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An increase of 3 dBA is barely perceptible to the human ear.
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Signal Direction

RS232 (aluail) (yuld iyl

N & ¢ Abbreviati ¢ DIE e DCE ¢ |DB-25 e [
ame circuit reviation (TIA-574)

Transmitted

103 D Out In 2 3
Data
mo 104 RxD n | Out 3 2
Data
Data
Terminal 108/2 DTR Out In 20 4
Ready
Data
Carrier 109 DCD In Out 8 1
Detect
L 107 DSR n | Out 6 6
Ready
Ring 125 Rl n | Out 22 9
Indicator
Request fo 105 RTS Out In 4 7
Send
S 106 CTS n | Out 5 8
Send
i 102 G Common 7 5
Ground
Frotacine 101 PG Commeon 1 WA

Ground



Signal Direction
Name | <11 | Abbreviation o [DTE o |DCE ¢ [DB25 o 25> o
circuit comp modem (TIA-574)
R
B RRG | B TxD Out | In 2 3
Data
Fracaired 104 RxD n | ou 3 2
Data
Data
Terminal 108/2 DTR Out | In 20 4
Ready
Data
Carrier 109 DCD n | Out g 1

Detect




n:;s: 107 DSR n | Out 6
h:':;m 125 R n | Out 9
R';:' o/ os RTS Out | In 7
c':: ’ 106 CTS n | Out 8
:r:::l 102 G Common 5
Protectie | o4 PG Common A

Ground
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Standard A + D—
- D+ D- +

E
2 D4

The type-A plug (left) and type-B plug (nght)

Pin 1 Bl Veus (+5 V)
Pin 2 Data—

Pin 3 B Data+

Pin 4 . Ground

Bitrate 1.5 12. 480, 5000, 10,000, 20,000 Mbit/s
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Basic Group Level (12 Channel) 60 KHz Oscillator

Frequency Division Multiplexer
@

https://en.wikipedia.org/wiki/L-carrier

4 KHz Bandwidth
0-=4KHz 60 - 64 KHz
Channel 1
60+ (4 *0)
0—4 KHz 64 - 68 KHz
Channel 2 B0 - 108 KHz _
= Basic Group
2 60 + (4" 1)
Chanrel n 60+ (4" (n-1))
n = channel number
[ ]
104 - 108 KHz
Channel 12 0—4 KHz
60+ (4 * 11)

Input Freq + Osc + (BW * Offset)
Offset = channel No. -1



Basic Group Level (12 Channel) https://en.wikipedia.org/wiki/L-carrier

Frequency Division Multiplexer
Frequency Domain

View
60 KHz 108 KHz
1 2 3 4 LR B m LR B ﬂz\
62 KHz 70 KHz 62 + 4*n-1
+/- 2 KHz +/- 2 KHz KHz
66KHz  TaKHz T oTTE K2
-2 KHz +/- 2 KHz +/- 2 KMz
1 ) 12 Voice
2 FirstLevel Channels

MUX

1:."_|..,I
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12 Voice
2——p| FirstLovel Channels
MUX
12—
1 60 Voice
2 ! SGCONd Level Channels
fo =(60+4(n—1))KHz e
..ugj\ 2 5 —
b oo ‘ 600 Voice
! Channels
D — Third Level
MUX
fo = (60 + 252 +48(n — 1))KHz U
¢ - w 10 —>
dc ganall 48 )i

fe=(B12+ 12+ 252 + 240(n — 1))KHZ‘
Ac ganall o8 )
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If sender0 has code (1, —1) and data (1, 0, 1, 1), and sender1 has code (1, 1) and data (0, 0, 1, 1), and
both senders transmit simultaneously, then this table describes the coding steps:

Step Encode senderQ Encode sender1
0 code0=(1,-1) data0=(1,0,1,1) codel1 = (1, 1), datal = (0,0, 1, 1)
b gt (Jaasi| 1 encode0=2(1,0,1,1)-(1,1,1,1)=(1,-1,1, 1) encode1 =2(0,0, 1, 1) - (1,1, 1, 1) = (=1, -1, 1, 1)
2 signal0 = encode0 @ codel signall = encode1 @ code1
=(1,-1,1,He (1, -1) =(-1,-1,1,He 1, 1)
=(1,-1,-1,1,1,-1,1,-1) =(-1,-1,-1,-1,1,1,1, 1)

Because signal0 and signal1 are transmitted at the same time into the air, they add to produce the raw signal

1L-1,-1,11-11,-1)+=1,-1,-1-1,11,11)=(0,-2,-2,0,2020).
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This raw signal is called an interference pattern. The receiver then extracts an intelligible signal for any known sender by combining the sender's
code with the interference pattern. The following table explains how this works and shows that the signals do not interfere with one another:

Step Decode sender0 Decode sendert

0  code0=(1,-1),signal = (0,-2,-2,0,2,0,2,0) codel =(1, 1), signal = (0, -2,-2,0, 2,0, 2, 0)
1 decode0 = pattern.vectorQ decode1 = pattern.vector1

2 decode0 =((0, -2), (=2, 0), (2, 0), (2, 0))- (1, -1) decode1 = ((0, -2), (-2, 0), (2, 0), (2, 0))- (1, 1)
3 decode0=((0+2),(-2+0),(2+0),(2+0)) decodel =((0-2),(-2+0),(2+0),(2+0))

