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Preface 

A work l i ke th is  cannot be cal led a Labor of Love ; it is more l i ke a Labor of Luck. I 
was lucky enough  to be chosen to represent a l ittle  company cal led Adaptive Data 
Systems (ADS I )  to X3T9 .2  and be part of the effort to make SCS I a standard .  I was 
fortunate enough  to be invo lved in several p rojects at ADS I and Western Dig ital 
Corporat ion that exposed me to so many d iffe rent facets of SCS I .  And ,  I am amazed 
to have fam i ly and fr iends  who put up  with the two years of n ig hts and weekends 
spent  g r i nd ing  th is  th i ng  out .  

There are those (and you know who you are ! )  who wou ld  arg ue  the k ind of  l uck that 
p lunged me i nto the SCSI  effort . Good or Bad? 

I have made every effort to be accu rate , but I am a mere human .  I f  there is any 
d iscrepancy between the SCSI Encycloped ia and the SCS I Standard , fo l l ow the 
Standard . P lease be su re to contact e ither or both E N O L  and X3T9 .2 ,  so the d iscrep
ancy can be add ressed . H eck, there is probably room fo r improvement  i n  here 
somewhere , so a l l  com ments are more than we lcome.  

I do  not apolog ize for the i rreve rence of  the sty le .  Let's face i t ;  SCSI  is d u l l -d u l l -du ll .  
Anyth ing  that can be  d o n e  t o  make the read ing easier seems n ecessary a n d  appropri 
ate . S ince I n it iators and Targets f ig u re prominently i n  a lmost every SCSI transaction ,  
we have occasiona l ly rep laced those t it les with proper names ;  Targets become 
"Tanya" o r  "Tom" ,  I n it iators become " l an"  or " I r is" .  Proper names a l low the use  of 
active verbs ,  wh ich tend to improve readab i l ity. I have even attem pted h u mor  on 
occas ion . . . .  

M y  op in ions are spr in k led throughout the Encycloped ia ;  i n  fact, there i s  o n e  section 
ded icated to my op in ions ,  which I cal l  SCSI Etiquette . S ince the SCSI  Standard often 
a l lows more than one way to do someth ing (there's an understatement ! ) , op in ions 
become inevitab le .  

A work of  th is  mag n itude cou ld not be completed without a carefu l  and thoughtfu l 
review. I wou ld  l i ke to thank Ku rt Chan ,  Er ik Jessen ,  Larry Lamers ,  John  Loh m eyer, 
B i l l  Spence ,  and G ary Stephens for the i r  tremendous he lp  and encou ragement .  

I t  has been said that someone who can correctly answer ten SCSI q u estions  out of a 
hund red is a SCSI  G u ru , someone who can correctly answer twenty SCS I q uest ions 
out of a h u n d red is  a SCSI God ,  wh i le  someone who claims they can correct ly answer 
all h und red SCSI  questions  must be a SCSI Devi l ,  because he m u st be ly ing !  These 
g uys l ive on O lympus !  

Jeffrey D .  Stai 
P lacent ia ,  Ca l ifo rn ia 
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About the SCSI Series 

This volume is  the second part of the SCSI Series by E N O L  Pub l ications .  The f i rst 
part of the ser ies is the SCSI  Bench Reference, wh ich re-packages the SCSI  Standard 
with t im ing charts ,  exam ples ,  easy references,  and improved tab le  structu res .  That 
book is for in termediate and experienced SCSI users. 

Volume I of the SCS I Encycloped ia is i ntended for a l l  SCS I users ,  such as the SCS I 
beg inner ,  who shou ld  start with the Study G u ide at the front of each volume .  The 
in termediate user can use the SCSI Encyclopedia to bolster understand i ng  of d iff icu l t  
subjects , such as the SCSI  Message System .  The experienced user wi l l  f ind here 
d iscuss ions on such new subjects as Wide Data Transfer and Command Queu ing .  

The  encycloped ic format was chosen so that you can easi ly access on ly the i nforma
t ion des i red . The need to p rovide suff icient detai l  on  each top ic caused Vol ume I of 
the SCSI Encycloped ia to g row to a size that requ i red a sp l it i nto two separate books, 
A-M and N -Z. 

Vo lume I dea ls with the phases and protoco ls of the low- leve l i nterface . I n  other  
words ,  sect ions 1 th rough  5 of  the SCSI -2  Standard , and part o f  section  6 ,  are 
covered in th is  vol ume .  Vo l ume I covers anyth ing to do with cables and connecto rs , 
d rivers and receivers , s ig nals and phases, messages and nexuses .  (Nexuses? So 
read the book! )  

Volume I I  wi l l  cover the D i rect Access Device (d isk d r ive) com mand set .  Th is inc ludes 
sections 7 and 8 of  the SCSI  Standard , and the rest of  sect ion 6 that Vo l ume  I d id  not 
cover. The "generic" com mands in  section 7 are d iscussed from a d isk  po int  of view. 
Vol ume  I I  covers R EAD and WR ITE,  MODE SELECT and I N QU I RY, FOR M AT and 
R EQU EST SENSE ,  among others .  

Vol ume I l l  wi l l  cover Sequent ia l  Access Devices (tape d rives) . Th is  i nc l udes  sect ions 7 
and 9 of the SCS I Standard , and the rest of section 6 that Vo lume I d i d  not cover. 
Th is time ,  the "generic" commands in  section 7 are d iscussed from a tape point  of 
view, to g ive the tape-or iented reader the fu l lest val ue .  Vo l ume I l l  covers R EAD and 
WR ITE,  M O D E  S ELECT and I NQU I RY, R ECOVER BU FFE R R E D  DATA and R E
QU EST SENSE ,  among others. 

Vo l ume IV wi l l  cover a l l  Optical Devices,  such as write-once read -mu lt ip le (WORM)  
d rives ,  C D RO M ,  and  magneto-optic (MO) d rives .  Th is inc ludes sections  7 ,  1 2 , 1 3 , and 
1 5  of the SCSI Standard ,  and the rest of sect ion 6 that Vo l ume I d id not cover. As you 
m ight  hope ,  the "generic" commands in  section 7 are d iscussed from the "opt ical" 
point of view, again for the fu l lest value .  Vo lume IV covers R EAD and WRITE,  MODE 
SELECT and  I NQ U I RY, ERASE and  REQU EST SENSE ,  among  others .  



The following subjects are covered in Volume I (N-Z) of the SCS I Encyclopedia: 

Negate S igna l .  
Negation Per iod . 
Nexus .  
NO OPERATION M essage .  
O R D E R E D  QUEUE TAG M essage.  
P Cable .  
Parity. 
Path Contro l .  
Peripheral Device . 
Phase. 
Pointers. 
Power-On  to Selection Time .  
Protocol Ch ips .  
Pu l l-Up .  
Queue .  
Queue Tag . 
Queue Tag M essages .  
Reconnect .  
Reconnection .  
RELEASE R ECOVERY M essage .  
Release S igna l .  
REQ/AC K Offset. 
REO Sig na l .  
REQB Sig na l .  
RESELECTION Phase .  
Rese lection Timeout. 
Reserved .  
Reset Cond ition . 
Reset Hold Time .  
Reset to  Select ion Time .  
RESTOR E  POI NTERS M essage .  
RST Signa l .  
SASI . 
SAVE DATA POI NTER M essage .  
Saved Pointers . 
SCS I ,  SCS I - 1 , and SCS I -2.  
SCS I -3? !  
SCSI  Add ress .  
SCSI Bus . 
SCSI Bus ID. 

SCS I Com mands .  
SCSI Device . 
SCSI I D . 
Select ion Abort Time .  
SELECTION Phase. 
Selection Time-out .  
Select ion Time-out Delay. 
SEL S igna l .  
Signal Leve ls .  
S I M PLE Q U E U E  TAG M essage .  
S ing le-Ended I nterface . 
Soft Reset. 
Status .  
STATUS Phase.  
Status Pointer . 
Synch ronous Data Transfer .  
Synch ronous Data Transfer Negot iation . 
SYNCH RONOUS DATA TRANSFER 
REQU EST Message .  
Synch ronous Offset. 
Synch ronous Transfer Period . 
Tagged Queuing . 
Target. 
Target Rout ine .  
Target Rout ine N u m ber  (TRN) . 
TER M I NATE 1/0 PROCESS M essage .  
Term ination .  
Term inator Power (TER M PWR) . 
Tim ing . 
Transfer Period .  
True . 
Unexpected BUS FR E E  Phase.  
Un it Attent ion Cond ition .  
Untagged Queu ing .  
Vendor Specif ic o r  Un ique .  
Wide Data Transfer. 
Wide Data Transfer Negotiation .  
WI DE DATA TRANSFER R EQU EST 
Message .  
Wire-OR Gl itch . 
X3T9.2 Com m ittee .  
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Introduction by Dal Allan 

The size of th is  encycloped ia may be daunt ing to many readers ,  but  it is  a ref lection of 
the comp lex ity i n  what has been a lmost a fairy tale success in  the saga of the 
computer i ndustry. 

Who wou ld  have thought  that an idea which germ inated in a company that is no  
longer  in  bus iness wou ld r ise to  become the  dominant interface o f  cho ice about a 
decade after the  f i rst specificat ion was pr inted? 

During the 1970s ,  Shugart Associates became extremely successfu l  after it i ntrod uced 
the 8" f loppy d isk  as a storage device. The f loppy had orig i na l ly been conceived at 
I BM as a way to store m icrocode and d iagnostics informat ion in contro l le rs and C PUs . 
Shugart was not the f i rst com pany to clone a look-a l ike but  it was the f i rst to promote 
the f loppy as a stand -a lone storage device , and the f loppy spawned an ent i re i ndustry 
of data entry and word processi ng .  

Shugart Associates dominated the  floppy bus iness,  and  i t  was a natu ral g rowth path to 
expand into manufactu ring  non-removab le rig id d isks ,  o r  Winchesters . The fi rst 
Wincheste r was a s i ng le  p latter 14" d isk which integ rated the d ata separator function
al ity in to the d isk in a s im i lar fash ion to the de facto i ndustry standard known as the 
S M D  (Storage Modu le Drive) interface . 

The next generation Winchester developed was smal ler  with an 8"  d iameter and fitted 
the same phys ical envelope as the 8" floppy d isk. Be ing sma l le r, the new 8" d isk was 
to be priced less than the 14" d isk ,  and market ing faced a d i l emma - it was expected 
that customers wou ld  flock to the smal ler  d rive and revenues wou ld fal l .  

I n stead , t h e  interface was changed . By tak ing out the data separator , t h e  cost could 
be reduced and customers wou ld  be unable to p lug the smal l  d i sk  i n  p lace of the large 
d isk .  Revenue  was p rotected ,  but nobody real ized that the t ime to in teg rate a d isk  
without separated data wou ld take cons iderably longer  than p revious  d isks .  

Having to inc lude data separation into the d isk control le r  was a b u rden  that most smal l  
integ rators were techn ical ly incapable of ach ieving ,  and rep resented a bu rden  that 
many integ rators were unp repared to accept. The 8"  d isk ,  even though  it was cheaper, 
smal ler ,  and used less power,  faced a long and d iff icu l t  i nteg ration period . 

Other 8" d i sk  manufactu rers had a l ready faced the prob lem and developed the i r  own 
sol ut ions .  Amongst them were Centu ry Data , Kennedy, M icropo l is ,  and Pr iam , a l l  of 
wh ich had introd uced easy-to-use interfaces under  various names such as I nte l l igent ,  
Picobus ,  Paral le l ,  and Smart. Each of these companies locked the i r  customers in  by 
treati ng these as proprietary advantages ,  and they d id not want anybody else manu
factu r ing to  the same interface . 

Copyright © 1 991 ENDL Pub l ications T h e  SCSI  E n cycloped i a ,  Vo l u me I 

I 



Shugart Associates may have been late to real ize that it needed an inte l l igent  in te r
face to he lp  in  integ rating  Winchesters , but it was the f i rst to pub l ish a specificatio n  
and make it pub l icly avai lab le .  There were a large number o f  reasons for th is ,  one  of 
wh ich was the need to deve lop contro l lers qu ickly. 

The or ig i nal contractor was Data Technology Corporation , wh ich has su rvived the 
interven ing  years , and is st i l l  a contro l ler  manufacturer tod ay.  

Th us i t  was that the late entrant into the "make i t  easy ph i losophy" of attach ing  d isk 
d r ives was actua l ly the fi rst to  pub l ish a pub l ic  specification . In  the absence of 
alternatives ,  it soon became a de facto standard and a number  of independent 
contro l ler com pan ies ,  i ncl ud i ng  then wel l  known names such as OMTI (acquired by 
SMS) ,  Xebec (now defunct) , and ADES (acqu ired by Western Dig ital) adopted it. 

The orig ina l  SAS I (Shugart Associates Systems I nterface) specificat ion was on ly 20 
pages. It left out a g reat dea l ,  but represented a val uab le work ing n ucleus .  Although 
SAS I was sti l l  a f ledg l i ng ,  there was a des i re to  broaden its scope and app l ication of 
SAS I .  Contro l le rs started to appear in  a variety of forms,  not just to attach 8"  d isk  
d r ives but also f lopp ies and Q I C  (Quarter I nch Cartr idge) tape d rives .  

Shugart Associates l i ked the idea of making SAS I into an ANSI  standard and ap
proached ASC (Accred ited Standards Committee) X3T9.3  in  m id - 1 981 . 

The previous year, X3T9.3  had spent several months d rawing up a l ist of funct ional  
requ i rements for an inte l l igent i nterface that wou ld cover the spectrum from i nexpen
s ive products to h ig h  performance systems.  The resu lt of th is was that X3T9 .3  was 
active ly deve lop ing the I P I ( I nte l l igent Peripheral I nterface) . 

The d riving  thrust beh ind  I P I was system software s imp l if ication and future g rowth for 
mainframe and m in icomputer systems.  There was thorough  attent ion to detai l and 
extens ive debate among the comm ittee members to ensure that the def in it ion covered 
the needs of a larg e  i nstal led base of exist ing products . 

I n  December 1 98 1 , a large number of SAS I supporters attended the X3T9 .3  meeting  
and attem pted to  rep lace the IP I  development with SAS I .  The effort fai led for  a 
number of reasons ,  but the most important one was that most of the SAS I supporters 
were not vot ing mem bers. I n  th is effort , Shugart Associates had p icked u p  an im por
tant a l ly in  NCR , and represent ing these companies were Hank M eyer and John 
Lohmeyer, respective ly. 

However, this was not the end .  I t  was obvious that there was suff ic ient i ndustry 
interest in SAS I to justify a com mittee activity wh ich would not rep lace , but comp le
ment, I P I .  At the next meeting  of X3T9.3 ,  SASI supporters met as G roup B wh i le  
arrangements were be ing made to resurrect the X3T9.2 com m ittee .  X3T9.2 met in  
Apr i l  1 982, under  the Chai rmansh ip of  B i l l  Burr of  the National  Bureau of Standards .  

.,., 
11 
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The fi rst task of X3T9 .2  was to change the name of the interface , because standards 
cannot include the name of a company. The acronym chosen was SCS I for Smal l  
Computer System I nterface , and the f i rst reaction when th is was announced was that 
it would be pronounced as .. sexy, .. 11SUcksy, .. or  .. scuzzy . . . I t  was the latter  des ignation 
that was to stick. 

In an interesting  paradox,  many months later, Shugart Associates changed its name to 
become Shugart Corporation ,  thus al ig n ing the company i n it ia ls again with the name 
of the interface . 

I n  the short time  before SAS I was brought to the standards p rocess ,  a number of 
supp l iers had developed variations to suit d ifferent market app l ications and each had 
imp lemented its own extens ions in  its own way. 

Compati b i l ity was poor. The lead ing de  facto imp lementations cam e  from DTC , OMTI ,  
and Xebec. At one time ,  a set of the specif ications for the products from these 
com panies were included in  the SCSI d raft as append ices .  

The des i re to protect the imp lementations of companies which were a l ready sh ipp ing  
SAS I p roducts meant that comprom ises had to  be made  between  the best techn ical 
solution and the least d is ruptive . Many of the anomal ies that bothe r  SCSI  imp lemen
tors today can be traced back to these early beg inn ings ,  where i t  was necessary to 
protect the f ledg l i ng  industry members. 

I ncons istent arch itectural characterist ics crept in  because the com m ittee members 
wanted to ensure that everybody could claim compl iance with the d evelop ing SCSI  
standard . 

NCR took a strong leadersh ip  ro le in  the committee def in ition , add ing  d iffe rent ial  logic 
and shie lded con nectors , to provide a longer cab le length so that SCS I could move 
outs ide the cab inet .  NCR was the f i rst to do a thorough analysis on the tim i ng  
characte ristics o f  arb itration , and  real ized in  1 983 that what was to  become known as 
the 11Wired-OR g l itch .. required a tim ing  change .  NCR d iscovered th is  during  the des ign 
of the f i rst ch ip  to integ rate the SCSI protocol . 

I n  Apri l  1 984, SCS I was fe lt to be far enough along to justify its f i rst pub l ic  review. The 
bureaucracy requires a 4 month period for the review, but between de lays in  the 
process and d iscover ies made during  publ ic review per iod ,  it was not unti l  a year later 
that a new d raft was thoug ht to be ready to d istribute . 

I n  June  1985, the re was a joint meeting with ECMA (European Computer M anufactur
e rs Association) ; the European com panies interested in standard iz ing  SCS I were 
working  in  paral le l ,  but s l ig htly beh ind the Un ited States ANSI  (American N ational 
Standards  I nst itute) effort . 
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The idea of the jo int meeting  was to share information so that there wou ld  be n o  
deviation between  the two standards.  I t  was at th is meeting that NCR d ropped a 
bombshe l l  i n  the form of proposing an alternative sh ie lded r ibbon con nector which was 
of a more rugged design .  Connectors have always been a problem in SCSI  and the 
sh ie lded ribbon style caused qu ite a sti r . 

Not u nt i l  November was a compromise on how to inc lude the new connector beaten 
out between ECMA and X3T9.2 .  Th is resu lted in the sh ie lded connectors wind ing u p  
i n  the append ix rather  than in  the body of the standard . There i s  a subtle d ifference 
between i nformat ion in  the body of a standard and that in the append ix .  Under  ANS I  
gu ide l ines ,  i nformation in  a n  append ix i s  considered to b e  g u ide l ines ,  not a requ i re
ment. 

The June  1 985 meeting was memorable for another event as wel l ,  i n  that it authorized 
an ad hoc g roup  to d iscuss the prob lem of d iverg ing imp lementations ,  an effort which 
was to become the Common Command Set (CCS) . 

The wide d ivers ity and imp lementat ions of SCSI meant that lack of compat ib i l ity was a 
major issue for system integ rators who were buying products from a n u m ber  of 
contro l ler  manufactu rers and d isk supp l iers. 

On the supp l ier  s ide ,  the vendors had the i r  own troub les as they had to face the 
problem of attem pt ing to desig n a l l  of the variations that were requ ired by OEMs .  CCS 
was the industry's way of recogn iz ing that these variations somehow had to be pu l led 
into l i ne .  

To some ,  the CCS activit ies were seen as those of  a vig i lante g roup  operating  outs ide 
the accred ited standards p rocess. This was not true .  

From June  1 985 to  December 1 985, X3T9 .2 was total ly involved i n  the effort o f  g etting 
the standard comp leted , absorb ing the new sh ie lded ribbon connector issue  and 
beg i nn ing  the cycle towards I SO approval . The CCS ad hoc g roup  was an authorized 
activity being conducted in  para l le l  with the completion of the standard .  

I n  December 1 985,  Revis ion 1 78 was forwarded for pub l ic  review a n d  several months 
later ,  in  June  1 986 ,  it passed al l  of the bu reaucratic hu rd les and formal ly began l ife as 
X3 . 1 31 - 1 986 . Th is event lagged by one month the formal approval of a new project to 
beg in the SCS I-2 standard .  

SCSI-2 was i ntended to b e  a qu ick effort to absorb the CCS activit ies wh ich had been 
isolated to d isk ,  and extend them to other devices, such as tape .  

The amount of  i ndustry activity was vastly underestimated .  I t  seemed that with in  on ly 
a few weeks ,  a large  vo l ume of enhancements were proposed . X3T9.2 is a vendor
d riven com mittee because the majority of members are supp l ie rs ,  and supp l iers have 
a prob lem .  
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If everyth ing is created equa l ,  the lowest priced supp l ier  wins .  

For th is reaso n ,  vendors l i ke to  add capab i l it ies and  featu res wh ich su it t he i r  own 
company person al ity and add val ue .  The imp lementors wh ich can g et to m arket f i rst 
with the latest featu res attain a marketing  edge over the i r  com petitors . If a featu re 
becomes popu lar  and accepted by ind ustry, then everybody e lse fo l lows but  there is a 
benefit to be ing ear ly to market. 

The SCSI  market is segmented vertical ly, with several strata of performance ,  fu nct ion
al ity, and cost characteristics , and the years of SCS I -2 deve lopment matched an era 
of explosive g rowth .  From its h umb le  beg i nn ings as an i ndustry standard ization effo rt 
in  1 981 , SCSI  has spread far and wide .  

The secret to  its success was the NCR 5380 ch ip .  SCS I is a very com p l icated 
interface and one h as to adm i re the early imp lementors who m anaged to make it work 
us ing MS I  (Med i um Scale I nteg ration) components ; it took a g reat dea l  of sk i l l  even 
when the imp lementat ion was kept s imp l istic. 

Shugart Associates kept prom is ing s i l icon and fai l i ng  to de l iver, whereas N C R  went to 
work and produced the f i rst usefu l ch ip .  Although this cou ld h ave been kept p ropr i 
etary and used to estab l ish a competitive advantage ,  N C R  took the opposite ap
proach . 

NCR created an i ndustry by virtua l ly g iv ing away the ch ip .  The p rice was set low. A 
large education effort as we l l  as app l ication development support was put in  p lace so 
that in teg rators had somewhere to turn for advice . Th is strategy paid off in  a way that 
NCR cou ld not h ave poss ib ly anticipated when Apple se lected SCS I as its interface of 
cho ice to attach d evices .  

I t  wou ld  be a g reat story to say that th is  was a strateg ic dec is ion by App le ,  but it 
turned out to be more a case of serend ip ity . The or ig i nal goal  for the M acintosh had 
been to attach peripherals via Apple Talk .  Rather late i n  the deve lopment  cycle  it was 
real ized that App le Talk  was too slow to support d isk d rives .  A m ad scramb le  occu rred 
as App le eng ineers went h u nt ing for some k ind of alternative . There was SCS I ,  and 
there was a ch ip ,  and so it was that SCSI became the periphera l  interface for the 
M acintosh .  

Apple was off and runn i ng .  

During  deve lopment ,  Apple used an OMTI contro l le r  as  t he  straw horse to  imp lement 
d isk  support .  M any com p la ints have been made about M ac SCSI  not be ing fu l ly 
compatib le  with the standard . Much of th is can be attr ibuted to the fact that the boot 
code  was deve loped against the OMTI contro l ler .  The prob lem lay in the contro l le r  
having o rig ina l ly been designed for SAS I and then warmed over to become more l i ke 
SCS I .  Bottom l i ne ,  the O MTI contro l ler  was not fu l ly comp l iant with the standard . 
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Apple created a market. 

Apple was the f i rst systems i nteg rator to define an i nterface attachment for SCS I .  Not 
just hardware , but also software . Non-standard maybe,  but it was good enough  for a 
f lou rish ing  th i rd party i ndustry to develop that attached SCS I devices to App le sys
tems .  A few deviations from the standard were not enough to s low th is g rowth . 

Apple was s low to correct the incompatib i l ity prob lems because the m icrocode h ad 
been bu rned i nto ROMs ,  and wou ld  requ i re a major reca l l .  I t  was easier to document 
the d ifferences and let the th i rd parties adjust the i r  m icrocode .  Thus it was that a 
whole generation  of M acSCSI  per ipherals came to exist i n  the retai l  channe l .  

With each new M acintosh ,  App le has come closer to the  standard , bu t  for one  g lar ing 
exception :  the con nector .  Despite the inf l uence SCSI has had on the market, it has 
never proved strong  enough to inf l uence systems integ rators into us ing the con nectors 
def ined in the standard .  I BM recently introduced SCSI for the PS/2 , and I BM too 
showed no re luctance to us ing a un ique connector on the host adapter .  

I f  one were to buy a com plete array of SCSI host adapters one m ight f ind that the 
SCSI con nector chosen has been honored more in  the breach . Fortunately, per iphera l  
manufactu rers h ave chosen to fo l low the standard more close ly, and a l l  it takes is  a 
special cab le  to get from a non-comp l iant host to comp l iant periphera ls .  

As a standard , SCSI  has a lways lagged industry usage .  Be ing embraced by such wide 
seg ments meant there were i nnovations constantly occu rring  i n  d ifferent market 
segments,  and these were very often implemented before they were brought to the 
X3T9 .2  com m ittee as suggestions ,  recommendations ,  ideas and proposals .  

SCS I has been l i kened to U N IX in  that i t  is an open inte rface which is favored for 
open computi ng .  SCSI was r ig ht for the t imes, it was easy to comprehend and f lexib le  
enough to be adapted . U nfo rtunately, as happens to so many people as they ap
proach m idd le  age ,  SCSI  has g rown in g i rth over the years , having  ach ieved 600 
pages in SCS I -2 ,  X3 . 1 3 1 - 1 99x.  

Trying to absorb so m uch information is overwhe lm ing ,  and th is makes SCSI  d iff icu lt 
to comprehend for the neophyte , but it is sti l l  f lexib le enough to be adapted to new 
appl ications .  SCSI  is a l iving interface . 

By way of exp lanat ion for the variations in  SCS I ,  one on ly needs to look at the or ig ina l  
standard i n  wh ich there were few ru les of  "what not to do" and as a resu lt there were 
variations which su ited the implementor.  There has always been a wide variety in 
SCSI  imp lementations as com petitors vied for market share and O E M  opportun ities .  

Even though  one mig ht expect vendors to be possess ive about the i r  variations ,  
com petitors have shown a remarkable propensity to ag ree on  what shou ld be done in  
the best i nterests of  the standard .  Even when comm ittee decis ions have not necessar-
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i ly favored com panies wh ich had imp lemented in  a d ifferent manner, the i r  rep resenta
tives voted in the best i nterests of the standard .  

SCSI supp l ie rs take t h e  very positive attitude that they have an ob l igat ion to b e  
backwards com patib le  with the i r  exist ing customer base because they chose to 
imp lement early. As a resu lt ,  succeed ing generations which are comp l iant with the 
standard inc lude the non-compatib le variations to support exist in g  customers .  Th is is 
one factor that h as been a major force in expand ing  the SCSI market, customers get 
at least one  generation of p roducts in  which to m ig rate the i r  imp lementations .  

NCR may have started the ch i p  race , but they were by no  means a lone i n  the runn ing .  
The race in  pu rsu it o f  desig n w ins  was, and  continues to  be ,  a b ru tal one .  Ch ip  
supp l ie rs are constantly u nve i l i ng  new solut ions which reduce overhead and add 
funct ional i ty to ch ips .  The 5380 requ i res lots of m icrocode to support i t ,  and for that 
reason performance is p retty s low. 

Every generation  of ch ips has inc luded more capabi l ity i n  gates and requ i red less 
m icrocode and m icrop rocessor intervention .  The resu lt is that the time  req u i red fo r 
overhead process ing has been conti nual ly shr inki ng .  

The competit ive d rive to  w in  ch ip  sales pushed the  envelope o f  performance h ard , 
with des ig n cycle t imes as l itt le  as 9 months between s i l icon  revis ions .  The resu lt was 
that p roduct i ntrod uct ions acce lerated as the market kept choos ing  the latest, best 
desig n avai lab le to them .  One resu l t  has been a d ramatic imp rovement i n  SCSI  
performance every few months .  

Orig ina l ly ,  SCSI  was the i nterface of choice on smal l  systems where performance was 
not so important .  As overhead shrank because of added s i l icon  funct ions and eff ic ient 
microcode ,  SCSI moved u pscale to become the choice on m id - range systems as we l l ,  
and  in it iated a second surge  of  l ife in the  SCSI  market . 

SCSI  is an immatu re interface . 

No  one can te l l  what SCSI  wi l l  look l i ke next year. It may be poss ib le  to p red ict the 
featu res l i kely to be inc luded in  next year's SCS I ,  but it takes a b rave man to suggest 
he knows how it wi l l  be defined . As one example ,  take Asynch ronous Event Notif ica
tion .  SCSI  or ig ina l ly had no means for a target to advise the in it iator(s) of unant ic ipat
ed events such as med ia  be ing loaded into a tape d rive . 

Removab le  med ia  manufactu re rs campaig ned to add some k ind of asynch ronous 
capab i l ity late in  the days of  SCSI -1, and i t  was ag reed to add ress the need in  
SCS I -2 .  I f  bets had been taken ,  a lot o f  money wou ld  have been p laced on  add ing  a 
new s ig na l  l i ne  cal led Attent ion I n  but such was not to be .  As anybody who has ever 
looked u p  Asynch ronous Event Notif icat ion knows , the def in it ion  is  a lot more com p l i 
cated . 

Copyright © 1991 ENDL Pub l icat ions The SCSI  E n cyc l o ped i a ,  Vo l u m e  I 

I 



M uch of SCSI 's  success cannot be attr ibuted to the capabi l it ies of the interface so  
much as  t he  very de l iberate campaign by  SCSI supp l ie rs t o  convince OEMs  that 
imp lement ing SCSI  was easy. You m ight say that th is was a s l ight  exaggerat ion 
because SCSI  is un l ike exist ing device interfaces. 
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For a l l  other  in te rfaces,  the po int of management and control is the o rig inator of a 
request; i . e . ,  the host. Not so SCS I ,  the host makes requests and it is the target which 
decides when it wi l l  act u pon them and when it wi l l  service the i n it iator .  

Th is change i n  ph i losophy can have a brutal impact u pon some operating  system 
software d rivers , but  th is d iscovery usual ly came too late to change p lans wh ich had 
been put  into act ion .  By the t ime the companies which had wanted to be l ieve SCSI  
was easy had learned d iffe rently, they were already involved in  the project and 
comm itted to  comp leting  the project .  

After wrestl i ng  th rough  the f i rst learn ing experience, the second time was stra ightfor
ward and easy, so SCSI  de l ivered on its prom ises the second t ime around .  

I n  the early days , compatib i l ity was a prom ise that SCSI fai led to  de l iver, but  desp ite 
those who sti l l  c la im otherwise ,  there is a h igh deg ree of p l ug  and p lay compatib i l ity 
between peripherals today. A number of reasons account for th is ,  but  the m ost 
important is that the contro l le r  is no longer a separate e lement  provided by a separate 
su ppl ier  from the per ipheral manufacturer .  

Em bedded SCSI may be important, but i t  is not new. 

The fi rst imp lementat ion was by Xebec in  a disk d rive cal led the Owl , and it was 
pre-SCS I .  It was actua l ly em bedded SAS I .  The d isk d rive was on ly adequate , the 
performance was low and the imp lementation was slow. The Owl met with a poor 
reception in  the Un ited States ,  but  met with an extraord inary deg ree of  success in  
Europe.  

Europeans l i ke performance as much as Americans so there had to be another  
explanation ,  and it was to be found  not in  techno logy, but i n  bus iness issues .  Eu rope
an integ rators deal with two cou ntries for the i r  h i -tech p roducts, America and Japan . 
Take the case of a d isk  d rive be ing supp l ied from Japan and a contro l le r  be ing 
supp l ied f rom the US.  

When a p rob lem arises ,  an eng ineer in  Germany is faced with making a cal l  to Japan 
at the crack of dawn to exp la in the situation on ly to be to ld that it is not the d isk d rive , 
it must be the contro l ler. Shortly before d i nner,  the eng ineer  cal ls the contro l le r  
supp l ier  in  America who c la ims the problem is  not in  the contro l ler ,  i t  must be in  the 
d isk d rive . 

