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PZ Rozhrani SCSI
Paralelni rozhrani SCSI
* Sbérnice typu multimaster.
* Max. 8 resp. 16 zafizeni.
* Ruzné elektrické provedeni
— SE (Single Ended)
— HVD (High Voltage Differential)
— LVD (Low Voltage Differential)
* Na fyzickém konci sbérnice musi byt zakoncovaci ¢leny.
Zakon ¢ovaci
¢len
/ Sbérnice SCSI
Zarizeni Zarizeni Zarizeni e Zarizeni
SCSI SCSI SCSI SCSI
=7 “"---/
Logické
zafizeni
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Cisla SCSI zatizenti

Kazde SCSI zatizeni ma ptidélené unikatni SCSI Cislo (0 — 7
resp. 0 — 15).
SCSI ¢islo urcuje prioritu zafizeni pi1 arbitraci.
Priorita:
#1 > #6 > ... > #0 > #15 > ... > #8

Zakon ¢ovaci
¢len
E/ Sbérnice SCSI E
Zavizeni Zarizeni Zarizeni e Zarizeni
SCSI SCSI SCSI SCSI
F;a ,—;—-.:;‘ "“‘---/

Logické
zafizeni
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Prenos na SCSI

* Spojeni je vZdy dvoubodove (Target <> Initiator).
» Spojeni navazuje Initiator (napf. pocitac) (Kromé piipadu Reselect).

» Ptenos tidi Target (napt. 10 zafizeni).

In
<
Initiator Out Target
>
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Sbérnice SCSI

* 8 nebo 16 datovych vodich (8 = narrow, 16 = wide).
* 1 (2) paritni vodice.
9 ftidicich signald.

D0 - D7
Parity
SEL
BSY
C/D
Initiator MSG | Target

o b

A A A A
A 4 v v v

v

I N

ACK
ATN
RESET

A
v v v
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Zéakladni typy pfenost

» Jsou urc¢eny stavem vodict I/0, MSG a C/D.

e Prenasi se:
— Data

— Command / Status

_ Message MSG |C/D I/O Ptenos Smér
0 0 0 Data Out [>T
0 0 1 Data In [«<T
0 1 0 Command [>T
0 1 1 Status [«<T
1 0 0 -
1 0 1 -
1 1 0 Message Out [>T
1 1 | Message In [T
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Stavy (faze) sbérnice SCSI
[

Bus Free

* SCSI je multimaster = musi se provadét
arbitrace.
« Faze:
— Bus Free — volna sbérnice.
— Arbitration — arbitrace (provadi Initiator).
— Selection (Reselection) — spojeni s Target.

— Transfer — pfenos Data, Command, Status,
Message.

4

Arbitration

v

Selection
(Reselection)

v

Transfer

I
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Faze Arbitration a Selection (1)

» Arbitrace: Initiator ktery ma vyssi prioritu (podle SCSI ¢isla)
vyhraje sbérnici.

« Je-li aplikovan systém ,,Bus Fairness*:

— Prohraje-li zatizeni pfi arbitraci, ma v dalsi arbitraci pfednostni pravo na sbérnici.

« Priklad (normalni arbitrace):
— Zafizeni €. 1 a 6 zadaji o sbérnici.
— Zaftizeni €. 6 mé vys$si prioritu — zvitézi v arbitraci.

— Ve fazi Selection navaze €. 6 (Initiator) spojeni se zafizenim ¢. 4 (Target).

Initiator Initiator Target
#1 #6 #4
9
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Faze Arbitration a Selection (2)

Arbitration Selection Transfer
BsYy | | | [ |

SEL I I
msc 1 | [
co I [T [ |
w7 T [
DBI T L
DB4
DB6 I R

1 3 5
2 4 6 7 8

10
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Faze Arbitration a Selection (3)

1. Zadatelé musi po¢kat na uvolnéni sbérnice.
2. Initiator (#1) aktivuje /BSY a DBI.
3. Initiator (#6) aktivuje /BSY (soucasné s #1) a DB6.
4.  #1 ma nizsi prioritu = zrusi /BSY a DBI.
5. #6 je vitéz — aktivuje /SEL a DB4 (Cislo Target).
6. #6 zrusi /BSY. o -
7. Target (#4) aktivuje /BSY. :J_'I — r
8. Initiator (#6) zrusi /SEL, DB4 a DB6. &3

7o
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Faze Transfer

Ne¢kolik metod pienosu:

— Asynchronni pfenos.

