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Figure 12.1 A typical PC bus structure.




Port

The device communicates with the machine via
a connection point, or port - for example, a serial port.

RS232 Pinout

Pin 1: Data Carrier Detect (DCD)
Pin 2: Received Data (RXD)
Pin 3: Transmit Data (TXD)
Pin 4: Data Terminal Ready (DTR)
Pin 5: Ground (GND)

Pin 6: Data Set Ready (DSR)
Pin 7: Request To Send (RTS)
Pin 8: Clear To Send (CTS)
Pin 9: Ring Indicator (RI)
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USB Form Factors

P— — —

Type A Type B Mini-A Mini-B

Micro-A Micro-B Type-C




Thunderbolt 3 (40 Gbps/s) Thunderbolt 4 (40 Gbps/s)
port IKJou USB-C Mviusounu USB-C device 14
ucito1 Thunderbolt device TUciofiu USB-C port Wla

wosa Thunderbolt munLUuwasmnmumsaaonmouutuu A.A. 2011 (W.A. 2554) 9INADIWSIVDTDIUNMSWCUUISKITD
usSun Apple ua: Intel FIRtUGIVLSAUBVMSWEULN wasa Thunderbolt 9z HIHtSuAtugUnsaduov Apple tidu



BLIS wires + protocol

A bus is a set of wires and a rigidly defined protocol that
specifies a set of messages that can be sent on the wires.

PCl = Peripheral Component Interconnect
PCle = PCl express

Expansion bus dHSuguasauimuulusoun wu Aguasa wnd USB devices

Graphic card SATA card



PCI (Peripheral Component Interconnect) bus
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Daisy-Chaining
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Controller

A controller is a collection of electronics that can operate a
port, a bus, or a device.

Rt
........

d:-FoaisAu controller 1a
0OS Govdadv device driver



SATA Hub
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SCSI

avana device uu bus 16 ludlduuy point-to-point, fluuwuu parallel 1414 serial
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https://www.pctechguide.com/interfaces/scsi-explained-with-pictures



SAS = Serial attached SCSI

a point-to-point serial protocol that moves data to and from computer-storage devices
such as hard disk drives and tape drives. SAS replaces the older Parallel SCSI (Parallel

Small Computer System Interface.

Serial Attached SCSI

SAS connector
Width in bits 1
No.of devices 65535 (U expander

Speed SAS-1: Full-duplex "
3 Gbit/s (2004)
SAS-2: Full-duplex 6 Gbit/s
(2009)
SAS-3: Full-duplex
12 Gbit/s (2013)
SAS-4: Full-duplex
22 5 Gbit/s (2017)!

Style Serial
Hotplugging Yes
interface

History [edit]
« SAS-1: 3.0 Gbit/s, introduced in 2004!"]
s SAS-2: 6.0 Gbil/s, available since February 2009
e SAS-3: 12.0 Ghit/s, available since March 2013

« SAS-4: 22.5 Gbit/s called "24G" [®] standard completed in 2017L71I]
« SAS-5: 45 Gbit/s is being developed!®]

srriies
7’ //////// ) -
///////

!-a!!!!! -

Storage servers housing 24 SAS hard disk drives per server J

https://en.wikipedia.org/wiki/Serial_Attached_SCSI
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Figure 12.11 Common PC and data-center I/O device and interface speeds.




https://community.fs.com/article/10gbase-t-vs-sfp-which-one-is-the-best-option-for-10gbe-data-center-cabling.html



Synchronous / Asynchronous

Blocking Non-blocking
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Figure 13.8 Two I/O methods: (a) synchronous and (b) asynchronous.
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C# (10-bound process, library iJ asynchronous method 1Ht3)

lUdovasiv thead

Main [] args

StringBuilder sb = StringBuilder();
for ( 1 =0; 1 < 10000000; i++) sb.Append("123456

StreamWriter wt = StreamWriter("data.txt");

wt.WritelineAsync(sb.ToString());

wt.Close();

return;

Unhandled exception. System.InvalidOperationException: The stream is currently in use by a previous operation on the stream.
at System.l0.StreamWriter.ThrowAsynclOInProgress()
at System.lO0.StreamWriter.Dispose(Boolean disposing)
at System.lO.StreamWriter.Close()

SUWULAIEDY promise, async/await
https://javascript.info/async-await



JavaSCI’ipt (promise, then, catch)

const p = new Promise((resolve,reject) => {
Task (thread)

/* JavaScript W0u single-threaded environment
* do something threads d:02vcdAdAULWDSDIE CPU M thread
#/ w@u addlkaa zzwmh block lu a1dulkaalwatkieduin thread

LLUU async UvHavnauUlaa Ul 9:1uTatg CPU NtH Ul Av

resolve( 'success’)
//reject( error’)

}) ’ iaandUlHaatasaudio: interrupt RN then / catch
p.then{(result) => {
console.log(result) suwaa Ul
13 }).catch((error) =>» {
14  console.log(error); suiwaa Ul

15 })s

e e s I I o T W R R

=
= &2

https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Promise
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Promise/then



C# (CPU-bound process, wuvoutdu task gisgrane a task ov)

Uu multi-threaded environment
asynchronous tasks d:9nuUavllu threads tRoOTUTA WoLUudov 1 cio 1
0OS d:=WoIstu1asiv threads "0 #cores ua: workload tuuau:=uu

Task (asynchronous)
Parameter (input) - N : _
Sum DoSomethingAsync(Param p
Result (output)

Param

Sum

value = 0;

. - =1 - — - ’ - -
Start; for ( i = p-Start; i <= p.End; i++) {

End;

Value;

value += i;
Param( start, ; ’ Sum( value) {
1

.Start = start;
.End = end;

Value = value;

Thread.Sleep(1l * 1000);

return Sum(value);




async Task Main(string[] args

List<Task<Sum>> Tasks = new List<Task<Sum>>();

for (int 1 = 11; 1 <= 28; i++) {

Param p = new Param(1l, 1i);

Task<Sum> t = Task.Run( => DoSomethingAsync(p));

Tasks.Add(t);

int total = @;
while (Tasks.Count > @) {

Task<5Sum> task = (Task<5um>)(await Task.WhenAny(Tasks));
total += task.Result.Value;
Tasks.Remove(task);

Console. WritelLine(total);

recurn,
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