When f ingers are be ing pointed a day apart ,  Europeans have a much more d iff icult 
t ime in  i nteg rat ing their systems.  Embedd ing the contro l le r  in  the per ipheral solved this 
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problem,  because instead of having to yel l  at two vendors a d ay apart ,  one  was 
complete ly respons ib le  for the integ ration process. I f  an em bedded per ipheral does not 
work, there is on ly one call to make to one vendor ;  a much c leaner  and easy-to-work 
with s ituation .  

Many of the early embedded devices were done on a turnkey basis b y  contro l ler  
com panies who were g iven the i r  "own end of  the board to p lay with . "  Bu ried on  that 
board was often an external  interface , such as ESDI  o r  ST41 2 ,  and embedded SCSI  
caught  on  in  the U n ited States on ly after SCSI overhead had been red uced . 

The success of the early imp lementations led to d isk d rive manufactu rers taking  over 
SCSI  i nteg rat ion and making it a native interface . Th is real ly led to a reduct ion in  
overhead .  The majority of  im p lementat ions today are native SCSI  to reduce overhead 
and maxim ize performance.  Contro l ler  manufactu rers have become ch ip  supp l iers for 
d isk  com panies .  One consequence of th is trend has been that the market for br idge 
contro llers has sh ru n k  d ramatically . 

M ajor OEMs  who com m itted to SCS I ,  d id  so at d iffe rent po ints in  t ime ,  and when they 
did so ,  they carved a specif icat ion out of the revis ion of the standard then  cu rrent .  As 
the standard moved o n ,  the specif ication d idn 't .  As a resu lt , O E M s  are sti l l  buy ing 
based on  specif icat ions that may have been written 3 ,  4 o r  even 5 years ago .  When 
you ask why they haven't  changed you learn a l l  about the l im itations of chang ing  
software . A by-prod uct o f  th i s  s ituat ion is that OEM supp l ie rs o f  d isks and tape (d isks 
especial ly) face the prob lem of having to supply 30-40 d ifferent variations of m icro
code for each d rive . 

S ince its f i rst in trod uction ,  SCSI  has been the preferred interface for tape and optical 
devices because they are d iff icult to integ rate and performance is not a crit ical issue .  
On the other  hand , d isk is an i nteg ral e lement to system performance and many 
OEMs wou ld  not accept the penalty on every SCSI request. 

As overhead sh ran k with improved s i l icon ,  disk performance became acceptable and 
SCSI became an alternative to device interfaces. Although d isks lagged the trend 
towards embedded SCS I ,  they have surged to  dominate the do l lars in  the sa le  of 
embedded SCSI  devices .  

When talk ing about SCSI  i t  is very important to recogn ize that i t  is not a s ing le entity 
but a market segmented in to several layers. At the lowest rung  on  the ladder  is 
Kentucky Fried SCSI (cheap,  cheap, cheap) . Performance is not cr it ical on  the lowest 
run g ,  but  as one c l imbs the ladder ,  performance becomes the crit ical factor separating 
the rungs .  
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I n  the b roadest of terms,  there have been five de facto industry standards :  

o SAS I 
o SCS I - 1  
o M acSCS I  
o CCS (Common Command Set) 
o SCSI-2 

I n  recent months there have been many who have questioned why SCSI-2 has so 
many choices and added such a prol iferation of  featu res to the or ig i nal SCS I .  As 
noted before, the com m ittee efforts on SCSI -2 coincided with an exp los ion in SCSI 
appl ications in  i ndustry and a large number of companies wanted to add featu res and 
capabi l it ies to the interface . 

The prob lem faced by the com mittee was not what to add ,  but where to stop add ing  
featu res .  Orig ina l ly ,  the goa l  o f  SCS I-2 was to " leg itim ize" CCS (Common Command 
Set) and extend  i t  to device types other than d isk but i t  q u ickly g rew (k ind of l i ke a 
zucch in i  p lant) . 

You may even f ind some th ings in  the Encycloped ia wh ich are not i n  the SCSI -2 
standard ! 

SCSI is a l iving  entity. 

SCSI-3 is now wel l  u nder  way. I n  fact ,  SCS I-3 started before SCS I -2 had f in ished , in  
SSWGs (Specif ic Subject Working  G roups) . 

X3T9 .2 froze its def in it ion of SCSI in  February of 1 989,  but here it is 1 991 , and 
SCS I-2 is  sti l l  not pub l ished as a standard . Nor is i t  l i kely to make pub l ication u nt i l  the 
end of  1 99 1  o r  ear ly 1 992.  

X 

You may f ind it amaz ing that the bu reaucratic procedures are sti l l  not f in ished .  You 
can contribute th is to the painfu l  review of the document in  excruciating  detai l ,  trying  to 
e l im inate errors and imp rove cons istency. 

Wh i le SCS I -2 is being refi ned and clarif ied for pub l ication as a standard ,  X3T9.2 is 
conti nu ing  to move forward on  SCS I -3 by focus ing on some featu res of SCSI-2 that 
were lacking ,  and extend i ng  them . Some of th is material has been i ncl uded in the 
Encyclopedia as it stood i n  Jan uary, 1 991 . 

I n  some cases,  it is l i ke ly that some SCS I -3 featu res wi l l  become more popu lar i n  
SCS I-2 imp lementat ions than the def in it ions in the SCSI-2 standard .  One  case in  
particu lar that comes to mind is that of  the 1 6-b it s ing le  cab le attachment popu larly 
known as the P-Cable .  SCS I -2 def ined a second 8-Cab le for transferri ng  data but d id 
not exten d  the n u m ber  of devices that may arb itrate . 
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The P-Cable p rovides an extra 8 data b its and perm its se lect ion of an extra 8 devices 
dur ing arb itrat ion ,  �o it is a natu ral to become popu lar in an e ra of embedded SCSI 
devices. The P-Cable is inc luded in  the SCSI Encyclopedia because although  it is not 
in  SCSI -2 ,  it wi l l  be i ntroduced in  products long before SCS I -3 becomes a standard .  

To g ive some idea o f  t h e  mag n itude of the task of SCSI-2 ,  at one  tim e  there were 9 
ed itors, · and the d ocument had g rown to be unwieldy. Each of the ed itors made a 
major contribut ion to the development of the standard , but not be ing of the same mind 
and Eng l ish  sk i l l s ,  the styles were incons istent. I t  fe l l  to  Larry Lamers as genera l  ed itor 
and John  Loh m eyer to bear the bru nt of weaving a cohesive document  out of the 
ungai n ly set of chapters that com posed SCS I-2 .  

Smal l  th ings which escape i n it ial read ing can cause imp lementat ion d ifferences;  e . g . ,  a 
s l ight  variat ion i n  word i ng  of the same action can be interpreted to imp ly that there is a 
d ifference.  If the same act ion is described in  s im i lar ,  but not ident ical , words then 
u ndoubted ly there wi l l  be imp lementat ions that d iffer .  

The p rob lem of d ifferent i nte rpretat ions usual ly comes to l i ght when some O E M ,  
du ri ng  integ ration ,  d iscovers devices have incons istent behavior .  The com m ittee then 
faces the prob lem of tryi ng  to f ig u re out the intended def in it i on ,  and at least one  of the 
parties is go ing  to be h u rt .  There have even been some cases when both parties 
involved have been h u rt because the clarificat ion wound up affecting  a l l  imp lementa
t ions.  

Somet imes, it may take carefu l  read ing of several parts of the standard to derive 
enough informat ion to make a decis ion on how to imp lement some featu re .  Even then, 
it can seem that there are n uances wh ich make an interpretat ion less than obvious .  

I t  is here that the SCSI  Encycloped ia is attempt ing to  br idge  a gap between the 
language of  a standard and the m icrocode of  an imp lementation .  The standard is 
extreme ly d iff icu l t  to read , especial ly for the un i n it iated .  

Be ing  faced with having  to  learn SCSI for  the f i rst t ime is daunt ing ,  as woven th rough
out the 600 pages are d i rections, imp lementat ion notes , and warn ings .  Desp ite the 
best effo rts of  a l l  the com m ittee members, there are bound  to  be some errors i n  600 
pages of densely packed mater ial ,  and th is represents an overwhe lm ing  learn ing curve 
for every des ig n eng ineer .  

The pu rpose of the SCSI  Encycloped ia is to provide a way for an eng ineer  to knowl
edge as needed . I t  is much easier to learn by looking up an entry on someth ing that 
one does not understand ,  or has not come across before, than to h u nt th rough  the 
standard hop ing  to f ind it ment ioned . 

The f ina l  word on  interpretat ion is in  the standard . The SCS I Encycloped ia is more 
than an in terp retat ion because it b inds together the information ,  and it cross referenc-
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es other  material which shou ld be understood in  conjunct ion with the specific s u bject 
be ing investigated .  

I t  is to  be hoped that readers wi l l  f i nd  th is  a usefu l text and we appreciate crit icis m ,  
preferably constructive . Where someth ing m ight b e  better done ,  we want t o  know. 

SCSI is a l iving  standard , and we want this to be a l iving  SCS I Encyclopedia that wi l l  
g row and expand to cover a l l  o f  SCS I .  Your  input to  futu re ed itions is so l icited .  Send 
along you r  ideas on  what is m iss ing ,  what is  wrong ,  and what shou ld  be added .  No  
guarantees on  the i r  be i ng  included , bu t  they wi l l  def in itely be read . Send  them to : 

E N O L  Pub l ications 
1 4426 Black Walnut  Court 

Saratoga, CA 95070 
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Study Guide 

I th ink  we' l l  al l ag ree that read ing an encyclopedia starting at "A" and go ing  th rough to 
"Z" is: 

(a) Du l lsvi l le .  
(b) A real d rag , man .  
(c) A bummer .  
(d )  Bogus ,  d ude .  

Pick you r  e ra . . . .  To  save you  from that drudgery,  we have a Study G u ide .  Each 
general  top ic noted be low has a l ist of subject top ics with i n  the Encycloped ia that 
com bine to describe the general topic. So, have fun !  

Learn i n g  SCSI  

Lesson #1 : Bus and Devices 

• SCSI  Device 
• SCSI  Bus 
• I n it iator 
• Target 
• Log ical U n it 

Lesson #2: Processes and Phases 

• Nexus 
• 1/0 Process 
• Phase 
• Bus Phases 
• Cond it ion 

Lesson #3 : Bus  Contro l 

• Path Contro l 
• Pointers 
• M essage 
• M essage System 
• Error Recovery 
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Lesson #4: Protocols 

• BUS FR E E  Phase 
• ARB ITRATION Phase 
• S ELECTION Phase 
• Select ion Time-out 
• R ESELECTION Phase 
• Rese lection Time-out  
• Between Phases 
• Asynchronous Data Transfer 
• Attent ion Cond it ion 
• Reset Cond it ion 
• U nexpected BUS FR EE  Phase 

Lesson #5 : Phys ical I ssues 

• Sing le-Ended I nterface 
• Differential I nterface 
• Assert ,  Negate , and Release Sig nal 
• Cables 
• Connectors 
• Term ination 
• Term inator Power 
• Parity 
• Wire-O R  G l itch 

Lesson #6 : H igh  Leve l I ssues 

• Command Descriptor Block (COB) 
• Status 
• Log ical Block 
• Contingent  Al leg iance Cond it ion 
• Un it Attent ion Cond it ion 
• Hard Reset 
• Linked Com mands 
• Extended M essages 

Lesson #7: Advanced Data Transfer 

• Synchronous  Data Transfer 
• Synch ronous  Data Transfer Negotiat ion 
• Fast Data Transfer 
• Wide Data Transfer 
• Wide Data Transfer Negotiat ion 
• P Cable 
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Lesson #8 : Advanced Topics 

• Queue 
• Soft Reset 
• Asynchronous Event Notif icat ion (AEN) 
• Extended Contingent Al leg iance (ECA) Cond it ion 
• TER M I NATE 1 /0 PROCESS Message and COM MAN D TER M I NATED Status 
e Target Routi ne  

Lesson #9 : I mplementat ion 

8 Chips  
• Host Adapte r 
• Contro l le r  

Assorted Su bjects 

He lpfu l  H ints 

• Etiquette 

Data Transfer Protoco ls 

• R EQ Sig nal 
• ACK S ig n al 
• OAT A Phases 
• Asynchronous Data Transfer 
e Synchronous Data Transfer 
• Fast Data Transfer 
• Wide Data Transfer 
• P Cab le 

Error Recovery 

• Pointers 
• M essage System 
• Error Recovery 

Tim i ng 

• Bus Tim i ng  
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Bus S igna ls  

• ACK S ignal 
• ATN S ignal 
• BSY Signal 
• C/D Signal 
• 1 /0 S ignal 
• MSG Sig nal 
• REQ Signal 
• RST S ignal 
• SEL Signal 
• Data Bus Signals  
• Parity 
• Term inator Power 

Reset 

• Reset Cond it ion 
• RST S igna l  
• Hard Reset 
• Soft Reset 

Aborting an Operation i n  order  of severity: 

• TER M I NATE 1/0 Message 
• ABORT TAG M essage 
• ABORT M essage 
• C LEAR Q U E U E  Message 
• BUS DEVIC E  RESET Message 
• Reset Cond it ion 
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XV11· Study Guide 
Messages 

• ABORT 
• ABORT TAG 
• BUS D EVI C E  R ESET 
• C LEAR Q U E U E  
• COM MAN D COM PLETE 
• D ISCO N N ECT 
• H EAD OF Q U E U E  TAG 
• I DE NTI FY 
• I G N O R E  WI D E  R ES I D U E  
• I N IT IATE R ECOVERY 
• I N IT IATOR D ETECTED ERROR 
• LI N KE D  COM MAN D COM PLETE 
• M ESSAG E PAR ITY ERROR 
• M ESSAG E R EJ ECT 
• MOD I FY DATA POI NTER 
• NO O P E RATION 
• ORDERED Q U E U E  TAG 
• R ELEASE R ECOVERY 
• R ESTO R E  POI NTERS 
• SAVE DATA PO I NTER 
• S I M PLE Q U E U E  TAG 
• SYNCH RONOUS DATA TRANSFER R EQU EST 
• TER M I NATE 1/0 PROCESS 
• WI D E  DATA TRANSFER R EQU EST 

Copyright  © 1 991  ENDL Pub l icat ions The SCSI  E n cycloped i a ,  Vo l u me I 



---Using XV111 

Using the SCSI Encyclopedia 

The SCSI Encyclopedia is o rgan ized , natural ly enough ,  i n  a lphabetical order .  There 
are two types of topics: major top ics and minor topics. M ajor top ics cover subjects l i ke 
ARBITRATION Phase, wh ich is a SCSI topic that cal ls for a lot of d iscussion and 
examples. M ajor top ics typ ical ly beg in  with a general overview of  the subject, and th is 
wi l l  typ ical ly include an i l l ustrat ion or  f low d iagram . After the overview, there are 
several detai led i l l ustrations and examples. 

M inor  top ics cover subjects l i ke Arb itration Delay, which is a subject encompassed by 
one or  more major top ics. M inor  top ics wi l l  have a detai led description of the subject ,  
with a reference to a major topic for more information . 

A few ed itor ial conventions have been adopted to make information eas ier  to f ind .  The 

beg inn ing of a top ic  is identif ied by a special font; e .g . ,  ARBITRATION 
Phase. With i n  a topic ,  a reference to another topic is h i gh l ig hted as fo l lows: see 

Arbitration Delay. Th is convent ion is very analogous to a HyperText system (except, 
of cou rse ,  you can click you r  mouse on a p iece of paper all day with no effect. . . ) .  
H igh l ight ing i s  done on ly once on  a page o r  once with i n  a top ic to reduce .. font 
fat igue . . .  Also, s ince they are used so often with in each topic ,  the names .. I n it iator . . and 
.. Target .. are not h i gh l ig hted . 

I n  several places ,  the terms .. I n it iator .. and .. Target .. are rep laced by p roper  names,  l i ke 
1 1 l an .. and .. Tanya .. o r  .. I r is .. and .. Tom .. . Wh i le th is seems odd for a techn ical work, 
anth ropomorph ism al lowed us to use s imp ler language for compl icated concepts . And ,  
it does spice th ings u p  a l itt le . . .  

We have included the "Examp les .. section at the end of both vo l umes s o  that they are 
avai lable when read ing  e ither  volume .  

M ost I m po rta nt Note : Th is is n ot the SCS I Standard ! Please refer to the Standard 
when judg ing the comp l iance of any implementation .  
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With in tim ing  d iagrams ,  certain convent ions are used , wh ich are i l l ustrated in  Figu re 1 
below. 

I r ene ' s  
BSY 

I r ene ' s  
SEL 

I r ene ' s  
ATN 

a-------------- d 

______ ! '--------------------
1 

b ___________ I ___________________ _ 

________ ! I 
I < · · · · · · · · · · 2 • td s · · · · · · · · · · > I 
I 90 na I 

c I ___________________ __ _________________ / 

FIGURE  1 :  EXAMPLE TIMING DIAGRAM 

Tim ing  d iag ram conventions :  

• The "owner" of  the s ignal  (either  as a d river o r  receiver) is shown on the left 
hand s ide .  

• Al l  s ig nals are shown as "h igh-true/low-false" ,  i ndependent of the e lectrical 
i nterface type (Single Ended Interface or Differentia/ Interface) . For 
instance,  S ing le  Ended I nterface s ignals are e lectr ical ly low when true ,  but 
the t im ing  d iagram shows them high when true .  Whi le th is may seem confus
i ng ,  it keeps the tim ing  d iagrams generic for al l  e lectrical interfaces.  

• A s igna l  that is not d riven is shown as dashes "------- " .  A s ignal that is in  a 
"don 't care" state is shown as "XXXXXXX" .  

• A lower case letter (e . g . ,  a ) with in  the  tim ing d iag ram i nd icates an event that 
is described i n  text fo l lowing the d iagram that beg ins  with the same letter 
(e . g . ,  (a) ) . 

• Times between two edges are g iven both as actual  time  (e .g . ,  9o ns) , and as 
def ined by SCSI  Bus Timing values (e .g . ,  tcts. which is a Deskew Delay) . 

The various sym bols used i n  f low d iagrams are i l l ustrated i n  Diag ram 1 .  
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[ _____ A
_
ss

_
e

_
rt __ A

_
T

_
N __ �] 

No 

Dela y . 90 nsec mm1 m u m  

SELECTION 
P h ase 

A rectangle with rounded corners 
indicates an action to be performed 

A rectangle with square corners 
indicates a delay period: 

nsec = nanoseconds 
11sec = microseconds 
msec = milliseconds 

A diamond indicates a decision point 

An elipse indicates a reference 
to another phase or procedure 
described in another flow diagram 

A circle indicates an asynchronous 
interrupt; i.e. a change in state which 
may (or may not) be expected. 
A circle may also indicate one state 
of a state sequence. 

XX 

DIAG RAM 1: KEY TO SCS I FLOW DIAG RAM SYMBO LS 
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A Cable. 

ABORT Message. 
ABORT TAG message. 

ACK Signal. 
ACKB Signal. 

Active I/0 Process. 
Active Pointers. 

Active Pull-Up. 
Arbitration Delay. 

ARBITRATION Phase. 
Assertion Period. 

Assert Signal. 
Asynchronous Data Transfer. 

Asynchronous Event Notification (AEN). 
ATN Signal. 

Attention Condition. 
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A Cable. The A Cable is the SCSI-2 name of the 50-conductor cab le  used i n  a l l  
8-b it SCSI systems .  The A Cable carries t he  Control Signals and  the  f i rst e ig ht b its of 
the Data Bus Signals . See Cables . 

ABORT Message. The ABORT Message is used by the I n itiator to te l l  a Target 
to stop what it is do ing for the cu rrent lfO Process ;  typ ical ly, com m ands are aborted 
by th is Message . ABORT is a s ing le-byte message :  

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = 06 hex 

Some th ings to know about ABORT: 

• ABORT is fo r chang ing  your  m ind :  it is an "Oh No ! "  function .  An example of 
the proper use of abort is to stop a d isk format you d idn 't mean to do .  The 
system fo rmat ut i l ity wou ld  issue the ABORT message to stop the operation ,  
with l uck before you r  data was lost. 

• ABORT is not for everyday use: don 't expect sane behavior reg ard ing the 
cu rrent com mand from a Target when it receives the ABORT message .  The 
Target may pu l l  the p lug  halfway th rough an operation .  I t  may forget about 
the com mand entirely: no Sense Data or h istory is retained .  Issu ing ABORT 
is usua l ly a s ign that someth ing went WRONG at the I n itiator end of the 
system .  

I n  fact, the ABORT M essage is used i n  response to " insane" behavior b y  the 
Target. For example ,  i f  the Target Reconnects an I n itiator for a Nexus that 
does not exist (from the I n itiator's point of view) , then  the I n it iator shou ld  
respond with the ABORT Message.  Of  cou rse,  somet imes an I n it iator may 
use the ABORT M essage when it th inks the Target is m isbehaving , but in  
fact the I n itiator is messed up .  

• ABORT is  not supposed to  affect anyth ing on the  Target associated with 
other I n it iators for the same Logical Unit, or anyth ing associated with other 
Log ical Un its on  the Target. Of course, if a d isk Target aborts a write halfway 
th rough  a sector (not recommended behavior, adm itted ly) ,  th is can affect 
other I n itiato rs . Agai n ,  don 't make a habit of us ing ABORT. 

• After receiving the ABORT, the Target goes to BUS FREE. No status is sent; 
no  other phase occu rs before BUS FR EE.  There is no  t ime  specif ied between 
the "receipt" of the message (presumab ly the trai l i ng  edge of ACK) and when 
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BUS F R E E  occurs .  I t  is poss ib le that a Target wi l l  ho ld  the bus  u nt i l  it has 
done what it h as to do to abort the 1/0 Process .  

• So how does the I n it iato r send th is message? The same way as any other :  
by assert i ng  the A TN signal (creating the A ttention Condition on  the bus)  
and waiti ng  for the Target to get around  to respond i ng .  But  what if the Target 
is  d isconnected from the I n it iator? S imp le :  desp ite the fact that it has an 1/0 
Process currently executing ,  the I n itiator is a l lowed to se lect the Target j u st 
for the purpose of send ing th is message .  The I n it iator f irst must send an 
IDENTIFY message (see Nexus) or  the Target won't  know which Log ical 
U n it 's 1/0 Process to abort (Targets won't try to read I n it iator's m inds) .  I f  the 
I n it iator doesn 't send the IDENTIFY Message , the Target wi l l  j ust go to BUS 
FR E E  phase without do ing  anyth ing e lse .  

® ABORT has add it iona l  mean ing  when Queuing is imp lemented . In  th i s  case ,  
a l l  queued 1 /0 Processes for the I n itiator (not other I n it iators ! )  are aborted for 
the current Log ical Un it .  Th is m ight  be used , for exam p le ,  after a fatal write 
erro r to stop subseq uent 1/0s to the same area of the med ia .  I t  isn 't l i ke ly 
that the Target wi l l  create sense data for a l l  of  the aborted 1 /0 Processes in  
the queue .  Note that ABORT with no queu ing  aborts one 1 /0 Process,  but 
with queu i ng  it potent ia l ly aborts several 1 /0 Processes . To abort a s ing le  
queued 1 /0 Process ,  use the ABOR T  TA G Message . 

Su m ma ry of U s e :  The ABORT message is sent on ly by the I n it iator at any t ime to 
cause the Target to abort the current 1/0 Process ,  or when Queu ing  is used , to abort 
a l l  1/0 Processes for the current Log ical Un it fo r the currently con nected I n it iator. 

ABORT TAG message. Th is message is used to abort a s ing le  q ueued ljO 

Process . ABORT TAG is a s ing le-byte Message ; the Nexus m u st h ave been estab
l ished by a p revious IDENTIFY Message and Queue Tag Message : 

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = OD hex 

Al l  of the cautions and uses for the ABOR T  Message also app ly to th is  message .  I n  
fact ,  if the q ueued 1/0 Process has already started process ing , t h e  behavior i s  exactly 
the same as ABORT: stop the 1/0 Process and go to BUS FREE Phase .  ABORT TAG 
is part of a h ierarchy of messages that can be used to remove 1/0 Processes from the 
com mand queue :  

• ABORT TAG removes one 1/0 Process fo r  the  con nected I n it iator from the 
Queue or  stops it if the l /0 Process is currently executin g .  Th is app l ies on ly 

A 

Copyright  © 1 99 1  ENDL Pub l ications T h e  SCSI  E n cycloped i a ,  Vo l u me I 

I 



A 4 
to one q ueued 1/0 Process that belongs to the connected I n it iator for the LU N 
identif ied. 

• ABORT removes 1 /0 Processes from the Queue and stops an 1 /0 Process if 
it is currently executing. Th is appl ies on ly to 1 /0 Processes that be long to the 
connected I n it iator for the LU N identified. 

• The CLEAR QUEUE Message removes l /0 Processes from the Queue and 
stops an 1 /0 Process if it is cu rrently executing.  Th is appl ies to all 1/0 Pro
cesses that belong to a l l  I n itiators for the LU N identif ied. 

• The BUS DEVICE RESET Message removes al l  1 /0 Processes from the 
Queue and stops an 1 /0 Process if it is currently executing.  This appl ies to al l  
1/0 Processes that belong to al l  I n itiators for al l  LU Ns. 

S u m mary of Use:  The ABORT TAG message is sent on ly by an I n it iator at any t ime 
to abort a s ing le l/0 Process belong ing to the I n itiator associated with a Queue Tag. 

ACK Signal. The ACK S ignal is used by the I n it iator to handshake data bytes with 
the Target. For transfers from the Target to the I n it iator ,  the ACK signal is an ind icator 
that the data was received. For transfers from the I n itiator to the Target, the ACK 
signal ind icates that the data . is avai lable to the Target. See A synchronous Data 
Transfer and Synchronous Data Transfer for detai ls on the use of th is s ignal. 

ACKB Signal. The ACKB Signal is used in  systems that use the B Cable to do 
Wide Data Tran sfers . The ACKB Signal is independent of the ACK s igna l :  it on ly 
reacts to the REQB Signal; it is on ly re lated to the Data Bus Signals on the B Cable .  
The use of the ACKB Sig nal is identical to the use of the ACK Sig na l .  

Active 1/0 Process. An Active 1/0 Process is an ljO Process that exists in  a 
Target that is not Queued. To clarify, if an 1/0 Process is not q ueued , then the Target 
must be executing  it . An Active 1/0 Process may or may not be Connected; if it is ,  
then i t  is a lso the Current ljO Proces s .  

You wi l l  need to  understand the terms "Active 1/0 Process" , "Cu rrent 1/0 Process" , 
and "Queued l/0 Process" to fu l ly understand the SCSI-2 standard document .  For 
now, just remember  that an 1/0 Process on the SCS I Bus can be q ueued , active 
(executing) , and/or  currently connected to the bus.  
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Active Pointers. The Active Pointers (as opposed to the Saved Pointers) are 
the th ree pointers that refer to the command,  status ,  and data locations with i n  the 
I n itiator for the Current f/0 Process . An Active Pointer ind icates the cu rrent byte to 
be accessed. There are three Active Pointers : 

( 1 ) Active Command  Pointer 
(2) Active Status Pointer 
(3) Active Data Pointer 

See Pointers for the whole story. 

Active Pull-Up. Th is is one of the latest SCS I  "buzz-words". U nt i l  fair ly recently, 
most SCS I Protocol Chips for the Single-Ended Interface imp lemented "open
co l lector" d rivers . In  other words ,  the d river actively "pu l ls" the s igna l  down to A ssert it 
True ,  but it then Releases the s ig nal  to Negate it to the False state . 

The net effect is that the s ig nal  is asserted very qu ickly, but is negated more s lowly. 
This is because the d river is us ing the bus Termination to retu rn the s ignal to False.  
The Term inat ion d oes not have the "oomph"  to overcome the capacitance of the 
Cable and the receivers . This is okay for SCSI- 1  transfer rates ,  but the new demands 
of SCSI-2 (e .g . ,  Fast  Data Transfer) requ i re a d ifferent sol ut ion .  

New ch ips are be ing des igned which use a n  Active Pu l l- U p  i n  the d river c i rcu it; i n  
other words, a "totem-pole"  d r ive r. This al lows the d river to p u l l  the s igna l  u p  to negate 
it as fast as it can assert it. The pu l l-u p also improves the overal l  no ise marg i n  of the 
s igna l ,  and red uces ref lect ions caused by al lowing the Term inat ion to b ias the s ignal 
False. 

Arbitration Delay. tarbd = 24 00 nsec . The Arbitrat ion De lay is the m i n imum 
sett l ing time  that a device must de lay between asserti ng t he  BSY Signal t o  beg in  
ARBITRA TION Phase , and test ing the SCS I bus to  see i f  i t  won .  Th is  value is as 
large as it is  to ensure that the bus has settled before it is read by any device . The 
settl i ng  t ime is long because d ifferent devices wi l l  assert BSY for arb itrat ion at s l ig htly 
d ifferent t imes.  

ARBITRATION Phase. The Arb itrat ion Phase is the mechan ism that a SCS I 
device uses to secure contro l  of the bus .  Once a device has contro l of the bus ,  it may 
then p roceed to i n it iate an f/0 Process with a Target (SELECTION Phase) or  
conti nue  an 1 /0 Process with an I n it iator (RESELECTION Phase) . Diag ram 2 shows 
the steps a device goes th rough  to arb itrate for the bus .  
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Clear al l Bus 
S ignals with in  

800 nsec of SEL 
Asserted by  Winner  

any other device 

Val idate 
Bus Free Phase 

Delay 
800 nsec min imum 

1 800 nsec maximum 

Assert BSY and 
Own Bus I D  Bit 

asserts the SEL Signal, 
clear all signals off the bus; 
Bus Clear Delay (max) _...-------1...----..._ 

Delay 
2400 nsec m i n i m u m  

No 

Assert SEL 

I n it iator 

Choose the role 

Wait until both 
BSY and SEL are 
false for no less 
than 400 nsec 

6 

Delay for bus settling; 
Bus Free Delay (min), 
Bus Set Delay (max) 

Attempt to take 
control of the bus 

Delay for bus settling; 
Arbitration Delay (min) 

Is my SCSI 10 bit 
the highest bit 
asserted on the bus? 

Take the bus! 

Target 

D I AG RAM 2 :  ARB ITRATION FLOW DIAG RAM 
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I n  summary ,  the steps involved in  Arb itration are :  

• The device m akes su re the  bus is avai lab le .  
® The d evice attem pts to take the bus .  
® I f  the device succeeds in  the attempt, i t  takes the bus  and p roceeds to the 

next phase .  
e I f  another  device "wins" ,  the device clears itself off the bus  and tr ies again 

later .  

Now we' l l  show some exam ples of Arb itration .  Fig u re 2 be low shows a s imp le  
arb itration bus  sequence i n  wh ich one device (Fred) arb itrates for  the bus  and w ins  by 
defau lt. 

F r ed ' s  BSY  

BUS BSY 

SEL 

I /O 

F r ed ' s  
DB ( 0  - 7 )  

BUS 
DB ( 0 - 7 )  

D B P  

Othe r s  ( * 1 )  

- - - - - - - BUS F R E E  Pha s e - - - - > I < - - - A R B I TRAT ION Pha s e - - - - - - - - > 1 < - - - - S E LE CT I ON Pha s e - - - - - - - -

___________________ ! 
I I I 
I < - - t bs d - - > I < - - - tb f d - - - > I c 
I 4 0 0  ns I 8 0 0  ns �-------------------------------------------

\ I 
a b I < - - - - - - - - - - - - - - - t a r bd - - - - - - - - - - - - - > I d 

I 2 4 0 0  ns I __________________ _ 

___________________ I _______________________ / 
I I < - - - - t bcd • t b sd - - - - > I 
I I 1 2 0 0  ns I 

\ \ \ \ \ \ \  I � ------

--------- 1 e 
l ___________________________________ ____ __ 

___________________ x Fr ed ' s  Bus  I D  X s e l  I D s  
I c I 
I I 

XXXXXXXXXXXXXXXXXXXXXXXXX F r ed ' s  Bus I D  X------

I I I 
I < - - t bsd - - > I < - - - t b f d - - - > I 
I 4 0 0  ns I 8 0 0  ns I 

- - -

e 

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. ___ __ 

I I 
I I ____ __ 

XXXXXXXXXXXXXXXXXXXXXXXXX X ____ __ 

( * 1 ) : O t h e r s  = MSG , C / D ,  RST , ATN , REQ , ACK . 