— Synchronni ST (Single Transition).

— Synchronni DT (Double Transition).

— Synchronni DT Paced.

Zplsob pienosu (ST«>DT, Normal <> Wide, rychlost) s€ musi
ustanovit pomoci prisluSnych Message na zacatku spojeni.

12
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/REQ vzdy vysila Target — poZadavek na pifenos.

Asynchronni prenos

/ACK vysila Initiator — potvrzeni pozadavku na pfenos.

REQ . REQ
Initiator ACK | Target Initiator ACK | Target
Data Data
—— f
p0-D7 X X X p0-D7 X XXX XXX X
REQ . T Mo 1M1 M1 T
ACK L | L | L || ack | [ 1] [ 1 I
Data In Data Out
13
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« Urc¢i se max. pocet nepotvrzenych /REQ.

Synchronni prenos ST

* Musi se ustanovit pomoci Message.

 Pii prekroceni maximalniho poctu nepotvrzenych /REQ se
pienos docCasné zastavi.

REQ LU UL U U
203456 7 8 /‘910 11

ACK Il
1 2 3

D0-D7 X X X X X X X X

Priklad.: Dohodnuto 8 nepotvrzenych /REQ.

14
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Synchronni prenos DT

» Data se vzorkuji pfi obou hranach taktovaciho signalu.

* Sm¢ér ptenosu dat je stejny jako smér taktovaciho signalu.
— Pt vstupu dat se taktuje signalem /REQ.
— Pfi vystupu dat se taktuje signalem /ACK.

4 1

Initiator REQ Target Initiator ACK Target
G
Data In Data Out
Data X X X X )C

REQ A&CK) ~___/  ~____ [/

Synchronni DT pienos .5
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Synchronni pfenos DT Paced (1)

» Pouziva se pro vétsi rychlosti pfenosu (SCSI Fast 160, SCSI Fast 320).
« Data se méni pii1 hrané vzorkovaciho signalu.
« Pti pfenosu Fast 320 je perioda prenosu T = 6.25 ns.

4 1

Initiator REQ Target Initiator ACK Target
G
Data In Data Out
T

4
Nl ld

pata X X ) X >)C
REQACKH\_____ / \___ /U

Taktovany (Paced) DT pienos 16
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Synchronni pfenos DT Paced (2)

¢ Pfi DT Paced pfenosu FaSt Driver Adsllig{‘!:snl Receiver
320 se synchronizacni signal 1 ‘ | oy [ | =]__D__I:l
data ¢asov¢ upravuji na strané B L L
pijimace. “yae
REQ or ACK — — —
DB(x) B g |t— 8
Jaj B E g J % J__I 1 §
_PBi 38 8 2
| L LT L g
1 1 0 0 1 0 0 ]
L 1
1 1 0 1 b | — = =
Skew compensation and clock shift example 17
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A4 |4 |4 O
Pfenasené informace
* Pfenos probiha ve fazi Transfer.
* V jedné fazi Transfer se mohou stiidavé
pfenaset data a dal$i informace (obéma sméry):
— Data In, Data Out
— Message In, Message Out. _
. Status In Fast-10 SCSI
Ultra SCSI ———
B Command OUt ez SCS1 B Data Transfer
* Messages, Status a Command se pfenasi Urat60 SCSI
zakladni rychlosti sbérnice (pomaly pfenos). | uwszscs

0 50 100 150 200 250

Zrychleni pfenosu: Paketizovany prenos.

Microseconds

— Ptenasi se IU (Information Unit) zvolenou
(velkou) rychlosti.

