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lntroouc:1on 

The HP C1533A DDS-2 Tape Drive 

The HP Cl533A is a DDS-2 tape drive with a SCSI interface, designed for the OEM 
market. It conforms to the DDS-2 format standard for storing computer data, and 
incorporate& a data comprelllion capability using the DCLZ compnmion algorithm. It is a 
low-cost, high-capacity, high transfer-rate drive for storing data otlline on tape. The drive 
fita a 3~-inch form factor. 

The 1198 of the DDS-2 format and data compnmion allow a 4-8 fold increue in capacity 
and tranafer rate over that of a standard um:ompre111 d drive using the DDS-1 format. 

Aa a strmmiDg tape drive, the HP C1533A implement. all the mandatory and most of the 
optional SCSI c:ommanda for Sequential Accem Devices. 

Product Features 

The HP C1533A bu the following features: 

• A standard 3~-inch form factor 
• A typical capacity of up to 8 gigabytes for a 120 m tape in a t«hnical computing 

environment, and up to 16 gigabytes for a 120 m tape in a commercial environment 

• A typical 8U9tained streaming transfer rate of 510-1500 kilobyteeleecond 
• A larp 1 mepbyte data buffer to maintain host tranaf'er rate 

• On-baud DCLZ data compreaion and decompnmion submyatem 

• Automatic enor detection and correction 
• :e.d.-after-write error detection and correction 
• Three leYeJa of Error Correction Code (ECC) 
• Syncbronoua or asynchronous communication modes 
• Single-ended SCSI connection 

• Electrically upgradeable firmware 
• Compatibility with the SCSI-2 Sequential Access command •t 

• Support for disconnect and ~lect 

• Low1camt 
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lntroauct1on 

The DDS-2 Format and Compatibility 

The HP Cl533A i.mpl81D8Dta the DDS-2 (Digital Data Stomp 2) format, an atemion of 
the DDS-1 (originally called simply DDS> and DDS-DC formats, including data 
compremion. DDS formats hava been deva!oped by Hewlett-Packard for data stomp 
dri"89 which um and build on DAT technology. 

• The DDS-2 format alloWB comp~ data to be stored in a way that maintains the 
full functionality of the DDS-1 format, and ensurM backward compatibility with 
mmng DDS drift&. 

• The HP Cl533A can t'88d any DDS tapam (])DS-1, DDS-DC or DDS-2), whether 
data compnmion w llWitchad on or oft. 

• The driva automatically decompra 1111 DCLZ data 8V8ll if data compremion w 
switched oft. 

• The driva supporta the mizing of compre 111 d and um:omp~ data. This meana 
that a tape can be laheled with uncompre 111 d data and rwi in any DDS tape driva. 

The DDS-2 format~ the lllD18 error co1ra."tion techniqU81 u the DDS-1 format. Theae 
inmrporate the error con-=tion tecbniqU81 u..d in DAT driV89 with additional techniques 
speciftcally dMped to provide the integrity of data nee ry for computer um. The utra 
metboda of error detecaon and con-=tion are a followa: 

• C3 ECC, a third level of Error Correction Code, providing correction acnm framea 
within lfOU1l9. 

• :a.d-Mt.-Write, wbeN data w verUlad immediately after it w written and 
r.writtan if tUra ia any error. 

• N-Group WfttiD& .,.... evwry group w repeated a• number of tim-. 
• Data IWldmni:rer, for nccxHng the data in order to provide a c.omUtant signal level. 

This eublem rwi-aftar-write to be eftectiva. 

• Track checbums, for detecting and locating helical errors, and 90 improving the 
performam:e of ca ECC. 

Each tape can be formatted u a single data space, or u two partitions which can be 
written to independently. 

DDS format.I are u..d by numeroua other tape driva manufacturers. Please consult your 
HP SaJ. ~tativa for the latelt inCormation about companiea planning to build 
compatible driftL 

For full cWaiJa of tba DDS-2 format, mer to the ECMA standard. 

The Purpose of this Manual 

TC>l9dm with tba dacumenta mentioned on the oat pap, thia manual providell all the 
intormat:ima &boat the HP Cl533A which OEM manufacturers need in order to uee the driva 
in their producta. 
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lntroouct1on 

Related Documents 

The following document.II provide additional relevant information: 

• 3,81 mm Wide Magnetic Tape Cartridge for Information lnterchanp-Helical 
Scan Recording-DDS-2 Format Using 120m Length Ta.,_, ECMA Standard 

Available from the DDS Manufacturers Group or the adc:lnm below 

• 3,81 mm Wide Magnetic Tape Cartridge for Information lntercbanp-Helical 
Scan Recording-DDS Format, Standard ECMA 139 

Available from the DDS Manufacturers Group or the addnm below 

• D-iping a Data Storage Format for Digital Audio Tape (])AT) 

Available from the DDS Manufacturers Group or the adc:lnm below 

• s~ with DDS Media 
Available from the adm- below 

• Small Computer System Interlace (SCSI-1), ANSI X3.131-1986 
The ANSI authorized standard for SCSI implementation, available through ANSI 

• Enb•nced Small Computer Systems Interface (SCSI-2) 

ANSI X3T9.2-85-82 Rev.10, available through ANSI 

• Propmm American National Standard Data Com~n Algorithm, Adaptive 
Coding with Embedded Dictionary, for Information Interchanp 

1st draft, 16 Novamber 1990, X3B5/90-322, available through CBEMA, 
Waahington DC 

• Propmad American National Standard Helical-Scan Digital Computer Tape 
Cartridp 3.81 mm (0.150 in.), Eztended Digital Data Storap Format <DDS-DC), 
for Information Interchange 

1st draft, 23 November 1990, X3B5/90-323, available through CBEMA 

The fint three of theme documents are available from your HP Sales Repreaentative, and 
al.a from: 

Veronica Neale 
Hewtan-Pedcard Ud. 
Futon Rom 
Stoke Gifford 
Brtllal BS 12 6QZ 
UK 

Telephone: +44 272 799910 
Fa: +44 272 236194 
Teler 449206 HPCPB G 
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Pl"lysical Specmca11on 

Physical Specification SI 

This section giYeB physical details of the HP C 1533A. For details of cabling requirements 
for installation, aee chapter 03 "Installation". 

Dimensions 
Figure S-1 shows the general appearance of the drive. 

Figure S-1 

The HP C1553A 
ODS-Form• Tape Drive 

Figure S-2 giYeB details of the dimensions, toleranc=- and tizing centerll for the drive. 

Figure 5-2 
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Physical Specification 

Weight 
One kilogram, without a cartridge. 

Clearance for Service 
In the event of a fault, the entire drive is replaced. Comequently, it is recommended that 
you allow for euy accem to the mounting acrews (sm figure S-2). 

Orientation 

Figure s.3 

Safety 

The HP Cl533Acan operate in thl'9orientatiom, ushown in figure S-3. No adjustments 
are needed to internal 88ttiDp for the different orientatiom. 

a~ 
a 

The HP Cl533A confonm to the following safety standard8: 

~o 

a 
I- a 

• UL 19&o-"Int'ormatian Proce-ing and Buinam F.quipmat" <Ylfth F.c:lition). 

• CSA C22.2 Number SGO, Ml986-'"Informatian Pmra-ing and Buane. 
Equipmmt". 

• IEC 9&o-"Safety of Information Technology Equipment including Electrical 
Bum.. Equipment" <First Edition). 

Conditions of Acceptability 
The HP Cl533A ia tor um only in equip1D81lt where the suitability of the combination has 
hen determined by an appropriate certification organization (for azampla, Underwriters 
Lahoratori89 Inc. or the Canadian Standards A.ociation in North America. and the British 
Studard8 Imiiiution or Verbad Deutscher Elek.trotaclmiker eV in Europe). 

OiUr comidmatiom iDclud8 the !ollowiq: 

1 n. drift mum& be i-.u.t in an encJmure to limit an operator's aa:em to live parts, to 
praride .,..._stability, and to give the drive the nee ry grounding integrity. 

2 n. me "1 "IOltap npplie9 mun be provided. Th- suppli• are Eztra Low Voltap 
(SEC) tor UL and CSA. or Salety Exira Low Voltap for BSI, VDE, and so on, ol +5V 
ad+12Vdc. 

Nace The drive ia only tum to protect it from ace.ive currents. 
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Environmental Specification S2 

Thelle specifications are for the HP Cl533A, not for any particular DDS-format tape. II a 
tape i8 uaed which bu more strinpnt requirements than tbw specifications, tbe tape's 
requirements should be ot.ened. 

Panmeter 

Ambient Opet9/lng 5-C to 40"C (AT< 1 O"Clh) 
Temperaturtt Non-Operaling (mech) -40"C to 70"C (AT <20"Clh) 

Non-Opet9/lng (tape) -40"C to 45-C (AT <20"Clh) 

Humtdlty Opet911ng 20 to 80% RH, non-conclenling 
Maximum W9t bulb tampermn • 28-c 

Non-Opet9/lng (mech) 5 to 95% RH (ARH<30%/h) 
Non-Opet9/lng (tape) 20 to 80% RH (ARH<30%/n) 

Vlbrlltlon Operming (3 Ams) Swept Sine: 0.3 g puk, >500 Hz @ 1 octave/min 

Random: 5-350 Hz @ 0.000533 g2/Hz 
3S0-500 Hz @ ~ dB/octave 
500 Hz @ 0.000271 g2/Hz (•0.5 g rms) 

Non-Opet9/lng (3 Ams) SwwptSine: 0.75 g pelK, >500 Hz @ 1 octave/min 

Random: ~100 Hz@ 0.02 g2/Hz 
100-137 Hz @ ~ dB/octave 
137-350 Hz@0.0107 g2/Hz 
3S0-500 Hz @ ~ dB/ocrave 
500 Hz@0.0052 g2/Hz (•2.41 g rms) 

o,,.,.ang (3 Ams) 5.0 g PMk for 3 ma - "'a sine 
no pettonrwtce chMge 

Optnllng (3 Ams) a.o g PMk for 11 ma - "" line 
noci.Mlou 

~(3Axu) 90.0 g PMk for 3 ma - "" sine 
no a...g. 30.0 g PMk tor 28 ma - trlpeZoidlll 

AltltUde O,,.,.ang O km to 4.6 km (0 to 15,000 ft) 
Nof>.Opetrlling o km to 15.2 km (0 to 50,000 ft) 

Trlln8pCH'tatlon Vlbrmllon Swept Sine: 0.5 g PMk @ 5-200-5 Hz @ 1 octave/min 
Type 1 package 5 min dftll • PMk resonance 
(3Axu) 

Random: ~100 Hz@0.015 g2/Hz 
Type 1: One 100-200 Hz@~ dSIOCblVe 
drM peckegld 200 Hz @ 0.0038 g2/HZ (• 1.47 g rms) 
lndlvtdulillV. (30 mlnllXia) 
lllo..,, drM9 

lmpmcl 10 vertical impacts (6 t-=- and 4 boaom package pDllged 
fype 1 package comers trom 91 o mm helgt1t) togllrW 

RIS*llMt Shock M In ASTM 0-999 Metnod A1 
Type 1 package 
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Environmental Specification 

Parmneter 

M9QnMlc Fletd 
SU8C8ptfblllty 

Operating 
(no perlotmance change) 

Opetaling 
(no petformance change) 

Specification 

> 1 gauss@ 47.5-198 Hz (inside Helmholtz cod) 

5-15 kV in 2.5 kV Slaps on tne front panel only 
(ECC and ,...,.ead allowed) 

Operating 25 kV on tne front panel only; indud81 IEC801-2 
(no p.,,,,.,entdamagfl) (ENS5101-2) (power can be cyded, etc.) 

Operating 10 Vim overtne frequency range 14 kHZ-1 GHz 
(no pedormanc• chtlng•) 

Ruidulll magnetic lfeld <0.525 microC811a@ 3 ft from erry manor 
emitted.,.,, pacltmged surtw:e d l)llClcage 
for~ (IATA transponadOn 1eatl1dlons) 

<0.5 millll8lla ac and/or de on all 8ldwtor 
sutfacel when op8flllng In "wotsl-cae" mode 

<FCC L8Vel B when t8118d SlandalOne 

<4.5bet10U11dpowerwnen t8118d standalone 

Componenl surface iernperauree not to exceed 
supplier's d8llgn llmitS under worat-cae 
~ condition& Nor shall erry component 
be ao net • to be a potentt.i hazard by bums or 
seconmry raacaon to tire. 

CSA Certified to C22.2 No. 950 
UL RecogillZed to UL 1950 
Comp11ee will'l IEC 950 
ruv mane to EN60950 

Suepellded P9rtict• o,,.,..,mg and 
Non-0,,.,..iing 

Power Reqtiirements 

• +6V de = ~. l.2A typical 
• + 12V de: 10.,, 0.2A typical (reprogramming EEPROMS requirea 12V de: 5%) 
• 0.6 ampm ma ( < 1 .:ond) 

• Powv Comamption: <8.5W typical 
TU HP C1533A hM internal ma. to protect it from a power supply delivering an 
fiE · N cumm& to tbe driw. It ia recommended that you route the two ground 
cxm.....vn. ~and directly through low imped•nm lin• to tbe power supply unit, 
ad cxmDl'Ct tb8m to a common grounding point there. 
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Reliabilityr and Maintainability S3 

Thia chapter contains information regarding product reliability 8Dd •nice requirements. 

Reliability 

Definition of Failure 
A failure ill defined u any permanent maltunction of tba drive that prewnt.8 you from 
retrieving data from a tape. Thia inclwt. failure to power up, failure to unload or eject a 
cartridp, 8Dd failure to write 8Dd 1-.d data to ud from tba tape, ud it U9UDl89 that both 
tba drive 8Dd tape are being u.i within. llp8Cification. 

Fault. are not CODllidered failurm when they are related to operator error, mjwh•ndling and 
abue, system-related faults (cabling problema, uuupportad .,nem.. operating .,ftware, 
8Dd ., on), no trouble found, 8Dd transportation damage. 

Mean 'Time Between Failures 
The mean time between failurm (MTBF) for the HP C1533A is 200,000 power-on hours, 

--'- MTBF ~on hours . th "od wuere • offaaii.ra ID e pen . 

Failurm are only counted if the following conditions apply: 

• Only DDS-approved cartridpm are being u.i. 
• The cartridgm are neither damaged nor faulty. 
• Environmental conditions (including DC voltage suppli•) are within. the specified 

limi1t8. 

Notm Hewlett-Packard Company doem not warrant that this predicted MTBF ill repreaentative of 
any particular unit inata1led for customer uae. Failure rataa are derived from a large 
databua of tat sampl•. The actual failure rate will vary from unit to unit. 

Product Life 
The epecified life of tba driw ill 10 years awrage, with a distribution of ~12 years. 

The ump model Cor tm. specification ill u follows: 
• 2 bom9 tape pulling time per day 

• 6 day. amp per waek 
Tim model ill equivalent to 6,000 hours tape-pulling life, with a distribution of 4,800-7,200 
baan. 

Nate The dri'V9 ill deeiped to operate in streaming and repoaitioning mod.. Sustained low data 
rat.am may cau. premature failure due to an aceaaiw number of atarta and stops. 
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AeHaoliity and Maimainabrlity 

Service 

Regular Maintenance 
No regular maintenance ii required apart from cleaning the heada after each 25 houn of 
uaa, or when the Caution Signal shoWll (888 "Caution Signal" in chapter 01). Head 
cleaning ii~ in c!iaptar 01. 

Field Replaceable Units 
The drive ii it.alt a single field replaceable unit. In the eftDt of a problem with any of the 
sub-amembli• in the drive, the who!e drive should be replaced, and the fau!ty drive 
returned to the factory. 

Packaging for Return to the Factory 
The drive sbauld be roturned in it. original packaging 

I Specfflcatlona 



Performance Specification S4 

The Data Capacity, Data Transfer Rate and Error Rate specifications given in this chapter 
are bued 011 the following 888Ulllptiou: 

• Media mut conform to the DDS Media specification and not be damaged or faulty. 
• The drive and media mut remain within and ahraya haw remained within their 

respective operating and non-operating environmental apec:iticatiom. 

• The driva ill at all timem in good operating condition. 
• The· C3 ECC frame ill pnerated on writing and uaed u 11-=-uy on rmdillg. 
• :a.d-after-write rewrite. are uaed u nee ry on writing. 

Data Capacity 
The native ( U11COD1p1 a• ad) capaciti• of clifl'erant length cartridps are u follows. Note 
that 60m and 90m cartridgaa are automatically written in DDS-1 format, and only 120m 
cartridgaa are written in DDS-2 format. 

L8nglft Format N8tlve Capacity 
60m OOS-1 1.3 Gb typieal 

90m DOS-1 2.0 Gb typleal 

120m DOS-2 4.0 Gb typical 

With data comin-ion. capacity can be apected to inc:rm88 in the ratio 2: 1 for technical 
data, and 4:1 for standard data, though th.a figurm depend on the aact nature of the 
data. 

Data Transfer Rate 

Sustained Data Transfer Rate To and From Tape 
Sustained tramfer ratell are u followa: 

• Native (uncompn•ed) mode: 510 Kb/• 
1.0 Mb/• 
1.5 Mb/a 

Burst Data Transfe1~ Rate To and From the SCSI Bus 
TM HP C11533A will llink and IOU1"C8 data bunt.a to and from the SCSI bUll at a muimum 
bulllC rate o{ 3 Mblm ming SCSI uynchronoua traufers. Using synchronoua transfers, the 
maimum bunt rate ill 7.5 Mb/a. 

Data Interchange 
TM driw ill lp8Cified to interchange tapm with other drivam which conform to the DDS-2 
format. It cua rmd tapm written by drivam conforming to the DDS-1 and DDS-DC formats. 
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Performance Specrficarion 

Load and Unload Times 
The load procedure takee 19 seconds from the time the cartridge i8 iuerted into the 
HP Cl:s33A to the time the drive is ready to start acting upon the nest command from the 
hem. Part of this time i8 used to acceaa the System log at the start of the tape. 

The time taken to unload and eject a tape depends heavily on the length of tape, the 
number of partition1 and the cunent pomtion on the tape. The tape mull& (int be rewound. 
which could tab up to SO. for a 120m tape it the current EOD i8 near the end of the tape. 
The drive then updata. tape lop, and performs the unloading procedure. The re.ult of this 
i8 that the entire eject 91uence can tab between 309 and 2 minuta.. 

Error Rate 
Tha umecoverable error rate 011r.di8specifiedu1- than 1 iA 1015 bita read. 

For further detaiJ8, refer to "D-iping a Data Storap Format for Digital Audio Tape 
(])AT)", produced forthe DDS Mauufacturen Group, and availabJe from Hewlett-Packard 
<- Introduction). 

Retries Limit.a on Rewrites 
For Read-After.. Write error correction, each frame can be rewritten up to a muimum of 
127 am. (giving 128 writ.. of the frame). ID addition, the total number of frame rewrites 
within Olle group i8 128. 

Power-Fail Handling 
Ir there i8 a poww-fail, the HP Cl:s33A perfOJml the following actiom, and reverta to it.a 
dalault c:aD1lpradon wb8D poww i8 rm.and: 

1 Tha driw eucutm the Power-Up ~U8DCll of salt-te.ni. 

2 Ir a tape i8 prmmat. it i8 tlu-.ded with the usual load pequence. 

3 Tha ctm. ram the nan hmt command and returns a CHECK coNDmoN statua. The 
hmt abauld then 88Dd a REQUEST SENSE command. The HP C1533A rmpondll with 
the UNIT ATrENTION _.. kay, and sets the Additional Senae byte. to indicate that· 
the driw bu been power-cycled. 
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Operation and Installation 
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Operation 01 

The front panel of the HP Cl533A ia 11-1 for the following: 

• Imerting and removing cartridpm 
• Displaying drive and cartridge status 

Status Disp~y 

Front Panel 
Oilplaya 

The front panel bu two lights (LEDs) labeled '"Tape" and •ci.n". The Tape light ahOWll 
green to ab.ow activity involving the tape, Oaahjng slowly while the tape ia being loaded or 
unlollded, steady when the tape ia loaded, and Cut Ouhjng when read or write operations 
occur. The Clean light Oaahas amber slowly to indicate that a Caution Sipal which either 
i.ndicat.. that the heada need clMning. or that the cartridga ia D8U' the end of ita ueful 
life. It ahoW8 a stMdy amber to indicate a hard fault. 

The following diagram lists all the pomihi.litier. 

Tape 

CJ 
I Ir -

CleM MeMlng 

"" WMil ~signal 

I any I M@t.%1 Fault 

CJ Self-teSI In progress 

I °" --
- Gr9lf1 

_...--, FJah Green 
---..J (~ s on, ~ s off) 

-mili-:wil,..........,I ~= !.':'! off) 

• • I Fat Flash Green 
_ _ . (v.a on, v.a off) 

\. _/ 

Caution Signal 
If an -=-d'99 number of read-after-write (RAW) or third level error conection (C3 ECC) 
enun an dMemd during normal operation, the C1-n light f1uhe9 amber. 

Tim condition could be cau-1 by dirty heads, ao the beads should be cl-.ned and the 
operation tried apiD. If the Caution Signal 19ppean, UIUJD8 the cartridga ia nearing the 
end of ita u.fu1 life; copy the data on the cartridge onto a new one and dimcard the old 
cartridga. The Caution Sipal ia cleared after you have loaded a cl•ning cartridge and the 
h.-da haft been cleened. 

Diagnostic Display 
The pUl'p098 of the diagnostic firmware is to teat the HP C1533A electronics for 
functionality. During power-up, the drive executee a self-teat diagnostic 119quence. This is 
shown by the Tape light tl.uhing green at a rate of 1 cycle per aacond. If the aelf.teat fails, 
the Clean light ahoWll a steady amber. 
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Operator Action 

Operator Action 

Loading and Unloading Definitions 
With regard to tapam, the drive may be in one of the following stat.: 

• Not Praeu meus there w no cartridge in the drive. 

• Praeu but not Loaded meus a cartridge w in the drive but not logically loaded. 
Logically la.dad maana tbat the drive bu performed operatiom involving format 
evaluation (for aample, l'Mding the aynam log, rad or write diapomtic:.), and w 
now prepared to accept commanda which aa:em the tape. 

• Load.in.6 maana the drive w loading the tape. This w a tl'Bmlition state between 
.. Pwt but not Loaded" and .. Loaded". 

• Loaded maana a cartridge w prwnt in the drive and it bu been logically loaded. 

e Un.loallit&f maana the drive w 11nJoading the tape. This w a tl'Bmlition state between 
.. Loaded" and .. Prwnt but not I.naded". 

• li;j.:til&g maana the drive ia in the procam of ejecting the cartridge. This w a change 
oCataa:e Crom .. Pwt but not Lomded" to .. Not Pwt". 

Inserting Cartridges 
In.rt a cartridge into the slot on the Crom panel. .A. the cartridge w iuerted, the drive 
taJrm it, perfonm a lmd -.uace and 8'089 online. 

Nam TM driw cu be CODfigand to detect DDS Media Recopition Syat.em cartrids-. If this w 
dam and you lmd a cartridge which ia not DDS Media Recopition System, the cartridge 
will be a.tad • write-protacted; you will onJy be able to 1"8lld it, not write to it. Sea 
Chapter 02 for more detail8. 

The lmd-.wmce w u Collawr. 

1 The dm. 1MCh•niem thrwia the tape and nrwindm to BOM (Beginning of Media). The 
tape w thm rmd9 the 6nt Reference um on the tape (partition 1 on a 2-Partition tape) 
to find the tape format <DDS, audio, and so on) and the number of partitions. 

2 If the tape w blank. the drive l•vem the tape at BOP for Partition 0 and awaitll the nezt 
commend 

3 If the enar rat. w higb the Caution Signal is aet on the front panel lighta. 

4 TM Symtem arm i8 thm .,, ratl and the Tape log rad into the drive. 

5 Finally the dm. rewinda to BOP (partition 0) and 8'089 onlina. 

Nam Ilt.M HP C1533A i8 ~while a cartridge w Io.dad, the drive perCorma a load 
~and ... cmlim. 

Att. tM lmd-.umce. the dm. 98nda a CHECK STATUS on remipt of the nut SCSI 
ccmnn•M tram tM bm&. The UNIT A'M'EN'nON by i9 ..t iD the returned REQUEST 
SENSB data to indic:etie tbat the tape may have been cbanpd. 

Removing Cartridges 
A cartridge can be removed Crom the HP Cl533A either in respou. to a SCSI 
LOAD/UNLOAD commend with the Load bit set to 0, or by prwing the U nJoad button. 

For eitlwr of th-. metboda, if the best h.u not previoualy •nt a PREVENT MEDIA 
.REMOVAL command, the drive performs an U nJoad sequence. In thi8, the tape w rewound 
to BOP for Partition 0 and, iC the tape is write-enabled, the copy of the Tape log held in 

2 Op..Uon •nd Installation 



Operm1on 
Opermtor Action 

RAM is written back to tape. The tape is then rewound to BOM, unthraded from the 
mechanism., and ejected. 

Note If the hast bu previously 18Dt a PREVENT MEDIA REMOVAL command, operation of the 
Unlmd button i8 disabled; pnming the button bu no effect, and 00. not initiate an 
Unload aequence. The Unlmd button returu to normal operation following receipt of an 
ENABLE MEDIA REMOVAL command or a SCSI !Wt. 

Alm in this cue, a LOAD/UNLOAD command with the Load bit 88t to zero will put the drive 
into the "in-nt but not loaded" It.ate, that ia, it will tab the drive of'DiDe and untm.d 
the tape, bu.t will not eject the cartridp from the drive. 

Forcing the ~ection of a Cartridge 

Caution There i8 a powibility of loaing data if you form an eject. The tape may aim be invalidly 
formatt.ad following the forced eject, becaU88 EOD may not have been written.. 

If you pnm the Unlmd button when the drive i8 busy, it may be a long time before the 
drive will ~ to the raq\188t, becaU8e it will finiah the tuk OD which it i8 engagaci first. 
Thill euu19 that the tuk i8 terminated in a controlled manner and no data i8 last. 

Howaver, there may be occuiou when you need to unload a cartridp urpntly, even at 
the risk of loaing data. To do thia, you mult force an eject. There are two waya of doing this: 

• Pram the Unlmd button three timee within a 5-minuta period (or pnm the Unload 
button twice m the 5 minutea following a SCSI UNLOAD command). 

• Hokl the Unlmd button down for at l..i 5 .econda. 
Following eithar of tb98 actiom, the drive wait.a until ~ 88CDllda have pa-' from the 
time of the fint ~ to giw the normal eject procedure a cbanm to be followad. Once this 
period of grace bu elepwd, the tape i8 immediately unthrwim and the cartridp i8 
ejected, reprdlam of what operation the drive wu performing. The drive i8 then reeet as 
though the power h.ed been cycled. 

Became the form eject may interrupt any operation, it i8 pcmible that the drive will not 
write EOD before the cartridp i8 ejected. Thill will came lam of data, and result in a 
cartridp with an invalid format. 

Write-Protecting a Cartridge 
Cartrida- ICIUl be write-protected by sliding the tab on the rar of the cartridp so that the 
hale i8 opa. ID this 1tata, data ICIUl be rmd from the tape but not written to it. 

caution TM Tape log. which contaiu a hi8tory of uap of the tape, will not be updated when the 
cartridp i8 writ.~ It followw that the Tape log becomM inaccuJ'&ta if a cartridge 
i81.-l wben writ.protactad. 

Head Cleaning 
u ... Uoulld clean the tape heada after every 25 hours of 1188. Cleaning the heada ill also a 
-mible fint step if the Caution Signal display (see earlier in this chapter) appears on the 
front panel ligbm. 

ID order to clean the heada, Wiit a Cleaning Cartridge, HP 92283K. Insert the cleaning 
cartridp in the driw, when the drive will automatically load it and clean the heads. At the 
end, the cartridp ill ejected. Note the date on the label on the cleaning cartridp, eo that 
there ill a record of how many timee it has been used. After 25 uam, diecard the cartridge. 
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Power-Cycling 

Power-Cycling 

It the cartridge bu not been ejected from the drive before power-cycling the unit, the tape 
will be "prwnt but not loaded", and thr.ded when the drive is nat pow6rid up. A 
PREVENT MEDIA REMOVAL CODlllWld •nt before the po1"tl'-cycle will be rmet at 
power-up, ao that the cartridp will now be ejected when an UNLOAD COIDllWld is received. 

It a b111 reeet occurs, or a B111 Device a.et is received, any buffered data will be written to 
tape before the drive ga. into its rmet aaquance. Thi8 emur. data integrity. 

Upgrading Firmware by Cartridge 

The HP Cl533A allowa you to upgrade its firmware by iD8ertiDg a Firmware Upgrade 
tape. In order to do thia, proceed u followa. The procem will tab at leut 3 minut.- to. 

Caudan Do not cli8conDect J>O""'I' to the drive at any time during the upgrade, or it may result in 
the drive having comipt firmware. 

1 Emure that the drive is not enppd in any SCSI activity (the Tape light is lit steadily, 
not Ouhing). 

2 Imert the Firmware Upgrade tape into the drive. 

3 The uppw18 ~ automaticelly tau. place. AbOut halfway througb, the tape will be 
ejected. Rema.. it, and replace it in its baz. 

4 You can be mn that tile uppade is complete wba DO activity can be-.a on the front 
paml light. for at 1-* 30 ..:onda. 

Avoiding Condensation 

Condauation is bmd for tape driW9 where a thin tape is pawing aero. a rapidly spinning 
bwi. To minimize the cbance of condensation. adhere to the environmental requirements 
in the specificatiom and the guidelines in chapter 02. 

To avoid temperature problem., ot.erve th- guidalina.: 

• Pomtian the drive in a pmition where the temperature is relatively stable, for 
aampla, away mma op8ll windows, fan heaten, and doom. 

• Avoid leaviq c:artridpl in 88V81'9 temperature conditiom, for ezample in a car 
•Minim bright •nlipt. 

• A'ftlid t:rudlrriDs data (ramding from and writiq to cartricipm) when the 
~ i8 c:b•nging by more than lO"C per hour. 
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Cartridges 02 

DDS-Logo Media 

The um fi:Jr reliability in storing computer data ia sr-ter than in recording music for 
reproduction. For this ~ the DDS logo wa deigned, indicating tbat a cartridge 
ccmtaim tape o( daca-grade quality. T!u. logo ia abown iD figure 0-2. 

Although non-DDS cartriclps may appear to work l'lgure o.z t -~ ~i·g:al .aa.c.ctori1y in the drive, their inCerior 
lp8citlcation tbrm:am the integrity o( your data. 
The Media Recopition Syatem provic& the drive 
with a m-. of det.ecting DDS cartridpll. DDS Logo Storage 

The Media Recognition System 
DDS Media Recopition Syatem tapm have a aerim of ltripm on the trampuant leader 
tape at the beginning o( the tape. The HP C1533A ca detect thw, and ca be configured 
tbroqb the option 9witcbe9 on the undarllide to a.a; any tape without ltripea u 
write-protactad. In other wurd8, it will only be allowad to remd tapes wlUch are not DDS 
Media Recognition Syst.em, not write to them. 

You ca recognize DDS Media Recognition Syatem tapes by the logu iD figure 0-3. 

DDS Media 
Racognldon 
System Logo Media Recognition System 

T8J* with. the old DDS logo (figure 0-2) are iD no way inCerior; they simply do not carry 
the ltripm on the 1-der tape, ., the drive cannot recognize them u DDS quality. All DDS 
cartriclps produmd from auty 1993 abould have the Media Recopition System stripes. 
HP c:artrida- ba.,. the ame part numbers u be(ora. 

la ardilr to canfipn the drive to rmpond to Media Recopition Sywtam ta.,_, aee the 
-=tian •Option SwitcbM" iD Chapter 03. 

Compatibility 
The tape iD DDS Media Recognition System bu the same specification u tape in earlier 
DDS cartriclps. Hewlett-Packard bu U88d the opportunity to mab amall design changes 
to the cartridp 8bal1, iD order to make it resistant to even more 98¥91'8 lhock and vibration 
when handled, but the cartridge and tape are wholly compatible with drive. without the 
Media Recognition Syatem. 

Data on .rUer DDS cartridgee can still be read on the HP C1533A drive, whether the 
Media Recognition Syatem ia switched on or off. If you need to write to th.a tape9, turn 
the recognition system off u described in Chapter 03. The drive will then tr.t the tapes 
u it doem DDS Media Recognition System tapes. 
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Canridges 
Write-Protecting a Cartridge 

Ordering Tapes 
The HP Cl533A can use any DDS Media Recognition System cartridpe. However, for 
a.ured reliability, you are recommended to ua Hewlett-Paclrard badged cartridpe. 

Write-Protecting a Cartridge 

Cartridpa can be write-protected by sliding the tab on the rar of the cartridp so that the 
bole ia open. In thia state, data can be read from the tape but not written to it. 

Cautton The Tape log, which contaim a history of uaap of the tape, will not be updated when the 
cartridp ia write-protected. It folle>w11 that the Tape log become. inaccurate if a cartridp 
ia u-1 wtum write-protected. 

Storage 

To minimize the chance of condensation, adhere to the environmental requirements in the 
speciftratiou and the following guidelin•: 

• Only ue cartridpe at temperaturm between ~"C ( 409F) and 40"C ( l la-F'). You can, 
howevet, store them ai tempel'8.tunm down to - 40"C (- 409F). 

• If you apme rartrids- to temperatur. outllida the operating limits, stabilize them 
t.fore you ue them. To do thim, l•ve the cartridpe in the oj>erating temperature 
for a minimum of two houn . 
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Installation 03 

Power Connection and Grounding 

F1gun ().4 

RearolOrtve 

+5V +12V 

+5V gnd +12V gnd 

Grounding I 
.0vofl .... 

. ,.__Y.-'"-F -

SCSI Connection 

A~ SCSI configuration is supported. The hardware and termination 
spec=iftc:eQom of tbill interface type can be found in. Section 4, Pbyaical Characteristics, of 
tb9 SCSI X3T9/89-042 Standard. 

Only nmbjelcted coanecton can be Wied. 

T'b8 following are po-ihle cable and terminator IOU?cm: 

cable: 28AWG Ribbon, Spectra Strip 132-2899-887 style 2697 
Con."'llldar. 3M Connector ~ 7650 

3M Strain Relief 3448-3050 
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Installation 
SCSI Connection 

Setting the SCSI ID 

Figure o.a 

The SCSI ID is set using jumpers on the set of pins bemde the SCSI connector at the rear of 
the drive, u shown in figure 0-6. 

using DC on/off, 
control cable 

BltO 
Bil 1 
Blt2 

Tann PQW91' J 

l _n in illl 
If ••••••••••••••••••••••••• ~Coo o ojJ IL ••••••••••••••••••••••••• SCSI connector 

SCSI JUlllJ* Pim 

There are t.m. significant bits in the ID, giving an ID range of 0 to 7 inclusive, u shown 
in the following tabla: 

SCSI ID Bit 2 Bl 1 Bit 0 
a o o o 
1 
2 
3 

0 
0 
0 

0 1 
0 

SCSI ID Bit 2 Bit 1 Bit 0 
4 0 0 
5 0 1 
I 0 
7 

1 • shorted 
0. open 

The HP Cl533A rW. the SCSI ID at power-up and during self-test, in order to determine 
the 118lected tarpt m of the tape drive on the interface bWI. 

Termination Power 
The HP Cl533A will provide termination power for the SCSI termination resiston if a 
jumpar ii ..C acrom the 2 pim marked "Term power" in figure 0-6. 
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Option Swltchu 

Option Switches 

Figure 0.7 

The HP Cl533A has a aet of option switches on the underside of the unit, u shown in 
figure 0-7. 

Option Swtlchm 

Swit:cba. 1 and 2 are u88d to configure the data compnmion operation mode. The 
following table ahOWB the available optiona. 
SWltch 1 SWltch 2 Mun~ 

On On CompressiOn enabled • poMr~. with hOll control 
On OtT CompnlSllOn 8Nbalcl • poMr~. no hOll control 
OtT On Compreaion dlAl*d • poMr-on. the hOll la allow9d to control compression 
OtT OtT Compi 1111 en diSllbled • poMr~. no hOll control 

Note that with .witch 1 on, data written to the tape will be com.pat 1 1 d without the 
lmowledp of the host. 

Switch 3 iii u88d to configure the drift to rempmc:l to DDS Media Recopition Syatem tapes: 
Swlcta 3 llleMlng 

On 'The Media RecognillOn Sysaem la dtublec1 This la the dMallt. All DDS tapee will be treated 
the...,., wMtt1er the pg11111 the Media Recag111tlan Strtpee or not 

OtT The Media Recognition System la lldlve. Nan-Media Reccgililian ~ tapee are tr&Mad 

··~ .. ~-For 1DOl'9 information on the Media Recognition Syatam, - Chapter 02. 

Switch• 4 to 8 are u88d to specify drift connectivity and functionality according to host or 
cuatomer nquiremenm. The default 88ttiDg ia all mt:cba. °"· Contact your HP distributor 
or de.1er for further detail8. 
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HOit 
MRS 

HP 
HP 
HP 
HP x 
HP x 
HP x 

DEC 

DEC 

DEC 

DEC x 
DEC x 
DEC x 

SUN 

SUN 

SUN 

SUN 

SUN . 
SUN 

SUN 

SUN 

SUN x 
SUN x 
SUN x 
SUN x 
SUN x 
SUN x 
SUN x 

Switch 

buffen!d 
x 
x 

x 
x 

x 

x 

x 
x 

x 

H• 

Functions 

Perfonn- Caution Default 

ance HanHm>r fixed mode 

x 

x x 
x 

x x 

x 
x x 
x x 

x 
x x 
x x 

x x 
x x 
x x 
x x 
x x x 
x x x 

x 
x x 

x x 
x x 
x x 
x x 
x x x 
x x x 

x x 

Marie Bit on EW-EOM on Wm 
UIMOllcillld -- rnd errar zero fm 

HP 1 1 1 

DEC 
SUN 1 

Notes: 

p~ No Data 

off _phase dilcnt 

x 

x 

x 
x 
x x 

x 
x x 

x 
x 
x x 

x 
x x 

No Valid Bit Full 

Oft 0 lftirii• ,... 
1 

1 

Switchn 

8 7 6 5 .. 3 

1 1 1 1 1 1 

1 1 1 0 1 1 

1 1 0 1 1 1 

1 1 1 1 1 0 

1 1 1 0 1 0 

1 1 0 1 1 0 

0 1 1 1 1 1 

0 1 0 1 1 1 

0 1 0 1 0 1 

0 1 1 1 1 0 

0 1 0 1 1 0 

0 1 0 1 0 0 

0 0 0 1 1 1 

0 0 0 1 1 0 

0 0 0 1 0 1 

0 0 0 1 0 0 

0 0 0 0 1 0 

0 0 0 0 0 0 

0 0 1 1 1 1 

0 0 1 0 1 1 

1 0 0 1 1 1 

1 0 0 1 1 0 

1 0 0 1 0 1 

1 0 0 1 0 0 

1 0 0 0 1 0 

1 0 0 0 0 0 

1 0 1 0 1 1 

SiPd 
lftirii• 

1 

In the HP modes, the SCSI command following a LOAD command will result in a check condition, 
with the drive reporting via the Sense Key that the media may have been changed. 

In the DEC/SUN modes, the check condition resulting from the LOAD operation is not issued. 
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Installation 
Option Switches 

MRS: When true, the Media Recognition System capabilities of the drive are enabled, allowing the 
drive to write data to MRS media onty, and read from any 4mm media. When false, the drive is 
capable of reading and writing to any 4mm media. 

Mark Bil on Un-solicited Sense: When true, the mark bit may be set on an un-soUcited request 
sense(if tape located at a file/set mark). When false, this bit will never be set on an un-solicited 
request sen.•. 

EW-EOM on Rad Emir: When true, EOM bit is set for check conditions resulting from read 
commands in the EW-EOM portion of the tape. When false, EOM is only set if at PEOP/M. 

Full Reset: When true, drive runs though power-on selftests when a SCSI reset occurs. When false, 
the drive perfonns a "soft-treset" on the occurrence of a SCSI reset. 

Signed Residue: When true, residue is negative on a backspace. When false, residue is absolute, 
positive, regardless of direc:tion. 

Petfotnance: "Immediate'" and "Infinite Flush" functions are selected when true. They are not 
selected when false. 

lnwnediate: If selected, immediate mode is carried out on all commands. "switched buffer" = 
False is also enforced. The immediate flags on commands are silendy ignored. If not selected, 
immediate flags are used, and "switched buffer" is left as-is. 
Infinite Flush: When selected, write delay is set to 0. Write delay timing in mode select is 
silendy ignored. 

Caution on Hard Emir: When true, if a hard error occurs on a read or write, then the LED display 
will display a caution signal (flashing yellow) indicating that the drive requires deaning. When 
false, no special LED displays are used to report hard errors. 

Fimd mode: When true, defaults to fixed mode with block size is set to 1024 bytes. When false, 
default block size is 0 (v.uiable mode). 

No Parity: When true, no parity checking of SCSI data is perfonned. When false, parity is 
checked. 

No Data Phue Dilcalw•D: When true, no disconnects in data phase. When false, disconnects 
are not regulated. 

Swkh Buffered: When set, or "Performance • True", defaults to buffered mode, and mode select 
can control buffering capability. When false, buffered mode is enforced and mode select buffer 
field is silentJy ignored. 

Write Zero FM: When tM!, allows write zero filmarks on a write protected tape. 

No Valid Bil on 0 R11iihle· When true, if check condition reported with the information bytes "" o 
the valid bit will not be set. If false, the valid bit will be set even if the residue • 0. 

I I Openaon and lnscallmon 



Installation 
Option Switches 

12 Ope1 man and lnsraHadon 



-----Interface 



lnterf1ce Content• 

Interface Contents 

11 Interface Implementation 

12 

13 

The HP Cl533A SCSI Interface 
Supported Mealllpll 
Supported and Unsupported Commandm 

Signal De.:riptiom 

SCSI Bu Operation 
Typical SCSI Operation 

Diecollllact 
Control Byte-Flag and Link Bita 
Command Queueing 

Typical SCSI Sequencm 

Messages 
SWllllWY 

M-.Detaii. 
COMMAND COMPLETE (OOh) 
EXTENDED MESSAGE (01 h) 
SAVE DATA POINTER (02n) 
RESTORE POINTERS (03h) 
DISCONNECT (04h) 
INITIATOR DETECl"EO ERROR (05h) 
ABORT (08h) 
MESSAGE REJECT (07h) 
NO.OP (NO OPERATION) (08h) 
MESSAGE PARITY ERROR (09h) 
LINKED COMMAND COMPLETE (OAh) 
LINKED COMMAND COMPLETE. with flag (OBh) 
BUS DEVICE RESET (CCh) 
IDENTIFY (SOh-FFh) 

Statu 
GOOD (OOh) 
QiECK CONOmON (02n) 
BUSY (08h) 
INTERMEDIATE GOOD (10h) 
RESERVATION CONFLICT (18h) 

Commands 
Summary 

CommeM l)etaWi 

Pre-Eacutiou Checb 
Bid LUN Check 
Del•red Error Check 
Diagnmtic Statua Check 
F'med Bit Check 
Flag Link Check 
mep.l FieJd Check 
Media Acee. Check 
Media Information Check 
Media Write Check 

1 
2 
2 

3 

4 
4 
5 
6 
6 
7 

9 

9 

13 

15 

15 

16 
16 
17 
17 
17 
17 
17 
17 
18 
18 



Interface Contenta 

Parameter List Check 18 
Reeervation Check 19 
Unit Attention Check 19 

ERASE (19h) 20 
INQUIRY (12h) 21 

Inquiry Data Paa- 23 
LOAD/UNLOAD (1 Bh) 25 
LOCATE (2Bh) 27 
LOG SELECT (4Ch) 29 
LOG SENSE (40h) 31 

Log Parameter Papa 33 
Log Paga n.criptor 33 
Supported Log Papa Pap 33 
Write and Re.d Error Counten Paa- 34 
Tape Log Paga 36 
Tape Capacity Log Paga 37 
Buffer Trace Log Paga 39 
Device Trace Log Paga 40 
Write and Re.d Frame Error Counter Papa 41 
Bad Group Log pap 42 
Drive Count.en Log Paga 43 
Mechanism Count.en Log Paga 44 
Data Com~on Transfer Log Paga 45 
Data Com~on Trace Log 46 
Channel Trace Log 4 7 

MOOE SELECT (15h) 48 
MD Parameter Paa- 50 

Mode Paga Reprwntation 50 
Mode Data Format 51 

Mode Block Dellcriptor 52 
· Dimnmect-Reconnect Paga 52 

Data Compremion Characteristics Paga 54 
Device Configuration Paga 56 
Medium Partitiona Parameter Paga 58 

MOOE SENSE (1Ah) 60 
PREVENT/AU.OW MEDIUM REMOVAL (1 Eh) 62 
READ (08h) 63 
READ BLOCK LIMITS (05h) 65 
READ BUFFER (3Ch) 66 
READ POSmON (34h) 68 
RECEIVE DIAGNOSTIC RESULTS (1Ch) 70 
RELEASE UNIT (17h) 71 
REQUEST BLOCK ADDRESS (02h) 72 
REQUEST SENSE (03h) 73 

Requa.t Seme Data 73 
Seme Data Management 76 

Current Senae 76 
Unit Attention Sense 77 
Deferred· Error Senae 78 

Sense Keys and Additional Sense Codes 79 

Interface Ill 



Interface Contents 

RESERVE UNIT (16h) 
REWIND (01 h) 
SEEK BLOCK (OCh) 
SEND DIAGNOSTIC (1 Oh) 
SPACE (11h) 
TEST UNIT READY (OOh) 
VERIFY (13h) 
WAITE (OAh) 
WAITE BUFFER (3Bh) 
WAITE FILEMARKS (10h) 

84 
86 
86 
87 
88 
90 
91 
93 
95 
97 



Interface Implementation 11 

The HP Cl533A DDS-2 drive U888 SCSI-2 u the interface to connect to the hc:wt system. 

Note Throughout this aection, the term SCSI implies SCSI-2. 

This 18Ctie»n coven the implementation of SCSI in the drive. 
• Chapter 11, this chapter, giV89 an ovamew of SCSI in the HP Cl533A, a list of 

support.ed and. unsupported c:onnnanda, and. a dmcription of SCSI operation with 
typical~ 

• Chapter 12 provides detaila of all the SCSI m pa and. Statu8 conditions that 
may be pnerated. This coven -=tion 6 of the ANSI standard. 

• Chapter 13 gi'Y89 dataila of all the SCSI commands that are supported. 
This aecticm, topther with the SCSI documenta listed in the Introduction, provides the 
information required to integrate the HP Cl533A with SCSI-compatible computer systems. 

See al80 the chapter OD "Special F•tul'm". 

The HP Cl533A SCSI Interface 
The Small Computer System Interface (SCSD is an industry standard interface, approved 
by the American National Standarda Imtitute (ANSD. It is recommended that you read 
the ANSI standard document in COltjunction with this DU1Dual. The ANSI specification 
dam. the inmc.c. in general while this document~ the HP Cl533A 
implementation. 

The HP Cl533A SCSI implementation provides a drive with a standard aet of f•tul'm and 
functiom. Th- include the following: 

• Syncbronou9 data traufen at bunt speeds up to 7.5 MHz. 
• Asynchronous data traufers at burst speeds up to 3 MHz 
• Single-ended glitch!- drivars 
• Single-ended SCSI connection 
• 8-bit wide data tnm.cen plu parity 

• Ability to retry SCSI command, ~ statu and. data phaw (llUCh as response 
to parity enon or erron detected by the hc:wt) · 

• Multi.-initi•tar support (queueing of raquesta, maintenance of aeparate eeme 
infonnatioD) 

• Opticmal termination powar 

• Implementation of all mandatory and mOllt optional commands of the Sequential 
~command9et 

Interface 1 
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Supported Messages 
The following memagee are supported by the HP Cl533A: 

•ABORT 

• BUS DEVICE RESET 
• COMMAND COMPLETE 
• DISCONNEcr 
• EXTENDED MESSAGE-SYNCHRONOUS DATA TRANSFER REQUEST 

•IDENTIFY 
• INITIATOR DETECl'ED ERROR 
• LINKED COMMAND COMPLETE 
• LINKED COMMAND COMPLETE (with flag) 

• MESSAGB PAIU'l'Y ERROR 
• MESSAGE R&JBcr 
• NO.OP CNO OPERA'nON> 
• RESTORE POINTERS 
• SAVE DATA POINTER 

For implementation detam on th-. m-.-, see chapter I2, .. M-.m". 

Supported and Unsupported Commands 

z lntMac:a 

The following cnmmend• an sapport:ed by tha HP C 1533A. They include all Mandatory 
and Eztnded cnmm•nck and mm& Optional cnmmanm 

• DASE • RBI.EASE UNIT 
• INQUIRY • REQUEST BLOCK ADDRESS 
• LOAD/UNLOAD • REQUEST SENSE 
•LOCATE 
•LOGSELEcr 
•LOG SENSE 
• MODE SELEcr 
•MODESENSE 
• PREVENT/ALLOW MEDIA REMOVAL 
•READ 
• READ BLOCK LIMlT9 
• DAD B1.11'PD 
• DAD POSl'l'ION 
• acmvB DWJNOS'l1C RESULTS 

• CHANGE DEFINITION 
•COMPARE 
•COPY 

• RESERVE UNIT 
•REWIND 
•SEEKBLOCK 
•SEND DIAGNOSTIC 
•SPACE 
• TEST UNIT READY 
•VERIFY 
•WRITE 
• WRITE BUFFER 

• WRITE l'ILEMARKS 

• COPY AND VERIFY 
• READ REVERSE 
• RECOVER BUFFERED DATA 



Signal Descriptions 

Interface 
Contents 

The HP Cl533A SCSI interface consista of eighteen signU-nine CODtrol line9 and nine 
data J.ine9; A d88cription of thme signals ia given in the following table. 

Sia• NMle Driven by 0-=rtptton 

-BSY Busy OR-tied signal used to indicate that the SCSI bus ia in 
U88. 

-SEL S8led lnitlatar Uaed to select a Target during the Selection phue. 
Targtt Uaed to -1ect an Initiator during the a.election phue. 

-CID ControllD• Targtt Inmcat. whether Control or Data information ia on the 
data bu. Tnut Oow) indicatea Control, and f"al8e (high) 
indicat81 Data. 

