2CC F.-. * ~ a.

* * ~a * *
4.2 F-* * F-.2*

= CC -* * F-F-.2* *
-- 4- * a.a.-.a.-, *

1* * V.,LCZF-* *
* * * *
* * * *

I * * . *
N * * *

4. * * *
* -*2 * ..- *t *
S - a.,.. * iflW*s *

a. 4- .2*1.. * .2.Z*a. *
N CNN >*C - 4-2*z *

- .. a aa .2*Z. * .2.2*Z. *
4. 2.- -- - a--*4 * --. V *

- - a. -- r. V C *U a. - * U *
-. - -. -c CC -

- .*t * U - -. a 1- a. 4 4.4. 2424 44 *~N* * CL CNn.. *
-- . a. F-F- - C. C.-'*z * .2a.tCa *

a. .C. .L N C440* CL - .2 VC.4C4. Cc a
C 2 IC... IC... S 4.*a.CN * 2 .. C>>-a.r~ *

- 4.1 - * - 0
4

4.a.a.* - a.
- NN LrtC.a.c I C CC.CC.&t

12 212 113 -L 222-*C42 * 2 CC--.CCJ *
* a. a. *C~'.N

*U-- * z a *t..-- I
- ~t * - * 44 *

LV - *a.tOC * C - *a.t~C *
a. a. -~ TI 21~U*LCV . 44 - IL. *LCV -
-a a 2-I L1aaz 2-2-.4 - * a - n.n.ri,-c - *

- >.a.>CAa.C2L.a... 4->>-* a.l * C 2 >4--l.a., I
-L IIa.CZ C.. CCCC. 1.21 2 CC4-*1.2~ * 4

a. - a. C2a.C-2a. 3 IA **a.>L. *raC. 4. 11 JC*a.>t.. * a.

*-CZ *4>1 - *rC a.C
*a.

1  
*Aa. a. *21- 04*

.2" *- * C *- -
- * * I N * I

.1 a. *C - F- a. *C *
~5 - - * - * C 2 * C -
- N - *4 * - - *4 -

I. - to * . (4 * *

-........... a *
***********4 * S 0 .. * * * * *4 * I

7 .fZ-1 ,~-N.rL~IL C-N'ttZC-CN'~t~-IC CN~4 L
V. IY~~2Y CCCCCCCCCC-------NNNNCNNNNCN

NNNCNNNNNNNNNCNCNNCNNCNNCNNNCNCNNNNNCNNNNN.NNC,
2--------C:C-------CCZ......

................ CCCCCCCCCCCCCCCCCC....

C~C Ca. N CCCa. Ca.
44 CN 1 ~*N' 1-

NCr.~ Sr a. CNNZC £4"

ZCCC CC C --ZC N CC: CZCC NC CC
224"? CS NCC CCC

at a.A 2..LN 34" ~1
Xa.C .a. CCI a.a. --

C N2 12 .a. C N~.C I U 2-

C .. a.a.a. Ia. a.a.a.
-- -~ -~ --- ---- CC

a

C.

I.
I

~ '- ~ -........-

.2"



I

z
a

2

2

2

I

I-

Zr

a
C

a a

a



e C
-- - -- -.. ....- -

c I
i c c z ccc

V, V, I V

A 4N 4 aaa 4



V. v V.+

- -
-- 

-

- - - - - -. "- - - - - - - - - - -- - - - - l - - - - - - - - - - - - - - -- " -4 . --

- _ r - . +- . . . . > ::- , +-- , v ", : -' . - C !_. -,. -' I - : - -

c Z

-~ ~ ~~~~~~~~~~ --+ ..- + -- -- -.--_ - - - - - --- ---- ---- -- -- -

'7 T . - C _- J . . f: f- .-+ .r :

.... .... ... .... ... .. +... .++... .... *1

-~ C.t



S

'C
2 ~. a- .. ~,

- >. **a-a- .. C* - ii L.L~
- a

2 1X
-a- CL C '-C £C&z

- 2a. ~ i.. £C5-.CL
C C ~-~~"CL

2 --
- - C 2Z
a- 2- 2 ~.- C
a- C - V2
- a-a- I C
2 a-

2  
Z CC

-C =

a- e.-LC CZS- C~
- CC a-Z a-?...