Overhead times versus data transfer times

18
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Zpravy (Message)

Support
a4 4 A
® U Transfers | IU Transfers
POUZlva_] 18C pro prenos Disabled | Enabled Clear
~7r o1 s . ’ - - S Attention .
r1d1C1Ch 1nf0rmac1 pro Cjods Init 'I'a.rg Init |Targ |Message Name Direction | Condition
0dh (o} (o} NS NS |DISCONNECT In na
* 14
llnkovou nebo transportnl 04h 5] o |o 0 DISCONNECT out | Yes
80h+ M o NS NS |IDENTIFY P In n'a
Blh+ M M NS NS IDENTIFY b Cut | Not
Vrstvu. required
. 23h Q Q NS NS |IGNORE WIDE RESIDUE P In na
e Jsou ] eanbytOVé nebo 05h M |M |[M |M |INITIATOR DETECTED ERROR out | Yes
0AR Q Q NS NS |LINKED COMMAND COMPLETE® [In na
14 14
Vlcebytove . 09h M M M M MESSAGE PARITF ERROR Qut | Yes
07h M M i} M MESSAGE REJECT In  |Out |Yes
01h.05h,00h| O (s} NS NS |MODIFY DATA POINTER In nia
01h.0%h,08h|O Q NS NS |MODIFY EIDIRECTIONAL DATA  |In n'a
POINTER
08h M M Lt} M NO OPERATION Out | Yes
01h,06h,04h] M M M M PARALLEL PROTOCOL REQUEST |In Out |Yes
55h NS (o} o o] QAS REQUEST In nia
03h (8] (8] NS NS RESTORE POINTERS In na
02h 0 o} NS NS | SAVE DATA POINTERS In n'a
01h,03h,01h| O (8] M M SYNCHRONOUS DATA TRANS- In Ot | Yes
FER REQUEST
00h M M NS NS [TASK COMPLETE"® In n'a
01h.02h,03h|O (o} M M WIDE DATA TRANSFER REQUEST|In  |Out | Yes
19
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Prika
w7 A 1824 o, .
» Ptikazy se pfenasi v CDB (Command Definition Block).
(4 r ] “ °
* CDB maji délku 6, 10 nebo 12 byt (ATAPI: vzdy 12 byti).
I4 /4 , .
* Obecny format CDB (10 bytovy CDB):
Bit 7 [ L 4 3 2 1 Q
Byte
0 Operation code
1 Logical unit number Reserved
2 (MSE)
3
Logical block address (if reguired) —
4
5 (LSB)
) Reserved
7 (MSB) Transfer length (if required)
Parameter list length (if required)
8 Allocation length (if required) (LSB)
20
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Ptikazy pro zarizeni

»  Zafizeni jsou rozdélena podle typu do skupin:
1. Zafizeni s pfimym ptistupem.

Zatizeni se sekvencnim ptistupem.

Zarizeni s jednorazovym zéapisem.

Zatizeni CD-ROM.

Optické paméti.

Zarizeni s ménicem médii.

Skenovaci zatizeni.

Tiskova zafizeni.

Procesorova zatizeni.

= O 0 NNk WD

0. Komunikac¢ni zafizeni.

»  Kazda skupina zafizeni ma definovany logicky model a
ptislusnou sadu ptikaz.

«  Neéktere prikazy jsou spolecn¢ pro vSechny skupiny.

21
PZ Rozhrani SCSI
Prikazy pro vSechna zarizeni
Command name Operation Type Subclause

code
CHANGE DEFINITION 40h 0 8.2.1
COMPARE 3%h 0 8.2.2
COPY 18h 0 8.2.3
COPY AND VERIFY 3Ah 0 8.2.4
INQUIRY 12h M 8.2.5
LOG SELECT 4Ch 0 8.2.6
LOG SENSE 4Dh 0 8.2.7
MODE SELECT (6) 15h Z 8.2.8
MODE SELECT (10) 55h Z 8.2.9
MODE SENSE (6) 12h Z 8.2.10
MODE SENSE (10) 5Ah Z 8.2.11
READ BUFFER 3Ch 0 8.2.12
RECEIVE DIAGNOSTIC RESULTS 1Ch 0 8.2.13
REQUEST SENSE 03h M 8.2.14
SEND DIAGNOSTIC 1Dh M 8.2.15
TEST UNIT READY 00h M 8.2.16
WRITE BUFFER 3Bh 0 8.2.17

Key: M = Command implementation is mandatory.