~10 lnpurJOUlpUI Targtll Controls the direction of data movement on the bus 
with respect to the Initiator. Thia signal ia also used to 
di8tinguish 
between Selection and Reaelection pU-. Tnut (low) in-
dicatea input to the Initiator, and f"al8e (high) indicates 
output from the Initiator. 

-MSG Meaage Target Indicatea a M-aa phue on the bu. True (low) indi-
catea a M-sa pU., and f"al8e (high) indicatea Com-
mand, Data or Statu pbum. 

-REQ ~ Targtt Indicate. a requa.t for a REQ/ACK data tr11D8Cer hand-
sbalra. 

.AQ( AcimoWtedge lnitlatar Indicatea an acknowledgement for a REQIACK data 
transfer handshake. 

-AlN Attention lnltlalor Indicatea that the Initiator bu a m p to send to the 
Target. 

-AST A.- OR-tied signal which ia used to indicate a Reset condi-
tion. 

08(7-0) Oltl BUI 8 data-bit signals, which with the parity-bit signal form 
the data bus. DB7 ia the Most Significant Bit, and bu 
the high81t priority during the Arbitration phue. 

DB(P) DalBU9 Data parity bit which ia 88t to od4, but ia a jumper selec-
table option. Parity ia not valid during the Arbitration 
phue. 

Interface 3 
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SCSI Bus Operation 

Typical SCSI Operation 

4 lnterf8ce 

This mmple deacribe9 the typical SCSI bua aequenat between the hmt and the tarpt. 

1 The hmt arbitratm Cor the SCSI bua by ...n:ing BSY and the data line corr.ponding 
to it. bU8 m. If any other devicea wish to compete Cor the bua, they aim ...rt BSY and 
the appropriate data line. Each arbitrating deYice then impect8 the data bua and the 
device with the bigheR ID wim it. All the other devicea mun 1'91.- BSY and their data 
liD8L 

2 Th8 hmt attempa to eelect the target by ..ming SEL and rel••ng BSY. Th8 hon 
main.Wm it. m and ...m the target'• m on the data bua. Each target then checb 
the data liD8L If the target'• m matchem that on the data bua, it accept8 ..iection by .. 
aerting BSY. Om:. the hmt bu detected BSY being-rted. it -a ATN to indicate 
that it will wmit the target to go to the MESSAGE OUT phue. Th8 hmt rel- SEL. 

3 Th8 tarpt now bu control of the SCSI bU8 and it is the target which switch• between 
~ Th8 tarpt rmpond8 to the ATl'EN'nON condition and initiatm the MESSAGE 
OUT phuL Th8 hmt _.an IDENTIFY m p which ta1l8 the tarpt which logical 
unit the hmt wm.. to talk to. The fact that the tarpt rmponda to the ATN indicatm to 
the hmt that the tarpt can 8CCIOlllJDOdate more than jun a COMMAND COMPLETE m-..... 

4 Th8 tarpC initiate. the COMMAND phw and tramfen the Command o.criptor Block 
from the hmt. In the COMMAND phw. the tarpt decodem the command and either a
acut. the connnand (TEST UNIT READY) or .m ia.lt up for a data tramfer to the host 
(for aampl.. RBAD, WRlTE, INQUIRY). Th8 target then either nitcb89 to the STATUS 
phw if the command is complete, or the DATA phw if it is rwiy to traufer data. 

5 Th8 data tramfer length is aac by the hmt in the Command o.criptor Block. The tar
gat remaim in the DATA phua until all the data is trauaferred. 

8 Th8 target then iDitiatm a STATUS phua and tramfen one byte to the hon to indicate 
whether it bu completed the command .sucamfully. If the tarpt bu detected an error, 
the nat command that the host is apected to send is REQUEST SENSE. This allows 
the target to raturn further statua information to the hmt. 

7 TU tupC comp&.t. the SCSI aequence by going to the MESSAGE IN phw and trans
Cerrinc a COMMAND COMPLETE m-ae to the hmt. Th8 target then reI..1188 BSY, al
Jawing the bm to ID to the BUS FREE state. 



Discoru:Lect 

1mertace 1mp1ememar1on 

SCSI Bua Opermtlon 

In order to improve bus usqe and performance, the HP Cl533A ill capable of 
dillconnecting from the hmt in order to free the bUI to allow other requemtl to be eent to 
other targets. To do so, however, the hmt needs to support D~ect. II 
Disconnect ia implemented, the procedure is u folloW11: 

1 The hmt arbitrates for the SCSI bus and it it wins it, eelecta the target device. Before 
releasing SEL and completing the eelection phue, the hmt amerta the ATN line. The 
hmt then rel .... SEL and BSY. The target now bu control of the SCSI bu.. By amert· 
ing ATN, the hmt bu indicated that the target should go to a MESSAGE OUT phue. 

2 After the SELECTION phue ill completed, the target rmponda to the hmt'1 A'ITENTION 
condition by initiating a MESSAGE OUT phue. It recaiY89 a m p from the hmt 
which tali. it whether the hmt can supp>rt ~and the dMired logical 
unit number OD the target. 

3 The IJO 111divity from this point ill controlled eDtiraly by the target. The target initiates 
the COMMAND phue and rmda in the Command n.criptor Block from the hmt. After 
cWocHng the command, the target determiw whether it lbou1d cmconnect from the 
bua. The target diaconDecta from the bua for any non-trivial commandl. 

4 The di8Clnmect procam ill when the target initiates a MESSAGE IN phue and 88Dds the 
hmt a SAVE DATA POINTERS (during a DATA phue only)and a DISCONNECT 1D88111lge. 
Following the MESSAGE IN phue, the target reieu. BSY, freeing the bua which then 
entan the BUS FREE state. The hmt can now aelect another target, or allow another 
tarpt to win the bua and 198lect the hmt. 

5 Although the hmt and the target are phyaically clilcmmected, they are ltill logically con
nected. Both !mow that they have a command to finish and will return to that job later. 
Thia principle ailOWll many IJO commanm to be aecuted limultaneoUllly umg a single 
peripberlll bua. Once the target bu completed a taak and ill ready to communicate with 
the hmt, it malt re-eatablish the physical path. The 1Wlectian procam inwlYM the tar· 
pt arbitrating for the bua and nwlacting the hmt. After the phymcal reconnection ia 
mD, the tarpt aendl an IDENTIFY m-.. to the hmt to indicate which target logi
cal unit it ill. Following completion of this phue, the target initiates the nut ap
propriate phue for the command, usually a DATA phue. 

6 During a larp data traDlfer, the target may disconnect at intervall depending on its 
u.e of the bua. The drive optimizm im u.e of the bua., u to mnimize the transfer rate 
when it ill connected to the hmt, and to minimize the time for which it holdl the bus 
without hanMb•k• If the t:arpt cti8connactl, during a data tramfer, the target in
iaat. a MESSAGE IN phue and 88Dd the hmt a SAVE DATA POINTERS m-p and a 
DISCONNECT-r. The hmt rmponda to the SAVE DATA POINTERS m ga by 
•'Ving tM cunwnt data pointer. After tnmmi-ion of the DISCONNECT m p the 
tarpt nit•• BSY. freeing the bua. 

'1 0.. the tarpt ii apiD ready to 1981ect the hmt, it go. through the .me proceaa as 
betor.--.rbitrati.Dg for the bus, 198lecting the hmt and 88Dding an IDENTIFY 111818age. 
Howwvw, the bmt'1 rmponee ill slightly difTerent in this cue lince the dillconnect wu 
during a data tramfer. Hmt acceptance of the IDENTIFY m-aa a}., impliea a RE· 
STORE DATA POINTERS memap to the hmt. The data tramfer can now be 1'81UDled. 

8 After completion of the data tramfer, the target initiates a STATUS phue and eends a 
lingie ltatua byte to the hmt. The final action of the target ill to initiate a MESSAGE IN 
phue and 88Dd a COMMAND COMPLETE ma.age to the boat. 

lnterf1ce s 
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SCSI Bua Oper•lon 

Nat• The HP C1533A will disconnect on completion of a data transfer if the final transfer 
occun on a di8connect bounduy, before initiating the STATUS phue. Thi8 i8 intended to 
optimize bua uup. 

The HP C1533A aJao dilconnects to queue commandm from other initiators. 
See '"Command Queueing" below. 

The HP C1533A does not di8connect on receipt of the following comman.dm: 

• INQUIRY • REQUEST SENSE 
• TEST UNlT READY 

Control Byte- Flag and Link Bits 
The CODtral byte of the Command o-:riptar Block CODtaim the Flag and Link bits. U• of 
tbM9 bit. i8 entirely boR-dependent. Setting the Link bit pnmd89 aa automatic link to the 
nan eommand Imta.d of returniDg the uaual COMMAND COMPLETE m r ga and going 
to BUS FREE, the drive gum straight to the COMMAND phaae and banMbak- in the oat 
Command o-:riptor Block Crom the beet. It at aay time aa error i8 det.acted, the drive 
pneratae a CHECK CONDmON which brab the~ of LiDbd commendm The beet 
i8 tb8ll G'pected to imae a REQUEST SENSE command to find the cau. of the error. 

The following table abowm the different permutat:iou of Flag and Link •ttinp. 

,.., Unk StMua M .. !p! ot s.n.. D ... 

0 0 

0 1 INTERMEDIATE GOOD LINKED COMMAND COMPlETE 

0 QiEO< CONDmON ILLEGAL COMMAND DESCRIPTOR --k8V 
INTERMEDIATE GOOD LINKED COMMAND COMPLETE witt1 Flag 

The hoei may u. the Flag bit to trigger an internal interrupt or tab l!IODle specific action 
follawing completion of the F1agpd command within a Linked ~wmce. The use of the 
Link and Flag bit. m... that the drive holdm the bu continuoualy. The beet should not 
enabl9 dimnmect wbila u.ing Linked commends because it would have to arbitrate and 
rwJ.ct the tarpt between commandm and 90 loee the performance pin Linked commands 
can gift. 

Command Queueing 

I lntet'fKe 

TM HP C1533A dam DO& aapport command queueing aa defined in the SCSI-2 8tandard. 
For tM clriw, qu-win1 worb aa followa: 

If tM driw i8 •acutin1 a command, it will disconnect and queue commendm ant from 
~ ..._, paowidiq im c:ammt beet will permit dimmnection and n1rlection. Once a 
Mmml!wl, i8 qU9ll9d, tbe HP C1533A will re 1 rlect and continue eacuting tbe command at 
tbe bwl ol tbe q--. Commands ant queued in the order they um., and aecutad in the 
1a1morder. 

The HP C1533A will not queue a second command from a beet f'or which it alr.dy baa an 
actiYe operation. The driYe will return CHECK CONDmON statua with the ... key set to 
ABORTED COMMAND, and additional sense code of 4EOOh (overlapped commandm 
attempted). 



Typical SCSI Sequences 

lm81'fac:8 1mp1ememmion 

SCSI Bua Operation 

1 Without Disconnect 
-BSY and SEL are false continuously for a minimum of 1.8 µs (bus 

settle delay). 
[eus FREE 

[ NDitratlon -One SCSI device is allowad to pin control of the bus. 

-The device ..ma BSY and its SCSI ID OD the data bus. 
-It U.. arbitration it there is a higher ID OD the data bWI, in which 

cue the initiator rel.... the BSY and ID line. 

I Seleation -u the device wim the bWI, it -n. SEL. 

-SEL a1lowm the SCSI device which wun arbitration to become the 
initiator by reJ•eing 'I/O. 

-The data bus is aet to Initiator and Target ID. The initiator 
rel--BSY. 

-The target sets BSY itit bu accepted aalectiOD. 

-The initiator detacm the accaptance (that BSY ia aet) and releaaaa 
the data bus and SEL. 

-The initiator ... rtll ATN. 

~SSAGE OUT The target indicai. that it can accommodate m-a- by l'ellpOnd
ing to ATN conditions with a MESSAGE OUT pU... 

-The tint m-se ant by the initiator after Selection is IDENTIFY. 
Thia alloWB the logical unit to be eelected and the initiator to indi
cate it it supports DiaconnectlBeaelect. 

@oMMAND -The target normally switch• to the COMMAND phue and hand
ahau. in the 6, 10 or 12 byi. of the Command Deacriptor Block . ....---.......... ...._ _ _.., 

DATA llN «DATA OUT 

I STATUS -The tarpt returns one byte of Status information u folloWB: 
OOb •GOOD 
02b • CHECX CONDmON 
08b •BUST 
1 Ob • INTERMEDIATE GOOD 
18b • RESERVATION CONFIJCT 

MESSAGE IN -The target aenda one byte signifying the following: 

OOb • COMMAND COMPLETE 
OAb • LINKED COMMAND COMPLETE 
OBb • LINKED COMMAND COMPLETE with flag 

BUS FREE 

lntert.ce 7 
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SCSI Bua Opermtlon 

2 With Disconnect: 

llnterfllce 

iausFReel 

-The initiator takee control of the SCSI bua. 

-The initiator selects the targat. 

IDENTIFY' 

COMMAND -READ ((or aampla). 

-&\VE DATA POINTERS 
---- DISCONNECT. While th8 data buff'er ill aetting itaelt up for READ. 

-The tarpt tam control of th8 SCSI bu. 

-The tarpt rwlem th8 initiator. 

-The tarpt ten. the initiator which device ill reaelecting with an 
.____,,, _ _. IDENTIFY'm-a-. 

-The tarpt returm directly to th8 DATA IN phue aa if it bad not 
dillc:mmected and waa continuing th8 tranllfer aa normal. 

MESSAGE IN -&\VE DATA POINTERS 
DISCONNECT 

-The tarp& tam control o( th8 SCSI bu. 

-The tarpt n11lect8 the initiator. 

MESSAGE IN -The tarpt ten. th8 initiator which device ill rwlect:ing with an 
· IDENTIFY' in-.· Thill aJao impli• a a.tore Data Pointen, 

whicb. ill never-.- by the tarpt. 

DATA IN -The tarpt returm directly to th8 DATA IN phue .. if it bad not 
d;ICOllDectad and waa continuing th8 tramfer aa normal. 

-s...r.l ~may occur until th8 tramfer count is 
aha.ad. 

MESMGI IN -&\VE DATA POINTERS. 
DISCONNECT. The tarpt diaconnecta after th8 data tramfer is 
complete if th8 tramfer completm on a dim:nmect boundary. 

-The tarpt tam control of th8 SCSI bu. 

S1l1 mla 1 -The tarpt rwlects th8 initiator. 

-The tarpt ten. the initiator which device ill rwlecting with an ---- IDENTIFY in-.. 

STATUS -The targat returns one byte of Statua information. 

~-COMMAND COMPLETE 
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Thia chapter includea all the HP C1533A SCSI m-.., both supported and unsupported. 
Part8 of thi8 chapter come Crom Section 5, Logical Cbancteri.am, of the SCSI 
X3T9/89/042 standard. 

Summary 

The m-a19 system providm an initiator and a tarpt on the SCSI bU8 with a means of 
managing oommunication. The available m-.- are .. followll: 

c~ (ha, o..crtptlon 

00 
01 
02 
03 
04 
05 
QI 
ar 
08 
OI 
QA 
08 
DC 

~7fl .,.,., 

Message Details 

COMMAND COMPLETE 
EXTENDED MESSAGE 
SAVE DATA POINTER 
RESTORE POINTERS 
DISCONNECT 
INITIATOR DETECTED ERROR 
ABORT 
MESSAGE REJECT 
NO-OP 
MESSAGE PARrTY ERROR 
LINKED COMMAND COMPLETE 
LINKED COMMAND COMPLETE (wllt'I fteg) 
BUS DEVICE RESET 
RESERVED CODES 
IDENTIFY 

COMMAND COMPLETE (00h) 

Supported 

Yes 
Partially 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 

Partially 

A tarpt 88Dd8 COMMAND COMPLETE to an initiator to indicate that the aecution of a 
command (or a .n. o( linked command8) ill complete and that valid status bu been sent 
to the initiator. Att. it bu ..nt the m_,a sua:emCuily, the tarpt IC* to the Bus Free 
pbw by reh ±1 BSY. 

If the driw ramiw. COMMAND COMPLETE u a targat, it bandl• it u an illegal message. 
TM driw returm MESSAGE REJECT and enten the Status phue reporting CHECK 
CONDmON' with the 88m8 key 1et to COMMAND ABORTED. 

Interface t 
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M .... ge Cetalla 

EXTENDED MESSAGE (Olh) 
EXTENDED MESSAGE is usually sent aa the first byte of a multiple-byte ma.age by either 
initiator or t.arget. It has the following format: 

Byte o EXiendld Message ldantlfier-01 h 
Byte 1 Extended Message L.'ll'lglf1 
Byte 2 Extended Message Codi 
Byte 3 Exr8nded Message .:tc:lllonal param8"n 

The Eztendad M-aa Length giftl" the length of the Eztendad M-aa plu. the number 
of additional pal1llD8t8n tha& are to follow. The length do. not include bytm 0 and 1. 

The onJy Eztendad Mi p Code supported by the HP Cl533A ii Olh, Synchronoua Data 
Traufer Requ.t (SDTil). Any other m p code ii handled a an il1ep1 m p; the 
drive returm MESSAGE REJECT and enten the Stam phue reporting CHECK 
CONDmON with the..._ lray eet to COMMAND ABORTED. 

19 bu the following format: 

llytaO 01h 
Byte 1 03h 
Byte 2 Syncnrcnc.. O• Transflr R~ Codi 01 h 
Byte 3 Trllllflr Ptnod x 4 nanoeeca Ida 
Byte 4 REQ/ACK off.-

The HP Cl533A aupporta both aynd&ronou and cuynchronoru data tramfer. 

The HP Cl533A will initiate an SDTK before or after a command bu bea rwl, when the 
cunat data tram!• mod8 ii undatinad. The default ii to negotiate before the Command 
pbw. ffow9vw, the drive will initiate J1880tiation aftlt' the Command pbue in the 
following cizetmwtancw: 

• The firmware bu hen CODfigund not to negotiate before the Command pha.. 
• A hmt.init:Wed negotiation, which occarred befon the Command phue of a 

pnmou. operat1oD, failed. 

Uthe hmt supportl ayncbronoua data traufer, it will 19pODd with an SDTR. Uthe h08t 
do. not rmpond to the SD'l'R, or 99Ddll a MESSAGE RFJECT, the HP Cl533A will 
com1gun all future data tramfen with thia hmt to aayncl&ronou mode.Uthe HP Cl533A 
recaiw. a delayed SDTil 19p0m9 from the hmt (548 ~), the drive will •nd a 
MESSAGE REJECT ad ._.,me tha& data tramfen are to be in aayncl&ronou mode. 

Uthe hmt _.an SDTK wba the drive has not, the drive will respond with a memaga-in 
SDTK ad n.t.qu,at data tramfen will tab plam in ayndaronou mod8. 

TM SDTll m p from the hmt mu.t be the first m p after a 88lection pb.ue, 
odw wim it ii twnctt.t a an illegal ~· In th.iii cme, the drift returm MESSAGE 
u.mcT ad •ten tbe Statua pbue reporting CHECK CONDmON with the -- key set . 
to COIOL\ND ABORTED. 

SA VE DATA POINTER (02h) 
A tarpC aad8 SAVB DATA POINTER to the initiator to •va a copy of tbe ~t active 
Data pointer for the logical unit which ii currently attached. 

The HP Cl533A ac:ceptl thia m-sa when it is the initiator. A. a tarpt, the drive •nda 
th.iii m p before a dilconnect during a data tl'&DSfer. It do. not send a SAVE DATA 
POINTER m-sa if it intends to move directly to Status pha., 

When received a a t.arget, it is handled as an illegal mtmap; the drive returns MESSAGE 
RF.JECT and enten the Status phase reporting CHECK CONDmON with the aema key set 
to COMMAND ABORTED. 
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RESTORE POINT:E:RS (03h) 

Messages 

M .... ge Details 

A target sends RESTORE POINTERS to direct the initiator to reatore tba pointers for the 
currently attached logical unit wbicb were •ved most recently to the active state. Pointers 
to the command, data, and status locatiom for the logical unit are rmtored to the active 
pointers. Command and Status pointers are rmtored to tba beginning of tba p!Wllt 
Command and Status areu. The Data pointer is rmtored to the value at. tba beginning of 
tba data u. in tba abeence of a SAVE DATA POINTER m-aa, or to tba value at tba 
point at which tba lut SAVE DATA POINTER m-stt occurred for that logical unit. 

AtJ a tarpt, tba HP Cl533A dam not normally lllRUi a RESTORE POINTERS m-aa. 
Rather, it reli89 on the Reatore Pointers implicit in a rwlection. (RESTORE POINTERS 
may be 8811.t when retrying a SCSI phue). 

When acting u initiator, tba HP Cl533A accepm a RESTORE POINTERS (or a rwlection 
without a RESTORE POINTERS) if SAVE DATA POINTER.,,.. remiftd eulier. 

When recai.ftd u a tarpt, RESTORE POINTERS is hend)ed u an illepl m p; tba drive 
returm MESSAGE REJEcr and ant.en tba Status phue reporting CHECK CONDITION 
with tba ..- key aet to COMMAND ABORTED. 

DISCONNECT (04h) 
A tarpt -- DISCONNEcr to tell an initiator that tba prment ph}'llical path is going to 
be brokan--the tarpt intenda to disconnect by releasing BSY. Later, rwlection is required 
in order to complete tba current operation. 

Note The initiator detect8 a catastrophic error condition if the Bus Free phue occun (other 
than u rmult of a ?met condition) without fint receiving a DISCONNEcr or COMMAND 
COMPLETE m p. II tba tarpt intentionally cr.t.. tm. condition, tba tarpt clean the 
current command Thia m np dam not ca1188 tba initiator to aw tba Data pointer. 

Tba HP Cl533A supports tJu. ~ u an initiator. 

AtJ a target, tba HP Cl533A supports tm. ~ and diaconnecta if tba initiator allows 
it. Tba DiaconDect strategy of tba drive is dilcumed in Chapter Il. 

When receiftd u a tarpt, DISCONNEcr is handled u an illegal memqe; the drive 
returm MESSAGE REJEcr and enters tba Status phue reporting CHECK CONDITION 
with tba eeme by aet to COMMAND ABORTED. 

INITINrOR DETECTED ERROR (05h) 
An initiator__. INITIATOR DETECTED ERROR to intorm a tarpt that an error bu 
occarNd which doe9 not prevent tba tarpt from tlying tba operation apin-for mmple, 
a puiiy error. A1 tJu. time, in-nt pointer integrity is not UIUl'8d. A RESTORE 
POINTERS m-. or a dimnmect followed by a "98lection, will reatore the pointers to 
tb9ir Pl'ftiaaly de4ned ate. 
AtJ initiator,. tba HP Cl533A dam not •nd tm. m-aa. It tba driw recei'Y98 tm. ma.age 
for any phue otUr than Data-in or Status, it enters the Status phue, reporting CHECK 
CONDITION with tba eeme key aet to COMMAND ABORTED. 

ABORT (06h) 
An initiator •nda ABORT to a target to clear the present operation. All pending data and 
status from the affected logical unit is cleared, and the target goem to the Bus Free phue. 
Thia m-.c- can be 88Dt to a logical unit that is not currently performing an operation for 
tba initiatm·. 
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M .... geoetalla 

This m..aga can aJso be sent to a logical unit which is currently performing an operation 
for the hoat. It should be sent using "select to abort", whereby the hOllt aelecta and senda an 
IDENTIFY-ABORT sequence. 

MESSAGE R&rECT (07h) 
Either initiator or tarpt •nda MESSAGE RF.JEcr to indicate that the lat m-a
receiwd wu inappropriate or bu not been implemented. 

In order to indicate that it is about to 88Dd this m ge, the initiator ...m the ATN 
sipa.l before it re&- ACK ror the REQ/ACK hamdabab of the m p that is to be 
rajected. MESSAGE REJEcr is i.-aad in l"9pOW to any m pe which the dri'Y9 
comidan to be il1ep1 or not supported. The il1ep1 m-aa cau.. the c:urrent command to 
be aborted. and the drift enten the Statu. phue reporting CHECK CONDmON with the 
- br •to COMMAND ABORTED. 
Whan the drift is adiDg u a tarpt and receift9 the ~ if the dri'Y9 wu previously in 
~In pU. (that is, •mUngm1 r pe to the .bmc), MJ!!.'SAGB REJEcr cau.. the 
drift to go straight to the Statu. phue with • CHECK CONDmON statU8 and a 88D8e key 
of COMMAND ABORTED. It the dri'Y9 wu not previouly in M-ae In phue, MESSAGE 
RF.JEcr is handled u an illegal m-se. 

NO-OP (NO OPERATION) (08h) 
It a tarpC requ.c:. a m-., the initiator 99nda NO.OP if it do. not c:urrently have any 
otber '98lid m • to mad. The m-se is accepted when the dri'Y9 is HCting u a target, 
and may be -t whm it is an initiator. It a NO.OP is ramiwd during any phu9, the dri'Y9 
is libly to rei-& that phue. 

MESSAGE PARITY ERROR (09h) 
An initiator aenda MESSAGE PARITY ERROR to a tarpt to indjrata that one or more bytes 
in the lat~ it ramiwd had a parity emJr. 

To indicate that it inteada to aend the m-sa, the initiator 88nda the ATN signal before it 
~ACK tor the REQ/ACK hamdahaka of the m-se that bu the parity error. This 
pl'09idman interlockm that the tarpt can determine which me111p bu the parity error. 

A. initiator, the HP C1G33A. do. not aend this m p. It the drive recaift9 the memage 
while actiJlg u a tarpt, it anten the Status phase reporting CHECK CONDmON with the 
- br• to COMMAND ABORTED. 

LINKED COMMAND COMPLETE (OAh) 
A tarp& ....m LINKED COMMAND COMPLETE to an initiator to jndirate that the 
•w 1Ma ot a liDbd cmnmend is complete and that atatua bu.,_. -t. The initiator 
tbm- tM paiDmn to the initial state for the nat liDbd commend 

TM HP C1533A l'lltal'm this~ to the .bmc when a liDbd commend is completed 
ad tM F1q bi& m tM commend dwriptor block is not ... 

Wiim it NCli+w tM = p u a tarpt, the dri'Y9 hendJe9 it u an il1ep1 m p; it 
returm MESSAGE REJEcr and enters the Status phue reporting CHECK CONDmON 
with the 88D8e by• to COMMAND ABORTED. 

LINKED COMMAND COMPLETE, with Flag (OBh) 
A tarpt 88nda LINKED COMMAND COMPLETE with Flag to an initiator to indicate that 
the aecution of a linbd command with the Flag bit set to on. is complete and that status 
bu been 88Dt. The initiator then •tll the pointers to the initial state of the nat linbd 
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Status 

command. Typically, this meaage would be used to cauae an interrupt in the initiator 
between t'"° linked commands. 

When the HP Cl533A is acting as a target, it handles this as an illegal meaage; the drive 
returns MESSAGE REJECT and enters the Status phase reporting CHECK CONDmON 
with the 1M11U18 key l8t to COMMAND ABORTED. 

BUS DEVICE RESET COCh) 

C.udon Due to the catutrophic nature of this m-., it abould be ued cautioualy in a 
multi-initiator .,.ann. 

An initiatar 88Dd8 BUS DEVICE RESET to dinct the drive to clear all current commands. 
When it NC'Opi:r,m this m-., the driw aborts the commend currently being aecuted 
and proceecim to the Bum Free state, writing any buff'ered data to tape. 

A BUS DEVICE RESET 1D-«8 only ~tll the drive rather than all the devicea on the bus, 
and., ahould be ued to~ the drive iD.lt88d of a bard~ 

IDENTIFY (80h-FFh) 

Status 

Either initiator or target •nda th .. m-s- to eatabliah the phyllical CODDection path 
betw.u an initiator and target for a particular logical unit. The m_,a byte can have the 
following bitll aet: 

Bit 7: Tbia bit U. alway. 88t to one to distinguish th.a m pm from other me&ll8p8. 

an e: ·Tbia bit can only be •t to one by the initiator, and indicatell that the initiator has 
the ability to dimnmect and reconnect. 

1118 S: L'UNTAB-thil bit U. alway. zero to indicate that the LUNTRN field (bits 2-0) is 
valid. 

1118 4-3: Rwi ved. 

1118 2-0: LUNTRN--tb- bit119Jl8Cify a Logical Unit Number in a target, and must always 
be a to zero becauae the HP Cl533A is a single target, single logical unit device 
on the SCSI bua. The Logical Unit Number for the drive is fized and is set to zero. 
Any other value cau.. the driw to enter the Statum phua reporting CHECK 
CONDmON with the 881188key18t to COMMAND ABORTED. 

It follawm that the HP C1533A will only support the valu. 80 ha and CO ha for the 
IDENTIFY llD p. 

When 88Dt from a target to an initiator during l'9CODDection, an implied RESTORE 
POINTERS~ U. performed by the initiator before completing this m-sa, since a 
RESTORE POINTERS ia not u.ually 98Dt. 

A Statum byte U. 88Dt from the drive to the host during the Statum phua at the end of each 
command u specified in the SCSI specification, unless the command has been cleared by 
an ABORT in-.., by a BUS DEVICE RESET message, or by a hard ~t. 

The Statum byte9 that the HP C 1533A returns are as followa: 

OOh GOOD: Tbia status indicates that the drive has succemfully completed the 
command. 

02h CHECK CONDmON: Any error, ezception, or abnormal condition that caU888 
•me data to be l8t returns CHECK CONDmON. The REQUEST SENSE 
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Statua 

command should be sent following this status to determine the nature of the 
error. 

08ll BUSY: The drive is busy. This status ii returned whenever the drive can.not 
accept a command from an otherwiae acceptable initiator. For a.ample. it the 
HP C1533A is aecuting a command from an initiator wbich will not permit 
disconnect, and receive. a command from a different initiator. The HP C 1533A 
will return BUSY statu8. See "Command Queueing'" in the InterW:e 
Implementation section. 

Note that it an initiator wbich permita disconnect aam Oftliapped commands to 
the drift (in otbar word8 it it aenda a new command while the previou. one ii still 
aacuting and the drift ii dilcoJmected). the f1nt command will be aborted. and a 
CHECK CONDmON will be returDed to the initiator to incHote tbat the 
command WU aborted. The -=and commend will not be aacutad. 

Note The BUSY statu8 returned by the drift mun not be con.fum with DRIVE NOT READY. 

14 Interface 

DRIVE NOT READY ii returDed u part of the Sea. data following a REQUEST SENSE 
commend and jndjo1- that the drift ii otlliu. The drift ii reprdad u omine it the t.ape 
ii cummtly unJgecfed, Normally the tape will be ejected from the drift, but the drive is still 
otlliu it the tape ii retained within the drift following a PREVENT MEDIA REMOVAL 
command imued by the hmt before the unload. 

In the oftllne state, the bmt cannot perform any operation wbich would ca1188 tape motion. 
in otb8r warda. write, read. varify and space commanct.. Thme commands will return a 
CHECK CONDmoN statu8 with a DRIVE NOT READY - Uy let. The boat may aecute 
any di•poetic commenda which do not ~ the tape, and uaually a GOOD statu8 will be 
zetuaned. 'I'be. cmnmanda are .. foUow.: 

• INQUIKY • READ BUFFEK 
• LOG SELEcr • RBCEIVB DIAGNOSTIC RESULTS 
• LOG SBNSB • REQtJEST SENSB 
• MODE SELEC? • RESEKVBIRELE.AS UNIT 
• MODE SENSE • SEND DIAGNOSTIC 
• READ BLOCK LIMITS • WRITE BUFFER 
• PREVENT/ALLOW MEDIUM REMOVAL 

The hmt may load the tape when the unit ii omine eo long u the tape bu been prevented 
from being ejected by umng the PREVENT MEDIA REMOVAL commanci 

The TEST UNl'I' READY command ii uaed to determine the onlinalomine status of the drive 
and eo will return a CHECK CONDmON status with a DRIVE NOT READY 981188 kay set it 
DO tape ii curreDtly lmded or it a tape bu jun been loaded and the drive ii now online. 

1Gft JM'l'BBllEDIATB GOOD: This status ii returned for 8Y8IY command in a serie1 
of liabd cmnmend• ezcapt the Jut command, um- an error. ezcaption or 
abaarmal cmulition ca ... a CHECK CONDmON atatua or RESERVATION 
CONPLIC? atua to be •t. It INTERMEDIATE GOOD ii not returned. the chain of 
liJabd cmnmande ii brobn; DO further comm•nda in the .... are aecuted. 

1• lU!llllQIVA'nON CONPI.Icr: Thia status ii returned by the drift it the boat or 
9DOdMr SCSI dnice attempta to accem the drift wb8ll it ha been rwned with 
tM ltlSE&VB UNl'I' command. 
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This chapter d-=ribea all HP Cl533A SCSI commands. Parts of the chapter are baaed on 
sectiou 7 and 9 of the SCSI X3T9/89/042 draft revision specification. 

Summary 

GroupO 

There are dilTenmt groui- of SCSI commands, each with a required length. Moat of the 
cxnnmand1 are Group 0 commands which are 6 bytm long. Group 1 and Group 2 
commands are 10 bytm long. 

The following tabla w·a summary of the SCSI commands for ~tial ~ devicea, 
sbawing the operation code and whether the command ia supported: 

Opcode 
(ha) Type Commmd tame 

00 S TEST UNIT READY 
01 S l~EWIND 
02 S REQUEST BLOCK ADDRESS 
03 S REQUEST SENSE 
05 S READ BLOCK LIMITS 
08 S f~EAD 
OA S WRITE 
OC S SEEK BLOCK 
OF U READ REVERSE 
10 S WRITE RLEMARJ<S 
11 S SPACE 
12 S !INQUIRY 
13 S VERIFY 
14 U RECOVER BUFFERED DATA 
15 S MODE SELECT 
1& S RESERVE UNIT 
17 S RELEASE UNIT 
18 U C:OPY 
19 S E-:RASE 
1A S MODE SENSE 
1 B S L.OAO/UNLOAO 
1C S RECEIVE DIAGNOSTIC RESULTS 
1 D S SEND DIAGNOSTIC 
1 E S PREVENT/AU.OW MEDIUM REMOVAL 

Opcode 
(ha) Type Commmd Name 

Group 1 2B S LOCATE 
34 S READ POSmON 
39 U COMPARE 
3A U COPY AND VERIFY 
3B S WRITE BUFFER 
3C S READ BUFFER 

Group2 40 
4C 
40 

U CHANGE DEFINmON 
S LOGSELECT 
S LOGSENSE 

Command Details 

The command d-=riptiou in thia section are listed in alphabetical order of command 
name. Each command ia ct.cribed briefly. This ia followed by a list of pre-aecution checks 
which are d-=ribed below. The Command Descriptor Block (CDB) ia then given, with 
detaila of the varioUI parameter bit.I and fields. 

ID all Command Deacriptor Blocks, bit.I 7-5 of byte 1 are the Logical Unit Number (LUN) 
field, and should be cleared to zero u recommended in the SCSI-2 standard. 
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Pre-Execution Checa Pre-Execution Checa 

In order to be SCSI-2 compatible, the following scheme is used to check the LUN: 

SCSI-2 state& that the LUN addressed by the host should appear in the IDENTIFY 
meaaage sent to the target on selection. The HP Cl533A checb the LUN field in the 
Command Deacriptor Block for SCSI-1 and SCSI-2. Howevar, SCSI-1 and SCSI-2 
devicm are allowed to coaist on the same bus, and SCSI-1 hmm will not aend an IDEN
TIFY memage. It the HP C 1533A doe. not receive an IDENTIFY m 1 r p on aelection. it 
will check the LUN field in the Command Deecriptor Block ad apect it to be zero. It it 
i8 not zero, the drive will return • CHECK CONDmON stat\W with an ILLEGAL 
REQUEST sema key set. 

Pre-Execution Checks 

Nola ID complianm with the SCSI speciftcation. the HP CU533A terminat89 a command with a 
CHECK CONDmON ltatu and ... the .... key to ILLEGAL REQUEST when. re98l"l9d 
bit, byte, t1eld or cod8 i8 1'9Cliwd which i8 not zero. 

Befant aecuiing a commanct, the HP C1533A ma.bl a number of checlm Thay fall into 
three categariel: 

• Cbaclm OD the command aent by the bmt. Thme emure that no rWlved or fized 
tialda haw bea ..i to illep1 valum. Thay check the .,Uta or command8, in other 
worda the crcm dependency of fie1da. For aample, the Flag bit must not be set if 
the Link bit i8 not set. 

• Cbaclm to emure that tbent i8 no uyncbronou. 8tatU8 pending for the host that 
88Dt the command 'I'hi8 ltatu would be eiiheio a UNIT ATl'ENTION condition or a 
DEFERRED EBKOR. 

• Cb8clm OD JUdia aa:w abiliti-.. Thme an performed for command• requiring 
--=-to the tape. A command i8 rejected if it aitmnpt.9 to accem tbe tape when no 
tape i8 prnrm or tbe tape i8 nnJoecfed, 

TU cha:lm an ct..:ribed below in alphabetical order. TU usual order of aucuii.on i8 Illegal 
Field, Find Bit, Flag Link, Bad LUN, R.enaii.on, Deferred Emlr, Unit Attention., Media 
Aa:8m. Media Write, Diagnomc Status, Paramet.ar List. 

Bad LUN Check 

11 Interface 

'I'hi8 checb that the 1op:al unit number specified in the lower three bits of the IDENTIFY 
m p aent by tbe hem was zero. 'I'hi8 check i8 made after the logical unit number 
specified in the cxnnmand dwriptor bu bea 11881l to be zero. 

• U'na mBNTJll'Y' m p i8 supplied, the LUN i8 taken from the bast's Command 
Dwaiptur Block. 

• U' tbe ct.:k fails, tbe hem bu aent amflicting logical unit idantiftcation 
mtannadaa, ad - reqa.ted u. or. nan-zero logicll unit. 

• U'tbe LUN i8 not •pported, and the hmt command i8 not REQUEST SENSE, 
CBBCK CONDmON i8 reported to the hem with ..... key of ILLEGAL REQUEST 
ad edditioaal .... oC 2SOOh (logiaal unit not support.ed). 

• U'tbe LUN i8 not supported, and the hem command ia REQUEST SENSE than the 
oricinal-- data i8 replaced with a...._ key of ILLEGAL REQUEST and 
eddiii.oul .... oC 2SOOh (logical unit not supported), and tlu. ...._data i8 
returmcl to the hem immediately. After the command bu completed succwCul.ly, 
the ...... data i8 cleared. 



Deferred Error Check 

Commanas 

Pre-Execution Check• 

A deferred error is generated when a command with immediate report f.W. after the 
report bu bean returned. The check loob to see if a deferred error ai8t8 for the bast 
which sent the command, in other words, a deferred error for which CHECK CONDmON 
status bu not yet bean reported. If such an error ailta, then the HP C 1533A reports 
CHECK CONDmoN. The 88D88 data for the command ii eet to DEFERRED ERROR (which 
wu pnerated when 80Dle previou. command failed). 

Note that if a UNIT A'ITENTION condition and a DEFERRED ERROR CODdition both mat 
for an initiator, the DEFERRED ERROR condition will be reported fi.nrt. Thia ii bec:iue the 
operation leading to the deferred error mt.Wt haw bean older than that leading to the unit 
attention. The HP Cl533A reports the conditions in the order in which they aroee. 

Diagnostic Status Check 
Thia 8D8UN9 that the driw is in a fit state to accem the media. It does thia by checking that 
there is no DIAGNOSTIC F .AIL status within the driw. IC the driw bu failed diagnOBtica, 
CHECK CONDmON ii reported with a seme key of HARDWARE ERROR and additional 
aenae of 040 lb (diagnostic failure on the controller board), or 0402h (diagnostic failure of 
the mecbnimi). 

Fixed Bit Check 
For the READ, VERIFY and WRlTE CODlDWlds, a Fized bit eet to 1 indicate. that the length 
puameter of the command is for find block mode. IC find block mode ii ee1ected than the 
block me in the Mode Select block ct.criptor mt.Wt not be zero. Otherwi8e CHECK 
CONDmON ii reported with a seme key of ILLEGAL REQUEST and additional 88Dlle of 
2400h (invalid field in CDB). 

Flag Link Check 
Thia check 8D8Ul'88 that the host bu not set the Flag bit in the control byte of the 
command ,llf'ithout eetting the Link bit aa well. IC the um f.W. then CHECK coNDmoN is 
reported with a 98D88 key of ILLEGAL REQUEST and additional eeDllB of 2400h (invalid 
field in CD:B). The Flag field ii identified as the bad field. 

Illegal Field Check 
Thia chacU that the hmt bu eet legal val\1811 in each of the fields, as deacrihad in the 
d-=riptiona of each command that follow. If a field bu bean eet to an illegal value, CHECK 
CONDmON ii reported to the host with a sense key of Il.LEGAL REQUEST and additional 
._..of 2400h (invalid field in CDB). 

Tbe driw .:au the data in the Command Description Block from '"left" (bit 7) to "right", 
ad "cl.own" (from byte 0 to byte n). It eeta the field point.en to the fi.nrt bit of the fi.nrt bad 
a.Id encountered. It the bad field ii contained in a contiguoua group of find fields, the 
painten indialte the fi.nrt bit of the fi.nrt field in the group, 8'V8ll though the error may be in 
a lat8r field. in the group. 

Media Acceu Check" 
Thia cbecbi if the driw ii able to perform media acceaa commands. It the media is 
jn,,,,,._;ble then CHECK CONDmON status is reported with a 98D88 key of NOT READY. 
The additional eenae will be eet to one of the following: 

• 3AOOh (media not present). There is no cartridge in the driw. 

• 0402h (initializing command required). A cartridge ii pl'898nt but ii unloaded. The 
host mt.Wt eend a LOAD command before the tape can be •a:naad. 

• 0400h (logical unit not ready, cause not reportable). A cartridge ii being unloaded 
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Pr•Executlon Checka Pr•Executlon Check• 

or ejected. This seme is transient; when the unload or eject fails, it cbangee to 
3AOOb or 0402h. 

• 040lb (logical unit in p:rocem of becoming ready). The HP Cl533A i8 in the procem 
of loading media and should be prepared to accept media accam commands in 
future. 

Note This meana the drive is aecuting a LOAD command with immediate report on. The 
load could have been initiated by a bmt or it c:ou1d be an autoload. The bmt must ef
fectively poll the HP Cl533A by repemnng the commend until the media w loaded, 
at which point the command can be aecuted. II polling i8 not acceptable, it i8 ad
viable to cli8abJe autoload. The bm& muat tba initiate all la.d operatiou, which it 
shouJd do with IIOIEDIATZ BEPORT di•hled ao that the HP C 1533A report9 .tatua 
only wb8n the lOlld i8 complete. 

• 3EOOh (lop:al unit bu not ..if'-coni1gmed yat). The HP C 1533A i8 aecuting ita 
power-on aeU'-ta&. When tm. i8 c:omplate, the additional ..... will cb.anp to 
3AOOb, 040lb, or 0402h depmldinJ OD wbetb8r a autridp i8 in-nt at power-on 
and whether the drive i8 ccmdgured to autolOlld the tape. 

Media Information Check 
During power-on, lmowledp of the whereabout. of the tapm i8 unavailable. It i8 not 
pr-ihle to aecute commands which amume that tbi8 lmowledga is available until the 
driw bu recovered from the power-on or rmet. The t.t checb whether the driw lmo'Wll it 
a autridp is phymically in-nt in the drive. 

II the in£ormatioD is not available, the t.t Caila with CHECK CONDmON, a 18U8 key of 
NOT READY, and additional - of 3EOO (logical unit bu not ..if'-anafigurad yet). 

Media Write Check 
Thia checb wbetber the media i8 write-protected. If it ia, then CHECK coNDmON is 
reported with a - key of DATA PROTECT and additional aeme of 2700b (operator 
eelect.ed write-protect). 

Parameter List Check 
For LOG SELECT, MODE SELECT and COPY, the HP Cl533A reada parameter lista. These 
are dem:ri1:led under the command namm later in this 98Cticm. Cbecb are performed to teat 
the following: 

• Fbmd field haw not been modifled. Fized fields are indic•tai by a number in round 
lnclrm foUowing the field 1UUM. 

• A &ild U. a-.- to an invalid value. 
• The .,ata ol tbe pap of parameten bu been violated-tor mmple, where a . 

put:icuJar ftlu.e in ou 6a1d impmm limitatiom OD the valid ranp for another field. 

It a a.w - --- to an il1ep1 va!ue, CHECK CONDmON i8 report8d to the baR with a 
..... U, of ILLEGAL BEQUEST and additional seue of 2600h (invalid field iD parameter 
U.). 

The driw .:am the data in the Command Deacription Block from '"left" (bit 7) to '"right", 
and '"down" (from byt9 0 to byt9 n). It sets the field pointan to the fint bit of the first bad 
field 8DCOUDtered. If the bed field is contained in a contiguou group of fizad fields, the 
pointan indicate the first hit of the first field in the group, 8Y9U though the error may be in 
a later 6a1d in the group. 
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Reservation Check 

Commanos 

Pre-Execution Checks 

This checks to see if the HP Cl533A baa been reeerwd. for Wl8 by a hoet, and if it bu, 
whether the host is the same host that sent the command being aucuted. 

If the drive baa been reaerved for aome other host then RESERVATION CONFUCT status is 
reported. See the RESERVE UNIT and RELEASE UNIT command8. 

Unit Attention Check 
This checb if a UNIT A'ITENTION condition aista for the host wb.ich 181lt the command. 
IC it doem, the HP Cl533A reportB CHECK CONDmON ltatu with a .... key of UNIT 
ATrENTION. The remaining •me data will be •t according to the unit attention 
condition wb.ich aista. See Unit Attention Same in the deacription of the REQUEST 
SENSE command which follOW9. 
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ERASE 

ERASE 19h 

Description: 
ERASE cauam part or all o( the remaining data within a partition to be erued, beginning 
at the current logical position. Write-behind data ia written to tape be(ore the ERASE is 
eucuted. Once an erue bu started, it will be completed even ii the SCSI operation ia 
aborted. 

Pre-Execution Checb: 
llleglt Fllld BlldWN 

MlldlaWrb 
A~ Oefemld Error 

Uni All8nllOn Olagnoldc SlllU8 

Command Descriptor Block: 
Bit 

7 l 8 l 5 I 4 I 3 I 2 I 1 I 0 
a Opermien Code (19h) 
1 Logical Unit Number (0) I A__.,ea(O) I immea I Long 
2 Aeservec:t (0) 
3 Aeserwcl (0) 
4 Reserved (0) 
5 Aeservec:t ~ l Flag l Uni< 

CDB Fields: 
l.......al 0 The tlll'pC will DOC return 9tatUa until th8 ERASE bu CDlllpJHed. 

1 Stacua will be returned immediately aftao th8 pre-41UCUtion cbeclm haw been 
completed. 

Lang The Long bit controla th8 cijeten ... to be erawi. 

0 25 fr.- oC amble an written. Tiu. ;. mpported for compatibility reuom only, 
and ...... DO u..tu1 function; DO u..tu1 SpllC9 ;. c:r.ted OD th8 tape. It only cauaee 
th8 driw to ltnamfail. The logical tape pmition w not affected. A CHECX 
CONDmON for Early Warning EOM will only be giwn if th8 tape WM logically 
pmic:iamcl S- EOT a& th8 mommt th8 commend wu w.u.d. 

1 The driw wnt. EOD fonow.d by amb1- to th8 end of th8 partition <EOP>. 

Erase Specific Status: ..... Addition• S..... 
HARDWARE ERROR 5100h (.,.... failure) 
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Description: 

Commanas 
INQUIRY 

12h 

INQUIRY talla the drive to return information about the drive parameten to the host. 

Pre-Execution Ch~i:ks: 
lllegll Field Flag Unk 

Note The command is immune from moat of the pre-aecution checb other commanda must 
pua, ao that, for aumple, it can be aecuted while the drive is ~ for another host. 
Unit attention and deferred error conditiom will be p1wned and reported on subeequent 
commandl. 

Command Descriptor Block: 
Bit 

7 I s I 5 I 4 l 3 l 2 I , I 0 
0 Operalion Code (12h) 

1 Logical Unit Number (0) J RIMfV9CI (0) J EVPO 
2 Page Code 
3 RIMfV9CI (0) 

4 Alloc:allon Length 
5 Reaervedj()) J Flllg_ J Link 

CDB Fields: 
L.ogAcm Uni lponcl. liowwvw, the LUN in a bmc'e m-p-out IDENTIFY can affect the Inquiry 
Number data Nt1U'Ded. 

EVPD Enable Vltal Product Dai. 
0 Normal inquiry data iii Nt1U'Ded. 
1 A pmp of vital product data iii l'9tUmed. 

P8ge Code If the EVPD bit iii _,, the Pap Code field mun be _,,_ 
IC tbe EVPD bit iii ..c, The HP C1533A returns the i-p of inquiry data epec::itied by 
the Pap Code field: 

CJ01:1 Support.eel Vital Product Pape Pap 
01h ASCII Ialormation Pap 1 
Q2h ASCII Ialormation Pap 2 
03h ASCII Ialormation Pap 3 
can Veador-Unique Firmware Revi.mon Pap 
C1h Veador-Unique Ser"IO Revi.mon Pap 

Alla calkMI 0 AD AJ.locerion Length of_,, memie that no Inquiry data iii to be tramferred. 

LAnglll >0 Thia .,.mi. the muimum number of bytee that tbe HP Cl.533A will return. 

Returned Data: 

Tbe drift will terminate the Data In phw when Mlocarion Length bytee have 
~ tramCerred, or when all available Inquiry data bu ~ tramferred to 
the bmt, wbicbner ill I-. 

INQUIRY returna ita nandard data if the EVPD bit is zero, or returna a pap of data as 
specified by the Pap Code field. 

The following table showa the standard inquiry data format: 
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INQUIRY 

Standard Inquiry D• Form• Bit 

22 lntm111ce 

0 
1 
2 
3 
4 
5 
8 
1 

• 15 
18 
31 

32 
35 
31 
31 
40 
41 
42 

RMB 

ISOV ..... 