CL

CL CL
C A-

- - -' - - CL

- - S 3- - -
- - P C

- C - - --
-: N> N A C~ it
- _ - - N N N C 'ACM CC'C

- I *> - - NN~ - C 7 C A
A- CL

jill -.
N flAil A N4 I' >NII NIl N .1 - Ii -

~9- 2 NIl III ~-NN C II
C :2 4t

- - - C - I, I' - - - a-C ra-.C~4.C~~ -
-. - LV'-CCVM - ~--SC ~/fl27A r -

-- 41.? SN - >

:- I ... Nf :-~ C:-~-: ~

Sfrr Art: L z:zc-------2 LXZxx~1

- -2: :;XN ~ x~czZ..~

- - * L5 C A..?- ~~/;2: -z -~- -pCi:

-

S
r .---- -*--------flnmnr rr~- - *- _________________



22

H:>

: - .. . .. .. .. 7 < : , - ... . . .

H:. < = -

-- < , .z

... . . -. .

= S -- -



v

A~ jr

*~~ ~ 4 4V

- - - -- - -. - -.ti - -4 - -

- - - - - -

- - - --

-MW

7 : .

Iv
A Zt Z .

z
--

Iv
w - - -



U>

v,>

. == == == == === == == == = -.

- 2

- -Vt

02 0- - -



m I

a

.a.

7 .. .

. .. .~ ~ ~~.. . . . . . . . . .

. . . . . . . . . . ..VI 7 g ;

.... , . . . . . . . . . ., . .

I--I



z

- - - C

..... -- , ... .. ,



-e xr - 7 4. t f

C~~~ c c z C C C C C C C C c C Q Z C C C C



2

22

.-

- - . .. .- - -

- - . .-

- 72g . .- . . .. .. -

x

N X -N2 - - C - N

- 4 2 C C

- -r - - t- - e r

C



I

.. . : - -'<+ Z -" Z+ Va -+ - -. ~ 
+

-+ _ 4. - _ - .

__ . N - --

-• - C Ci



z 4 - - - - - - -4- - -

:I J

- 4- - --- - -- - - -



iN

I
I
I

. .. -- . . - . - -

- -~ - - - - -_ _ - _

4' ' 4 - - -

-= = - -. . .. .

i- "

I-, i , i l



AD-A4 91 b63 GTE PRODUCTS CORP NEEDHAM HEIGHTS MA COMMUNICATION S-ETC F/6 5/8
SPEECH OPTIMIZATION AT 9600 BITS/SECOND. VOLUME 2. REAL.-TIME SO -ETNC(,
SEP 80 A J GOLDBERG. L COSELL, S KWON DCA1OO-78-C-0064

UNCLASSIFIlED NL

7,,f lii on



I ! l

° ° °

zz
2 2 a : a 2 I- =a ~ ~ : a a

m

L g-

LrL?:-

~o



r- c
-I . .

7I

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -

c z,

C~~~~~~~~~~~~~~~~ - - - - - - - -C -; 4CCCCCCCCCC

c. .z c - - - -



2

7 L-

.t- '

-- ,; , - , . . ...... ,~ _f~ N

-z Z i N i C t C

- ------ - £- 2

- c z

a -. .c 7 c c cc ccc cc



LL

C C C C CC C C~t C .~ C CC I C CC C CC CCTC C

- -

- ~ -- - ---



- - - - - - --..
--.-.------------------------------------------

-~% C -- - - - - - - - - -

--.

r J r r r r

tI 7 7 7L. 0 j o cc
c c z c zc cz v; c zc c z c ct cc c z c Q c cz z



-- - - --

z z

I- - -- - - -
.4~~~~~~ I4 z c c c Z; c c c CCCCCC4 CC C = cC C C C C C C C - .4



- - -- - - - - - - -

- r ~r~ - x--rZ

=~ z1
- -

c. z z- s. . c



4 4

-z~ ~~~ z4C CC C zCC C C CC C C 1 C zC~ q z

.... - -. . . . . ..- - - -- -

W m
- a a. *I .& | I I



I I

-.. ~ I

- a
G.4

4, a



a

-z
I-Ct LCZ

a r
a Itt I..

2* -x
I- xl 2

1-
ci a.-c

K -- I- C
CC.~

12
C& 2~t

i-c- F- -

2 .. xC ZV..?C

- .a-F- 2-
2 3.- 4112
C Itt? 2~a
a La- 1-UF-
a

F-

F-

C

S
S S
1 1
* I
S I C
2 2
I I
S I I-
1 1
1 2
I z U
I S I-
I S C tO Vt

Cal F-

z

N
S * It

IC!

.5 '1

a a a a C

~CCCCCCCCC 'z-.~-- 2~,. - ZN

- C 4. 4. 4. C C C C C

(44. 44 C

C C C C C,
C C ~ C
?* It. It IS

- . 2121*.....U-

- ---------- xxrs:1xxIz::~7~. - .-------
- £.~LhS ::::zcz~rcr~

- - -

- - -- - rC 5 1 t.. S S.