O = Command implementation is opticnal.

Z = Command implementation is device type specific.

22
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Ptikazy pro zafizeni s pfimym pfistupem

Command name Operation Type Subclause
code
CHANGE DEFINITION 40h ¢} 8.2.1
COMPARE 35h (¢} 8.2.2
COFY 1sh (o] 8.2.3
COFY AND VERIFY 3Ah ¢} 8.2.4
FORMAT UNIT 04h M g.2.1
INQUIRY 1zh M 8.2.5
LOCK-UNLOCK CARCHE 36h o 5.2.2
LOG SELECT 4Ch (¢} 8.2.6
LOG SENSE 4Dh ¢} 8.2.7
MODE SELECT (6) 15h o 8.2.8
MCDE SELECT (10) 55h (o] 8.2.9
MCDE SENSE(6) 12h ¢} 8.2.10
MCODE SENSE (10} 52h o 8.2.11
FRE-FETCH 34h ¢} 9.2.3
PREVENT-ALLOW MEDIUM REMOVAL 1Eh o 9.2.4
RERD (6) osh M 2.2.5
RERD (10) 28h M g.2.6
READ BUFFER ach o 8.2.12
READ CAPACITY 25h M 9.2.7
READ DEFECT DATA 37h ¢} g.2.8
READ LONG 3Eh o ©.2.9
RERSSIGN BLOCKS 07h o 2.2.10
RECEIVE DIAGNOSTIC RESULTS 1ch o 8.2.13
RELEASE 17h M 2.2.11
REQUEST SENSE 03h M 8.2.14
RESERVE 16h M 9.2.12
REZERC UNIT 01h o 9.2.13
SEARCH DATA EQUAL 31lh (o] g.2.14.1
SEARRCH DATA HIGH 30h o ©.2.14.2
SERRCH DATA LOW 32h o 9.2.14.3
SEEK (&) 0Bh (o] 9.2.15
SEEK(10) 2Bh o 9.2.15
SEND DIAGNOSTIC 1Dh M 8.2.15
SET LIMITS 33h (o] g.2.16
START STCP UNIT 1Bh o 2.2.17
SYNCHRONIZE CACHE 35h o 9.2.18
TEST UNIT READY 00h M 8.2.16
VERIFY 2Fh o 8.2.19
WRITE (&) 0Zh (o] 8.2.20
WRITE(10) 2&h (o] g.2.21
WRITE AND VERIFY 2Eh o 9.2.22
WRITE BUFFER 3Bh (o] 8.2.17
WRITE LONG iFh (¢} §.2.23
WRITE SRAME 41h o 9.2.24

23

PZ

Rozhrani SCSI

Priklad CDB — ¢teni z disku

Pro adresovani dat se pouziva vzdy logicka adresa (i u ostatnich

zatizeni).

D¢élka ptfenosu je v udéna poctu blokd.

Bit 7 6 5 4 3 2 1 0
Byte(s)

0 0 0 0 0 1 0 0 0

1 Logical Unit No.[1] Logical Block Address (MSB) 2]

0 0 0

2 Logical Block Address

3 Logical Block Address (LSB)

4 Transfer Length (3]

5 0 0 0 0 0 0 Flag Link [4]

24
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Status

» Typicky se pfenasi po dokonceni piikazu.

Bits of status byte Status

7 & 5 4 3 2 1 0

R R 0 0 0 0 0 R GOOD

R R 0 0 0 0 1 R CHECK CONDITION

R R 0 0 0 1 o} R CONDITION MET

R R 0 0 1 0 0 R BUSY

R R 0 1 0 0 0 R INTERMEDIATE

R R 0 1 0 1 0 R INTEEMEDIATE-CONDITION MET

R R 0 1 1 0 0 R RESERVATION CONFLICT

R R 1 0 0 0 1 R COMMAND TERMINATED

R R 1 0 1 0 o} R QUEUE FULL

All other codes Reserved
Key: R = Reserved bit
25
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Priklad jednoduché komunikace

« Jednoduchy pienos — &teni dat z disku.

* Postupné probihaji faze:
— Bus Free,
— Arbitration
— Selection,
— Transfer,
— Bus Free.