7 l 8 l 5 1 4 I 3 1 2 l 1 l 0 

Peripheral Qualifier (0 or 3) l Peripheral 08YIC8 Type (1) 

RMB (1) }MChgr (Oll Device-Type Qualift9r (0) 
ISO Versian (0) I ECMA VersiOn (0) l ANSl-Approwd Version (2) 

AENC (0) L Reserved (0) l Response oa Fonn• (2) 

Addillonat Length (26h) 
Reserved (0) 
A...,,_. (0) 

Re!Adr (OlIWB32 (O)} WB18(0)1 Sync (1) lUnked (1>l Asvd (0) ICmdQ (O>I SftA• (O) 
(MSB) Venda lderttiflcldan 

(9HP 1 
(MSB) ProdUc:tl~ 

rc1533A 1 
(MSB) ProdUc:t R9Vilion L.l'M1 

(MSB) Manutactutlng Oare Code (HP Vendor-Unique) 
("YY WW11980 + VY • Absolute Year, WW • wee6C 1-52 

R8MfVed (0) 
A...,,_. (0) 

HPCS Versian I2l 

O AcMiceaimactheLUN 
3 Tlwn i9 no Uwice ac the LUN. 

It the LUN ia M1'0, the drift will reeum a Periphsal o..ice Type of Olh 
c....,_tial.._ct.mc.). 
It tha LUN ia not zero, the driw recuma lFh. 

0 Tba driw i9 not embedded in an aut.oJ.o.der. 

0 Thia fteld i9 zaoo. indjc:etiag thac tha drift do. DOC r..: 
tha ISO vWlliaa oC SCSL 

(LSB) 

(LSB) 

(LSB) 

(LSB) 

!CMAV..-. 0 Thia fteld i9 zaoo. indjotjng thac tha driw do. not ~comply with 
tha ECMA wnioa. oC SCSI. 

Anpa,.. 
DmP.-

W818 
Sync 

Unked 

CmdQ 

2 'nm fteld i9 •to 2, indic•tinc thac tha driw compH. with tha ANSI venion 
ofSCSl-i. 

2 'nm fteld bu the value 2, indiceting thac tha Inquiry Oaca format compli• . 
with tha ANSI vw9ion of SCSI-i. 

2111 Tba additionai lmgth fieMl ~ tha lmgth in bye. o{ tha r...c of tha 
Inquiry data. in thi9 cue, 38 (28h) byt& 

0 18-bit wide daca tranaC ... an not supported. 

1 s,a.:bronoua data tram!• w supported 
1 Tba driw suppon. linbd command.a, 90 thi9 bit w MC to one. 

0 Commend Qu.uing w not supported. Thia m..m thac tha driw will not 
queu. multiple commanda from a single ho& It will, howftw, queue single 
mmm•n'lia from •veral h09ta. 



Commanos 
INQUIRY 

StlA• 0 The drive r9p0ncill to the iwet .:ondition with a hard r98t, 10 the Soft Raeet 
bit ii never Mt. 

Vendor nu. field cont.aim eight byi. of ASCII data identifying the wndor of the product 
ldentlftcdon u 'HP'. Thia and the nut two fielcill an left-aligned with the wiu.d byi. at the 

end of the fielcill filled with IJ>!C! chanctere (20hl. 
Product nu. field cont.aim mteen byi. of ASCU data identifying the product u 'Cl533A 
1d8nttrlcmt1on ' 
Product nu. field cont.aim four byi. of ASCU data, which defim the NYiaon l8vel of the 
Afttslon Lnel Controller firmware. Not.e that in order to r-.d a pl'9Ci8e vwmion of the firmware, 

a hon ahould rmd the vendor-unique Firmware lWYimom pap CCOh) d-=ribed on 
the nat pap imt.eMl of this field. 

MMutactuttng nu. field cont.aim four byi. of Vendor-Uniqu. data which idantify varianc. of the 
C... Code firmware for particular~ 

HPCS ""'°" Thi9 ill a lingie byte Vendor-Unique field identifying wbicb wnion of HPCS the 
driw mpporu. 

Inquiry Data Pages 

The following diagram shows the Supported Pa.gee Pap: 

Support9CI Yitai Prod D P uct mtlll~- Bit 
7 1 8 l 5 l 4 l 3 I 2 I 1 I 0 

0 Plripnaral Qualifier (0) I Periptlenll 08vic8 Type (1) 
1 Page Code (OOh) 
2 Reserved (0) 
3 Page L8ngln (06h) 
4 Supponed Pages Code (00'1) 
5 ASCII lnfon'nmllon Page 1 (01 h) 
8 ASCII Information Page 2 (02h) 
7 ASCII lntonnalion Page 3 (03h) 
8 Vendor-Unique Firmware ReviSion Page (COh) 

9 ' Vendor-Unique Servo Revision P1!9_e (C1ti 

The ASCII Informa1tion Pages: 
The three ASCll Information Pagaa are as followr. 

ASCU lnfarlMdon Pmge 11 Bit 
7 l 8 I 5 l 4 J 3 l 2 I 1 I 0 

0 Pertpneraa Qualifier (0) I Peripheral Device Type (1) 
1 Page Code (01 h) 
2 Reserved (0) 
3 Page Length (19h) 
4 ASCII Length (18h) 
5 MSB "FRU 1 tail. Brain Dead.• 
28 LSB 
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ASCII lntorrMllon P99e 2 

0 
1 
2 
3 
4 
5 
28 

ASCU lllfonMlkln P99e 3 

0 
1 
2 
3 
4 
5 
28 

7 l 8 I 5 
P9f'ipnara1 Qualifier (0) 

MSB 

7 1 8 l 5 
Peripf'lenll Qualifier (0) 

MSB 

Vendor-Unique Information Pages: 

Bit 

I 4 l 3 l 2 I 1 

I Peripheral Device Type ( 1) 
Page Code (02h) 

Reaerved (0) 
Page L8ngln (19tl) 
ASCII L.angrn (18h) 

"FRU 2 fail. Bnin Died.• 

Bit 
l 4 l 3 l 2 l 1 

l Peripherll 08Vice Type (1) 
Page Code (03n) 

Reaerved (0) 
Page L*1glf1 (19tl) 
ASCII L.angrn (18h) 

"FRU 3 fal. Bnin OMd. • 

Tba Vendor-Unique IDtormation Papm are u t'ollowlr. 

A•1l1Me Bit 
J_ J fl l 5 J 4 J 3 J 2 l 1 

0 P•IPf*lll QUlllifls (0) l Penpneral D8Vice Type (1) 
1 Page Code (COh) 
2 Reaerved (0) 

3 Page L.angrn (89tl) 
4 ASCII L8ngln (88h) 
5 MSB S-29 "Firmware Rev a CXlOOCOOOOOCOCI" 

T 0 

LSB 

l 0 

LSB 

] 0 

: •72 "Build 0818 • ddd mmm dd yy. hh:mm GMr (e.g. "Fri Nov 23 90. 20:09 GMr 
140 72-1.0 "(" . ~ 1990 bV H9Wlal..Packard Company. Al~ 818 r..wc1 • LSB 

Bit 
7 l fl l 5 J 4 l 3 l 2 l 1 J 0 

a _I' ~~u.lifler (0) l PeriptWml Device Type (1) 
1 Page Code (C1 h) 
2 Reaerved (0) . 

3 Page L8ngln (15") 
4 ASCII Llngd'I (14") 
I MSB "Servo Rev a RRR. 'NV8 
: (RRR a Revision, VW • Veraian) 

24 LSB 
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Commanas 
L.OAD/UNLOAD 

LOAD/UNLOAD 1Bh 

Description: 
LOAD/UNLOAD tells the target to load or unload a tape. 

Pre-Execution Checks: 
Illep1 Field 
Deferred F..nor 

Flag Link Bad LUN R.ervation 
Unit Attention Diapmtic Statum (load onJ.yJ 

Command Descrip1;or Block: 
Bit 

7 l 8 I 5 I 4 I 3 I 2 I 1 I 0 

0 Operation Code (1Bh) 
1 Logical Unit Number (0) J R8MIVed (0) l lmmea 

2 R8MIVed (0) 

3 R8MIVed (0) 
4 ReHMld (0) J EOT (0) j Re Ten (0) J L.oacl 
5 Reserved (0) l Flag l Link 

CDB Fields: 
-------------...-----------....... ----....... ..---------....... ---------------lmmed O It thia bit ia Z8l"O, nacu. ia returud after th• operation bu completed. 

1 Wbm thia bit ia •t, atatua ia returud u 800D u the loM or unla.d operation ill 
etart:ed. 

AeTen Thia field ia igDond. 
L.o8d 0 It the bit ill Z8l"O, the driw perfonm an unload operation; it wri• any buffered 

data to the tape, rewind8 the tape to BOM and ejecta it. 
1 Wbm thia bit ia Mt, the driw perfonm a loo4 operation; it lOMl.I the tape and 

pmitimUI it at the biltPnning of Partition 0. 

Load/Unload Specific Status: 
Event 

Notape..,_c 

Tape beiq unlo.a.cl or 
ej!c:ted 

Key 

CHECK CONDmON MEDIA EAAOA 

CHECK COtDTION NOT READY 

CHECK CONCrTION NOT READY 

CHECK CONDfT10N NOT READY 

3002b (Cannot Ned media. incompatible 
format) 
3100h (Media format corrupted) 

3AOOh (i:udium not in-ent> 

040lh <LUN in prom. of becoming ready> 

0400h <LUN not 1"8My, cau.e WU"8portable1 

GOOD UNT ATTENTION PQmd 2800h (not Nedy to tramition) 
at ... othel' inltiatDrl• 

When UNIT ATl'ENTION UNSOLICITED NO SENSE 0004h <BOP detect.ed), EOM bit Mt 
c1eand POSITIONAL SENSE 

• An aception to this is when a load occun when the tape is already loaded and positioned 
within partition 0. In this case, UNIT ATI'ENTION sense is not generated for other 
initiaton. 

Interface 25 



CommandS 
L.OAD/UNL.OAD 

Loading a Tape: 
• II the tape is already loaded, it is positioned at BOP for partition 0. <For a tape 

already positioned in partition 0, this is equivalent to rmponding to a REWIND 
command.) The system arM is not updated, so the "current" fielda oC the tape log 
are not reeet. 

• After a suawful load, the tape is logically positioned at the beginning of partition 
0. Media accem commands are then permiS8ible. · 

• II a tape is in the procam of being loaded, the drive wait. for the load operation to 
complete. 

• Statu. i8 pnerat.ed u Collowm: 
• II the to.I commend WM imued by the current hem, and completed 

sw:cemfully, GOOD statua i8 returned to the ho& No further action i8 taken. 

• II tbe to.I command WM imued by a dift'erent hclR and completed 
~. CHECK CONDmON lltatU8 i8 returned to the current boat, 
with a - by oC UNIT ATl'ENTION and additional_... oC 2800b (not 
remdy to tramition). 

• II tbe to.I command ,... issued by the current hclR and failed, CHECK 
CONDmON is reported, since a deferred enor condition will a:i8t for the 
current ho& 

• II the load ,... issued by a dift'erent hclR and failed, the load will be 
~pted Cor the cummt ban.. 

Nola Tbe drift cannoi d-..:t tbe pwm o{ media during pow•i.on.-'f-te.ta. If a r.o.d 
commend i8 :receiftd during tm. period, CHECK CONDmON is l'8tUnl8d to the hclR. The 
- by i8 8lt to NOT READY and additional 981189 i8 8lt to 3EOOb (LUN bu not 
-'f-amfipnd yet). 

Unformatted Tape 
II an unformatted tape is imarted, the drive loads it and behavea aa though the tape has a 
single partition. 

Unloading a Tape 
• Unlmd ca aim be initiated by preming the U n1md button, unJem PREVENT 

MEDIA REMOVAL i8 in ea'ect. 
• All media tiCCW commanda are rejected aft.er an Unlmd commend 
• U aa Unlmd commend i8 :receiftd while unloading i8 alnmdy in procr-. the 

cmnm..t will be q....a until tbe unload comp!etaL If the unJgedjng operation is 
me -fled, GOOD atua i8 reported. If not, anotbar unload operation i8 initiated for 
tbe IMm& tba& .._. tbe commend 

• U aa UDlmd commend is received while there is no cartridp prwnt, or a cartridge 
is s--t-but-aa&-lcwled and medium removal i8 pr9'99Dted, GOOD statu i8 
repon.L 

TM unJmd pl'OCldun ia • Co1knn: 

1 Any bua'end data • written to tape. 

2 The system area ol tbe current partition is updated. 

3 The tape is 1"8WOUDd to BOM. 

4 II media removal is not prevented. the cartridge is ejected. II media removal u 
prevented, the tape is retained in the drive and a Load command can load the tape 
again. 
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LOCATE 

Description: 

Com manes 
LOCATE 

2Bh 

The LOCATE command mowa the current logical position to a new position lp8ci1ied by 
the following: 

1 A new partition 

2 Tba om.t Crom the start of the new partition in term.I either o( blocb (ignoring 
marb), or the count of all blocb and marb. The BT <Block mm- Type) bit selects 
which. Block 0 ii located at the start of the partition. 

Any unwritten data ii written to tape before the command ii aecuted. 

Pre-Execution Chee.ks: 
Illegal Field 
Dafemld Error 

Flag Link 
Unit Attention 

Bad LUN 
Media Accesa 

Rll88Mlllon 
Diagnostic Starus 

Command Descriptor Block: 
Bit 

7 I 8 I 5 l 4 l 3 l 2 l 1 l 0 

0 Operation Code (2Bh) 

1 LQOiCifUnil Numt. (0) l Reserved (0) l BT l CP l lmmad 

2 Reserved (0) 

3 (MSB) Block~ 
8 (LSB) 
7 R8981'V8d (0) 

8 Partition 

9 R998Mld J_O) l Fl~ l Unk 

CDB Fields: 
BT BIAu a.dtUaa Type 

Cl The Block Addr.- field ia the total number of blocka, filemarb and •tmarka from 
the twiPnnjng of the partition to the current logical poeition. 

1 The ftlue in the Block Addrem field ia the number of blocJm from the beginning of 
the partition to the new poCtion. 

CP Clianfw Panition 
QI No c:banp of partition ia made. 

1 The driw will c:banp partitiona to the partition~ in the Partition field . 

.,...... Qi The HP Cl.533.\ will not Nport atatUll until the locate operation bu compi.ted. 

The driw fluahel any unwritten data and, if n--.ry, inritchee partit:iona before 
l'9portinr to the hem. The driw then mow. to the 1'9quir9d poeit:ion within the 
partition after r?JIOl'ting ltatua. 

Blodl: The Block Addr.- lp8Cifi• either the number of bloclm or the total number of bloc:ka 
Ad.U.. plUll marb from the beginning of the partition to the new poeition. The BT bit 

~which meuure ia uaed. The Block Addrem mUllt be greater than zero, 
otberwiM CHECK: CONDmON ii reported. 

Partmon H tb8 CP bit ii Mt, the Partition field specifies which partition to c:banp to. 0 and 1 are 
t.hlt only valid ftlu. for a 2·Partition tape. The field mUllt be 0 for 1-Partit:ion tape. H 
thl1 CP bit ii not •t.. the value of the field is ignored. 

Interface 27 



Commanas 
LOCATE 

Locate Specific Status: 
Event 

EOD encountereci 

EOP eDCOUDteed 

Fai18ci to re.d daca--media error or 
non.fatal drive error 

Data formac CC11TUpc 

Cannot-...,,_ tba mtity iD 
which tba r-.i can...,.eutin1 to 
tba tarpc block .... u.. 

Statua Key Addttlon.a Senee 

CHECKCNOTN B~KCHECK 0005h CEOD encountweci>. EOM bit ..c. 

CHECKCNOTN MEDIUM ERAOA 0002b <EOP eacounteed>. EOM bit ..c. 

CHECKCNOTN MEDIUM ERROR 3BOOh (.quential pmitioning error) 

CHECKCNOTN NO SENSE 0002h <EOP/M dM:ected> 

CHECK CNOTN MEDIUM ERAOA 3001h (can't NM zmdim. unimown format> 

CHECK CNOTN MEDIUM ERAOA 3BOOh C.quctial pmitioning error) 

• Eady Warning End of Medium (EWEOM) i.8 only reported if tb8 LOCATE operation is 
succemful and tb8 REW bit of tb8 DEVICE CONFIGUBATION mode pap i.8-. 
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LOG SELECT 4Ch 

Description: 
LOG SELECT alloWll the bast to clear lop ill the drive. The lop are maintained by the 
drive, and contain statiatical inCormation about the drive and the media. Since accem to 
individual parameten witbiD log paps i8 not aupported, the bmt i8 nmicted to ?98tting 
complete log paps only. For inCormation about log pap format, parameten and supported 
papl, 888 the LOG SENSE command d81cription. 

Nola Lop cannot be •ved since the drive d089 not pc 11111 non-volatile RAM. 

Pre-Execution Ch84:ks: 
Illegal Field Flag UM Bad LUN R8MMltlon D.nn.d Error Unit Ahntlon Dlagnostle Stalus 

Command Descriptor Block: 
Bit 

7 I 6 I 5 I 4 I 3 I 2 J 1 J 0 
0 Operat10n Code (4Ch) 
1 Logical Unit Number (0) I R898Mld (0) I PCR I Asvd (0) 
2 PC I RllMIVed (0) 

3 Reserved (0) 
I 
7 (MSB) PllWNter Lisi Length 
8 (LSB) 
9 R898Mtd (0) I Fl~ J Link 

CDB Fields: 
PCA ~ Cod.e Rod 

0 The function performed ia defined by the PC field. The Parameter List Length 
mua be gr.ier than zero. 

1 All Joe pas- will be cleuwcl which can be c1Mnd. The Parmeter List Length 
muabeuro. 

PC The Pap Control field detinm the type of parameier valu. to be ..i.ct.d: 

OOb Currmt nu-bold Value.-NO-OP ia performed 
01 b Current Cumulaciw Valu.--lop an cl....t u 8pecifiecl by the puameter data 
10b Delault 'J.'1u.hoJd Val~NO-OP ia performed 
11 b O.C.ult Cumulaciw Val~ internal lop an cl....t 

P....., 0 No data ia to be tramferred. If th• PCR bit ia 1. all Joe pas- which can be cleared 
u.t IMlgltl an cl....t. 

>0 Specim9 the length in bytee of th• LOG SEI.Ecr parameter lillt. to be tramferred 
from the initiator to the tarpt during th• Data.out phue. The value of thia field 
mua be a multiple of 4, and 1- than 4 x number of JX16a. The PC field must be 
Olb. 

Since the b1:m can only ?98t complete log pages, it must send the log pap header of the 
pap to be cleared with the Page Length field set to 0 during the DATA OUT phue. The 
following paps can be cleared ill this manner: 
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Page Code 

02tl 
03h 
31h 
32h 
33h 
34n 
3Sh 
36n 
37h 
38n 
39h 
3An 
3811 

Page Description 

Write Error Coumar Page 
Read Error Coumar Paga 
Tape Capacity Log Page 
Buffer Trace Log Page 
Device Trace Log Page 
Write Frames Error Counters Page 
Relld Frames Error Counters Page 
Bad Group Log Page 
Drive Counters Page 
Mechanilm Counters Page 
Da Compraalon Transfer Log Page 
Da'Comprmian Trace Log Page 
CNrv1el Trace Log Page 

Becaue 0£ tm. matbod 0£ cleuing the log pa.-, the Parameter Lin Length field mun be a 
multipla 0£ 4, the length 0£ the Log Pap hemdar. Otberwi88 the commaDd will be 
terminatec:l with a CHECK CONDmON statu8 with the .... key• to ILLEGAL REQUEST 
and an additional.._. code 0£ INVALID FIELD IN CDB. 

Nol8 The Tape log and Tape Capacity J>889 C8DJlOt be cleared. 
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LOG SENSE 

Description: 

Commanas 
LOG SENSE 

4Dh 

LOG SENS:E allOWll the host to read lop from the HP Cl533A. A single log ill returned with 
each in'YOClltiOD of LOG SENs:E. 

Pre-Execution Chec:ks: 
Illegal Field FlagUnk Bad LUN Deferred Error Unit Attemion 

CommaLd Descript.or Block: 
Bit 

' 

7 T e T 5 1 4 I 3 I 2 I 1 T 0 
0 Openllian Code (40h) 
1 Logical Unit Number (0) I R8MMICI (0) 
2 PC I Page Code 

3 
"'T R8HMld (0) 

7 (MSB) Allocation Length 
8 (LSB) 
9 R898fV8d (0) I Flag I Unk 

COB Fields: 
~~~~·~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

PC Tba Pap Control fWd d.efiDm the type of parameter valu. to be ..i.ct.ci: 

OOb Currmt 'I'hn.bold Valu. mnnot be c:hanpd. Tb.e uw the mazimum valu. 
that MCh parameter can attain. Note that for 101De peramecen the term 
tJuo.bold valu. hu no meanins- the d-=riptiODll of individual papm and 
pUamet:en which follow for more detail8. 

01 b Currmt Cumulative Valu.-the valu. computed aince the lut r.et of the 
driw (either by poW91'-cycling, BUS DEVICE RESET or SCSI RESET). Note that for 
...,. panmecen thw valu. cannot be rwt by any method w the 
dmcriptioaa of individual papm and paramateni which follow for more detail8. 

10b DefauJt 'l'hlWbold Valu. .,me u the Current Thnmold Valu. 

11 b DefauJt Cumulacive Valu.-the valu. to which MCh parameter ia initialized 
whm rmK. u d..:ribed abovw. See the d-=riptiona of individual papm and 
~which follow for more detaila. 

'l'bit PC fWd hu no etfect on the data returned when the ..i.cted log containa ewnt or 
1tnce cod.. radwr than counta. 
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32 Interface 

PIQ• The Page Cod. field identifiee which log pap LI being requ.t.ed by th• hoet, u follo"9: 
Code OOh List of Supported Pas- Pap 

02n Write Error Counter Pap 
03h &Md Error Counter Pap 
30h Tape Log Pap 
31 h Tape Capacity Log Pap 
32?'1 swr .. Tnoe Log Pap 
33n Device Tnoe Log Pap 
34h Write Framem Error Counten Pap 
35n Rm Framem Error Counten Pap 
3&h Bell Group Log Pap 
37'1 Drift Counten Pap 
38h Mechanian Counten Pap 
39t'I Data Compremion Log Pap 
3Ah Data Comprmion Tnoe Log Pap 
38h Cbanml Tnoe Log Pap 

Alloadan Tba Allocation lAngth tWd apecifi9 tU mazimum number of byw of data which 
lAngdl lbouJd be recurmcl to tU ha& Tba dri,,. will return tU entire loc or AIJocetinn 

Length bye., wtw:hevw ia tU i...r. 



Log Parameter Pages 

Log Page Descriptor 

Commanas 
LOG SENSE 

Each pap begins with a 4-byte pap header followed by one or more variable-length 
parameter. structur'm. LOG SENSE returns only the single log pap 8P8Cified in the Page 
Code field of the command d.criptor block. With LOG SELEcr hOW9V81', 98V8ral log pap 
headen CllD be 88Dt to clear S8Y8ral pea- simultaneoualy. 

Supported Log Pages Page 
The Suppcrrted Log Pagm pap bu the following format: 

Bit 
7 l e l 5 I 4 I 3 I 2 I 1 I 0 

0 Page Code (OOh) 
1 Reaerved (0) 
2 (MSB) Page P.,.,.,,... L.engtn (OOOFh) 
3 (LSB) 
4 Supported Paga page COde (OOh) 
5 Wrtte Error Coumra page COde (02h) 
e Read Error Counters page COd8 (03h) 

7 Tape Log page code (30h) 

8 Tape capacity Log page code (31h) 

9 Butter Trace Log page code (32h) 
10 Oeviee Trace Log page COde (33h) 
11 Write F,..,,.. Error Counters page COde (34h) 
12 RMd Frwna Error Count8nl page COde (35h) 
13 Biid Group Log page COde (38h) 
14 Drive Counters page code (37h) 
15 Machaniam Counters page code (38h) 
111 Data Compl'98Sion Log page COde (39h) 
17 oaaa Comprasaion Trace Log page code (3An) 

18 Channel Trace ~page COde (3Bh) 

The PC field of thtit LOG SENSE command bu no effect on the valw returned in this page. 
The Suppo:rtad Log Pape Page is not a valid pap to eend during LOG SELEcr. 
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Write and Read Error Counter Pages 
The Write and Read Error Counters Pages have the following format. All fields in theae 
lop are initialized to zero in the following circumstancell: 

• At power-on 
• After a SCSI rmet 
• After a tape load 
• Following configuration for Error-Rate Testing 
• After a uaer 98lld9 an requen for initializeti011 through LOG SELEcr 

Bit 
7 I 5 I 5 I 4 I 3 I 2 l 1 l 0 

0 Page Coda (02h Write Error Coumers or 03h R..a Error Counters) 
1 Reserved (0) 
2 (MSB) Page L8ngln (1cn) 
3 (l.SB) 

0 (MSB) PlllWTMll• Code 
1 (LSB) 
2 OU(O) I OS (1) I TSO (0) 1 ET (0) I TMC (0) 1 ASVd (0) I L.P (0) 

3 p..,.,,..., L.anglt1 (m) 
4 (MS8) P......,Value 

3+m IL.SB} 

Write anci Read Error Counters Pap Fields: 

Nate Tb8 Cur1'8Dt or Default CumulaGve, or C1U'r9Dt or Default 'l'hrmhold valum 111'8 returned 
accmding to tha PC 8eld of LOG SENSE. 

Tb8 DU aMab1a Update), DS (Disable Saw), TSD (Tarpt Sava Di.able), ET (Enable 
Thrmbo1d Compuimu), TMC ('l'lu9hold Met Criteria) and LP (Liat Parimeter) fields are 
oollacti'Y8iy refamld to u the control Oyt.. 

P......., 'l'b8 Parmuc.r Cod. field identW. which param.- of data ia being tramferred. The 
Code Collowins puaaucer cod. are mpport.ed for a.ch Error Countw9 pap. Til9 parameter 

in- Car write and rm operaciona are dMCl'ibed below: 

=D-tJllaH ~~ ~ 

cxm. Toe.I Emn Can9Cllld (Soft fmnl 2 0 FF FRI 
ODDi9I Toe.I nm. Comldon Mgarittwn Pra c I 111 d 4 0 FF FF FF FRI 
ODD8I Toe.I Gfaupe Pr~ c 1111 d 4 0 FF FF FF FRI· 
ODD8I Toe.I Emn U11cau1aeed (1-Wd Erral'lj 2 0 FF FRI 

LP 
0 Mua be_,,. For a Cull dMCl'iption oC tti.. fta1dm Nf8r to tb9 SCSI-2 8tandanl 

Writ.~ 

Tomi Enan Corrected The number of groups written where write 'retrie11' were nece91ary; in 
other words, the whole group wu rewritten. The count U. only incremented 
once for a particular group, even if many retri• occurred for that group. 

Tomi Timee CorNcdan The number of fram• which needed to be rewritten after the 
Algorttflm Procmed rmd-aftar-write check. It does not include the number of 'dummy' frames 
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rewritten between the original version of the frame and its read-after-write 
retry. 

Total Groupe Proceued The total number of group. written. 

Total Errcn Uncorrected The number of group. which could not be written succemfully after the 
maximum number of write reti• had been attempted. 

R.aP~ 

Total !nara Corrected The number of group. which required a retry (in'V'Olving a repomtion of the 
tape) during a rmd. The count i8 only incremented once for a particular 
group, 8ftll if many retri• oc:curred for that group. II the group rmd is 
part of an N-Group written 88qU8DC8, the count i8 incremented by the 
number of group. within the~· 

Totlll TllM9 Correction The number of group. rmd where Cl and C2 cone...-tion wu imufficient, 
Algorithm Proc..... and Ca error correction WU needed. The count i8 incremented on each 

retry of a group. 

Totlll Groupe Proceaed The total number of group. read. 

Total Emn Uncorrected The number of group. which could not be rmd after Ca corTaetion and the 
maximum number of retrim were performed. 
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Tape Log Page 
The Tape Log pap ii uaad to return information to the hem in a format which conforms to 
the LOG SENSE command page format. The Tape Log cannot be cleued. It no tape ii 
loaded, the information returned ii undefined. It a blank tape ii IOllded, the information 
returned will indicate a load count of 1 and all other field. will be zero. The PC field of LOG 
SENSE ii ignored for thW pap. 

The pap baa the following format: 
Bit 

7 l II l 5 l 4 l 3 I 2 l 1 l 0 
0 Page~· (30n) 
1 R....ved (0) 
2 (MSB) Page Langlh (58tl) 
3 (LSB) 

0 (MSB) P..,,..Code 
1 (LSB) 
2 OU(O) J OS (1) J TSO (0) J ET (0) J TMC(O) J RSYCI (0) J LP (0) 

3 Paramel• L..angln (m) 
4 (MSB) p.,.,,.., Value 

3+m (LSB) 

Tape Log Paga Field.I: 

Tape Partitiona: 

Suppan.d Pa&'Ull8W Cod. in thia pap and tbllir m-ninp an M folloW9: 

Cod9 D1111..._ LAntdl (byfMJ 

Cunwnt Number of Glaupa Wl'ttl9n 
Cunwnt RAW Altr'-
Cutrwit Number of Glaupa Ried 
Cutrwit C3 ECC Altr'-
PNvioua Number of Glaupa Wl'ttl9n 
Pr9¥iOua RAW~ 
Pr9¥iOua Number of Gtaupa Ried 
Pr9¥iOua C3 ECC Altr'-
Totm Number of Gtaupa Wrtt19n 
TotmRAW~ 
Totm NumDer of Groups Ried 
TotmC3ECC~ 
LomCount 

3 
2 
3 
2 
3 
2 
3 
2 
4 
3 
4 
3 
2 

'Cu.mat' rt{.,. to the current load of the tape. 'Pntvioue' rtier11 to the lMt tape load. 
'Total' Nla-9 to the life o{ the tape lince it wu fine initialized. including the current 
laM. 

Tbil in£ormatioa returned by the Tape Log ii spec:ific to the currant partition. 

PUUtlon 1 
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n. 00111118 inclc8le reed. wme Md ECC activity in thla pmnltiOn. Fot a 1ir'919 partitlan tape, 
thla .,_. tM whale tape. 
n.1oa11 count la a special cue. Fot a single pmnltiOn .... thla I~ tM total number of 
lo.a (lnduGlng the cunent load) linl:e the tape wu ... fanndlad. Fot a 2~ tape, the 
Pwtttton o load count i• Mt to zero. 
The counts indicate the total read, write and ECC IOI Ooltl partitlanL The load count indicates 
the total number of loads IOI both panitiona (including the cunent load) linl:e th• tape was 
I• formaded, witn th• count lot Partition O set to ZllfO. 
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Use of the Tape Log Page 
An estima1~ of reading and writing performance can be made by the ratio of 'RAW retries' 
to 'groups written', and 'C3 ECC retries' to 'groups read'. An indication of tape 
degradation can be gained by comparing theae ratios for 'current', 'previous', and 'total' 
entriea. 

Any attem:pt to clump this pap using LOG SELECT will r.ult in a CHECK CONDmON 
with the ILLEGAL REQUEST aeme key value returned. The current Cumulative valuee will 
be returned reprdlem of the Pap Control field in the LOG SENSE Command n.criptor 
Block. 

Tape Capacity Log Page 
The Tape CapKity Log pap i9 used to indicate the approzimate capKity of the tape 
currently being used. The PC field of the LOG SENSE command i9 ignored for this field. 

The 36 bytll8 of the log pap have the following format: 

Bit 
7 l 8 I 5 I 4 I 3 I 2 I 1 I 0 

0 Page Code (31 h) 

1 i R....wc:t (0) 

2 (MSB) 

3· 
Page L.8ngth (20h) 

(LSB) 

0 (MSB) P11'81'118l8rCode 
1 . (LSB) 

2 OU (0) l OS (1) I TSO (0) I ET (0) I TMC(11) j BES (0) J LP (0) 

3 Parame1• Lengtn (04h) 
4 (MSB) Paramec• Value 
7 Jl.SB) 

Tape Capacity Log Page Parameters: 
Code V ..... 
0001 Remeininr ~. putition 0 (kilobyul). 

0002 Rma.lliDiq caw-ciCJ, putition 1 (kilobywl. For a lingie }mtitioD tape, it will be zero. 
0003 Muimum ~. putition 0 (~l 
0004 Maimum caw-ciCJ, putition 1 Ckilobyteel. For a lingie putition tape, it will be zero. 

The following paina affect th.e values: 

• The remaining capacity for the partition which is not current will be the same as 
the maimum capacity for that partition. 

• R.m•ining capacity values are only valid after the succa.Cu1 completion of the 
following cmnm•nd8 in non-immediate mode: 

L.OAD L.OCATE MODE SELECT READ REWIND 
SPACE VERIFY WRITE WRITE FILEMARKS 

The ·valuee after any subsequent command cannot be relied on unlw the command 
is a aem.type command which doea not cause any tape motion. 

• Maziimum capacity valuea are only valid when the tape bu completed a load 
eequence. It an immediate mode LOAD is made, LOG SENSE will not return valid 
valw• until the tape bas been successfully loaded and tape movement bu ceued. 

• CapacitiSI are given in kilobytes of user data. If data compnmion is Wied, the 
capa1:itiea are specified as though the drive is in "paa-through" mode. The 
data·a>mpnmion factor is not considered. 
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Accuracy of Capacity Estimates 
Remaining capaciti• are the capaciti• from the current physical position on the tape, not 
the unuaed capacity of the tape. This is particularly important if the current physical 
position is within the Wl8d data area. 

System arw and Read-After-Write retri• can onJy be accommodated by e8timatam bued 
on the history of pattenl8 of tape uap Crom aulier driwa. In the .Um•t. uaed in the 
log, con.-rvative figurm are uaed to 8D8Ul'8 that the capmciiy stated w actually available. It 
will u.ually be pcwib!e to write CODllidarably more data than w stated. 

ANd-Atler-Wrtte A..,._ An al1awuca w made of 5 mun. per group (apprmimately 22%). The 
actual occurrence w libly to be Car 1- than tm.. 

Earty-WM1lng EOM Are9 .Apprmimately 10 megabyta. are allowed for between the Early-Warning 
EOM point and the phyaical EOM. Apprazimately 1 megabyte w allowed 
for the Early-Warning EOM buffering factor. The ...umption w that the 
buffer w full, and u a rmult report.a Early-Warning up to 1 megabyte 
aulier than is nee ry. 

EOD Apprmimately 1.6 megabyta. are allowed for writing EOD Cram.. 

BOP It the tape w at BOM, apprmimately 1 megabyte w allowed for the System 
Almand Vendor Group. 

NoGroup Wrlllng The number of Cram. available w divided by the N-Group factor to give 
the appuwnt capacity available to the u.r. 

The ,..,,.;njng cai-:ity i9 then calculatad u follows: 

capacUy• M£:;;a::::t,~ :;e;.,.Clllo,,.;a:;:. megabyt89 

Phy11icai Variationa 
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Variatiou in tape dimensiom, capstan diameter, supply real hub diameter, and supply reel 
velocity can all rmult in anomalies in the emmated capacitie9: 

• Oif!'8?91lt load. of the same tape can return diff8?91lt muimum capaciti• of 
partition o. 
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The Buffe1~ Trace log consists of n parameters, each repreaenting an event which bu 
occurred oJncerning the buffer code. The first entry is the oldest eY81lt, and the last the 
most recent. 

n parameters are alwaya available even it the drive bu just been poweNd up and the log is 
not filled. ~['he oldeat events are overwritten u new buffer events occur, 90 that logging 
D8Y8r naps. 
The PC fieild o( the LOG SENSE commend bu no effect on the data returned in thi9 log. 

The log pap bu the following format: 

Bit 
7 I 8 1 5 1 4 1 3 1 2 1 1 I 

0 Page Code (32h) 

1 R8MIV8d (0) 

2 (MSB) Page L.angtt1 
3 

-Buffet Event Trac.._ 
0 (MSB) Param81• Code (n) 
1 i 

2 OU (0) 1 OS (1) J TSO (0) J ET (0) T TMC (00) T RsVd <o> I 
3 Param81• l.8ngln (08h) 
4 (MSB) Trace Poirt 10 
5 
e (MSB) Time Sr.mp 
7 
8 (MSB) Argumert 1 
9 

10 (MSB) Argument2 
11 

Buffer 'I'race Log Pap Fields: 

TrKe Point ID 
Tb. ftlue of tha lower 16 big of tha 9Y9t:e11l clack at tJ» time tha 8V8Dt 

occurnd. The mtem clock incrementa once !!!I'? 512 µa. 
A puuuc.er amociatad with the ewnt 

0 

(LSB) 

(LSB) 
LP (0) 

(LSB) 

(LSB) 

(LSB) 

(LSB) 
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Device Trace Log Page 
The Device Trace log consists of n. parameters, each repr981lting an event which bas 
occurred concerning the device code. The first entry is the oldest event, and the laat the 
mollt recent. 

n. parameten are always available even if the drive bas just been powered up and the log is 
not tilled. The oldest event.a are overwritten u new device event.a occur, so that logging 
naver stope. 

The PC field of the LOG SENSE command bu no effect on the data returned iD thil log. 

The log pqa bu the following format: 

Bit 
7 I e l 5 I 4 I 3 I 2 l 1 l 0 

0 Page Code (33h) 

1 RllMIVed (0) 

2 (MSB) Page l.anglh 
3 (LSB) 

-Devrce Event T~ 
0 (MSB) PllWMI• Code (n) 
1 (LSB) 

2 DU (0) I OS (1) I TSO (0) I ET (0) I . TMC(OO) J RSVd (0) j LP (0) 

3 Param- l.anglh (Olh) 
4 _iMSB) Trace Polra ID s (LSB) 

I (MSB) TimeStmnp 
7 (LSB) 
a (MSB) Argument 1 
9 (LSB) 
10 (MSB) Argwnent2 
11 (LSB) 

Device Trace Log Paga Fields: 

Tl8C8 Poilll ID 

_..., 
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Write and Read Frame Error Counter Pages 
The Write and Read Frame Error Counter Papa have the following format. All fielda in 
th- lop are initialized to zero in the following circumstancee: 

• At power-on 
• After a SCSI rmet 
• After a tape load 
• Following configuration for Error-Rate Testing 
• After a \1881' aenda an requelt for initialization through LOG SELEcr 

Bit 
7 I 6 I 5 I 4 l 3 I 2 I 1 1 0 

0 Page Code (34h Wm• Frame Error or 35h RMd Frame Error Coumers) 
1 R~(O) 

2 (MSB) Page l.8ngtt'I (38hl48h) 
3 (LSB) 

-Enor Countrtr Dacnptor.-
0 (MSB) Parameter Code 
1 (LSB) 

2 OU (0) I OS (1) I TSO (0) I ET (0) I TMC(O) I RsVd <o> I LP (0) 

3 F'arameter L.angth (4h) 

4 (MSB) F'llllMl8r Value 
7 (LSB) 

Write and Read Error Counters Page Fields: 

Nole The Currant or Default Cumulative, or Currant or Default Thrmbold values are returned 
according to the PC field of LOG SENSE. 

The DU (Diuble Update), DS (Diuble Save), TSD <Target Save Diuble), ET (Enable 
Threehold Gompamon), TMC (Threshold Met Criteria) and LP (List Parameter) fields are 
collectively reCernd to u the control by". 

p......, Th8 PU'alUCer Cod. field identm.. which paramec.r of data i.a being tramferred. The 
Code followinc ~ codm are .upported for ..ch Error Counc.n pap. Poetiw and 

neptiw tndm mMD tncka with +wand -w azimuth: = DH lpkul ~ c.=:v. ~ 
ODDUt i:r.,... "-Id ot WrtlSI 4 0 FF FF FF FFh 
OCJmlt MM! 0... C1 8loclc Emn-politlve nclla 4 O FF FF FF FFh 
Olm'I MM! 0... C1 8loclc Emn-negmive nclla 4 O FF FF FF FFh 
OOl)ttt Sub Ar9a 0 C1 8loclc Emn-politlve ncka 4 O FF FF FF FFh 
OOOllt Sub Ar9a 1 C1 Bloc:K Erron-politlve tracks 4 O FF FF FF FFh 
OOOllt Sub Ar9a 0 C1 8loclc Emn-negmive nclla 4 O FF FF FF FFh 
ODD7l'I Sub Ar9a 1 C1 8loclc Erron-negatiw nclla 4 O FF FF FF FFh 
0009t Toal Retry count (Rud Framea log only) 4 O FF FF FF FFh 
OOOllt'I "-Id Q U11ca11--- block (FINd Frwnn log only) 4 O FF FF FF FFh 

DS 1 Thill taU. the hem that uveable paramec.n are diahled (i.e. not .upported) 

L.P 0 Must be zero; the parameter ii a data counter rather than a lilt parameter. 

DU, TSO, 0 Must be zero. For a full d-=ription of th- fields refer to the SCSI-2 standard. 
ET, TMC 
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Bad Group Log Page 
The Bad Group log consists of n parameters, each representing a group error event which 
baa occurred concerning the device code. The first entry is the oldelt event, and the lut the 
mmt recent. 

n parameters are alwaya available even if the drive baa just been powenld up and the log is 
not tilled. The olden events are overwritten u new channel events occur, so that logging 
D8Y81' stopL 

The PC field of the LOG SENSE command baa no effect on the data returned in this log. 

All field8 in this log are initialized to zero in the following circumatance9: 
• At powar-on 
• After a SCSI remt 

• After a tape lOlld 
• Following contiguratian for Error-Rate Te.ting 
• After a u.r sada an requ.t for initialization through LOG SELEcr 

The log pap baa the following format: 

Bit 
7 I a I 5 l 4 J 3 l 2 l 

0 Page Code (36h) 
1 R898fYed" (0) 
2 (MSB) Page l.8l'lglh 
3 

a (MSB) P..,,.., Code (n) 
1 

1 l 

2 OU (0) I OS (1) I TSO (0) J ET (0) 1 TMC (00) j RSVd (0) j 
3 Parama1ar Lengtn (03h) 
4 Error Code 
5 (MSB) Group Count 
I 

0 

(LSB) 

(LSB) 
LP (0) 

(LSB) 

Error Codes: 

42 lnt.Uce 

The Errur cod. that can occur are u follows: 
Code Owrlpdan 
Olr2D Group rwl aft9r write r9Cr)' limit nc:eedecl 
Oll21 Write bud .rar 
Oll22 a.,m, a FOUP (writing) 
0123 Group rwl r9Cr)' limit nceeded 
Oll24 RM:rJiDI a aroup (re.ding) 
Ox25 C2 ~ tnclra 
Olr2I .. driw .rar 
Od1 Group a..a.d C3 cornction 
Ox2I Group n..ud 8-d-after-Write 
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The Drive Counters Log Page bas the following format. All fielda in ~ log are initialized 
to zero in tile following circumstances: 

• AJ:. power-on 
• After a SCSI rmet 

• A&tr a tape load 
• Following configuration for Error-Rate Teeting 
• After a u.r •nda an request for initialization through LOG SELEcr 

Bit 
7 l 8 l 5 l 4 l 3 l 2 ] 1 T 0 

0 Page Coc:la (37h) 

1 Raerved (0) 
2 (MSB) Page Length (18h) 
3 (LSB) 

0 (MSB) Parame1er Coc:la 
1 (LSB) 
2 OU (0) J OS (1) J TSO (0) J ET (0) J TMC(O) ] RSVd (0) T LP (0) 

3 Parameter Length (4h) 
4 (MSB) 
5 ParamMer Value 
8 
7 (LSB) 

Drive C1>unters Page Fields: 

Note The Current ar Default Cumulative, ar Current ar Default TJu.hold valuea are returned 
according tCI the PC field of LOG SENSE. 

The DU <Dilable Update), DS <Diuble Save), TSD (Tarpt Sa ... Disable), ET (Enable 
'l'hreshold C.ompari8on), TMC (Threshold Met Criteria) and LP (List Parameter) fields are 
collectively :referred to u the control byte. 

P.,._ '1'lw mpported Parameter Cod.9 in tbi8 pap an• follOW9: 

Code P-. D11 1J••11 ~ a.t..11t Defllun 
c..... (bylieJ c~ Thr..notd 

10001t1 !..-de 
IOOQ2tl \NltW Qrtve Emn 
llJOD3tl Alm Ortve Emn 

LoMlc Tiu. i8 the same u the Tape Log load count. 

4 
4 
4 

0 
0 
0 

FFFFFFFfh 
FFFFFFFfh 
FFFFFFFFh 

Wrll8 Drtw l!mn: The number of groups which could not be written ~ully because of 
dmre ar mecl>•nism failure. 

AeM Drtw Enol'C The number of groups which could not be read succe.fully because of drive 
ar mechanism failure. 
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Mechanism Counters Log Page 
The Mechanism Counters Log Paga has the following format. All fields in this log are 
iDi~ to zero in the following circumstances: 

• At power-on 
• After a SCSI reeet 
• After a tape load 
• Following configuration for Error-Rate Tellting 
• After a U88I' 981lda an requeat for initialization through LOG SELECT 

Bit 
7 l 11 l 5 l 4 l 3 l 2 l 

0 Page Code (3811) 
1 Reurvea (0) 
2 (MSB) Page L8ngth (AOl'I) 
3 

0 (MSB) Pinmerer Code 
1 

1 I 

2 DU (0) l OS (1) I TSO (0) I ET (0) l TMC(O) J Rsvd (0) J 
3 Param819r Length (4h) 

4 (MSB) Paramal• Value 
7 

0 

(LSB) 

(l.SB) 
LP (0) 

(LSB) 

Mechanism Counters Page Fields: 

NOl8 The Current or Default Cumulative, or CUrTeDt or Default nu.hold valuem are returned 
aceordiDg to tba PC field of LOG SENSE. 
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The DU, OS, TSD, ET, TMC and LP fields are collecti'f9ly referred to u tba control byte. 

p- The mpparc.i p~ Code9 ia um pap an .. followm: 
Code 

0001h FUly 1%'/ 
0003h Mode s..ar FUt 
OOIMh Tlnlian FUt 
ODO!ll a.. a.m... 
0009I C..., Stalled 
ODlml Orum L.oclr LOii 
0009I Drum S1:lll9d 
oaamt Drum OM LOii 
OOIWI Drum PG LOii 
oaoai Supply Rim Stuck Unth~ 
OOOCb Supply Rim Stuck Capmrt Mode 
OODDh c.... o..n Slip 
oaaBI T-..Up Rim Stuck eap..,. Mode 
OODAa FLS Stuck RL Mode 
001111 RAM T• Fd 
0011h ROM Olecll Fail 
001211 Supply Rim Brak• Fail 
0013" Talc9o4.ip Rim Brake Fu 
00141'1 Signal PrOCHIOI Test 
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Data Compression Transfer Log Page 
nu. pap :allowa the host to monitor the performance of DCLZ compremion. The PC field 
in the LOGr SENSE command determin• whether current cumulative, default cumulative, 
or current/default thr.hold valu• are returned. The pap bu the following format: 

Bit 
7 I e I 5 l 4 l 3 l 2 l 1 1 0 

0 Page Code (39t1) 
1 R881fVed(O) 
2 (MSB) Page Lll1gth (58t1) 
3 {LSB) 

0 (MSB) P_,,... Code (n) 
1 {LSB) 
2 OU (0) j OS (1) j TSO (0) j ETC (0) J TMC (00) J Rsva co> I LP (0) 

3 ParatnM• Langtn (4t1) 
4 {MSB) P&ral'Mter Value 
7 (LSB) 

Data Compression Log Page Fields: 
P........, Support.eel PU'alMCel' Code. in du..,.... and their m•ninp an u folio ... : 
Codee Code D•.,.._ 

. 0001 ll Number of - wfttllln 
OOD2tl Number of emltlee 1-.d 
OD03ll Number of .....aawnn.n 
0004tl Number of ...... ,.. 
OODl!tl l<llobv- to cs. oompr991ion 
OODl!tl l<llobv- tram cs. oomprWion 
0007ll IGloDytiM to .. 
OODl!tl ~tram .. 
OCXlll l..ogical en1lty lin 
OOONt PllyticM en1lty lin 

OOOBll ~-
Entitles Wrltten/ANd A record of the total number of complete entitiea written to or read from 

the tape .me. the lut power-on or Clear Log operation. 

Aecorda Written/A•• A record of the total number of records (both compre 11 ad and 
~) written to or read from the tape aince the lut power-on or 
C1-r Log operation. 

A record of the total number of kilobytes written to or read from the drive 
lince the lut power-on or Clear Log operation. 

~ tolfram TllP9 A record of the total number of kilobytes written to or read from the tape 
.me. the lut power-on or Clear Log operation. 

Loglcml !!nifty - The logical me of the lut entity written to or read from the tape: 
... 1UUf&bftr of ret:OnU in ati.tyx ret:ard am in byta 

Phyeal l!nlfty llzll The physical me of the lut entity written to or read from the tape: 
.U. • ati.ty ~ lmgth+ uncompraat!d data kngth 

Uncompn11ed Entltlile A record of the total number of tim• non-DCLZ entitiea have been 
encountered on the tape during read operatiODll aince the lut power-on or 
C1-r Log operation. 

From th.a .figurm, the host can calculate the average comprelllion ratio achieved by the 
driva .me. the lut power-on or Clear Log operation as folloWB: 

lntert.ce 45 



Commands 
LOG SENSE 

. . kilobyua to data compraaion 
<llJerage compresaion ratio • lulObyu• to tape 

Similarly, the host can calcuJate instantaneous comp~ion ratio achieved by the drive for 
a particular read or write command: 

. . . logictii mti~ size 
in.atantaneoru compraawn ratio • phyai.CiJl mtitY aiu 

Data Compression Trace Log Page 

41 lm.fllce 

The Data Compremion Trace log C01Ulia of Cour puametera. w:b reprwntiDg &D event 
whicb. bu occmred cam:mning the data campramion code. The ftnt entry w the oldeR 
ewnt. and tba 1ut tba mmt 1'8C81lt. 

Four parameten are a1...,. available 899ll if the driw bu jun been powered up and the 
log w DOt filled. The oldmt 8Y8Dta are ove1 w&itten u new deYic:e 8991lta occur, 90 that 
loging never stop9. 

The PC field of tba LOG SENSE command bu DO effect OD the data returned in this log. 

The log pap bu the Collowing format: 

Bit 
7 I 8 I 5 I 4 I 3 I 2 I 1 l 0 

0 Page Code (3An) 
1 R....-(0) 

2 (MSB) Page L8nglh (800h) 
3 (LSB) 

0 (MSB) Pnmet• Code (n) 
1 (LSB) 
2 OU (0) 1 OS (1) T TSO (0) T ETC (0) 1 TMC (00) T Rsvd (0) J LP (0) 

3 Paramerer Langin (04h) 
4 (MSB) Trace Code 
7 (LSB) 
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The Channel Trace log consists of n. parameters, each repreaenting an e'Y8Dt which bu 
occurred cx1ncerning the channel code. The first entzy is the oldellt e'Y8Dt, and the last the 
most recent. 

n. parameters are alwaya available even if the drive bu just been powered up and the log ill 
not filled. The oldest eventa are overwritten u new channel eventa occur, 90 that logging 
never stopi. 

The PC field of the LOG SENSE command bu no effect on the data returned in this log. 

The log pqa bu the following format: 

Bit 
7 ] 8 I 5 ] 4 ] 3 ] 2 ] 1 ] 0 

0 Page Code (3Bh) 
1 A....wd(O) 
2 (MSB) Pagelangtn 
3 (LSB) 

--Chwlnel Event Traca-
0 ' (MSB) P..,,... Code (n) 
1 (LSB) 
2 OU (0) I OS (1) 1 TSO (0) T ET (0) J TMC(OO) J AsVd (0) l LP (0) 

3 Plllmller l.lngln (02n) 

4 (MSB) Trace Code s (LSB) 
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MODE SELECT 

Description: 

15h 

MODE SELECT allow. the bmt to modify certain parameten in the Mode Parameter pas
in order to configure the drive. Th .. parameters cannot be saved, and after a power-up or 
1W8t, the default configuration will alwaya be eet. 

MODE SENSE allowe the drive to report wbicb configuration parameters it supporm and 
what it. current contiguration ii. 

The following Mode Parameter pas- are supported: 

Code PIQ• 
02 Di.lcalm8ct-Reconmct pap 
OF Data Compnmion ~ Mod8 pap 
10 Device Condguration pap 
11 M8dium Partitiou pap. for daflninc and altering the number and li.ze of partitiom 

Implementing MODE SELECT and MODE SENSE requi.rm a certain amount of 
band•b•lcing between the bmt and the drive. Befora configuring the drive, the bmt should 
iaue a MODE SENSE. The drive can then return it. cummt configuration and indicate 
what parameter9 are configurable. The lulR interpret.a thil information and may then isllue · 
MODE SELECT to aet the drive to the hmt'• praferred configu?ation. 

The drive'• beba.UW when it raceiY89 a MODE SELECT command ii u folloW9: 

1 An}" unwrittan data in the buft'er ii fluabed to tape. 

2 The Mode Select Plll'lllDetar list ii tramfemd from the bmt to the dme during the 
Data-Out phue. The list cont.aim a header followed by zero or more Mode Plll'lllDeter 
paam. 

3 The HP Cl533A aet:8 internal parameters to the valuea in the pq89. It checb values for 
validity u it g'089 aJong, 90 if the command terminata. becaue of an error, earlier 
parameter value. will already have been set to their new values. 

Nol8 In the MODE SELECT and MODE SENSE d-=riptiom much of the information ovariai:m 
and the dmcriptiom abould be rmd in conjunction. 

Pre-Execution Checa: 
llegll Flekl Fl8Q Unic Bad WN R818fV.aion Olfend Enor Unit Attention 

Only campla putll of a parameter l.ist can be 1181lt. It ii illegal to •nd a partial mode 
pualllM9r i-der, mode block dmcriptor, or mode page. 

U tb9 Medium Partitiou page ii 118Dt, Parameter List, MecUa Accem, MecUa Write, and 
Oiapcwtic Statu checb are aJm performed. Note that the tape mat be at BOP for thil 
pq9tobe-t. 

Uthe Device Con11guration page is sent, the Media Acom check ii performed. 
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Command Descriptor Block: 
Bit 

7 I 6 l 5 I 4 l 3 I 2 I 1 l 0 
0 OperllllOn Code (15h) 

1 Logical Unit Number (0) l PF l Fl819Ned (0) l SP (0) 
2 ~(O) 

3 R..wct(O) 
4 p....., Ult L.engltl 

I Fl919N9d (0) I Flag J Unk 

CDB Fields: 
------------------------------------~------------------~ 
Pl' Pap '""""' 

0 The Mode s.J-=t parametAr data ia not SCSI-2 mode pmp campatil>W. Only the 
parameter h...- and block d-=riptor may be mat. Ila a 19Ult, th9 HP Cl533A 
will report ILLEGAL REQUEST it th9 Paramatw Lin Length ia sr-ter than l2 

bJt-. 
1 The data mat by th9 baa after th9 MODE SELECT~ and block d-=riptor1 

compli• with th9 definition of PY- in th9 SCSI-2 !J*ification 
SP Saw Papa 

0 nu. bit ia not .upponecl and muc be zero. 
P.,.,...., O No data ia traDllCernd. 

List L.engtll >0 The length in byte. of th9 MODE SELECT parameter li.c to be tramferred. The 
li.c length must be 1- than 4>cnrun1Jr Of JIG6a. 

Completion: 
After 9UCC8ISful completion of MODE SELEcr, UNIT ATl'ENTION • pmted to all initiators 
other thu !the initiator of tba command, .Additional._.. w 2AOlh (mode puamet.en 
cbanpd). 

Mode Select Specifi<: Status: 
Key 

CHECK CONOmON RECOVERED 
ERAOFI 

3'700h (rounded parameter! 

CHECK CONDITION llLEGAL REQUEST ~ (pu'UD9Car list length 
error> 

CHECK CONDITION ILLEGAL REQUEST lADOh (ilJ.p.l field in 
CommeM D.criptor Block) 

It tba t1umh ,of write-behind data fails, this w reported u a deferred error. 
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Mode Parameter Pages 

Mode Page Representation 
Certain conventiou are Wl8d in the following Mode Parameter pea- in order to d-=ribe 
the nature of the parameten. Mon parameten are given by name, followed by a number in 
bracket&. Tha bracbtm baw the following m•ninp: 

Sq...,. brlldc• [ ) Square bncketa indi,..te that the parameter may be modified. The number inside 
the bncbta U. the default value for the tie1d.-ln otbar wordm. the power-up or 
r.-val-. 

MODE SELECT may modify tJu. value by aending the pap with a new value in the 
tieJd. 

MODE SENSE (currant valU89) will return the current value of the parameter. 

MODE SENSE (default val\189) will ntturD the value in bracbta [ ]. 

MODE SENSE (cl:umpable val\189) will ntturD a value of all on-. 

Round ~ ( ) Round bncketa indicate that the parameter U. med. Tha number in.side the 
bncbta U. the tbad value for the field. 

MODE SELECT mum& - the parameter to tJu. value, otherwim CHECK CONDmON 
will be reported with a aama key of ILLEGAL BEQUEST. 

MODI: SENSE (curmit val\189) will return the tbad value. 

MODI: SEND (d8fault val\189) will ntturD the tbad value. 

MODE SENSE (ch•npeble val\189) will ntturn a value 0£ all zerm. 

Curty .,....... {} Curly bl'llCbta indicate that the field U. med. The number inside them will 
alwaya be returned i.rrMpective of whether current, default or changeable values 
are being returned. 

Parameter Rounding 
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The following panuneten in the mode pas- may be rounded by the HP C 1533A: 

• rn.ccnm.:t Time Limit, to the neueR 100 ~ndll 
• Bum Inactivity Limit, to the D8U89t 100 micrmecondll 
• Write Delay Time Limit, to the nearei1t 100 mmj.....,udll 

II tlu. bappall, CHECK CONDmON status U. returned with a sen. key of RECOVERED 
Ell&OR ud a additional aama code of 3700h (rounded parameter), but the command U. 
coreiiand to baw completed succwfully. 
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Mode Data Fonnat 
Mode dat.IL consists of a 4-byte header, optionally followed by block d-=riptor and Mode 
Paramete:r papa. 

Mode Parameter Header: 
The Mode Parameter header bu the following format: 

8Jt 
7 I a l 5 ] 4 I 3 ] 2 ] 1 J 0 

0 Made Dala Length 
1 Medium Type (00'1) 

2 WP ] Butfarecl Mode [001) ] Speed (Oh) 
3 BIOclc---...: ~ 

Header· Fields: 
~~~--~~~~~~--~~~~~~~~~~~~~~~~~~~ 