- - - - - S 5 a~ S

-- -- - :z...

- :N aCSLaCX aZXLa
NL2 C~ ~ NL

NN-~Nr\.

N ,3::,C, ~ ?~~3
z:c: C:--------------dl

I
9

r r- - .. - - -- -



t. 2 t

- - - - - - - - - - - - - - - -' 2

z z



3Lb

C -~



cr 4f. tr- A

It C.-L

x. L .. LL. A 2

- --- -- --- - - - - E

- -- - - - - - I - - - - - - - -



C

a

S. ~-

- C
- a

C

- S

S -

C u~
- a
L) -~

* *
* a

* ~ *

- ~ ** 4,

* 4- * .4

* -c

* - 2 4,
* :e- a A.

* - * 2& -
* - J. a MV... .1.

* - .2
* 17)

* .. >~
- - a - -z:. - -

* - 2 a
- - - ** 2 a V~
* - - * r

- * i !- * -- * a
-

2 2

S .r.t .~

7

*~J1 C:1

-

0~f -~ r ~-..



c -

2
2 a

~ a2..e-

2 2 U~3 ., a
- .- - NZ 2
2 3 2 a a
2 ~ 2
a .. 4Z. ~.

- I-. * - £ 2 2 2 * 2
2~ * .22 Z * -

- - * a -2g. * .r.
C - N a aa a N -

- II -. 2 a2 2 -

- .21N2- --

- 221121 - 211

2 2 2 2.. ..- Z2..2 2 2

- a - - 3 2-2 -

~ ~a!.af-2....- --- 2 2

2

7

2
N N

z

2

Ct 4.'.

I I 'Ct 4
C - - V. - - C,. - - v .. - P
- . 2. *a Vt - *~ Ct

- C.:-...... a -2.
L C C' . .Z. * .~. V.2

* - - *2.C - .. 2.C .2. iCC

- a'b?''

A .2.'C ta 2.4
-- - ~ >r *. -.

V U ./. .. .2at

* C' Ct

*4 . * a

pf ~ ~ ~L-*-37
- .~C--~CC.rrs.rt 4fP

2,-ri XS V7 I P ~xx..ztix ti .1 ira 12

:3 ... 4.Z; c....r.22Z 2 ~*..... aa
- . - - I 7.. 5 .aNiZ I C.a. .

:t '7 £.sf ! ,a...t f
- -. a- - C2212 2 222

- -' -- - - -~ za~f:. -
- z22.INI'7 Nc:-4.'7xt.aI::f-:2.22'... 52N

-~ 2:2.:2:~I~ZN:t. -

- 21

2. -- ~

S
* -. .. -~---~----- -



ZL. r

tr a.. a.

r. V.2

7 z2

C>

<z aLz

-r az Z

> Z - - - - -

-~ ~ ~ V f. .1.CC z ~ > 0 tC aJ . a

-- -C 4 C ~ .- - -'

LC~r t.f 'Z

c ;.-N=.-Z z .z:c ccc



L. LL

7 z2

a7

z z z

c z



* r. i.:- r a .z a a .2 2 2 a
La C --- a - a - a - a - a - a£ i-c.. i-CL.. N i-caC I- C i- C I- c I- C F- q F-F- L).2 F- LLa.2 F- U LLa.r- CCC - Ca~ - Ca - C- - 1 .2 C a .2 -CL. CL~ F-F- a F-i- a i-i- a F-F- a ~- a i-i-- * i~ a La. -.La. L~)-a La. oa-r La. tC~I -. Lr).xa Cea La. Cr La. C Cr .3. Ci-- ax = -a = -a axa ~ai- a .3.ZF- I ax *ZrLLC2 fLEa U~CZ uce rCa ~CZI - a. I - La. 2 - - a.. I -a tax a aZI a sax a zaa a tat a tatC aLa.... C a.a.La. C ~La. X.a.a C XaLa.

La La.tca La a?NI La U N. C La' Cal La?.ZLF-LLI UZr...a uaF-.a.a LfLa#-La. -La.Z LfZr-La7CZC- CCC -CCC- -c~ CCC.-

N N N N Na a
Si 2 an a C VA- e *- Z Si - 1 2 - 2 -a a a a a a a a af N - -. N L N N AL C~. - AL N C AL Na a 2 a a 1 a La. - -

at at - at - at at -I CLa a CLa
£7

a La------- . La .a.Z a A La ... 2>~ . >1 2 ~LL a 2 >2 C 2 aa Z VSAL .a.-': t- - ... ~' AL - La.AL it at AL

at ft a~. V.
-~ 

-
r ' F- -Ca -

- at -4 *a .a - . ~a. aa ~a. .. aa .a
------------------------

2. ~ ZN~?f £ I.atNat.aaaa....C'.a.~s 2-aa2 ~

CZZCCZC:zzc------

a a
-a. 