» Ve fazi Transfer se postupné prenasi:

— Ptikaz (CDB),
— Data,

— Status,

— Message.

» Sbérnice je po celou dobu obsazena.

Bus Free Status In
Message In
Arbitrate (command
complete)
Select
(no attention) Bus Free

v

Data In

I

COI“ n]an(i
(ex. read)

26
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Priklad slozitéjSi komunikace (1)

Ptenos s odpojenim a novym piipojenim.

Po piijeti ptikazu se Target odpoji od sbérnice.
Ptiprava dat probiha bez ptipojeni na sbérnici (sbérnici
miuize zatim pouzit jiné zatizeni).

Po ptipravé dat se provede nova arbitrace (Target (!) ),
Reselect a prenos dat.

27
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Priklad sloZzit¢jsi komunikace (2)
Message In Message In
) (disconnect) (save gtrs.] Data In
Start
¥ ¥ ¥ ¥
Message In
Bus Free Bus Free (disconnect) Status
¥ v ¥ ¥
Message In
Arbitrate Arbitrate Bus Free (command
complele)
v v ¥ v
S::teecrit;g:t]h Reselect Arbitrate Bus Free
1 ' + v
Message Out Message In D | End
(identify) (identify) il
¥ v v
Command Message In
(ex. read) Data In (identify)

28
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Vykony paralelniho rozhrani SCSI (SPI)

SCSI rezim Ptfenosova rychlost Maximalni délka sbérnice [m]
[MB/s] (synchronni)
Narrow Wide SE HVD LVD
(8b.) (16b.)
SCSI'1 5 - 6 25 -
Fast 10 20 3 25 -
Ultra 20 40 3 25 -
(Fast 20)
Ultra 2 40 80 - 25 12
(Fast 40)
Ultra 160 - 160 - - 12
Ultra 320 - 320 - - 12
Ultra 640 - 640 - - 12
= Paced 29
PZ Rozhrani SCSI

SAS (Serial Attachment SCSI)

* Navrzeno s vyuzitim prvka Serial
ATA a Fibre Channel.

24

SATA.
* Maximalni pfenosova rychlost 3

GHz (= 300 MByti/s) resp. 6 GHz prFancut Expander @
u verze SAS-2.

30
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SAS (Serial Attachment SCSI)

("SAS Device R

| SCSl application | l ATA application | Management application

Celkem 6 vrstev. e i b
o v . [ SAS Port ! )
SAS Port muze komunikovat s e | n] [
. v 7 la
aplikaéni vrstvou SAS nebo "ir — —_—
Y e
SATA. | 8 ot |L‘ .
Fyzické a phy vrstva odvozena . E e T '
. SASPhy y y Y M
Fibre Channel.
Od b © C © SSP link layer ‘ ‘ STP link layer |‘ |SMPI|nk layer b I"-—
Maximalni rychlost — e L o)
predpoklad do 6 Gbiti/s. : ’
Dvoubodové fyzické spoje. | SAS phy layer N £
‘ SAS physical layer
\ J
‘}\_ J_)

5 One or more SAS phys per SAS port )

N =

N

\. One or more SAS ports per SAS device o
31
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Porty na SAS zafizeni

» Typicke zatizeni SAS ma primarni a sekundarni port.

SAS initiator
nebo
expander

]_

]

Napajeci a
LED kabel

Sekundarni port

SAS initiator
nebo
expander

SAS target
Primarni port | |

B

Konektor

32
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Expander SAS

» Expander umoZznuje propojeni riiznych port.

2 Link wide port 2 Link wide port

Subsystem
HDD
Host
HDD
Subsystem
4 Link wide port 2 Link wide port 33
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Mapovani SCSI - ATA

» Protokol SATL (SCSI — ATA Transformation Layer)
definuje mapovani SCSI — ATA.

» Disk ATA lze ptipojit k aplikaénimu rozhrani SCSI.

SATL
SCSI Virtual SCSI
application |- target devi AT;:AKAM -T-» AT;\"ATAPI
client and logical urkt 03 eice
SCSI transport ATA protocol
protocol layer interconnect layer

34
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Reference

¢ http://www.t10.org/drafts.htm
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