FIGU R E  2 :  S IMPLE ARBITRATION SEQUENCE (FRED  WI NS) 

Here's how events p roceed in  Fig u re 2 :  

(a) Fred h as d ecided that he  wants to arbitrate for the bus  to do  someth ing 
usefu l (we hope) . The f i rst step is to  estab l ish that the bus  is free ;  in  other 
words ,  d eterm ine  that the current phase is BUS FREE Phas e .  Fred deter
m ines th is by mon itor ing the B S Y  Signal and SEL Signal; if they both stay 
false for 400 nsec,  then the phase is BUS FRE E .  If e ithe r  goes true for even 
a short g l itch , then  Fred has to beg in  the 400 nsec waiti ng period again .  
One can th i nk  o f  t h i s  as  a 'coo l ing-off per iod' fo r  the bus  to  let everyth ing 
settle .  Note that i f  the bus is in  the R e s e t  Condition , the bus  is  not in  the 

A 
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BUS FR EE  Phase.  See Wire-OR Glitch for the reasons why there is  a 400 
nsec waiti ng  per iod . 

8 

(b) The BUS FREE phase has been estab l ished . J ust when Fred thought it was 
safe to arbitrate , he has another delay. Th is de lay exists to ensure that all of 
the other  Devices have the opportun ity to see the BUS FREE Phase. This 
time  Fred waits 800 nsec. The good news is that Fred has estab l ished BUS 
FREE phase; there is noth ing that can kick h im back to  the start du ring th is 
waiting  per iod. 

(c) Time  to arb itrate ! Fred asserts BSY true and also asserts h is SCSI Bus ID 
bit on  the data bus .  Fred asserts no other s ignals ,  data b its , o r  parity b its . 
Parity is not val id du ring AR BITRATION Phase,  nor  is it checked . Once th is 
occurs ,  yet another  waiti ng per iod ensues for 2400 nsec to let the d ust 
sett le .  

(d) S ince Fred is the on ly device arb itrat ing in  th is example ,  he  wins .  Fred 
knows he won because he looked at bus after the 2400 nsec de lay and saw 
no other  b its asserted .  Once Fred has determ ined that he  won ,  he  may 
assert S E L  true to establ ish h imself as the device with control of the bus .  

(e )  But  Fred 's not qu ite th rough !  After he asserts SEL, he  m ust wait an add i
t ional 1 200 nsec before he can do anyth ing e lse;  i . e . ,  SELECTION Phase.  
After the de lay,  he  may then assert the data bus ,  parity b it ,  and so on  to 
beg i n  the se lect ion p rocess. 

Observations on AR B ITRATI O N  Phase: 

• Once a device decides that i t  is t ime to arb itrate, it must val idate the BUS 
FREE phase before go ing any further ,  even if t he  bus  has been free for some 
time .  C lever circu its can be implemented which constantly val idate BUS 
FR EE  in  ant icipat ion o f  beg in n ing the  arb itration  process. 

• The 800 nsec Bus Free Delay that Fred had to endu re after timepoint (b) was 
the m in im u m ;  the maximum time is cal led the Bus Set De lay, wh ich is 1 800 
nsec. In other  words ,  there is a 1 000 nsec window after BUS FREE is 
estab l ished to actual ly do someth ing about it. Th is lets devices that depend 
on  a clock for t im ing  (most i f  not a l l) to have some uncertainty in  i ts  clock and 
sti l l  meet the spec. We wi l l  see this de lay in  the next example .  

• What happens when Fred loses? Let's look at  the next examp le :  
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F r ed ' s  
BSY 

Geo r ge ' s  
BSY 

BUS BSY 

F r ed ' s  
S E L  

Geo r g e ' s  
S E L  

B U S  S E L  

F r ed ' s  
0 3 ( 0 · 7 )  

Geo r ge ' s  
OB ( 0 - 7 )  

BUS 
OB { 0 - 7 )  

OB P 

I I O 

O t h e r s  ( * 1 )  

BUS FREE Pha s e · · · · · · > I < · · · · · · ·  A R B I TRATI ON Pha s e  · · · · · · · · > I < · · · ·  S ELECTI ON Ph a s e 

------------�--------- 1 
I 

\ _____________ \ ____________ __ 

I I 
I < · · t b sd · · > I < · · · t b t d · · · > I < · · · · · · · · ·  · t a r bd · · · · · · · · · · > I I 
I 4 0 0  ns I 8 0 0  ns I 2 4 0 0  ns I e I g 
I I I c I I ______________ _ 

I I I I I I 
I I I I I I 
l < · · t b s d · · > l < · · · · · · · t bs e t · · · · · > l I I 

I 4 0 0  ns I 1 8 0 0  ns I d I I 
I I I I I I _____________ _ 

\ I I I I 
a b I l < · · · · · · · · · · · t a r bd · · l · · · · · · · > l < · t bcd · · > l 

I I 2 4 0 0  ns I I 8 0 0  ns I 
f a l s e I I I I I _____________ _ 

I I I I I 
I I I I I _____________ _ 

I I I I I 
-------------------- 1 I I I f I 

I I I I I _____________ _ 

____________________ I I I I I 
I I I I I 

c I I I I I g 
X F r ed ' s  Bus I O  X I X. _____________ _ ---------------------

-------- ------ 1 I 

I < · · ·  · t bcd • tb sd · ·  · > I 
I 1 2 0 0  ns I h 

�--����--------- � ------- ------ � --��-
_____ X_Geo r g e ' s Bus  I D  I X s e l  I d s -----------------------

I d -------- 1 
I I ______ _______ ----=----:--

___ xxxxxxxxxxxxxxxxxxxxxxxxx_F r ed_X_Fr ed_&_Geo r ge 1 X_Geo r ge X s e l  I d s 
I I I I 
I < · · t b s d · · > I < · · · tbcd · · · > I I 
I 4 0 0  ns I 8 0 0  ns I I 
xxxxxxxxxxxxxxxxxxxxxxxxx l ____________ x. ______ _ 

I I I 
I l < · · · · t bc d • tb s d · ·  · · > I 
I I 1 2 0 0  ns I ______ _ 

\ \ \ \ \ \ \ \  I I ______ _ 

I I 
I I ______ _ 

XXXXXXXXXXXXXXXXXXXXXXXXX X. ______ _ 

( * 1 ) : O t h e r s  = MSG , C I D , RST , ATN , REQ , ACK . 

FIGURE  3 :  FAST ARBITRATION SEQUENCE {FRED  LOSES,  G EORGE WI NS) 

Here's how events p roceed in  Figu re 3:  

(a) Both Fred (SCS I  Bus 10 #2) and George (SCSI  Bus 10 #4) have been 
eagerly waiting  for the i r  chance at the bus ,  but someone e lse had control 
(probably Sam) . At last the bus goes free , but ,  to be su re ,  both Fred and 
G eorge wait 400 nsec, just l i ke in  the fi rst example .  

(b )  The BUS FR E E  phase has been estab l ished , just l i ke the fi rst example .  But 
there is more waiti ng  . . .  

A 
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(c) Time to arb itrate! Fred is fi rst out of the gate and he  asserts BSY true and 

a lso asserts h is SCSI bus ID b it on the data bus (Bus value is now 
000001 00) . Fred asserts no other s ignals ,  data b its , o r  parity b its . But  what 
happened to G eorge? George can sti l l  arb itrate as long as he asserts BSY 
and h is SCSI bus I D  b it no more than 1 800 nsec after last detecting  BUS 
FREE phase. The fact that Fred has asserted BSY f i rst does not inval idate 
G eorge's attem pt at the bus.  

(d)  J ust i n  the n ick of t ime ,  George asserts BSY and h is SCSI bus ID on the 
data bus (Bus value  is now 0001 01 00) . The data bus now has two b its 
asserted :  Fred's and G eorge's. 

(e) Note that Fred's 2400 nsec wait ing period began at timepoint (c) , whi le 
George's began at t imepoint  (e) . I n  th is  example ,  the actual "dust settl i ng "  
per iod (the  time  to  wait before looking to  see who won) is 1 400 nsec (it can 
be shorter ,  see note below) . Fred looks now and sees that he lost (oh wel l) , 
because G eorge's SCSI Bus I D  b it is in a h igher  bit n u m ber/position .  At th is 
point ,  he  can clear h imself from the bus, or  wait for G eorge to do  it for h im .  
Stay tuned to  see  how . . .  

(f) S ince G eorge started late , h e  must also wait longer  to look at the b u s .  When 
he  does,  he  sees that he won .  As soon as he  determ ines that h e  won ,  he is  
entit led to assert the SEL signal and take what is h is .  Of cou rse ,  h e  can 
wait longer if he so chooses (see note below) . 

(g) G eorge asserted SEL, so now Fred had better clear off the bus .  H e  has 800 
nsec after SEL becomes true at h is i nput to re lease al l  s ignals he is assert
i ng ,  which he  (of cou rse) does, being a law abid ing SCSI device . 

(h) J ust l i ke Fred d id  before , after George asserts SEL, he  must wait an 
add it ional 1 200 nsec before he can do anyth ing e lse ;  i . e . , SELECTION 
Phas e .  After the de lay, he may then assert the data bus ,  par ity b it ,  and so 
on  to beg in  the selection process. 

More Observations  on ARBITRATION phase: 

• Fred has the opt ion (via the standard) to get off when he  sees that he lost ,  or  
to let G eorge k ick h im off . Most devices ( in ou r  experience) wi l l  wait to be 
kicked off ;  th is  is the preferred method . After be ing kicked off, most devices 
wi l l  re-arm (or can be re-armed) to attempt another  arb itrat ion when G eorge 
is done .  
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TEST 

• Note that the 2400 nsec delay is a m in imum.  G eorge cou ld  h ave waited much 
longer to look to see if he won (but, it's k ind of l i ke waiting  for morn ing to 
check the paper for Lotto resu lts) . Some SCSI ch ips requ i re the user to 
perform th is  step in software ; the ch ip wi l l  do the t im ing  and assert ion ,  but the 
user eva luates the resu lt. A s imple software algorithm is ( i n 8085 code) : 

W I N : I N  S C S I DATA Read the c u r r en t  bus s t a t e  

i n t o  a r e g i s t e r  

AN I NOT MY I D  B I T Z e r o the b i t i n t h e  r e g i s t e r  tha t 

c o r r e sponds t o  t h e  devi c e ' s  own 

Bus I D  b i t 

C P I  MY I D  B I T  Compar e t h e  r e su l t t o  t h e  
dev i c e ' s  o w n  B u s  I D  b i t 

JC I WON I f  the r e s u l t i s  l e s s  than the 
devi c e ' s  own Bu s I D  b i t ,  I won ! 

JMP TRY AGA IN O t h e r w i s e , t r y  a g a i n  

• Th is i s  not t h e  "worst case" tim ing .  Note that G eorge cou ld h ave started 
val idat ing BUS FREE phase even later, 400 nsec before timepo int (c) . I f  he 
had ,  the "dust settl i ng"  period would have been on ly 600 nsec. I f  we take into 
account  the Wire-O R  G l itch , it turns out that the 2400 nsec specif ied is just 
r ight !  

• I f  you h aven't  a l ready noticed , there is no "fairness" on  the SCS I bus.  A 
device with the lowest bus I D  wi l l  always lose when arb itrat ing against any of 
the other devices. There is an imp l icit assumption here that devices wi l l  tend 
to get on  the bus,  do  their  bus iness as qu ickly as possib le ,  and then get off . 
I t  is  expected that there is enough spare bandwidth on  the bus  to provide the 
" l u l ls"  necessary for the lowest bus I D device . 

• Table 3 shows the standard SCS I Bus Timing values used d u ring AR B ITRA
TION  Phase .  

TABLE 3 :  TIM I NG VALUES USED DUR ING AR BITRATIO N  PHASE 

Symbol I Tim ing  N am e  I M I N  o r  MAX? I Time  

tbsd Bus Sett le Delay M I N I M U M  400 nsec 

tbfd Bus Free Delay M I N I M U M  800 nsec 

tbset Bus Set Delay M AXI M U M  1 800 nsec 

tarbd Arb itrat ion Delay M I N I M U M  2400 nsec 

tbcd Bus  Clear Delay M AXI M U M  800 nsec 

A 

I 
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Assertion Period. T ast = 90 nsec. The Assert ion Period is the m in imu m  period 
of  time  that the REQ Signal or  A CK Signal is held asserted du ring a synchronous  
data transfer. See  Synchronous Data Transfer and Negation Period. M ore p recise
ly :  

• For a device send ing  data, the Assert ion Period is the m in imum pu lse width 
of the s igna l  that it sends to strobe data into the receiving device . 

• For a device receiving data, the Assert ion Period is the m in imum pu lse width 
of the s ig nal it sends to the other device that al lows another transfer to occu r. 

Note that because of d ifferences in  Cable skew, the received pu lse width can be 
narrower by a few nanoseconds .  See also Fast A ssertion Period. 

Assert Signal. To d rive a s ignal  to the True state . "Asserted"  is used in the SCSI 
standard and i n  the SCSI Encyclopedia to ind icate that a s ignal o r  s ignal pair  is d riven 
to the "true" or  "one" state . Compare to "negate" and "release" .  See Signal Levels for 
a comparison of these d ifferent states .  
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Asynchronous Data Transfero If there was ever a "bread and butter" part of 
SCS I ,  this is it. The asynch ronous data transfer began with SA SI as the way that data 
is transferred between  two devices. For th is topic, flow and tim ing  d iag rams wi l l  show 
how data is transferred in  and out from both the I n itiator and Target perspective. 

D iag ram 3 shows how the Target hand les an Asynchronous Transfer Out .  The steps 
invo lved include :  

( 1 ) Estab l ish the I nformation Transfer Bus Phase . 
(2) Request the transfer. 
(3) Wait for the response and take the data. 
(4) Respond to the response (com plete the handshake) . 
(5) Repeat (2) th rough  (4) as needed to complete the Bus Phase .  

D iag ram 4 shows how the I n it iato r hand les an Asynchronous Transfer Out. The steps 
involved include :  

( 1 ) Wait fo r  the  Target request to estab l ish the  I nformation Transfer Bus Phase. 
(2) Place the data on  the bus and respond to the request. 
(3) Respond to the response (complete the handshake) . 
(4) Repeat (2) and (3) as needed unt i l  the next Bus Phase.  

Diag ram 5 shows how the Target hand les an Asynchronous Transfer ln .  The steps 
invo lved are a lmost the same as for a transfer out: 

( 1 ) Estab l ish the I nformation Transfer Bus Phase. 
(2) P lace the data on  the bus and request the transfer .  
(3) Wait for the response.  
(4) Respond to the response (complete the handshake) . 
(5) Repeat (2) th rough (4) as needed to complete the Bus Phase.  

D iag ram 6 shows how the I n itiator hand les an Asynchronous Transfer l n .  The steps 
involved are a lmost the same as for a transfer out: 

( 1 ) Wait for the Target req uest to estab l ish the I nformation Transfer Bus Phase.  
(2) Take the d ata from the bus and respond to the request. 
(3) Respond to the response (complete the handshake) . 
(4) Repeat (2) and (3) as needed unt i l  the next Bus Phase.  
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N o  

Estab l ish  
OUT P h ase 

Asse rt R EO 

Take the Data Byte 
from the  bus  

Negate R EO 

ext I nformation  
Transfer 

MSG and C/0 set the 
Bus Phase; 1/0 is negated 

Tells the Initiator to 
transfer the byte 

Wait for the initiator 
to respond 

Valid data may be 
latched now by the 
Target 

Complete the handshake 

Wait for the Initiator 
to complete the 
handshake 

Do another byte in the 
same Phase 

Go to another Phase 

1 4  

D I AG RAM 3 :  ASYNC TRANSFER OUT FOR TARG ETS 
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N o  

MSG and CID set the 
Bus Phase; 1/0 is negated 
for an OUT Phase Yes 

P ut the Data Byte 
to t ransfer  on the bus 

No 

De lay . 55 nsec m m 1 m u m  

Assert AC K 

Negate ACK 

Do another byte in the 
same Phase if indicated 
by the Target 

REO must be asserted 
to validate Phase 

A 

Do next Phase 

Provides deskew time 
to asserting ACK; 
Deskew Delay plus 
Cable Skew Delay (min) 
Tell the Target 
the data is available 

Wait for Target 
to complete 
its handshake 

Complete the handshake 

DIAG RAM 4 :  ASYNC TRANSFER OUT FOR I N IT IATORS 
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Estab l ish 
I N  P h ase 

P ut the Data Byte 
to transfer  on the bus 

Delay . 
55 nsec m m 1 m u m  

Assert R EO 

N o  

N e g ate R EO 

MSG and CID set the 
Bus Phase; 1/0 is asserted 

Provides deskew time 
prior to asserting REO; 
Deskew Delay plus 
Cable Skew Delay (min) 

Tells the Initiator to 
take the byte 

Wait for the initiator 
to respond 

Complete the handshake 

Wait for the Initiator 
to complete the 
handshake 

Do another byte in the 
same Phase 

Go to another Phase 

1 6  

DIAG RAM 5 :  ASYNC TRAN SFER I N  FO R TARG ETS 
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N o  

MSG and CID set the 
Bus Phase; 1/0 is asserted 
for an IN Phase 

Yes 

Take the  Data Byte 
fro m  the bus 

N o  

Assert AC K 

Negate ACK 

Do another byte in the 
same Phase if indicated 
by the Target 

REO must be asserted 
to validate Phase 

A 

Do next Phase 

Valid data may be 
latched now by 
the Initiator 

Tell the Target 
the data is available 

Wait for Target 
to complete 
its handshake 

Complete the handshake 

D I AG RAM 6 :  ASYNC TRANSFER I N  FOR I N IT IATORS 
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Now for some examp les.  The fi rst example (Figu re 4) shows how to get data o u t  to a 
Target: 

Tom ' s 
I IO 

Tom ' s 
REQ OUT 

I r i s '  
REQ I N  

f a l s e 

a ________________________ e 
I 

b 
I 

\ __________________ I 
I 

_____________________ I _ f 
I \ ___________________ I 
I I 

I < HOLD > I I < O ns > I 
I r i s '  c ______________ I I 
Da ta Bus OUT - - - - - - - - - - - - - X I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

I I 
·--------

I r i s '  
ACK OUT 

Tom ' s 
ACK I N  

1 < - - - - - t ct s + t c s - - - - - - > I I 
I 5 5  DS I I g 
____________________ I I \ _________________ I 

I 

I h 
_______________________ I \ ________________ I 

I 

I < O ns > I 
Tom ' s d I ____________ _ 

Da t a  Bus  I N  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx ____ __ 

FIGURE  4: ASYNCH RONOUS DATA TRANSFER OUT - I N ITIATOR TO TARGET 

The Detai ls on Figu re 4:  

(a)  Tom asserts h is  REQ Signal ("request data, p lease") true to beg in the f i rst 
transfer of the phase. 

(b) After the signal p ropagates down the cab le for a t ime ,  I ris  detects the R EQ 
s ignal  go ing true at her  i nput and gets ready to beg in  the transfer. Depend
ing on the ch ip  and other  implementation detai ls ,  I r is  may be able to re
spond to the new phase immed iately (particu larly if the phase was expected 
next) , or she may need to do some cleanup  of the p revious phase and 
bookkeep ing before she can get started .  

(c) Now I ris i s  ready to  start sending data to  Tom .  The fi rst th ing she  does i s  to 
set the data bus  to the value of the f irst data byte to send .  After a 55 nsec 
de lay, she asserts her  A CK Signal true ("acknowledg ing you r  request, s i r ;  
here's you r  data") . The de lay provides at least zero �tup  t ime  for Tom 's 
receiv ing latch .  

(d )  After the data and ACK signal propagate down the cab le for  a time ,  Tom 
detects the ACK signal go ing true at h is i nput .  When he  sees the ACK, he  
knows the  data is val id on the  bus ,  so ,  he latches i t  from the  bus  and 
eventual ly stores it to its f inal destination .  
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Note what h appened to the set up  time for the d ata. When it left I r is ,  there 
was 55 nsec of lead t ime between the data and the ACK signa l .  But when it 
reached Tom ,  there was no more lead time. The reason :  the 55 nsec is 
designed to at least provide zero setup time. The 55 nsec t ime  is m ade up  
o f  two parts . The fi rst part i s  cal led the Deskew Delay (45 nsec) , which is 
intended to com pensate for i nternal skews in the Target. The second part is 
cal led the Cable Skew Delay ( 1  0 nsec) , wh ich is intended to com pensate 
for propagat ion speed d ifferences between s ignals on  the cab le .  The SCSI 
standard a l lows 1 0 nsec for th is s ignal skew, and therefore the user ought 
to use a Cable that at least meets th is requ i rement .  

(e)  After Tom detects the ACK s ignal  go ing true he  m ay take the d ata from the 
d ata bus.  When he  has comp leted taking the d ata, by whatever  means (see 
next parag raph) , he ind icates this to I r is by negating  h is R EQ s ignal ("I got 
it ,  thank you ") . Note that th is imp l ies a "ho ld"  t ime:  By saying  " I  got it" , Tom 
is saying  that he  doesn't care if the data bus changes.  Therefore , the t ime 
between detect ing ACK and negat ing REQ exactly def ines the ho ld  t ime of 
the data. Tom may estab l ish h is ho ld time to any value s imp ly by de laying 
the negation of  the REQ s igna l .  

Another  reason Tom may have for de laying the negation of the R EQ s igna l  
is to ho ld  off I r is u nt i l  he  is ready to receive more d ata. Th is usual ly hap
pens when Tom's data path stal ls ;  he  can't take d ata u nt i l  an internal  
resou rce becomes avai lab le .  Some Targets wi l l  pause here ( i . e . ,  de lay 
negat ing R EQ) u nt i l  the data path is no  longer stal led , and others wi l l  de lay 
assert ing the next REQ,  depending on the imp lementation  of the data path . 

(f) H owever long it takes Tom to negate the REQ s igna l ,  I r is detects the event 
after a propagation down the cab le .  At the instant that she detects the 
negated R EQ signa l ,  I r is is entit led to remove the data from the d ata bus 
and get ready to send the next data byte.  Assert ing the d ata early (before 
ACK is n eg ated) can g ive I r is a l itt le  "head start" on the next transfer ,  and 
may imp rove the transfer rate . 

(g) I r is is a lso entit led to negate the ACK s ignal  as soon as she detects the 
negated R EQ s igna l .  I r is wi l l  usua l ly do th is as soon as possib le .  In some 
cases I r is wi l l  hold off because she doesn 't have d ata ready yet ;  other 
I n itiators wi l l  de lay asserti ng ACK at the beg inn ing  of the cycle  when th is  
occu rs . Another reason to ho ld off negat ing ACK is that some internal  
p rob lem occu rred and I r is wants to create the A ttention Condition and te l l  
Tom a l l  about it . 

(h) After I r is negates the ACK sig na l ,  Tom detects it after ACK propagates 
down the cab le .  Tom may now assert the R EQ s igna l  to start the next cycle. 

A 
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Some add it ional observations on  asynchronous data transfer OUT: 

• OUT and I N :  These terms are used th roughout the SCSI standard to i nd icate 
the cu rrent data d i rection .  They are re lative to the I n itiator :  data goes OUT 
from the I n it iator to  the Target and IN from the Target to  the I n it iator .  Bus  
d i rect ion is i nd icated by the  f/0 Signal. 

• Cable p ropagation t ime is a function of cable length and cab le design .  One 
type of cab le may be faster than another type.  A designer  of  a SCS I device 
or  system shou ld  keep in m ind that when a device is integ rated with other  
devices ,  the cab le p ropagation t ime may be very fast o r  s low, depend ing  on  
cable design and how far away the  other device is .  The SCS I standard 
assumed a worst case propagation rate of 2 .0  nsec per foot (6 .6  nsec per 
meter) , and a maximum cable length of 1 00 feet (30 .5  meters , longer  than 
25 meters) , g iv ing a worst case propagation time of 200 nsec. 

• When a phase change occu rs , the MSG, CjD, and f/0 Signals change to a 
new state . After 400 nsec (or more) , the Target may assert the R EO s ignal to 
beg in  the transfer .  The phase does not beg in  u nt i l  the R EO s igna l  is assert
ed .  Some I n it iator ch ip  implementations,  in a s incere effort to ga in some 
performance, detected phase changes when the M S G ,  C/0 ,  and/or 1/0 
sig nal (s) changed state . I f  the th ree l ines changed at d ifferent times ,  the 
device wou ld  i nd icate the wrong phase. A person us ing one  of these devices 
shou ld  ensure that the phase detected in such a manner  is the same phase 
when the R EO signal is asserted .  See Between Phases for more on th is .  

• Different Target imp lementations captu re data i n  d ifferent ways. One method 
is to use a transparent latch : when ACK is low, the latch is open . When ACK 
goes h ig h ,  the data is captu red .  A fast data latch a l lows the Target to d i rectly 
reset the R EO s igna l  with the ACK signal ,  g iving  a fai rly eff icient and speedy 
imp lementat ion .  Another good method detects and synchron izes the ACK 
signal to an internal clock. The circu it then generates a write s ignal that 
strobes it d i rectly into a data buffer. The trai l i ng  edge of the write s ignal 
corresponds to the t ime that REQ can be negated .  
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e One way to th i nk  about asynch ronous data transfer OUT is to imag ine  two 

fr iends exchang ing th ings :  

• assert R EQ :  " M ay I have the next th ing?"  
• assert ACK: "Yes, you may. Here i t  i s . "  
• negate R EO:  "Thank you ,  I have i t  now. " 
• negate ACK: "You are most welcome! "  

One  m ig ht th i nk  of  th is as a "friend ly handshake" ,  wh ich is why th is is often 
cal led the " REQ/ACK handshake" .  Th is exchange shou ld  rem ind  fans of old 
Warner  Bros. shorts of the Mac and Tosh cartoons . . .  

Now we' l l  look at how to get data in  from a Target (see Figu re 5) : 

Tom ' s 
I /0 t r ue 

a 
Tom ' s 
oa ta B u s  ouT - x __________ �xxxxxxxxxxxxxxxxxx x x x x x x x x x x x  ________ _ 

Tom ' s 
REQ OUT 

I r i s '  
R EQ I N 

I I 

I < · · t ct s • t c s · · · · > I 
I 5 5  na I ____ e 
________ !____ \ ________ ! 

____ ____ f 
_________ ! \ ________ ! 

I 

I < · · ·  · · t cts · > I < · HOLD · > I < O > I 

I 4 5 ns I I I 
I r i s '  b l I 
oa ta B u s  I N - - - - - - x

---------
xxxxxxxxxxxxx x x x x x x x x x x x x x x x x x x x x x x x  _______ _ 

I r i s '  
ACK OUT 

Tom ' s 
ACK I N  

I 
I 

c I ________ g 
___________ / \ ________ ! 

d ________ h 
____________ ! \ _______ 

_ 

FIGU R E  5 :  ASYNCHRONOUS DATA TRANSFER I N  - TARGET TO I N ITIATOR 

The Detai ls on Figu re 5 :  

(a) Tom p uts t he  f i rst data byte onto the data bus  and ,  after a de lay o f  55  nsec, 
asserts h is  R EQ s igna l  true ("here is you r  data, ma'am") to beg in  the fi rst 
transfer of the phase. 

(b) After the R EQ signal and data bus propagate down the cable  for a time ,  I r is 
detects the R EQ s ignal  go ing true at her i nput .  As with the transfer OUT, 
she m ust f i rst get ready to beg in the transfer. Depend ing  on the ch ip and 
other  imp lementat ion detai ls ,  I r is may be ab le to respond to the new phase 
immed iately (particu larly if the phase was expected next) , or she may need 
to do  some cleanu p  and bookkeeping before she can get started .  

A 
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Anyway, when she sees the  REQ signal ,  she knows the  data is val id  o n  the  
bus ,  so ,  she latches i t  from the bus and eventual ly stores i t  to  its f ina l  
destination . 

Note what happened to the set u p  t ime for the data. When it left Tom , the re 
was 55 nsec of lead t ime between the data and the R EQ s ignal .  But when it 
reached I ris ,  there was no more lead t ime. As with the transfer out, the 55 
nsec is designed to at least provide zero setup time .  The 55 nsec t ime is 
made up of the same two parts. The fi rst part is cal led the Deskew Delay 
(45 nsec) ,  wh ich is intended to compensate for internal skews in the I n itia
tor. The second part is cal led the Cable Skew Delay (1 0 nsec) ,  which is 
intended to compensate for propagation speed d ifferences between signals 
on  the cab le .  The SCSI standard al lows 1 0 nsec for th is s ignal  skew, and 
(we cannot stress th is too much) therefore , the user ought to use a Cable 
that at least meets th is requ i rement. 

(c) After I ris detects the R EQ signal going true ,  she may take the data from the 
data bus. When  she has completed taking the data, by whatever means 
(see note above) , she ind icates th is to Tom by assert ing her  ACK signal 
true (" I am acknowledg ing that I got it , thank you ") . J ust l i ke for the OUT 
transfer, th is imp l ies a "hold" t ime. By saying " I  got it" , I r is is saying that she 
doesn't care if the data bus changes. Therefore,  the t ime between d etecting 
the R EQ s igna l  and asserting the ACK signal  exactly defines the ho ld  t ime 
of the data. I r is may establ ish her hold time to any value  s imp ly by de laying 
the ACK s igna l .  

As before, another  reason I r is may have for de laying the assertion of the 
ACK s igna l  is to ho ld  off Tom unti l  she is ready to receive more data. Th is 
usua l ly happens when I r is' data path stal ls ;  she can't take data unt i l  an 
internal  resou rce becomes avai lab le .  Some I n itiators wi l l  pause here ( i . e . ,  
de lay asserting ACK) unt i l  the data path i s  no longer  stal led , and  others wi l l  
de lay negating  the  ACK, depending on the imp lementation o f  the  data path .  

(d )  However long i t  takes I r is to assert the AC K sig na l ,  Tom detects the event 
after a propagat ion down the cab le .  At the instant that he detects the 
asserted ACK signa l ,  Tom is entitled to remove the data from the data bus 
and get ready to send the next data byte. Assert ing the data early (before 
ACK is negated) can g ive Tom a l ittle "head start" on the next transfer, and 
may improve the transfer rate . 

(e) Tom is also entit led to negate the REQ signal as soon as he  detects the 
asserted ACK signal .  Tom wi l l  usual ly do this as soon as poss ib le .  In some 
cases Tom wi l l  ho ld  off because he doesn't have data ready yet; other 
Targets wi l l  de lay assert ing the REQ signal  at the beg inn ing  of the cycle 
when this occu rs . 
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(f) However l ong  i t  takes Tom to  negate t he  R EQ signa l ,  I ris  detects t he  event 

after a p ropag ation down the cab le .  At the instant that she  detects the 
negated R EQ s igna l ,  I r is may negate her ACK signal  to com plete the 
transfer ,  (g) .  As before, I r is may decide to hold off negating  ACK because 
some internal prob lem occu rred and I ris wants to create the Attent ion 
Cond ition  and te l l  Tom al l  about it. 

(h) After I ris  negates the ACK s ignal ,  Tom detects it after ACK propagates 
down the cab le .  Tom may now put the next data on the data bus and assert 
the R EQ s ignal to start the next cycle (i) . 