at - atS £ t C 5 3La 4 - La - La - La - La at La -S C' C N C' N N - C N C C NC N a C N 2 C N £ at C' £ C N a C N --' N N A N N A N N N N . N N A N
- a 4 2 La a - - - - S - -

......... a a .x a ~ ~ a. a aa c c c c at C a. 4 C C 4 ~ C.--------------- z C C C C



9

cc za- -
a .1~

a -.
I- c -
* C.. z0. C' I- C'

- cu -f-a- a c ,. a
C - C
a a. z.. trva a .. a a
C I C a .c
a = at c I-

- -I- 2 Ci- Z
a. - Ca C

C
t- a - L

- ti- -i- I-
a a ~. art
.a.a .~ a.a. -a
2* S.

a> a.
ar a. aaV- ... cta2a

- u-u a u-u
ac ... r. cC a~2 O2 a
-u C- Lt

a

-N '~ .:~ C
- ->>,>a> ... z- -

-x ~.. V.CCCCCCC >'~> N N

- V ~'. 'a 'a C a c 'a C,
.&~Nr'.?C £C'

a a a a - N - - .. V
- . - 2 x~a 2 -

- .-
- f :aa... Nf.~

N

V :zaa a

* rr-,-~-.C

ar * cIV -j-V 4.- -

- NNNNN.C'NNN.

- - N~Za L.Z\~S
- - - 4..L C
- 'a - ?::::. 2 2

-- -- CCCCZC~::ZZ: za ~ -
Cf CNCfX N

- -L4. .4- ±.~.ZLt.,~uCN LZc N £
.JCC~cc --- --

2X - ' - -
- -. C' ~2'. :NJ £xc~.c".n a~..... -
r zr ~;cccc4ccc4s -

- C cc c 4C4CCCCCCCCCCC.*CCCCCC CCC 4 4
C.. :... - -

9

U



- CI I .a. I 

2r : -- ,- - -- 2 (

I - - . a - z .

F- II Z| - I ll l



U7 :

-~m Ca

-~~~~. - --

- -- - - -

a

4 a.

- - -- - - -. -j' --



- 2

N ,*

2

- - - - - - - - - -

z z

z ~ ~C c - .--1 - - C c c



F- c F-

It.

*c - z - c..t t -c 'cc c. c a

Z a .. ~NONE,"4



L z

7'7

v. r. V

z z z~ z-

-z -

z CC - - - Z - - - - - Z Z

- - - - - - - --- - --~ t r - c -4

Ct ~ 7 S 4

z z z-N



1

I E- I-
=

C .- - C
- a e.

2L
- - t/ 2

- =
t--I- ~-z

c c c a

C> I-

v-a 2 -a

C ZS-..c

2

'2 2<.: Cc >2>222 - - -

- - C2CC4CCt~~.. - -
- - - - N

2tsa±~t2Z -N2f .C~2.tt- - (S
- - - - aaaaaax -a - -

... Nf L-a.A a -

- 2

2 4.&4.4~.t.t a&.21 S -

C4CCCCC.~2t4

2 .42-

,-z 2N!2Z2N?.2 :--.--:z-aZ
- - 1122:2224

2 NNN -. NN N' NNNNNNN~NNNNNNNN NNN.N

* x sZ ~rZ X~ j. -. -

-- 22----a.. 2 C - 2 iT - -
- - I ... ~ ~ N

0  
0 N 4 C44.

- - - C
-................... a -- - - --

-' 'Z~2~N2/i~N-~2 - -. ZN 22-N
-- ---.. 4 4.t.Z4S~N22ZZ N 2 .2 1~--

-. 54.44.4. :zc<CcCCO.Za:Z 4. I ZN

- * N~.. r*2.~-.N..Zd~t~ N2. 2! C

- - NNNNN N N .NN NN>N

- -: CC CC CCC 42CC 42CC CCC ~CC~ >C4'1 2244

r-~ ..- *0~
U -



a~F a I.

L L

I. i- a -

- - -z - - - - .-

- -1 -C - - - - - - - - - -

H 7 X.



4

M-- a- N *r 44. m4

Z ~ a; x I- r- I

LL: Z -

- - - - -- - - - - - - - - - - - - - - - S - - - - -

-C a Z~ - C

p. z1.