Mode MOOE SELECT: Mode Data Length field muac be mro. 

c.a. MOOE SENSE: Mode Data Length field ... to the length of the data a~. 
LAngth Note that the act1aa1 Yalu. NtUnJed may be tnma:ac.d to the 

Allocation Length for the comm•nd. 
WP Write Protecc. Ipond for MODE SELECT. 

0 MODE SENSE: Tape i8 ~ 
1 MODE SENSE: Tape i8 write-prot.ected 

0 Tb9 drift will not Nport GOOD RaC\111 OD write mmmeng until all bloc:lai and 
ru.mara baft been wriu. ~-

1 Tb9 HP C1533A will NpOl't GOOD 8Catua on write commend. u 800D u all the 
data hM been tram!ernd to the data butler. Data for multiple eomm•ndli from 
the difl'_._t initiaton may be bua'end before beinr writtm to tape. 

2 Tb9 drift will NpOl't GOOD lltatu8 OD write commande u 800ll u both the 
following canditiaaa an utiefied: 

• All data apeci&d in the write mmm•nd hM been tramferred to the data buffer. 

• All bua'end data from dilfennt initiatan hM been ~Y written to tape. 
N4* that data for multipJ. eommana from thew initiator may be buffered 
Wan bein( written to the medium. 

Only the Yalu. 0 and 8 an qlid_ 

0 No block d...:riptor i8 being tram!ernd. 

8 Tb9 Mode Param.ter 11...w muac be follow.cl by the 8-byte block d...:riptor 
dm::ribed in the nae .ct:ion. 
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Mode Block Descriptor 

Tbe Carma& of tM Mode ParamMm> block ct.criptar w • CollawE 

Bit 
1 l I I 5 I 4 l 3 l 

0 Density c::odil131'1J 
1 (MSB) Nmar ot Blacka (0) 
3 
4 R-ved(O) 
s ~ Blade L.qln [OJ 
1 

Mode Parameter Block Descriptor Fields: 

z l 1 I 0 

(LSB) 

(LSS) 

Cen8lly Thia mm& be OOb, 13b. 2ilh ,_ 7Fh. F,_ MODE SENSE 2ilh ia recum-' f,. a l20m tape, 
Code 13b f,. 80m or 90m tapem. For MODE SELECT, the valu. have the following meaninp: 

oan Default <um th» if 70" do aoc Jmow the~> 
131'1 HPnlcmy DDS-1 aad DDS-DC Form•tn ua cbia it the tape ia 80m or 90m 
24h HPnlcmy DDS-2 Formac--ue cbia it the tape ill l20m 
7Fh No cbaap frma prW'rioua dmaty (MO.OP) 

lloclc Thia indicptep tba m. of fiDd bloca. S. tbe dwriptioD of tbe F"sud O.W. in the READ 
L.mglft aad wam ,,,,,,, ..... I& ia ... ued -- derjcfins wiMlcblr to Nplll"C an in.pl length 

Wack•rwl9 (me tMm.l lft'W Ua tMSta&u.-=cima of tM 2E.\D mencf}. 

Disconnect-Reconnect Page 

The driw support. the Dilconnect-RacoD11ect Paga which baa the following format: 

Bit 
7 J 6 J 5 J 4 ] 3 ] 2 J 1 J 0 

0 Paga~a {02n} 
1 Page Langtn {OEh} 
z Butter Full RatlO (0) 
3 Butter Empty RatlO (0) 
4 (MSS) Bus lnacttvity Umit [39h • 5. 7 ms) s (LSB) 
I lMSB) Olac:onnecl Tlme Umit (0) 
7 (LSB). 
I (MSB) Conn4ICI Tlme Uml (0) 

' (LSB) 
10 (MSB) Mairnum Bursa Size [aott • 64 Kb) 
11 (LSS) 
12 Reaerved (0) l OTOC (0) 

13 Reserved (0) 
14 R8HIVed (0) 
15 Reserved (0) 

Disconnect-Reconnect Page Fields: 
Buffer Full Ratio, Buffer Empty Ratio, and DTDC <Data Transfer Discollllect Control) are 
not supported by the driw and must be cleared to zero. 
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>0 Th• mazimum time in 100 mic:r~ud increment.a for which th• HP Cl533.A 
will ...ri the BSY signal without a REQJACK handabab. Since the 
HP Cl533.A's timing c:apabilitiem have a re90lution of about 1 mmie:crnd, 
parametar rounding may occur. 
Since the firmware owrhead from the lut ACX of a command ph.ue to the tint 
REQ of a data phue ill typically 5 ma. •tting th• bua inactivity limit to < 5 ma 
will cauae the firmwan to dWconnec:t followinr the command ph.ue (typically 
<700 ,.. from the 1ut ACX of the comm•nd phue). Thi8 appl* to a 
mnDgurabl. mb9et of commend9 only, by d9fault, rwi. write and spCnc 
trm1mende 

0 Tb8 tiJm limit becomm iDUnite. In pnmce, tm. mMU the HP C1533A will not 
dimmaact b9twwl remipt of a commend and the fint data phw of that 
commend Noc. that a comm•nd with multiple data phw (for mmple, to 
match mazimum bunt me) will Rill haft diecmm.a t.c ... phaw. 

Dllcamect Tb8 minimum tiJm in 100 ~ incnmcm that the drift will wait after 
Time Umlt rel•eftng the SCSI bua befon attempting r l'ICtion. Since the HP Cl533A'• timing 

cap!bilitiem haft a re90lution of about 1 milli89cond. puameter rounding may occur. 
Connect Tb8 drift cmmot guarantee to dimmaact within a tiJm limit. 
TimeUmlt 

Mmdmum >0 Tb8 mazimum amount of data the drift will tram!_. during a data ph.ue 
BUl9t S1z8 before di9connec:ting. apa 111 d in unit.a oC 512 bJt-. 

0 Then ill no limit to the amount of data that will be tramfernd. 

Nale If tbe bmt do. not grant dilcmmect privilep in it. IDENTIFY m p th- parameters 
ba:mne m-ningl-. The HP Cl533A will stay CODD8Cted on the bus for the duration of an 
operation cJr until tbe ban •nds a mid-operation IDENTIFY granting dmconnect privilege. 

lnt..t.ce 53 



Commands 
MOOE SELECT 

Data Compression Characteristics Page 

The Data Compremon Characteristics Mode Paga is defined u follOW11: 
Bit 

7 I 8 I 5 I 4 l 3 l 2 l 1 l 0 
0 Reservect (0) 1 F'age Code (OFh) 

1 F'age ~ (OEh) 
2 OCE (1) l DCC (1) l RIMMld (0) 

3 ODE (1) I REO[O] l RIMMld(O) 

4 (MSB) Compn u;an AlgOrltnm [20h] 
7 (LSB) 

8 (MSB) Oecamprwjon Algarttnm (OJ 
11 (LSB) 

12 
""15 R-.v.d(O) 

Data Compresaion Characteristia Mode Page Fields: 
CCI Dam Comprasion ~ 

MOOE SB.ECT Tiu. tiald ~ the bmc to eaabl. or diMbJa data compr..&on. 

0 The drive will &.AU data campnlllion. and any 
.w..qu.& data ..it to the drive by the bmc will be 
written to tape 11neomp: 111 Ii 
The drive will comi-- any .w..qu.& data •Dt to it 
by the hem before wriq it to tape. The Algorithm used 
to comi-- the data i9 that apecifi8d in the 
Compnmion Algorithm field. 

MOOE SENSE nu. field alloW9 the lime to determim whetluir compremion i9 
enabled or di•hled 

0 Compnmion i9 diabled 
1 Comp& ·on i9 enabled 

CCC Dam Comprasion Capabk 

MOOE SENSE Tiu. tiald alloW9 the hem to determim whether the dri..,. 
IUpportll data comprelllion. Tiu. fiald W fiad. 

0 Compt'9mion not supported 
1 Compremion. i9 supported 

DOI Dam Deoomprasion Enabk 

MOOE SB.ECT Tiu. field al.lo.,. the hmt to enable or diable dacompr..&on. 

0 Dec:ompr..mon i9 di•hled Ally com...-d data 
eacounr.9d will be returmd to the bmc u a mingle 
variable length l'9COl'd. 

1 Decompnlllion i9 ••bW. 
MODI! SENSE Tiu. field alloW9 the hem to ct.t.rmine whether the dri..,. will 

attmnpc to dacomi-- any entitiM it eDCDUDC.W OD tape. 
0 The dri..,. will not attmnpc dacompremion. 
1 'nle dri..,. will attampc compr..mon 



RED 

Compr111ton 
Algorithm 

Comm an as 
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Report Ezapnon on Dccompreuion 

Thia field alloww the hmt to specify at which boundari• betw9en 
different data type9 a CHECK CONDmON ia to be nport.d to the 
host. The field only atl'ectl a READ command In the followinc 
table, the data typem are U •uncompr 1111 il, D • DCLZ 
com~ non-D•non-DCLZ comp&- Ii The diifermt 
boundariee will pnerate CHECK CONDmON with the mpecified 
REDvalua 
..,_. ,,,_ AIDY..._ s-ec., 

U non-0 0, 1, 2 MEDIUM SENSE 
U D 2 RECOVEAED EAAOA 
D U 2 NO SENSE 
D non-0 0, 1, 2 MEDIUM ERROR 

non-0 U 1, 2 NO SENSE 
non-0 D 1, 2 RECOVERED ERROR 
non-01 non.Q2 0, 1, 2 MEDIUM ERROR 

In MCh CMe, additional.._ ia 70nnh (decompnmion aception 
abort algorithm ID of DDh>. The tape ia pmitiomd on the EOP 
lide of the boundary. 
Decomprmon Algorithm field • that for the a.w data type 
('.omm•nd-Specific Inf'ormation field iD the .._ data • the 
number of data bJocb contaimd within the mw data. 

Thia indicn• which compr r rion algorithm the driw will \189 to procw data 
from the hmt whm the DCE bit ia mt to one. It the hmt .._an algorithm 
which the drift do. not auppon, CHECK CONDmON ia ntumed, with a ..... 
U, of ILLEGAL BEQUEST. A valu. of zero indicec. that DO compnmion 
algorithm w currently wlectecl. The drift only mpporta the DCLZ algorithm cm 
20h>. 
MODE SENSE The field contaim the~ algorithm identm.r for the 

currently-.:t.ed compnmion algorithm. Note that thia field will 
Mftrbe L 

MODE SENSE 

Thia fi8ld bu DO m•njng aM ia igDand by the drift. 

Thia field alloww the hmt to detwmine the type of compremon 
algorithm u.ect to procw data mat mmc l'9Cllllltly to the hmc in 
r-.pome to a READ comm•nd 

0 The 1ut data item returned,... an uncom~ 
record. 

n The lMt data item returned ,... an entity compremed 
u8ing algorithm n. Note that thia ia valid. eftD if the 
data WM decomp~ by the driw. 
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Device Configuration Page 

The drive supports the Device Configuration Paga, wb.ich has the following format: 
Bit 

7 1 8 I 5 I 4 l 3 1 2 1 1 1 0 

0 Page Code {10h} 
1 Page Lengtn {OEh} 
2 Asvd (0) I CAP I CAF I RAW [01 } C3ECC{1 Jl N-Group [000) 

3 Active Partition 
4 Write Buffer Full Rallo (0) 
5 Read Buffer Empty Ratio (0) 
8 (MSB) Write Delay Tune (0032n) 
7 (LSB) 

a OBA (0) l BIS (1) l ASmk J.!ll AVC (O) I SOCF (00) I ABO (0) I REW [OJ 
11 Gap Size (0) 

10 EOD Defined (000) 1 EEG (1) I SEW (0) I Reserved (0) 
11 (MSB) Buffer Siu • Early Werning (0) 
13 (LSB) 
14 Select oa Compi181ian Algorrtnm (O) 
15 A89erl9CI (0) 

Pre-Execution Checks: 
Belen the pq1 ill -tin MODE SELECT data, the following checb ara made: 
P•--U. Media Acc.- (lb CAP bl II Mt) 

Device Configuration Paga Fields: 
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The DBR (Data Buff'er Recovery), AVC (Automatic Velocity Control), SOCF (Stop On 
Con.cutive Filemarb), RBO (Recover Buff'er Order), Gap Size, Buff'er Size at Early 
Warning and Select Data Compremion Algorithm fielda ara not supported by the drive and 
mut be cleued to zero. 

CAP Change Actw. P9ltitlon 

MODE SB.ECT IC the CAP bit ii ..c to 1. tha logical partition ii to be cbanpd to that 
lp9Cift.a by the Active Partition field.. IC tha D8W' partition ii the same 
•the current partition 

MODE SENSE The CAP bit mun be zero. 
Change Actw. Format 
MODI SB.ECT IC the CAP bit ii ..c to 1. tha active format ii to be cbanpd to that 

giYm by tha RAW, C3 ECC and N-Group fieJda. 
MODI SENSE The CAP bit mun be uro. 

RAW 0 ~Write ii ••hied The drive r.writem mm. which ba,,. not been 
rm a.:& carnc:dy through RAW. 

1 a..d-Aft.r-Write &Ula The 1'91lta ot RAW an ignand.. The drive proc:eecU 
to write tha Ila& hzu. 

To modify tm. btt u.ing MODE SELECT, the CAF bit mun be ..c. 
C3 ecc 1 C3 ECC ii enabled during wric.., ., that an ECC frame (frame 23) ii writtan. 

Thia ii the dafault configuration. 
0 C3 ECC ii diaabled, so frame 23 ii not writtan. 

To modify tm. bit uaing MODE SELECT, the CAF bit mun be •t. The C3 ECC bit doe11 
not atl'ect C3 ECC during reada. If a group haa an ECC frame. C3 ECC will be 
performed. on the group if n.-ary, i.rrespective of the Yalu. of thia bit. 



N-Group 

Active 
Parttllon 

OBA 

BIS 

REW 

l!OD 
Defined 
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The number of tim• a group will be reJ*.ted on tape after th• tint writing. The 
default ii zero repetitiona. The more repetitiona th.. an. th. loww th. data rate will 
be; thia feature may be UMd to match the performance of th• dri,,. and th• hoet. The 
ranp ii 0 <OOObl to 7 <lllbl. To modify thia bit uaing MODE SELECT, th. CAF bit 
must be•t. 
MOOE sa.ECT Provided th. CAP bit ii eet to 1. MODE SELECT will c:hanp th. 

cummt putition to th. putition indicetecl by thia fieJd.. After- th. 
chanp, th. tape will be pmitioned at BOP in th. MW putition. It 
follow9thatif10" tl1 to cbanp th. putition to th. putition that ii 
a1nMy ectiV9, th. e«ect: ia limply of NWiDding th. tape. For a 
1-putition tape, th. oa1y valid value i8 OOb. For a 2-putition tape. OOh 
and Olh an Yalid, and th. cWault &Aw loM. poW9'-Up or~ ii OOb. 
To format a tape• cwa putitioaa, um th. Mode Seliect M9dium 
Partit:ioaa pq1. 
Note that it ii al8o palllibl. to cbanp th. c:urrent actiw putition with 
th. LOCATE mmmencl 

MODE SENSE Thia field indicec. th. curnnt actiw putition. 

0 The driw will D9ftl' num buft'ered data to tape - a ...Wt of a am.out. 
>0 The m.uimum tim•, in 100 mim"""IUI unite, that th. driw will wait with a 

partiallY fWl buffer befon fiuabin( unwrittm data to tape. 
Data Buffer~. Thia ia alW&J9 0, indicetins that DBR i8 not supported. Thia bit 
ia ipond on MODE SELECT. 
BlocJa ldlntJ(Wra Suppor-tm. Thia ia alwa,. 1 to indicate that th. driw bu 1'9CDrdeci 
information about th. logical block m Nlatiw to th. putition. The bit ia ignoncl on 
MODE SELECT. 

Report Setmarb 
0 Secmarb an not repon.d., and an ignond. 

Secmarb.,. repon.d., that ia, th. drift will atop wb8D it m..ca eetmarb in 
cmtaiD c:ircum8tanms. S- th. READ and SPACE et>mm•nd8 for datail.. Thia ii 
th. default. 

Ripon Early-W~ ENJ.of-Medi4. For wric., th. driw rwporta early-warning . 
(EW) at a cWotence of 500 mm befon EOP/M, in'WJWtiw of th. .cat9 of th. REW bit. 
For rw:t. and spece operatioaa, early-warning will only be iwpor1*i if thia bit ii •t. 
S- th. READ and SPACE mmm•nd8 for detaila.. The default ia that th. REW bit ii 
clMnd to aero. 
0 Thia fiaJd mua be zero• that th. driw will um ica cWault EOD definition to 

d-..ct and pa.race EOD. 
llG 1 Enabl.. EOD Gcnoalion. Thia bit mu.t be eet to 1 to indicete that th. driw will 

,_...an EOD before any c:hanp of dinetion following a write-type 
Of*!!ion. The bit ia iponcl on a MODE SELECT et>mmend. 

S8W 0 ~al Early W~. The driw dOM not ayncbroniu at th. early 
warninc point. Howewr, th. default firmware configuration permica a Mode 
Select mmm•nd to eet thia bit without cauaing an error or affecting dri,,. 
operation. Thia bit will always be 0 in th. Mode s.n. data. 
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CommandS 
MODE SELECT 

Medium Partitions Parameter Page 

The drive supports the Medium Partitions Parameter Pap, with the following format: 
Bit 

7 l 8 I 5 I 4 l 3 l 2 l 1 l 0 

0 Page Code {11h} 

1 Page Lengtn {Olh} or (6h) 

2 Mllldrnum Addlllanal Pllltlllons (01 h) 

3 Addlllonllt Partltlonl Defined 

4 FOP (0) l SOP (0) J IOP [1] J PSUM (10) l R818fV8d (0) 

5 Meclum Format RecognitlOn (03h) 

e R...vlld(O) 

7 A8181Ylld(O) 

8 (MSB) SID t1 Panlllan 1 
9 (LSB) 

Pre-Execution Checks: 
Bef'cmt the pap ii 88Dt in MODE SELEcr data, the following checb are made: 
Paramew Liii Media Ace-. Medium Wr1ta OiagnolUc Status 

Medium Partitions Parameter Page Fields: 
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Tb8 FDP (Fl:ad Data Partitiom) and SOP (Select Data Partitiom) tlelda are not supported 
and mu& be c:l8U'8d to zmo. 

Ma. AddltlOllllt 
PUUtlona 

PSUM 

MODE SENSE Thill will alway9 return a pap length of 8. 

MODE SELECT Thill may return a pap length of 6, providing the "Additional 
Part:itiom Defined" field ii 0. 

Olh Thill fieid ii only valid on MODE SENSE when it ii u.ci to report the 
muimum number of additional partition.I that are .upported by the drive, 
in thil cam, 1. 

0 and 1 are the only valid valua For MODE SENSE, the value ii only valid if 
GOOD 11tatua ii l'9tUrDed in N9pOD8e to a TEST UN1'l' RE.\DY command. II the 
i-111 lmgth ii a, tbia fillld mua be 0, ~ CHECX CONDmON ii report.ad. 

0 F<W MODE SENSE tbia mMDa the tape ii one-partition. 
F<W MODE SELECT, it mMm the tape ii to be formatted Mone partition. 

F<W MOD& SENSE tbia mMDa the tape ii two-partition. 
F<W MODE SELECT, it mMm the tape ii to be formatted M two partitiona. 

1niliator 1Hfi.Md Panition.a 

0 Tba r-n•inder of the pap ii ignored. No action ii tabn. 

Tba driw format.a the tape into the number and me of partit:iom given in 
the Additional Partit:iom Defined., PSUK and Partition Siu fia1d&. Thill i.a 
the cWault.. See the Glwry for an apl•uaoa of partitiaaa. 
Note that if a blank tape ii la.ded and DOC formatted befon the fine write 
commenci i.a receiwd, the driw autom•Qcelly formaa. the tape to baw. 
lingle partition. It i.a n...uy to emd the Mmium Partit:iom Paramet.er 
pap only when CN&ting a 2-Partition tape, or wben reformatting a lingie 
partition tape to two partitiona. 

Partitiora Sm Un.it ofMmaure. Thill field defin• the u.nit.1 for the Partition Size 
value. For the HP Cl533A. the unit.a are mepbytem. 'Which ii inc:W:ated by lOb. 
M a r.ult. the drive retuma lOb for MODE SENSE and will only accept thil 
value for a MODE SELECT. 

03b Thill muac be •t to 03h to indicate that the driw i.a capabl.9 of format and 
partition recognition. 



Sinai 
Plltltlon 1 

If Pap Length i8 6, thia mld i8 not •nt. 

CommandS 
MODE SELECT 

MODE SENSE When the Additional Partition. Defined 6ald ill• to 1 Cm that 
the tape ill two-partition), the Size oC Partition 1 field giw. the 
lize of partition 1 in mep.bytm. Thill ill only Yalid whm1 GOOD 
atatua ill recurmd in r.poue to TEST UNIT ltEADY. 

MOOE SELECT Size of Partition 1 indir.ete. the C. in ~far the driw to 
format Partitian 1 in a 2-Partition tape. It mu.t be 0 if the 
number of additional pucitiom ill 0. 
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Commands 
MODE SENSE 

MODE SENSE 1Ah 

Description: 
MODE SENSE allow. the drive to return ita current ccmfiguration and report which 
coniiguration parameten can be chanpd through MODE SELECT. 

See MODE SELECT for full dmcriptiom of the Mod8 Panmetan. 

Nole it a MODE SENSE command i8 i.ued whil8 a LOAD command with immediate reporting on 
i8 aucuting or near to completion, the valum of 8IJm8 puameten in 8IJm8 mode pas
wbich depend on the r.ulta of the lmd may be 11ncletln9:i. For mmple, the Medium 
Partitiom i-19 will only become valid after the load hu completed. 

Similarly, the WP <Write Protect) field in the mode parameter header will be unatable 
UDI- a cartridp i8 pre.nt and medium removal i8 pl"9V91ltad. 

Pre-Execution Checks: 
Flag Link BadWN Oaf8mld Error Unit Attention 

Command Descriptor Block: 
Bit 

7 I 8 I 5 T 4 T 3 1 2 1 1 I 0 
0 Opermion Code (1Ah) 

1 L.agicll Unil Number (0) T RSVd (0) T oeo T R818f'18d (0) 

2 PC l Page Code 
3 A888fVed (0) 
4 Allocallon LengU1 
8 A8S8MKI (0) T FliQ I Link 

CDS Field.a: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

DBD Diaabl. Blot:ll Daclipto,. 
0 Allow9 t1w HP C1533A to l'9tUl'D t1w Mode Select block d.cr:iptor. 

1 Prewomta t1w HP C1533A Crom returning tlw Mode Select block d.cr:iptor. 

PC Pap~ tlw type of pap puuuter va1u. to be NCUrDed to tlw h011t, aa 
lbown in tlw followinc tabla: 
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1 I D-l;allc:.I 

o o &port Current ValMG: thil ia tlw normal default mtuation where tlw drive 
NCurm ita current configuration to tlw hmc. Th8 driw .ca any 
umupported Pap f1elda to zmo. 

0 &port Chan1eabw ValMG: tlMm an any va1u. wbM:h a hmt can altar 
tbrougb tlw MODE sa.ECT comm•nd Any tWd that tlw driw allow9 to be 
chenpd ia .. to all on-.~ tlw a.w ia a-nd to WO. 

0 &port~ ValMa: th .. are tlw default va1u. on pcrww41, ~ or 
in..device iwec. 

1 . lllvalid. A CHECK CONDmON will be pnerated. 



Com manes 
MODE SENSE 

"p1g9 Code Thia allow9 the ha.t to ea!ect any specific pap. or all the pa.- .upponed by the drive. 

AUacldon 
1..-gth 

The following pap codel are supported: 

Page Code D11crq,11on 

OOh Only the +.byte h..der and one 8-byte block d-=riprar an r9tUnled. Thia 
emunm compatibility with SCSI-1 u ..U u SCSI-2. 

02h Dillconnec:t-Reconnec:t pap recumeci 
OF Data Compnmicm Cbanct.eriatim Mode pap murn.d 
1 Oh Device Confisuration Parametan pap NCumecl 
11 t't Medium Partition Plll'IUDMen pap murn.d 
3Ftl All .upponed pqm NCumecl 

Thi Additioaal Pap IAasth a.Id of wh pap murn.d by the drift jntlicatee the 
number ofbytee .upported for that pap. Fielda not .upported by the drift an eec to 
zero. 
S~ the nUJDbmo ofbytee that the hoR baa allocat.9d for returmd MODE SENSE 
data. AD Al1ocat:ion Lmcth of l8l'O imam that the drift will return no data. Any other 
value iadjcem the maimum nUJDbmo ofbytee that can be tramfernd. TJw drift 
flmab9 the DATA IN phw when AllocaUon Lmcth bytee haft hem trauf.-nd or when 
the entire mode pap bu hem trauf.-nd to the hmt, wbicUvw w 1-. S.. MODE 
SEI.ECT for the format of the daca recurned by MODE SENSE. 
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Commands 
PREVENT/ALLOW MEDIUM REMOVAL 

PREVENT/ALLOW MEDIUM REMOVAL 1Eh 

Description: 
PREVENT/ALLOW MEDIUM REMOVAL tells the drive to enable or disable the removal of 
the cartridp. 

Pre-Execution Checks: 
Illegal F1eld Flag LJnk e.awN 09fwT9d Etror Unit Att91'1tion 

Command Deacriptor Block: 
8Jt 

7 1 e l 5 l 4 l 3 l 2 L 1 l 0 

0 Operallon COde (1Eh) 
1 Logicll Unit Number (0) l R...,.,ed (0) 
2 R898Ned (0) 
3 R818fVed(O) 
4 R8181Ved (0) J Prevent 
5 R81181Yed JQl l Flag l Link 

COB Fields: 

12 Im.Dee 

Tb fteld8 haft tba Collowiq m•ninF 
PN¥9lll o TJw drift ejecta the tape following an UNLOAD command. The Ua.loM button ia 

........ hied 
1 'l'Jw drift will not .;.ct the tape following an UNLOAD cnmm•nd It will untbre&d 

the tal)9, but IMnm the cartricip in the mechanjn The Unload button ia diaabled. 

It ia recommended that the best aanda a PREVENT MEDIUM REMOVAL command before it 
i.ue9 a LOAD command. ao that the tape will not be unloaded immediately when the 
Unload or Eject button ia p~ on the front panel, but only after the load ia complete. 

Removal pl'8ftlltima ia specific to a hmt; only the boat that impme the pr9Y81ltion can 
clear it. 

By deCault, medium l'9DIOva1 ia enabled. The drive l"8801't8 to this deCault state Collowing a 
pawar-on, SCSI rem& or bu device nmt. 



READ 

Commanos 
READ 

OSh 

Description: 
READ tnmsfen zero or more data blocb to the heat starting at the current pmition. 

Pre-Execution Chec:ks: 
llleg.i Fletd 
OeferJ9CI Enor 

F'tnd Bit 
Uni Abntlon 

FlagUnk 
MedlaAcc.a 

Bad LUN R_,,allon 
Oiagnoltle StllUI 

Command Descripu:>r Block: 
Bit 

1 I I I 5 I 4 l 3 I 2 l 1 l 0 
0 Opefllllon Code (08h) 
1 L.cgical Unit Number (0) l Reserved (0) l SIU l Fixed 

2 (MSB) 

3 Transt.r L8nglh 

~ (LSB) 

5 Reserved (0) l Flag l Link 

CDB Fields: 
-=~~--~~.,,..-~---,,~__,,,.....,.,....-~~~~~~~~~~~~~~~~ 

SIU Supp,... IMorret ~ lnd.U:alor 
0 TM N..& oplftiioa i8 t.rminat.ed wbm tb8 lmp:b ot a block (OD tb8 tape) diffen 

from tb8 Traufer Leagt:b. TM number ot byW trallllferrecl will be tb8 aaaller of 
tb8 tramUr lmgth requ.ted and tb81ength olblocb OD tb8 tape. TM logical tape 
pcmtiaa will be tb8 EOM 8ide ot tb8 ilJ.p1 Ued bloak. 

1 TM HP Cl.533A will DOC report CHECK CONDmON .catua if tb8 only erTOr ia that 
U. Tr.ufer Length ia DOC equal to tb8 actua1 block length recorded on tb8 media. 
Thia applie9 for variable block mode r-.da only. 
~ If tb8 block me in tb8 mode block dwriptor ia not W"O but the actual 
block 1ength dOl9 DOC equal tb8 requ.teci block length. llJ will be reported in the 
.a.data. 

I) TM Tramf8ro Length a.Id specifi- ta length ot tb8 traDllfero in bye.. 
1 TM Tramf8ro Lllllth a.Id epecifiel tb81ength ot tb8 traDllfero in blocka. TM me of 

w:b block (in bftm> is .,.amd by tb8 curnnt block 1ength specified in tb8 Mode 
P...w block dwriptor. 

T......, t> No data i8 tnmillrnd. Thia i8 not cnneict..d an error and tb8 curnnt logical 
LAnglft paliiima will be unchanpd. 

>·0 TM amount ot data to be tramfernd. in byW or blocb • 8peCifiMl by the Find 
fWd. 

TU SILI ad F"ared 88ld8 must not both be •t. otherwi8e CHECK CONDmON is reported 
with a .a. Uy ot ILLEGAL REQUEST. 
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Commanos 
READ 

Read Specific Status: 
Event 

SILierror 

EOD eDCOUlltanG 
duriqar..d 

Early ...mmg <EW> 
EOM Ucected duriq a 
r..d 

Failure to r..d data 
tbroucb lll8dia ~or 
DOD.fatal drift~ 

Stmtua Key Not• 

CHECK NO ILI and Valid bita are let. Tb. information byw. will be ..cu 
COND'N SENSE follow: 

Variable Bloc/I Mode The difference betilNeD the requ.ted 
Tramfer Length and the act\la1 block me. I! the block me ia bigpr 
than th. Tramf• Length, thil will be neptiw (twae comp181nentl. 
Fiza:t Bloc/I Mode Tb. ciil!'91"911C9 betilNeD the required number oC 
bloclm and th. number of whol9 good blocb traaaferr9d. In other 
word8, the illepl length block ia DOC COUDWd. 

CHECK NO Mark bit ia-. LoPcal pmition will be on the EOM llicie of the 
COND'N SENSE m.m.rk. Additiaaal .... ia OOOlh (filmaark Ucectedl. &.idue 

information ia - ct..:rihed below. 
CHECK NO Mark bit ia-. Report SMmara mu.c haw i- configund by 
COND'N SENSE .ang the BSmk bit in the Mode S-.:C o..ice Configuration pap 

to L Additiaaal .... ia ..c to 0003b (..cm.uk ct.t.ct:.i>. Tb. 
logical paMiml ia on the EOM llicie oC the~ &.idue 
information ia u d-=rihed below. 

CHECK 81.ANK Additional .... ia ..c to 0005h <EOD de~). &.idue 
COND'N CHECK information ia u d.cribed below. 

CHECK MEDIUM EOM bit ia let. Additional .... ia ..c to 0002b <EOP/M de~l. 
COND'N ERROR Ra.idue information ia u d-=rihed below. 

CHECK NO Additional .... ..c to 0002b <EOP/M detectad). Early ...mmg end 
COND'N SENSE o{ m8dium <EWl information ia repol'ted only if the r..d operation 

WM •'C"'9'ftal and the REW bit in the Mode S-.:C Device 
Contlguracion pap ia ..c to L 

CHECK H1W Additiaaal .... ia ..c to 3BOOh c....,.._t:ial pmitioaing error). 

COND'N ERFIOA R.ridue information ia u d-=rihed below. 

CHEQC MEDIA Additiaaal .... ..c to 3002b (can't r..d IUdia). 
COND'N EFRJA 

Blank lll8dia eacouni.nd CHECK BLANK Additiaaal ...... ia ..c to 1403b. <EOD not found>. &.idue 
duriq a rftd CONO'N CHECK information ia u ahown below. 

Residue Information: 
The Valid bit will be lllt. The information byte. will be u foilowll: 

Y.,.... Bloclc Made The dia'enmce (in byte.) betvr.n the~ Tran.car Length and the 
length ot a block on the tape. 

l'br8d lllactc Made The dia'enmce (in blocb) betwMD the requmtad transfer size and the 
actual number of blocJra transferred. A partially tnm8ferred block is not 
caaated,., for a.ample, if 3.5 out of 10 blocb haft been transferred the 
rmidu. will be 7. 

M lnterfllce 

It tM Jut block is an illegal Length block, it is not counted among th088 
tnmferrad. For a.ample, if 4 Legal Length blocJra and 1 illegal Length 
block haft been traD8fernd out of a total of 10, the remidue will be 6. 



READ BLOCK LIMITS 

Description: 

Commands 
READ BLOCK LIMITS 

05h 

READ BLOCK LIMITS tau. the drive to return ita limita for the block length it can .upport. 
The READ BLOCK LIMITS data shown below is 981lt during the DATA IN pU. of the 
commend. The command dam not re6ect the cummtly l8lect:ad block me, only the 
available limita. MODE SENSE returnl the c:ummt block me. 

Pre-Execution Checks: 
llleglll Field BmLUN ~ OtRrr9d Error Unit Attention 

Command Descriptor Block: 
Bit 

7 1 6 I 5 1 4 1 3 1 2 1 1 I 0 

0 Operatien Code (05h) 
1 Logieal Unit Number (0) J Reseived (0) 

2 Reserved (0) 

3 Reseived (0) 

4 Reserved (0) 

5 R898Mld (0) 1 Flag J Link 

Read Block Limits Data: 
Bit 

7 I 6 I 5 I 4 J 3 1 2 1 1 l 0 
0 OOh 
1 (MSB) MllXlmum Black Length 
2 

'""T 
unsigned (FF FF FFh) 

(LSB) 
4 (MSB) Mlnimwn Stock L.engtn (0001 h) 
5 (LSB) 
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Commands 
READ BUFFER 

READ BUFFER 3Ch 

Description: 
READ BUFFER returm a -sment oC the driw's data buffer, mini buffer, proc e 11 nr 
meJDOIY, or a buffer ct.criptor to the hon during the Data-In phue. It i8 u-t in 
cmtjuDctioll with WRITE BUFFER aa a diapnetic t\mction Cor ta.ting tb8 1 megabyte data 
buffer and the SCSI bu integrity oC the drift. 

Nole Thi8 command cannot be u.d to recowr buffered data. If the drive recei\'99 a READ 
BUFFER without having had a prior WR1TE BUFFER command, only the 4-byta header will 
be returned, becaume tb8 drive writ. any butl'ered data to tape beCore accepting READ 
BUFFER or WRITE BUFFER Cor the first time. HOW9Yer, if READ BUFFER i8 aent 
imnwd.iaUJy after WRITE BUFFER, all or part oC the data just written cma be recovered. 

Pre-Execution Checks: 
llllgml Field Fl8Q I.Ink BadWN Oetwrld Error Uni Attamlon 

Command Desc:riptor Block: 
Bit 

7 J 9 l 5 l 4 l 3 l 2 l 1 l 0 
0 Operation Code (3Ch) 

1 l.Ogiclll Uni Number (0) l Reserved (0) l Mode 
2 Buffm'IO 
3 (MSB) Buffm'OffMt 
5 (LSB) 
9 (MSB) AllOcallon Lenglt1 
8 (LSB) 
g Reserved JQl_ l Flag l Link 

CDB Fields: 
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Mode 0 Raad"-"-' and data. TU HP Cl533A retuma a 4-byte buff'• bMder followed 
by bu&r data .carting from addrem O of tb8 data bu&r (if Buff'• ID • 0), or the 
mini buff'• (ifBW?er ID • 2>. TU bMder ii identical to tb8 bufl'er dasriptor <aee 
Buflilr o.ariptar on tb8 nat pap). TU total length of hMder plu. data ii 
AIJncetjgn Lmctb 
&ad pre= rr r iw ,,..,..,,,. TU HP Cl.533A retuma Allocatian lADcth byi:. of data 
tram m ...,_in paw memory specia.d by Buflilr Otr.c.. 

2 &ad tlam bu/IWr' or mini bu/fa'. TU HP Cl.533A retuma AJ.lorati'"' Length byi:. 
al data tram tb8 data buff'• <if Buff'• ID ii 0) or tb8 mini bu&r <if Buff'• ID ii 
U. 'l'bil art addnm al tb8 data in tb8 bW!'• ii wpec:itlad by Buflilr Otr.c.. 

3 &iluna bu/IWr' dat:riptor. TU HP Cl533A retuma a dwzipt:or for tb8 bW!'• 
idmas.d by tb8 BW?er ID 6.Jd. For buff'• 0, tb8 data butler, tb8 Buff'• 
o.ariptar ( .. tb8 nai pap) ii returned with Buff'• Capmcity al 08 00 OOh. For 
bu&r 2, tb8 Bufl'er 0-=riptor ii returned with Buff'• Capmcity 02 00 OOh. For 
all otti.r bW!'er IDa, the Bufl'er Capacity ii returned u zero. 

S.. tb8 Valid Field Value. aection below for constrainca upon the value of Mode 
impcmd by the Butrer m field. 

auner ID o RMli tb8 data buffer 
1 RMd tb8 ~memory 
2 RMd tb8 mini buil'er 



Commanas 
READ BUFFER 

Butter When Mode = 2. the Buffer Off.Mt spec:ifi• the addnm in the data bua'er or mini 
Oll8.a buffer from which to etart rMding, relatiw to the atart of the bua'er. 

When Mode = l. the Buffer Off.Mt spec:ifi• the U.Olute ..._ in prOClmlOr memory 
from which to ltal't reading. 

Alloclltion When Mode • l. the Allocation Length spec:ifi• the number of bye. of data to be 
LAngth tram£erNd from ~memory. 

Valid Field Values: 

When Mod8 • 2, it ia the number of bye. to be tramfernd from the data buffer or 
mini buffer. It the combined 1mgth and ofl'..c...,... the U. of the buffer, the ciriw 
IOrapl Gl'Oll1ld from the buffer md and r9tUrD8 the rwm•i0 der from the atart of the 
buffer. 
When Mode • 0, a 4-byte .bMMr' ia Ntumed, followed by (Allomtio• L••tla-4 bye. of 
data .carting at um- O in the data buffer. It .Allocation Lmgth ia i- than•. 
nothing ia NtUrDed. 
When Mode • 3, Allocation Length ia igDored; the "-byte dmcriptor alOM ia NtUrned. 

The following table sboWll the valu. of the Buffer ID, Buffer Oa..t and Allocation Length 
fieldm for each valid value of Mode: 

Mode Buffer ID 
If Mode • 0 then: 0 

2 

Butter Offset 
0 
0 

If Mode • 1 then: Within valid controller So thlll the window cl processor memoiy 
procesaor addl8IS range Slalting • Butrar Ot'1Mll ls valid 

If Mode • 2 trwl: 0 <8 00 OOtl s 8 00 OOtl 
2 <2 00 OOtl s2 00 OOtl 

If Mode • 3 trwl: Oor 1 0 Ignored 

Returned Data: 
The data returned by READ BUFFER depende on the •tting of the Mode field. Buffer 
o.criptor A below sboWll the 4-byte header returned u .-rt of the data for the Combined 
Header and Data mode (Mode 0). Thia ia identical to the data returned for Return Buffer 
o.criptor mode (Mode 3) for the data bufl'er (Buffer ID • 0). 

Note that READ BUFFER cannot be umd to read buffered data. Data read from the buffer 
ia undefined unlw the command ia immediately preceded by a WRITE BUFFER command. 

Bit 
7 l 8 I s l 4 I 3 I 2 J 1 J 0 

0 OOh 
1 (MSB) 

2 Butrar Capacity 

r-r (LSB) 

• For Buffer ID 0, a Buffer Capmcity of 8 00 OOh ia returned. 

• For Buft'er ID 2, a Buffer Capmcity of 2 00 OOh ill returned. 

• For all other Buffer IDa, a Buffer Capmcity of zero ill returned. 

Read Buffer Specific Status: 
If READ BUFFER faila, a •ue key of HARDWARE ERROR ill returned with additional sense 
code of 400J.h (diagnostic failure on component 1). Thia could be becaum the hardware has 
failed, or it c:ould happen when a previously unwritten .-rt of the data buffer is read. Thia 
ia becaum the parity bita related to the bytes being read are undefined at power-on, so they 
caum spurio1111 parity errors. 
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Com man as 
READPOSmON 

READ POSITION 34h 

Description: 
The READ POsmoN command returm the current logical position o( the drive to the host. 
The position ia gi'Y81l in two part.a: 

• The current partition. 
• The off'aet from the start o( the partition in terma either o( blocb (ignoring marb), 

or the count o( all blocb and marb. The BT bit aelect8 which. Block 0 ia located at 
the start o( the partition. 

Pre-Execution Checks: 
llleQlll F"telcl 
Oefwr9d Error 

Flag Link 
UnlAbnllon 

BadWN 
MedlaAccae 

Command Descriptor Block; 
Bit 

1 I 5 I 5 I 4 I 3 I 2 I 1 I 0 

0 Oper8110n COde (34h) 

1 ~Unit NumDer (0) I R818fYed (0) l BT 
2 Reeerved (0) 

I : I Reeerved (0) 
R....,.g(Q} Flag Link 

COB Fields: 
BT Block~ fype 

II lnt.-face 

0 Tha F"~ Block Location t1ald ii the total number of blocU, filemar.U and aetmar.U 
&om tbl beginning oC the partition. 

1 Tha valu in the Fine Block Location field ii to be the number ofblocU from the 
beginning of the partition to the currenc pmition. 



Returned Data: 

CommandS 
READPOSmON 

The format of the 20 byte9 of data returned for READ PosmoN ia u follows: 
Bit 

7 I e l 5 1 4 l 3 l 2 l 1 I 0 

0 BOP ] EOP ] R888Mld (0) ] BPU l R8Hr'led (0) 

1 Plltilion Number 

2 R...wd(O) 
3 R...wc:t (0) 
4 (MSB) F1r11 Block Locarlon 
7 (LSB) 

8 (MSB) La8I Block L.ocmian 
11 (same a Rrst Block L.ocalion) (LSB) 

12 R.....,_.(0) 
13 (MSB) Number cl 81ock8 In 8"'9r (0) 
15 (LSB) 
11 (MSB) Number cl Byl98 In 8"'9r (0) 
18 (LSB) 

Returned Data Fields: 
BOP 0 Th9 current logical pomtion i9 not the beginning of the partition. 