Some add it ional observat ions on asynchronous data transfer I N :  

® Different I n it iator imp lementations captu re data i n  d ifferent ways, but the ways 
are s im i lar to the ways Targets can do it. One method is to use a transparent 
latch : when R EQ is low, the latch is open .  When R EQ goes h ig h ,  the data is 
captu red . A fast data latch al lows the I n itiator to d i rectly set the ACK s ignal  
with the R EQ s igna l ,  g iv ing a fairly eff icient and speedy imp lementation .  
Anothe r  good method detects and  synchron izes the R EQ s igna l  to  an internal 
clock. The circuit then generates a write signal that strobes it d i rectly into a 
data buffer. The trai l i ng edge of the write s ignal  corresponds to the time that 
ACK can be asserted . 

• One way to th i nk  about asynch ronous data transfer I N  is to imag ine  two 
fr iends exchang ing th ings :  

• assert R EQ :  "Here is the next th ing ! "  
• assert ACK: "Thank you ,  I have i t  now. " 
• negate R EQ:  "You are most welcome! "  
• negate ACK: "The p leasure is  a l l  m ine . "  

Al l  th is  po l iteness can be a b i t  nauseating ,  however . . .  M aybe that's the real 
reason Synchronous Data Transfer was invented . . .  ? 

• By now the reader  shou ld be th inking that the d iscussion on  transfer I N  looks 
l i ke a word processor massage of the transfer OUT d iscussion ,  and maybe 
the author  is t rying to pad pages with lots of words? Wel l ,  maybe .  But it I S  
important t o  note how s im i lar the two are . The s im i larity o f  t h e  descriptions 
was intended to make the reader aware of how s im i lar I n it iator and Target 
transfer modes are .  

Ever wonder  just how fast asynch ronous data transfer can be?  You 've probably heard 
anyth ing from 1 .5 M Bytesjsecond to 4 M Bytes/second as vendor  c laims .  Let's see just 
how fast we cou ld  go ,  if on ly . . .  if on ly . . .  

A 
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FIGURE  6 :  ASYNCHRONOUS DATA TRANSFER RATE (OUT) 

Figu re 6 shows the specif ied and unspecified delays in  a s ing le  transfer from the 
I n itiator to the Target. Let's look at the steps: 

(a) Tom ,  the Target, asserts REQ. 

(b) One cable p ropagation de lay (ted) later ,  the R EQ appears at the input of 
I r is ,  the I n it iator. 

(c) One i nternal p ropagation delay (tpd) later ,  I r is asserts her data. 

(d) After the standard de lay (tds + tcs 
= 55 nsec) , I ris asserts her ACK. 

(e) One cable de lay later ,  the ACK appears at Tom's i nput .  

(f) One internal de lay later ,  Tom has latched the data and negates h is R EQ. 

(g) One cab le de lay later ,  the R EQ goes false at  I ris '  i nput .  

(h) One internal de lay later ,  I r is negates her ACK. 

(i) One cab le de lay later ,  the ACK goes false at Tom 's i nput .  

0) One i nternal d elay later ,  Tom asserts h is REQ for the next transfer .  

Add ing up the delays : 

txfe r  
= ted + tpd + tds  + tcs + ted + tpd + ted + tpd + ted + tpd 
= 4tcd + 4tpd + tds  + tcs 
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Of cou rse,  we are assuming  that cab le and internal de lays are consistent. Anyway, 

let's try some fair ly normal  numbers f i rst. The devices are far apart on a 20 foot (6 

meter) s ing le  ended bus ,  so cable de lay is about 40 nsec. The devices are bu i lt from 

some fair ly decent C M OS parts , so a delay time of 50 nsec seems  reasonable .  Fi l l i ng 

in :  

t f = 4 * 40 + 4 * 50 + 45 + 1 0 = 41 5 nsec 
x er 

So,  the transfer rate = 1 /41 5 = 2 .4 M Bytes/second . Not too bad . . .  

Now let's try some reasonable ,  but gonzo numbers. The devices are real close 
together  ( l i ke i n  a laptop com puter) , so cable delay is smal l ,  say 1 nsec. The chips are 
bu i lt from the latest techno logy, and can take data way past when most devices wou ld 
sta l l ,  say 20 nsec de lay time .  Fi l l i ng  in :  

t f = 4 * 1 + 4 * 20 + 45 + 1 0 = 1 39 nsec 
x er 

So, the transfer rate = 1 /1 39 = 7.2 M Bytes/second !  

But, i f  the devices were R EAL close, cab le de lay wou ld be nearly zero.  And i f  the 
chips were m ade from the latest Quad BiTriCMOSpolarR ISCwidget p rocess and had 
virtual ly zero de lay,  then  the transfer rate wou ld have to be :  

txfer = 45 + 1 0 = 55 nsec ;  transfer rate = 1 /55 = 18.2 M Bytes/second !  

There's you r  upper  l im it on  asynchronous SCS I !  

Tab le 4 shows t h e  Bus Timing values used du ring Asynchronous Data Transfer .  

TABLE 4 :  TIM I NG  VALUES USED DURING ASYNCHRONOUS DATA TRANSFER 

Symbol I Tim ing Name I M I N  o r  M AX? I Time 

tbsd Bus Sett le Delay M I N I M U M  400 nsec 

tds  Deskew Delay M I N I M U M  45 nsec 

tcs Cable Skew Delay MAX/M I N  1 0  nsec 

td rd Data Re lease Delay MAX/M I N  400 nsec 

I 
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Asynchronous Event Notification (AEN). A E N  i s  used b y  one  SCSI 

Device to report an e rror o r  other cond ition to one or  more other SCSI Devices .  AEN  
takes advantage o f  the " Peer-to-Peer" nature o f  SCS I ;  any SCSI Device may assume  
e ither t he  Target o r  I n itiator ro le .  AEN  i s  optional :  a device need not imp lement i t .  And 
now . . . .  

*** A NOTE: The com plete method of reporting error and other  cond itions  i s  not docu
mented in  th is vol ume  of the SCSI Encyclopedia s ince it is a com mand level funct ion 
and the Sense Keys and Codes can have d ifferent mean ing for each device type .  On 
the other h and ,  AEN is a special protocol wh ich is appropriate to the Path Control 
leve l functions described in th is volume .  Th is makes it d iff icult to describe these topics 
in a coherent manner .  So ,  here's what we're going to do:  

( 1 ) In  th is vol ume ,  we wi l l  cover the bas ics of the Contingent A llegiance 
Condition , the Extended Contingent Allegiance Condition (ECA) , and 
AEN as p rotoco ls for manag ing error hand l i ng .  With in  the description of 
AEN , we wi l l  review the use of Status and the R EQU EST SENSE Com
mand for normal error reporting and for Deferred Error Report ing .  

(2) I n  t he  other ,  device specif ic vo lumes o f  t he  SCS I Encyclopedia ,  we  wil l 
review the Contingent  Al legiance Cond ition ,  ECA, and AEN . In those 
vo l umes ,  device specific error hand l ing wi l l  be covered i n  detai l .  

A review o f  normal error reporting :  Errors and other cond itions  (such as the Unit 
A ttention Condition) are ind icated to the I n itiator by the Target at the end of an ljO 
Process du ring the S TA TUS Phase . A Status byte is sent by the Target to the 
I n itiator that ind icates the general resu lt of the SCSI Command, and i n  some cases 
that the Target has Sense Data for the I n itiator. Th is estab l ishes the Contingent 
Al legiance Cond ition .  The Target then may or  may not create the ECA Condit ion by 
sending the INITIA TE RECO VER Y Message . The Target may then retu rn the Sense 
Data to the I n it iator after the I n itiator sends a subsequent R EQU EST SENSE Com
mand . 

The Target may also report a "Deferred Error" to the I n it iator via the R EQU EST 
SENSE Command .  A Deferred Error is an error that actual ly app l ied to a previous 1/0 
Process . I n  an effort to ga in  some performance ,  some Targets may actual ly " l ie" about 
the com pletion of an 1/0 Process. For instance, the Target may take some data to 
write on a tape ,  and then  ind icate that the write has been comp leted even though it 
has on ly bufferred the data. Under  normal ci rcumstances ,  th is works n icely; the Target 
performs the slow write to tape whi le the I n itiator can move on to new tasks . 

Unfortunately, th is creates a p roblem when someth ing goes awry. The com mand 
associated with the error has al ready been completed and i ts Pointers d iscarded . I n  
this case,  the Target wou ld  wait indefin ite ly for a subsequent com mand from the 
I n itiator to the same Nexus that had the error. The Target wou ld  then report an error 
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for the new comman d ,  and then return Sense Data that ind icates a Deferred Error fo r 
the previous com mand . 

Okay, so what i s  AEN ?  AEN is a method whereby a Target can take a more proactive 
approach to e rror reporting .  Usual ly, the Target must wait for an I n it iator to se lect it 
before it can report one of the fo l lowing cond it ions: 

• An e rror cond ition that occurred after the 1/0 Process associated with it has 
com p leted ; in  other words ,  a Deferred Error. Note that e rrors which occu r 
d u ring the com mand execution are not reported by AEN .  They m u st be 
reported as normal e rrors .  

• A Unit A ttention Condition . Normal ly ,  the  Target waits u nt i l  the I n it iator 
se lects it to report a Un it Attention Cond ition .  By us ing A E N ,  the Target can 
let the I n itiator know about changes on a Logical Unit without any wait i ng .  I t  
can be  usefu l to report the cond it ion immed iately if , fo r i nstance , a de lay in 
reporting  leaves the I n it iator's data in jeopardy. 

• A specia l  case of Un it Attent ion Cond it ion is when a d evice goes on l i ne  or  
off l i ne .  Us ing  AEN he lps keep the status of  a system cu rrent to the user .  

• Any other asynch ronous event you can th ink  of ,  such as a change of  med ia .  

Two e lements are requ i red for  AEN to be used : 

• A SCSI  Device wh ich normal ly assumes the I n itiator ro le that is a lso capable 
of assum ing  the Target ro le .  An example is a Host  A dapter that can assume 
both ro les .  Note that we are referr ing to  a SCSI Device that is normal ly an 
I n it iator ,  not a Target. When the SCSI  Device assumes the Target ro le ,  i t  has 
a Log ical U n it 0 ,  wh ich must be a Processor Device . 

• A SCS I Device wh ich normal ly assumes the Target ro le that is a lso capable 
of ass u m ing  the I n itiator ro le .  An example is a Controller that can assume 
both ro les .  Note that we are referring to  a SCSI  Device that is  normal ly a 
Target, not an I n it iator .  When the SCSI Device assumes the I n it iator ro le ,  it 
does so on ly to imp lement AEN ,  and poss ib ly the COPY Command .  

A SCSI Device determines that another Device supports AEN b y  Selecting the other 
Device and issu ing  an I NQU I RY Command .  I f  the other  Device responds  to the 
Se lect, and retu rns the proper I NQU I RY data, then the f i rst Device knows that the 
other  Device supports AEN .  Usual ly ,  a Device attempts this exchange only with 
I n it iators that have p revious ly Selected it as a Target. 
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I n  a nutshe l l ,  the fo l lowing steps occu r: 

( 1 ) A Contro l le r  detects a cond ition that must be immed iate ly reported to the 
Host System .  The Target takes the I n it iator ro le and selects the Host 
Adapter .  

(2) The Host Adapter responds to the SELECTION Phase by assuming  the 
Target ro le and asserting the BS Y Signal. 

28 

(3) The Contro l le r  (as an  I n itiator) issues a Processor Device S E N D  Command 
to  the  Host Adapter .  

(4) The Host Adapter takes the SEND Command and enters a DA TA OUT 
Phase .  The Contro l le r  sends a Sense Data block d u ring the phase. 

(5) The Host Adapter comp letes the command and Disconnects from the bus .  

Of  cou rse ,  we wi l l  i l l ustrate the above steps in  detai l with the he lp  of  ou r  fr iends ,  l an 
and Tanya, and a l i tt le  cross d ress ing . . .  

To set the stage ,  l an i s  a Host Adapte r attached to a f i le server system .  l an 's usual 
ro le is I n it iator. Tanya is an optical d isk d rive , and usual ly takes the Target ro le .  

( 1 ) Someone goes to  Tanya's d rive and changes the mounted d isk .  We' l l  
assume for th i s  example that this happened without the  perm ission o f  the 
system ope rator. As a resu lt, the change occu rred without the p roper 
procedure be ing executed . Tanya detects the unauthorized change and 
decides to report it immed iate ly v ia AEN to the host system .  

(2) Tanya waits for a BUS FREE Phase,  and enters the ARBITRA TION Phase .  
After winn ing  t he  bus ,  she  asserts the SEL Signal, bu t  she  does not assert 
the f/0 Signal, wh ich ind icates that she is taking  the I n it iator ro le to se lect 
another  SCSI  Device wh ich is expected take the Target ro le .  She asserts 
her SCSI Bus ID and lan 's SCSI Bus I D  and enters the SELECTION 
Phase.  

(3)  l an sees the SELECTION Phase and h is SCS I Bus I D , and real izes that he 
is be ing se lected .  He  responds by asserting the BSY Sig na l .  Tanya then 
re leases the SEL Sig na l .  

At th is  i nstant, Tanya, who is  now an I n itiator ,  is Connected to  l an ,  who is  
now a Target. To try to  keep th ings clear wh i le they are i n  the i r  oppof ite 
ro les ,  we wi l l  refer to them as Tanya1 (for Tanya the I n it iator) and l an (for  
l an the Target) . 

The SCSI  E n cyc l o ped ia ,  Vo l u m e  I Copyright © 1 99 1  ENDL Pub l icat ions 



29 
(4) Via the MESSA GE OUT Phase ,  a Nexus i s  estab l ished between Tanyai and 

l ant . Note that the L ogical Unit Number (L UN) port ion of the N exus is 
a lways for Log ical Un it 0 .  In other words ,  the IDENTIFY Message sent by 
Tanya1 conta ins  an LU N of zero, not the LU N of he r  d i sk  d rive . 

(5) Via the COMMAND Phase , the SEN D Command is issued by Tanyai to 
l ant . There is a bit in the SEND Command Descriptor Block (CDB) that 
i nd icates that AEN data is to be transferred . 

(6) l ant switches to DATA OUT Phase , and Tanyai sends the AEN data b lock. 
With i n  the data b lock (wh ich is described in the SCSI  standard and also in 
another  vo l ume  of this Encycloped ia) is a f ield wh ich describes wh ich 
Log ical U n it the d ata refers to . The rest of the d ata b lock conta ins data 
identical to a Sense Data b lock that describes the unauthorized d isk 
change .  

(7) l ant comp letes the  command by  send ing GOOD Status d u ring  the  S TA TUS 
Phase , and then sends a COMMAND COMPfETE Message d u ring a 
MESSA GE IN Phase .  After the message ,  lan  goes to BUS FREE Phase 
by re leas ing the BS Y Signal. 

What has happened is that by us ing AEN Tanya was able to inform l an about an 
u nauthor ized disk change .  In th is case the system can inform a user about the change 
immed iate ly, so he/she can run to the server and tackle the fool who changed d isks. 
Without us ing  AEN ,  the user wou ldn 't know about the change u nt i l  h is/her  next access 
of the d isk .  An early warn ing  may be able to g ive the user more options as to what to 
do  about a p rob lem . 

Okay, but is AEN worth it? I n  real ity, for the majority of systems ,  p robab ly not .  
Software that cou l d  hand le  an ear ly warn ing as in  the above examp le  cou ld a lso 
probably g ive the user a host of options to react to the prob lem i f  it was reported on a 
subsequent  com mand .  Software that isn 't smart enough to g ive those options probably 
can 't p rocess an u nexpected warn ing either .  AEN wil l  p robably f ind a p lace i n  h ig h-end 
fau lt to lerant systems  and d isk arrays , where a switch to a redundant e lement can be 
tr iggered by an AEN . 

AEN is costly to imp lement as we l l .  Wh i le most SCS I Chips are ab le to do  both 
I n it iator and Target ro les ,  the software to hand le those ch ips in two ro les is very 
comp l icated . M any man months are involved with deve lop ing I n it iator software fo r a 
Target, or  Target software for an I n it iator. Even though  on ly a h andfu l  of commands  
a re  involved ,  a l l  o f  the software to  deal with Error Handling,  Pa th Con trol, Message 
System , and Pointers m ust be written .  I t  shou ld be noted that SCSI  Devices that 
a l ready must support the COPY command as Targets wi l l  more easi ly support AEN . 

Some com panies have imp lemented a non-standard vers ion of AEN where it is not 
necessary for a device to take the opposite ro le .  I n  th is method , a Target that wants to 

A 
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send AEN data to  an I n it iator Reconnects to  t he  I n it iator .  I f  t he  I n it iator accepts t he  
Reconnect ,  the Target sends t he  AEN data and completes t he  Connection  as i f  i t  were 
a regu lar command.  In this situation ,  both the I n itiator and Target behave in a non
standard manner: 

• The Target reconnects to a Nexus that is not active. 

• The I n it iator accepts the reconnect. 

As a resu lt ,  both devices have to be bu i lt to operate in th is manner ,  and by extens ion ,  
the system must be configu red to  operate this way. Wh i le we  don 't condone non
standard imp lementat ions (see Etiquette) ,  we offer th is information in  case you might  
encounter i t .  Because th is method requ i res less effort to imp lement for both the 
I n itiator and Target, i t  cou ld become a de facto standard . 

ATN Signal. The ATN Signal is asserted by an I n it iator to ind icate to a Target 
that it real ly wants to "ta lk" .  The Target shou ld respond to the I n it iator's request as 
soon as poss ib le via a MESSA GE OUT Phase.  The ATN signal  is the on ly non
destructive way that the I n it iator can te l l  the Target to "ho ld on  a m inute" . The ATN 
signal shou ld on ly be asserted at certain t imes (re lative to the A CK Signal or  BSY 
Signal) so that the intent of the I n itiator is not m isunderstood by the Target. The ATN 
signal may never be lega l ly asserted during ARBITRA TION Phase or d u r ing BUS 
FREE Phase.  See A ttention Condition . 

Attention Condition. The Attention Condit ion is created by an I n itiator du ring a 

Connection when it wants the Target to "pay attention"  to it . The I n itiator does th is by 
asserti ng the A TN signal on the bus .  When the Target notices the ATN s ignal ,  it is 
supposed to go to MESSA GE OUT Phase .  Th is lets the I n it iator send a Message to 
the Target to te l l  it why it needed the Target's attention .  What cou ld be s imp ler? "Hey 
you !  I 've got a message for you ! "  "OK, hang on . . . .  OK go  ahead ! "  " OK, here's my 
message . . . .  ! "  See the Message System for  detai ls on  how the Attent ion Cond it ion 
re lates to message hand l i ng .  

Let's l ook  a t  some tim ing  in  Figu re 7 .  
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ATN 

a ___________________________ d 
_______ ! '---------------------

1 
b _____________________ l ____________________ _ 

____________! I 
I < - - - - - - - - - - 2 • tds - - - - - - - - - - > I 
I 9 0  ns I 

c ! ____________________________________ _ 

__________________ ! 

FIGURE  7:  ATN ASSERTED DUR ING SELECTION 

The Detai ls on  Figu re 7 :  

(a) The I n it iator (ou r  fr iend I r is) arb itrates for  the bus in  the usual way (see 
ARBITRA TION Phase) . 

(b) I r is  wins arb itrat ion and takes contro l by asserting the SEL Signal. 

(c) Before I r is negates the BSY Signal to beg in  SELECTION Phase ,  she 
asserts the ATN s igna l  to ind icate to Tom (the Target she wants to select) 
that she  wants to start with a M ESSAG E OUT phase.  Of cou rse ,  Tom is not 
aware of th is because he doesn't know he is be ing selected yet. . .  

(d) After a de lay of two Deskew Delays (90 nsec) from asserting  the ATN 
s igna l ,  I r is  negates the BSY s ignal and the SELECTION Phase beg ins .  The 
pu rpose of the de lay is to ensure that Tom does not m iss it : if the ATN 
s ignal was asserted after the BSY s ignal was negated , a fast Target l i ke 
Tom m ight m iss it . 

Other  observations :  

® I r is is not a l lowed by the standard to  assert ATN d u ri ng  the B US FREE 
Phase o r  d u ring  AR B ITRATION Phase.  BUS FR E E  is not a l lowed because 
the bus is not hers when it is free. Arb itration Phase is not a l lowed because 
she has not yet won the bus; it is not hers. Note that AR B ITRATION Phase 
ends when I r is asserts the SEL s ignal .  

® The usual reason for assert ing the ATN signal d u ring Se lection is to send the 
IDENTIFY Message to the Target. Other reasons  m ight  be to send an 
ABOR T  Message or a BUS DE VICE RESET Message . 

® I r is m ig ht also want to assert the ATN signal in  response to a RESEL EC TION 
Phase by Tom .  One reason to do th is wou ld  be to send an ABORT mes
sage .  There is no special protoco l for RESELECTIO N  Phase because Tom is 
not requ i red (by the standard) to respond to the ATN s ignal u nti l  some point 
after he  com pletes the RESELECTION Phase.  N OTE:  U nfortunate ly, as of 

A 
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A 32 
th i s  writing , the  exact response t ime re lative to  RESELECTIO N  Phase h as 
not been nai led down . Contact the X3T9.2 Committee for the current d ef in i
tion .  

Now, we  wi l l  look at assert ing t he  ATN signal during data transfers (Figu re 8) : 

Tom ' s 
REQ 

I r i s '  
ACK 

I r i s '  
ATN 

a 
I 
___________ c 

b 
I 

\ _____________ __ 

___________________ e 
\ ______ _ I 

I < - - - - - - - - 2 * tct s - - - - - - - - > I 
I 90 na I 

d I ___________ _ 

_________________ ! 

FIGURE  8 :  ATN ASSERTED DURING ASYNCHRONOUS DATA TRANSFER 

The Detai ls on  Fig u re 8 :  

(a) Tom asserts h is REQ Signal in  the usual manner .  

(b) I r is asserts her  A CK Signal in  the usual manner. 

(c) Tom negates h is  R EQ i n  response to I r is' ACK, i n ,  again , the usual manner. 
Note at th is point that the data exchange has been com pleted ,  no matter 
which d i rection  the transfer was going (see A synchronous Data Transfer) . 
All that's left is to com plete the handshake . . . .  

(d) I r is decides she's got a Message for Tom ,  s o  s h e  asserts ATN at th is time ,  
before negat ing ACK. 

(e) After two Deske w  Delays (90 nsec) , I ris negates ACK to com plete the 
handshake . Once again ,  assert ing ATN before negating  ACK provides an 
interlock that enables Tom to establ ish that the ATN signal is re lated to the 
current byte handshake and phase. 
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Tom ' s a __ 

REQ _/ \ __ / \ __ / '--------------------------

I r i s ' 
ACK 

I r i s ' 
ATN 

b __ 

_________________ ! \ __ ! 
. -------- d 

\ _____ ! \ __ _ 

I 
l <-2 * td s-> l 
I 9 0  ns I 

c I _____________ _ 

_______________________________________! 

FIGURE  9 :  ATN ASSERTED DUR ING SYNCHRONOUS DATA TRANSFER 

The Detai ls on  Figu re 9 :  

(a) Tom asserts h is  stream of R EQ pu lses in  the usual m anner .  

(b)  I r is asserts her  stream of ACK pu lses in the usua l  manner .  (see Synchro
n ous Data Transfer) . 

(c) I r is decides she s imply M UST speak with Tom ,  so she asserts ATN at th is 
time ,  before negat ing ACK for the last pu lse . Th is behavior is typ ical of 
m any devices :  the ACK pu lse is sustained to al low the I n it iator time  to 
decide to assert ATN . Other devices wi l l  ho ld off assert ing  the ACK pu lse 
u nt i l  ATN is asserted . 

(d) After two Deske w  Delays (90 nsec) , I r is negates ACK to com p lete the ACK 
pu lse .  Once again , asserting ATN before negating  ACK p rovides an inter
Jock that enables the target to estab l ish that the ATN s ignal is re lated to the 
cu rrent phase .  As a practical matter ,  the Target wi l l  not be able to determine 
exactly when ATN was asserted in the midd le of a transfer due to the h igh  
speed of  data transfer .  

Other observations :  

• The M O ST I M P O RTANT T H I N G  to  remember about the Attent ion Cond it ion 
is that the Target can respond to the ATN signal w h e n ever it  wants to 
d u ring the cu rrent phase, but if it is going to change to another  phase from 
the cu rrent phase,  it must change to M ESSAG E OUT Phase if the Attention 
Cond it ion exists (some SCSI - 1  Targets d id not do  this, see next note) . The 
Target does not have to respond unt i l  it is conven ient  for the Target. 

• Start ing with SCSI-2 ,  the Target m u st respond before go ing to some other 
phase, s ince i t  is l i ke ly that the message is re lated to the cu rrent phase. I f  the 
Target (a SCS I - 1  Target) does not respond to the ATN s ignal with M ESSAG E 
OUT Phase r ight after the cu rrent phase, then the I n it iator may have to 

A 
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decide whether the message is sti l l  appropriate . See "Target Response to 
Attention"  below. 

34 

Fig u re 1 0 shows how the Attent ion Cond ition ends :  

Tom ' s 
REQ 

I r i s '  
ACK 

I r i s '  
ATN 

a ______________ d 
__ ! \ __________ __ 

c ____________ _ 

___________ ! \ ___ _ 

I 
I < - - - - - - 2 • t cts - - - - - - > I 

b I 90 ns I 
_____ I 

\ _____________________ ___ 

FIGURE  1 0 : ATN N EGATED AFTER ASYNCHRONOUS M ESSAG E OUT TO TARGET 

The Detai ls on  Figu re 1 0 :  

(a) Tom asserts h is R EQ signal to  beg in a M ESSAG E OUT Phase transfer. 

(b) Before transferring the last byte of the M ESSAG E OUT, I ris negates her 
ATN s igna l .  Th is lets Tom know that th is is the last byte of the M ESSAG E 
OUT Phase.  

(c) I r is then waits two Deske w Delays (90 nsec) and asserts the ACK s igna l .  

(d )  The rest of the M ESSAG E OUT handshake com pletes normal ly .  

Other observations :  

• I f  more than one  M ESSAG E OUT byte is to be sent (for example ,  a Syn
chronous Data Transfer Request message) , then the ATN signal is he ld  
t rue through  al l  bytes u nt i l  the last byte is transferred , as d escribed under  
MESSA GE OUT Phas e .  

• The ATN s igna l  can become asserted again d u ring a M ESSAG E OUT phase 
as part of the error recovery process. See Message System . 
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Now, we wi l l  put it a l l  together into two typical sequences in  Figu re 1 1  and Fig u re 1 2 : 

I r i s ' 
B S Y  

I r i s ' 
S E L  

I r i s ' 
ATN 

I r i s ' 
Da t a  Bu s 

Tom ' s 
BSY 

Tom ' s 
MSG 

Tom ' s 
C I D  

Tom ' s 

a 
I \ 

I 
b I 

I I 
I 

c I 
I I 
I I 
I < · · 2 • t ct s  · · > I 

a 90 ns 

d 

f 
\ 

\ 
I 
I < · · 2 * t ct s · · > I 

90 ns I 

--,--,---,-...,.,----- 1 ___ ---

____ x __ a r b __ X __ s e l ec t ______________ xxxxxxxxxxxxxxxxxxxxx_I D ENT I FY_Me s s a g e ___ l x. __ _ 

e _________________________ ___________ __ 

--------------------------------- 1 

--------------------------1 

g ------------------------------- ------------
__________________________ 1 

I I o f a 1 s e_____________________________________________________________________________ ----------------

Tom ' s 
REQ 

I r i s ' 
.1\C K  

h ---------------------- ---
---------------------------------------------------------1 '�---k 

j 
\ 

FIGURE  1 1 :  PUT IT ALL TOG ETH ER :  I DENTI FY M ESSAG E OUT AFTER SELECTION 

The Detai ls on  Fig u re 1 1 :  

(a) I r is asserts the BSY Signal and her SCSU Bus ID on the Data Bus d u ring 
BUS FREE Phase to beg in ARBITRA TION Phase .  

(b )  I r is wins ARB ITRATION and asserts her SEL Signal to  take the bus .  

(c) I ris asserts the ATN Sig nal and hers and Tom's SCSI  Bus ID on  the Data 
Bus .  

(d)  After two Deskew Delays , I r is releases the BSY Signal to beg in  SELEC
TION Phase .  

(e) Tom (remember  h im?)  asserts h is BSY Signal to  respond to  the selection 
from I r is . 

(f) I r is re leases her  SEL  Signal to comp lete S ELECTION Phase .  
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(g) Tom sees I ris ' ATN Signal after SELECTION Phase is com pleted . To 

respond to the ATN , he asserts the MSG Signal and the CJD Signal to set 
up for a M ESSAG E OUT Phase. 

(h) Tom asserts the REQ Signal to beg in the M ESSAG E OUT Phase.  

( i )  I r is sees the R EQ Signal .  Since the phase is now M ESSAG E OUT, she 
p laces the IDENTIFY Message on the Data Bus ,  and she negates the ATN 
Signa l .  

0) After two Deskew Delays , I r is then asserts the ACK S ignal to send the 
I D ENTI FY M essage .  

(k) Tom and I ris com p lete the  handshake . 

a-------------- e I r i s '  
ATN ________ I \ _________ _ 

I I 
I < · · 2 * tct s · · > I 1 < · · 2 * t cts · · > l 

I I 
I r i s '  I I 
Da t a Bus XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX_Me s s a g e  ____ I ________ X __ ____ 

I I 
Tom ' s I I _____ _ 

MSG I I I 
I c I 

Tom ' s I I _____ _ 

C I D I I 
I I 

Tom ' s I I 
I IO I \ I _____ _ 

I I 
Tom ' s I d I 
REQ \ I \ I I I 

I I 
\ _________ _ 

g 
I r i s '  I b f I ____ _ 

ACK \ I \ I \ 

Tom ' s 
Da t a Bus  _________ x_l a s t_da t a_by t e ______ xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

FIGURE  1 2 : PUT IT ALL TOGETH ER :  M ESSAG E OUT AFTER DATA TRANSFER 
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The Detai ls on  Figu re 1 2 : 

(a) Before comp leting  the ACK of a DA TA IN Phase transfer ,  I r is asserts her  
ATN S igna l .  

(b )  Two Deskew Delays later, I r is negates ACK to com plete a data transfer. 

(c) Tom sees the ATN Signal and asserts M SG and C/D to set up for a M ES
SAG E OUT Phase.  

(d)  Tom asse rts h is R EQ Signal to beg in the M ESSAG E OUT Phase.  

(e)  I r is sees the R EQ Signa l .  S ince the phase is now M ESSAG E OUT, she 
p laces the M essage on the Data Bus,  and she negates the ATN Signa l .  

(f) After two Deskew Delays , I r is then asserts the ACK Signal to send the 
M essage .  

(g )  Tom and I r is com p lete the  handshake. 

A 
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Targ et R e s p o n s e  to Atte nt ion.  As of  SCSI -2,  the response of  a Target to the 
Attention Cond it ion was nai led down a l itt le .  Since these ru les are l i tt le  more than 
"common sense" ,  you wi l l  f ind that most Targets behave in  the manner  shown in  
Tab le 5 .  

TABLE 5 :  TARGET RESPONSE TO THE ATTENTION CONDITION 

I f the Attent ion Cond it ion occurs Then the Target must enter M ESSAG E OUT Phase:  
du ring : 

COM MAN D Phase After a l l  or part of the Command Descriptor Block 
(CDB) has been transferred 

DATA IN or  DATA OUT Phase After al l  or part of the Data Transfer intended by the 
Target. With luck, th is wi l l  be a L ogical Block 
boundary. The standard says "Target's ear l iest con-
ven ience" ,  a non-operative statement i f  we ever 
heard one . . . .  

STATUS Phase After the Status byte has been transferred .  

M ESSAG E IN  Phase After the Target has sent one complete Message , 
and before send ing another  one .  I n  other words ,  
don 't send a partial M essage ( i f  i t  is a m u lt ip le-byte 
Message) before respond ing  to the Attent ion Cond i-
tion .  