4. ~~~ f. .. -

mlr Z 4 V4 ~ 4~



I *

3 P. - 7-

t3

0: z t: 2F- 2 I- ~ a

CL L, LL: z.. -
L~41 1. + . -g

I I II I |

~~~N~ zL N U
- 4' - - - - - - - -- - -a -

- - -.. --.- -- -N

.. ~~~~~-~ z ~ - 3a C p a.



- a

x z z

-

z -c c

c ca C c cI



m cc

V V, . V.) I~ v

2 ~ 2X

7 7 7 7

4- T4 L

c c zccc . Q c C



a~ ~~ Z

- - Z- - --- 7 7 - 7 77 7 N

Z L 7 -2 72 2

c c z z c



U

* - .4

C C

2. ~

- 2
2.

~

- 2
z -'
- C

C
'I

2

I
I

I



1. C

a-- . V.. -

7' Vo

al J6a

* * C>fr-k -C-I-_

* 7(8-. 4 .C . -.

- -:--. -

< = >->> ..... .. .c_

Z. " .-. . a - -C - -- - --- - - - -- - - - - -

- - xl-aac c--. c.

/L

. .i C -I



I.-,

4 c-

axr

-~ -- -- - - - - -

- - - - - -

.. N5 C ,a N >

&

.a a a a a a.. L aa.Iaa IaI

-1-

z c zN c



I.- .. I.-

X~ 2. a: x

..L. . z

0.2 V . 1v a0 0r.2z IL .v

- - - - - - -- - - - - - - - - - - - - .- - -

X~ c -

z ccc ca- -



4 a

a.a V. v.v..

- -- --- 41---------

4Z 4C
c c c c c c2- c

...........



!3

x I-
x

C =

_ .--~ y- j II 1.- -

Lte 'r v

°° *

c *

z m. 1 7



l l l l I ll l

C N

*

2

. " r .2

LI a

* a

" . i* *I



I

2
I-

2
4 2 > 4

21- II
-c -

- 22
I..

- 1i
* 22

Is-
* . - - 4>
* . .3 24
* . 2 2

-. I~' ~1- -
I~

IN 2 2
211211 4. 2
-~ 2 2 2 2 -. -. -

2 224-. -.... Is.4 41
~.221Z~-* .2 I~2 >1- 4
- - ~-1-. -. 2 .2 £r .2
2Z2.~2 -I-
~ L~. *.~J .2 - 222

~.5.~~..

V.-.

-. 4-4-.

-. 2-
-. 2 -.
-- 21..--
-Is-.--.

-- I-----

- I

-' s~C-.>-.-.C N S. 2....
- 2 >tS V4CCC444 N4-SN>>~
C ... VZ t." ~:, .2~L~L1L2~Lt! CCCCC-LC
- .- e- .~2222222 ~N~f.C'

- * *~*4 -. * -- NC - *

NN... -. NN - 4- NCf.
14-2222 -NJC--

-. ...-. .2 222224-a

- : ~ 222224-

- .... ~.4..t2..

a

XX 2t1122L.~~ - NNN'%r~XXxS XXSX.,t, 1222222224-222

* - S. .s-ZNCL S. .. :

4- -4.
- .5.: 4-4.4.4.4.4.
- ... - C zz~ - :!?22: ~

-. -C- N~N:N:-. z:-NCf2-.-:-~\--.r4----
rr, .. C-.~ZS 2 NC C z~t-..C a .,- L..Z L.~T2Z Z

- - - - -~ - 2 N: 2S C C C C24C422

-4.- -N? .. C-.-- La ?CL~4.CN2~C :z-..Crs-a t
---- C 22 .~ ,SNC -

- .- e..C e~?C.~ e~rC~-rC-q2CCC-r-,
C ~ 444 - C 42 442<444 4C44C444242<CCCCC

- .- c ZCCCCCCCCCCCCCCZCZ

p

5



CL Ccc-

zz z

. . . .- - -.

C>z C>

2 -

C CI~-

| U I lI I I | II



2. Ii: 'a::

2 2 2 3

4~: 2.2 2 t a. 22

'- C a. = I x x
z. z. C -z z z Na

2. =,c zzcczcc- - -2--c



zI

L6 w

t z z

2 2
%r cc4

2 2 2L2

Ln tr I-N
2 2 2 2 c

(ki 3-

LP (

Le2

m N2

-~. - ...

(L Lb (N Z0C.

z. . I 0 V.1 kI v.

- - - - - - - - - - -

C L C z .-

7.22
- c x c z zxz

= =- s = =.z. z= T c

3k a2w 2. 2mw*A



-- C

3- LZ tr

z- <

-~ 2

-- t4 - - - - - - - - - -

C~~~ 4 .~CA



:L - .
-~~~t t-5 52- "

C 5- L C C. If