1 ns. c:unat logical pomtion ;. the beginning of the partition. 

EOP 0 Th9 c:unat logical pomtion i9 not betw.n ..ty waminc and the end of the 
currmt partition 

1 Th9 c:urnnt logical pmition;. betw.n emrly waminc and the mad of the 
c:urnnt partition 

Noe. that the EOP and BOP bita an mutually adulliw. 

BPU Blt>dl Po.ition UMnouln 

Putman 
Number 

o Fint and Lut Block Location fielda an valid. 

1 · Fint and Lut Block Location fielda an undefined Thi8 will only occur after a 
"hard" re..t error which bu cauaecl a._.. by of MEDIUM ERROR with 
additional Mme of 3BOOh C1equential pc*tioning error). 

Th9 value of the current partition. 
0 Valid for 1- or 2-Partition t&J*. 

1 Valid for 2-Partition tapem only. 

Th9 Fint Block Location~ either the number ofbloclm. or the total number 
ot blociia plm marb from the beginning of the partition to the current pmition. The 
BT bit~ which JUUUn ;. uaecl. Counting Rana at aro. ., BOP ;. block 
locatian 0. 
Thia i8 abraym w to the value of the First Block Location 
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Commands 
R!CEN! DIAGNOSTICS RESULTS 

RECEIVE DIAGNOSTICS RESULTS 1Ch 

Description: 
RECEIVE DIAGNOSTIC RESULTS tella the drive to 98Dd analysi8 data to the hast after 
completion of a SEND DIAGNOSTIC command. 

Data i8 apeci8c to the Jut SEND DIAGNOSTIC command received by the drive, whatever 
hmt 8mlt it. It no SEND DIAGNOSTIC hu been received, the data refen to the power-on 
aalf-ta& 

Pre-Execution Checks: 
Bad LUN Reserv811on Olfemld Error Unit Attlf'ltlon 

Command Descriptor Block: 
Bit 

7 I 8 I 5 I 4 1 3 I 2 I 1 1 0 
0 OperabOn Code (1Ch) 

1 Lcga unc Number (O) 1 R888fVed (0) 
z R8118rV.O (0) 
3 (MSB) Allocltion Langltt 
4 (LSB) 
5 R888fVed (0) l Flag l Link 

CDB Fielda: 

Results: 

70 lntlfface 

Alloadon 0 No data ia to be returned.. 

lAnQdl >0 Tha nw:nber of byt99 which the hon bu allocated for returned diagnmtic dat&. 
Tha HP C1533A retUl'm Allocation Length byt99 or what ia availabl., whichewr ia 
I-. Tha amount of data available ia a!waya 64 byt-. 

See the Di•gnoetic8 wtion in this manual for information on the returned data. 



RELEASE UNIT 

Description: 

Com"*1dl 
RELEASE UNrT 

17h 

RELEASE UNIT enahl• the host to rel .. any reaervation it may have on the drive. 
R.erving the drive is a way of ensuring that the host bu aclumve accem to the drive. 

Pre-Execution Chec:ks: 
Illegal Field Flag Link BldWN 

Command Descriptor Block: 
Bit 

7 L 8 I s I 4 I 3 J 2 1 1 J 0 
0 Opermion Code (17h) 

1 L.ogieel Unit Number (0) I 3n:t Ptv I Third-Party Device ID I Rsvd (O) 
2 Reserved (0) 
3 Reserved (0) 
4 Reserved (0) 
s Reserved CO) l Fl~ l Link 

CDB Fields: 
--------------------------------------------------------~ 3rdPly 0 The hc.c ..nm. to rel- a ,._-yatioJ1 it bu made for it8elf'. 

If the 3rdPty bit ia •t to 1, the 3rd Party Device ID field .pecm. the ID of the 
UYim for which the HP C1533A bu been~ by the ho.c. 
If the 3rd Pty bit ia clMr, thia field ia ignoncl. 

Release Unit Specific Status: 
Statu. is re~ u followa: 