SELECTION Phase ,  before the  After the  SELECTION Phase is com pleted .  
I n itiator re leases BSY 

RESELECTION Phase,  after the After the RESELECTION Phase is com pleted . The 
Target releases BSY exact time was not estab l ished at pub l ication time .  

Contact the  X3T9.2 Committee fo r  the  latest infer-
mation .  

I f  the Attention Cond it ion occurs at  any other time ,  the I n itiator is violating the Stan
dard ! 

Table 6 shows the Bus Timing values used du ring the Attention Cond ition .  

TABLE 6 :  TIM I NG  VALUES USED DUR ING THE ATTENTION CONDITION 

Symbol 'Timing N am e  M I N  or  MAX? Time  

tds  I Deskew Delay M I N I M U M  45 nsec 
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I 
B Cable. 

Between Phases. 
BSY Signal. 

Bus Clear Delay. 
BUS DEVICE RESET Message. 

Bus Free Delay. 
BUS FREE Phase. 

Bus ID. 
Bus Phases. 

Bus Phase Signals. 
Bus Set Delay. 

Bus Settle Delay. 
Bus Timing. 
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B Cable. The B Cable i s  the SCS/-2 name of the 68-conductor cab le used i n  a l l  
1 6-b it and 32-b it SCSI  systems  (see Wide Data Transfer) . The B Cab le  carries 24 
more b its of Data Bus Signals , as wel l  as the REQB Signal and the A CKB Signal. 
See Cables .  See P Cable for a "better" way to do 1 6-bit and 32-b it SCSI  system s  . . . .  

Between Phases. "The New SciFi Block Buster. . . .  " Actua l ly ,  the SCSI com mittee 
has found it very easy to def ine what a phase is  (see Bus Phases) , but has had qu ite 
a time def in ing  what a phase isn 't. If you f ind the def in itions regard ing phase changes 
and the states between phases confusing ,  you aren't a lone.  

The confusion arises because SCSI is not a pure state mach ine .  You m u st know the 
bus h istory to interpret the cu rrent state the bus.  You m ig ht th i nk  that when both the 
REQ Signal and A CK Signal are negated after SELECTION Phase or  RESELEC
TION Phase can be cons idered as "between phases" , because the SCSI  Standard 
states that a phase is not def ined unt i l  REQ is asserted .  I n  other words ,  when R EQ is 
asserted it q ua l if ies the Bus Phase Signals (again see Bus Phases) . However, if a 
Target is halfway th rough  gett ing the command from the I n itiator, it seems s i l ly to th ink  
of  the transfer as anyth ing  but a continuous COMMAND Phase .  I ndeed , m any other 
def in it ions (particu lar ly the Message System) rely on  the fact that a transfer of several 
bytes is a s ing le  Bus Phase.  

Techn ical ly, an Information Transfer Phase ends when the Bus Phase S ignals  
change after the Negat ion of  ACK at the end of  a bus transfer. In  genera l ,  i f  you 
assume that a phase exists u nt i l  the REQ signal qual if ies a d ifferent bus phase, you 
wi l l  be correct .  In p ractice , most modern devices wi l l  change the phase clean ly, so 
there is l itt le  chance for ambig u ity. Some older devices did not change phase clean ly, 
which caused some g rief with other devices that d idn't wait for REQ to qua l ify the 
phase. 

Note that as there are no  "between phase" states for the Connection Phases ; there 
are no  g ray areas between those phases. The transition from S ELECTION Phase or  
RESELECTION Phase to  an I nformation Transfer Phase does fo l low the ru les 
described here .  
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The SCSI standard def ines the fo l lowing ru les for behavior "between  phases" : 

® Certain s ignals must not change when the intent of the Target is to change I the th ree Bus Phase Signals (MSG , C/D ,  1/0} . It must sound  imposs ib le for 
the I n itiator to know the Target's intent; let's look at each s ig nal and see how 
it works: 

BSY Signal: The Target must hold BSY true whi le it continues perform ing 
bus  phases.  Of cou rse,  the standard provides exceptions to th is :  

® BSY goes fa lse after a Message;  i . e . , a transition to BUS FREE Phase .  

• BSY goes false because o f  a fatal e rror; i . e . ,  l i ke a power fai l u re .  See 
Unexpected BUS FREE Phase.  

SEL Signal: SEL must be he ld false by both the I n itiator and the Target once 
the S ELECTIO N  Phase (or RESELECTION Phase) is comp leted . Ne ither  
I n it iator or  Target has any bus iness asserting SEL d u ring  any I nformation 
Transfer Phase .  

REQ Signal and REQB Signal: Yes,  th is  sounds a l itt le  fun ny: "How can I 
change the phase if I can 't change R EQ or REQB?"  Th is is on  the l ist on ly to 
i nd icate that the R EQ and REQB signal  can change on ly under  certain 
cond it ions (see Diag ram 7) . 

A CK Signal and A CKB Signal: Th is is easy: The I n itiator has no  bus iness 
asserti ng ACK or AC KB without REQ or R EQB asserted (or without a R EQ or 
R EQ B  pu lse outstand ing) . Also, the Target can 't change phase if ACK or  
ACKB are asserted ,  so there is no way for  ACK or  ACKB to  change between 
phases.  N OTE : Th is is a good way for the I n itiator to prevent the Target from 
chang ing  phases before the I n itiator is ready. A use of this wou ld  be to ho ld 
the phase u nt i l  the I n itiator can create the A ttention Condition . 

• The A TN Signal is al lowed to change as described under  Attent ion Cond ition .  
The RST Signal is a l lowed to  change as described u nder  Reset Condition . 

• The MSG Signal, CjD Signal, 1/0 Signal, and the Data Bus Signals may 
change between  phases. There are very specif ic ru les for chang ing  the 
d i rection of Data Bus d rive and for estab l ish ing the Bus Phase S ignals p rior 
to R EQ and R EQB.  The rest of this top ic describes the tim ing  for bus d i rec
t ion changes.  

Diag ram 7 and Diag ram 8 (respective ly) show how the Target and I n it iator hand le 
switch ing  between phases. As you can see , the ru les attem pt to p revent contention on 
the Data Bus S ignals .  
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C h a n g e  MSG ,C/D , I/0 
to n ew Phase 

, ,  

MSG, C/D, and 1/0 
define the Information 
Transfer Phase 

Bus OUT to B u s  I N  Did 1/0 
Change? 

B u s  IN  to B u s  OUT 

, ,  
Delay 

800 nsec m 1 m m u m  

' '  

Delay allows Initiator to 
release Data Bus drive 

E n ab l e  Data B u s  
Drive 

De la� . 55 n sec m 1 n 1 m u m  

Delay for Data to REO 
skew time 

No Chan g e  
Bus IN to Bus IN or 
Bus OUT to Bus OUT 

' '  
Disable Data B u s  

D rive 

Data Bus drive must be 
OFF within 45 nsec of 
1/0 changing 

NOTE: It's better to disable 
Data Bus Drive before or at 
the same time as 1/0 

Delay 
400 nsec m 1 n 1 m u m  

Delay for Phase 
Change to REO 
setup time 

I E n ab le  R EQ 
Allow next Information 
Transfer to proceed 

D I AG RAM 7 :  Bus PHASE SWITCH I NG FOR TARG ETS 
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P h ase 
Change ! 

MSG, C/0, and 1/0 
define the Information 
Transfer Phase 

B 

B u s  OUT to B u s  I N  B u s  I N  to B u s  OUT 

D isab le  Data B u s  
D rive 

Data Bus drive must be 
OFF within 400 nsec of 
1/0 changing 

No Change 
Bus IN to Bus IN or 
Bus OUT to Bus OUT 

E n ab l e  Data B u s  
D rive 

There is no delay 
requirement in the 
Standard (see text) 

Wait fo r R EQ 
Wait for next Information 
Transfer to proceed 

D I AG RAM 8 :  Bus P HAS E SWITC H I N G  FOR I N ITIATORS 

Copyr ight © 1 991  ENDL Pub l icat ions T h e  SCSI  E n cycloped i a ,  Vo l u me I 

I 



B 44 
The most interesting  transitions between I nformation Transfer Phases are an "OUT" 
Phase to an " I N "  Phase (such as M ESSAG E OUT Phase to DATA I N  Phase) , and an 
" I N "  Phase to an "OUT" Phase (such as M ESSAG E I N  Phase to DATA OUT Phase) , 
and we wi l l  look at these f i rst . 

Tom ' s 
REQ 

I r i s ' 
ACK 

Tom ' s 
MSG 

Tom ' s 
C / D  

Tom ' s 
I /0 OUT 

I r i s '  
I /0 I N  

· ·  · · · · ·  O l d P ha s e · · · · > I < · · · · · · · · · · · ·  · · · ·  Be tween Pha s e s · · · · · · · · · · · · · · · · · > I < · · · ·  N ew Pha s e · · · · ·  

\ ___________________________________________ ! 
I t 

____ a I 
\ _____________________________________ I ____ / 
I I 
I < · · 0 ns · · > I < · · · · · · · · · · · · · · ·  t dr d + t bsd + t ds • t c s · · · · · · · · · · · · · · · · > I 

I b 8 5 5  ns 
______________ I __________________________________________ ___ 

______________ x __________________________________________ ___ 

I 

______________ I __________________________________________ ___ 

______________ x __________________________________________ ___ 

I b 
I __________________________________________ ___ 

______________ ! 
I 
I 

______________ I I c 
I I 
I I < · · · · t dr d · · · · > I 
I 4 0 0  ns I d 

I r i s · -----,---,----,--------- 1 I 
DATA BUS ___ d r i v i n g  1 X · · · · · · · r e l ea s ed · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

Tom ' s 

---
1 
I 
I < · · · · · · · · · · ·  · · td r d • t bsd · · · · · · · · · · · · · · · > I 

8 0 0  ns I e 
� --��-------------

DATA BUS · · · · r e l ea s ed · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · X
_

dr i v i ng _______ _ 

FIGURE  1 3: DATA TRANSFER OUT PHASE SWITCH TO DATA TRANSFER I N  PHASE 
{ I N ITIATOR DR IV ING SWITCH TO TARGET DR IVING) 

Here's how events p roceed in  Figu re 1 3: 

(a) I r is re leases or  negates ACK to end the last data transfer .  N ote that th is 
transit ion of ACK can also be the fal l i ng edge of the last ACK pu lse of a 
Synchronous Data Transfer. This transit ion "ends" the I nformation Transfer 
Phase and now Tom may change the bus phase. 

(b) Tom detects the trans it ion of ACK to false , end ing the last transfer of the 
phase.  Tom may now (with no delay) change any of th ree bus phase 
signals  (MSG , C/D ,  and 1/0) . In this case Tom asserts the l/0 s ignal to the 
true state , caus ing the bus d irection to change from OUT to I N .  (Remember:  
D i rect ion is re lative to the I n itiator, so the d i rection  is now I N  to I ris from 
Tom. )  

(c) I r is detects t he  transit ion o f  1/0 from false to  true .  As  soon as  1/0 is true at 
I r is ' con nector ,  she has 400 nsec to stop d riving  the data bus  s ignals .  I n  
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pract ice, th is  shou ld b e  easy for any implementation .  M ost of the time  is 
used to let the 1 /0 s ignal propagate and settle .  

B 

(d) As she is supposed to do ,  I r is re leases her  data bus  d rivers with i n  400 nsec I of 1 /0 go ing  true .  At th is point ,  neither device is d riving  the data bus .  

Tom ' s 
REQ 

I r i s '  
ACK 

Tom ' s 
MSG 

Tom ' s 
CID 

Tom ' s 
I IO OUT 

I r i s '  
I IO I N 

Tom ' s 
DATA BUS 

(e) After assert ing  the 1 /0 signal true ,  Tom must de lay 800 nsec before d riving  
the data bus .  Th is ensures that Tom and I ris do  not  d rive the bus  at  the 
same t ime .  ( I n p ractice , many Targets wi l l  not d rive the data bus  u nt i l  the  
data for the new phase is avai lable. )  

(f) Tom asserts the f i rst REQ of the new phase. Th is val idates the new phase 
to I ri s ,  who may then  beg in transferring data to the appropriate destination . 
Total t ime  from 1 /0 asserted true to REQ asserted is 855 nsec.  

- - - - - - - O l d Pha s e - - - - > 1 < - - - - - - - - - - - - - - - - - B e tween Pha s e s - - - - - - - - - - - - - - - - - > I < - - - - New Pha s e - - - - -

\ I 
I 

a I 

\ I 

I I 
I < - - 0 na - - > I < - - - - - - - - - - · - · - · · - - - - - - t bsd - - - - - - - - - - - - · · · - - · · · · · > I 

I b 4 0 0  ns 

f 

I 

______________ ! __________________________________________ ___ 

______________ x __________________________________________ ___ 

I 
______________ ! __________________________________________ ___ 

______________ .x __________________________________________ ___ 

I b 
______________ ! 

'---------------------------------------------
1 
I 

-------------- 1 c \ 
I �-----------------------------------------
1 < · · - - I · 

-
· · td s - · · · · > I 

I 4 5  ns I d 
_________________ ! ________ ! 
___ d r i v i ng, _________ I X - · - - - - - r e l e a s ed - - - · - - · - · - - - - - · - - - - - - - - - - - - - - - - - - - - 

I 
I 
1 < - - 0 ns - - > 1 e 

I r i s '  1 _------;--c:--;----------------------------
DATA BUS - - - - r e l ea s ed - - - - - - - - - - - - - - - - - - - - - · - - - - X_

dr i v i ng, _________________________ __ 

FIGURE  1 4: DATA TRANSFER I N  PHASE SWITCH TO DATA TRANSFER OUT PHASE 
{TARGET DRIV ING SWITCH TO IN ITIATOR DR IV ING) 

Here's how events p roceed in Figu re 1 4: 

(a) I r is re leases or  negates ACK to end the last data transfer. N ote that th is 
transit ion of ACK can also be the fal l i ng  edge of the last ACK pu lse of a 
Synchronous Data Transfer. Th is transit ion "ends" the I nformation Transfer 
Phase and now Tom may change the bus phase.  
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(b) Tom detects the trans it ion of ACK to false , end ing  the last transfer of the 
phase.  Tom may now (with no de lay) change any of  th ree bus  phase 
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s ignals ( M SG ,  C/0 ,  and 1/0) . I n  th is case Tom negates o r  re leases the 1/0 
s igna l  to the false state , caus ing the bus d i rect ion to change from I N  to 
OUT. (Remem ber :  Di rection is re lative to the I n it iator ,  so the d i rection  is  now 
OUT to Tom from I r is . )  

(c) I r is detects the trans it ion of 1/0 from true to false ,  i nd icat ing the bus d i rection 
change .  

(d )  After negat ing o r  re leasing the 1/0 s ignal to  the  false state , Tom has 45 
nsec to stop d riving  the data bus .  In p ractice , Tom shou ld  re lease the d ata 
bus before setti ng  1/0 false to ensure th is tim ing .  The 45 nsec a l lows for  
variations  i n  Tom's  inte rnal  de lays. 

(e) After detecti ng the 1/0 s igna l  false ,  I r is may immed iately d r ive the data bus .  
Th is a l lows I r is to  d i rectly control bus d rive with the 1/0 s igna l .  Note that 
Tom and I r is m ight d r ive the bus at the same time .  I n  p ractice , bus  propaga
t ion de lays and I r is '  inte rnal  de lays wi l l  cause th is de lay to be longer .  

(f) Tom asserts the f i rst R EO of  the new phase. Th is val idates the new phase 
to I r is ,  who may then  beg in  transferring data to the appropr iate desti nation . 
Total time  from 1/0 negated or  re leased false to R EO asserted is  400 nsec. 

The fo l lowing two f ig u res show how events proceed when the bus d i rection  does not 
change:  
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· · - - · - - O l d  P ha s e  · · - - > I < - · - · - - - - · - - - - - - - Be tween Pha s e s  - - · - - - - - - · - - - - - - > I < - - - - N ew P ha s e  - - - - -

T o m ' s 
REQ \ I 
----------------------- 1 c 

I r i s ' a I 
ACK \ --------------------- 1 _______ / 

I I 
1 < - - 0 ns - - > 1 < - - - - · · · · · · · · · · t bs d · · · · · · · · · · · · · · · · · · · · · · > I 

I b 4. 0 0  ns 

Tom ' s I 
MSG X 

I 
Tom ' s I 
C / D  X 

I b 
Tom ' s I 
I /0 OUT t r ue I 

I 
I r i s ' I 
I /0 I N t r ue I 

I 

Tom ' s 
DATA BUS d r i v i ng --

I r i s ' 
DATA BUS - - - - r e l ea s ed · · · · · · · · · · - · · · · · · - · - - - - - - - - - - · · - · - - · - · - · - - · · · - · · · · · · · · · · · · · · · - · · · · · - - - - · · · · · · · · · · · · · 

FIGURE  1 5 : DATA TRANSFER I N  PHASE SWITCH TO DATA TRANSFER I N  PHASE 
(TARGET DRIV ING CONSTANTLY) 

Here's how events p roceed in Figu re 1 5 : 

(a) I r is re leases o r  negates ACK to end the last data transfer. Note that th is 
trans it ion of ACK can also be the fal l i ng edge of the last ACK pu lse of a 
Synchronous Data Transfer. Th is transit ion "ends" the I nformation Transfer 
Phase and now Tom may change the bus phase. 

(b) Tom d etects the transit ion of ACK to false,  end ing  the last transfer of the 
phase. Tom may now (with no m in imum delay) change any of th ree bus 
phase s ignals (MSG ,  C/D ,  and 1/0) . In th is case Tom d oes not change the 
state of the 1/0 s igna l ,  causing no change in  the bus d i rection ;  the d i rection 
stays I N .  Tom conti nues d riving the Data Bus ,  and I r is  does not d rive it . 

(c) Tom asserts the f i rst REQ of the new phase. Th is val idates the new phase 
to I ris ,  who may then beg in transferring data to the appropr iate destination .  
Total tim e  f rom bus phase change to R EQ asserted is 400 nsec.  
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· · · · · · · O l d Pha s e · · · · > I < · · · · · • · · · • • · · · • · · Be tween Pha s es · · · · · · · · · · · · · · · · · > I < · · · · New Pha s e · · · · · 

Tom ' s 

REQ \, _____________________ / 

I r i s '  

ACK 

Tom ' s 

MSG 

Tom ' s 

C/D 

I c 
____ a I 

\ l ____ /--
1 I 
I < • • 0 ns · · > I < • • • · • • • • • · · • · • • • • · · • • • tbsd · · · · · · · · · · · · · · · · · · · · · · > I 

I b 4 0 0  na 
_______ I _____________________ _ 

________ x ______________________ _ 

I 
_____________ I ______________________ _ 

_____________ x ______________________ _ l b  
Tom ' s I 
I /0 OUT _f a l s e. _________ l _______________________ _ 

I 
I r i s '  I 
I /0 I N f a l se. _________ l _______________________ _ 

I 

Tom ' s 

DATA BUS · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · r e l ea sed · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

I r i s '  

DATA BUS dr ivi ng _________ _ 

FIGURE  1 6 : DATA TRANSFER OUT PHASE SWITCH TO DATA TRANSFER OUT PHASE 
( I N ITIATOR DRIV ING CONSTANTLY) 

Here's how events p roceed in  Figu re 1 6 : 

(a) I ris  re leases or  negates ACK to end the last data transfer.  Note that th is 
transition of ACK can also be the fal l i ng edge of the last ACK pu lse of a 
Synchronous Da ta Transfer. Th is transit ion .. ends .. the I nformation Transfer 
Phase and now Tom may change the bus phase.  

(b)  Tom detects the trans it ion of ACK to false ,  ending the last transfer of the 
phase.  Tom may now (with no m in imum de lay) change any of th ree bus 
phase s ignals (MSG ,  C/D ,  and 1/0) . In this case Tom does not change the 
state of the l/0 s igna l ,  causing no change in  the bus d i rection ;  the d i rection 
stays OUT. I r is continues d riving the Data Bus ,  and Tom does not d rive it. 

(c) Tom asserts the f i rst R EQ of the new phase. Th is val idates the new phase 
to I ris ,  who m ay then  beg in  transferring data to the appropriate destination .  
Total t ime  from bus phase change to REQ asserted is 400 nsec. 
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Table 7 shows the Bus Timing values used du ring I nformation  Transfer Phase 
changes. 

TABLE 7:  TI M I NG VALUES USED BETWEEN PHASES 

Symbol !Tim ing N am e  I M I N  o r  M AX? I Time 

tbsd Bus Settle De lay M I N I M U M  400 nsec 

tds  Deskew Delay M I N I M U M  45 nsec 

tcs Cable Skew Delay M AX/M I N  1 0  nsec 

td rd Data Re lease Delay M AX/M I N  400 nsec 

BSY Signal. The BSY signal is used for several d ifferent SCSI cond itions and 

phases,  and none  of them have to do with the "busy" state of a device . Rather ,  the 
BSY signal i nd icates that the SCSI bus itself is busy; one o r  two SCSI Devices are 
using it now, cal l  back later . . . .  

The BSY Sig nal i s  "OR-t ied" .  No  device may Negate the BSY sig na l .  I t  may on ly be 
Asserted to the True state or  Released to the False state . Th is a l lows more than one 
SCSI  Device to assert the s ignal .  See Signal Levels . 

BSY is used for the fo l lowing pu rposes: 

• When BSY is false ,  and SEL is also false,  the cu rrent bus phase is BUS 
FREE Phase . 

• When the cu rrent bus phase is BUS FREE,  and one  o r  more SCSI  devices 
assert BSY true ,  the ARBITRA TION Phase beg ins .  

• When SEL is  true ,  and  BSY goes false, the  SELECTION Phase beg ins .  

• As long as a Target ho lds  BSY true ,  the bus is he ld  for use by that Target to 
comm u n icate with an I n it iator. The on ly way any other  device not i nvolved in  
the Current lfO Process can take the bus away, as long as BSY is true ,  is  to 
create the Reset Condition . 

B 

I 

Copyright © 1 99 1  ENDL Pub l ications T h e  SCSI E n cycloped i a ,  Vol u me I 

I 



50 
Bus Clear Delay. tbcd .... BOO nsec. The Bus  Clear Delay i s  the time  a l lowed a 
device to Get-Off-The-Bus after a change of state or  phase on  the bus .  These 
changes are : 

• A trans it ion to the BUS FREE Phase is detected .  Actual ly, the device has 
1 200 nsec total to clear off the bus (Bus Clear Delay p lus  Bus Sett le Delay) , 
but th is inc ludes the t ime requ i red by the device to detect the BUS FREE 
Phase.  I f  i t  takes the device longer than a Bus Sett le Delay to  detect the  BUS 
FREE Phase,  then on ly the  remain ing t ime is avai lable for clearing  off the 
bus.  

• The d evice is arbitrating  du ring an ARBITRA TION Phase ,  and another  SCSI 
Device asserts the SEL Signal. 

• The RST Signal goes true. 

BUS DEVICE RESET Message. The BUS DEVICE  R ESET M essage is 
used by the I n it iator to c o m p l etely reset a Target. BUS DEVICE R ESET is a s ing le 
byte message:  

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = OC hex 

After receiving the message ,  the Target beg ins executing  its "Hard Reset" sequence ; 
for most Targets , th is is the same as a "power on"  reset. Some other th ings to know 
about BUS DEVICE R ESET: 

• BUS DEVIC E  RESET may also be thought of as a "selective reset". You can 
cause the equ ivalent of a hardware reset of any ind ivid ual SCSI Device 
without d irectly affect ing any other device s ince you are not asserting RST. I n  
p ractice, you wi l l  l i ke ly affect other I n itiators that use that device , but other 
SCSI Devices are not affected .  If the offend ing device is ho ld ing the bus ,  
won 't respond to the A ttention Condition , or cannot be selected , the Reset 
Condition i s  the on ly alternative. 

• Don't go us ing BUS DEVICE RESET for every l ittle  th i ng !  BUS DEVIC E  
RESET i s  the second-to- last resort for when a device i s  severely m isbehav
ing ( last resort is RST) . Don't use it for "grabb ing"  the Target away from other 
in it iators ; there are better ways that won 't mess up system performance. 
Exception : BUS D EVICE RESET is appropriate for when an I n it iator has 
fai led with outstand ing reservations or other processes active on  the Target. 
I n  that case,  the Target cou ld be reset to re lease it from the fai led I n it iator. 
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® After a BUS D EVIC E  R ES ET, the Target m u st g o  to the Hard Reset state , 

even if it wou ld  normal ly perform a Soft Reset i n  response to the RST s igna l .  
Th is  ensures  that there is always a way to  cause H ard Reset i n  SCSI  Devic- I es that imp lement Soft Reset. The Target creates a l l  cond itions that shou ld  
occur  after a H ard Reset (e . g . ,  i t  creates the Unit A ttention Condition) . 

• After receiving  the BUS DEVICE R ES ET message ,  the Target g oes to BUS 
FREE Phase .  N o  Status is sent;  no other  phase occu rs before BUS FREE .  
There i s  n o  t ime  specif ied between t he  " receipt" o f  t he  m essage (presumably 
the trai l i ng  edge of AC K) and when BUS F R E E  occu rs . A Target m ay hold 
the bus u nt i l  it h as done what it has to do  to p repare to reset. 

• The I n it iator sends this message by assert ing the A TN signal (creating  the 
A ttention Condition on the bus) and wait ing for the Target to g et around  to 
respond i ng .  I f  the Target is d isconnected from the I n it iato r ,  the I n it iator is 
a l lowed to se lect the Target fo r the pu rpose of send ing  th is m essage ,  even i f  
a com mand is  cu rrent ly active . The I n it iator need not send an IDENTIFY 
Message prior  to send ing BUS DEVIC E  R ESET; it d oesn' t  matte r  e i ther way. 

Su m ma ry  of U s e :  The BUS DEVIC E  R ESET message is sent o n ly by an I n it iato r to 
cause the Target to be comp letely cleared to the "power-on"  cond it ion .  

Bus Free Delay. tbfd = BOO nsec . The m i n i m u m  t ime  between  d etecti ng BUS 
FREE Phase and assert ing  BSY to beg in  ARBITRA TION Phase .  The maxi m u m  t ime 
is the Bus Set Delay. See AR B ITRATI ON Phase.  

BUS FllEE Phase. The BUS FR EE Phase descr ibes the state of the SCSI Bus 

when no d evices are us ing  the bus .  We can say that the bus  is  in an id le  state . A l l  
s ig nals are i n  the False (Released) state . When the bus  is  free ,  any d evice may enter 

the ARBITRA TION Phase and beg in us ing the bus  to talk to another device . 

Th e BUS FR E E  Phase is entered (under  normal  operating  s i tuations) when the BSY 
Signal, SEL Signal, and RST Signal become CONTI N UOUSLY fa lse  fo r a Bus 
Settle Delay (400 nsec) . Soon afte r this occu rs (a Bus Clear Delay of 800 nsec) a l l  
other  bus  s ig n als are expected to  be re leased ,  i f  they are not a l ready re leased .  

I n  the fo l lowing examp le ,  t he  BUS FREE phase is e ntered when the Targ et (Tom) 
re leases the BSY s igna l  wh i le  the I n it iator ( I r is) has ATN asserted . Th is  can occu r fo r 
several reasons  wh ich are enumerated in the notes that fo l low.  After Tom releases 
BSY, the s igna l  m u st sett le out  before BUS FR E E  Phase can be fu l ly val idated . A 
d evice shou ld im p lement a "va l idat ion t imer" (to ignore a Wire-OR Glitch ) wh ich 
beg i ns  cou nti ng  up to 400 nsec whenever BSY and SEL  are both fa lse , and resets 
whenever e ithe r  s ig na l  goes true .  
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l a s t  Pha s e - - > I < - Be twe en Pha s e s - - > I < - - - - - B U S  FREE Pha s e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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' ------------�-----------------------------------------

1 d 
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--------------------------------------------- 1 g 
\. _____ _ 

FIGURE  1 7: BUS FREE DUE TO BSY SIGNAL RELEASE 

Here's how events proceed in  Fig u re 1 7: 

(a) Tom re leases BSY to beg in the transit ion to BUS FREE phase.  Tom's BUS 
FREE val idat ion t imer  beg ins  here s ince Tom was the device that negated 
BSY, and because the BSY s ignal  happens to m ake a clean transition at 
Tom's i nput .  

(b) I r is fi rst . .  sees . .  BSY beg inn ing to change here,  but let's assume  that due to 
some arcane laws of Cable phys ics , I r is '  s igna l  has ref lect ions and  g l itches 
in  it (see also Termination) .  Since BSY is not conti n u o u sly false at th is 
t ime ,  the I r is '  BUS FREE val idat ion timer does not start yet; it is be ing reset 
by the g l itches .  

(c) I r is '  BSY input  has now settled and the val idat ion timer  beg ins  cou nt ing its 
way up to 400 nsec. 

(d) Tom's val idat ion timer  has reached 400 nsec. At th is point the BUS FR E E  
phase i s  val idated for Tom .  He  now has 800 nsec to get a l l  other  s ignals 
cleared off the bus .  

(e) I r is '  val idat ion t imer  has reached 400 nsec. At th is point the BUS FREE 
phase is a l so  val idated for I ris .  She now has 800 nsec  to  get a l l  other  
s ig nals cleared off the bus .  

(f) Tom's t ime  h as come to clear a l l  other s igna ls  off the bus .  As a Target, he  
must remove BSY, M SG ,  C/D,  1/0 , R EQ, and  the DBO-n p l us  parity s ignals 
i f  he  is asse rt ing them .  ACK and ATN are asserted on ly by I n it iators . RST is 
not i nvolved in  th is ,  and BSY and SEL are re leased by wh ichever device is 
assert ing them at the time BUS FREE occurs. 
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I m portant note : A Target may actual ly clear a l l  of its other  s ig nals  off the 
bus  pr ior  to re leas ing BSY when i t  knows that it wi l l  be  go ing to BUS FREE 
phase .  Th is  e l im inates the  need to  meet the  800 nsec  requ i rement  in  th is I case .  Othe r  Targets wi l l  let the i r  regu lar BUS FREE detection  circu it re lease 
a l l  s ig nals .  I n  e ither  case a Target must be ab le to c lear off in the t ime 
a l lotted i n  cases where the  I n it iator causes the BUS FREE phase (e .g . ,  
d u ri ng  SELECTION Phase) . 

(g) Now I r is '  t im e  has come to clear a l l  of her  s ignals  off the bus .  As an I n it ia
tor, she  must remove ACK, ATN , and OBO-n p l us  par ity s ig nals if she is 
assert ing  them .  R EQ,  MSG ,  C/0 ,  and 1/0 are asserted on ly by Targets . RST 
is not invo lved i n  th is ,  and BSY and SEL are re leased by whichever device 
is asserting  them at the time BUS FREE occu rs . 

Some other  notes about BUS FREE Phase : 

• BUS F R E E  Phase is also the 11 in it ial 11 state of the bus ;  a l l  devices are pow
ered on  but  no Se lections have occu rred yet . 

• BUS F R E E  Phase can be entered AFTER the RST s igna l  is  asserted and 
then negated .  Note that when RST is asserted we are in  the RESET Condi
tion and not BUS FR EE Phase,  even though  BSY is  negated d u ri ng  th is  
time .  

• The Target m u st re lease BSY and enter BUS FR E E  phase after i t  com p letes 
send ing  any of the fo l lowing messages :  

• DISCONNECT Message 
• COMMAND COMPLETE Message 

• The Target must also release BSY and enter BUS FREE phase after it 
receives any of the fo l lowing messages:  

• ABOR T  Message 
• ABOR T  TA G Message 
• BUS DEVICE RESET Message 
• CLEAR QUEUE Message 
• RELEA SE RECO VER Y Message 
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• The Target may also release BSY to cause a BUS FREE phase as an e rror 

report ing mechan ism . Normal ly, BSY remains continuously asserted by the 
Target: 

• Beg inn ing  with when BSY is asserted in response to the SELECTIO N  
Phase,  o r  when BSY i s  asserted at the end of the R ESELECTION Phase; 

• End ing with one of the cond it ions l isted in  (2) , (3) , and (4) above. 