L- C - 2-

LCz v.5
Iz t- .. L U

a. L, x. - -2 L'

LC~~L L A 2 .2

IrI

Lr r C

LL5 CaL &.LZ:(

- - -- -- -4.1 e -C

25-Ceit '

-- - - - - -

C z7

7 7 7

c



C~~r 2 z - 2 F

L.. F i2 2r -a F- -W I- - im-.

c;;L-L =- 7C . =z r

-~~ 'ZE W LI. 2

-I -- - - -. -- -- --

-V - .. - - -- --C -:

32~( 2 z

II c



,- t r Z. U: I-.

tr 2r L.1. 2

-c -r I- x L.

L. bZ c.z x

:L: co 2C L 4 4 C: w

2:C

c x: r C: 4

Z- z F- L.. I

mx V.- F- a- LL± .2

aX.... -
3-.

L.C~. I 2.4

al 2

v . x

- - -. - - - - - - - - - -

I L. 4 4 c

zo N c z zz cc



2w 4

3..

a:4 - L;

I..

z~-

V. eZ -II-

Cz z a..~

2 21CC1 f-.. 2r
C'~ ~~~ 2 -- U 2 2 z

-7~2 2 C2 ~ .1

C...t z7;. x = I.

zC z.4 s c zzc c c cc



0. z

Z. *X

co4 >4 ca c c C- cr c

I C Z

I- --- .z :: -, : ' ,7

-------- - -- -e - - -
- -- -3?: , - - - - - - - c z z C

zZ 4cc c 4 z z z

4 4 4
C*;; I~c cc c C L cc, c=CC



z z -

rLL

2 2i. .. .

r V. L

V. V. Ll. Z If.III

- -> >~ - ---- ,Z

21Z22, c~Z Z c c a a~



zz

t t

gC

I-
cc



z-3 I.r L.

3::

cr CL

V3 2

Z~ N

z - C -

2 L

I-E

c



I

I

V.. It

II

z

2 Z

I -

I z
2

II

Z --- - z z Z = =I I II
V. ~ X J L. 4, v, .- r

z zo z z c C Z Z Z C C C C

- ---- s-N -~ - -CZ ~ -~ L-~ - - -

t.-----t t t.1

z c Fr4 c '



x a .

0! Z :. .

1 . H : - w aV

- -- - -, -

c. c .z c .c c cr



JA

I~~ ~ X X X X D

z,

C - - -

....a i .. . - I i



144

N~ N 1 .

z C LZLzZ ZzSfSf

C N L CI-L

c c



z z

r2 .

L V.z L. I,

L u

Za

-I - - -5 -. - L,

4.T z J. v

z~ c c crc c al c r z r az



I;c, z L.

- --- -

16



|| >

e~v. cv

L'. Ir. v. - - - - -- -.

z ;

- - - -- - - - - - - - - - - - - - -

<~

, i-iI I I

Sf 
x- ; 7

- - - - - - - - -- 7

-b - - - - - - - - - - -



i- i- -W k

-cc N ~ -

- -- - - -- - - - - - - -- - - - - --- - - -a - - - - -

-z -a -a -~ - a--I zzEIZ

v a. Z.- 1.

Z c c. c



c L C:

x I- acc
- -... z -a.

-~t x m-2 2

-~~~ 2 z2-

21- - - II

I 2~C.)..
-~ ~ ~ L cl2 1 I C C

- ~ C L4 2 2 C -

r .) 7 C~



r-- C: Cl

N~ 3L. I

L)l v t

X al -X M-

2~ -r

V. Lr v N

33 N c..

Zx

x X

c c c c c zN



4x It n Z -3

t2 f- CL : i

L X a a 

tr t.. =V.

-~ ZI ~

- - -- - - - - - - - - - - - - - -

cc c



f- z x

i ~ z w.

L*.

-z a

c c ---- - -1g

c z ot

4c za

L L2 4 2 x

c c c c c



1~

I

c I. L~ ~ -.
I- a a- - I a a-

F- - 2 ~ a
4 4 t L~ 4

to~ N -
aL) L~

F- V~
- - 4 az~

F- ~.2 -

2 4~ I- 1.1 4~

4
z

i-F-CZF-

a
ac F- a~E-a~

(N - 4 4XF-
a

L~ -~ ~ c -a
4 ~F-4Z
Ct

a a

to to Vt to v, to
- - - - .2

= a - .1. L4CCCCCCC ~>>~>~4 - Va It

* ~ Vt444444X ..- -
~ v~CtCtcIt~- -

to to -a .!zaxaaa.~ -~ or.Cr-Z ~ toz.
- - 0 a a----------------------aaaIaaa - - a