Thia Hoet The HP C1533A 
Another Host or 

3rd Ply bit 3rd Party ID Statue Action Taken 3rd Party 

~w.d I GOOO None 

~b'f ... H lnCltflet GOOO None 
h08t 

1-:rv:., drM I C:-- I Clear GOOO Cleared 

I·-:,-:.. .. I. I "_. I Set GOOO None 

~~-:J lrewwdtor ... H 3rd P.ny 
Clear or <>ID of 3rd None host Pany Host GOOD 

~~~ lrewwdtor ... H 3rd P.ny 
Set •ID of 3rd Cleared host Party Host GOOO 
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REQUEST BLOCK ACCRESS 

REQUEST BLOCK ADDRESS 02h 

Description: 
REQUEST BLOCK ADDRESS returns a count rein-nting the current logical block addrem 
to the hmt. A block is of find or variable length depending on the Find bit in the WRITE 
command. Blocb are numbered sequentially, starting with 1 at BOM. Each block, 
tilemark, or setmark adds one to the count from BOM. 

Pre-Execution Checks: 
Illegal F'teld 
Oafwr8d Error 

Command Descriptor Block: 

7 I 
0 

Flag Link 
Unit Attanllon 

II 1 5 

1 LcglCal Unit Number (0) 

2 
3 
4 

l 

BadWN 
MedlaAcc.a 

Bit 
4 I 3 l 2 l 

Openmon Code (02h) 

I Reserved (0) 

R818fWC1 (0) 

Reurved (0) 
AllocabOn Length 

5 Reurved (0) 1 

CDB Field&: 

1 l 0 

Flag I Link 

--~~~...,........,,,,..~~~~~~~---~~~~~----~----~~~~~~ 

Allacatlan 0 The f.Wau1t tramlf• length of 3 bytm ill returmd. The MSB ill returned first. 
L.lllgtll >0 Thill nwn!Mr ofbytm ill NtUrmd to tb9 hmc, up to a maimum of 3 bytm. 
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REQUEST SENSE 

Descrip1;ion: 

Commancss 
REQUEST SENSE 

03h 

The REQUEST SENSE command tranafen •ue data held within the drive to the host 
during a daita-in pbua. The data ill valid in the following circum.staDca: · 

• After reporting CHECK CONDmON 8tat118 to the host. 

• After a command bu terminated with an unapectecl BUS FREE. 
• Immediately after the following commands which came tape motion: 

READ WRITE WRITE FILEMARK REWIND 

Nol• The drive maintaim valid pmiticmal information for normal rmd and write commands 
only (READ, WRITE. SPACE, WRITE FILEMARK, REWIND). IC abnormal commands (auch u 
WRITE BUFFER) are received thi8 pmiticmal 981188 information ill lost. 

The drive clean 981188 daita for the host following aecution oC the REQUEST SENSE 
command fe1r that boat, unJ .. the data ill pmitional 88D88 data. 

Pre-ExSi.""Ution Checks: 
Illegal Fleld BadWN 

Command Descriptor Block: 
Bit 

7 l 5 l 5 l 4 l 3 l 2 1 1 l 
0 Opermian Q:)d9 (03h) 

1 l.OgiC8t Unit Numb9r (0) l R....wd (0) 
2 R8181Wd (0) 
3 ReseMICI (0) 
4 Allocation L8ngttl 
5 RltSefVec([O) J Fl~ I 

CDB Fields: 
Allocation 0 No data ia tramfwnd to th8 bmt. 

0 

Link 

Length >0 Tb. muimum amount of...._ data in byi. that 8hould be tnmfwnd ta the 
bmt. Tb. driw recurm up to Allocation Length byi. of data; any at:ra Mme 
data ialmc.. 

Request Sense Data 

TM Collowiq diagram ahow8 the format oC the data returned. for the REQUEST SENSE 
command TM HP Cl533A alwaya bu 19 byte. oC 981188 dalta available to return. Note 
tbat 88pU'ate copie9 of 981188 data are maintained for the 7 pc-ihle hem. tbat could share 
the SCSI bUll with the drive. 

The returned 981188 information has the following format: 
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C.:.mmandS 
REQUEST SENSE 

0 

1 
2 
3 
II 
7 
8 

11 
12 
13 
14 
15 
111 
17 

1M1 

Bit 
7 I 8 I 5 1 4 l 3 I 2 l , I 0 

Valid 1 Error Code (70h or 71 h) 
Segment Number (0) 

Mark l EOM j IU J RSvd (0) l SenMK8¥ 

(MSB) lntormaliOn Byt• 
(LSB) 

Additional Sense L.angtn (normally OBh, up to 2Ch if COPY ABORT sense) 
(MSB) Command Specific lnformallon Byt• (0) 

(LSB) 
AddJtlonal SenM Code 

Addlllonal s... Code Qu.lifllr 

FRUCOde 
SKSV L CID l R.-wd(O) l BPV j Bl Paint• 
(MSB) Field Poimr/Ortve Error Code 

(LSB) 

R898f'led~ 

Returned Sense Data Fields: 

!nor Code 

EOM 

IU 
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Indicac. that the information bye. contain valid information u defined in 
the SCSI specification. 

70h Indicac. that the error ia c:urnnt, that ii, it ia •....Vted with the 
comm.uui for which CHECX CONDmON ICatua bu hem reportad. 

71h Indicet- that the error w .,.,..,.... A d8t'erNd error occun when then ia a 
CailUN for an operation which bu alnlldy hem t.8nlUDated with • GOOD 
.ca&ua. or when CailUN occun iD '"c:1-Dup" ~ foUowiDs an operation 
wbidl .... t.wmiDa&ed bJ BUS '"EAR. The onm•end for which CHECK 
CONDmOK ICatua .... reported. thenion ua1iblJ to be the c:a\188 of the 
d8t'erNd error. It limply pw. cm HP Cl.533A cm oppol'CUDity to report 
CBECX CONDn'IOK 1Catua for an wror which aa-dy ...._ 

The Mark bit ia aec to l when the logical pmition ia at a filemark or 
l8tllW"k. See the READ and SPACE commanda. The Additional Seme Code 
and Qualifi8r fielda will indicate which 90l't oC mark it i&. 
The Mark bit ia only aec when the .a. by w NO SENSE. 
Setmarb will only be reported if the RSmk bit iD the MODE SELECT Device 
Coafipration Parameten pap ia-. 
The EOM bit indicat- the tape ia at BOP or EOP/M. Three diff'annt aeme 
U,.maybe..c: 
NO SEM8E ia ..c when the tape ia at BOP with additianal .a. 0004h. or in 
cm Early-Warning nigioD pncedinc EOP with additianal ._.. 0002h. 
BOP can be reported afts a SPACE commend moounten BOP, or after 
commend1 mch u LOAD and REWIND. 
EOP/M ia reported when a WRITE or WlUTE FILEKABK mmm•nd l•,,_ 
the tape pmitioned in the .riy warning (EW') nigioD DMI' the end o{ the 
putition. It ia aim reported when a READ or SPACE mmmend actually bita 
EOP/M. See the READ, SPACE, WB1T!! and WB1T!! m EMARD comm•nda. 
S.. the Glomary for a d.a'iption ol EW N8iCJm, BOP and EOP/M. 
VOLUME OVERFLOW ia reported when phymical EOP t. moountend during 
• write operation. 
BLANK CHECK ia reported when phymica1 EOP ia encountend during a read 
or SJ*l! operation. 
Indicac. that the requ•ted block length did not macch th• actual block 
lengtti. Only READ and VERIFY can c:auae thia bit to be let. 



Commanas 
REQUEST SENSE 

See "Sense Keye and Additional Same Cod•" later ID thja MCtlOD for det&WI of 
sense Ir.er which can be returned. 
The Information Byi. fie.Id ia onJy valid if the Valid bit ill .c. It containa rmidue 
information following the failure of eitlwr a JlEAD, WRlTE, WB.lTE FILDlABXS or 
SPACE command. The fie.Id can tab a neptiw Yalu., apr 11 d in twm 
complement notation. See the c:t.cription of the command that failed for the 
conteni. of the field. 

OBh Specifie9 the number oC Mditional ..... by1- to follow and ia a1waye •t to 
OBh. It ia n.wr truncated to rei1ect actual tramfer length. 

0 The normal value for thia field. 

>0 It the entity ia compr-.i with an alpritbm other than DCLZ, thia field 
containa the number of l'9COl'da in the entity. 

Tb.. two by1- pnmd9 Miditioaal information about the caue of the CHECK 
CONDmON, or the currmt tape pCllition wa. the BEQUEST SENSE ia umolic:ited. 
See "S... .te.,. and Additioaal S... Code9" lac.r in thia wtion. 

FAU Code Thia will be .c to a value to iDdicate a apec:ific s-rt wbM:h bu WW. It may tab 
om of the followinr Yalu.: 

SKSV 

CID 

BPY 

O No failing unit 
1 Controu.r PCA failure 
2 Mecbanimn failure 

0 The Seme Kay Specific Byi. (bytee 15 through 17) an invalid. The CID, 
BPV and Bit pointer fie.Ida will be zero. The top byte of the Field Pointer 
will be zero, and the bottom byte will contain a product~ error code. 
The S... Kay Specific Byi. an valid. Thia will onJy happen when the 
by1- a.une the roJa oC Fie.Id Poinw Byt.m u defined by ANSL Thia 
occun when an m.pJ Field check det.ecea an error in a command 
ct.:riptor block or a ParuD8ter Li11t check detacta an error in a command 
p!U'UD!W liat. . 

Command Dam. Only Yalid if the SKSV 0., ia eet. 

O The Field Pointer information applim to the~ 1iK for the 
c:ommend 

1 The Fie.Id Pointer information applim to the c:ommend ct.:riptor block. 

Bit Pointer V-1id 

0 The Bit Pointer field ia invalid. 

The Bit Pointer field ia valid. It the SKSV bit ia •t then the BPV bit muat 
be.cu..U. 

Idmtifiee the bit palition of the field in error, whether it ill a commend dwriptor 
or a c:ommend pu'llll!!!W liK field. OnJy Yalid when the SKSV flag ia •t. 
It SKSV ill w, du. field idmitifiee in which byt;e of the c:ommend dwriptor or 
~ U. an error wu dMectecl. 
Note that the HP Cl533A .:am from byte O bit 7 of a command or parameter list 
tbroup to byt;e 11 bit 0. The field and bit pointen an .c to point to the mmt 
•piftc:ent bit ofthe field that ill in error. 
It SKSV ill not .n, the top byt;e of thill field will be mro. The bottom byte containa 
tb9 drift error code UIOCiated with the failure of the prniou commend., or zero in 
tb9 - of DO failure and DO appropriate error code. 

Nott: om. error codm an provided for information only; tb9)' an intencMd to ..wt in 
product integration and fault diqnmia. The codm ahould llOI be relied on by 
"pmric" hc.c driwn, lince th.e an lpecific to the product rather than the 
puticuJ!r rwvimion of the product. 
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CommaridS 
REQUEST SENSE 

Sense Data Management 

The HP Cl:saaA maintains three set.a of sense data for every liost on the bus. For a single 
hon the following sense data is maintained: 

• Current sense 
• Unit Attention .... 

• Deferred Error sense 
Unl- otherwiae stated, all the following dmcriptions apply to the .... data for a .single 
hon wbme commemi is being executed. 

Current Sense 
CIU"rf!l'&l..,,... ii the data which ii returned in r.pome to a REQUEST SENSE command. 

Current 88D89 ii modified or updated in the following c::ircwmtamm: 
• It ii cleued in rmpome to the arrival of any command other than REQUEST 

SENSE or INQUIRY. It ii cleued following execution of a REQUEST SENSE 
commend. It ii cleued on arrival of an umolicited REQUEST SENSE command 
(that ii, when DO CHECK CONDmON status WU reported for the pl'9'liou 
commend). Tbi8 8D8Ul'm the paaitional aenae ii updated to retlect current paaition 
before returniDg .... data. 

• It the current command faila, •me is 88t according to the failure and CHECK 
CONDmON ii reported to the hon which 88llt the commend, 

• It the previoa command terminated with an wumpected BUS FREE, current sense 
ii• aa:iordiDS to the rmmn for the bus ral-. 

• It the cc,wnmenci faila it. pl"&4UCUtion check for Unit Attention, Unit Attention 
--• copied to the Current .... and CHECK CONDmON ii reported to the host 
wbich-t the commend 

• It the commend faila it. pre-ezacution check for Deferred Error, Deferred Error 
88D89 is copied to the Current 88D81t, and CHECK CONDmON is reported to the host 
which 98Jlt thm commend. 

Clearing Current Sense: 
Clearing the Current aenBe inwlvem •tting sense fieldll u follows: 

Vlllld 0 Error Code 70h Segment Number 0 
IU 0 Sense Key 0 lnfannallon Bytes 0 
Comnw1d Speciftc lnformallon 0 FRU Code 0 SKSV 0 

Unsolicited Same: 
Normal-data m available to a hon tJuough the REQUEST SENSE command only 
wt.a tb9 bmt'a p!W'rioua commend wu reported with CHECK CONDmON status. A 
llBQUP.8'1' SBN8B crnnmend m UMOlkital when there WU DO in-:iinl CHECK 
CONDmON, ad pmit:ional aenBe information may be 88t. 

ItUmolicit-1 POllit:ional Sew (a compile option) ii di•hled, the only .... that can be 
reponad m BOP or Eady-Warning EOP. 

Tbi8 umolicited ..... indica• the current logical and phyaical pmition of the media. The 
aenBe Uy will be 88t to NO SENSE. The Mark and EOM bit. will be 88t depending on 
whether the tape ii a& a mark or at end of media. The additional 88D89 will be aet to 
indicate the current pmition (at a mark or at EOM). 
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Commands 
REQUEST SENSE 

Unsolicited sense regards marka as of a higher priority than early warning. As a result, if it 
meet.a a mar.It in the Early-Warning region, the drive might aet a CHECK CONDmON with 
additional 88D88 of "end of medium/partition detected", but ~uent requesta for 98Dll8 
would 1"89\Ut in the additional aeDll8 code and qualifier changing to "filemarkleetmar.lt 
encountered". The EOM flag would still be •t. 

Note If the HP Cl533A is performing activiti• reJated to a command with immediate report 
such u REWIND, umolicited poaitional llen88 will give the poaition "*fore the rewind. When 
the rewind operation pnuinely completes, umolicited poaitional •Dll8 will indicate BOM. 

Emmpkl: 

Emmpk2: 

The drive 1:ri• to 11JJ11C8 "behind" BOP. CHECK CONDmON atatwl ill reported with a 88Dll8 
oC "BOP encountered". If a ~uent umolicited REQUEST SENSE command is wit, the 
eeme remaina u "BOP encountered" in•pective of the configuration of umolicited 88Dll8 

reporting. 

The drive 1neet8 a filemark while reading in the Early-Warning region. It reports CHECK 
coNDmoN status, with both Mar.It and Com Oap eat. A ~uent umolicited REQUEST 
SENSE command returns the same MDII& data, providing that umolicited poaitional aenae 
reporting ill enabled. Otherwise, the ~uent REQUEST SENSE will return 88D88 data 
indicating '~early warning end of media". 

Unit Attention Sense 
Unit Attention llen88 is 88t when one o( the following Unit Attention conditiou occur: 

• Power On, SCSI :s-t, Bum Device :e-t. Additional _..will be eat to 2900h 
(power-on, r-e: or bua c1e.r ?met occurred). 

• Tape Lmded (po-ihle media cbanp). Additional_.. will be eat to 2800h (not 
IWly to tnuition). See LOAD/UNLOAD commend SpeciDc StatUll. 

• Mode s.n.. Panmeten Cbanpd. Additional eeme will be eat to 2AOlh (mode 
pammeten chanpd). See MODE SENSE command SpeciDc Statua. 

• Mlcrocode Downloaded. Additional •Dll8 will be Mt to 3FOlh (microcode 
downloaded). See WRITE BUFFER command. 

Unit Attention__. will penillt (or a hmt until the hmt 18Dda a command which has Unit 
Attention u part o( it. pr&4UCUtion checb (that is, any command other than INQUIRY 
and BEQUEST SENSE). When the Unit Attention pre-eucution check Cai.la, the Unit 
Attention -- ill moved to the Currant .... and CHECK CONDmON statu ill reported 
to the bmt. The bmt ill tb8n apected to issue a REQUEST SENSE command to recover the 
D8W Cuneat _..data. 

It ill po-ibl. Car multiple Unit Attention conditions to an.a (for mmple, on power-on 
CoUaw.d by tape Io.I) ., that the hmt doa. not !'Md one condition before the nat occura. 
In thia «:..a prioritizing acheme is ueed. If·a Unit Attention condition aist8 and a new 
OM occun, tb8n the Unit Attention MDII& will be overwritten by the new MDII& only iC the 
D8W eeme bu a higher priority. The order o( priority ill u Coilowll: 

P1ower-on, ReMI highut priority 
T;IP9 L.o.ded 
Mode Parameters Changed 
Mlcrococle Downloaded /oweat priority 
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REQUEST SENSE 

Deferred Error Sense 
Deferred Error sense is generated when an operation fails and CHECK CONDmON status 
cannot be reported to the host for one of the following reuons: 

• The operation had immediate-report on (for eumple, REWIND with the Im.med bit 
set, or LOAD). 

• The operaUon wu a write which wu immediate-reported on after it. data wu 
succe.fully placed iD the write-behind queue. 

• The operaUon wu abandoned without statu8 (that ia, a bu releue occun.d) after 
what the HP C1533A perceived wu a catutrophic error or when an error occurred 
following the HP Cl533A'• 19ponding to an ABORT m p. Following the bu 
rel-, the drive pmrformed "cleaup" activity which failed. The Defernd Error 
ref an to the r.mn for tJu. failUl'9. 

Whan any ou of the above occun, the eema generated will be Defernd Error 981188. Thia 
9111189 penim until the hoR 89Dda a command which baa Defernd Error u part of ita 
pre-eucuUon checb (that ia, any command other than INQUIRY and REQUEST SENSE). 
When the Defernd Error pre-aecution check fail.I. the Defernd Error 98D88 ill moved to 
the Current - and CHECK CONDmON statu8 ill reported to the hc:.t. The hon ill then 
upected to iml8 a REQUEST SENSE command to recover the new Current 98D88 data. 

Write-Behind Deferred Errors: 
It the Butrered Mode fteld of the MODE SELEcr parameter header ill not zero, data 
butTering ia enabled. It an error occurs iD fiuahing the writ.behind data, Defernd Error 
_... ia 88t for all thme hmm which the HP C1533A thiDJm have write-behind data in the 
bufi'er. 

For w:b hoR with tJu. ...... eet, the following occun when im nm command ia to be 
aacuted: 

• It the command ia WRITE or WRITE FILEMARKS then the Defernd Error 981188 ill 
copiad to Current eema and the error ia cbanpd to a Currant error (that ia, the 
Error Code fia1d ia aet to 70h). The remdue informaUon will refiect the size of the 
write-behind queue plum the tramfer size of the currant command. CHECK 
CONDmON ltatu8 ill reported. When the hon read8 .... data with a REQUEST 
SENSE command it will see an error for the WRITE command with remdue 
information indicating data Jon for that write and pr&Yioua writ.. 

• It the command ia not a write command and the Defernd Error check ill performed 
u part of the pre-aecuUon checb then CHECK CONDmON statu. ill reported. The 
Deferred Error- ill copied to Current seme. The Deferred Error aeue ill 
cl--. The hoR ia apected to retrieve the seue by 89Dding a REQUEST SENSE 
cmnmend 

Bua Release Deferred Errors: 
TM HP C15&1A will~ the bua to terminate an operation when the hm& aenda an 
AIOBT m 11 r p or wbea the HP .C1533A faila to aend statua due to a catutrophic error 
(- MPJl8AGB Otrr OVERFLOW, STATUS PHASE ABORT and ILLEGAL P AR1TY ERROR 
m .. ). 

In eitbm- cw, the opnation (for aample, READ) d089 not terminate immediately since the 
loPcal pmition will haw to be mabliahed on the other side of the block that wu about to 
be tnmt'erred, or wu being transferred. It an error ~uently occun while trying to 
complete the remd, then the 98D88 generated ill a Deferred Error. It ia therefore pomible but 
highly unlib1y to have Deferred Error sense flagged for a command without immediate 
report. 
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Sense Keys and Additional Sense Codes 

COlnm.ICll 
REQUEST SENSE 

This aecti1on contains a list of all the sense keya and additional sense codea that the 
HP C 1533A can return. Along with each code is a deacription of the caume of the eeme. 

Oh NO SENSE 
Indicate. that there ia no specWc eeme key information to be reponed. This 
is the cue for a succemful command, or a command that bu received 
CHECK CONDmON or COMMAND TERMINATED statwl becaume of the 
filemark, EOM. or ll.I bit. ia 88t to one. 

00 02h EOP/M datec&ed 
A WRITE or WRITE FILEKAlUt command CIOlllpleted ~y 1-Wig th. tape at 
the !!riy warning point of th. current partition. 

00 Cl3h Setmark datec&ed 
Uuolicited pmitimW .ue bu bem .c to indicate "At a Setmark". See READ, 
SPACE. and WRITE rn EMe\RKS C'JO!l!manda Tb. Mark bit in cm--. data will 
al-ya be let wbm thia addition.al .ue i8 returned. 

or Tb. command faiW bec:aue a ..cmark wu dei.c:ted during READ, SP ACE, or 
VERIFY. Thia i8 only pomibJe iC •tmark nporting bu bem enabled in cm Mode 
Select Device Configuration pap. Tb. Mark bit in cm--. data will a1-,. be •t 
whm thia additional 89me i8 returned. 

00 04h BOP/M de&eated 
A SPACE mmmenct encountend BOP unapeccadly. Note that unlw umolicited 
pmition.al .ue indicac.. BOP, a reqUMC to format th. tape through MODE SELECT 
Medium Partitiom will be rejected. 

or Uuolicited pmitimW 89me bu been •t to report "At BOP". Thia occun after a 
IUCll=-t'u1 REWIND command. It al8o occun after c:1earing CHECX CONDmON 
1tatu8 whm a SPACE hM met BOP, and after c:1earing UNIT ATl'ENTION ataC\la 
after a IUCll=-t'ul LOAD. Note: unlw umoW:ited pmition.al .ue indicac.. BOP, a 
r!Qu.& to format the tape U!ing MODE SELECT Medium Partitiom will be rejected. 

00 05h End of da&a de&eated 
Uuolicited pmitimW .ue hM bem .c to.indicate "At EOD". See SPACE, WRITE, 
and-WBITE rn EVARKS rommanda 

1 h RECOVERED ERROR 
Indicate. that the last command completed suawfully with some recovery 
action performed by the tarpt. 

15 0111 lfechentem paGilmUDcenor 
Thia i9 let wbeuvw th. driw hM performed a m9C!banimn retry in ~y 
completing a command CREAD, WRlTE, WRITE FILDIARKS, SPACE or ERASE>. 

Thia i8 .c wbm an umpecifiecl "10tl:" error occun while ~y completing a 
M!!!m•nd CREAD, WRrrE, WRITE FILEMARKS, SPACE or ERASE>. 

17 0111 Becoweled da&a wt&b revte. 
Thia i8 .c if one or more fram• bu to be rwwrittan by th. driw in ordar to 
complete a command sw:cwfully WRrrE. or WRITE FILEKARKS>. 

18 0011 llecoftred cla&a wt&b error correc&toa. applied 
Thia i8 .c when th• drive u.. C3 ECC to complete a command ~ully (READ, 
or SPACE). 
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CommandS 
REQUEST SENSE 

2h NOT READY 
Indicates that the logical unit being addrelllled cannot be aa ed. 

04 001'1 LoOCal uni& no& ready, caue no& reportable 
TbW ia .C it a LOAD/UNLOAD command ia receiftd whila an unload ia occurring 
with jmm.diate report on, or initiated through the front paml. Note that for 
non-la.d command!. the "unloadin(' lt&tum ia reported by additional wwe 04 02h. 

04 011'1 LoOCal uni& ill procem of becomiDC ..-dy 
nu. ia .. it. media llCIW mmmand ia NCliftd while a loed with immediate 
report on. or autoload, ia occurring. 

04 Q2l'I Lop:al ani& DO& ..-dy, .(njtia!IVnl co-meM l'9C(1dnd 
nu. ia .cit a cmnmand ia NCliftd aad a tape ia p19mt but unloeded, or being 
unl«*leci. A LOAD command ia regu.ind to aaw the tape. 

30 02l'I lllooapl*ihle media 
nu. ia .c when inmmpacible media ia detected by the Medium Recognition Sywtem. 

'ST OOll Boallded ,......&el' 
ThW .cam. ia pa9r&ted durinr--=utian oC a MODE SELECT commancl, where the 
HP C1533A hM to round a mode puameter 9peci6*i by the home to match the 
drift'• eeallieivity. 

3A 001'1 Medima DO& in-a& 
Tim ia .C when a command which • Ir the tape ia NCliftd aad no cartridp ia 
prwmt in th• drift. 

3a OOll Locic-11118* .... DD& .U-coaftpred yet 
nu. ia .C durinr poww-o11 when it ia not pollllihle to Wld commancia which llCIW 

the media to the drift becau.e mechMiPD· ~an being--=uted. TbW additional 
..... ..i. ... .-OD complecion oCthe mechaai., ~to ticmr 3AOOh. 0401h. or 
0402h ~OD whetbir a cartridp ..... p19mt at pGWW-oll aad whethw 
aut.olmd ia coafigund. 

3h MEDIUM ERROR 

IO Interface 

Iadi .... that tha command terminated with a DOD-recovered error 
condition which wu probably caum by a flaw in tha tape or an error in the 
recorded data. 

00 02l'I EOP/M d9&ea&ell 
A JlEAD, SPACE, VEBD'Y, WRlTE or WRITE FILEKABX command encountered 
EOPIM W!!!p!CC!dly. 

11 OOll Unreooveaed NM error 
nu. ia .. i£. command fail8 becau.e. tape rwl failed. The moec libly cauae ia 
bM media. but it could remit from a hardware error. 

30 011'1 Cmmos NM media, ualaunna forma& 
nu. ia .c ii a READ or SPACE mmmand encounten an unknown tape format. 

33 OOll Tape..._ enor 
Tbia i8 .c ii a tape ia found which ia coo lborc to format with a pueitian oC the aze 
NgU!!!!d. 

38 OOll ..._.. ,..WODiDC enw 
The HP C1533A could not rwl a group off tape. '1'h8n an two pomihiliU..: 
The CUl'IWlt mmmand (.uch u READ, SPACE, or REWIND) failed to complete 
~y. 

or The lotPcal pmition bu been Ion. Th• tape bu been pmieioned on the other side of 
the bad grouia It it up to the ha.t to determine it it ia worth continuing. Note that 
then ia a danpr of skipping EOD and running onto old data it the ha.t continue.. 
The ha.t must decide whether the data it old or curnmt. 



38 O'I h Tape pmitJoa a& BOM 

ComtNndS 
REQUEST SENSE 

Tiu. ill •t if a LOAD command or a LOCATE/MODE SENSE command to chanp 
partitions fails to read the S)!tem area of the tape. 

50 OClh Wri&e append error 
nu. ill .c if a WRITE or WRITE FILEMARKS comm.and f'ail8 became the append 
point wu IUU"8&dable 

52 OClh Car&ridp faal& 
nu. ill •t if the driw thinlm th.. ia 80IUthing wronc with the cartridp. Pamible 
cauw are mapped tape, or an inftlid combination of idatification hol•. 

53 OOh Media Imm or eJec& failed 
nu. ill .c if a loM or eject faila. 

53 01h Ua.lmd &ape failan 
Thi8 ill eet if an UNLOAD operation faila. 

70 Mh ~ ampt.lma abmc al&Ofttlua ID of nnh. 
Thi8 ia ..C during a r-.d eomm•nd wbm the driw deteet8 a cb.anp of recorded data 
type <record or entity) wbK:h it ia DOC configuncl to return to the bmt. nu. 
additional .ue code ill al8o returmd if the tarpt: block add.nm for a SPACE or 
LOCATE eomm•nd ia within an entity that the driw cannot d9COm~ 

4h HAR,DWARE ERROR 
lndicatee that the tarpt detected a non-recoverable hardware failure while 
performing the command or during ..at-t.t. 

Code Demc:ri1t&io11 
09 OOh Tl'llck followiac enor 

nu. ia ..c if a r-.d f'ail8 due to a fatal pmiticming error. The error could be related 
to the tape or th• driw. 

0C OOh Wri&e enur 
The HP Cl533A hu faii.ct to write data or marks to tape. The error could be 
Nlacecl to the tape or th• device. Note that mparace .mlitional .ue ia reported in 
the cue of an ERASE failure. Re.idue information will normally be supplied. 

31 OOh Forma& co•••ml W 
Thi8 ia ..c if a formattinJ operation induced through a MODE SELECT command 
eending a Media Partitiou pap failll. 

40 XXh Dt.apmdc failure 011 compollell& XX 
Thi8 ia ..c wbm a ..U--t..t eommand dececta an error or wbm a command ia 
prohibited became of the failure of a diagnoetic. 

53 OOh Media IOlld or ejeal W 
nu. ia ..c ii a loM or eject faila. 

Sh ILLEGAL REQUEST 
Indicatee that there wu an illepl parameter in the command deacriptor 
block. or in additional parama&en. 

Code Demc:ri1ttioa 
2D OOh hwaUd oom•end opera&ioa code 

Thi8 ill ..C if the HP Cl533A do. DOC J"9"0ll'i• the opcode of the mmmand it hu 

- NCliwd. Z4 OOtl hwaUd a.Id la Co•••ml Dwrip&or Block 
'l'hi8 ia ..c if the HP C 1533A dececta an invalid field during the preoeucution checks 
in a command it hu received. 

25 0011 Lop:al alli& ao& nppor&ed 
nu. ia .t if an mENTIFY ma.age ill received with a Logical Unit other than zero 
specified. 

29 00111 laYalid fteld la parame&er U.& 
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Commands 
REQUEST SENSE 

This is set if the HP Cl533A detecta an invalid field while 9CUU1ing command 
parametar1. 

53 02h Medium remcma! pl'9Yen&ed 
Thia i.l aet if an tJNLOAD command ia received while a tape i.I pr991lt but not loaded 
and medium removal baa been prewnted.. 

6h UNIT ATTENTION 
Indicate. that the tape may have been cbangad, or that the tarpt bas been 
reaat. 

Code~ 
28 OOh No&~ to uauiiioa 

Thia i.l eec following a tape lmd to iDdiC'8te tba& the tape may haw cbanpd. 
210011 Poww:.oa. ....s or bm dntce ....s OCC1ll'l'ecl 

Thia i.l eec following a poww-on, SCSI R...c 8pW or bua device r..c ~-
2A 0111 .,. ~ chaapd 

UNIT ATl'ENTION ia eec for all h«*a following a MODE SELEcr commend, other 
than the hem that imued the command. 

31' 01h Microcode down1olldecl 
Thia ia eec if a WRlTE BUFFER command ia U8ed to downlmd and eucuce code from 
the hoec.. UNIT ATl'ENTION aeme ia J)O!t!d to all h<*S other than the current one 

53 0011 Media IOllld or eject failed 
Thia i.l eec if a lmd or eject fail8. 

7h DATA PROTECT 
Indicmtm that a write command wu attempted on a write-protected block 

'ZI OOll Wrt~ 
Thia ia eec if an opention wtW:h writM data. writM markll, or er.- data, ia 
Nqu.ced for a wric.-protectad cartridp. 

Sh BLANK CHECK 

82 Interface 

Indicmtm that the drive encountered blank tape or EOD while reading. 

00 Ollll End al da&a ~ 
A READ, SPACE, or VEBIFT command encountered EOD unapectedly. 

14 03ll End al da&a no& foalld 
Thia ia eec whm the driw eamuncen blank tape while l"99diDg. '1'!19 mcm likely 
ca\189 i.I a carrupc format tape. 

3D OOll lma1W bla. la ldmadfy m-•P 
Thia ia eec whm the HP Cl533A remi._ an iu.p1 Id.ntify =-p. 

43 OOll M p enar 
Thia ia eec whm the number of parity erron or problema on inbound or outbound 
= P' acw1a the limit. It i.1 libiy tba& a bua rel-. will occur if ...-&w 
pui&J 9ftUft are decected becaU89 the HP Cl533A will Cail to ccmap!Me the Statu8 
pbw and COIOIAND COMPLETE m ..... In thia CU!, a Defernd Error ia po!ted. 

41 OOll Sella& - •-&ea& fail11N 
Thia ia eec whm the driw faila to neeiect a hmc to comp!Me an operation. A Check 
Condition .cate will be ummed to .mt cl.pie. the fact tba& CHECX CONDmON 
WU 0..... reported. 

41 OOh Invalid -ce error 
Thia ia eec for a number of reaom related to the hem and the HP Cl533A not 
recognizing each others' m-as-. 



Commanas 
REQUEST SENSE 

4A OClh Comm•nd phw error 
Thia ia Mt if parity errora occur during an attempted Command phue. 

48 OClh Data phw error 
Thia ill Mt if parity errora occur during the Data-In and Data-Out phum of an 
operation. 

4E OClh Overlapped commanda a&temp&ed 

Other 

Thia ill Mt when a h09t M1ecta the HP Cl533A when a command .u..dy m.te for 
that h09t. 

The following additional .._. cod89 CBD occur with a variety of •nae keya. 

Code n..artptioa 
OD 0011 No •cldl&ioaal -- blfonu&loa 

Thia ill NCurmd when the HP Cl.533A hu no additional .ue information for the 
hmt. 

QA QQh llecUa ...me 
Thia m NCurmci when the drift d.tected an ~ft number of RAW r.tri• or C3 
ECC emn. 'l'b8 c:onditicm can be cau.d by dirty h..u, m the hMda ahould be 
cJMn.t and the operacion repeated. It the warning ill repeated. it mould be ...um• 
that the cartridp ill nearing th• end of itll U8eful life. Th• cartridp mould be 
cli8c:arded, after any data on it bu been copied. 

44 0011 Ina.aal &arp& failare 
Thia coda ill u.d to report erron l'9iated to the tinnwa1'9, when the HP Cl533A 
encountan an "im)!C*ibl•n lituation. Thia ehould never occur. 

47 ODh SCSI parity error 
Thia ia .c when the HP Cl.533A det:ect8 a puity error in an unapected SCSI state. 
It mould MWr do thi!, m thia error mould be tnated u a firmware error. 

48 00t1 lni&ia&or detecsed error -ce receiY9d 
Thia ia .Cit an INlTIATOR DETECTED ERllOR m-. ill receiwd and the pnvioua 
ph.ue (the phue in which ATN wu ...-ted> wu invalid. 
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RESERVE UNIT 

RESERVE UNIT 

Description: 

16h 

This command enabl• the beet to reael'Ye the HP C1533A. R.el'Ying a device ii a way of 
ensuring ezclusive scam to that device from a single beet for the period of the rmervation. 

Once reaerwd. the HP C1533A will eucute commands received from the bmt which 
rmervad it or from a t.biJ'd-party bmt it the 3rd Pty option bu been aelected. Commands 
from other ha.ta, other than INQUIRY, REQUEST SENSE and RELEASE UNIT, will have 
RESERVATION CONFLicr reported for them. The INQUIRY and REQUEST SENSE 
comm•nde an immuna to the eft'ect8 of a ~tion and will continua to eucute for all 
bmta. The RELEASE UNIT command will have GOOD status reported for other ha.ta, but 
will have DO effect OD the ~tion. 

It a third-party ~tion ii in effect, the b09t which 1-ved the drive may only imue 
INQUIRY, REQUEST SENSE, RESERVE and RELEASE comm•nde 

It the HP C1533A ii atr.dy reaerved by another bmt, RESERVATION CONFUcr is 
returned. 

It a b09t which bu iwrvad the drive sends another RESERVE UNIT, the command is still 
effective so that the b09t can alter it8 l'898r"lation. 

The rmervation will stay in effect until: 
• The 1'Wl"ling b09t aenda another RESERVE UNIT commend. 

• The rmrriDg b09t ll8Dde a RELEASE UNIT command, cleuing the 198l'Yation. 

• A pcnnr-on. SCSI~ or Bum Device R.- occun. 

Pre-Execution Checks: 
Bad LUN Deterred Error Unit AttentiOn 

Command Descriptor Block: 
Bit 

7 T 8 T 5 I 4 1 3 T 2 T 1 l 0 
0 Operalion Code (16h) 
1 ~Unit Number (0) 1 3rd Ptv T Third.Party Device 10 l Rsvd (0) 
2 Reaerved (0) 

3 Reserved (0) 

4 Aeaerved (0) 
s Reserved (0) l Flag J Link 

CDB Fields: 
-------------~---------------------------------------------3rdPly 0 The bmc wiabe9 to r..rw the HP C1533A for ita own u-.. 
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1 The bmc wiabe9 to r..rw the HP C1533.A for a third-party hem. 

TbJnMtlfly It the 3rdPty bit i9 0, the Third-Party Device ID fle1d i9 ignoncL 
o.wtce ID rt t11e 3rdPty bit• i. the Third-Party Device m a.w speeifi• the m oe the hoei that 

~tor..... the HP Cl533A. 



REWIND 

Description: 

CommandS 
REWIND 

01h 

REWIND tells the drive to position the tape at the beginning of the currently activa 
partition. Before rewinding, the drive writ. any write-behind data in the buffer to tape. 
Once a rewind is started, it will complete e\'81l iC the SCSI command is aborted for 90me 
reuon. 

Pre-Execution Chedts: 
111eg81 Field 
o.terred Error 

Command Descriptor Block: 

7 1 
0 

Flag Unk 
Unit Attention 

8 1 5 l 

BadWN 
MediaAccea 

Bit 
4 l 3 J 

OpermiOn Code (01 n) 
2 

1 L.ogiell Unit Number (0) I ReMMld (0) 

2 R888Mld (0) 
3 R888Mld (0) 
4 ReMMld (0) 

5 R8118MKS (0) 

COB Fields: 
lmmed O Stacua ill NtUrneci aftc the l'9Wind bu compl.cecl. 

R..val!On 
Olagnollle Starus 

l 1 l 0 

J lmmed 

I Flag l Link 

1 '1'he drift fine write. any unwrittm buaend data to tape. It tbm retuma GOOD 
8CatU to the bmc befon beginning the ectual l'9Wind operation. 

Rewind Specific Sta.tus: 
If the rewind is succemful, UD80licited positional sense will indiCate that the tape is at BOP 
by the EOI> bit being •t and an additional •nae code of 0004h (BOP). 
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SEEK BLOCK 

Description: 

OCh 

SEEK BLOCK is u88d to pmition the tape at a specified pmition in the current partition, 
either before or after the current pmition. When there is no aception condition during the 
eucution of the command, the tape i8 pmitioned at the BOP side of the block specified in 
the Block Adm- field. The first block in a partition is numbered .. l ",so an attempt to 
988& block 0 will be comidered an error. 

Pre-Execution Checks: 
Illegal F"ield 
Oatwrld Error 

Command Descriptor Block: 

7 l 
0 

Flag Link 
Unit Attention 

e l 5 l 

BadLUN 
MediaAccma 

Bit 
4 l 3 l 

Operarlan <JOde (OCh) 
2 l 1 l 0 

1 Logical Unit Number (0) I R898fV8d (0) I lmmed 
2 (MSB) 
3 

""T 
Block Addraa 

5 ResetVed (0) l Flag 1 Link 

CDB Fields: 
Block Tb. block addnm to ..a. Bloca an aumblnd .equmtially, 8tU1:Uig at oaa. All 
Addi.- Nalrd8, variable Cll' fmd. filMDarb, and eetmarD add OU to the block addZ1llL 
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SEND DIAGNOSTIC 

SEND DIAGNOSTIC 1Dh 

Description: 
SEND DIAGNOSTIC tells the drive to perform either its standard aelf-test, or diagnmtics 
specified in the parameter list. The parameter list is tramferred to the drive in a 8-byte 
data-out phues; each specifying a diagnostic to be performed by the drive. It is not an 
error to set Self. Test • 0 and to have a zero.length parameter list. 

The rmulta can be retrieved using the RECEIVE DIAGNOSTIC RESULTS command. 

Pre-Execution Checks: 
Flag Unk BadWN 08'Wnlcl Etror Unit Attention 

Command Descript<l1r Block: 
Bit 

7 l e l 5 l 4 l 3 l 2 l 1 l 0 
0 Opetatlon Code (1Dh) 
1 Logical Unit Number (0) I PF (0) J Rsvd (0) J Seit-Test JOevOllL(Off Unit om. 
2 ReseMld (0) 
3 (MSB) Plr"'*• Ust Length 
4 (LSB) 

5 R8S81'Ved (0) l Flag l Link 

CDB Fields: 
Pf' 1'tJ68 Formal 

0 P&ralll8ten conform to SCSI-1 Call panmet:el'll an "VWDdor~>. 
s.tr-Test 0 Perform th. cliagnmtim ~ in th. param.c.w list. Tiw Unit om. bit mu.t be 

-. otb8rwi8e CHECK CONDmON ia reported. 
1 Perform th. 8tandard ..it-ten. The Parameter Liac Length mu.t be 0, otherwiae 

CHECX CONDmoN ia reported. 
Unit om. 0 Indicac. that th. hoet ia noc pr.pared for the driw to perform ca.ta which could 

affect logical pmicion. 

1 ladicac. that th. hmt i8 pnpuwcl for th. driw to perform t.-c. which could 
Ul'ect lOlicaJ pmicicm, modify th. tape or modify cartridp .cacua. Thi8 bit muat be 
eet it th. Self. T• bit i8 0. 

P--• 'l'hi8 abould be 0 or a multiple of 8. II th. Self-T• bit i8-. th. Parameter Liac 
u.t IAqth muc be 0, otb8rwi8e CHECK CONDmON ia reported. A.,., length 
Lmglll P~ Liac u permiti:.l when th. Self. Ten bit i8 clMr. 

SEND DIAGNOSTIC i8 doo•mented mora fully in the wtion covering Diagn08t:ics. 

Send Diagnostic Specific Status: 
It all the djapmtics pas, then GOOD status is reported. 

Condlllon Statue Senu Key Additional Senu 
A dllgnoltic fall8 on component x CHECK CONDITION HIW ERROR 400lth 

A diagnostic can only "fail" if its Continue of Sequence Error flag is clear. It this flag is aet 
for a diagnostic in the parameter list, and the diagnostic f'ail8 to complete sw:cemfully, the 
drive will continue aecuting the remaining diagnostics in the parameter list. It the flag is 
clear, the drive will not aec:ute any diagnostics remaining in the list. 
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SPACE 

SPACE 11h 

Note In thia command dellcription the word .. mark" coven filemarb and •tmarb ... Filemark" 
and "setmark" are only referred to explicitly when the spacing activity differs. 

Description: 
SPACE provida. a variety of positioning functions that are det.armined by Code and Count 
field8 iD the Command o.cnptor Block. Both forward (towards EOM) and reverm 
<towards BOM> positioning are provided. 

Any unwritten data iD the buffer i9 Qushed to tape before the spece i9 8tarted. Once the 
space baa started, it will complete 8V8D if the SCSI operation i9 aborted. 

Pre-Execution Checks: 
Illegal Fletd 
08'1n8d Error 

Flag Unk 
Unit Ahntlan 

88dWN 
Media Ace.a 

Command Descriptor Block: 
Bit 

7 I 8 I 5 I 4 I 3 I 2 I 1 l 0 
0 CJparaliOn CQd• (11 h) 
1 L.ogical Unit Number (0) 1 R8HMlc:I (0) l Cod• 
2 (MSB) 

3 Count (n) 

~ (LSB) 
5 Raurved(O) 1 Flag l Link 

CDB Fields: 

.. ,~ 

Cade The Code a.Id jndj ... c. whac ia to be 8paceci to (n i8 tbl valuil in tbl COWlt fiald): 

000 Bloalm Sf*l9 owr n bloclm. 

001 ~J*l90ftl' n filemarb. 

010 s.r-uaa ~J>Kll until a aequmce of n comecutive filemar.U ia 
found. Lop:a1 pmiQon on reporting will be on tU tUrtha- side o{ tU aequmce of 
m.ura. 

011 EOD-91*'9 to tlw end oC data in the c:u.rnnt active partition. 

100 ~1*'9 owr n eetmarb. The RSm.k <Report Setmarit) bit of the MODE 
m.EC'1' o..ice Configuratiall pap mua be• for thia option. 

101 81 v..ual s.a..rb-Sf*l9 until a aequmce oC n coawutiw eetmarb ia 
found. Locica1 poation on reporting will be on tU t\lrtha' lide oC tU aequmce of 
___... The BSm.k (Report Setmark> bit oC tU MODE SEI.Ecr 0..U:. 
Con8pratian pap mua be 8H for thia option. 

COid Wiim ..-ms09W blocM or rnara thia fWd incW:at. how many bJocb or marb ahould 
be c:ramed. SpMiag ia forward <towvd8 EOM> un1- Count ia neptive (t1"19 
campl9mmt> wbm tlw .pacinc ia towvd8 BOM. 
Wiim llpllcinc09W ~ mara, thia field indicac. how many comecutiw marb 
ahou1d be eacDWl-.L Spacing ia forward <towvd8 EOM> un1- Count ia negative <twee 
comp.l.mmt> wbm tlw lpllCing ia towvd8 SOM. 
Wbm ..-:ins to EDD tU Count field ia ignored. 
Wbm not ..,..:ing to EOD, if Count ia zero, the SPACE command ia treated u a null 
opwatian. The logical pcmtion remaim unchanpd, and unwritten data ia not Ou.abed to 
tape. 



CommandS 
SPACE 

Space Specific Stat1JS: 

Event 

The HP Cll533A implements the following priority scheme during spacing: 

Lowest priorif'I Hlocka 

Prilem•rka If the drive meec. a filemark while spacing to a block CHECK CONDmON 
im repon.d. The Mark bit in the Mme data ia ..c, and th. Mme by im NO 
SENSE. Additional Mme im OOOlh (filemark encount••i>. The final 
pomition will be befon or after th. filemark dependinr on wheth.r th. 

El OD 

1pmce wu,...... or forwvd. 
It th. drive m.ca a ..anark while mpKing to a block or a filemark. and 
th. RSmk bit bu been •t in th. Acti,,. Format field of th. Mode SeJ.ct 
Device Configuration pqll, CHECK CONDmON ia repon.d. The Mark bit 
in th. Mme data ia mt. The Mme by ia NO SENSE and additional. Mme ia 
0003h <-=ark encount..t>. The final pomition will be befor. or after 
th. ..anark depmdinron whether the....,. wu,....... or forward. 
It th. driYa m.ta EOD while .,.an, to a block or mark, CHECK 
CONDmON ia reported. It it m.- EOD aftar th. EW mark, th. EOM bit 
in th. Mme data ia mt. The Mme by ia BLANE CHECK and additional 
._..ill 0006h CEOD encount..t). 

HlghNt priortty BOP, EOP/M It th. driYa m.ta BOP or EOPJM while aperinr, CHECK CONDmON ia 
reported. The EOM bit in th.._.. data ia mt. The._.. by ia NO 
SENSE and additional.._.. ill 0004h CBOP ~)or 0002h CEOP/M 
d.cacwci). 

It '"blank media" is encountered during a space (in other words, the drive attempted to 
space on an unformatted tape), the drive behavea u if EOD wu at BOP. It will then 
19p0Dd with GOOD status to a request to space to EOD, and with CHECK CONDITION to 
any other forward spacing requeBt. Same data will be 88t u if EOD bad been encountered. 

StMua Key Nol89 

Early wvningCEW> EOM: ~ CHECK NO SENSE Additional.._.. •t to 0002h CEOP/M 

Incompatibl. data format 

Fail to reul data due to a 1tape error or 
non-fatal driw error 

Ho.c req~ a tarpt block..._ which 
cotr.pouda to a recard which U. within an 
entity which th. ciriw cannot deoampr.-

Residue Informatio'llL: 

COND'N decect.K). Early warning end-of-medium 
CEW> information ia reported only if the 
-....oi-aUon --~and th. 
REW bit in th. Mode Select Device 
Configuration e-p ill .c to L 

CHECK MEDIUM Additional. Mme will be .C to 300lh (can't 
CONO"N ERROR reul media). 

CHECK 
CONO'N 

CHECK 
CONO"N 

H1W ERROR Additional Mme will be •t to 3BOOh 
(aequential pomitioning error). 

BLANI< 
CHECK 

Additional. ._.. ia •t to 1403h CEOD not 
found). R.iciue information ia u llhown 
below. 

CHECK MEDIUM Additional. Mme ia .C to 3B00h 
CONO"N ERROR (aequential pomitioningerror) 

It SPACE Cau. wb8n spec:ing to blocks or marks, the eeme data Infonnation Bytes will be 
88t to the at.olute value of the di.tTerence between the reqU88ted number of marks and the 
..:tual number of marks spaced over. The rmidue for a space towards BOP which 
terminatm prematurely will always be a positive value. This value will only be accurate if 
the.._ by is NO SENSE. 

Note It is pomible to configure Signed Residue reponing for space operations ao that the 
Informatio111 Bytm will be negative (twos complement) if the space wu toward.a BOP. This 
is not done by default. 
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CommandS 
TEST UNIT READY 

TEST UNIT READY OOh 

Description: 
TEST UNIT READY checb ii the drive is ready for commanda which accem the tape. It is 
not a request for a self-test. If the drive bu a tape loaded, the command returm a GOOD 
statua. Otherwi.M, CHECK CONDITION is reported and the 98D.118 by is NOT READY. 

Pre-Execution Checks: 
Illegal Reid 
0*'8d Error 

Command Descriptor Block: 

7 1 
0 

Flag Link 
Unil Anlntion 

IS 1 5 T 

Bad LUN 
Media Acc8la 

Bit 
4 T 3 T 

OparallOn Code (OOh) 

2 1 

1 Logical Unit Numl>er (0) l R..-ved(O) 

2 AeeetVed (0) 

3 R8MfYed (0) 

4 R8MfYed (0) 

5 Res8fV8d (0) 1 

Test Unit Ready Specific Status: 
U all tba pre-cacution checb pus, then GOOD statua is ieported. 

to Interface 

1 I 0 

Flag 1 Unk 



VERIFY 

Description: 

CommandS 
VERIFY 

13h 

VERIFY veirifi• one or more blocb beginning with the nut block on the tape. The 
verification ia media verification only. Data ia read from the tape u it would be for a read, 
but ia immediately diacarded. No data ia transferred between the hmt and drive. VERIFY 
bu no SILI bit. U an il1epl length block ia encountered, VERIFY behaft9 lib READ with 
the SILI bit clear. 

VERIFY will not complete until all data bu been read. It do. not support the ANSI "byte 
compare" 1:>r "immed" optiona. 

Pre-Execution Checks: 
Illegal Field 
08'8mlcl E11ror 

Fixed Bit 
Unit Anantlon 

Flag Unk 
Madia Acc8ll 

Biid LUN R8S8Mltlon 
Dlagnoltlc Stmus 

Command Descriptor Block: 
Bit 

7 l IS l 5 l 4 I 3 I 2 I 1 I 0 

0 OpenniOn Code (13h) 
1 Logical Unit Number (0) l R...ved(O) 1 Fixael 
2 (MSB) 
3 Verification L8ngttl 
~' (LSB) 

5 Reserved (0) I Flag J Link 

CDB Fields: 
Fixed 0 Tb. Verification Length field .pecm. tba J.agth oC tba data to be vvified in 

byt.. 
1 . Tb. Verification field .pecm. tba length oC tba data to be vwified in blocka. 

Tb. me of a.ch block <in byte9> ia specified by tba current block length 
~in tba Mod. Parametar block u.:riptor. 

Verlftcdon 0 No data ia wrified. Thil ia not co~ an error and tba current logical 
Length palliaao will be unchanpd. 

>0 Tb. amount of data to be vwified. in byte9 or blocb u apecified by the Fixed 
fiald. 
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Commands 
VERIFY 

Verify Specific Status: 
Event 

Filamark encountered 
duringar...t 

EOD encountend during 
ar...t 
EOP/M eacountend 
duringar...t 
Early warning (EW') 

EOM detected during a 
r...t 

Failun to r...t data 
through JUdia error or 
non-fata! ciriw error 

St.WI Key Not• 
CHECK NO Mark bit ia aet. Logical poetion will be on the EOM si~ of the 
COND'N SENSE filemarlr.. Additional aeme ta OOOlh (filemark ~). &.idwt 

information ia u d-=ribed be!ow. 
CHECK NO Mark bit ia MC. Report S.tmara muac haw been configured by 
COND'N SENSE MCting t!w RSmk bit in the Mod8 Select De¥iol Configuration pap 

to L Additional_... ia ..c to 0003h CMCllLU'k ~>. TJw 
logical pmiQon ia on t!w EOM Cde of the ..cmarlr.. Rallidua 
information ia u ~below. 

CHECK BLN« Addition.al_... ia ..c to 0006h CEOD detected>. Rallidua 
COND'N CHECK information ia u ~below. 

QECK MEDIUM EOM bit ia .c. Addition.al_... ia •to 0002h CEOP/M ~>. 
COND'N ERAOA Rallidua information ia u ~below. 

CHECK NO Addition.al_...• to 0002h CEOP/M detected>. Early warning end 
COND'N SENSE oC medium CEWl information ia reported only if t!w r...t operation 

-. ••rce-iul and t!w REW bit in t!w Mode Se1ect Device 
Con1iguration P!f! ia • to L 

CHECK H/W Additional_... ia •to 3BOOb (tequantial pomiticming error>. 
COND'N ERROR Rallidua informacion ia u ~ be!ow. 

CHECK MEDIA Additional_... MC to 3002h (can't r...t zudia). 
COND'N ERROR 

CHECK BLN« Additional .am ia • to 1403b CEOD not fowid>. Rallidua 
COND'N CHECK information ia u llbown below. 

Residue Information: 
TM Valid bit will be-. TM information byte. will be u Collowr. 

V.,... llaclr Mode The dift'enace (in bytm) betw..u the raquened Verification Length and 
the ICta.a1 traufer length. 

ll'IDd llaclr Mode The diaerence (in bloclm) betwaen the requested size o( the data to be 
verifled and the actual number o!bloclm verified. A partially verified block 
ia not counted, so for aample, it 3.5 out of 10 bloclm have been verified the 
remidu. will be 7. 

92 lnt.,,.ce 

If the lut block ia an IDepl Length block, it ia not counted among thoae 
vwrif1ed. For aample, it 4 Legal Length bloclm and 1 Illegal Length block 
haw *n verified out of a total of 10, the rmi.due will be 6. 



Command! 
WRITE 

WRITE OAh 

Description: 
Zero or mc1re blocb of data are transferred from the host to tape starting at the current 
logical pm:ition. 

It ill recommended that the Buffered Mode field of the MODE SELECT Parameter ill •t to 
either 1 or 2 ao that Immediate Report ill enabled. Failure to do tm. could remult in a 88Yere 
performance and capacity penalty. The HP Cl533A will report GOOD ltatu8 on a write 
command ·when all the data bu been ~Y trauferred to the data buffer (but not 
necemarilJ• to tape). 

Data held Jin the buffer ill Quahed to tape in the following circumstancm: 
• A SCSI command ill received which fem:. a Qua: 

ER~E LOAD LOG SELECT MODE SELECT READ 
REWIND SEND DIAGNOSTIC SPACE VERIFY WRITE BUFFER 

• B~l'ered mode ill not enabled. It buffered mode bu not been mt to 1or2, the buffer 
ill tluahed before the command completes. 

• The write delay time ill aceeded. This ill defined by the Write Delay field of the 
De\>ice Configuration Mode Select pap. It the drive ill idle for longer than tm. 
period (no operatiau which accam the tape have been performed), any data in the 
buffer ia Quahed to tape. 

• A new hmt takal control of the driw. It buffered mode ia .t to 2, a WRITE or 
WR.l'l'E FILEMARKS command from the new host will caua all buffered data from 
the previom hem to be Quahed to tape. 

Pre-Execution Checks: 
Illegal Field 
o..n.d Enor 

Fixed Bl 
Uni Altention 

Command Descript4lr Block: 

7 T 8 I 
0 

5 

Flag Link 
Media Access 

I 4 
Bit 
J 

BedLUN 
MedlaWrtte 

3 T 2 
Operauon Cade (OAn) 

1 Logical Unit Number (0) T R8S81Ved (0) 
2 (MSB) 
3 Transfer Length 

'""T 
5 ReslfVad JO) 

CDB Fields: 

T 

l 

R8Mrl8tlon 
Olagnoslle Status 

1 I 0 

l Fixed 

(LSB) 

Fl~ J Link 

"':""""""':"'~~~--==:--:=---:---:-~"":"""".:--:-:~~~~~~~~~~~~~~~~~ 

l'bmd I) TM Tramfer Length field apec:ifiM the length of the tramf• in tiyt.. 

·1 TM Tnmfer Length fleld apec:ifiM the length of the tramf• in blocb. TM me of 
..ch block <in byi.> w detarmined by the current Block lAagth giftD in the Mode 
Sei.cc Panmet.er block ciecriptor. 

T,.,.,_ I) No data w tramfernd. The current logical pmition will be uncbanpd. 

Langth >·0 The amount of data to be tranaferred, in byie9 or bloc:U u determined by the Find 
field. 
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Commands 
WRITE 

Write Specific Status: 
Event Statue Key Notn 

EOP/M encountered CHECK 
CONO'N 

MEDIUM Additionai sense will be aet to 0002h <EOP/M detec:teeil. The logic:&! 
ERROR pmition will be at EOD. Sut.quant umoliciteci REQUEST SENSE 

command8 ho'W9Y9l' will giw the tape pmition u EOP/M ct.t.ected. It 
may ltill. be pomible to write a GD&ller quantity oC information at chili 
point tfor aampJ.. tilemari:a, MCllW'lm or a .....U. block). Thia i8 
bec:aum the logical pmition after failing to write a bJock i8 at the -..rt of 
the unwritten block. 8-idue information i8 u below. 

Early warning CHECK NO Thia i8 only reported if the write bu bee~ Additional MD89 ia 

aet to 0002h <EOMJP ct.t.ecteci). RMidue information i8 valid and 
indicac.. zero bloclm or byt9s. 

end-of-medium (EW} CONO'N SENSE 
encountered 

Residue Information: 

M Interface 

Remdua iniormation depend8 on two variab!M: 

• Find or VariahJe block mode. 
• fmm8'iiata or Non-Immediate Report (Buffered mode). 

Bloclc Mode Buff9Nd Mode R-..ue 

Fixed 0 Number of unwritten bloc1m 
Valiabte net O Total number oC unwritten tJyw and mara (including tho. 

buaereci before the mmm•nd ..... remiY9d). n. m. can be 
greater than the mmm•nd operation lize. 
Containa rmdu.e of &k iaitiaton with data in the buaer. 

Total number of unwri>;tm bloc1m and mara (including tho. 
bua.nd before the commend ..... NmiY9d). Th8 me can be 
greater than the mmm•nd operation ... 

specdlcaltf 1 Containa rmdu.e of all iaitiaton with data in the bW!'er. 

Remdua iniormation ia aet in the aeue data byte, with the Valid bit aet and the iniormation 
~ aet to the rmidua. 



CommandS 
WAITE BUFFER 

WRITE BUFFER 3Bh 

Description: 
WRITE BUFFER is Wl8d with READ BUFFER u a diagnostic for tening the 1 megabyte 
buft'er and the SCSI bum integrity of the HP Cl533A. The data is pJacad into the data 
buft'er, the mini buffer or the HP Cl533A's controller memory depending on the Mode and 
Buffer ID fields of the command. When data is to be placed in the data buft'er or mini 
buft'er, the contenta of the buffer are OWlbad to tape tint. 

Tiu. command is intended u a diapc:.ac aid to be u-1 in cmtjunction with READ 
BUFFER. It is not pcmible to modify data in the buft'er after it bu been written to tape. 

Pre-Execution Checks: 
llleglll Field Flag UnK BedLUN Def9rr9d Enor Unit AltentiOn 

Command Descriptor Block: 
Bit 

7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
0 Operation Code (3Bh) 
1 Logical Unit Number (0) l Reserved (0) J MOde 
2 Buffer 10 
3 (MSB) Butrar Ol'fs8I 
5 (LSB) 
8 (MSB) Allocation L8ngtn 
8 (LSB) 
9 Reserved (0) l Flag J Link 

CDB Fields: 
Mode 0 Write,._,.,. and dala. The HP Cl533A tramfer'I a 4-byte bufl'er header from the 

bm& which it ignmw, follo'tNd by (Allocation Lagtla-4) bye.of data which it 
will place in the buffer Mlected by th• Buffer ID at ~ 0. 

1 Wrillr proea.ar memo,,.. The HP Cl533A tramfer'I Allocation Length bye. of 
data from tb8 h09t and wric.. them in procwr memory lpecifWd by Buffer 
Oa.t. 

2 Write dala. The HP Cl533A tramfel'9 Allocation Length bye. of data from the 
bmt, placing them in tb8 data buffer (if Buffer ID ia 0) or mini buffer (if Buffer 
ID ia 2). The atart ~of tb8 data in tb8 buffer ia epecified by Buffer Ocr..t. 

4 Doum/oo4 M~. The HP Cl533A tramfer'I Allocation Length bye. of data 
frGm tb8 hmt. JI tb8 tramfer ia 8UCCl9ful, UNIT A'ITENTION ia poRed to all 
iDitiaton odwr than tb8 currwnt one, with additional-.. .c to 3F01.H 
(mk:rococi9 downloaded). The microcode ia then llUCUted. 

S. the Statua-=tion below for constraint:. upon the value of Mode impmed by the 
Bufl'er ID field. 

luffw ID Spec:ijMe which buffer to 1Wd. 

0 Tb8 data buffer 
, Prom.oi memory 
2 Minibuffer 

Buffer When Mode • 2, thia 1pecifi• the addrem in the data buffer relatiw to the atart of the 
on... buffer at which to 1tart writing. 

When Mode • 1. thia ~- the abeoluta addrem in procwr memory at which to 
ltart writing. 
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WRITE BUFFER 

Allocation 
Length 

When Mode :a 0, 4 byte. of header are tranaierreci and then (Allocaao11 Lc111rJa-•) 
byta9 of data are transferred to the data buffer or mini buffer ltU'ting at addrem 0. 
When Mode :a 1, Allocation Length byta9 of data are transferred to p~r memory. 
When Mode :a 2. Allocation Length byta9 of data are transferred to the data buffer or 
mini buffer. Note that wh.en writing to the data buffer or mini buffer, it ia pomible for 
the combined length and of!'set to a&»eci the m. of the buffer. TM HP Cl533A will 
wrap around from the buffer end and plam the remainder of the Allocaeioa. Length at 
the .carc of the bui?er. 
II Mode • 4, AllocaCioa. Length spec:ifi9 the m. of the down.loed. 

Valid Field Values: 

Hlm.uc. 

The following table shOW9 tbe valu• of tbe Buffer ID, Buffer Ocr.t and Allocation Length 
f1ald8 for a.ch valid value of Mode: 

If Mode • 0 then: 

If Mode • 1 tt'len: 

If Mode • 2 tnen: 

If Mode • 4 tt'len: 

Bun. ID 
0 
2 

0 
2 

0 s80000h+4 
0 s20000h+4 

Within valid ccntrolllr So tn• the window d prac..ar memory 
proceaar addr98 range starting • sun. Of'fMI 11 valid 

<&oooon s1ooooon 
<20000h s2oooon 

0 slz•ddOwntoad 



WRITE FILEMARKS 10h 

Description: 
WRITE FD:.EMARKS cauw the specified number of filemarb or •tmarb to be written 
~nning at the current logical position OD tape. 

IC zero filemarb are to be writteu, the Immed bit mu.It be zero. The drive writal any 
buffered data ad marb to tape before reporting. TJu. is the recommended way for a host 
to OUlh the buffer. 

IC ..an.arks are to be writteD, ad the nm of the number to be written and the number 
alrwiy written ....... 65,536, CHECK coNDmON ill reported. 

Pre-Execution Checks: 
Illegal Field 
Unit ADenticlf'I 

Flag Unk 
Media Accasa 

B.iLUN 
Media Write 

Command Descriptor Block: 
Bit 

7 J 8 I 5 I 4 I 3 l 2 l 1 1 0 

0 OperaliOn Code (10h) 
1 LOgiCif Unit Numa. (0) I Rft8fV8d (0). WSmk J lmmed 

2 (MSB) 
3 Number at Marxs 

7 (LSB) 

5 R8MMd~ J Fl~ I Link 

COB Fields: 
----~----~--~~--~--~--~~~~--~--~--------~~------WSmtl: 0 Filmaarb an writtaa 

1 s.tmarb an writtaa 

lmmed 0 Statua will not be recurned until the operation ill com~. Not.e that the MODE 
SELECT BWJ'.-.d Mode field must be zero for this. 

1 The driw nturna GOOD atatua u eoon u the Command D..::riptor Block bu 
been ftlidet.ed 

Number ol The number oC c:oaMCUtiw marb to be written to tape. 1Aro ill only valid when 
Mara immedi1te report ill di•b!ed 

Write Filemarks Spocific Status: 

Complete9 properly and 
end4a Mljacmt to a mark 

C::HECI< MEDIUM Additional.._ will be ..t to 0002h CEOP/M detect.eel). The logical 
C::cND'N ERAOA pollitian will be at EOD. Subeequent umoliciced REQl.JEST SENSE 

comm1nd4a will giw tape pollition u EOD. It may mtill be pcmible to 
write a emaJJ. quantity oC inlormation at tbill point (far aample, 
m.mar.a. ..cm.era or a emaJJ. block>. nu. ill becau. the logical 
pollitian after> a failun to write a block nturna to the 9ter1: of the 
unwrittaa block. 

C:HECK NO nu. ill only reported iI the write bu been~ Additional 
C:oNO'N SENSE .._ ill ..t to 0002h CEOM/P detected). R.idue inlormation ill valid 

and indicatem zero bloc:b or byt.. 
~IOOD NO The Mark bit ill •t. Additional Mme will be ..t to OOOlh Cfilemark 

SENSE detected) or 0003h C•tJDark detected). 
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WFllTE Fll.EMAFIKS 

Residue Information: 

II lntert.ce 

Ralidue information depends on two variable11: 

• Fized or Variable block mode. 
• Immediate or Non-Immediate Report (Buffered mode). 

Block Mode Buffered Mod• Residue 

Vll'iable 0 Numberofunwrittenbyt.9 
Fixed 0 Number of unwritten bloc:U 
Variable 

F'txed 

not 0 Total number of unwritten bye. and marka (i.nduding thme butT_. belon th8 command,... reclind). The U. can be 
grea ... than th8 command opmratioD ..... 

speciftcallV 1 Contain.I r.mdu.. oC all inieiator9 with data in th8 butfer. 
noc O Total number oC unwrittm blocka and marka <i.nduding thme butT-- belon th8 commend ,... reclind). The .. can be 

~than th8 command openaon Ilia. 
specitlc.ily 1 Contain.I r.mdu.. oC all initiat.on with data in th8 butfer. 

Remdue information ia aet in the aeua data byte, with the Valid bit aet aDd the information 
byte9 aet to the ramdue. 
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Theory of Operations TOI 

The HP Cl533A Wl88 a tape mechanism which ill developed from the principl• uwi in 
digital audio tape (DAT) recorden, and uam the helical acan recording technique. Data ill 
recorded aa:ording to the ECMA DDS standard, and communication with the computer 
system ill by SCSI. Thia chapter introdw the mechanical functiom of the tape driva and 
providaa u. ovamew of the e1ectronial which link SCSI with the DAT mechani"lll. 

Mechanism 

The mech•niml um in the HP Cl533A ia .unilar to that um in a high quality digital 
audio tape recorder, however the mec:hanimn um bu been specifically deaigned to suit the 
special reqWnmientll of data starap. 

Helical Scan Recording 
Most cumn:Lt computer tape dri'Y89 and typical audio mecbaninw (such u compact 
camette) record OD tracb along the leqtb of the tape. Becau.. of varioua limitations such 
u mechanical tolenuu:e and magnetic cromtalk (interaction between signals from 
different tracb), it ia 'Y8I)' diftlcuJt to iDcreue the data demity OD th- productll while 
retaining data integrity and compatibility. 

Audio DAT O'Y9l'CDID89 thia limitation, by recording tracb diagonally acrca the tape. Thia 
ia acbieved by mounting twu head.I OD a rotating drum with an azi8 at S- Crom the vertical. 
The drum ?'l:ltatm at 2000 rpm while the tape IDOV89 alowly (8 mm/-=) in the mama 
direction. Aa a r.ult, the beada, which are diametrically opposite, d-=ribe portions of a 
ba1iz OD the tape bence helical acan. Sea figure T0-1. 

In tbe HP Cl533A. tbe drum rotatm at 5737 rpm and the tape IDO'Y89 15.5 mm/aec to 