I f  the Target re leases BSY any time between these two time po ints , the 
I n it iator must then assume that a catastroph ic  fai l u re has occu rred on the 
Target. After th is occu rs the Target may o r  may not be able to accept 
Selection ,  and may or may not have any Sense Data to describe the fai l u re 
( in general , it is worth try ing to get the sense data anyway) . Some examples 
of what can cause BSY to be released inc lude:  

• Power fai l u re on  the Target 
• Circu it fai l u re internal to the Target 
• Transfer retry fai led to reso lve bus parity erro rs (see RESTORE POINT

ERS) 

• Either  I n it iators or Targets may also enter BUS FR E E  phase by re leasing the 
SEL signal as a resu lt of a t imeout of the SELECTION or RESELECTION 
Phase. The tim ing  for the re lease of SEL is the same as that for BSY as 
shown in Figu re 1 7. 

Table 9 shows the Bus Timing values used during BUS FREE Phase. 

TABLE 9 :  TIM I NG VALUES USED DUR ING BUS FR E E  PHASE 

Symbol I Timing  Name I M I N  or  MAX? I Time  

tbsd Bus Sett le Delay M I N I M U M  400 nsec 

tbcd Bus Clear Delay MAXI M U M  800 nsec 

Bus ID. See SCSI Bus ID . 

I 
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Bus Phases. All activity on  the SCSI Bus takes p lace with i n  Bus Phases. The 
d ictionary def in it ion of phase is "any stage in  a series o r  cycle of changes" .  I n  SCS I ,  
each Bus  Phase is one  stage o f  a Connection , and  each type o f  Bus Phase is I designed to exchang e  d ifferent types of information between I n it iators and Targets. 
Another way to look at it is that a Bus Phase is a way of "bund l i ng "  d ifferent types of 
information ; the bus  s ignals that def ine the phase define the type of information 
bund le ,  just l i ke a " header" defines a "packet" type in a comm u n icat ion system .  

There are two types o f  phases: one type i s  what we wi l l  cal l a Connect ion Phase,  
which is any phase that takes part in  estab l ish ing and hold ing a Connection ;  and the 
other type is what the SCSI Standard cal ls  an Information Transfer Phase .  We can 
def ine the phases as fo l lows: 

• Connection  Phases: 
• BUS FREE Phase:  Bus id le ;  i . e . , the absence of a Connection .  
• A RBITRA TION Phase :  A SCSI Device requesting  the use of  the bus .  
• SELEC TION Phase:  A device informs another  device that the start of  a 

transaction  between the two devices is requested .  
• RESELECTION Phase:  A device informs another  device that a continua

t ion of a transaction between the two devices is requested .  

• I nformat ion Transfer Phases: 
• COMMAND Phase :  A command request "bund le" from the I n it iator to the 

Target. 
• STA TUS Phase : A comp letion report from the Target to the I n it iator. 
• DA TA OUT Phase :  A block of data or  parameters from the I n it iator to the 

Target. 
• DA TA IN Phase :  A b lock of data or parameters from the Target to the 

I n it iator. 
• MESSA GE OUT Phase :  A Path Control request or response (see Mes

sage System) from the I n itiator to the Target. 
• MESSA GE HN Phase:  A Path Contro l request or response from the Target 

to the I n it iator. 

Diag ram 9 shows a s imple series of phases that resu lts in  data b locks be ing written to 
the Target. I n  the d iag ram , the I n itiator connects to the Target, estab l ishes (th rough 
Path Control) the Nexus , issues a command,  sends the data, and g ets a report on the 
resu lt of the operation .  The Target then breaks the path and the operation  is com plet
ed .  
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BUS FREE 
Phase 

Establish a Connection: 

When the bus is free, the Initiator 
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possesion of the bus 

The Initiator 
Selects the Target 

They complete the Nexus 
with the IDENTIFY message 

The Initiator sends the Command 

Data is transferred from the 
Initiator to the Target 

The Target sends command 
completion Status 

The Target sends the COMMAND 
COMPLETE message to 
end the command 
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DIAG RAM 9:  S I M PLE PHASE FLOW 
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BUS FREE 
Phase 

B U S  F R E E  
Phase 

Establish a Connection: 

When the bus is free, the Initiator 
Arbitrates to take 
possesion of the bus 

The Initiator 
Selects the Target 

They complete the Nexus 
with the IDENTIFY message 

The Initiator sends the Command 

The Target wants to break the 
Connection for now and sends 
the DISCONNECT message 

With the bus free, the Target 
arbitrates for the bus to 
Reconnect to the Initiator 

The Target Reselects 
the Initiator 

They re-establish the Nexus 
with the IDENTIFY message 

Data is transferred from the 
Target to the Initiator 

The Target sends command 
completion Status 

The Target sends the COMMAND 
COMPLETE message to 
end the command 

D IAG RAM 1 0 : COM PLEX PHAS E  FLOW 

Copyrig ht © 1 99 1  ENDL Pub l ications T h e  SCSI Encyc loped i a ,  Vol u me I 

I 



B 

B U S  FR E E  
Phase 

B U S  FREE 
Phase 

Establish a Connection: 

When the bus is free, the Initiator 
Arbitrates to take 
possesion of the bus 

The Initiator 
Selects the Target 

They complete the Nexus 
with the IDENTIFY message 

The Initiator sends the Command 

Data is transferred from the 
Target to the Initiator 

The Initiator sends an INITIATOR 
DETECTED ERROR message when 
it detects a Parity error 

The Target sends the RESTORE 
POINTERS message to 
retry the data transfer 

The data transfer from the 
Target to the Initiator is retried 

The Target sends command 
completion Status 

The Target sends the COMMAND 
COMPLETE message to 
end the command 
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DIAG RAM 1 1 :  E R ROR R ECOVERY PHAS E F LOW 
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Diag ram 1 0 shows the f low for a more comp lex sequence .  Path Contro l ,  v ia the 
Message System , was used by the Target to Disconnect from the I n itiator .  The 
Target d isconnected because the command request from I n it iator cou ld  not be acted I upon immed iate ly (more on  th is later) . This re leases the bus  so that other  devices 
may use the bus .  

Diag ram 1 1  shows a ser ies o f  phases wh ich inc ludes e rror recovery .  I f  an  e rror occu rs 
d u ring  an I nformat ion Transfer phase,  the I n itiator and Target use Path Contro l to retry 
the phase.  I n  th is  case ,  a data transfe r in  was retried .  Again ,  see Message System 
for more detai ls  on  Path Control and error recovery. 

Who Contro l s  the P h ases? A Bus Phase is def ined by the cu rrent state of the bus 
s igna ls .  These s ig nals are contro l led by the SCS I devices cu rrent ly con nected to  the 
bus .  Each device h as s ig na ls which it is respons ib le for ,  depend ing  on the ro le the 
device has taken ( I n it iator or  Target) . The Target contro ls a l l  of the s igna ls that def ine 
the I nformat ion Transfer Phases.  The Connection Phases are contro l led by the device 
that in it iated the ser ies of phases:  

• BUS F R E E  is the phase if no device has a s ignal asserted . Therefore , BUS 
FREE  is real ly the ��absence of control 11 on the bus .  

• ARB ITRATIO N  is contro l led by  the  Arb itrat ion Win ner .  
• S ELECTIO N  is  contro l led by the I n it iator fo l lowing an Arb itration  Win .  
s RESELECTIO N  i s  contro l led by the Target fo l lowing an Arb itration  Win .  
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What S i g n a l s  Contro l  the P hases? The Connect ion Phases are contro l led  b y  BSY, 
SEL, and 1/0. The I nformation Transfer Phases are contro l led by BSY, M SG ,  C/D ,  1/0, 
REQ,  and ACK. Tab le  1 0 shows these s ignals and the phases they def ine .  

Note that RST and  ATN do  not def ine phases ; rather ,  they def ine cond itions .  They 
may also 1 1forcen a phase to occur .  See Reset Condition and A ttention Condition . 

See Between Phases for detai ls  on  how to transit ion between I nformation Transfer 
Phases. 

Other  notes on  the tab le :  

• ARBITRATION as shown is identical to  11 8etween I nformat ion Transfer 
Phases11 , but the forme r  on ly occu rs after BUS FREE Phase ,  and the latter  
on ly occu rs after S ELECTION Phase or  RESELECTION Phase has complet
ed .  

• Reserved Phase ( I n) and Reserved Phase (Out) a re  not yet defined by  any 
SCS I Standard .  Do not use them! Uses may be found  for these phases in  
SCS/-3: 

• The I nval id Phases are a l l  associated with asserting  the SEL  s igna l  wh i le  
asserti ng  R EQ or  AC K. After SELECTION Phase or  R ES ELECTIO N  Phase ,  
the SEL s igna l  must not be asserted du ring the remainder  of the Connection .  
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TABLE 1 0 : Bus PHASE DEF IN ITIONS 

I BSY I SEL I MSG I C/D I 1/0 I REQ I ACK I Phase I 
0 0 X X X X X BUS FREE 

1 0 0 0 0 0 0 ARBITRATIO N  (a fter BUS FREE on ly) I 
0 1 X X 0 0 0 SELECTION 

1 1 X X 0 0 0 

0 1 X X 1 0 0 RESELECTION 

1 1 X X 1 0 0 

1 0 0 0 0 j 0 DATA OUT 

1 0 0 0 0 1 1 

1 0 0 0 0 0 1 

1 0 0 0 0 0 0 

1 0 0 0 1 1 0 DATA I N  

1 0 0 0 1 1 1 

1 0 0 0 1 0 1 

1 0 0 0 1 0 0 

1 0 0 1 0 1 0 COM MAND 

1 0 0 1 0 1 1 

1 0 0 1 0 0 1 

1 0 0 1 0 0 0 

1 0 0 1 1 1 0 STATUS 

1 0 0 1 1 1 1 

1 0 0 1 1 0 1 

1 0 0 1 1 0 0 

1 0 1 0 0 1 0 Reserved Phase (Out) 

1 0 1 0 0 1 1 (DO NOT USE ! )  

1 0 1 0 0 0 1 

. 1 0 1 0 0 0 0 

1 0 1 0 1 1 0 Reserved Phase ( In)  

1 0 1 0 1 1 1 (DO NOT USE ! )  

1 0 1 0 1 0 1 

1 0 1 0 1 0 0 

1 0 1 1 0 1 0 M ESSAG E  OUT 

1 0 1 1 0 1 1 

1 0 1 1 0 0 1 

1 0 1 1 0 0 0 

1 0 1 1 1 1 0 M ESSAG E  I N  

1 0 1 1 1 1 1 

1 0 1 1 1 0 1 

1 0 1 1 1 0 0 

1 0 X X X 0 0 Between I n formation Transfe r  Phases, if a 
phase cha nge is about to occu r. 

0 1 X X X 1 X Inva l id Phases ! 

0 1 X X X X 1 (a fter SELECTION Phase, see text) 

1 1 X X X 1 X 

1 1 X X X X 1 
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The flow d iagrams on  the fol lowing two pages show the  possib le f lows of  a l l  of these 
phases. D iag ram 1 2  shows the Connection Phases. Some observations from th is 
d iag ram : 

• SELECTION and R ESELECTION normal ly proceed to an I nformation Trans
fer Phase. I f  the SCS I Device to be Selected or  Reselected does not re
spond ,  a t imeout occurs and the bus returns to BUS FREE.  

• SELECTION is always fol lowed by a M ESSAG E OUT Phase (see Connec
tion) .  Some o lder SCSI - 1  and pre-SCSI devices wi l l  skip M ESSAG E OUT 
(they don 't even support it) and go straight to COM MAN D Phase. 

• RESELECTION is usual ly fo l lowed by a M ESSAG E IN Phase (see Connec
tion) .  
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Timeout: The 
Target did not 
respond to 
Selection 

S ELECTION 
Phase 

BUS FREE 
Phase 

Lose 
Arbitration 

Timeout: The 
Initiator did not 
respond to 
Reselection 

Next Phase is 
MESSAGE IN 

D I AG RAM 1 2 : CON N ECTI ON PHAS E  TRANS IT I ONS 
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Diagram 1 3  shows the  val id trans it ions between I nformation Transfer Phases.  Some 
more observat ions from the  d iag ram : 

• The last two items i n  the observations for Con nect ion Phases also app ly 
here.  

• The "most normal"  sequence goes around the c i rc le cou nterclockwise ,  
start ing with the Connection Phase,  and go ing to M ESSAG E OUT Phase.  
The sequence continues around COM MAN D,  DATA IN or  OUT, and STA
TUS ,  f ina l ly end ing  up at M ESSAG E I N  to send the COMMAND COMPLETE 
Message . 

• COM MAN D,  DATA I N  or  DATA OUT, and STATUS m ay change to M ES
SAG E IN or  M ESSAG E OUT for purposes of Path Contro l .  After the M ES
SAG E phase ,  there may be a retu rn to the same phase or  perhaps a d ifferent 
phase .  See Message System fo r a complete l ist of phases that fo l low 
messages.  

• Any I nformation Transfer Phase may be fo l lowed by BUS FREE ;  that is the 
on ly poss ib le  trans it ion to a Connection Phase. M ESSAG E IN and M ES
SAG E OUT are the most l i kely phases to see th is trans it ion (see BUS FREE 
Phase for a l ist of messages that lead to BUS FR EE Phase) . A transit ion to 
BUS FR EE  in any other case ind icates a major fai l u re at the Target. 

• During a s ing le  com mand execution (see f/0 Process ) ,  there may be o n ly a 
DATA I N  Phase or  a DATA OUT Phase. Even though  th is is not exp l icit ly 
stated anywhere in the standard , it is imp l icit i n  the Pointer model  (separate 
DATA I N  and DATA OUT Pointers wou ld  be requ i red ,  un less one is very 
carefu l) . So,  i n  general ,  DATA I N  Phase and DATA OUT Phase may not 
occu r i n  the same command !  

See Examples (at the end of  the Encycloped ia) and Message System for  i l l ustrations 
of  phase transit ions .  We recommend looking at  these f low d iagrams wh i le  go ing over 
the examples .  
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Bus Phase Signals. The Bus Phase Signals are the three s ignals that def ine  a 
type of Information Transfer Phase :  the MSG Signal, the C/D Signal, and the f/0 
Signal. See Bus Phases for a complete table of bus phases def ined by these s ignals .  
See Between Phases for a description of how these signals may change to cause a 
phase change.  

Bus Set Delay. tbset ... 1 800 nsec. The maxi m u m  t ime between detecting BUS 

FREE Phase and asserti ng BSY to beg in ARBITRA TION Phase .  The m in imum time 
i s  the  Bus Free Delay. See AR BITRATION Phase. 

Bus Settle Delay. tbsd -=  400 nsec. The Bus Sett le Delay is the time  al lowed 
from the change of a bus s igna l  to the change of some other  bus s ignal ,  or to the 
detection of a bus state . The length of the delay is derived from the total round-tr ip 
propagation de lay of the longest possible Cable . Examples include :  

• The time  between the change of  the bus phase signals (MSG, CjD, f/0 
Signals) and the assert ion of the REQ Signal. 

• The time between the transition of both BS Y and SEL to false and the 
detect ion of BUS FREE Phase.  
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Bus Timing. Tab le  1 1  shows a l l  of the b u s  tim ing  val ues n amed b y  the SCSI 
Standard . Each named value  is described in  th is  encycloped ia  i n  i ts own subject entry. 

TABLE 1 1 :  Bus TIM I NG VALUES 

I Timing Va l u e  I Symbol I Duration 

Arbitration Delay tarbd 2400 nanoseconds M I N I M U M  

Assertion Period tast 90 na noseconds M I N I M U M  

Bus C l e a r  Delay tbcd 800 nanoseconds MAXIMUM 

Bus Free Delay tbfd 400 nanoseconds M I N I M U M  

B u s  S e t  Delay tbset 1 800 nanoseconds MAXI M U M  

B u s  Settle Delay tbsd 400 na noseconds M I N I M U M  

Ca b le  Skew Delay tcsd 1 o nanoseconds M I N I M U M  

Data Release Delay tdrd 400 nanoseconds M I N I M U M  

Deskew Delay tcts 45 nanoseconds M I N I M U M  

Disconnection Delay tctd 200 microseconds M I N I M U M  

Fast Assertion Period tfast 30  nanoseconds M I N I M U M  

Fast Cab l e  Skew Delay tfcsd 5 nanoseconds M I N I M U M  

Fast Deskew Delay tfds 20 nanoseconds M I N I M U M  

Fast H o l d  Time tfht 1 0  nanoseconds M I N I M U M  

Fast Negation Period tfn p 30 nanoseconds M I N I M U M  

H o l d  Time tht 4 5  nanoseconds M I N I M U M  

Negation Period tn p  90 nanoseconds M I N I M U M  

Power-On t o  Se lection Time tpost 1 0  seconds MAXI M U M  (recommended) 

Reset to Se lection T ime trst 250  m i l l iseconds MAXI M U M  (recommended) 

Reset Hold Time trht 2 5  m icroseconds M I N I M U M  

Selection A b o rt  Time tsat 200 m icroseconds M I N I M U M  

Selection Time-out Delay tstd 2 5 0  mi l l iseconds MAXI M U M  (recommended) 

Transfe r  Period ttp set du ring Synchronous Data Transfer Negotiation 

B 

! 
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This page i s  nearly b lank!  
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C/D Signal. 
Cables. I 

Cable Skew Delay. 
CAM (Common Access Method). 

Chips. 
CLEAR QUEUE Message. 

COMMAND COMPLETE Message. 
Command Descriptor Block. 

COMMAND Phase. 
Command Pointer. 

COMMAND TERMINATED Status. 
Condition. 

Connect. 
Connected 1/0 Process. 

Connection. 
Connection Phases. 

Connectors. 
Contingent Allegiance. 

Control Byte. 
Controller. 

Control Signals. 
Current 1/0 Process. 
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C/D Signal. The C/D s igna l  is d riven by a Target to control whether  "data" o r  
"control "  information i s  transferred over the bus.  I n  fact "C/D" stands for "Con
trol/Data" .  Th is s igna l  is one of the three Bus Phase Signals (MSG , C/D ,  and 1/0) 
(see also Bus Phases) . 

70 

• When th is  s ignal is false (Negated or  Released) , the  bus contains "data", 
wh ich is s imp ly what m ight be cal led "user data" or "host data" ; i . e . ,  data to 
or  from a data b lock in the Target. The data may also be "parameter data" 
C/D is false du ring SELECTION Phase, RESELECTION Phase,  DA TA OUT 
Phase,  and DA TA IN Phase . 

• When this s igna l  is true (Asserted) , the bus conta ins "contro l " ,  which is  
anyth ing that is "not data" . Th is includes command b locks , status ,  and 
messages.  C/D is true du ring MESSA GE IN Phase,  MESSA GE OUT Phase,  
STA TUS Phase , and COMMAND Phase.  

Cables. For SCS I ,  a Cable is a set of  N conductors that transm its the SCSI Bus 

signals between two or more SCSI Devices along a com mon path .  A cab le wi l l  have 
two or more Connectors i nstal led on it to attach the Cable to the Devices .  

Note that SCS I -2 does not  def ine which conductor is  used for wh ich s igna l ;  i t  on ly 
defines the Connector p inout. I n  general , what happens between the Con nectors of a 
cab le is the domain of the cab le manufacturer and/or the system integ rator,  however,  
some care is needed to red uce crosstalk between some s ignals ,  as wi l l  be d iscussed 
below. 

SCSI- 1  def ines a 50-conductor/25 signal pair cab le for both s ing le  ended and d ifferen
t ia l  options .  With the coming of SCSI-2 and SCSI-3, other cab les h ave been def ined 
so that Wide Da ta Transfer can be implemented . Al l th ree cables h ave the same 
characteristics, on ly the number of conductors changes. 

• The orig ina l  50-conductor has been labeled the A Cable to d ifferentiate i t  
from the other two cables.  The A Cable supports 8-b it transfers on ly. 

• In SCS I -2 ,  the 68-conductor B Cable was defined . The B Cable perm its 1 6-
bit o r  32-b it Wide Data Transfers as an add it ional cab le used in  conjunction 
with the A Cable .  

• The 68-conductor P Cable has been def ined in SCSI-3 .  The P Cable perm its 
8-b it or 1 6-bit transfers as a s ing le cab le ;  the P Cable rep laces the A Cable 
for 1 6-b it implementations .  A "Q Cable" may also be def ined as a 32-b it 
extension for the P Cable.  
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Why a p C a b l e ?  The  P cab le was def ined in  response to con cern about the cost and 

space requ i rements of the B Cable.  With the B Cable ,  i f  you on ly want 1 6-b it d ata 

transfers , you m u st sti l l  use the fu l l  B-cable and con nector .  Two con nectors and 

cab les to each device i n  th is  era of  smal ler  and smal ler  devices and systems is 

painfu l :  

@ Where are you go ing to route those fat cab les? 

® Where are you going to put those two big fat connectors on  the device? 

® Who wants to pay for al l that extra metal , anyway? 

Thus ,  the P Cab le was born . See the section on the P Cable for some add itiona l  
detai l s  and caveats . 

C a b l e  C h a racteri stics.  Past wisdom has he ld that the s ing le  ended cab le can be 
"cheaper" ,  wh i le  the d ifferent ia l  cab le is more expens ive . Recent stud ies have 
ind icated otherwise .  With today's h igher  performance s ing le  ended devices, good 
qual ity cable m u st be used (beware of d iscount specials ! ) . A good qual ity cab le for 
e ither  s ing le  ended o r  d ifferent ial use should have the characteristics shown in 
Tab le  1 2 . Note that the table shows our recommendations ,  which e ithe r  meet or 
exceed what is  cal led for by the SCSI-2 Standard .  But don 't stop with the tab le ,  
because fo l lowing the tab le on  the next page is a d iscuss ion of  what we rea l ly mean . 

TABLE 1 2 : CABLE CHARACTER ISTICS 

Para mete r  S ingle Ended 

Maxim u m  Tota l Length 6 mete rs (20 feet) 

Maximu m  Stu b Length 1 o em (4 inches) 

M in imum Stu b Spacing 30  em ( 1 2  inches) 

Characteristic I m peda nce 7 5  ohms to 1 3 2 ohms ( " )  

Ca ble Type Flat r ibbon or twisted pa ir flat  or rou nd 

Conductor Size 0.08042 m m 2 (28 AWG) 

Maxim u m  Signa l  Attenuation 0.095 d B  per meter at 5MHz 

Maximu m  Propagation Delay D i f- 0 .20 nsec pe r meter 
ference Between a ny two signal  
pa irs 

Maximu m  DC Resista nce 0.2 3 0  ohms per meter at 2 o · c  

D ifferential  

2 5  meters (85  feet) 

20 em (8 inches) 

30  em ( 1 2  inches) 

90 ohms to 1 3 2 ohms 

Twisted pa i r  flat  or  rou nd 

0.08042 m m 2 (28 AWG) 

0.095 d B  per mete r  at 5 M Hz 

0 .20 nsec per mete r  

0 . 2 3 0  o h m s  p e r  mete r  at  2 0 " C  

(*) I mpedance measu rement techn ique d iffers for S ing le Ended (see below) . 

Note that many of the cab le  characteristics are those cal led out  i n  the Standard for 
Fast  Data Transfer. For re l iab le operation at fu l l  transfer rates for any kind of SCS I ,  

c 
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these standards shou ld also be met. Some add itional comments shou ld be made on  
t he  tab le above: 

• The maximum cab le length is l im ited by the ARBITRA TION Phase t im i ng .  
The cab le length is shorter for the Sing le-Ended I nterface because (h istorical
ly) the d rivers cou ld not drive 25 meters of cheap r ibbon cab le re l iab ly with 
the fu l l  com p lement of eight devices. With modern devices, and h igh -qual ity 
low- loss cab le (as specified here) , it is poss ib le to d rive a longer cab le .  There 
may be an effort in  SCSI-3 to extend the maximum length of the cab le for the 
Single-Ended Interface . 

To see how to measure cable length , see the examp les at the end of this 
section . 

• The maximum stub length and min imum stub spacing  exist to ensure that the 
q ual ity of the s ignals is not degraded . When a stub is too long o r  too close to 
another  stub it can affect the local impedance of the cab le ,  wh ich in turn can 
cause s igna l  ref lect ions that cause d iscontinu it ies which degrade s ignal 
qua l ity. As stubs are p laced closer together, the magn itude of these d isconti
nu it ies i ncreases. When stubs are lengthened , the width of these d iscontinu
it ies increases. To see how to  measure stub length , see the examples at the 
end of th is section . 

• The characterist ic impedance is a property of the cab le .  The Termination is 
matched re lative to the impedance of the cab le to ensure the best s igna l  
qual ity. I f  they are not properly matched , s igna l  qual ity is degraded by s ignal  
ref lect ions from the point of  mismatch back to the d riving  device . Term ination 
is matched to the cab le as fo l lows : 

For the Sing le-Ended I nterface, sometimes the best resu lts are achieved 
when the cab le impedance is on ly 75% of the term ination impedance. 
Somet imes the best resu lts are ach ieved when the cab le impedance is 1 00 %  
of the term inat ion impedance .  Considerable work b y  several members o f  the 
X3T9.2 Committee has concluded that there is no  exact so lut ion .  Resu lts 
can vary based on the fo l lowing factors : 

• Cable attenuation .  
• Type o f  Term ination used . 
• Terminator Power voltage leve l .  
• Type of  insu lating material used in the Cab le .  
• Low voltage level of  the Sing le-Ended d river .  
• Type of cab le (shie lded twisted-pair or f lat) . 

Fo r the D iffe rent ia l  I nterface , the best resu lts are ach ieved when the cab le 
impedance is 1 00% of the term ination impedance .  D ifferential is 1 1d ifferent11 
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because the ba lanced s ig nal pairs cancel many of  the effects seen  i n  the  
S ing le-Ended I nterface . 

I n  p ract ice , several ohms of mismatch does not cause a prob lem s ince the 
device receivers can compensate for some s ignal deg radation .  (See Single
Ended Interface and Differentia/ Interface for a descr iption of the receiver 
characteristics . )  

U nfortun ately for the S ing le-Ended I nterface , the or ig ina l  SCS I - 1  pass ive 
Terminat ion (us ing  the 220 Q/330 Q resistor network) h as an impedance of 
1 32 Q. Th is is very d iffe rent from the characteristic impedance of typ ical 
cab les (and is another good reason to use the "p referred"  Term ination ! ) .  An 
i nexpens ive cab le in S ing le-Ended mode can have a characterist ic imped
ance of less than 60 Q .  Us ing such a low impedance cable can cause s igna l  
reflect ions  of a magn itude that can cause the bus  to fai l .  

The characterist ic impedance of t he  cab le needs to  be measu red i n  t he  mode 
that the cab le  wi l l  be used . For the S ing le-Ended I nterface , g round  one wire 
of each s igna l  pa i r .  For the Diffe rential I nterface , both wires of each s igna l  
pa i r  are left ope n .  Cab le impedance is typ ical ly measu red us ing t ime-domain 
reflectometry. The S ing le-Ended measurement for a typ ical cab le wi l l  be 
about % the D ifferential measurement .  

Note a lso that some manufactu rers wi l l  specify a M I N I M U M  impedance and 
others wi l l  specify a MAXI M U M  for the whole cab le .  For example ,  a cab le  
with a MAXI M U M  impedance of  80 Q wi l l  have pairs on  the outer layer with 
the impedance as l itt le  as 70 Q. 

Practice has shown that 80-85 Q (measured in  S ing le-Ended mode) sh ie lded 
cable works wel l  with the "preferred" Term ination .  Also ,  unsh ie lded r ibbon 
cab le  at 1 00 Q has been found to be re l iab le for u nsh ie lded appl ications .  
These are on ly gu ide l ines .  there is no s imple answer .  I t  behooves you to test 
the system and f ind the best so lut ion for you r  needs.  

c 

• The cab le  type is specified as twisted pair for d ifferent ial  to p revent crosstalk  
at  the h igher  transfer speeds and longer lengths usual ly associated with the 
d ifferent ia l  interface . I f  you are attempt ing to use the s ing le-ended interface at 
h igh  speed (e .g . ,  for Fast Data Transfer) it wou ld  be wise to use twisted 
pair .  

A caveat on  twisted pair :  The e lectrical length , the potent ial for crossta lk ,  and 
characterist ic impedance of any twisted pair  i n  a cab le  can vary dependent 
on  the locat ion of the pair .  The SCS I-2 standard on ly def ines the con nector 
posit ions of a cab le ,  but  not the conductor location .  A round  twisted pair 
cable conta ins the pairs in two or th ree concentr ic layers . Some g u ide l ines on 
us ing  this cab le :  
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H igh Speed Edge-Triggered Signals: In genera l ,  the pairs closest to the 
cente r  of a round  cab le have h igher  impedance than outer pairs, and the re
fore shou ld  be used for the most speed-critical s ignals (the REQ Signal and 
the A CK Signal) . The shie ld ing provided by the m idd le layer wi l l  a lso m i n i
m ize crossta lk .  

Low Speed Signals with set-up time:  Assign Data Bus Signals to the outer 
pairs ,  s i nce they are m uch slower and enjoy a set-up  time before they are 
exam ined .  Also, this provides maximum separation  from the REQ and ACK 
s ignals (reducing crossta lk from these s ignals is particu larly important) . The 
Terminator Power shou ld also be assigned to one of these low i mpedance 
pai rs on  the outs ide of the cab le ,  if poss ib le .  

Other  Signals :  Al l  other sig nals are re latively insens itive to posit ion i n  the 
cab le .  

Standards Efforts: The X3T9.2 Committee is working on  def in ing  conductor 
p lacement at this time ;  contact them for the latest working  document(s) . 

• The conductor s ize can m in im ize s ignal attenuat ion over longer  d istances,  
and is also important i n  ensu ring that the Terminator Power vo ltage is main
tained at both ends of the cab le .  For shorter cab les,  the bus  s ig nals can use 
a smal ler conductor of 30 AWG . The conductors that carry the Term inator 
Power shou ld  always be at least 28 AWG . 

• The last th ree items on the l ist are from the Fast SCSI specification , but  they 
are also recom mended for increased re l iab i l ity at 11 normal 11 rates .  The M axi
m u m  Signal Attenuat ion m in im izes the deg radation of the voltage marg in  on 
the signals .  The M aximum Propagation Delay D ifference between pai rs is 
important to m in im ize skew between signals .  The M axi m u m  DC Resistance 
m in im izes the deg radation of the Term inator Power voltage .  

There are two d iagrams on t he  fo l lowing pages that i l l ustrate how to  measure cab le 
length and stub length . There are factors that add to cab le stu b lengths beyond the 
cables connecti ng SCS I Devices .  

Diag ram 1 4  shows a schematic representation of cab le length and stu b length . Note 
that cab le length is measu red from the Terminator at one end of the system to the 
term inator at the other end .  I n  other words ,  if there is any conductor between the last 
stub to the end device and the term inator on e ither end of the cab le ,  that length 
should be inc luded i n  the total cab le length . 
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Diag ram 1 5  shows two examp les o f  device cab le con nections .  The f i rst examp le  
shows a SCS I Device with a s i ng le  connector. Th is m ight be a sma l l  d isk  d rive 
connected internal ly with i n  a cab inet to a Host Adapter. The cable is a r ibbon style 
with a "mass-termination"  connector inserted in the m idd le .  In th is example ,  the stub 
length is measu red as the length of the longest printed circu it trace from the on-board 
connector to the SCSI Protocol Chip .  The cab le length is measured on ly on the cab le 
itse lf; the conductors on  the board do not add to the cab le length . 

The second example shows a SCSI Device with two sh ie lded con nectors . Each 
connector attaches to a sh ie lded round cab le that leads to other  SCSI  devices in  the 
chai n .  Th is m ig ht be a stand-a lone device outs ide the host cab inet, l i ke a tape d rive 
shared between systems .  The two connectors are bussed together by pr inted circuit 
traces; these traces add to the total cable length . The SCSI  Protocol Ch ip  i s  con nect
ed to these traces by stub traces; the stub length is the length of the longest stub 
trace . 