- - -r - - -~
- - - toaZaaXa.1 ~Nrt~~a a -~ 1

a a 4 aaaaaaa ~ a
I a.~.i.2..aa XX a .2.2.

- a z>~aasaaaa ~zaa.~Zaa ci ~ ZN
- - - - - ZZac444C4CZ.a z.a..

L ~. - a :. It. CL V. Ct'~... .2.2.2 .21 L. .2 .2 a a
a
C~. to to

a ~:-~.-f ~
- ~ffff~ff5fJ £ LX Li 5LZ t2~tN 15.1 £XXJ 0

atlaS 12111110121520 IT rizi Ira.: till 0222 221 I a

N N N N %J N N N 'N N N N N N N N N N N N N N N N N N N N N (N N S N N N N N N N N (N N

-

- a a :LZN~L4 .aNeLlL ~ a: -

- I C - Lax I - ~ .1 .1
r ~ .a..aa.. 4 4 cr S

:2Z ~~2!Z'XY :2Z':,3~ -
- . -- ::sza£ ::- --

-, -. ':N ZN~0f ~ NNN N: -~ X:Li~~aXNa .1 1 - W..N CL~i t.aaZ~4C4C
4

CCaZaa XZN Ct.

- Ct.,tNLaq~..a N0iXC....i 2N ~5
- NNNNNNNNN 0C

C C C 4444 44CC444CC444C44444444 444 44'1 444 444 444C4444444444444444 444 CC

2 C C : -~ :c zsacazc :ccac: :cc:c :c aca cc

I
-~- - - ~ - - ------- -*-~.-----*------- ---. - J



I- z

- i

-z - t- -

-x. a L, L ~

t- X -

3 r

CC ccc cc c-



x = I-

L) z

TZ Z T z ;Z

z Z

c L. N

z 4. c

z- X :1C~

c~~~~ c~ c ;c =c c



)

a I.- F-
t Lt 2

2 3 2
-~ 24 ~L)
.6 2 2
- .~ 4 ~C0
- I- ~ 4
a .2 F- F- 22 a

2 4~ F-
- L C.. U

F-F- J~ F- .2a z 2.6 4
F-= a ... 21-

- z~ ...F-. a F-I-
- - U
L 3 Z.

aZ UD 2
- c~- .. ~ --

C - 4.. 4
-- Z~4C4.U

a
a a .r t

- a *~ ..: ~ -
V 4.'. - a. .tC4CC4C4 444>44>..
- -' S C~ZZ ~ 44.6~444~

- z aazza.6 -N~.r.~-2
-. - ---.-. * aaa.aaaa -

- NC-
6~ N - - a-Z* CZa2XZZa N4.fC~.~

a a - .6aaaxaa
N - a .- - .6 a. a. a. S a. a. a

.. Naaaaaaz ~ -

.64444444>- CC .6 .64132Z C~4-F-F-F-!-~-F-a.>.
.6 -~ -a. -. ~ ~~v~t'.4./4.r.aa.....~

a

- F-

22 1222420 ~ -

N N N N N N N N N N - N N N N N N N N N N
- ::~c..-

a .. - ZCS~N~L3 .a.ZN~0Z
41 1 2 C Ia. £ 2 - --
CL U .6 C 55a.a..6J. .64555.6.64
C 4 Z~?.~-,:'j !!?~,:2

-3
N-~:N Zf N Z

£ XC 2 .. Z N - C -

Ca. - '2 2 a. ,..
4

4
4

4
4 4

4a.

1 .6 ~N ~

444 444 C C 2444 C444CC4CCC4CC44Za2a
CCC 444 .6 4 4 4444 444444 4444444444444

C cc:-.:~oCccCa~

- -- ~ ~ -w~-.~~----w- ~ . .~ - - . - - - - - -
p -



E- I.-

a -K

Oa x a
2

M L

m - -- -- z

- - -a -- - - -

-W 7. ---- W 'A s



U. 16 .2

= 2 . ..

31. A. C 2

- I .. CO. .

z Z:~

v- v'. LI:k v. .I Ir.

,4 .-- - p ~ .5 - N

- 42 - - -~C

L L ,:

- c c c Z c S -



+ C 2

C: 1 .I

trr

z a~ x a X x-O.

xa x .. a aCL

41 .2

to C' Co



M -A

w. 4

x

z A C.2 --

41 I< Z , CI I-

4 4
ca z c ccc cc c



- -V i..

w 4

x a

z a

Z.~ 4 n. a. l
2. L V. V. L .L

-- - -3 -~ - - - - - - - - - -

c. z~12 c. z c C z 2 . _c

2.~MR 2. 2. =



c C.-

CL ..- 4c

x 4 4r

z

7- S X

z I m, I- 4(

- - -- - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - -- :

*~ ~ 4- ~ -

z c c c x