acbi8ft a higher traufer rate while writing narrower tracb for the DDS-2 format. Each 
he.d writ. a tnck of data OD the tape from bottom to top. The heads are wider than the 
tncb, ., the tracb ovarlap with no wasted space between them. Cnmtalk between the 
tracb ia miriimiud by each bead writing its data in angled stripm along the track. The 
angle ill called the azimuth angle. Each bead ill aet with a different azimuth angle, ao 
alternate tracb on the tape have their data written at different angla., u abown in figure 
T0-2. 
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Meehan lam 

Figure T0-2 
Two adj-.nt trKn. Wltl'I tneir 
UJmutn angln at + 2f1' and 
-l!r 10 tt'le normal 

Four-Head design for Read-After-Write 
In the DDS-format driw damp. two IDOl9 ha.da are added to the rotating drum. ma.king 
four at 90° to -=h other u llhown in figure T0-3. Th.Me enabl9 the driva to rmd data 
immediately after it bu been written. It an error occun. the driw can rewrite the 
erroneoua frame repeatedly until it w rmd back succamfully. 

Figure TC).3 

Four-Head 
081ign 

Motors and Sensors 

Motors 

The locatiom of the moton, &0lenoida and ll8D80l'll ara illustrated in figure T0-4. The 
numhen in tm. -=tioD in italic type refer to items in figure T0-4. 

The HP C1533A bu four moton, which driw the following: 
• The ff.- Drum l 
• The Capan .Roli.r 4 
• The Supply RMI (S-Reel) 10 
• The Taim-up RMI <T-Reel) 13 

TM, an direct-drift brmb.i- moton which ara quiet, reliable and very compact. 

Tb8n ii ... de motor a, which controls the following operatiom: 
• Enp.....-t ad diwlppment o( the Capstan Pinch Roller 

• Tape tbnmdinc 
8 Iadinl ad nnlmcHnr of the cartridp 

Tim motor ma mp-~ bruah-type motor. 
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Figure T0-4 

Sensors 

Theory ot ooeranons 
Mechanism 

View from above 

1 HMddrum 
2 ocmccor 
3 Wrler IWld1 far monllaftng cam polillol1 
4 capaaan roller 
5 Opt1ca11 s.1e0r to Identify BOM 
6 CalMlte recognition switcn. 
7 em.rte recognillOn 9Wld1ee 

2 

Vifllt from below 

12~,- ... 
, ... 

I
I @i' 

' .... - .I , -... 
I - I 

'~} ,, Y-' 
10 

8 Capitan speed monilor 
9 Drum poeillOn monitor 
10 Supply ,.., 
11 Supply ,.., speed sensor 
12 Tak.up reel speed seneor 
13 Take-up reel 
14 Clalene-preeent sensing switetl 

14 

8 

The HP Cl533A bu eight mechanical switch• which provide the following information: 

• Wbat.ber • cartridp ia in-nt 14 
• The opm or c:lm.i 8tate of lliz recopition ho1m on the cartridp 6 and 1 

CombiDatiom of opm and c1cmd ho1m siw the tape dme with the following information: 
C What type of tape ia in the cartridge (e.g. Metal Particle) 
c What thjcim- the tape ia 
C What the length of the tape ia 
c Whether the cartridge ia write protected 
c Whether it ia • clmning cartridge 

An optical 88D8or 5 ia u..t to identify BOM (beginning-of-media) becauae DAT tapes have 
partially trampuwnt lwien. Audio and unquaU6ed DAT tapm baw Cully transparent 
lwien, while DDS M9dia Racopition S,.tem qualified tapm haw mipm on a 
trampuenit t... TU aUaw. the dme to recognize D~uality tapes. 

Ma~nsistive alemmi 8 moniton the capatan speed. 

Hall effect 118D8Dn built into the moton are u& to monitor drum position 9, tab-up reel 
...-iaad..ppay•.-111. 
EnppD'ftt or ctienppment of the capstan pinch roller, tape tbrMding and tape loading 
U'8 all cant:ralled by the mecb9Di!llJ\ mode cams. The mode cams are dri'V81l by the de motor 
2 IMllDaned ..nm. Att.ched to the top of the mode cams ia a thr. wiper wafer switch 3 
wbich moniton the position of the cam., and consequently the mode of the driw. 

Theory of Operations 3 



Theory of Operations 

Electronics 

A block diagram of the electronics which link the SCSI interface to the drive mech•nima ia 
illustrated in Figure T0-5. 

Figure To.a 
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L 
The electrmUm comiR of a main c::ircait board with componeatm mounted Oil both sidM. To 
redum alectto-mapMjc int8rt'enace the RF unpliftmtion circuitry ia mounted Oil an 
additional mmJ1 baud.. Sipaja ue recliftd througb the SCSI intarlace and ue interpreted 
u tape mcmmumt command8 or data by the SCSI protocol controller. Data ia tr.tad by 
varioU8 encoding teclmiqu.. to reduce the pwihility of t«JOvezy erron ud to make it 
compatible with the DDS format. Th.- tecimiqu.. include: 

• Group Indning. which ailOWll the format to map variable length records into fi%ed 
groqpm.. 

• Chacmm Generation, where the sum of a sari• of byte9 ia written to the tape, so 
that the t1pn can be cbacked apinat the sum of the aama .n.. of byte9 when the 
tape ia remd.. 

• Randomizaa01l. Tba error rate for wont ca.. data diff'en from random data by a 
f'actor of 10. Randomizacion reduc. the wont cum error rate by providing a stream 
ot data wtUdl ha a more comistent RF avalope. 

()tbs clutim JWit'ormed by the electroniC8 Oil the main c::ircait baud ue u followm: 
• Tape mana ....... t tub. 'nl.. include the following: 

c Mw:h•n;.m Control 
c AT'I' <Automatic Track Following) 
c 58"0 Control 
c Diapcwticl 
C Buffer managament 
C Error detection 
C Control of the front panel display 
C Com~on of data blocks 



Main Circuit Board 
The main i::ircuit board contains the following circuitry. 

Controller Electroll~CS 
Con.trolkr Application. Spcifil! In.tegraUd Circuit (ASIC) 

Theofy ot OpermJOnS 
Electronica 

The Controller implement.I all DDS formatting and error correction function. on a single 
ASIC, u wall u m•n•&Png accam to the 1 megabyte main data buffer. 

Buffa-
The buffer comim of four 1-mepbit dynamic RAM.I. 

Microproauor 
The microJll"C'C I I I Cll' is a 16 MHz 68000. 

Firmwan 
The firmware is contained iD two "Flub" EEPROMS which cu be raprognmmed 
through the SCSI iDtarfaca, or by a direct C01lJl8Cti01l with the microproc 111or bu at the 
f'actory. The firmware bum main components: 

• A SCSI tuk which recogniw SCSI COIDDWlda, m P9 and the SCSI phue 
protomla 

• A DC tuk which controls the operation of data com~n 
• A buffer tu.k which 1IUm8P9 the buffering of data and the DDS format 
• A device tuk which 1IUm8P9 the reading and writing of data and controls the action 

of the drive mechanism through the Servo Microcomputer Interface 
• A panel tu.k which handl• the front panel display and its operation 
• An operating syirtam which perfonmi the aalf-tellt and schedulea the tub 

SCSI PF'otor:ol C""'1'olle 
Tape dri'998 deigned for mgle-ended operation ume an HP ASIC (Application Specific 
Integrated Circuit) which bu built-in, single-ended line dri'99J'll. 

Dam Compiweion Mtllla8a- ASIC 
Data compremion and decompremion is performed by an HP Compnmion/Decompnaion 
ASIC. 

Device Electronics 
The Device Electronim perform the following functions: 

• Con'V91'ting of Servo Microcomputer Interface command. 88Dt Crom the controller 
electroD.im into command. which caume movements of the tape drive mechanism 

• Taking data Crom the buffer and writing it to tape 
• Becoftlring data Crom the tape 

• SepuuiDg ad ~the clock signal 
The~ compcmnt of the device alec:trcnW:8 is a single chip microcontroller. It bu a 
Hit.cbi HS pro< 11 CJI' core, uad contains many support fum:tioDll including eight channel 
anaJor to digital conversion and Caciliti• for automatic track following <Am. 

RF Amplification 
Data Crom tbe tape ilr amplified by an RF amplification &tap which is contained on a 
lepUBte boa.rd. 

Theory of Operation• s 



Theory ot Opera11ons 

Typical Signal Path 

Figure TQ.I 

Figure T0-6 shows the path of a signal from the SCSI to the tape when the driw ii writing 
data. 

Figun TO-7 shows the path of a signal when it ii read from the tape and pa.- through to 
SCSI. 
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Diagnostics Overview Dl 

This sectio111 gives details of the diagnostic capabilitiea of the HP Cl533A 

This chapter provides an overview and details of bow to run t.ta and obtain r.ulta. 

Chapter 02 coven the Powar-Up Self-Tm and the Self-Teat Diapoatic Sequence which 
perform a 'viety of individual t.ta of the hardware and firmware. 

The main PUl'J)m8 of the di•poatic firmware ;. to provide the u.er with a high level of 
confidence in the corra:t operation of the driwi. II all of the diapostics work succemfully, 
the U88I' aiMJUld be confidant that there ill DO problem with the driwi. 

Introduction 

For djapcwtic ~ the HP C1533A may be thought of u thrM di8tinct parts: 
• The driwi mechanism and &MOCieta:I electronice 
• Themedia 
• The aterna1 power supply 

II a diap01tic at faile, a number indicatm the mOlt likely part where the failure occurred. 

Plf1t 
No problem found 
Drive Med18nilm end Asaocialld Elecrronlcs 
Mlclle 
External Power Supply 

Number 
0 
1 
2 
3 

Dlagnoatlca 1 



Diagnostics Overview 

Running a Test 

Diagnmtic tellta can be nm through the Power-Up Self-Test (see the nut chapter) or 
th.rough the host. 

Invoking a Diagnostic Test from the Host 
The SCSI initiator (hmt) can instruct the drive to nm a diapmtic tmt by 981lding the 
nec:wiy parameten th.rough the SCSI SEND DIAGNOS'nC command. The command bu 
am-byte Command n..:riptor Block u folloW11: 

Bit 
7 I s I 5 I 4 1 3 l z l 1 l 0 

0 OpanlbOn cocse (1 Oh) 
1 Legal Uni Nwnber (0) l PF (0) l RIMIV9d l Ser-T• 1 Dev l Unit Otft. 

Ofn(O) 
a R....ved 
3 (MSS) p..,,,.. Liil L.engtl1 
4 (LSB) 
5 Reserved 1 Flag l Link 

The Flag and LiD.k bit. operate u cUB:ribed in Chapter Il 11Contro1 B~Flag and Link 
Bit.". Following the command deecriptor block, eight byu. of data should be 88Dt during 
the DATA OUT pa., u folio...: 

0 
1 
a 
3 
4 
5 
s 
7 

Bit 
7 l s l 5 l 4 l 3 l z l 1 l 0 

Tesa Nwnber [OOh) 
SOE I CSE I PT I Loop Count ldanllfl• 

Param-A 
Param81W'B 
Paramat•C 
Paramat•O 
Param-.E 
ParamarerF 

TM SOE <Stop On Error! bit determizle9 how the loop count mould be tarminated if 
aD srar occun. It only hu m•ning if the t..c ia the aecuted ID.ON than once. 

1 Stop t..c imm-liate!y m error ia dec.eeted 
0 Los the .-ror and continue te9ting 

TM CSE (Continue Sequence on Error! bit ia llimilar in effect to the SOE bit, in that · 
it ia um during. eequence of ta.ta to mpecify what abould happen whml aD error 
oman. TM h..c may specify a eequence oC cnmmancf9 to be GllCUted. and thia bit 
d.-mia. wbeth... Wlun o{ one t..c mould ha1t the eequeace. or allow it to 
oaacinua. It oaly bu meaning if the t..c ia to be aecuted mol'9 than ODCL 

0 Los the .-ror and abandon the t..c eequence 
1 Los the .-ror and continue the t..c eequence 

TM PT cP .. Through> bit teU. th• drive what to do when the diagnmtic command 
baa finiahed.. 



Diagnostics Overvl8W 
Running a Test 

O Return control to the normal firm.wan, .a that the mechaniam ia returned to 
where it wu before the c.t. Ho...,,..., if ther9 wu a tape in the m«h•nilD! 
and u a r.ult of the c.ta it ia no lonpr p199Dt, the tape will 8tay in the 
ejecied at.ate. 
Stay in "pw-through" mode; the mechanian will 8tay where the t..c left it. 
P ..... through mode will continue until a diagnmtM: command with PT • 0 ia 
1mt. Note that the driw will not be able to perform normal operatiom if it ia 
left in~ at.ate. 

Loop Count Th• Loop Count Identifier determinle bow many tim9 the c.c will be Npeated 
lndentlfletr before reporting back to the b09C, accordinc to the following coda: 

0 continuoua (it tnminac. only on an error or a po_.<yda) 
1 nmonce 
2 nml0tim9 
3 nml00tim9 
4 nml000tim9 

It the t..c compJ.t. ~ly, GOOD .catua ia returned in the Statua phue of the 
SCSI 9eC1uence. 
It the c.t fail8, a CHECK CONDmOH .catua ia mmt with a HARDWARE ERB.Oll lm89 

by and a DIAGNOmc FAIL additional .... by ... Tb. h09t abould cha mnd a 
RECEIVE DIAGNOmc RESULTS command which will 1'9tUm information u to which 
c.c faii.d and the natun of the failure. Note that unlem the SOE bit ia 0, a failure 
will 1top the c.t without completing the loop count. 

Parametet• Thme are c.t specific; liz param.-. are not neect.d for mmt of the c.m. Any 
A-F unuaed parameten abould be eet to 00. 

Obtaining Test :R.esult.s 
The SCSI RECEIVE DIAGNOS'nC RESULTS command ten. the drift to return the rmults 
of a diagnamc t8St to the hmt. If CHECK CONDmON stam. ia returned on completion of a 
SEND DIAGNOSTIC command, together with the HARDWARE ERROR .w key and an 
Additional. Seme Code of DIAGNOS'nC FAILURE, the hmt should._ a RECEIVE 
DIAGNomc RESULTS command to obtain the data (indicating the actual CailUl'8 and the 
Mmt Suspect Sub-Amambly). The memapa are in the format of the R..ults M.-agee 
d-=ribed i.n the nat section. 

The command hU a six-byte Command o-:riptor Block 88 folloWB: 
Bit 

7 I 6 J 5 I 4 J 3 l 2 J 1 J 0 
0 OparariOn Code (1Ch) 
1 l..oglCal Unit Number (0) I R818M1d 
2 Reserved 
3 (MSB) Allocallon Lsngth 
4 (LSB) 
s Resarved I Flag J Link 

TU Flag and Link bits operate 88 described in Chapter 11 "Control Byt&-Flag and Link 
Bita". 



Diagnostics Overview 

The Results Message 
The results are returned as sizty-four bytm of data. 

Bit 
7 l 8 l 5 1 4 1 3 1 2 1 1 

0 T8SI Number 

1 EnarCode 
2 MOil Suspect S~t>ly 

3 Loop Count Nwnber 

4 (MSB) T• Spedftc lnfan'Mtion 
83 

!nor Code 0 No error. The *& bu camp)Mad aucallmfUlly. 
n The*& bu~ u error~ bytlu. error code. 

Mo.a Suapect 
'SuWIHmbly 

The part al the driw mm& libly to be a& fault: 
0 No error OCICUl'l'9d. or ao FRU cau1d be~ 
1 Driw (Con&roJJ.r PCAand rgecheni..,) 

2 Tape 
3 Poww Supply 

T 0 

(LSB) 

Loop COunt 
Number 

The number of 100J)9 that_.. completed befoN the t.en tiniahed. Any number 
greatW than 255 ii reported u 255. 
S- d8m:riptiona of the individual t..ca for dataila of thia. 

Il the mmmend comp' ..... eua:wfully, a statua of GOOD ill returned iD the Statue phw of 
the SCSI~ It the cammend fail8, CHECK CONDITION statua ill returned. A 
REQUEST SBNSB comm•wi sboakt than be-t. TU S-K.,. and Additional SeD88 
Cod. returned by tJu. command rea.ct the nature of the f'ailUN. 

Diagnostic Sequences 

TU HP C1533A will ancute diagnostic sequeDCM aent from the host. To do this, the host 
~ta the SEND DIAGNOSTIC parameter list, modifying the l.iat for each diagnostic test 
required. 

Once the drift bu received the complete list, it can be left to ezacute each diagnostic in 
tum without t'mther bmt intervention and report when the sequence is complete, or when 
an error occun. 

~ the t..111 nm witboui bmt intervention, no report.a are available apart from the 
8ml a.& ...:uted. 'nu. will either be the lut test on the list, or when the aequence is 
t:.-miDated by an error. TU rmultl are obtained using the RECEIVE DIAGNOSTICS 
mtn.TS commend, u d.cribed earlier. 

4 Dlmgno9tlca 



Diagnostics Tests 

Diagnostic Tests D2 

This aectio111 covers the Power-Up Self-Test and the Self-Test Diagnostic Sequence (00h), 
which run a aeries of teata of the hardware and firmware. 

When the drive is power-cycled, a .me. oft.ta are run to check that the drive bu enough 
functionality to work correctly. The actual tesc. performed depend on whether a tape is 
in-nt in t:he drive (this does not include a tape in the ejected position). The -=iuence is 
shown in the following diagram. 

II the hem Nqu-_ta a ealf-t.t through the SEND DIAGNOSTIC command with the 
Self-Test bit 88t to l, the 1UD8 -=tuence oftesc. ill run, starting after the Kenutl 
diagnmticll (t.ta Olh through lOh). 

I ptNIW-oll I SCSI aelf-tut 

Finnwara EEPRO~ Chedcsum (01 h) 

SAAM T• (02n) 

Bufhlr manager ASIC t• (03h) 

ORAM t811 (05h) 

OMA T811 (O&h) 

DC ASIC T811 (07h) 

Dara loo~ t811 (14h) 

S8Ml command i?opback t811 (11 h) 

S8Ml mletOcom~ int81face t811 (12h) 

Orum mot~ t811 (15h) 

(~ malOrtlll (16h) 

Supply reel mcxort111 (17h) 

llniahed 

Dl8gnoatlcs 5 



Diagnostics Tests 
The Power-Up Self· Test 

Results of the tests are retrieved by the RECEIVE DIAGNOSTIC RESULTS command, 
described in Chapter Dl. The tests are deecribed below, together with the bnadedmal 
number of each test. This number is referred to in the Results M8881lg8 if the eequence of 
tam failed. 

"The drive hanp" means that it does not come online to SCSI. 

TntName 
01h El!PROM 
~ 

02ll Pn11111r 
SAAMT ... 

04ll SCSI .... 

05h DRAM .... 

08l'I OMA .... 

07ll DC MIC .... 

11h s.w ...... _., .... 
~ 
loapll•tme 

O.Crtptlon 
ChecU content of EEPROM by performing a 
word-wide c:heckaum 
Non~ t..c of tb8 prOClmll' SRAM. 
Inclwt. writinr walking 11 and walldns 0. 
patterm owr the entire SRAM area 
Ch8clm tb8 opertU:iOD and~ or tb8 Buff'• 
Manepr ApplimciGll SpecUJc In~ Circuit 
u.a to perform data tramformaciom and 
bard,,.. ccmtrol tub. It da. not cha for 
~ carruption. nor l'9li*n Nlating 
to tb8 s.rw microcompum intarfam 
Thia ch.a tb8 t\mctioaality of tb8 SCSI 
intel'fllm ASIC by pllformiDg repcer c:h.m, 
and by wing im internal loopb!ck mode. 
V..W. buic oJ*'Uion of DRAM buffer. 
Walkinc 11 and 0. pattwm ar9 um in a few 
loc:11ci,..,. and tb8 RAM area around tb8 bw of 
w:b 1Kbyta pap ia cbecUd 
Perfonm inc.nal. data tram£era between tb8 
buff'llr and tb8 SCSI inr..rfam, c:bec:!rin1 tb8 data 
t::ramf.-nd 
T ... tb8 Appticacion Specific In~ Circuit 
wtw:h ccmcrola data mmpr!!!ion. 
T ... tb8 mmmunjcecion path between tb8 
c:ontrou.r and tb8 med\enjpn pl'oce.n'. The 
8Uhcode area of tb8 m p bu£f'er < 55 bytee) ia 
llll..t with data by tb8 concroller. The procwr 
tbm nada tb8 ~ invwta each one and 
repJacm tb8 inwn.d bytee in tb8 buffer. Finally 
tb8 controu.r nada tbma t.i:k and checb that 
th., .. tb8 in ..... o( tb8 original data. 

1211 s.w TU am&roUar imcruaa ca. .rw 
....,.. •1111' microoantroU.r to perf'orm an internal ..it-temc. 
........ TU tm inclwt. pllformiDg a checlaum of tb8 

ROM aad hardware inter&ce checb. It al8o 
ch-a tba& tb8 &rm ... rm.ion lewl ia 
~· 

1411 o..111111t t Full,~ data loopbllck temc. Data ia 
.... trame.n.l ~ tb8 buff• man•pr ASIC 

acrom tb8 .rw microcomputer interface data 
bU8 into tb8 Gpa1 procwr, then back apin. 

I Dt.Qno811ca . 

If tb8 t..c faila, tb8 driw haap. Note: 
tb8 hc.c can ch8Ck tb8 bu£f'er by U8ing 
W1llTE BUFFEJl and READ BUFFEJl 
comm.and&. 

If tb8 mmparimn faila, tb8 t..c apec:ific 
bytee ccmtain a CDPJ of tb8 bytee 
returned in tb8 mbcode .,_, and tb8 
final (64th) byte indicat. tb8 oa..t 
within the 55 bytee oftb8 tint byte 
found to be in error. 
Byte Conlent9 

s Number of bytee wit 

1 2nd data byte reported 

n +e nth data byte reported 

84 orr.c o( fine byte in error 

5 <MBB> Number olblocb 
8 .at CLSB) 
g <MSB> Number ofblocka 
12 in error (LSB) 



1 Sh Drum _.. Testa operation of drum. seruiors and drivers. 
,... Drum ia accelerated to normal speed then 

atoppeci. The time t.aUn to accelerate to normal 
lpeeci ia checbct 

18h C.....,. - T-.. operation of capstan, MmOn and driVWL 
._ The caJ*U ia accelerated to a giwn lpeeci then 

atopped. The tiJU taken to acce1erace ia cbecUd 

17h S&IPtlfY,... T-.. operation of supply reel., •morw and 
lllOlllr ._ drivva. The motor ia tlU'119d on. and after a tiDd 

d8Jay, the controu.r cbeclm that it ia rotating. 
The motor ia then ltOppeci. 
Note: Thia at cannot be perfomll!d. with a tape 
raent. 

18h T.-.up,... T-.. operation of tab-up nel, ..mol'll and 
....., ._. driwn. The motor ia tlU'119d on, and after a tiDd 

d8Jay, the controller cbeclm that it ia rotating. 
The mocar ia then atopped. 
Note: Thia ,_,cannot be pefomll!d. 111itl& a tape ,,,_,. 

Host Action if the Power-Up Self-Test Fails 

Diagnostics T&SIS 
The Self-Test Clagnostlc Sequence 

5 <M.SB) Actual time to pt up 
8 to !p!!d <I.SB) 
1 <MSB> Maimum 
8 !CC!J)t!ble time <I.SB> 

Time ia recorded in mm;eronda. II the 
drum DeYer got up to speed, the actual 
time taUn ia NCOl'ded .. FFFFh. 

s <MSB> Actual tiJU to N9Ch 
8 forward !p!!d <I.SB) 
1 <MSB> Mu acaptable tiJU 
8 to rw:h forward apd <I.SB) 
9 <MSB> Actual tiJU to N9Ch 
10 re¥W9e !p!!d <I.SB) 
11 <MSB> Mu acmptable time 
12 to rw:h re¥W9e apd <LSB) 

Time ia NCOl'ded in mm;.......- II the 
capnan m¥W got up to speed, the actual 
time taken ia NCOl'ded .. FFFFh. 
II the .upply r.1 tau. too long to N9Ch 
the tarpt speed, the t.e9t mpecific ramulta 
u-. will contain the time taken for the 
acceleration. 

II the tab-up r.1 tau. too long to 
N9Ch the tarpt speed, the i.t apecific 
ramulta u-. will contain the time taken 
for the ...i.ation. 

Uthe Power-Up Sell-Tm fails, the drive returns a CHECK CONDmON status with a 
HARDWARE ERROR aeue key eet. In this state, the host is only permitted to unload the 
tape or aecuta diagnmtica. The host should execute a REQUEST SENSE command to find 
out which aelf·test failed, the error code and the suapected sub-U11embly. The display 
pe1'lli8m until the driw ia rwt. 

Action to Take if a Test Fails 
The whole dri'Y9 ia a single Field Replaceable Unit (FRU). Thim means that if a diagnoatic 
ts fail8, you 8bould contact support. 

Diagnostic• 7 
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Supporting DDS Features SFl 

This aection providM information and advice for 90ftwarw enginean who are involved in 
deYelopiDg applicatiom for the HP C 1533A DDS Tape Drive. 

The HP C 1533A ii baaed on Digital Audio Tape (DAT) technology, and uam a recording 
format which bu been specifically deYeloped for computer applicationa. 

In addition to standard backup applicatiom, it ii particularly suitable for the following: 

• Archive and Retrieval 
• Unaitanded Backup 
• Data Int.ercbang8 
• Softwan Dimibutiou 

This chapter da.i. with the SCSI-2 commandll wJUch are uwl to support the following: 

• Partiticnainc 
• Managing Blocb and Tape Mara 
• Fut-Search 
• Error ffimdling 

Full dat.aila 0£ all the supported SCSI commands can be found in the Interface aection of 
tJu. maaual. Information ii alao provided OD Check Conditiom which may occur during 
normal operation of the drive. . 

Chapm SF2 providam information about Data Compremion entiU... and aoftware 
decompr111ion und8r bmt control. 

Partitioning 

Cr.ting two partitiom allowa a single tape to contain two separate areas which can be 
written and ra.d independently. The size of each partition can be defined to suit 
application 1*da, and redetined later if necmsary. 

Ifa blank tape ii loaded in the drive, it ii uwl as a 1-Partition tape uni- the host formats 
it u two partitiou through the Medium Partitiona Parameter pap 0£ the MODE SELECT 
command Th8 Medium Partitions Parameter pap giV99 the hon the following options: 

• To ....... two partitiom OD a blank tape 
• To co111et a 1-Partition tape to a 2-Partitiou tape 
• To c:maftrt a 2-Partition tape to a 1-Partition tape 
• To c:bllqit tbe me oC Partition 1 on a 2-Partition tape 

Nal8 Vim a tape ia Carmatted, any data air.dy on the tape ii loft, including the Tape lop. 

Wba £cmmtting two partitiona, the drive writ.ell the Re£e1"811C8 and Syatem ara 0£ 
Putitioa 1, the Vendor Group, EOD frames up to Partition l's EOP, the Re£erence and 
Syatem ara o£Partitiou 0, the Vendor Group and a normal EOD area. All t!u. ii written 
u a continuum. 

Special Femturn 1 
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P1nn1onlng 

Re-formatting 
When a 2-Partition tape is re-formatted u 1-Partition, a new Reference and System aru 
and Vendor Group are er.tad at the front of the tape. In addition, a normal EOD A,., 
preceded by Data aru amble Cram-, ill written jmm•ii•tely after the Vendor Group. 

Making or Modifying Two Partitions 
It you want a blaDk tape formatted u two putitiom, 01' you want to cbaqe the number 01' 

size of putitiona on an ai8tiDg tape, follow tbme mp.: 
1 Determine the size required for Partition 1, which will depend on the intended uap. 

2 1-ut the SCSI MODE SELECI' COIDllWld, aetting the appropriate valum in the Medium 
Partition Panmeten pap (pap coda l lh> u follow9: 

Bit 
7 I I ] 5 ] 4 ] 3 ] 2 l 1 I 0 

a Page Code (11 h) 
1 Addlltal ... P999 Langlh (Olh) 

2 MIDdmum Addlllanll PlftlliOne (01 h) 
3 Addltlonlll P111110n1 Dlflned 
4 FOP (0) j SOP (0) j IDP (1) j PSUM (10) l Aeeerwd (0) 
5 Medium Fomw Recognition (03'1) 
I A....vec:t (0) 
7 R8llef'ltld (0) 
8 (MSB) Size cA Plttlllon 1 
9 (LSB) 

The minimum 1pace allocated for Partition 1 ill l megabyte. Thia allowB aufficient space 
for the Reference and System aru, Vendor Group, one data group before EW, the 
EW-to-EOP dilltance and the EOP-to-Boundazy distance. 

The pap coda Uh aettinp for converting a 2-Partition tape to 1-Partition are similar to 
thme abown a.bcna. acept that the Additional Partitions Defined tield and the Size of 
Partition 1 Oeld. sbould both be aet to 0. The tape will be initialized to contain one 
putition-Partition o...-.panning the whole tape. 

Determining the Number of Partitions 
To cieternUm tM number of putitiom, and the size of Partition 1 on a 2-Partition tape, 
wad tM MODE SENSE connnand with Pap Code aet to llh, the Medium Partitions 
PUlllllet.m' pap. 'l'b9 number of putitiona will be raturud in tM Additional Partitions 
Ddmd 8eld (0 or 1). It the tape ill 2-Partition, the size of Partition 1 (in mepbytee) ill 
returned in tM Sia of Partition 1 field. 
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P1ntt1onlnQ 

Selecting the Active Partition (2-Partition tapes) 
When using a 2-Partition tape, the host must select the desired partition before issuing any 
read or write commands. Tllls partition then becomea the Active Partition. 

Thia is done by using the MODE SELECT command, and setting the appropriate valuea in 
the Device Configuration Paga (paga code !Ob). The entriea u88d are the Chanp Active 
Partition <CAP) bit and the Active Partition field. To ae1ect Partition 1, .c the CAP bit to 
1 and c:hanp the value of the Active Partition field to !Oh. 

/uJ.y valuea other than OOb or Olh in the Active Partition tleld will be rejected by the drive. 
Alm, if the tape bu not been formatted into two putitiom, any attempt to c:hanp 
puti~ will be rejected. 

Whan a tape bu jUlt been loaded, the Actiw Partition 8e1d will be l8t to OOb rep.rdl- of 
bow the tape bu been formatted. The drive will a1m det"ault to Partition 0 if there is a 
pnter cyde, BUS DEVICE RESET m p or bard re.t. 

Once the Active Partition bu been 9elected in this way, any .w.aqu.ent rwi, write or tape 
pmitioning c:ommand8 only apply to this putition. 

To determine the c:ummtly active putition on a 2-Partition tape, U88 the MOOE SENSE 
command and aalect the Device Configuration Pap (pap code 10h). The cummtly active 
putition number will be returned in the Active Partition field. 

Suggested. Uses 
A pwible u.. of the 2-Partition structure is for Partition 1 to contain a directory of the 
data t11- held in Partition 0. The directory could then be ac:c 111 Ii very rapidly by the drive 
to pt informadan about the location of data film. Such a directory could be written to 
Partition 1 after the data rue. have been written to Partition O. 

Check Conditions during Normal Operation 

TallleSl'-1 

The following-=tion dmc:rila the error conditiau which may occur during normal 
operation of the drive, u.iDg either a !-Partition or a 2-Partition ·tape. 

Table SF-1 provic1m a U. of SCSI commanda which will return a CHECK CONDmON 
wlleMvw EOD, EW and EOP/M are detected by the drive when not upected. Thia list also 
appliea ifEW and EOP an detected for Partition 1 on 2-Partition tapea when not apected. 

!OD EW EOP/M 

LOCATE LOAOIUNL.OAD LOCATE 
Al!AD WNTE READ 
SPACE WNTE Fll.EMAAKS REQUEST SENSE 
VEFIFV SPACE 

VEFIFV 
SCSI Corm•lldl lrMiwtng 
eoo, eN Ind EOP/M 

WRYE 
WRYE Fl.EMMKS 

Nam For tall dMaiJ8 of all SCSI command8 supported by the HP Cl533A, refer to the Interface 
..:Dom 
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Managing Blocks and Tape Marks 

Early Warning 

EOP/M 

The early warning mark CEW> is generated internally by the drive when there is 
apprmimately 500 mm of tape remaining before the End-of-Partition/Medium (EOP /M). 
EW will be llignalled .. a CHECK CONDmON by the commands limld in tabJe SF-1. 

Normally, when an EW warning is received by the bmt, it will stop aendiJlg data to the 
drive and imue a REWIND command. nu. will force the buffer to flua and write EOD. 
The 10 mepbyta9 remaining are adequate to take the contenta of the buffer and allow for 
any rewrites due to poor media. Note that it is up to the bmt to decide what action should 
be tabn when the EW warning is ganerated. 

The EW uaed in the fint partition of a 2-Partition tape is gnerated 500 mm before the 
EOP of Partition 1. 

Two conditiou within the drive caU88 a EOP/M CHECK CONDmON: 

1 When using a 2-Partition tape. it indicatee EOP, the point in Partition 1 beyond which 
the drive will not allow data to be written within that partition. 

2 When using a 1-Partition tape. or writing in the 88CODd partition (Partition 0) of a 
2-Partition tape. it signals the end of the uaah1e media. 

Managing Blocks and Tape Marks 

Tiu. ..:tion dwribm the SCSI-2 commands which are Wied to handle blocb and tape 
marb. Full detaila of all SCSI commands npported by the HP Cl533A can be found in the 
Interface -=tiom. 

Writing Fixed-Length or Variable-Length Blocks 
The MODE SELECT command (15h) i8 uaed to aelact either med-length or variabl•length 
block mode of opnation. 

If fized-Mmgth blocb ue required, enter the demed block length in bytee in the Block 
Length field of tM MODE SELECT Parameter Block o.criptor. If variable-length blocks 
ue required, ..... O in the Block Length field. 

NOie Ssh :Hag Yariabl.lagth mode in this way i8 not mandatory. The READ, WRITE and 
VDJPY commandl may force variable-length mode by eetting the Find Bit to 0. 

Wiim imaiq tM READ, WRITE or VERIFY commands in ftzed-lengtb mode, the Find Bit 
8eld in the Command o-:riptor Block <CDB) must be eat to 1. The number o!blocb to be 
tnmaferNd i8 sntmed in the Traufer Length field of the CDB. If the Find Bit i8 •t to 1, 
but the Block Length value of the MODE SELECT command i8 0, the command will be 
rejected with a CHECK CONDmON status and an ILLEGAL REQUEST - key aet. 

When imuing READ, WRITE or VERIFY commands in variable-length mode, the Fized Bit 
field in the CDB must be set to 0. The number of bytes to be transferrad must be entered in 
the 'l'rana!ar Length field. Note that it is permissible to &elect variable-length mode even if 
the Block Length value of the MODE SELECT command is not zero. 

4 Special F•turn 



Writing Filemarks and Setmarks 

Supporting ODS F.-..e 

Managing Block.a and Tape Mark.a 

Both typell of tape mark are created using the WRITE FILEMARKS command (opcode 10b). 

If the WSmk bit in the CDB is 1, a aetmark is written to tape. 
If the WSmk bit in the CDB is 0, a fllemark is written to tape. 

Multiple tilemarb or •tmarb can be written by entering the number requind in the 
Number of Mara field. 

Note Detail& of the maximum number of setmarb, tilemarb and blocb that can be written to a 
single tape are giV81l in the aection 11How Indazing Worb" o{ chapter DF2. 

The aetmark is comidered hierarchically superior to the tilemark. It allowm the host 
90ftwue the freedom to include any number o{ blocb and tilemarb wit.bin a aat and be 
able to-= to the end o{ it in one motion. 5-rching to .atmarb automatically invoU. 
the drive' a fut a.rch capability. 

The hmt aoftwue do. not need to know the number ofblocb or ftlamarb contained 
wit.bin a• in order to pmition pat it. 

When writing aetmarb or tllemarb, the timing for the command will vary cou:iderably 
depending on the mode chomn. The performance wit.bin a chmen mode will vary 
depending on whether or not the Immediate bit is aet. 

Buffered Mode-Immediate bit set 
In tbia mode the ti1emarb are included in the data stream from the buffer to the tape, and 
m.miq performance can be maintained. 

Buffered Mode-Immediate bit not set 
If the fmmeciieq bit is not 88t, the following~ will occur: 

1 Any separator marb are appended to the data in the buffer. 

2 The but?er is than flusbed to t.ape. GOOD atatU8 will not be returned until the t.ape mark 
bu been auccamfully written using the read-after-write capability. 

EOD Handling 
Marking the end o{ the recorded data serva two purpmm: 

1 It limit. ~to the area of the t.ape containing recorded data, and no time is 
..... .-rcbingumecordad a... 

2 It ....... wbicb data is valid. When data is written to the tape it may either be appended 
to the tape'• ..wm1 cmatenta, starting at the cummt EOD, or it may be written owr 
.wm1 dm:a. II no ovw waiting is dona, the Oat.a area poW9 and the EOD area is writ- . 
ta a.zw the ead ot the tape. II amting data is owrwrittan, and there is 1- new data 
tba ._ oftainally Oil the tape, the EOD area is written elmer to the beginning of the 
tape. In tbi8 ~ ay recorded data beyond the new EOD area ia no 1onpr valid. 

Tb9 dme a.- the writ.a bua'er to t.ape and appends an EOD marbr after receipt ot the 
(allowing non-writ.a comm•wt.: 

LOADIUNLOAD MOOE SELECT REAO BUFFER SEND DIAGNOSTIC VEA1FV 
LOG SENSE READ REWIND SPACE WRITE BUFFER 

The buffer can be maintained through the following media commands, unming that no 
other flush condition bu been met-for example, write hold-of( timeout: 
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Managing Blocks and Tape Marks 

ERASE WRITE FlLEMARKS (lmmecliatel WRITE 

The tape can be positioned at EOD by using the SPACE command (aee "Finding Blocks, 
Filemarka, Setmara and EOD" later in this chapter). It follOW11 that the convention of 
using two filemarim to signify end of data D88d not be Uleci with DDS dri.-, though 
spacing to aequential filemara ia supported. It EOD ia detected by the drive when not 
ezpected, a CHECK CONDmON will be returned for the comm•nde in table SF-1. 

Finding Blocks, Filemarks, Setmarks and EOD 
The SCSI SP ACE commend (opcode l lh) ia Uleci for pmitioning the drive in relation to the 
b1ocb ad tape marim OD the tape. A 3-byte coda is entered in tb9 Code fteld of the CDB to 
indicate what is to be lpaced over. The coda ia • follow9: 

DB1(2) DB1(1) 

0 0 

0 0 

0 

0 1 

0 

DB1(0) 

0 

1 

0 

1 

0 

Dac:rlptlOn 

Blocb 
Filemarb 
Sequential Fil8marb 
End-of-Data CEOD> 
Setmarb 

1 o 1 Sequential Setmara 

When spacing over blocb or marks, the Count field of the CDB ia Uleci to determine the 
direction of mcmmumt and the number of itema to be spececi over. It ia interpreted as 
foilOWll: 

I SpectmlF ....... 

• A pmitive value of N cam. forward movement (towards EOM) over N 
blocb or marks. The tape ia logically pmitioneci after the Nth block or 
mark OD the EOM side. 

• A zero value cam. no cbanp in tb9 logical pmition, acept when 
..-:in1 to EOD. 

• A neptift 'lalue-N (two. complement notation) cam. 1e¥er. 
DMmml8Dt (towards BOM> over N blocb or marb. The tape ia logically 
pmitioned OD the BOM side of the Nth block or mark. 
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M•n•glng Blocks •nd Sepumtor Muka 

Implementation of the SPACE Command 

Event Sena Ffetda 
Spmng to Detec:t.t Vllld Miik EOM ~S-enae-~K~.,--Add-taonm--S....,,..---- Note 

Bloca Filamartc 1 1 0 NO SENSE 0001 h Filemlrtc dlleaeCI a. b 
SllrMf1c 1 1 0 NO SENSE 0003h Sllm8ftc dlleaeCI 1,b,d 
EOD 1 0 0 BLANK CHECK 0005hEOOdelect8d b,e,h 
BOP 1 0 1 NO SENSE 0004h BOP/M dlleaeCI b, t 
EOP/M 1 0 1 MEDIUM ERROA 0004h BOP/M delect8d b,g 

1'11.....U s... 1 1 0 NO SENSE 0003h Slll'IWte d9lecltld 1,b,d 
EOD 1 0 0 BLN«CHECK 0005h EOD clM9ctecl b, •• h 
BOP 1 0 1 NO SENSE 0004h BOP/M d9lected b, f 
EOP/M 1 0 1 MEDIUM EAFIOA ODQ2h EOP/M delected b,g 

Seq ........ Sllm8ftc 0 1 0 NO SENSE 0003h Sllm8ftc clM9ctecl a. d 
l'llem.rtm EOD 0 0 0 BLANK CHECK 0005h EOD d8lect9d •.h 

BOP 0 0 1 NOSENSI! 0004h BOP/M c1M9ctec1 f 
EOP/M 0 0 1 MEDIUM EAFIOA ODQ2h EOP/M dlleaeCI g 

s......a EOD 1 0 0 BLN«CHECK 0005h EOD cl9lec:ted b, •• h 
BOP 1 0 1 NO SENSE 0004h BOP/M d8t8Cled b, f 
EOP/M 1 0 1 MEDIUM ERROR 0002n EOP/M d•ect8d b,g 

Sequentt• EOD 0 0 0 BLANK CHECK e, h 
s......a BOP 0 0 1 NO SENSE 0004h BOP/M delect8d t 

EOP/M 0 0 1 MEDIUM ERROR 0002n EOP/M d818Cl8CI g 

!OD BOP 0 0 1 NO SENSE 0004h BOP/M d8l8Cl8d c, t 
EOP/M 0 0 1 MEDIUM ERROR ODQ2h EOP/M dlleeted c, g 

Not. e1 The ftDal pmtion will be located on the EOM side of the mark if the 
DlOV81118Dt wu forward (towarda EOM), and on the BOM side of the mark 
if the 1110V91D81lt WU backwuda-(towarda BOM). 

Not. b The Information field ia eet to the amolute value of the ditl'erence (reaidue) 
between the requested count and the actual number of blocb or marks 
spmced ovar. 

Not. c The Information field will contain no reaidue count and therefore the Valid 
bitianotaec. 

Not. d The drive will only report that a aetmark bu been detectad, while spacing 
over bloclm or filamarb, if it bu been configured through MODE SELECT 
to Report Setmarb (The RSmk bit set to 1 iD the Active Format field of 
the Device Configu.ration pap). Otherwi.9 the drive will continue the 
9p11m operation and the pral8DC8 of the 98tmark will be tramparent to the 
bmt. 

Not.• The tape ia pmitioned such that a subllequant WRITE would append data 
aftm> the 1Mt entity that bu been written to the tape before EOD. 

Not. f The tape ia physically pmitioned at BOP/M. 

Not. I The tape ia physically pmitioned at EOM/P. 

Not. la It the drive meet9 EOD after the Early Warning (EW) mark, the EOM bit 
iD the 98D89 data • set. 

U• of the SPACE command may or may not involve the drive'• Cut..-rch capability. The 
conditiom for invoking fast-search are deacribed after the nat section. 
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Fast-Search 

The DDS format encodes information about the locatiom of 88plll'Uar' marb in tba 
S~ areu of the tape. The Sub-Code u. information can be remd very rapidly, 
allowing the driw to find any block. fllemark or l8t1IW'k OD tba tape in ua •'V91'1188 time of 
40 ammm for a 120 m tape. After tba data group ba bea locatad, tba data ill remd at 
normal speed. The decimon to inwlut Cut..-rch ill tba driw'1 r.pouibility; it camaot be 
inwbd by a commend Crom tba hOlt .,.a;em. See c:bapter DF2 for further detaill. 

Nal8 The timing of Cut -= will depend OD where tba ct.ired block ill located OD tape. When 
tba driw ill at BOP, tba wrcb time for blocb wr tba beginning of tba tape which require 
f'ut..-rch will be apprmimataly 7 ammct.. For blocb wr tba ad of tba tape, tba .arch 
time will be apprmimately 80 ammct.. 

Implementing Fast-Search 
Fut..-rch ill only um under certain conditiom. When a SPACE command ill illlued, and 
wbeD tba operation camaot be completed within tba content. of tba dri'V9'1 1 mepbyte 
buffer, tba driw will 1DOV9 tba tape either by r.ding groupm or by ..rching. The decimon 
about which to u.a ill made by an algorithm in tba driw'1 firmware. 

Media Recognition System 

The Media Recopiticm Synem ea•blel tba dri'V9 to ideiatify when a DDS Media 
Racopition Synem cartridp ill bded in tba dme, by detecdDg a ltriped a. OD tba 
1..- tape. If tba 1-d8l' tape ba no striped u., tba driw can be con1iprad to react in 
tba following..,.: 

• It can ipora tba infonnaticm. 
• It can prevent writing to tba cartridp, but allow it to be remd. 

'n.- optiom are con1iprad through switch 3 of tba option switchel on the undenide of 
tba dri'V9: 

Switch 3, State 

off, Media recognition ill actiw. 

OD, Media ncopition • di•bled. Thia • tba default. 

Media Recognition Active 
If tba Media Recopitian S,.ama ill enabled, a DDS Media Recognition Syatem cartridge 
will lmd and fnndima in tba normal way. 

If a cmtridp m iwrtlld which m not DDS Media Recognition Syatem, it ill treated in the 
.... wmy u if a writ.protected cartridge bad bea iuerted. An attempt to write to the 
tape ..wta in a CHECK CONDmoN with 88D88 key of DATA PROTECT and an additional 
--coda of 3002h (incompatible media). 

Media Recognition Disabled 
If tba Media Recognition Syatem ill disabled, stripe. on the leader tape are simply ignored, 
and tapel of any particular length are treated tba llUD&, whether DDS Media Recognition 
Syatem tapem or not. 

I SpecialF..U. 
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Supporting DOS Feaauras 

Entltln and Software Oecompreuion 

The HP C1533A bu du. error-rate improvement feature. wiW:h can be eelected by the 
hon system. Theae are u folloW8: 

• Read-After· Write (RAW) 

• Third Level Error Correction <C3 ECC) 
• N-Group Writing 

By default, RAW and C3 ECC are enabled, and N-Group writing ia disabled. 

Read-After-Write (RAW) 
The DDS format supporta a Read-After-Write technique to emura that any data written to 
the tape ca be rwl back without error. Each frame ia aamjnect after it bu been written 
to check that it bu been recorded correctly. 

Whan a frame ia identified u bad. it ia rewritten later down the tape after a number of 
dummy frama9 haft bea written. Each frame, and the two in 9a1wmce after it, can be 
rewritten multiple timel, thus having the effect of skipping over bad u.. on the tape. The 
number of m.tanc. of a repeated sequence ia set at a default value in the driw's 
firmware. When tbi8 number ia ezceeded, the writing of that group ia aborted and the driw 
reporta a hard ernJr. 

Al8o. in order to limit the phyaical group size, the maim.um number of RAW f'rama 
rewrite. that are allowed ia •in the drift'• firmware. 

When rmdiq a group, any rewritten er.me. Med to be identi&d. It a frame bu been 
1ww1itbm, dlaN will be mare than ou frame with thew Logical Frame Number. To 
recuww the data in the group, all that ia ~ ia to mab mN that at lwt one of each 
logical flame ia rwl in the correct order. AIJ.y duplicatm are ignored. It any frame ia 
IJDl'Mdab1e, the drmt t.m ahmd up to eight Ctame. to - ii the frame bu been 
rewritten. It it hM, the rewritten frame ia-ued and the drift continu. rMding Crom that 
point. 

The following di.qnum show aampl• of different frame rewrite conditions. The 
mmpl• 11M11me that two dummy tram. are written. The num.ben in the bmea repreeent 
the Logical Frame Numben. 

] 

1 l213 1

4

1

51811l1 l

9lj'l'f 
1~1w 12 1t1

5

1
8

1t19C 
:1*1*1'1

2

1
3

14151
8

[ 

Frame 1 bad. 
Two dummy tramee wribn (framee 2 and 3). 

Frame 1 bad. Aawrtte 818o bad. 
Four dummy fnlmel wribn (two I* rewrite) 

To perCorm Read-Aftar-Writa, two atra heads have been added to the drum, making a total 
of four at 90" to eacb other. 
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Fut-S .. rch 

Implementing RAW 

C3ECC 

RAW is switched on or off through the MODE SELECT command (opcode 15h) by changing 
the RAW bit (byte 2 bit 4) of the Device Con.figuration Parameten pap (pap coda 10h). 

If the RAW bit is 0, RAW ii enabled--t.bil ill the default. 
If the RAW bit is 1, RAW ill disabled. 

C3 ECC iDtroducm a atn l...J of enar cmnction iD midition to tbme offend by the 
audio DAT format. Thia feature bu the ability to cornet ay two tncb which are bad iD a 
group. The enar correction bit:ll are RoNd iD a miditional <ECC) frame at the end of each 
group. 

Implementing C3 ECC 
C3 ECC is switched OD or off through the MODE SELECl' commend (opcode 15h) by 
chenging the value of the C3 ECC bit (byte 2, bit 3) of the Device Configuration 
Parameten pap (pap coda lOh). 

IC the C3 ECC bit is 1, C3 ECC is eaebled---this is the default. 
IC the C3 ECC bit is 0, C3 ECC is di•hled. 

N-Group Writing 
N-Group Writing is a taclmique that writ. flVflf'1 group more than once. Each group ill 
repeated OD the tape a number of am. befont the uzt group is written. Each •t of 
nrwritten grou .. is contiguoua and contaim m.tanc. of only one group. 

The data and iDda8I of the nrwritten grou .. are identical. 

The maimum number of t:ime9 a group can be repeated is 7; that ie, up to 8 iDstanc:88 may 
be written. 

Implementing N-Group Writing 

Verify 

N-Group Writing is controlled through the MODE SELECT commend (opcode 15h) by 
changing the N-Gmup field (byte 2, bit:ll 0-2) of the Device Conficuration Parameten page 
(pap coda lOh). 

To enable N-Group Writing, enter a value from OOlb to 11 lb iD the N-Group field ·to 
define the number of am. that each group muat be repeated. 

To &able N-Group Writing, enter 0 iD the N-Group field. Thia ill the default. 

The HP Clf533A mo .uppom the SCSI VERIFY commend (opcode 13h), which providell an 
edditiaul enor-hanctUng f•tura. Thia command wrifiee one or more blocb, beginning 
witb the uzt block OD the tape. Thia providell media wrification only; DO data is 
tnmfernd betw- the bmt and the drive. 
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Software Decompression SF2 

Entities and Software Decompression 

On a typical DDS-DC tape, two difl'erent data item typea may be encountered.: 

• All uncompr11111i block 
• All entity of compr e 1 d data 

EDtit:im are written by DDS-Carma& ctm. which support on-baud data compremion. All 
entity ia ma up of a numbllr of blocb of tbe w liZ8 campr ti U8ing tbe drive'• 
compnmion algorithm. Thay are prefizad by an entity u.dar which ia an uncomp~ 
dea:aiptor containing iDformat:ion about tbe data witbiD tbe entity. 

A driw which support:s compramion algorithm N CBD dacompzw entit:im of type N and 
return tbe dacompr 1 11 d data to the hon transparently. It can a180 return uncompre11sd 
recorda to tbe hcJBt it it finds them on the tape. 

It thi8 same driw finds an entity of type M (written by a difl'erant drive U8ing a difl'erent 
campremion algorithm), it will not usually be able to dacompzw it. Similarly, it a drive 
which dosm not 1111pport data compremion at all finds an entity on tape, it cannot 
ct.campzw it. . 

Smm bma may 1apport software dacompt ion; that ia, the Jim& compatm' ia capable of 
dacompr ·n1 entitiaL In th.. c:irc:umataw, the driw mUllt be able to return a 
~entity to tbe hcJBt without dacompramiq it. The hast must be aware that the 
data it ia recemn1iacampr11111 d and not a normal uncompr1111 d record. 

The Collowiq-=tiom dmc:ribe the usa of tbe Data Compremiou Cbaractarist:ic Page by 
DDS, DDS-DC, and DDS-2 dri.,.. The paga b.u code OFh in the MODE SELECT command. 

Interaction Between Host and Drive for Software Decompression 

DC Drive-initial operating mode eDmple 
After driw remt, a driw which supportm data compramion can be con1igurad to power-up 
with campremima enabled and algorithm N 118lected. The Data Compremion 
~Pap contains tbe following values: 

fl1eld Y81ue Muntng 

DCE 1 Compr ·"" enabled 

DCC 1 Compr ·m capabla dftiC9 

DOE Decompr I ·- eaabi.cl 
RED cm:cx CONDmON returned OD format cbanp only 

Compr1 I lien AlgOrllhm N Compl'8mian algorithm N eaab1*l 
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Software Oecompress1on 

Non-DC Drive-initial operation mode example 
A drive which does not support data compramion will typically power-up with the Data 
Compramion Characteristial Pap containing the following values: 

DCE 
DCC 
ODE 
RED 

0 Compr1:aioDdjebled 

0 Non Compnmiaa capable cMvice 
0 Decompi l:aion djabled 

0 CHECK CONDmON returmd OD eacounteriq comp..-d 
du& 

0 No compnllllion algarithm •l1ctad 

Example of Software Decompression Control 
The ban-.. a number of READ mmmmade to the driw, all of which Ult~- On 
the nat READ commend, batftmlr, the dri9e d8ted:ll an entity of type MOD the tape, where 
Mill an alcoritbm which the dri9e do. not mpport. The dri9e aumot decompiw the 
entity, but returm either the number of bytm in cme block, or the total number of byteB in 
the entity, wlUcbewr ill smaller. It ill nee ry for the drive to inform the hem that it bu 
found a data item OD the tape which it cannot decompiw. It do. thill by imuing a CHECK 
CONDITION to the hmt and •ttinr the.._ data u follow9: 

Valid Indicac. that the In£ormation a.Id coat.aim rmidual 
iaformation from the WW llEAD eomm•nct Note that thit 
will only be eec if the entity lengCh .,.. diff .. c from the 
~ blOck l!nfth. 

(OOl'I) NO SENSE. It mcount.wecl du& i8nncnmpr1111 ri 
(01 h) BECOVERED EUOB. It encoun..a du& i8 d.compr-.ble 

(and bM hem d8compr-.cl) hr tba drift. 
(03h) MEDIUM ERROR. It eamunt.wecl du& i8 com~ and not 

decompnmb!! by the drm. 
READ residue The llEAD command WW with a iwidu. u giWD in thit field. 

Note that thia will only be eec if the entity lengCh .,.. different 
from the request:ecl block length. 

eornm.nd-Speciflc Number m The number of blocU in the entity i8 obcaimd from the entity 
lnfOrmallon l*>clc8 In dala ti.der, which the driw can NM. Note that in the cue of a 

it8m com~-to-oncom~ format cbanp, thit a.Id will 
contain 1 to indicate that om unmmp..-d record wu 
encountered. 

(70h) Thia ASC indiCllW the r.mm for the CHECK CONDmON .. 
being a DECOMPllESSION EXCEPTION. 

Addliolllt S... NN Alpritbm idmtifm for comp..-d entity encountered. Note 
Code QUlllller that in the cue of a com~-t«>-'tnrom:pr-.i format 

cbanp, thia a.Id will contain O to indie11ce that uncomprwd 
data WU encountered. 

The dri9e ill now pmitianed OD the EOP side of the entity. 'It the hmt do. not support 
.,ftware decompnmicm, the drive can continue reading, if the hmt wiahem. Note that in 
mmt cu., thill type of hmt would clear the RED bit during initial device configuration, so 
that it would only evw receive a DECOMPRESSION EXCEPTION when the drive found an 
entity. Any blocks would be returned without this type of CHECK CONDITION. 

'It the hem supports aoftware decompramion., it must check the •ue data to .. if it has 
received all the data from the entity. 'It it is reading in variable mode, it do. thill by 
looking at the rmidual count in the Information field. 'It this field ill not negative, the host 
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Softwant Decamp assion 

bas received all the compressed data and so will not need to SPACE revene and re-read the 
entity. 

On the other hand, if the Information field is negative, the reqUMtad block length is 1-
thu the actual entity length. and the host must SPACE rever. and re-ramd the whole 
entity in order to perform the 10tlware decompnmion succamfully. The host do. tJu. by 
looking in the Command-Specific Information tield in order to find the number of blocU in 
the entity. It then imua9 a SPACE revane with the Count field aat to the tW'09 complelD8Dt 
of tJu. value. Thill will pmition the tape at the start of the entity. (Note that by subtncting 
the Information field-that is, the ramdual count-Crom the requested block length, the 
host can determine the actual entity size and rwr ve enough butTer spam to racaive the 
data.) S.:.U88 the RED bit is 98t, the host will be able to READ the entity without the drive 
generating a CHECK CONDITION. 

A. long u the RED bit is ..t, the host will be able to continue r.ding entitie9 from the 
drift until either 1111 entity is found which hM been comp1 e 111 Ii uming a dia'erent 
algorithm, or unmmpra 111 Ii data is found. 

Note that in fizad mode, the host will DOt be able t.o determine the size of the encountered 
entity from the Informatioa field, becaU88 the rmidual information will be in terma of 
bJocb, DOt byt-. It is up to the host in tJu. cue to tab the appropriate action. 

Note aJm that whenever the host needa to SPACE revene owr 1111 entity becaU88 it bu no& 
managed to ramd all the data the ftrn time round, the drive will return to itll initial state aa 
far u the RED bi& is concerned. It will therefore imue a DECOMPRESSION EXCEPTION 
CHECK CONDITION in rmpome to the following READ command. 

Summary 
The aample outliDed above ilbmratel the requirement. from both a host and a drive if 
10ftwue decompremioa is to be supported within a syatem. The intenction depends upon 
the drive being aWlll'8 of compremionlnon-compremion data boundarie9 and being able to 
report them, upon the host having the capability to perform 10ftwue decomprwion. and 
upon the drift'• ability to return compre 1111i data itema to the host without decompre88ing 
them. 
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Digital Data Storage (DDS) DFl 

DDS Format 

Figure DI'· 1 

ConlbUCllan 
olaGroup 

OneF...,,. 

Digital Data Storap (DDS) ill a recording format which support.a the use of Digital Audio 
Tape (DAT) for computer applicatiou. DDS tape dri..,. mab use of DAT featur. lika 
helical-c:a11 recording<- "Theory of Operatiou") and aophisticated error-correction 
teclmiqu89 developed for ue in the audio mark.et. Thia chapter specifically detaila the 
aecond gaeration DDS-2 forma&, but mmt of it applie9 to DDS-1 and DDS-DC u well. 

In addition to the~ and data-integrity featur. pnmdad by DAT, the DDS 
format bu the t'ollowinc t'eatunE 

• A fut -rcb cap11hility. 

• The option of formatting the tape into a one-partition or two-partition structure. 
• A third lawl of error correction (C3 ECC), which can recovar em:ma that are too 

amvare for the buic DAT format teclmiquem (Cl and C2 ECC) to correct. 
• A Read-After.Write (RAW) f'acility which checb the data for ermn immediately 

after it ill written, and rewrite. it if necemuy. · 
• The optima ol N-Gruup Writing <Multip&. Group Writing), when each group of data 

ill npeat.ed a specified number 0£ timm befcn the nm group ill written. 
The DDS format ill muctund to cmtrlay the buic audio format. It dam tlu. by organizing 
the fram89 (pmn of tncim) of the audio format into a -.wmce 0£ data groups on the tape, 
each group with a tbrad data capety. Figure DF-1 ahOW8 the comtruction of a group. 

Opl!Onal emir corracllon fnlmo (Cl ECCJ--i 
Index =:Jj 

One Group 
( • 22 frwnee, "PPfOll 128 ~ 

FAllCb poap OCT ·n of 22 frlnlla.worth of data, when a tiame ill a pair of tracb acnm 
the tape. S. 8pra DF-2. 

~ Written by A head 
WrtllenbyB- -, 
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Oigrtal Data Storage (ODS) 

Tape L.lyout 

The Structut9 
ota Frame 

As with the audio format, 60% of the length of a track ia user data. The rmt conai8ta of: 

• Margin ArMa, which are uaed u guard band.. 
• Sub-Code arMa, which are uaed to enable Cut-8Ml"Cbing. Thia euble9 the driw to 

accem any file on the tape rapidly, on a'Y8r&p wit.bin 40 18CODd. for a 120 m tape. 
(See "Fut-Search" in chapter SFl for more information). 

• ATF <Automatic Track Finding) a.a, which are u.d to center the head on the 
track. 

Figure DF-3 sbOW9 the structure of a frame. 

A hem computer llltlld. data and separator marb to a tape driw which supports the DDS 
format. The •parator marks identity where losical collections of data (for ezample, ru .. 
and 8et9 of rue.) begin and end. The tape dri'Y8 orpniZM the information into group. and 
writ.. it to tape. AD inda in each group identifiem and locat.. the data blocb and 
eepuator marb c:ontaiDed in the group, and each group can be follo'"9d by an optional 
ertOkUltection frame. (See '"Enor HandUng" in chapter SFl and '"How Enor Correction 
Wora in Dos• in chapter DF2 for detail8 of Enor Correction tec:lmiqum). 

The ID8thod of indmng aUo... for find and "8riable length blocb and for aepuator 
marb to be enmded onto t.b8 tape without mgnjticantly affecting the amount of data that 
can be 8tored on a put:icu1ar cartridp. 

Tape Layout 

The DDS formatsupport8 the formattingoftapea into a 1-Partitiou or 2-Partition 
ltl'Uctur9. Tb.a are d.c:ribed in the following llBCtiom. 

One-Partition Tape 
The o99Nll tape layout cnne• of four u..: the Device ana, the Reference and System 
ana, the Data u. and the EOD area. Figure DF-4 sbOW9 the differant u... 

Ov9fllll Tape D9lrice R ..... a & 
~ BOM Ania BOP Syaaem Ania 

Groups 

I 
EW EOT 
EO /M 

Beginning-Of-Mediwn (BQM) and End-Of-Tape (EQT) are the points where the magnetic 
tape ia joined to lwier and trailer tapm respectively. 

Nole In the fol.lowing, write operations can only occur if the tape ia write-enabled. 
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Oigrtal Oaaa Storage (DOS) 

Tape Layout 

Device Area 
Tllls ball three sections: 

1 The load action., which ii the part of the tape that ii wrapped around the drum wben 
the tape ii tint loaded. 

2 A tat action., where rmd and writa testa of the drive's electronic:8 and •no are per
formed. 

3 A guard action.. wbich provida9 a safety zone between the t.-t -=tion and the start of 
recorded ti9.meL 

Reference and System Area 
R.-.nc:e ~ The Referem:e a. detiD89 the Begimling-Of-Partition <BOP), and facilitate. 

ef&:Um.t pmitioning when updating the Symtem u.. 

~ ~ The tape lop of uap and aoft error occurreace are stand in the System a.. 
Tllls logpd information i9 Ion whenever a tape ii formatted <- .. Partitioning" 
in chapter SFU. 

Data Area 

BlocM 

The Data a. ii written aa a sequence of groupm <- .. Dos• earlier in thia chapter), 
starting with a special Vendor Group wbich ii written automatically by the drive. The 
Vendor Group bo1dl dataill of the drive which er.tact the partition, and the date. It ii 
fonow.l by data group., wbich have a tized capacity, and are u..t to store blocb, 
f:i1amarb ad aetmarb written by the hoR. Fized-length or ~length data blocb 
may be written. Th-. toptber with tape marb, are mapped into the tized capacity 
groupm by a method known aa Indaing, which ua. a minimal amount of tb8 data capacity 
of tb8 tape <-chapter DF2). 

In the DDS-DC format, um by the HP C1533A. data blocb are compt m d into entitiea, 
which CODlli9i of a hemdar and one or mora compr B11ed data blocb. See the wtion on 
Entiti• latar in thia cbapter. 

The bmt baa tb8 option of writing either fixed-length or variable-length blocb to the drive. 
The drive mapm th.- blocb into the find-length gn>up structure using the indaz in each 
group. A block may be written within a single group or spa aewral groupa. depending 
upon its size. The mapping procw ii invisible to the bmt system. 

If tb8 data block ii compn 111 Ii, along with othetll, into an entity, then the entity ii mapped 
into tb8 Oud-laqtb group macture in a similar way. Apin, thia procw i9 invisible to the him&.,._. 

Sqaralor Man. 
DDS prcmct. for two tn- of separator marb-filemarb and Mtmarb-wbich are each 
tepr 11 i ntad by 4 bytm in tb8 indaz of a group. It ii the 19pOD8ibility of the application 
d8¥eloper to da8m tb8 logical signjficanN of tbme marb. 

P'OelMrtal Tba nwening ·Of filemarb ii defined by the ban. 

s.tmMca Setmarb provide an additional method of data 981Dl8Dtation. Tllls new 
type or mark givee the boat the freedom to include any number of blocks 
and fllemarb within a set, and the ability to a.rch to the end of it in one 
motion. Searc.bing to setmarks automatically inYOU. the drive's 
f'Mt-..rch facility, uni- the setmark ii in the butTer. The bmt doe. not 
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Digital Data Storage (DDS) 

Tape Layout 

need to know the number of blocks and filemarka contained in a set in 
order to position put it, before appending more data. 