NOTE: When us ing the Differential I nterface , the stub length is measured to 
the d ifferential transce ivers , not to the SCS I Protocol Ch ip .  (As of th is writing ,  
there are no  SCS I Protocol Ch ips avai lable wh ich integ rate the  d ifferential 
transce ivers . )  
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Daisy Chain Ribbon Cable 

SCSI Device 

SCSI Protocol 
Chip 

Printed Circuit 
Traces betvveen 
Chip (or Transceivers) 
and Connector 
Define Stub Length 

Daisy Chain R ibbon Cable  & One Connector 

stub length 

Shielded Round Cable 

Main Printed Circuit 
Traces betvveen 
Connectors - Adds to cable length ' 

�----+- Printed Circuit 

SCSI Protocol 
Chip 

SCSI Device 

Traces betvveen 
Chip (or Transceivers) 
and Main Traces 
Define Stub Length 

Shie lded Cab l e  & Two Connectors 

DIAG RAM 1 5 : CABLE AN D STU B LENGTH EXAM P LES 

c 
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Cable Skew Delay. tcsd - 10 nsec. The Cable Skew Delay is used to com pen
sate for s igna l  p ropagat ion speed d ifferences with in a Cable . These speed d ifferences 
can be caused by variations in cab le impedance or load ing between s ignal pairs .  Th is 
can particu larly occu r in  poorly constructed cab le that has variations in insu lat ion 
qual ity and wire length.  On the other hand,  it can a lso occur in  good round  cab le 
where the inner  s ignal pa i rs have d ifferent characterist ics tban the outer pairs .  Th is 
delay is used for data transfers to ensure that setup and hold t imes are met at the 
receiving  end of the cab le .  See A synchronous Data Transfer and Synchronous 
Data Transfer. 

CAM (Common Access Method). A committee was formed by several 
supp l iers of SCSI p roducts to def ine a common software interface between the Host 
A dapter and the operating system .  I n  1 990, the Transport/SCS I  I nterface M od u le 
("XPT/S I M 11) was accepted by the X3 T9.2 Committee as the basis for a standard.  For 
more informat ion on  the cu rrent state of the CAM document, contact the X3T9 .2  
Com mittee .  

Chips. I t  is  imposs ib le  to  describe a l l  t he  chips avai lab le for SCS I  in  a volume such 
as th is ,  s ince the information ages q u ickly as new introductions occu r reg u larly. The 
SCSI p rotoco l ch ip  supp l ie rs have been responsib le for much of SCSI 's  success:  

• NCR introd uced the 5380,  which inc luded the d rivers , rece ivers, and transfer 
log ic that reduced the cost of a SCSI interface . 

• Western Dig ital introduced the 33C93, which com bined Bus Phases i nto 
s ing le  operations and began the push by all ch ip  supp l ie rs to reduce the time 
overhead involved in  a Connection . 

• NCR's C700 introduced the concept of "Scripts'' , wh ich a l low the user to 
specify a p rog ram to the device that detai ls how to execute a SCS I se
quence. 

Each new generation of ch ips inc ludes more functional ity and reduces overhead . The 
biggest p rob lem is that m icrocode can seldom be transported from one generation of 
chips to the next, and , except for 5380 clones, not at all between d ifferent supp l iers. 
When eva luating  a new generation  of chips,  i t  is recommended that a rewrite of 
m icrocode be inc luded in  any development schedu le .  
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CLEAR QUEUE Message. The C LEAR QU E U E  m essage is used when 
Queuing is im p lemented . Note that the CLEAR QUEU E message m ust be supported 
in Targets that support Tagged Queu ing ,  but it may also be supported for U ntag�ed 
Queu ing .  You cou ld th i n k  of C LEAR QUEUE as a gent le reset. C LEAR Q U E U E  I S  a 
s ing le  byte message :  

Bit  7 6 5 4 3 2 1 0 

Byte 

0 Message Code = OE hex 

The effect of th is message is :  

® All l/0 Processes are removed f rom the Queue .  The cu rrent ly execut ing 
1 /0 Process is a lso aborted ,  no matter which I n it iator issued it . That's ALL 
com mands from All I n it iators to ONE Logical Unit. 

@) N o  Status or  Messages are sent to any I n it iator after th is  message is sent .  
The Target goes to BUS FREE Phase after it receives the message .  Al l  
record of a l l  p rocesses are lost ,  and no Sense Data is retained .  

® A Unit A ttention Condition i s  created for each of the I n it iators that had a 
com mand aborted as a resu lt of th is message .  The U n it Attent ion Cond it ion is 
not created fo r the I n itiator that issued the message .  The othe r  I n it iators wi l l  
not f i nd  out  that t he i r  1/0 Processes were cleared u nt i l  they decide to  issue 
anothe r  com m and to the Target and receive C H EC K  CON D ITION  Status . 

Note :  The U n it Attent ion Cond it ion may also be reported by A synchronous 
Event Notification (AEN ) .  AEN al lows the Target to not ify the I n it iators 
d i rectly. 

@) The net effect of this message is for the Target to perform the same act ion as 
if it received one ABOR T  Message from each I n it iators to abort every 1/0 
Process for the Log ical U n it . 

• Th is message is pretty hosti le to the rest of the system .  Cons ider  this mes
sage to be just s l ig htly less d rastic than issu ing  a BUS DEVICE RESET 
Message . See the ABOR T  TA G Message fo r a l i st of a queue-clear ing  
messages ,  and some less  d rastic alternatives .  

S u m m a ry  of U s e :  The C LEAR QUEUE message is sent on ly by an I n it iator at  any 
time  to immed iate ly term inate a l l  Active and Queued 1/0 Processes for a l l  I n it iators 
from the Queue of a Log ical Un it .  

c 
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COMMAND COMPLETE Message. The COM MAN D COM PLETE 
message ind icates to the I n it iator that the command is a l l  done (s imp le ,  eh?) . Actual ly, 
it is more accu rate to say that the message completes an ljO Proces s .  COM MAN D 
COM PLETE is a s ing le  byte Message : 

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = oo hex 

There are two th ings that happen at the end of a command execution :  

( 1 ) Status i s  sent by the Target to the I n itiator to ind icate how wel l  the com
mand execut ion went. Th is is a "command leve l "  funct ion and is often 
passed back to the I n itiator's host system .  

(2) A COM MAN D COM PLETE message i s  sent to  ind icate that the command is 
no longer  active . Th is te l l s  the Path Control logic of the I n itiator that the 
i nternal  pointers and any other resou rces al located to the command may be 
re leased , and that the fol lowing BUS FREE phase does not i nd icate an error 
cond ition .  (Note : A LINKED COMMAND COMPLETE Message is  a lso an 
appropriate response ;  see also Linked Commands .)  

Note that the command is completed , but on ly as far as the I n itiator resou rces are 
concerned . The Target may not have done anyth ing yet with the Com mand !  I n  certain 
modes, and with certa in com mands ,  the Target may report that a command is 
com pleted before it actua l ly executes the action .  For example ,  a REWI N D  com mand 
causes a SCSI Device to rewind a tape.  The device may report COM MAN D COM
PLETE ,  and  then beg i n  the rewind .  Th is lets the  I n it iator go  on  to  the next operation  
without ho ld ing  i t  u p  u nt i l  the end of  the rewind .  See A synchronous Event Notifica
tion (AEN) , and the other vo l u mes of the SCS I Encyclopedia ,  fo r more .  

I f  Linked Commands are enab led , then a d ifferent message (see LINKED COM
MAND COMPLETE Messages) is sent to ind icate the end of a command . A se
quence of l i n ked commands making up one 1/0 Process is sti l l  ended with a COM
MAN D COM PLETE M essage .  

S u m m a ry o f  U s e :  The COM MAN D  COM PLETE message is sent  on ly by a Target 
after a S TA TUS Phase to ind icate the completion of an l/0 Process.  

Command Descriptor Block. The Command Descri ptor Block (COB) def ines 
the basic function to be performed by a Target. The COB may also contain some 
parameters o r  identif iers appropriate to the function .  In  th is d iscussion we wi l l  show 
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the common port ions  of a l l  C OBs , and we wi l l  show the specif ic poss ib le  formats of 
each size COB .  

A SCS I  C O B  is fu l ly specif ied by  the  fo l lowing items:  

• The Operation Code (or "OpCode") wh ich specif ies the funct ion to be per
formed . The f i rst byte of the COB contains  the OpCode .  

• The Command Parameters , wh ich make u p  the rest o f  the C O B  not contain
i ng  the OpCode ,  the Logical Unit Number (L UN) (see note be low) , and the 
Control Byte .  

• The Control Byte , wh ich contro ls Linked Commands . 

N OTE: The Log ical U n it N u mber (LU N ) ,  wh ich specif ies the u n it for the commanded 
function ,  is usual ly specif ied i n  the IDENTIFY Message . In  o lder SCS I - 1  devices,  the 
LU N was specif ied i n  the second byte of the COB if  no I DENTI FY M essage was sent .  
SCS I -2  users ,  and any new im p lementat ions,  shou ld i gnore b its 7 ,  6 ,  and 5 of the 
second byte of the COB ,  as these b its may be assig ned to other  uses i n  SCSJ-3.  
I n it iators shou ld always set  the LU N b its to zero. 

Fig u re 1 8  shows the "generic" format for ali  SCSI COBs of any length : 

Bit  7 6 5 4 3 2 1 0 

Byte 

0 Operation Code 

1 Pa rameter Byte 1 

2 Pa ra meter Byte 2 

. . . .  . . . .  

N Pa ra meter Byte N 

N+ 1 Control Byte 

FIGU R E  1 8 : G ENER IC  COMMAND DESCR IPTOR BLOCK FORMAT 

Al l  SCSI  C O Bs conform to the format shown in  Figu re 1 8 . The Operation Code is 
made up of two parts , as shown in  Figu re 1 9 : 

7 6 5 4 3 2 0 

G ro u p  Code Command Code 

FIG URE  1 9 : OPERATION CODE FORMAT 

c 
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The G roup Code port ion o f  the OpCode ind icates the command length (as shown i n  
Table 1 5) ,  wh i le t he  Command Code i nd icates the function to  be performed .  With a 
few exceptions (such as R EAD and WR ITE) the Command Code ind icates a d ifferent  
funct ion in  each G roup ;  th is  is not consistent. I t  i s  better and safer to  treat the OpCode 
as a single value ,  and extract the G roup Code on ly when the command length must 
be determ ined .  

TABLE 1 5: COMMAND LENGTH 

G roup  Code 

Binary Hex Command Length N u m ber  of Contro l Byte 
Parameters Location 

oooxxxxx 00 thru 1 F 6 bytes 4 bytes Byte 5 

001 XXXXX 20 thru 3 F  1 0  bytes 8 bytes Byte 9 

0 1 0XXXXX 40 thru 5F 1 0  bytes 8 bytes Byte 9 

0 1 1 XXXXX 60 thru 7F ***** RESERVED BY SCSI ***** 

1 00XXXXX 80 thru 9F  ***** RESERVED BY SCSI ***** 

1 0 1 XXXXX AO thru BF 1 2  bytes 1 0  bytes Byte 1 1  

1 1 0XXXXX CO thru DF ***** Vendor Specific ***** 

1 1 1 XXXXX EO thru FF ***** Vendor Specif ic ***** 

NOTE: The length of G roups 6 and 7 is un ique to the device supp l ier .  Current practice 
in most cases is to use a length of ten bytes for these G roups ,  but th is cannot be 
re l ied upon .  

The content o f  the  Parameter Bytes is d iscussed after the  Control Byte . The format of 
the Contro l Byte is shown in Figu re 20. 

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

Vendor Specific Reserved F lag L ink 

FIGURE  20: CONTROL BYTE FORMAT 
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The Contro l  Byte is always the last byte of any COB .  The pr imary pu rpose of the 
Control Byte is to control the behavior of the Target du ring Linked Commands . I f  you 
are not interested in  Linked Commands, then you always set the Control Byte to zero.  
I n  detai l ,  the f ie lds i n  the Control Byte are : 

l i n lk  (b it 0) : When the Link  b it is set to one ,  L inked Commands are enabled . 
Refer to that section for more detai ls .  

Flag (b it 1 ) : The Flag b it controls wh ich LINKED COMMAND COMPLETE 
Message is sent to report command completion when Linked Commands are 
enabled . I t  may on ly be set to one when the Lin k  b it is also set. Refe r to Linked 
Commands for more detai ls .  

Reserved (b its 2 through  5) : These bits have been Reserved for futu re use. As 
with any reserved b its or  bytes ,  don 't use them!  I n itiators shou ld  always set 
them to zero. 

Ve ndor Specif ic (b its 6 and 7) : These two b its are now seldom used . In the 
early days of SAS I ,  these bits were used for contro l l i ng some funct ions that 
were com mon to several six byte commands ,  such as read retr ies.  S ince there 
were no  other  b it locations avai lab le in the G roup  0 command b locks (see 
be low) , the Vendor  Specific b its were preserved in  SCS/- 1 for these special 
functions .  I n  SCSI-2 ,  the b its are sti l l  avai lab le ,  but now the functions are 
avai lable in ten byte commands or the control has been moved to MODE 
S ELECT. New designs shou ld  avoid us ing these b its i f  there are any  other  
a lternatives .  

Figu re 2 1 , Figu re 22,  and Fig u re 23, respective ly, show the typ ical formats for s ix ,  ten ,  
and twe lve byte Command  Descriptor Blocks . The s idebar to the rig ht of the C O B  
ind icates what each byte m ight b e  used for. A g lossary of those uses fol lows the 
fig u res.  

Bit 7 6 5 4 3 2 1 0 

Byte Command Byte Use 

0 G ro u p  Code Com mand Code Operation Code 

1 Logical U n it N u m be r  Paramete r  Byte 1 LUN,  option b its, LBA 

2 Parameter Byte 2 LBA, transfer  length, special 

3 Pa ra mete r  Byte 3 LBA, transfer  length, special 

4 Pa ra mete r  Byte 4 LBA, transfer length ,  special 

5 Vendor Specific Reserved Flag Link Control Byte 

FIGURE  21 : SIX BYTE COMMAND DESCR IPTOR BLOCK FORMAT 
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Bit 7 6 5 4 3 2 1 0 

Byte Command Byte Use 

0 G rou p Code Command Code Operation Code 

1 Logical U n it Number  Pa rameter Byte 1 LUN, option bits 

2 Pa ra mete r  Byte 2 LBA, specia l 

3 Pa ra mete r  Byte 3 LBA, special 

4 Pa ra meter Byte 4 LBA, special 

5 Pa ra meter Byte 5 LBA, s pecial 

6 Pa rameter Byte 6 transfer  length , special 

7 Pa rameter Byte 7 transfe r  length, special 

8 Pa rameter Byte 8 transfer  l ength, special  

9 Vendor Specific Reserved Flag Link Control Byte 

FIGURE  22: TEN BYTE COMMAND DESCRIPTOR BLOCK FORMAT 

Bit 7 6 5 4 3 2 1 0 

Byte Command Byte Use 

0 Group Code Comman d  Code Operation Code 

1 Logica l Un it Number  Para meter Byte 1 LUN,  option b its 

2 Pa ra meter Byte 2 LBA, special 

3 Parameter Byte 3 LBA, special 

4 Pa rameter Byte 4 LBA, special 

5 Parameter Byte 5 LBA, s pecial 

6 Parameter Byte 6 transfer  length , s pecial 

7 Pa ra meter Byte 7 transfer  l ength , s pecial 

8 Paramete r  Byte 8 transfer  length, s pecial 

9 Pa ra meter Byte 9 transfer  length,  s pecial 

1 0  Pa ramete r  Byte 1 o a lways reserved 

1 1  Vendor Specific Reserved Flag Link Control Byte 

FIGURE  23: TWELVE BYTE COMMAND DESCRIPTOR BLOCK FORMAT 
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Summary of Parameter Byte Uses:  

LUN:  The second byte of any COB contains a th ree b it f ie ld wh ich specifies 

the L ogical Unit Number. Since SCS I-2 requ i res the use of the IDENTIFY 

Message , th is  f ie ld is essent ia l ly unused . SCS I - 1  Targets wi l l  recogn ize th is 

f ield on ly if no I DENTI FY M essage is sent. S ince this f ield is v i rtual ly unused 

in SCS I -2 ,  the SCS/-3 effort may recla im the LU N f ie ld for other  uses.  I I n it iators are we l l  advised to use the I DENTI FY Message exclus ive ly and set 

these b its to zero. 

O ption B its :  The remainder  of the second C O B  byte is typ ical ly used to 
control com mand options .  These controls can be one ,  two , o r  th ree bit f ie lds. 
In s ix byte com m ands the second COB byte can also contain the u pper b its 
of the LBA. 

L B A :  The next several bytes after the fi rst or  second C O B  byte often specify 
the L ogical Block A ddress . Th is is true for any com m and in wh ich a LBA is 
specif ied . 

Tra n sfer length : The bytes toward the end of the C O B  are often used to 
specify the transfer length of the DATA phase bytes that are to be trans
fe rred .  The types of transfers lengths can incl ude :  

• Parameter List Length : Length in bytes of add it ional  parameter data that 
further  def ines what operation the command wi l l  perform . 

• Al locat ion Length : Length in bytes of the space that the I n it iator has 
a l located to receive a l ist of data from the Target. 

• Transfer Length : The number of b locks or  bytes of R EAD or  WR ITE data 
(data that is stored on the Target at some point) to be transferred .  

Spec ia l : Once you  depart from the  READ and  WR ITE com m ands ,  the 
parameter bytes can be used for almost anyth i ng .  Some of the th ings that 
can be "special" inc lude :  

• more opt ion b its 
• vendor  specific f ie lds 
• sub-codes 
• d isk  inter leave 
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COMMAND Phase. Command Descriptor Blocks (CDB) are passed from 
the I n itiator to the Target du ring  a COM MAN D phase. The on ly purpose of a COM 
MAN D phase i s  to send a six ,  ten ,  o r  twelve byte COB.  The COM MAN D phase can 
actual ly occu r in  on ly th ree d ifferent general sequences: 

86 

@ Fol lowing  the Initial Connection to the Target b y  the I n itiator .  After SELEC
TION Phase ,  the I n itiator sends an IDENTIFY Message and (when Tagged 
Queuing is being used) a Queue Tag message. After the f i rst or both 
messages are received by the Target a COM MAN D phase occurs. Th is is by 
far the most typ ical case. 

For SCS I - 1  devices,  the I n it ial Connection m ig ht be completed without a 
M ESSAG E OUT Phase (SELECTION Phase on ly) . I n  th is case ,  COM MAN D 
Phase fo l lows after SELECTION Phase. 

• A less typ ical case occu rs with Linked Commands .  When a Linked Com
mand is completed , a LINKED COMMAND COMPLETE Message is sent by 
the Target. When that MESSA GE IN Phase is completed , the Target switch
es to COM MAN D Phase to get the next command.  

• A much less typical case can occur on ly when the Target Queues the ljO 
Processes for later execution .  Some Targets wi l l  save a m in imum set of data 
wh ich records the I n it iator that selected it, the Logical Unit Number (L UN), 
and (optional) Queue Tag . When the queued 1/0 Process is  activated for 
execution ,  the Target wil l  Reconnect to the I n it iator, send an I DE NTI FY 
message (and optional Queue Tag) , and enter COM MAN D phase to get the 
command .  Th is scheme al lows a Target to queue more 1/0 Processes using 
less internal memory. Robust I n itiator designs should be prepared for th is 
kind of behavior from a Target. 

The COM MAN D Phase may be fo l lowed by any of the other five Information Trans
fer Phases : 

• A DA TA Phase so that the Target may transfer the data requested by the 
com mand.  

• A MESSA GE IN Phase to send a DISCONNECT Message or  perform some 
other form of Path Control. 

• A STA TUS Phase to retu rn status of a command that requ i red no  data 
transfer. 

• A MESSA GE OUT Phase may occur if the I n it iator created the A ttention 
Condition du ring  the COM MAN D Phase. 

These trans it ions  are i l l ustrated in  Diag ram 1 6 . 
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Preceded by SELECTION 
with ATN asserted; IDENTIFY 
Message plus optional Queue 
Tag Message 

M ESSAG E OUT 

Initiator Selected 
without ATN asserted 

Example: READ or 
INQUIRY command 

P h ase 

DATA OUT 
P h ase 

Example: WRITE or 
MODE SELECT command 

COM MAN D 
P h ase 

c 

Preceded by STATUS Phase 
for a Linked Command 

L I N KE D  
COM MAN D COM P L ETE 

M ESSAG E I N  

Preceded by RESELECTION; 
IDENTIFY Message plus optional 

Queue Tag Message 

Example: Command with 
no data transfer like 

TEST UNIT READY 

Example: Disconnect 
to do a seek operation 

DIAG RAM 1 6 : CO M MAN D P HASE TRANS ITIONS 
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Command Pointer. The Command Pointer refers to the sou rce o f  the Com

mand Descriptor Block (COB) with in  the I n itiator. At any t ime,  the Com m an d  Po inte r  
refers to  a particu lar byte with in  the  COB.  As with a l l  pointers, there is a Current 
Pointer and a Sa ved Pointer. See Pointers for  the whole story. 

· 

COMMAND TERMINATED Status. COM MAN D TER M I NATED status 
is retu rned whenever the ljO Process is term inated by the I n it iator; i n  fact, it shou ld  
real ly be cal led " 1/0 PROCESS TER M I NATED Status" .  Oh wel l .  The I n it iator termi
nates a com mand by issu ing  the TERMINA TE f/0 PROCESS message .  Targets that 
do not accept the TER M I NATE 1/0 PROCESS message do not retu rn th is status .  

Th is status is n o t  retu rned when : 

� The Target has a l ready f in ished execut ing the command ;  the message got 
there too late to have any effect. I n  this case ,  the Target returns the status it 
wou ld  retu rn if the TER M I NATE 1/0 PROCESS message had not been sent .  
For example ,  i f  the Target had been execut ing a R EAD com mand ,  and al l  the 
Log ical B locks req uested had already been transferred to the I n itiator when 
the message is received ,  the Target retu rns GOOD status s ince no  o peration 
was stopped before it f i n ished .  

• A fau lt occu rs d u ring the execution of  the command that is ser ious  enough to 
be reported to the I n it iator. I n  this case,  Status that i nd icates the fau lt is 
retu rned , and the TER M I NATE 1/0 PROCESS message is ignored . 

I n  a l l  other cases,  the TER M I NATE l/0 PROCESS message is accepted and COM
MAN D TERM I NATED status is  retu rned , even i f  the  Command Descri ptor Block has 
not yet been transferred to the Target. 

When COM MAN D TER M I NATED status is sent by the Target, a Contingent A lle
giance cond ition  is created (wh ich must be cleared by the I n it iator) . The sense data 
created describes how and where the 1/0 Process was term inated : 

• I f  the 1/0 Process is term inated during a data transfer (DA TA IN Phase or 
DA TA OUT Phase) , then the sense data ind icates where the data transfer 
was interrupted . If the data was completely transferred before the TER M I 
NATE 1/0 PROCESS message is received by the Target, the sense d ata 
wou ld  i nd icate that a l l  data was transferred . 

• I f  the com m and  has no data transfer associated with it , then the sense data 
just ind icates that the termination occurred , and any other information that is 
appropriate . 
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• I f  a com mand has not yet been received by  the  Target when i t  receives the 

TER M I NATE 1 /0 PROCESS message (pretty f ickle I n it iator to term inate 

before it gets started ! ) , then the sense data just i nd icates that the term ination 

occu rred . 

c 

• I f  the Target is  Queuing 1/0 Processes , and the message appl ies to an 1/0 
Process already in the Queue (the I n itiator connected to the Target just to I send the TERM I NATE 1/0 PROCESS M essage) , the Target responds as if no 

com mand had been received (see above) . The Target is a l lowed ,  however, to 

d isco n nect and let the 1/0 Process exit the queue normal ly before term inat ing 

it .  

Condition. A SCS I Bus Cond it ion is a state that a SCSI Device creates that is not 

a Bus Phase .  The state may be ind icated by Control Signals on the bus ,  o r  it may 
be ind icated by Status or  Messages passed between two SCSI  Devices.  The 
fo l lowing Cond it ions are def ined :  

• A ttention Condition . The I n it iator creates th is cond ition on  the b u s  by 
assert i ng the A TN Signal wh i le Connected to a Target. The pu rpose of the 
Attention  Cond ition is to a lert the Target to the fact that the I n it iator has a 
Message to send .  The Attention Cond it ion is fo l lowed (and ended) by a 
MESSA GE OUT Phase .  The scope of the Cond it ion is between the I n itiator 
and Target cu rrently Connected on the bus ,  and it exists on ly for the d uration 
of that Connection , or unt i l  the M ESSAG E OUT Phase is com pleted . 

• Contingent Allegiance Condition . The Target creates th is Cond it ion by 
send ing  C H EC K  CON D ITION or COM MAN D TERM I NATED Status , or  
poss ib ly by a trans it ion to an  Unexpected BUS FREE Phase .  The pu rpose 
of the Contingent  Al leg iance Cond it ion is to create a state where Sense Data 
for  the I n itiator is maintained by the Target for a Logical Unit u nt i l  the 
I n it iator e ither  req uests it or  ind icates that i t  shou ld be d iscarded .  The scope 
of the Cond it ion is between an I n it iator and Target for a Log ical U n it indepen
dent of any Connection , and ends when the Target sends or  d iscards the 
Sense Data. 

• Extended Contingent Allegiance (ECA) Condition . The Target creates this 
Cond it ion by send ing  the INITIA TE RECO VER Y Message . A SCSI Device 
may also create th is Cond it ion by taking the I n it iator ro le and send ing the 
I N ITIATE R ECOVERY M essage as part of an A synchronous Event Notifi
cation (A EN) . The pu rpose of the EGA Cond it ion is to cause com m and 
p rocessing  for a Log ical Un it in  the Target to be suspended u nt i l  the I n it iator 
can effect an e rror recovery procedure with the Target. The scope of the 
Cond it ion is between two SCSI Devices ,  and a Log ical U n it on the device 
that sent the I N IT IATE R ECOVERY Message ,  i ndependent of any particular 
con nection , and ends  when the device that received the I N ITIATE RECOV-
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ERY sends the RELEA SE RECO VER Y Message or BUS DEVICE RESET 
Message to the other  device , or a Hard Reset occurs on the other  device. 
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• Reset Condition . Any SCS I Device creates th is cond ition b y  assert ing the 
RST Signal at any t ime,  whether or not it is Connected to another  device. 
The pu rpose of the Reset Condit ion is to clear any currently Connected 
devices off the bus (usual ly when one is fai l ing and hang ing up the bus) 
and/or in it ial ize a l l  of the devices attached to the SCSI Bus . The Reset 
Cond it ion is fo l lowed by the BUS FREE Phase .  The scope of the Cond it ion is 
between al l  SCSI Devices attached to the SCSI Bus u nt i l  the trai l ing edge of 
the RST Signa l .  

s Unit A ttention Condition . This Condit ion is created with i n  a Target whenev
er an internal state changes that is important enough that any affected 
I n it iators that subsequently Connect to the Target shou ld  know about it . The 
state change may be caused by the Peripheral Device ,  or by another  SCSI 
Device . The p urpose of th is Cond it ion is to provide a mechan ism for report ing 
operational  changes with in  the Target outside the scope of a particu lar 
command .  The scope of the Condit ion is between a Target and a l l  I n it iators 
that have not had the cond ition reported yet, and is independent of any 
particu lar Connection .  

To contrast Cond it ion t o  B u s  Phase: A Phase i s  a state of the SCS I B u s  (specifical ly) , 
and is used to effect a Connection or ljO Process between two SCS I Devices .  A 
Cond it ion exists outs ide the scope of any Phase and may involve more than two SCSI 
Devices.  I t  may help to th ink  of a Condit ion as a 11Meta-State11 of the SCSI Bus. 
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Connect" . . Connect .. is  a verb used in  the SCS I standard to describe the act ion that 

the I n it iator performs to estab l ish a .. working re lationsh ip .. with a Target, also known in 

SCS I as a Nexus . Contrast th is with a .. Reconnect . . , which the Target performs. A 

.. connect .. inc ludes :  

( 1 ) SELECTION of a Target by the I n itiator, wh ich estab l ishes an I_ T Nexus.  

(2)  The transfer of  an IDENTIFY message from the I n it iator to the Target to 

ident ify the L ogical Unit or Target Routine ,  and estab l ish an I_ T _x Nexus.  

(3)  I f  Queuing is used , the transfer of  one of the Queue Tag Messages to 
specify a Queue Tag to ident ify the command in the queue ,  and estab l ish 
an I_T_L_Q N exus (there are no I_T_R_Q Nexuses) . 

The f low to estab l ish a con nect ion for various types of Nexuses is shown in  
Diag ram 1 7. 

When the I n it iator h as .. con nected .. to the Target, a Nexus ( re lationsh ip) has been 
estab l ished between the two devices, and an ljO Process is beg u n .  The SCSI 
standard cal ls th is an Initial Connection . Usual ly after the con nect is com pleted , the 
Target requests a COMMAND Phase and the I n it iator sends a Command Descriptor 
Block (CDB) to the Target. Or ,  the I n it iator may send more messages in the same 
MESSA GE OUT Phase as the messages l isted above. 

Somet imes , it he lps to use a word in  a sentence to better define  it: 

.. The I n it iator c o n n ects to a Target to beg in an 1/0 Process . .. 

.. The I n it iator wi l l  now con nect to the Target to ABORT the command issued 
the last t ime the I n it iator connected to the Target. . .  

.. An I n it iator c o rn n ects to a Target, but a Target reconnects to an I n it iator .  . .  

c 
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Initiator 
Selects the 
Target 

Identify the 
L UN or 
Target Routine 

Give the Target 
a Queue Identifier 
for the L UN; Target 
Routines may not 
be Queued! 

SELECTION 
P h ase 

I_T Nexus 
is now established 

Allowed for SASI or 
N 0 SCSI- 1 only! 

N o  

I T L Q Nexus 
is now established; 
I_ T_R_Q Nexus is not allowed 
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D I AG RAM 1 7 : CON N ECTION FLOW D I AG RAM 
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Connected 1/0 Process. Same as a Current ljO Process (see be low) . 

Connection. A "connection"  is what exists after: 

• An I n it iator i n it ial ly Connects to a Target; or 

• A Target Reconnects to an I n it iator. 

A con nect ion ends when a BUS FREE phase occurs. 

Connection Phases. These phases (as d ifferent iated from Information Trans

fer Phases) are the Bus Phases that control the connecti ng of a SCSI Device to the 
bus. These phases are :  

• The  ARBITRA TION Phase , wh ich i s  used to  estab l ish Bus ownersh ip  pr ior to 
a Connection . 

• The SELECTION Phase , wh ich is used by I n it iator to establ ish an Initial 
Connection with a Target. 

• The RESELECTION Phase ,  which is used by a Target to estab l ish a Recon
nection with an I n it iator. 