z4 z L. Z

c( 0 0 Q. c c c c. 0



z 4

CZ Z Z
CII II CII ~ C I L . CII C t aI CI

- ~ -4 - - -5 -. F- -5 - -

44~ - - - -. -~ -~ - -C C - - -

-t A 1~

k. L L t- LC-L L,-L,4 t- L 5 C

C~~~~~~ C? c.... V~ q&La Q4 2 c c ct~t - Vt5O



ItI

2E, .; z f: _:-

-~~~ -- -a - - -- - - - - -

-l v

c Q c c c ca> a~ ... cac> Cc c c



I.

cj~

C

a.

C

x
4
2

4

a

t4 -V.

.~a ... ~-
Za.~

C-

a

V.

-C-

~ -1' 4 a
- - - r-- C.3: -:Ca

- I *. ...... a.
U 444 4

C

C

~r ,-~;- - - - -*. -- - - - --- -~m



' ~ ~ ~ . NN Cc MN _0~-Z

.0 N N ( .0 - N CZ -N
- -- -- P- --------

N~~~~~ x -NT '-NU

C T NNp

-N - - - - - -0 - - - - - - - - - - - - - -- - - - - - - - - - -

N~~~~ Z 0' N N p-'CN



NN

cc :7ccc

z.N

s c zC

v, z c N

a' x' L t-- L 4-4 .ZZ - -



C

==== === === ==== === === c::: ::c :: ::N

I ooo , .° ,, , o, . . ., , N

! -C

N . . .t. i C



C~ c0

--~ - - - - -

c0 0

- - -- -

- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -
f T z I

-ZI E i Ez c c z cE
- -

- - - - - - -

-' C2



T ~ N
CNN

- -- - - - -N

CN t ~

fN N



Cr'

C'.~ ~~~ c c'. N N,'" N . C

Z S' - ~ " ~ - - N ~ y t -

c c c N c c cc Z,

- - -Ua '( ~-' --'C '4 -C' C

C'. - - --- ---- ' C-- ---- ----- --

-~~ ~ - -, -'~ 4. X -r~ X - z -'' -C-X

- - - - -- - - - - - - - -- - - -- - - - -- - - -- - --- N ' N --'- (N '' N - - - - --

7---- - - - -CC CC C -

- - z - = - - - - - - - - - - - - - - --- - - -CZ C -~'C ~ C z

---------- I------ - - - - -. -N -- - -N N - -- - -

ow > >CZC

-ps~- -" 3 ' N r N -



Zccc cc c ce c coc c c coocc ccczc

N N~ ~~~ CNN- (Y.~C N CC-J C e XN

S --------- -- --- -- ( c---- ----- -... CN

z~~~~c c cz co c o~ c c c

iC z ZN C Z ZZN- Z - - - -- - - - -- -

-- - - - -- - - - - - - - - - - --- - -CC N N C- - - - -

- C - -C C C C C C C C C - - - - - - - - - - - - - - - - - - - -

- ~ ~ ~ £ X -C~ - -



IrI

~U~N -

- --- ~ - ~ --

~~~~0Co C C C0 0

- r -- -- - z C z

XC C XN x aN

xC z

CIC - X,
27 v " .fl - 1.

a CC .1 a . . . . I



77.

;Z

- - -- - - - - - - - - - - - - - - -

c - - - - -

z

VV .V



J

3

- r

7



3.6.3 Fortran Programs

The modules contained in this section are:

FCBGN PITLPC
FF2R ODPARM

jVMOVI1 VPBS
VMOV2 BASIS

VMOV3 AS RT
MPFDVM SDCT

MPDCTM B ITA
MPQDPP QDCT
MPDQPP C HA NL
MPMWGX D PA RM
MP FSTV S S T

MPSSRT D~
MPIDCM 'P
MPASRT VAP.DC
MPFS Q OUTPUT

MPFSTD SNR

MPVDNM TAP E2
MPBASP OPTI
MPSCAN OPT 2

MPCDBA 0 PT3
MASTER OP T4
INIT OPT5

USER OPT6
MAPON 0 PT7

CREATE OPT8
DEFINE OPTB8A (OPT8B and OPT8C are
SETUP PREMAP similar)

L-OAD FILEN

I OSM

AOM,

A DAM

S YSTMA

INPUT

DC VAR

DCT F
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