The use of the setmark i8 not l9tricted to marking the end of a 88t of data. 
The boat i8 free to uaip any meaning to thia mark it wiab•. 

See 11Managing Blocb and Separator Mara" in chapter SFI for man information. 

EODArea 
Tbe EOD um 9peci&. the point on the tape wben the hmt Rapped writing data. Tbe 
hmt dam not ..,.ejficelly commend the writing of thia wtion of the tape. It i8 the driw '• 
r.pomibility to detect c:onditioDI which indicate that the hmt hM iltopped writing data, 
and pnerata the EOD um at thia point. 

EWandEOP/M 
At the end of the tape ara the Early Warning (EW) mark and End-of-Partition/Medium 
<EOPOO. EW i8 a find distance (appro•imately 500 mm) flam EOP/M, and i8 g91Umlted 
automatically by the drift. Whan the drive detect8 the EW point while writing, it i.ndicatae 
to the hmt that it sbould stop writing data to the tape. After EOM, there ara about 2 m of 
tape before the phymicel and of tape <EOT>-the point at which the leader tape i8 joined. 

Tape Partitions 
The DDS format provid. the option of formatting the tape into a I-Partition or 
2-Partition strw:tun. Tbe hmt dec:id. whether a blank tape i8 to be form.etted into one or 
two putitiou befon writing any data. IC no Corm.et command i8 aent by the hoat before 
writing to a blank tape, the tape will default to a I-Partition atru.cture. 

IC two putitiou ara er.tad, the putition ~ to the beginning of the tape ill known as 
Partition I, and the putition clm.t to the end of the tape m lmown u Partition 0. The 
me of Partition I, in mepbyt8S, i8 determined by the hmt during formatting <- 11Making 
or Modifying Two Partitiou" in chapter SFl). Each putition may be written and read 
independently. Figure DF-6 lbowm the available putition atl'Uctul9. 

Figure D,-1 
BOM BOP EOP/M 

---------- Partlllon 0 ---------... I I 

:~ _I ---------'------------------------------------------

BOM 

Avllll9ble Partldon 
StrucU.ne 

BOP 
-- Partition 1 --------Partition 0 

EOP/BOP EOPIM 

Nole In a.ch of the two putitions, new data may be appended to aisting data at any time. 
Ho'W9V91', when data ill written to a partition, any aisting data which i8 beyond the 
current writing p>int in that partition will be lost. 
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Two-Partition Structure 

Digital Daza Storage (DDS) 

Entttl• 

A 2-Partition tape bas a single Device area, the same u a !-Partition structure. Each 
partition hu its own Reference and System area, Data area and EOD ar-.. In addition. an 
EW mark and EOP are defined for Partition 1 and BOP is defined for Partition 0. See 
figure DF -6. 

BOP 
Figure DI'~ 

SOM 

I .. _Dfttce ___ Ar.-___ :_;-m_._ .... __ An_: __ ~_~_up _ __,: ~-= 1: I 
EOP 

EOD 

BOP 

~1-o!--~-~-~-.-ice-Ar.-_6.....,,-~-~-ldor-P--"""~J~'--o ... -P-:'.::"--
0

-11:;~:~1-eo_o_..._ ____ ~,......---11 
'4 r I.- 500 mm _; 

Contanls d the EW minimum EOPIM 
2-PlftlllOn Struc:lln 

Two Symtem ~ are provided in order to maintain 98plll'&ta lop of usaga and 90ft error 
OCCUl'IWDC8 for a.cb partition .. It is likaly that the partitiom will ezparience different 
cl.- and typem of ue, and 80 show different error occurrenc.. The aistance of two seta 
of lop allow9 the data to be retained sepuataly for a.cb partition; a single log might mask 
tipjhat di.tl'en-=- betWMll the two partitiom. 

Eacb Symtem area ill preceded by a Reference ar-.. 

Separate Vendor Groupm are written automatically by the dri.,.. that write a.cb partition. 
'l'U:r provide iD£ormatioD about the drive, the time the partition wu initialized, and the 
type of intarfam. 
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D1grta1 Data Storage (DDS) 

Entities (DDS-DC) 

After compremion, data blocks are formed into collections, known u mtitia. Each entity 
al8o contaim an 8-byte header (which ii UDCOmpr-.d), containing control information 
about the compre•1d data blocb within the entity. An entity contaim one or more (up to 
~,535) comprn11 d data blocb. 

In general, the .mtaDce of entitiel ii completely trampuent to the hmt .,mm. Ho"9V8!', 
in order for interc:bang8 to be pcmible between devicm which 8Upport c:ompnmion and 
thme that do not, me hmt aystema may implement mftwua decompnmion. In this cue, 
it ii nee ry for the hmt 1J11t8m to haw a full lmowledp of the nructure of an entity. 

The entity header ii u follcnn: 

Byte Munlng 

1 Bibi 1~ apecity the h811der ler1gltl (I.e. 8). Bits 5-8.,. 0. 

2 Reeerved(O) 

3 RegiSlnd 8lgOtithm Identifier 
4-6 Uncompnmed length of W9l'f rac:ord in the entry 

7~ Number of recordS in the entity 

Refer to the propmed ANSI standard "Helical-Scan Digital Computer Tape Cartridge. 
3.81 mm (0.150 in), Eztanded Digital Data Storage Format (DDS-DC), for Information 
Intarcbanp" for a full c:lmcription of entitiel. 
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Fast-Search, Indexing, Error Correction DF2 

nu. chapter containa details of how fut.-rch, indezing and error con'eCtion techniqw 
work in DDS-2 format drive11. For details of how to implement th- f•tur., see chapter 
SFl. 

How Fast Search Works 

FlgureD,_. 

Tba d.riw. ,_ information encoded in the Sub-Coda um. of .ch track (aee figure DF-7) 
to per{orm Cut..-rcbing. 

Olla 
Alea 

Tba iDtormation in the Sub-Code arm. include. a group count, setmark count, filemark 
count and block count. F~ is done in rmponee to a SPACE command from the 
hem to fiDd a specified aetmark, filemark or block. 

When Cut-aeuching, the tape head followa a different path to that in the normal read · 
mode, becaU89 both the head rotation rate and tape speed are changed. (See figure DF-8). 

To allow tbe drift'• electronics to lock on and acquire the positional information required 
Car~ the information in the Sub-Code arm. is repeated for .ch frame in a 
poup. 

Once tbe tupt group has been found, the drive 11888 the information in the group indez to 
t1Dd out when specific aatmarks, filemarks or blocks are located within the group. 

F~ is invoked by an internal algorithm making decisions about what is in the 
buffer, and depends on whether the command is a SP ACE forward or nmtna of a number 
of blocb, filemarks or setmar.ks. 
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Fast-Searcn. Indexing, Error Correction 

How Indexing Works 

Figure Dl'.a 

E.xampleol 
Indexing 

The method of indexing in DDS-2 used in a group allows the format to map variable-length 
blocka into find group sizee. 

The indaz cont.aim two special blocb: 

1 TM Group Information Tabk. Thla bu a med size of 32 bytes, containing the following 
information: 

• The Group Number 

• The Block Count 
• The Filemark and Setmark Counta 
• The ma of the Block A=- Table 

2 TM Bloci &ceN Table. Thla i8 of variable length, and cont.aim the following informa
tion: 

• The start and end of entitiea and blocb in the group 
• The position of tllemarb and aetmarb in the group 

The minimum supported length for an entity or block i8 1 byte 

The maimum supported length for an entity or block i8 ~ - 1 byta9 

Thla limit i8 impmed by the 3 byta9 allocated in the Block A=- table for block length. 

Fipnt DF -9 mow. an aample of lndazing, and table DF -1 shoWll the Block~ entriee 
which couwpond to the aample. 

lllM*~T--
mlD llb 

lloc:k 
Aocela Entry N 1 

200 

22 Fram. • 1 Group 
Approx 128 l<bytes per group 

Acoeea Entry No 1 I 

1 
' i 

Acoeea Entry 2 

Acoeea Entry 1 

Group Information Table 

Ill-.~ ... ,,_T T-Counl I 
..... Counl I 

....... Counl I 
I 

....... 1111 ...... Counl J 
N&fll"--111111-. ..._,__.0-.No.I 

N&flll'Mllllllll-. ..._FM C11ao11t No. ! 
' ND.., ...... °"""' ..._ .. °"""'No. : 

....... 1111 : 
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Fast-Seatcn. lndmung, Error Correction 

How Inda.Ing Worka 

Table DF-1. Bloclc Accea Entrt• 
Access Entry 1 

=Flag Svte 
01100011 
00000111 
01100011 
00000011 
01110011 
00000111 
01100011 
00000111 
00000111 
00000111 
10000000 

Count {dee! Remark• 

10240 10 !<byte Block 
0 Filem.tc 

20480 20 Kbyte Blade 
0 Filem.tc 

65536 64 Kbyte Entfty 
0 Fllemllk 

10240 10 !<byte Block 
0 Fliem.tc 
0 Fllem.tc 
1 SellNrk 

20138 Skip Entry 

The akip entry i8 computed u tbs difterance betwaen group capacity and total count. In 
tbs ahoft aamp!e: 

•/Up l!l'&l1"y count • 126632- (10240+ 20480+ 65l536+ 10240) • 20136. 
The ficure or 20136 include. tbs 32 byte9 or tbs Group Inrormation Table and the 44 bytes 
(11 x 4) or tbs Block~ Table entri-. 

Block Access Table 
The Block~ Table d-=ribe9 the contents of the group and contaim an entry for each 
block, entity, .tilemark and setmark. Partial entiti• and blocb contained in the group alao 
haft 8D entry. The size or the table vari• according to tbs contantl or tbs group. The 
accem entn. are in 1'9Y9l99 order, with tbs latmt entry tint and tbs first entry 1ut, 
immediately betcmt tbs Group Inrormation Table. 

Access Entries 

Sit: 
0 

1 

~ 3 

f'l!I Byte 
OOOOXOQ1 

0000x111 
0001X001 
0100.000 
0100.010 
0101ll000 
0101>&010 
0110llOOO 
0110X011 
0111ll000 
0111X011 
1000XOOO 

Each accem tabla entry i8 4 bytem, CI01Uli8ting or a Flag byte rollo1'8d by a 3-byte Count field: 

7 I 5 T 5 T 4 T 3 T 2 
817 J Blt6 J Bit 5 T 8it4 1 Att•EWT 8it2 

JMSW) 
Count 

Deecrfpdon StwtBlock EndBlodr 
Total Count ot Uapr<a c 11 liR.cmda 
if la.I BAT t!ftll'1 OllllrOOO: previous currwtt 
ifta.IZ BAT_,,.. 0110.:000, lOOOdJOO: <previous previoUI 

Sepuat:ar Mark 
Total Cowls ot ED!!! 
Yiddl9 Puc ot U!!J!!:D prayiOuS next 
,,_Puc oiUni!!!l d Record current next 
Yiddl9 Part ot Entity preyiOuS next 
Pinc Part of Entity currant next 
Entire UDJ!!:DH•• Ii Record cunem cunant 

LM& Puc oiED!!l ~revioUs cunem 
LM& Part oi Unera I d Record previoUs cunn 
Entire Enti2 current current 
Skip Entry 

At\er Early Warning when the block wu written. 

T 1 T 0 

T Bit 1 T BitO 

(LsW) 

Count (bVtNJ 

in tba whoM record 
in tba whole record 

•Flag 
Byte 

0 • FUemark. 1 • Setmark 
in whole prerioua enti2 
in part ot record in current block . 
in part ot record ia current block 
in part of record in current block 

ia part ot enti2 in current block 
in whole record 
in part of enti2 ia current block 
in parto( record ia current block 

ia whole enti2 

1 Allcnn the drive to return EW statua to the ba.c during rMdiag at the u.m• 
point at which it wudetected during writing. 
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Fast-Searcn. Indexing, Error Correction 

How Indexing Work• 

Both Block Begin and Block End are eet for filemarks and •tmarks. However, End of 
Data-Bloc.Ir. ia only aet for the end of a bloc.Ir. or entity of data, not for marim. 

It Bloc.Ir. End ia aet ami Marlr. ia not .at, then the Count field contaim the number of byteB 
in the bloc.Ir. or entity. 

It Bloc.Ir. End ia 88t but neither Marlr. nor Tran.car Data are .at, then the Count field 
contaim the total number of bya for a block or entity which spam one or more groupe. 
The count mUlt equal the sum of the Count fielda of the comtituent elementa of the block 
or entity, specifically the fint part, any middle part.a, and the 1ut part of the block or 
entity. 

The muimum supported length for a block or entity ia r'- 1 bytm. 

Note More detailed information OD format ia available in the DDS Format o.cription. available 
Cram Hewlett-Paclr.ard Computer PeripheraJa, Bmtol. Ult 

The muimum number of blocb, fiJmnarb and ..anarb that can be written ia governed 
by the byte allocations in the Group Information Table. 

Th- are u follOWB: 

Blodcl z32- 1 

Fllemaltca z32- 1 

S81r1'1Mcs 218-1 

Numblr cl Gtoups 218 _ l (aduding the group dmignatad u the Vendor Group, which 
ia writt.en aur.omaticelly by the driw) 

Example of Indexing 
The following calculation ahOWll the effect. of inciazing OD tape capmcity when writing 
mad-length 512-byte blocb. The aample 8l9UJD88 no data compramion. Capmcity 
ma- in direct proportion to compremicm. 

Capacity of a group 

32 byt9a Group Information Table (fized overhead) 

4 byt9a Skip Entry <med ovwti.d> 

1.26596 byt9a Available data and inda apace 

CapKtty available data and inda space 126596 
• J8iiitli of aata blOCi+ blOCk entry • 512+ 4 
- 24& data bJocb + 176 bytm eztra 

TU 176 ama bytm for a putia1 block mUlt include another inda entry (4 bytea) leaving 
172 bytm Car the putia1 bloc.Ir. data. 

c..... - 245 blocb + 1 partial block 
• (~x 512)+ 172 • 125612 bytes/group 

Inda *8 • Group Information Table + Skip Entry 
+ Inda Entriea for 245 blocks and 1 Partial bloclr. 

• 32+ 4+ 4+ (245x 4) = 1020 bytes 

Index overhead 1020 • 126632 x 100 = 0.8055% 

• 2.6 gigabytes (nominal) - 0.8055% of 2.6 
• 2.579 gigabytes 
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Fast-Searcn. lnd8Xlng, Error Correction 

How Error Correction Works in DDS-2 

nu. 88Ction reviews the ability of the Audio DAT format and the DDS-2 format to correct 
errors. Audio DAT bu two lew1a of ECC-Cl and C2. DDS-2 format uam the same lew1a 
u Audio DAT format but adda atra error-correction taclmiqu.: C3 ECC, N-group 
writing, read-after.write, data randomizer and checbuma. 

Audio Format Cl and C2 ECC Performance 
Cl ECC i8 (32,28) Reed Solomon code and caa dMeci and correct erron in any two 
symbcU, or it caa correct four symbo1a where the error location i8 known. A symbol i8 
beej ... 11y equivaleDt to one byte. C2 ECC i8 (32,26) Reed Solomon code and caa cornict 
enon up to three .,.mho181ong, or m symbo1a wbm the error location i8 known. 

To minimize the probability of faulty detection of an error, the C2 code decoder typically 
conecta two symbol8 and m symhol8 where the error location i8 known, wing C 1 error 
condition. flap. The ~ papen listed in the Bibliography reYiew the performance. 
Their conclWliona ara summarized u follo'W8! 

Random Error Performance 
In the following, P. a Symbol error rate. 

P?Obability that a symbol error i8 uncorrectable: 

P?Obability that a symbol error i8 mildatectad: 

Thill performance i8 shown in figure DF-10. 

l'lgure Dl'-10 

Pwa• 3.8x 1a23PJ7 

P,,.;.• a.ax io18PF 

~===+====*====::j- One symbol 

Errorp""""'1iliJy 
i---,mbol 

(Byte OTVr rata) 

Audio OAT Randam 
Error Correctabillly 

error per daV 

---______ _., - One symbol 
arrorpery .. 

10 ... 

Symbol Error Rate (Raw Byte Error Rate) Ps 
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Fast-Searcn. Indexing, Error Correction 

How Error Correction Works 

Burst Error Performance 
Maimum correctable bunt enor length• 792 symbola (6336 bit.) 

Sbu:e the linear recording density of DAT ia 61,000 bitalin., this ia equal to 2.64 mm along 
a helical track. 

The horizontal correctable error width ia 2.64x sin6.25• • 0.3 mm, and the vertical 
correctable error width ia 2.64x ca.6.259 • 2.6 mm<- figure DF-11). 

l'lgure Dl'-11 1 Gtoup • 23 F,.,,. Vertlell Enor Plllem (C2 Conc:llon Umit 2.6 mm) 

Audio Formal C1/C2 
Code CotnlCUlbillly 

200Frama 
200 Framee • -400 Traclcs 

===~!!-•:ml•iiiiiiii;;;:===---Shown to scale 

DDS-Format C3 ECC Performance 

Horizontal 
Error Plllem 

(C2 Correction 
Umit0.3mm) 

In the DDS-2 t'ormat, C3 code CBD be added to improw data integrity. C3 ECC ia (46,44) 
Reed Soloman code and C8Jl detect and cornet 8l'!Ul'll - followa: 

Mladetectlon or MIScorrectlon 

1 error 1 error + 1 eraure error it2 errors 
s 2 .aure errors it 3 enlSUl8 errors it 2 errors + 1 erasure error 

it 1 error + it 2 eruure errors 
ttrr0r. an UDCOIT9Ct.t and~ or~ 8)'mbol error after Cl/C2 

cornction. IW• to the c:urw "MiDtec:tion" in figure DF -10. 
muure O'f'Or. a .,mbol error~ but \UM:IOrl"8Cted by Cl/C2 cornction. IWer to the curve 

"Uacarrection" in figun DF-10. 

Each C3 codeword iylDbol ia interl•ved and corrected by the Audio DAT Cl/C2 code. As a 
rmuJt, the C3 code iylDbol error rate ia the error rate after Cl/C2 correction. 

C3 cod. performam:e CBD be ..timated u follows: 

Random Error Performance 
Probability of a 9,YDlbol being uncorrectable by C3 ECC after Cl/C2 correction! 

P-c:J • ..C3P1111 
• l.5x lo'P,,,,, (See figuraDF-12) 

where P"" ia the error rate after C l/C2 correction. 

Figure C-3 shawm that random enor performance is more than adequate. The shaded area 
reprementll the actual bit enor rates seen in media testing. 
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Fasr-Searcn. lndmng, Error Correction 

How Error Correction Worka 

Burst Error Performance 
The mollt dangerous errors are burst errors caused by horizontal. vertical and helical error 
patteru. C3 can correct any two tracks in a group (see figure DF-13). 

Figure Dl'-12 10"
10 

l'lgure DP-13 

___ \ ____ -----------------· 

(C1 + C2) 

Frame ( • 2 tracks) 

-l 

10...J 1~ 
Uncorrected Bit Error R"'9 

C3 
An/ two trades 

per group 

I 

TypaA Error 
Rate 

OOSC3Code 
~ 22 Frwn. • 1 Group (approx. 128 Kbyt8I per group) 

The code capm with tba errors u follOWB: 

Horizantal aTOr pa#le'ft 

C1JC2 code can c:mnct up to 0.3 mm width horizontal error pattern. It the error aceeds 
tbi8 limn, all tbe tncb become WICOft"8Ctable, and so no type of C3 ECC can help. 

Vmical .,,_. patt.m 
C1JC2 code can c:mnct up to 2.6 mm width vartica1 error pattern. Oataida thia limit, about 
280 tncb bemm8 mrnctable simultaneowlly, amuming circWar defecta. Correcting an 
error lib thia 1llling a tnck-bu.t correction acheme would require a C3 capable of 
correctiq man tban 280 tracJm. 

Helit:ai. error~ 
C3 is well suited to correct helical errors (soft errors caused by head clog). One way of 
removing tba error is through 'retry', but this affects the data transfer rate. 
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Fast..Searcn. Indexing, Error Correct1on 

How Error Correction Works 

Using C3 code: 
• The drive can continue straming. 
• Hard errors which may occur during writing without rmd-after-write 

can be detected and corrected. 
The chance of a head clog occurring depends very much on the condition in which the drive 
is maint.ained. 

Aa a worst cue, consider figure DF-14. 84 bead clop were ot.erved during 3000 hours 

rmding-in other words, l.6x 1013 bita rmd without maintenance. The probability of 
ruaeding a retJy m 23CJi, that is 19cawduringthe1ut 1400 boun rwiing. Thia giV89 a 
rate of once in a.ch 74 bOUl'll u.e, and tbia is quite 9CClptable in a wont cue where there is 
no maintenance. With proper mainten•nce, the retJy rate will be much lower. 

l'lgure Dl'-14 10 

9 

8 

Number ol 0CC""911CU 7 
(per 100 hours) s 

' 
3 

2 

Error Length 
(tracka) 

15 
0 

HNdClogD• 
Fot the eta lllulnlld In thla grmpn, a,,..._. .. umd, wrinln tD once and then put through 1500 
,._. ~(FWD fOr 2 haura. trwl REW). A Sany OTC-1000 tmpe dr"'9 WM uaM1 wi1t1 a +Mad drum. 
It WM clMned b9farw the tint pma: aftllt that ttteN wa no cleanlng and no rnaint9nance. 

Becaue of the nature of bead clop, there is no limit to their length. C3 can only reduce the 
OCCWIWC9 of retzie9. 

N-Group Writing Performance 
N-group writing ia an additional technique to improva data integrity with or without C3 
code. Each group ia duplicated N times, and the probability that each symbol of the C3 code 
become. unconectab1a is improved as follows: 

PUl&:N-.,.,,.,, • ~ 
Random error performance for 2-group writing ia shown in figure DF-12 as well. 

Thia technique ia beneficial, especially when writing without rmd-after-write, and can 
recover up to 23(.N - 1) track.a head clog per bead, and up to 46(N- 1) traclm tape damage. 
Thum 2-group writing can recover up to 23 tracks of head clog and 46 tracb of tape 
damap, 3-group up to 46 and 92 tracks respectively, 4-group up to 69 and 196, and so on, 

14 DDS Format 



F ast-Searcn. Indexing, Error Correction 

How Error ConKtton Worn 

up to 8-group, which could recover up to 161 tracks head clog per head and 322 tracks of 
tape damage. 

Read-After-Write 

Figure DP-15 

TJu. ia the men popular and pro\1811 method of improving data integrity. In the DDS-2 
format, Cram.. are rewritten becauae thia ia more efficient than rewriting grou119 (188 
figure DF-15). 

Capacity 
100 

<"ii 90 

80 

70 

80 

so 

"° 
30 

20 

10 ..., 
0 
1a1 1cr4 

n 

1cr4 

n+1 n+2 

GIOUP 
Rewnte 
k .0-5-

n+k j n n+1 
L _____ ___ 

k Dummy Ftwnu 

Rewnta Frame 

Frame rawnte 

A bmd frama can be rewritten after up to •ven other Cram• have been written. TJu. 
ailOWll a variety of read-after-write aequencee with aisting and future LSI chiJ19, and using 
mechaniBIM with a drum diameter of 30 mm and a 00- wrap angle or a drum diameter of 
15 mm and a 1809 wrap angle .. 

Attempm can al8o be made to rewrite each frame up to 255 tim• to allow the drive to skip 
damapd a.. equivalent to several tracks. 
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Fast-Searcn. 1naexing, Error Correction 

How Error Correction Works 

Data Randomizer 
The error raUlll between random data and wont-pattern data differ by a factor of 10. By 
using a data randomizer, it is pcm:ible to reduce the wont-cue error rate. The randomizer 
al80 producea data with a spread of transitions which bava a more comistant RF envelope, 
allowing accurate RF level detection u a read-after-write criterion. 

Checksum 
IC a hamd clog occun during writing, there i8 a chance that the previouaty recorded data i8 
not O'f9I wtittan but remains int.ct. Thill i8 called drop in. It i8 important to check for this 
type of error occurring during both writ. and Nada, became it will not be detected by the 
track-ba.d Cl and C2 code.. 

The structure of the C3 ECC i8 web that it will correct any two tracb it the location of the 
erroneou tnlcD is known, but only one track it the track location i8 unlmown. By 
recording the track cbecJmum in four subcode u.a, the location of a drop-in i8 aure to be 
detected using the track checbum. Thill alloww wt to provide a full two tracb-worth of 
ECC with the C3 algorithm. 

11 DDS Fomm 



Data Compression Technique 



Data Compression Technique Contents 

DCl Data Compression 
Redundancy 1 

1 

Data Integrity 3 

Advuatapm of Data Compremiou 3 

The Efrect OD Fut-Search 3 

Uncompre•lli Data 4 

DC2 The DCLZ Algorithm 
The Compl--1 Output 5 

The Dictionary 6 

How DCLZ Comin- Data 6 

How DCLZ Decomin- Data 9 



Data Compression DCl 

Thia chapter provides a background to data comprmon availbale in the HP C1533A, and 
ezplaina why Hewlett-Packard developed the DCLZ algorithm for implementing it. The 
way the algorithm worb is d-=ribed in chapter DC2. 

Redundancy 

Almmt all data containa redundancy in the form of repetition. Redundancy is vital in 
human commnnir•rion becaue of our imperfect attention span and the generally noisy 
commnnj,..tion environment&. With computer data trawtiou, redundancy of thia kind 
is manly wutafu1. Loml- data compremion is a m..u of stripping it out in such a way 
that it is pcwihle to recomtruct the data aactly u it wu originally, in other worda, to put 
the redund•ncy back. 

Redundancy occun becaUM most data ezhibita pattern to some degree, in other worda, 
repeated groui- of symhoJs. IC the data is truly random, there is no pattern. There is then 
no redundancy. In comprwing data, the idm.1 is to achieve compre1•1 Ii data that bu no 
redundancy, ., that it pll 1111111 the qualiti• of truly random data. 

Choosing a Method of Data Compression 

The etrectivan- of any method of data comin-ion dependa on lllmtl'lll factors. In 
developing a method for u.e in ita dri'Y98, Hewlett-Packard had to find a-balance between 
the following: 

• What degree of compremion wu needed? 
The meuure um wu the Compremion Ratio, which is the ratio of the amount of 
uncompre 111 Ii data to the amount of comp~ data. Obvioualy the ba.t poeaible 
ratio wu damahle, but only after the following Cacton bad been CODBidered. 

• How much time could the com~ and decompremion pm: 1 tab? 
It wm decided that data compremion and decompremion should not impede the 
rate of data traufer, ., that compreming and storing data should be at least as 
Cu&• l&orina the data without compreming it. 

• Could uq ..amptiom be made about the data? 
If data ia known to be of a particuJar kind, for aample numerical, a particular 
algorithm may out-perform all other algorithms. Hewlett-Packard Celt that itl 
cm-n method sbouJd be able to cope effectively with any kind of data, 8"811 if 
that imat it wu not optimal for a particular type of data. Thia meant that the 
lll8tbad bad to be adaptive-able to react to the peculiar pattarm of data u it 
eDCOUDtered it. 
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Data Compression 

Choosing• M9thod of o ... Comprumon 

• Could any 8llCrifice be made u to data integrity? 
Clearly tba anawwr bad to be no. It mytbing, tba c:am~on technique should 
improw data integrity. 

In summary, tba chmeD data compremioD algorithm had to atisfy the following criteria: 
• It must not impede data traDl8Ctiom with tba bmt. 
• It must be adaptiva, l'MCting to my type of data. 

• It must not affect data integrity. 
• Gi'Y8D tba above, it should c:ampl'W tba data u much u pwible. 

In order tbat tba matbod would ataDd a r.mnahle c1umce of hemming BD industry 
standald, HP started with tba popular Lampel-Ziv (LZ) alguridum amt worked OD 
improving tbam. 

LZ algoridum are .. ..,.lly of two types: 

• LZl ~a 'llidinr window' m.tory of the data .a.m to be compra 11 ad. In t1Ua, u 
w:h byte ia proc I II I ti, a fbred-Ue window around tba byte ia ..rcbed to find 
matching pattaru. In thia way, tba cam~ ?..:ta atnmely mauitiwly to 
changing data typem. 

• LZ2 amt LZW algorithm. compile a dictionary u they~ the data md loo.Ir. up 
mat.c:hing patterna in thia dictionaiy. The Com~on Ratio can alao be monitored, 
amt if it becom• poor bee.au.a tba data type bu cbanpd, a new dictionary can be 
atarted. SiDce tba structure of tba dictionary ia am.enable to eftlciant wrching, the 
alguridum can provide a ra.ter rate of cam~ tban LZl, while 8till adapting 
to changing data tyi- . 

Hewlett-PllCbrd'• algorithm, DCLZ, ia bamd on LZ2/LZW. It ia imp)emanted on chip in 
the HP ClS33A. The implementation indudm monitoring the Comprwion Ratio, ao that 
tba algorithm can NKt quic.lr.ly to dift'aNnt tyi- of data. DCLZ .UO... tba driw to achiew 
better transfer rataa than drift9 without data com~ 

Hardwant data compremion such u t1Ua, where the compremion/decompremion algorithm 
ill built into tba tape driva, means that the proc:em ia complet.ely trampuent to the host 
computer; the hmt ia unawant that it ia happening. It ia alao pwible to implement data 
c:ompremioD tbrcNgh aoftware OD the hmt, but thia slowa tba host'• transfer rate becauae it 
ia having to perform com~ computation oD top of ita uaual tub. It alao hampen 
intercbanp of data bee.au. tba aam.e aoftware must be p198Dt on any hmt wishing to 
retriew tba data. 

The DDS-2 !ormat indudm data compremion. It ia ct.cribed in more detail in tba DDS 
Format -=tion of thil manual. 
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Data Compression 

Data Integrity 

Mmt errors occur during the reading or writing of data from or t.o the media. not in the 
digital elac:tronicl 118Ction of the drive. In other words, the danger U'M8 are thma in which 
physical activity ii involvad and where environmental conditiom can play a put. Data 
compnmion tau. place purely electronically, and redw:. the amount of physical activity 
that ii needed t.o gat the data ont.o tape. Con&m1uently, the compnmion deer.am the error 
rate in rm! tenm. For azample. if the error rate without compremion ii 1 in 1015, and the 
compnmion ratio ii 3:1, the error rate with compremion become9 1in3z1015--three tim• 
better. If an error ®-occur however, more data will be lmt, becauae more data ii written 
in the same arm of tape. 

The data comprwion algorithm itaelf ii lcwiem; that is, it guarante. that what wu 
compr ! 11 e Ii can be decompr e 111 Ii without error. Equally, tJm meua that if an error aista 
in the data before it ii compr e 111 Ii, the error will still be there after decomprwion. 

Advantages of Data Compression 

• Data compremion alloW9 the drive t.o store more data on the same length of tape. 
• It allOW9 the driw t.o match the performance of higher transfer rate &ylltam8 more 

clmely. If the driw ii slower than the incoming hon data stream, compnmion can 
aid the performance. 

Theoretically, the mer- in tramfer rate ill the same a the Compremion ratio, 
but in pncticl there ill a dependency on other elementa, such • dill& accem times, 
the f1Ja .,mm umd, the ft1e size, and syatem performance. 

The Effect on Fast-Search 

Bloclal of~ data are stored on tape in collectiou called entitia (see the section 
'"Entitim" in chapter DFl). An entity may span aeveral groupa on the tape. 

In looking for a puticular block on a data-comprmaed tape, the driw can t'ut-eearcb t.o the 
beginning of the entity in which the block is. It does tJm in the same way aa a drive without 
data comprwion, by rwiing the sub-coda uw. However, the search will be quicker than 
with uncompr1•1li data, becauae compre 111 Ii data ill more compact and ao there ill l
dilume to trawl. 

Ha'9inc f'oad tM entity, the driw move. t.o the D8U8llt aa:em point before the block and . 
am ciecompreminr. It must start there, otherwiae it cannot properly recoutruct the 
campnmion dictionary. If the block ii aome way after the aa:em point, then tJm will take 
time. 
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Data Compression 

Uncompressed Data 

The DDS-2 format alloWll the drive to cope with mizturm of comp1 n11 d and 
uncompre•ad data. This meau that group headen and label8 can be written 
uncomprened, ao that any DDS-format dri"8 can rmd them. It al8o meam that groupm can 
be formed of mizturm of filemarim, lltmarb, uncompr ! 111 d bloclm, and entitie9 of 
compr1•1d data. 

The drive can rmd any DDS-1, DDS-DC or DDS-2 format tape reprdi- of whether data 
compnmion ia switched OD or off, and automatically dacompr111• any DCLZ data 
reprdlem or whether data compnmion ia switched OD or oft'. Decompramion ia performed 
in a way which ia trampuent to the hast .,.wm. 
If the drive 8DCDUDten data c:omp1 1 1 d umiDg a diff'81'81lt alauritbm. it will not uually be 
able to decomin- it. It can, howawr, pmm the data to the hmt for decompramion in 
aoftware, it the hon support:m thia. The w ia true when non<mnpr ring DDS-format 
driw. such u the HP 354 70A &DCDUDtar c:ompr 111 Ii data. On meeting a comp& 1 d 
entity, such a drift will pmm it to the hast for decompnmion. 
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The DCLZ Algorithm DC2 

The Hewlett-Packard implementation (DCLZ) of the Lampel-Ziv algorithm provide. a 
meau of compnming a stream of data without making 8SllWDptiou u to what type of 
data it is. Bamcally it ump a codeword (a numeric value) to w:b pair or string of 
cbaracten it meea which it hu not mat before. Aa it comp~ it compil• a dictionary 
which matche9 tbe codewords to the strinp they repwt. Any later occummce of the 
string. repJaced by the 8UD8 codeword. 

The Compressed Output 

The output str.m consista of a str.m of codewords, w:b of which is a number in the 
nmp 0-4096. Th-codewords fall into thr. ~ntrol Flap, Encoded Bytm, and 
Dictionary Code.: 

Cod.worda ~7 Control Fla.6a: 
0 Didiontuy Frozm. u.- when the c:ompz aaioa: alpritbm bu almmc 

filled ita dictionarJ and w taking too long to find er- mp.ce for further 
entri-. It teUa·the .,._pnmion alpritbm that it need not create 
AD)' DMr did:ionuy encria 

Didiontuy Rad. Clean all the Dicl:icmary coa. - that the alprithm 
cui arc building a DMr dictionary. Thia codeward would normally be 
1mt a& the atart oC an entity, but the alpritbm may a1- um it at 
other time9 itit .._.that com~ w not good enough becau.. 
the current dictionary no lonpr ret1ect8 the Ndundancy 
chanctariatica oC the data. 

2 Inc~ CoUulord. Sia. Sa:y11 that auh..quent codeword. •nt Ul the 
output atream will be one bit lonpr than the current codeword size. 
After a Dictionary e..c, output codewont. are 9-bit until thia me ia 
too llDall to contain the required Dictionary Code. At that point, 
cocieWOl'd 2 W lmt, and the codeword length jmmediately riw to 
10-bit. Ila further codeword. are pnen.c.d, the codeword length n.. 
to 11- and then 12-bit - required. Thia emu"9 that the codeword 
leagch w nevwr more than the minimum nee ry. 

3 End-of-Blot:A. Indicat.9 that the nest codeword n~m the lut 
chaw (it the codeword w an Eac:aded Byte) or c:haracter string (it 
it w a Dictionary Code> of the block. 

4-7 Notu..d. 

1lllOOdC a,,.. Th- contain the vaiu. 0-255, ~ting llingi9 bytM iii 
the input .cr.m. They might be, for aample, the ASCII vaiu. of 
chancten in the input ac:reun, •that the codeward for chancter "a" 
would be <ASCII vaiue oC "a .. + 8) • 9'1 + 8 • 105. 

Cadaworm 211 1cm Dil:liona17 Coda, built up u data ia prCl " d n-contain a c:haracter, 
plum a pointar to another codeword. Thia I-. to a linbd chain of 
codewarda which prodw:. a string of cbancten. In effect, tbm, a 
Dictionary Code npiwenm a atring of cbaracten. 
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The DCLZ Algorithm 

The Dictionary 

The dictionary ill formed during comprmon, and stored temporarily in RAM in the drive. 
It ia never ezplicitly written to tape, becauae the dictionary can be racoutructed from the 
codewords during decompramion. 

When a Dictionuy Code ia formed, it containa a pointer to an earlier Dictionuy Code or to 
an EncMed Byte, plu the byte value of a new character. In thia way it 8tarta a linJrad 
cbaiD which buildm up a string of c:bancten. The new Dictionary Code ia the codeword for 
that string. 

Each dictioDazy entry ia 23 bit. long, a follawm: 

II 

ZZ.aJ 11-8 7-0 

Tbne camlitiaa flap CoUword r•pnwating the entry, or pointing Byte Value of the entry 
to another Diccionary Cod. or EDCOCMd Byte 

How DCLZ Compresses Data 

Wha comps ing data, the DCLZ algorithm ia comtantly trying to match the incoming 
data with miDp of characten it baa met before, and which it baa 9tored a dictionary 
en trim. 

In the followiDg apJanation, a Uniqlu Pmr ia a pair of cbaracten which the algorithm has 
not met before, ud which conaequently baa no entry in the dictionary. 

Similarly, a Uniqru String ia a string of more than two cbaracten for which no dictionary 
entry mm. 
1 The algorithm fetch• characters one by one from the input data m.m until it has 

either a Unique Pair or a Unique String. 

2 A new dictionuy entry ia er.tad for the pair or the string. 

3 All but the lut cbancter of the pair or string ia eent to the output str.m a either an 
Encoded Byte or a Dictionary Code. The Jut character then becomea the starting point 
far a mw -.rch far a Unique Pair or Unique String. The algorithm, in other words, 
....... toapl. 

Tim bMic procldure ia abown a a tlow-diagram in figure DC-1. 

I Data Comprnaion Technique 



Figure CC.1 
Input Stram 

The OCU Algomnm 

How CCLZ Comp,..... C.i• 

CIW a Dlc:aa,.., Enlry 

far ®a-8 

Sllld all but the 8 ... 
Dlc:aJ ., Code to aulpUl ...... 

Output Stremn 

Flowcnart at the 
OCU compi aulcn 
ixoc-

It folloW8 from this~ that iC the algorithm found a Unique Pair, a single character is 
..m to the output m.m. Thia will be a codeword in the nmga ~263, an ED&:Oded Byte. IC 
a Unique String ia found, the string mmu. ita lu& character ia 88Dt to the output stream. 
Thia ia ila the farm oC a Dictionary Code, wbicb provide. the .ftnt step ila a seri89 of linked 
Dictianary Cod. which will reproduce the string. The Lu& in the ..n.. will be an Encoded_ 
Byte. 
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The OCLZ Algontnm 

How CCLZ Comprnan Oita 

To provide an ezample which is reasonably abort, suppma the data consina of the abort 
string "RINTINTIN". The DCLZ algorithm would compnm it u follow.: 

Input Cwrmt Unique Unique CldlOnary Output Mulling at Output 
Stream String Pair? Strlnp? Entry 

1 , la-c tba daoaary 
C1-r and initialiu th• dict:icmary. Fetch tba flrllt dww:mr from tba input stream. 

A A No No 

Siam tba curNDt ICrins ia Mitba' a unique pm nor a uniqua .criDr. .unply fetch tba Mat 
dww:mr from tba input stnam. 

Al Y• No 214 RI I IQ IEncodecl Bytdor 11R• 

"Rf• ia a unique pm, '° c:nue a dictiomr)' eaC17 for it. Output "R• • an encoded byte. 
RMain ·1· .. tba c:urreat acrinr. - fetch tba Md cbancte from tba input stnam. 

N IN Y• No 2S5 IN j 81 TEncodecl Byte for 111• 
"tN• ia a unique pmir, 10 create a dic:tioaery eaC17 for it. Output •1• •an eaooded byte. 
Retain 11N• u tba curnnt mine. Ulll fetch tba Md cbanccer from tba input stream. 

T NT Y• No - NT T • TEMOcfed Bym for "N· 
"NT" ia a unique pmir, 10 create a dictiomr)' eaC17 for it. Output "N• u an .......t..f byte. 
R.tain "T" u tba current ming, and fetch tba Md cbanctlr from tba input stream. 

Tl Yu No 267TI I 82 T Eneocied Byte for "T" 

"TJ• ia a unique pmir, 10 create a did:iomry enCZ'J for it. Output "T" u an eaeocied byte. 
RMain .. ,. u tba curnnt ming, and fetch tba Mat chancter from tba input atNam. 

N IN No No 

"IN• ia not a unique pm .mm a dicamary eaCZ'J a1rwly aim for it. So emply fetch the 
Md cb.uw:mr from tba input stnam. 

T INT No Yu 268 INT · 1 211 !Dictionary Code for "IN• 
"INT" ia a unique RriDr, IO create a dicrim•ry eaC17 for it. Output "IN• u a Dictionary 
Code value. .e.c.iD tba final "T" u tba current acrinr. and fetch tba nae cbaracter from 
tba input stnam. 

Tl No No 
"Tl• ia DOC a umque pmr Uce a dictionary eDCZ'J a1rwly aim for it. So mmply fetch the 
Dal:~ from tba input stnam. 

N TIN No Y• 2S8TIN l 'llfl jDiction.uyCodefor "Tl• 
"TIN• ia a wUque acrinr. IO cnate a dictionary eDCZ'J for it. Output "Tl" U a Dictionary 
Code val-. .e.c.iD tba final "N" u tba c:urreat mine. and 0-.W that it ia tba lut 
cbarllicta- in tba input m.m. 

N I 3 lEnd of block 
Output tba ead4-block code, 3, to •Y that tba Md c:buwar ia tba lut in tba block. 

N l • TEaond9d byte for 11N• 
I 

Finally output tba "N" u an eaeocied byte. 

The output .a.JD i8 tben 1, 90, 81, 86, 92, 265, 267, 3, 86, a.ch eat u 9 bita. Ignoring 
the two CDDtrol c:hanct.en, which overbalance this artificially short aample, this i8 7:a:9 • 
63 bita compared with the 9:a:8 • 72 bita of the origin•' a compiwion ratio of 1.14:1. 
Typical compnmion ratios for subetantial quantitiee of data are in the ranp 2:1to4:1. 

The dictionary entri• are shown u strinp in the eumple above for clarity. In fact each 
entzy conaia of the codeword pointing to the fint part of the string, plua the byte value 
for the lat cbaracter. Thua entry 268 would be (265, T). Entzy 265 would be (81, N), and 
81 i8 the Encoded Byte for "I". In this way, the entries form a linked chain leading to the 
string "INT". The length of each dictionary entry however remains comtant and minimal. 
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The OCLZ Algontnm 

How DCLZ Decompresses Data 

The decompremion algorithm start.II with a l'9l8t dictionary containing only the Control 
Code9 and Encoded Byta After that, it simply tau. codewords from the input stream and 
loob them up in the dictionary. It then builds new Dictionary Code9 combining the 
previously received codewont.. In this way it recomtructa the dictionary er.tad during 
compremion. ao that any codeword that im received im guaranteed to be in the dictionary. 

The following aample shOWll bow the algorithm would decom~ the 91uence rmulting 
tram the compnmian a.ample ahova. It codewordm are simple Encoded Bytm, they are 
output straight away. It they are Dictionary Coda9, the dictionary entri• la.d the 
aiaaritbm tbroqb a 88rie9 of byu. and codewoni8 which point to other dictionary entri•. 
The byu. are put on the stack until an Encoded Byte im eDCOUDtared. Then the entire stack 
imoutput. 

lnpul PNvtoua Stade la Cod.word an Dlctlonmy 
Codeword Byte Output Strunt Codeword (Ul'O) Encoded Byte? (Prw. CW, Byte) 

1 ... 1 ... ... . .. 
R.et tbe dictionary. 

90 ... 90 R R Yu . .. I R l 
Look up the cocl.ward (90) in the dictionary, and put the byte value (R) on the ltack. 
Siam tbe coUword ia an Encoded Byt.e. output the Rack and ~ it. 
(Normally a dictionary entry would be cnat.ed, but thia ia tbe fine coUword attar a 
dictiomry ~) 

11 90 81 I I Yu 264(~1) I I I 
Look up the coUword (81) in the dictionary, and put tbe byte value (I) on tbe stack. 
Siam tbe cocl.ward ia an Encoded Byte, ouput tbe 8tack and ~ it. 
Cr.ta a dictionary entry, using the Prmoua Cod.word (90) and tbe Byte found in the 
dictionary (I). 

81 81 88 N N Yu 285(81, N) I N I 
Look up tbe cod.9wanl (88) in tbe dictionary, and put tbe byte value (N) on tbe stack. 
Siam tbe codeward ia an Encoded Byt.e. output tbe 8tack and ~ it. 
Create a dictionary entry, using the Prmoua Cod9word (81) and the Byte found in tbe 
dictiomry (N). 

a • 92 T T Yu 268(88. T) l T I 
Look up the coUword (92) in the dictionary, and put the byte value (0 OD the stack. 
Siam tb9 codeward ia an Encoded Byt.e. output the 8tack and~ it. 
Cnata a dictionary entry, using the PrmoUll Cod9word (88) and tbe Byte found in the 
dic:tiaaary m. 

218 512 285 N N No 

11.ook up tb9 ~ (285l in the dictionary. It ia om o£ Dictionary Codm jua cnat.ed, 
and psotidw a byte value o£ •N" and a codeword o£ 8L Put •N" on tbe ltack. 
Siam 285 ia aot an Encoded Byt.e. nothing ia output, and 81 now beciam• the codeword. 

81 I NI Yu 'J61 (92.1) I IN I 
Look up the codeword (81). It ia an Encoded Byte, eo add the byte value (I) to the stack. 
Output the8tack <giving "IN" since the stack is LIFO) and~ it. 
Cr.tea new dictionary entry, uaing the PrevioUll Codeword (92) and the byte value (I). 
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The OCLZ Algorithm 

How DCLZ Decompr..._ Oat• 

Input Prevlo.,. COdeword Byte St9Clc la Codeword .,. DlctloMry Output 
Strum Cocaword (Ul'O) Encoded llyte? (Prev. CW, llyte) 

'lfI7 265 2fi7 I No 

Look up the codeword (267) in the ciict:icmuy. It iii one of Dictionary Cod.jun~
and providm a byte value of "I" and a codeword oC 92. Put "I" on the-.:&. 
Since 2S1 iii not an Encoci9d Byte, notbinr iii output, and 92 now becom.. the codeword. 

92 r rr Y• 268 (265. l) I n 
Look up the codeword <92>. It i8 an Encoded Byte, eo add the byte 'lalu. m to the .cac&. 
Cr.t.e a new~ entry, U1inr the Prmou. Codeword <286> and the byte 'lalu. en. 
Output the 9C8Ck Cpving "ll" U.. the-.:& iii LIFO> and ci.r it. 

3 108 3 

The a.n •tr)' iii the luc in the block. 

• 3 86 N N Y• N 

Look up the codeword (88) in the dictionary. It iii an Encoded Byt.e pving a byte 'lalua of 
"N". Since tbim iii the 1Mc codeword, simply output the byte 'lalue. 

In thil way, the d.ecompr1111d string "RINTINTIN" is recovered. 
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Glossary 

.cc.a point A point at the start of a aequence of comp~ blocb, wbera the 
pre98Dtation of codewords to a decompremion algorithm must start, even if 
the data required is not at the beginning of the aequence. Creation of a new 
dictionary will alwaya begin at an aa:am point, and an ~ point meam 
the dictionary must be l98t, although ~ta may occur at other tim•. 

AIC Ai.olute Frame Count. 

llgorttlVn A rigoroa eat of ru1- for a procedure. In the contat of data comp~on, 
the rul89 are for tranaforming the way data is rep~tad. 

M1b1e A frame um to aepuate poup-. 

ANSI American National Standud8 Institute, which 8et8 .amdarda for, amonpt 
other tbinp, SCSI and the ..Caty of electrical devicm. 

.,.. ID Dean. the area of the tape and specifi• which type of fram89 are written. 

ATP' Automatic Track Following-a method of ensuring the head is in the center 
of the track being read. There are ATF 8.l'M8 at the beginning and end of 
each track, with the user data in between. The head is wider than a track 
and so reads the ATF 8.l'M8 of the two tracb on either side u well u that of 
the track it is suppcmd to be reading. By comparing the content and 
strength of the sipalt Crom the ATF area. the 881'\IO ayatem adjusts the 
drum and tape speeda., that the read-head pa.- directly owr the 
CBDter·line of the track being read. . 

111101o.a When a tape cartridp is inaerted, a tape drift with autobld will 
automatically load it, without the host having to aend a load command~ If a 
drift dam not hava autoload, the drive will tab no action until it recaivam a 
load command. 

BAT Block Allocation Table 

bl error ,.. Nu.mlnr of errors 
NUlribO" ofbu. wnttm or rma 

bloclr A losiml unit of information. Called '"record" in the DDS-format 
~tlcation. 

bloclr caunl The number of blocb written since the beginning of the tape. Filemarks and 
•fto9et marb are included in the Block Count. 

IOM Beginnin1 Of Media. The tint point on the tape which can be aoc e 11 ad by 
thedriv9. 

ICP Beginning Of Partition. The poaition at the beginning of the permimible 
recording region of a partition. 

buft'9red mode A mad8 of data transfer in write operationa which facilitate. tape streaming. 
It is •lected by •tting the Buffered Mode Field to l or 2 in the SCSI Mode 
Select Parameter List header. 

bur9I error A .n. of contiguous symbols on the tape which are incorrect. 

Glossary 1 
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C1 ECC Cl ermr correction code ia (32,28,5) Reed-Solomon code with an interi•ve 
depth of two bytem. Thia eaabl• it to correct up to two byte error or bunt 
errors up to four bytem long. The code i8 ltored in the ame track u the data. 

C2 ECC C2 ermr correction code U. (32,26, 7) Re.i-Solomon code with an interi•ve 
depth of four blocb (1 data block• 288 data bita). Thia nab!. it to correct 
up to a thrae byte error, m byte eruure error, or 792 byte bunt error. The 
code i8 ltored OD the 1U118 a.ck U the data. 

C3 !CC A third level of error COl'l'8dicm cod9 coveted by the DDS format. C3 allOW8 
any two tnclal in a group to be c:mncted, and ill uwl only when a raw data 
error ill too bir to be couected by Cl and C2. C3 cod9 ill stored in an estra 
frame at the end of the twenty-two tram. of data in each group. 

c:heclmum The 1UJD of a ..n.. of byt. written to the tape, which can be checked 
•pin• the nm of tba ame ..n.. olbyt. when the tape ill rwi. 

cod••Old A number between 0 and 4096 which ill a reference to a dictionary entry for 
a Wluance of om or more unmmpz 111 d data byteL For mmple, the worm 
"t/w tMory of tM ~" coaJd be NpiWted U 

114 4ory of 4 pan4oA" if 
it wu understood that the codeword .. .r 1ep1wted "tlw". Alternatively, a 
codeword am contain other informadan which is uwl for the managament 
of decomprwion and data retriaft1, for mmple '"l" meam .. ,... tM 
dicti.lmary". A codeword can be from 9 to 12 bita long. 

compr111ion A procedure in wbich data ill tramformm by the remcmd of redundant 
information in order to reduce the number or bita nquired to reprwnt the 
data. Thia i8 done by repzwnting striDp orbyim with codaworda. 

campn 11ion rMlo A mware ol bow mucb comprwion bM occured, defined u the ratio of the 
amount olunmmpr I Id data to the amount or~ data into which 
it ill tranaformed. The HPLZ aJaoritbm can typimlly .chiav9 a compramion 
ratio olbatwwu 2:1 and 4:1 depading OD the nature of the data. 

Gloaary Z 

cra.tall The condition in wbich the llipaJ. from OM a.ck OD a tape interfent with 
the~ from an adjacent tnlck. 

DAT Digital Audio Tape 

cm. forlMI ID SpeciftM wbich data format ill being uwl OD the tape. 

dM:ampr1111on A procedure in wbich codaworda are tramformed to rapnerate the original 
1ep1mtation of data. 

CCU Dua Comprwion Lempel-Ziv. A compramion alguritbm ha.cl on the 
I.mpel-Ziv JZJJLZW alaoritlum but with improved performance. 

d9wtce.. The ftlllt u. OD the tape uwl by the device for drum lpin-up and t.ting. 

DDS Digital Data Storage, a standard format originally developed by 
a.wt.t&-Pllekard and Sony for DAT uwl for data ltorap. The firBt 
.....,aan standard ill DDS-1 (or simply DDS), to which wu added data 
compnmion to pnxiuce the DDS-DC standard. Further en.bancementa, 
notably narrower tncb and thinner tape, have led to DDS-2, the third 
ammation, wbich am provide typic:ally double the capacity of DDS-1. 

DCS.OC An atension of the DDS format to add support for in-dri'V9 data 
compramion and decompnmion. The support U. intended for lomlea 
aJaoritlum such u thoae of the Lempel-Ziv family, but ia not limited to them. 

dictionary A map wbich relatel codewords to the uncompr--1 data from which they 
are deri'V9d. It ia created during the compr.-ion of data, but not stored 
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explicitly on tape. During decompression, the directory is recreated from the 
codewords on tape. 

dlc:tloMry code A dictionary entry in the codeword range 264-4095. Dictionary Code9 are 
built up 811 compreaion occun, 811 oppoeed to Encoded B}'t89, which are 
non-adaptive. Each Dictionary Code contains a character, plu. a codeword 
pointing to another Dictionary Code or to an Encoded Byte. The entry fonm 
the start of a linked chain of entri• which rmolve into a string of 
char'llctarL The chain enda when it reach• an Encoded Byte, which 
repreeents only a character. 

dropout An u. of tape wb81'9 the sigDa1 level of the medium bu Callen off to a level 
where data recovery is no longer po-ihle. 

!CC Error Correction Code. S. Cl ECC, C2 ECC and C3 ECC. 

!CMA Europea Computer Manut'acturer'a Amociation 

MCGded byte A dictionary entzy in the range ~263 which containa the byte value of a 
character and conmponda to that character, u o~ to a Dictionary 
Code, which a180 points to another dictionary entzy. 

entfty A unit of recorded information containing a sequence of equal-length blocks 
which have then been comp~ using the same algorithm. The entity can 
span groupe on the tape. It contains at most one acc1m point, which will be 
at the start of the tint complete block in the entity. 

envelope A wawform compoeed of the instantmiaom peak valw of an alternating 
aipal which imHcatm the variation in peak amplitude of the aipal. 

!OD End Of Data 

1!011 End Of Media tbrmai. The lat usable point OD the tape. 

l!OP End Of Partition. The poaition at the end of the permmible recording region 
of a partition. 

!W Eady Warning. A physical mark or a device computed poaition on the tape 
which tell.I the drive that it is approaching EOP. 

,_. Mel'Ctllng The procem of rmdingjust the sub-area to locate an item on the tape at a 
speed of 1630 mm/a. 

l'RU Field Repl'llCMble Unit, an awmbly or group of components which is 
repJacad in its entirety by Service Engineen when it contains a fault. 

m.n.nc A muk written. by the host. It dam not necemarily separate tiJ•. It is up to 
the .bm& to Mlip a meu.ing to the mark. 

-..tr caunl TM number of tUemarb written since the beginning of the current 
partition up to and including the current group. 

fnme Two mijalceat tracb, one poaitive azimuth and one neptive azimuth. 

group A fbred capmcity 98t of tram.. written to or read Crom the tape, defined ill 
the DDS format. 

group caunl TM number of u.rdata groupe that have bean written following the 
Vendor Group, starting with one. The Vendor Group bu a group count of 
zero. 

l'lft error An uncorra:table data error. During writing, this is defined 811 being 
uncorrected after the RAW retry limit has been exceeded. During reading, a 
hard error is logged if a group is uncorrectable by Cl, C2 or C3 ECC. 
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lteM clog Particlm from the tape or from outside the driw adhere to the he.d pp on a 
rmd or write b.U and obnruct the r.ding or writing of data. The~ 
will often become dialodpci apiD with continued '1188. 

Inda Information stored at the end of a gnJUp which speciti• the contents of the 
group. Every group amrpt tbe Vendor Group CODUliu one inda. 

lnterlenlng The procem of abuftliq tbe order of data byt89 before writing them to tape 
., that comecutiw bf*- are recorded • Car away from 8Kh other u 
pwible, Thia mjnjmj- tbe impm:t of uy bunt error, ., that Cl and C2 
ECC haw the maimum cbuce of recovwrinr tbe data. 

i.d-4ft ,,.. The Ont -=tion o( the tape U8Ml (or loeclin& BOP pmitioning. and tape 
uapJoainr. 

UPO I.Mt in, Ont oat. Data writta to a LIFO buft'er m retrieved in the revene 
order from wlUch it - writtm. 

I08d The procem in wlUch the driw tam in an iwrted cutridp, opem the lid, 
and.,. onlina. 

loglcm fnme number A unique number for 8Kh unique frame of a group. An amble tiame bu a 
Logical Frame Number of zero. Any Npeated &am. will haw the aame 
Logical Frame Number. 

WN Logical Unit Number, by which a device ii identified OD the SCSI W.. The 
driw bM a fized LUN of 0. 

LZ Lempel-Ziv. A family of compnmion alaurithm.9. all of which l'9IDOV9 

rednpd1nc7 from data by enmding tbe data tbroqb a dictionaJy which ii 
implicit in tbe compr 3 Id data. 

Media Aecognltlon A.,.._ d8ftioped by Hawlett-Paclrard., that drift9 ca recognize tapes 
s~ which 111..t the DDS apei=iftcetion, Qualifjecf tapea carry stripea OD the 

tl'mlapmat lwi8l- tape at the betP»ning of the tape which the driw can 
idatify. The ncognition .,am m switcllable OD the HP C1533A driw. 

Glouary 4 

N-9roup wrttlng 8anMd:imes called multiple group writing, N -group writing repeats each 
group of data., that tbere are N con-=utive cop.. of each group on the 
tape. Thi8 ii a simple way of improving data integrity, but speed and 
capec:ity are ..cri1bd in writing all data 98V8ral times. 

nm. Any kind of unwanted magnatic or electric intarfennce detected by the 
M:tronim. 

onAlne The dme m onliDe when a tape ii loaded. The bmt hu 1ccam to all 
mmmewt operatiom, including the.a which 1ccam the tape, aet 
cma11piatioDI and run di•gnoetic tam. 

aftllne The driw ii of!line iC the tape ii currently unloaded or not in the drive. The 
bmt bM limited ICC8m, and cannot perform uy commanda which would 
cum tape mot.ion. The bmt can, bowevw, lmd a tape, iC one ii imerted, and 
ca -eeme any di•pmtic t.-. which do not raquint tape motion. 

pmrlllon A put of a tape which ca be treated u a complete and independent whole. 
A tape ca have one or two putitiom. 

QIC Quarter-Inch Cartridge. An industry committee for standardization of 
Quarter-Inch Cartridge format.a. 
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randomizinQ A recoding of data symbols before they are written to tape in order to 
provide a consistently b.igh RF envelope level. A comUtent RF envelope is 
one of the criteria for rewriting a frame on read-after-write. 

RAW ,_ Read-After-Write 

r• bft ..ror r•• The probability of a bit being an error, without using any error correction 
teclmiquee (aft bit error rate). 

rucMfter-wrtt• RAW improve. data integrity by reading data immediately after it ia written 
and writing the frame apiD if an error is found. The Audio DAT two-head 
drum is repJacad by a four-head drum for thi8, with two read-only heads and 
two write-only beeda. Frames are only re-written u 118' ry, so speed and 
capacity are affected mjnjmally. RAW ia included in the DDS format. 

record ,_ block. .. Record .. ia the DDS term for .. block'". 

redunancy Repetition within data, where a string of cbaracten occurs with greater 
frequency than the norm. By replacing the string with a single symbol. the 
data can be compr...ad without loaing any information. 

rwrved Not generally· available for use with the drive. A reeerved field should 
contain all zero bits. 

Mtmn A spec:ial recorded element within a partition, which allowa fast searching to 
a point OD the tape without having to know the number of records or 
tilemarlm that precede this point. 

...,.._ count Th• number of setmarlm that ba'Y9 been written since the beginning of the 
current partition. 

SCSI Small Computer System Interfam 

IUdlnQ wtndaw A technique of data compremicm. u.d in the LZl algorithm. where 
redUDdaDcy is sought within a window of data centered OD the byte 
currently being proc ad. This meam that the algorithm. can respond very 
911UitiveJy to changing patterna of repetition, but there ia an overhead in the 
amount of time needed to perform the search o'Y9r the window with each 
byte pro< a 111 i DCLZ is not of this type • 

.aft ..ror A soft error is a data error which can be corrected by a RAW rewrite during 
writing to tape, or by Cl, C2 or C3 ECC, or a read-retry during reading. 

IPlldnV Spilcing is moving along the tape over a specified number of blocb, 
lilamarlm or secmar.ks, or to EOD, in order to find the data you want quickly. 

It-* An ana o{ memory used for the temporary storaga of data during 
proc: "ng It ia dmigned on LIFO (lase-in first-out) priDcipl• and ia 
manipa1ated by instructions to pub (add to the stack) or to pop (remo'Y9 
from tb8 stack). 

IUIMode ._ Sub-c:ade u.8 are at the ends of tracks on the tape, and are read during 
t:ut-a.rch. They contain details of block count, setmark count and tilemark 
COUDt, ., that fut-aeuch can find a particular point OD the tape quickly . 

.,.._ ._ A-=tioll in the I.Md-in&. used to stora tb8 tape uap information. 

Glossary s 
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tape log The tape log cont.aim d.etaila of the bistory of a tape. the total number of 
group1 written., of RAW retri-. of group1 rmd, of C3 ECC rem-. and of 
load.. The log ii copied into RAM when the tape ii loaded into the dri'Y8, 
updated aa the tape ii U88Ci, and loaded back into the System arm on the 
tape when it ii unloaded. 

tape mn Same u filemark (filemark ii the prefened term). 

unique pair A pair of c:haractan taken from the input stream during data compnmion 
for which there ii no entry in the current dictionary. 

unique atrtng A ming of three or more cbancten taken from the input sa-m during 
data compremion for which there ill no entry in the current dictionary. The 
D&tUn of the compnmion algorithm ill such that there must be a dictionary 
entry for the ming formad by 'l'9IDOViDg the lut ~of a unique 8tring. 

vendor unique The addition of commends to SCSI that ue not iDcluded in the standard. 

~ Ai.a call.t '"Immediate ntporting during writ.". In write-behind mode. a 
drift aa:apta data from a host and report8 that it bu been written to tape 
when the data ii actually still in the drift'• buffer waiting to be written. 
Thia bu the advantage that the hem can continue with other tub, baaed 
OD the UIUDlption that the data bu been written. 

wrtt..o.ftlnd condition A condition where the drift'• buffer contains data which it bu reported as 
having been written., but in fact still remaim to be written. 

wrtte-behtnd queue Data (hem data. filemarb and eetmarb) held in the drift'• buffer which 
bu yet to be written to tape. despite the driw having reported to the hem 
that the data bu been written. 

Gloauryl 
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