4  data0=(2, -2, 2, 2), meaning (1,0, 1, 1) datal=(-2, -2, 2, 2), meaning (0, 0, 1, 1)
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Further, after decoding, all values greater than 0 are interpreted as 1, while all values less than zero are interpreted as 0. For example, after
decoding, data0 is (2, -2, 2, 2), but the receiver interprets this as (1, 0, 1, 1). Values of exactly 0 means that the sender did not transmit any data,
as in the following example:

Assume signal0 = (1, -1, -1, 1, 1, =1, 1, =1) is transmitted alone. The following table shows the decode at the receiver:

Step Decode sender0 Decode senderi

0 code0=(1, -1), signal=(1, -1 -1,1.1 -1, 1 -1) code1 =(1, 1), signal=(1. -1, -1. 1.1 -1, 1 -1)
1 decodel = pattern.vector( decode1 = pattern.vector1i

2  decode0 = ((1, -1), (-1, 1), (1, -1), (1, =1)) - (1, =1)decode1 = ((1, =1), (-1, 1), (1, =-1), (1, =1} - (1, 1)
3 decodeO=((1+1),(-1-1),(1+1),(1+1)) decodel =((1-1), (-1 +1),(1-1),(1-1))

4 datal=1(2, -2, 2, 2), meaning (1,0, 1, 1) data1 = (0, 0, 0, 0), meaning no data

When the receiver attempts to decode the signal using sender1’'s code, the data is all zeros, therefore the cross-correlation i1s equal to zero and it

Is clear that sender1 did not transmit any data.
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Protocol 1
dadly & Aullia Ay

typedef enum {frame_arrival} event_type; Bagana & Jaliual) 3,800
#include "protocol.h” "
Dbl Jops Joupadl
void senderi(void)
{
frame s; /* buffer for an outbound frame */
packet buffer; /* buffer for an outbound packet */

while (true) {

from_network_layer(&buffer); /* go get something to send */
s.info = buffer; /* copy it into s for transmission */
to_physical_layer(&s); /* send it on its way */

} /* Tomorrow, and tomorrow, and tomorrow,

Creeps in this petty pace from day to day
To the last syllable of recorded time.
— Macbeth, V, v */
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void receiver1(void v “ e

: (void iy sy sl
frame r;
event_type event; /* filled in by wait, but not used here */

while (true) {

wait_for_event(&event); /* only possibility is frame_arrival */
from_physical_layer(&r); /* go get the inbound frame */
to_network_layer(&r.info); /* pass the data to the network layer */
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Protocol 2
typedef enum {frame_arrival} event_type; Jadl) s U] (14 Z‘AB Case zu"&
#include "protocol.h” Bagiaa Jubiceal) 3,813

Ju¥) b ) Sl Laia ¥) Jupal) Gy ¥
void sender2(void)

{
frame s; /* buffer for an outbound frame */
packet buffer; /* buffer for an outbound packet */
event_type event,; /* frame_arrival is the only possibility */

while (true) {

from_network_layer(&buffer); /* go get something to send #/

s.info = buffer; /* copy it into s for transmission */
to_physical_layer(&s); /* bye-bye little frame */
wait_for_event(&event); /* do not proceed until given the go ahead #/
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void receiver2(void)

{

framer, s; /* buffers for frames */

event_type event; /* frame_arrival is the only possibility */

while (true) {
wait_for_event(&event); /* only possibility is frame_arrival */
from_physical_layer(&r); /* go get the inbound frame */
to_network_layer(&r.info); /* pass the data to the network layer */
to_physical_layer(&s); /* send a dummy frame to awaken sender */
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/* Protocol 3 (PAR) allows unidirectional data flow over an unreliable channel. */

#define MAX_SEQ 1 /* must be 1 for protocol 3 */

typedef enum {frame_arrival, cksum_err, timeout} event_type;
#include "protocol.h"

void sender3(void)

{
seq._nr next_frame_to_send; /* seq number of next outgoing frame */
frame s: /* scratch variable */
packet buffer; /* buffer for an outbound packet */

event_type event;

next frame_to_send = 0; /* initialize outbound sequence numbers */
from_network_layer(&buffer); /* fetch first packet */



Protocol 3 S A
while (true) { dalg olasly Jas
s.info = buffer; /* construct a frame for transmission */
s.seq = next_frame_to_send,; /* insert sequence number in frame */
to_physical_layer(&s); /* send it on its way */
start_timer(s.seq); /* if answer takes too long, time out */
wait_for_event(&event); /* frame_arrival, cksum_err, timeout */
if (event == frame_arrival) {
from_physical_layer(&s); /* get the acknowledgement */
f (s.ack == next_frame_to_send) {
stop_timer(s.ack); /* turn the timer off */
from_network_layer(&buffer); /* get the next one to send */
iInc(next_frame_to_send); /* invert next_frame_to_send */
J
}



s, Protocol 3

void receiver3(void)

{ slad) agag (e dgles Alay
seq_nr frame_expected, w “ v ool
frame 1. s- Bgaaa Juliecall 3,810
event_type event; dalg olasly Jas

frame_expected = 0;
while (true) {

wait_for_event(&event); /* possibilities: frame_arrival, cksum_err */
if (event == frame_arrival) { /* a valid frame has arrived */
from_physical_layer(&r); /* go get the newly arrived frame */
if (r.seq == frame_expected) { /* this is what we have been waiting for */
to_network_layer(&r.info); /* pass the data to the network layer */
Inc(frame_expected); /* next time expect the other sequence nr */
J
s.ack = 1 — frame_expected; /= tell which frame is being acked */
to_physical_layer(&s); /* send acknowledgement =/
J
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