Connectors. Connectors attach Cables to SCSI Devices . SCSI def ines several 
connectors for th is pu rpose, each of which has its own strengths and weaknesses. 
Tab le 1 6  l ists the d ifferent types of connectors def ined by SCS I ,  the SCSI- 1 and 
SCSI-2 n ames for them ,  and the "common names". For exact detai ls on  each of these 
connectors , we must refer you to the appropriate standard ,  s ince we are loathe to re
create connector d rawings or l ist manufactu rers part n u mbers (we'd p robably get them 
wrong ;  it took  the X3T9.2 Committee years to get them r ight . . . ) .  

c 
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TABLE 1 6 : CONNECTOR ALTERNATIVES 

SCSI- 1 Con nector Name SCSI-2 Con nector Name Common Name(s) 

Non-Shielded, Standard Non-shielded Connector Alternative 2 " Header "  
(a l lowed for A Cable on ly) " Mass Termination Head e r "  

" Flat Ribbon Ca ble Con nector " 

Shielded Alternative 1 ,  N/A " AM P-MODU " 
Recommended " Sh ielded Head e r "  

Shielded Alternative 2 ,  Shielded Connector Alternative 2 " Sh ielded Min iature Ribbon Connector " 
Recommended (a l lowed for A Cable only) " Ribbon Style Printer Connector " 

N/A Non-shielded Connector Alternative 1 " H igh Density "  
" M icro-connector "  
" H igh Density P in  a n d  Socke t "  
" H igh Density T a b  a n d  Recepta cl e " 

N/A Shie lded Connector Alternative 1 " Sh ielded H igh Density " 
" Sh ielded M icro-connector " 
" Sh ielded H igh Density Pin and  Socket"  
" Sh ielded H igh Density Tab and Receptacle "  

Got a l l  that. . . ? The nmoraln i s  that you shou ld be  aware o f  wh ich standard is  being 
referred to when someone specif ies an 11Aiternative xn con nector.  

94 

P ros and Co ns.  Each of these connectors has pros and cons associated with i ts use. 

Tab le 1 7  summarizes the m .  Note that we use the ncommon N amen from the p revious 

tab le ;  we are not g luttons  for pun ishment. . .  
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TABLE 1 7: CONNECTOR ALTERNATIVES 

Common Connector Name Advanta ges Disadvanta ges 

" Header "  1 .  It 's chea p !  1 .  It  ta kes more circu it board a rea than oth-

2. It's easy to use and bui ld  cables (through e r  a l te rnatives. 

mass-termination).  2 .  They are often n ot well keyed, even 
though the standard ca l l s  for it. 

" AMP-MODU " 1 .  U h ,  it's sh ie lded . . .  1 .  It's not often used.  
2 .  It 's more expensive than other  a l terna-
tives. 
3 .  I t  takes more circuit board a rea than oth-
er a l ternatives. 

" Sh ie lded Ribbon " 1 .  It may be the lowest cost shielded a l te r- 1 .  It is too big to fit on many Host Adapter 
native, s ince it is so common. cards that present one side to the outside of 
2 .  It 's s h ie lded.  the ca binet (e .g . ,  M icro Channel ) .  

2 .  It takes more c ircuit  board a rea than oth-
er  a lternatives. 

" H igh Density "  1 .  I t  takes less circuit board area than other  1 .  I t ' s  more expensive than the Header. 
a l ternatives. 
2 .  I t  is well keyed. 

" Sh ie lded H igh Density " 1 .  It is smal l  enough to fit on most Host 1 .  It 's more expensive than othe r  a l terna-
Ada pter cards that present one side to the tives. 
outside of the ca binet (e.g., M icro Channel ) .  2 .  Physical l im itations degrade the ca ble 
2 .  It takes less circuit boa rd a rea than other  cha racteristics ( impedance and crossta lk) due 
a l ternatives. to tighter spacing. 

Non-Sta n d a rd Co n n ectors.  By now you may notice we have an att itude  problem 
about Connectors. I th i nk  many computer des ign eng ineers wou ld  agree that a 
working  con nector is a l l  that matters ; let the mechan ical eng ineers d o  the i r  f ine job on 
the detai ls of retent ion force and mat ing cycles and stuff .  Unfo rtunately, a member of 
the X3T9.2 Committee has to s it th rough meeting after meeting s logg ing  through 
these detai ls .  The SCS I -2 effort was particu larly ted ious ,  s ince nearly a l l  o f  the 
con nectors cons idered were f ine products in  the i r  own r ight .  Po l it ics made the choice . . .  

Th rough po l it ics , a n d  the p roprietary natu re of some com pan ies' p roducts , non
standard con nectors have pro l iferated through the industry. Some com pan ies have 
opted for con nectors that lost out in the SCSI -2 select ion p rocess.  Others se lected 
con nectors i ndependently s ince standard connectors for what they needed d id  not 
exist yet . The two desktop leaders ,  Apple and I B M ,  both use non-standard con nectors , 
and I BM 's con nector won't  mate to Apple's .  Fortunately, most peripheral supp l iers use 
standard con nectors . 

The "good news" is that there exist adapter cab les between the non-standard and 
standard con nectors . The "bad news" is that these are often so ld by the system 
supp l ie rs at exorb itant p rices. You shou ld also know that some non-standard connec-
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tors, particu larly the ones that have a smal ler number  of p ins than 50,  may h ave 
g round ing  o r  impedance match ing problems. See Cables . 

Contingent Allegiance. "Say what?" Adm it it : that's what you said when you 
f i rst saw this term ; so d id most of the SCSI committee .  A handy pocket d ictionary 
g ives the fo l lowing  defi n itions :  

Conti n g e n t :  1 .  poss ib le 2 .  accidental 3 .  dependent (on an u ncertainty) . 

Al leg i a n c e :  1 .  loyalty 2 .  devotion (to a cause) . 

So,  if we make u p  al l  possib le combinations,  let's see what makes sense:  

( 1 ) Poss ib le Loyalty: Not someth ing we wou ld depend on .  
(2) Accidental Loyalty:  We prefer determ in ism here. 
(3) Dependent Loyalty: Bo lts at the fi rst s ign  of troub le .  
(4) Poss ib le Devotion : Won 't he lp you in you r  s ick bed . 
(5) Accidental Devotion : Touch ing ,  but what has it to do with SCS I ?  
(6) Dependent Devotion : Actual ly, the closest to what SCSI cal ls it ! 
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Getting down to brass tacks , "Contingent Al leg iance" i s  a name for the Condition that 
can exist when a fau lt occu rs du ring command execution .  When the fau lt occurs , the 
Target retu rns C H EC K  CON D IT ION Status to the I n it iator .  After  that status is trans
ferred , the Contingent  Al leg iance cond ition exists between the I n itiator and Target for 
that Log ical Un it where the fau lt occu rred . The Contingent Al leg iance cond it ion may 
also exist after COMMAND TERM INA TED Status is retu rned , and may optional ly 
exist after an Unexpected BUS FREE Phase.  

, ,  

When there exists a Contingent Al legiance cond ition , you cou ld say that a state of 
"dependent devotion" exists . Why? Let's fo l low it step by step in Diag ram 1 8 . 
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Fi n ish Command 
P rocess ing  

Suspend the 
Com mand Q u e u e  

Create 
Sense Data 

I nd icate the Fau lt 
to th e I n i t iator 

End of the 1/0 Process, go to 
BUS FREE Phase and wait for 

next 1/0 Process 

c 

The Target detects a fault: 
an error, 
a failure, 
or other exception 

Stop before finishing or 
finish the command, 
depending on the nature 
of the fault 

For the LUN or 
Tarf}et Process on 
wh1ch the fault occurred 

The sense data describes 
the nature of the fault 

The Target tells the Initiator 
that there is a fault: CHECK 
CONDITION Status, COM
MAND TERMINATED Status, 
or Unexpected BUS FREE 
Phase 

Rece ive a Com m and 
Wait for the 
next command 
from the same Initiator 

N o  

D iscard t h e  
Sense Data '---------r------ The Initiator must 

not have been 
-------1------.... interested 

P rocess t h e  C o m m and 

Yes 

Ret u rn the 
Sense Data 

Give the Initiator 
the detailed facts 

E nd of Cond it io n  

D I AG RAM 1 8 : CO NTI N G E NT ALLEG IANCE FLOW DIAG RAM 
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The steps that occur  t o  estab l ish a Cont ingent Al leg iance Cond it ion are :  

( 1 ) A fau lt occu rs on  t he  Target that i s  serious enough  to  report to  the I n it iator. 

(2) The Target creates Sense Data that describes the fau lt .  

(3) The Target changes to STA TUS phase and returns C H ECK CON DITION  
status to  t he  I n it iator. 

(4) The Target changes to MESSA GE IN Phase , retu rns a COMMAND COM
PLETE Message , and goes to BUS FREE Phase .  

Now, let 's exam ine  the state o f  affairs. The Target had a p rob lem that was ser ious 
enough to bother the I n i t iator with ,  so it term inates the ljO Proces s .  Fu rther ,  the 
Target has add it iona l  d ata describ ing the problem to the I n it iator taking  up space i n  its 
memory. Th is is where the "dependent devotion" comes i n .  The Target wi l l  ho ld  onto 
that data for the I n it iator u nt i l  the I n it iator comes and retrieves it (us ing a R EQU EST 
SENSE comm and) , or d iscards it (see below) . Two other th ings  can happen : 

• I f  Queuing is imp lemented , any commands pend ing  in  the queue  are sus
pended u nt i l  the cond it ion is cleared.  Th is potent ial ly t ies u p  the other  I n it ia
tors .  NOTE: The Target is not precluded from accepting more com m ands to 
the Queue for the Logical Unit from other I n it iators . Other  Log ical U n its are 
not affected .  

• I f  t h e  Target has l itt le  space avai lab le for stor ing sense d ata, i t  may not b e  
ab le t o  accept any more commands.  I n  th is case the Target wi l l  b e  retu rn ing 
BUSY status to the other  I n it iators . Th is can a lso potent ia l ly t ie them up .  

As you can see, i t  i s  important that the I n itiator which received t he  C H EC K  CON D I 
TION do everyth ing i t  can to  clear the cond ition .  The Contingent  Al leg iance cond it ion 
can be cleared by the I n it iator in  one of the fo l lowing ways: 

• By issu ing a R EQU EST SENSE command to the Target and Log ical U n it o r  
Target Routine ( i . e . ,  t he  I_ T _x Nexus) that reported the fau lt , and receiving  
the sense d ata. 

• By issu ing any other command to the I_ T _x Nexus that reported the fau lt. 
When the Target sees that the command is not R EQU EST SENSE ,  it m ay 
d iscard the sense data. Th is is not recommended;  you never can be  s u re 
what the fau lt real ly was. 

8 By issu ing  an ABOR T  Message to the I_ T _x Nexus that reported the cond i
t ion . Th is also causes the Target to d iscard the sense data. This is also not 
recommended s ince the data describ ing the p rob lem is lost. 
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• By issu ing a BUS DEVICE RESET Message to the Target. Th is i s  a fair ly 

serious and "system hosti le" response. You wou ld  on ly do this if you thought 
the Target was i n  a very odd state . (But how would you know? You never got 
the sense data!) 

• By generating a Reset Condition on the bus; i . e . ,  asserting the RST Signal. 
Th is is very hosti le to the system.  Not recommended . 

So far, we h ave shown that the Cont ingent Al leg iance cond ition  can be created due  to 
a fau lt on  the Target. There are two other ways : 

• I f  the Target de l iberate ly causes an Unexpected BUS FREE Phase , then the 
Target m ight  a lso create sense data. S ince the Target created sense data (to 
describe  a catastroph ic fau lt) , the Contingent Al leg iance cond it ion also exists. 
I t  is recommended that an I n it iator that sees an unexpected BUS FREE 
phase attem pt to  retrieve sense data from the  Target to  clear a poss ib le 
Contingent Al leg iance cond ition .  

• The Contingent Al leg iance cond ition can also be created when the Target 
returns COMMAND TERM INA TED Status , because sense data describ ing 
when the com mand was term inated is created . Recal l  that th is status can 
on ly occu r when the TERMINA TE ljO PROCESS message is sent by the 
I n it iator. 

Okay, we've g iven you the whole story ,  and there are a lot of options .  In general , 
however ,  we can g ive you a summary that can work for v irtual ly a l l  occasions :  

( 1 ) The Target creates the Contingent Al leg iance cond it ion ,  and sense data to 
describe why, whenever one of the fol lowing events occurs :  

• C H EC K  COND ITION status; 
• COM MAN D TER M I NATED status; 
• optiona l ly (on the Target's part) Unexpected BUS FREE phase.  

(2)  After one of the preced ing events occurs , the I n it iator shou ld attempt to 
recover sense data by us ing the REQU EST SENSE command .  Issu ing a 
d ifferent command or  an ABORT message to clear the cond it ion is not 
recommended . I ssu ing a BUS DEVICE RESET or  bus reset shou ld  be done 
on ly after attem pting to recover sense data. 

Control Byte. See Command Descriptor Block (CDB) . 

c 

Copyright © 1 991  ENDL Pub l ications T h e  SCSI  E n cycloped i a ,  Vol u me I 

I 



c 1 00 
Controller. A Contro l ler  is ( loosely) a device wh ich takes .. Host System Friend ly .. 
data and converts it into a form that can be appl ied to the Peripheral Device for 
storage o r  transport .  A Target is usual ly a Contro l ler .  SCSI uses the arb itrary term 
Target to p revent confus ion with the nebu lous defin it ion of Contro l ler .  A Target h as 
specific funct ions def ined by SCS I ,  whi le everyone has the i r  own 
idea/impression/prejud ice of what a Control ler is .  

Control Signals. The Control Signals comprise nine signals that d i rectly deter
m ine the cu rrent Bus Phase and any Condition that is d i rectly establ ished on the 
bus .  These s ignals p lus  the Data Bus Signals are combined to def ine the com plete 
SCSI Bus . The Control Signals are: 

• A CK Signal. The I n it iator asserts and negates ACK to comp lete an I nforma
t ion Transfer .  

• A TN Signal. The I n it iator asserts ATN to interrupt the Target. 

• BSY Signal. BSY is asserted by a device to ho ld the bus .  

• C/D Signal. C/D ind icates whether Data or  other informat ion is  currently 
be ing transferred on  the bus.  

• 1/0 Signal. 1 /0 ind icates the d i rection of information on  the bus.  

• MSG Signal. MSG ind icates whether a Message or  other i nformation is 
cu rrently be ing transferred on the bus.  

• REQ Signal. The Target asserts REQ to beg in an I nformation Transfer. 

• RST Signal. RST is asserted by any device to reset the bus .  

• SEL Signal. SEL is asserted by one device to select another  device. 

Current 1/0 Process. The Current 1/0 Process is s imp ly the 1/0 Process 

associated with the I n it iator and Target currently connected on the bus. Th is term is 
def ined by the SCSI  standard to d ifferentiate it from 1/0 processes that may exist (as 
queued or  active but d isconnected 1/0 Processes) , but are not cu rrently con nected to 
the bus .  See also A ctive 1/0 Process . 
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Data Bus Signals. 
DATA IN Phase. 

DATA OUT Phase. 
DATA Phase. 
Data Pointer. 

Data. Release Delay. 
Deassert. 

Deskew Delay. 
Device. 

Differential Interlace. 
DIFFSENS. 
Disconnect. 

Disconnection Delay. 
DISCONNECT Message. 
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Data Bus Signals. The Data Bus s ignals carry a l l  information transferred o n  the 
SCS I bus .  Contrast with the Control Signals that manage Connection and Informa
tion Transfer Phases . Since the SCSI Bus may be configu red to d ifferent bus  widths 
(8-b it ,  1 6-b it, o r  32-bit) , the number of Data Bus s ignals that are actual ly used varies. 
Diag ram 1 9  shows the d ifferent bus widths ,  the data and parity s igna ls ,  and the cab le 
names associated with them .  
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08(3 1 -24) 

08(P3) for 08(3 1 -24) 

08(23- 1 6) B Cable(32) 

32 bit 08(P2) for 08(23- 1 6) 
� -

---..:,�--

08( 1 5-8) B Cable(16) 

16  bit 

T 
8 bit 

08(P 1 ) for 08(1 5-8) 

08(7-0) A Cable 

08(P) for 08(7-0) 

D I AG RAM 1 9 : DATA Bus S I G NALS 
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DATA IN Phase. A DATA I N  Phase is a DA TA Phase i n  the d i rectio n  from the 
Target to the I n itiator. 

DATA OUT Phase. A DATA OUT Phase is a DA TA Phase i n  the d i rect ion 
from the I n itiator to the Target. 

DATA Phase. A DATA phase is def ined by the SCSI standard to ind icate either  a 
DA TA IN Phase or  a DA TA OUT Phase. A DATA Phase transfers "system data" or  
"parameter data" between the I n itiator and the Target. I t  wou ld be good now to  review 
the other types of information transferred between SCSI devices:  

• Commands ;  i . e . ,  the Command Descriptor Block (CDB) . 
• Status;  i . e . , the Status code.  
• M essages ,  wh ich are used for  Path Control. 

The DATA Phase is used to transfer all other types of information : 

• Log ical Block Data; e . g . ,  Data stored ,  or to be stored ,  on a d isk ,  tape ,  or  
other storage med i um .  

• Command Parameter Data; e .g . ,  MODE SELECT data. 
• Command Response Data; e .g . ,  REQU EST SENSE data. 

The actual  method for transferring data is either an A synchronous Data Transfer or 
a Synchronous Data Transfer. The I n itiator and Target ag ree on the method of 
transfer by us ing Synchronous Data Transfer Negotiation and Wide Data Transfer 
Negotiation . 

Diag ram 20 i l l u strates the possib le phases that may precede and fol low a OAT A 
Phase. 
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After Connect or 
Reconnect 

Example: Disconnect 
to do a seek operation 

Usually preceded by another DATA 
phase in the same direction as 

the DATA phase to follow 

D 

Preceded by RESELECTION 
Phase to transfer IDENTIFY 

Message or Queue Tag Message 

May be followed by a DISCONNECT 
message or another DATA phase in the 
same direction as the preceding phase 

STAT U S  I N  
P h ase 

The data has been transferred, 
complete the command 

D I AG RAM 20 : FLOW I NTO AN D OUT O F  DATA PHASES 
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Data Pointer. The Data Pointer  refers to the sou rce or  desti nat ion with in  the 
I n it iator o f  the informat ion transferred du ring the DA TA Phase .  At any time ,  the Data 
Pointer refers to a part icu lar byte of the data to be transferred . As with al l po inters, 
there is an A ctive Pointer and a Saved Pointer. See Pointers tor the who le  story. 

Data Release Delay. tdrd = 4 00 nsec . The Data Release Delay is def ined as 
the maximum t ime  that an I n it iator may d rive the Data Bus Signals after it detects the 
trans ition of the ljO Signal from false to true .  The Data Release Delay is also used to 
define the m i n imum time  from the 1 /0 transit ion before the Target may d rive the data 
s ignals .  See Between Phases . 

Deassert. See Negate . We don 't say 1 1deassert1 1 around  here !  

Deskew Delay. tds = 4 5  nsec. The Deskew Delay is a k ind of  . .  general pu rpose .. 
de lay that is used to com pensate for d ifferences between the d rivers and between the 
receivers with i n  a SCSI Device . Each d river on a device p ropagates a s ignal  at a 
d ifferent speed than another  d r iver on the same device ; the same is true for receivers . 
Th is de lay is desig ned such that the d ifferences in  p ropagat ion speed have no effect 
in a reasonably we l l  desig ned device . 

The de lay of 45 nsec seems large ,  but it's somewhat h istoric and sti l l  re levant for 
many cases.  The de lay was def ined in the early days of SA SI and SCSI- 1 . 1 n  those 
days , a l l  SCS I d rivers and rece ivers were external to the protocol ch ip  or ch ips 
(Remember the 7438 and the 74LS240? Then why are you read ing th is?) . The fi rst 
Chip with bu i lt- i n  d rivers and receivers (the NCR 5380) came out we l l  after the 
Deskew Delay was def ined , wh ich was too late to change i t .  
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Device. See SCSI Device .  

Differential Interface" The Differential I nterface is one o f  two e lectrical interfac
es (see also Single-Ended Interface) defined for SCS I .  The e lectrical interfaces are 
the means by wh ich the Data Bus Signals and Control Signals are transm itted and 
received by SCSI devices. The Differential I nterface is used when signals must be 
sent over a longer  d istance. 

D 

The Different ia l  I nterface transm its the s ignals us ing "signa l  pa i rs" which are compared I against each other  to determ ine the state of the s ignal .  The s ignal d river d rives one 
wire of  the pa i r  to a voltage level g reater than the level of the other  wire ;  at  least 
1 .0 Vo lt h ig her .  The receiver detects th is voltage d ifference and decides the state of 
the s igna l .  D iag ram 21 shows the operating characteristics of the d river at the top of 
the d iag ram , and shows the operating characteristics of the receiver at the bottom .  
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low level 
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Signal Asserted 
(+Signal) - (-Signal) > + 1 . 0 V  

Difference 

Driver Req u i rements 

+Sig nal 

-S igna l  

Signal Asserted 
(+Signal} > (-Signal} 

Difference Signal Negated 
(+Signal) < (-Signal) 

Receiver Req u i rements 

DIAG RAM 2 1 : D I FFE R E NTIAL DR IVER AN D R ECE IVE R VOLTAG ES 
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Other characteristics of the Differential I nterface are : 

• The cu rrent at any i nput (either +Signal or  -Signal) m ust not be g reater than 
2.0 rnA, o r  less than -2 .0 rnA. Th is must hold for a l l  voltages on the i nput 
between -7.0 V and + 1 2 .0 V. Th is must also ho ld when the device is pow
ered down .  

• The capacitance on  any input (e ither +Signal  o r  -Signal) m u st not exceed 
25 p F. Note that th is is measured at the connector and inc ludes:  

• Connector capacitance; 
• Printed circu it trace capacitance; 
• Differential transce iver chip capacitance. 

� The Terminator biases each s ignal pair when Released as fo l lows :  

• The -Signa l  is b iased between 3.5 V and 2 . 1  V .  
• The +Signal is b iased between 2 .4  V and 1 .4 V .  

The variation in  b ias voltage is due  to  resistor to lerances at  the Term inator, 
and is due  to variation  in  the Terminator Voltage . Despite these variations ,  
the b ias on  each s igna l  tends to track, so that the d ifference between the 
-Signal and the +Signal remains g reater than o r  equal to 1 .0 V. 

The advantages of the Differential I nterface are :  

• Cab le  length (25 meters) i s  longer  than the S ing le-Ended I nte rface (6  me
te rs) . Use the Differential I nterface when the cab le m ust leave a cab inet for  a 
total cab le length longer than 6 meters . 

• Sig nal q ua l ity is better than the Sing le-Ended I nterface . The d ifferential 
method is virtua l ly immune to no ise and crossta lk i nduced in the cab le ,  s ince 
the no ise affects both s ig nal pairs (almost) equa l ly. Use the D iffe rential 
I nterface when the environment is "hosti le" .  

The d isadvantages of the Differential I nterface are : 

• The Differential I nte rface uses more power than the S ing le-Ended I nterface . 
S ince each s ig nal is actual ly a pair ,  there are twice as many sig nals to d rive . 
Also , each d river of the pair  must s ink  25% more cu rrent than a S ing le-Ended 
d river. 

• The Differential I nterface d issipates more power than S ing le-Ended . An 8-b it 
D ifferent ial d river set wi l l  d issipate u p  to about 4 watts , wh i le  an 8-b it S ing le
Ended d river set d issi pates less than 1 watt. 

D 
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• As of th is writing ,  a Differential I nterface costs several do l lars more to imple

ment than a S ing le-Ended I nterface . 

• A Differential I nterface is more costly in  terms of ci rcu it board space as wel l ,  
s ince the  d rivers and rece ivers are very d iff icu lt to  integ rate . U nti l  recently, a 
s ing le 8-p in  D I P  package was requ i red for each d river/receiver pair ,  for a total 
of 1 8  packages for an 8-b it SCS I bus ,  not cou nting  the p rotoco l contro l ler .  
Th is is i l l ustrated in Diag ram 22 for both Target and I n it iator imp lementat ions. 
(The d rivers and receivers for a protocol contro l le r  for a S ing le-Ended 
I nterface are usual ly included in  the device . )  

As of th is writ i ng ,  device manufactu rers have been able to integ rate th ree 
d river/rece iver pa i rs in  a s ing le package ,  reducing the board space requ i red 
somewhat. 

Be sure to read the next section on DIFFSENS.  
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DIFFSENS. AKA "D ifferential Sense" .  Th is s ignal  is u n ique to the Differential 

Interface.  The pu rpose of D I FFSENS is to enable or d isable the Differential d rivers 
onto the SCSI Bus :  

• When D I FFSENS is h igh ,  a l l  Differential d rivers are enab led . D I FFS E N S  is 
h igh  whenever the bus  is populated on ly with SCSI Devices that support the 
Different ial  I nterface. 

• When D I FFSENS is low, al l  Diffe rential d rivers on  each Device on the bus are 
d isabled . D I FFSENS is low whenever there is one or more SCSI Devices that 
support the Single-Ended Interface plugged i nto the bus .  Examine the 
Connector p in  assignments and you ' l l  note that the p in  ass igned to 
D I FFSENS on  the Diffe rential I nterface is attached to G ROU N D  on the 
S ing le-Ended I nterface . 

That's n ice . but what's it for? Back in  the early days of SCSI- 1 ,  everyone was gearing 
up  to bu i ld devices for each interface ; each contro l ler  wou ld  have one version for 
S ing le-Ended , and another  fo r Different ial .  These products wou ld  therefore look fai rly 
s im i lar to each other .  There was a concern that a we l l-mean ing systems support 
person wou ld  at some point p lug a Differential board into a S ing le-Ended bus ,  or  vice 
versa. 

The D I FFSENS signal was created to prevent damage to the devices when this 
s ituation occu rs . I f  you are in  an environment that on ly supports the S ing le-Ended 
I nterface , th is seems l i ke a remote poss ib i l ity. On the other hand,  i f  you do  D ifferential ,  
then there is a pretty good poss ib i l ity that one of you r  users is going to try and plug in 
that extra tape un it "just to see i f  it works" . Therefore , i t  is particu larly incumbent on 
the designer  of a device for the Diffe rential I nterface to properly support the 
D I FFSENS signa l .  

Diag ram 23 shows an example of  the D I FFSENS circu it. The "pu l l  u p" resistor ensures 
that the D I FFSENS s ignal is h igh  when no Sing le-Ended devices are instal led on the 
bus .  The d iode protects the device power supp ly against back flow cu rrent from other 
devices bussed to the same signa l .  The D I FFSENS s igna l  should be bufferred before 
d istribut ing with in  the device . 
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Disconnect. "To break the Connection of" . A Disconnect occurs when a SCSI  
device re leases control of  the SCSI  bus,  al lowing i t  to  go  to BUS FREE Pha s e .  Th is 
re lease of control can occur i n  any of the fo l lowing ways: 

• The Target re leases BSY after a MESSA GE Phas e ,  where a message is 
exchanged between the I n itiator and Target that cal ls for a BUS FREE Phase 
after the message transfer has been comp leted .  See BUS FREE Phase for a 
com plete l ist of M essages that are fol lowed by BUS FREE Phase.  

• The Target releases BSY any other time.  Th is i nd icates a catastroph ic fai l u re .  
Th is is cal led an Unexpected BUS FREE Phase.  

• The I n it iator re leases the SEL Signal du ring a SELECTION Phase.  The 
I n it iator wi l l  do  th is as a resu lt of a Selection Timeout. 

• The Target re leases the SEL Signal during a RESELECTION Phase.  The 
Target wi l l  d o  th is as a result of a Reselection Timeout. 

Disconnection Delay. tdd = 200 Jlsec. The Disconnection Delay is on ly used 
when the Target accepts DISCONNECT Messages from the I n it iator. After the Target 
accepts the D ISCO N N ECT message from the I n itiator, it then d isconnects from the 
bus by retu rn ing a D ISCO N N ECT message and going to BUS FREE Phase .  After th is 
occu rs the Target must wait a Disconnection Delay before attem pting to arbitrate for 
the bus.  The tim ing for th is sequence is i l l ustrated under  D ISCO N N ECT message ,  
below. 

DISCONNECT Message. The D ISCON N ECT message is sent by either the 
Target or  the I n itiator to cause a break of the Connection between the devices. 
D ISCO N N ECT is a s ing le  byte message:  

Byte 

0 

Bit 7 6 5 4 3 2 1 0 

Message Code = 04 hex 

• The Target sends the D ISCONN ECT message to i nd icate to the I n it iator that 
it intends to go  to BUS FREE Phase and wi l l  Reconnect to conti nue  the ljO 
Process with the I n it iator at a later t ime. The Target goes to BUS FR EE 
Phase as soon as poss ib le after the trai l ing edge (trans it ion from True to 
False) of the A CK Signal. 

• The I n it iator sends the D ISCONN ECT message to the Target to request that 
the Target d isconnect from the bus.  The Target then decides when (usual ly, 

The SCSI E n cycloped i a ,  Vo l u me I Copyright  © 1 99 1  ENDL Pub l ications 



1 1 5 
as soon as poss ib le) it wi l l  Disconnect as described in  ( 1 ) above. After the 
Target d isconnects , it is requ i red to not participate i n  A RBITRA TION Phase 
for a per iod of time  (a Disconnection Delay) . 

The D ISCO N N ECT message shou ld be used whenever it is  " reasonab le"  for the 
Target to d isconnect from the bus .  As you might imag ine ,  " reasonab le"  is i n  the eye of 
the beho lder .  Examples of "reasonab le" can inc lude :  

• There is no  information to be transferred on the bus .  I f  the Target has noth ing 
to "say" , leaving the bus busy but with no activity ,  i t  shou ld re lease the bus 
so that another device can use it. 

• The Target can continue  without interaction with the I n itiator .  Typ ical ly ,  the 
Target contains a RAM buffe r where it can ho ld data before transfer to the 
I n it iator (READ data) or  after transfer from the I n it iator (WR ITE d ata) . With 
th is buffer ,  the Target can f i l l  it or  empty it without con nection to the bus .  The 
Target then connects to the I n itiator long enough to "bu rst transfer" the next 
buffer  fu l l  of data on the SCSI Bus .  

• The I n it iator can ask the Target to d isconnect as we l l .  I f  the I n it iator has a 
h igher-prio rity task to perform , or ru ns into a resou rce content ion p rob lem,  it 
can request the Target to d isconnect from the bus .  The I n itiator then  can 
attem pt to Connect to the bus to perform the new task. 

S u m m a ry  of Use: The D ISCO N N ECT message is sent by a Target to i nd icate that i t  
wi l l  go  to BUS FREE Phase and reconnect later. The D ISCO N N ECT message is sent 
by an I n itiator to request that the Target issue a D ISCO N N ECT message and go  to 
BUS FREE Phase and reconnect later. 

D 
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Th is page is nearly b lank!  
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ECA. 
Error Recovery. 

Etiquette. 
Extended Contingent Allegiance (ECA) Condition 

Extended Messages. 

E 
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Error Recovery. There are lots of ways to recover from errors in  SCS I ,  depend
ing on  what you are do ing . Let's summarize them here: 

• BUS FREE Phase and ARBITRA TION Phase h ave no  errors from which to 
recover. 

• SELECTION Phase and RESELECTION Phase hand le errors by going to 
BUS FREE Phase .  

• The Message System (MESSA GE IN Phase and MESSA GE OUT Phase) 
hand les i ts own recovery. 

Error Recovery for each of the above are covered with in  those topics. There is one 
more :  

• Al l  o f  t he  other Information Transfer Phases (DA TA IN Phase ,  DA TA OUT 
Phase ,  COMMAND Phase ,  and STA TUS Phase) use the Path Control 
port ion of the M essage System to handle error recovery .  

We wi l l  d iscuss th is type of Error Recovery here .  Before tackl i ng  th is subject ,  we 
suggest f i rst read ing Message System and Pointers . 

We should fi rst define  .. Error .. for our  pu rposes. An Error is any fai l u re to maintain the 
integ rity of the data between a data sou rce with in  the send ing SCSI Device and the 
data destinat ion with i n  the receiving SCSI Device . Diag ram 24 shows the data path 
between two devices and where errors can occur and be detected .  

I n  this d iag ram , we assume that fo r  a l l  types o f  information transferred , there is  some 
form of . . safe . .  Local Storage with in  the device . Th is is assu redly true for SCSI 
Commands and Status (they may even orig inate from read-on ly memory) . I t  may not 
be true for Data, which may pass straig ht th rough to or  from its u lt imate destination or 
sou rce (e .g . ,  the storage medium or Host memory) . Even in th is case, the model  sti l l  
app l ies ;  at  some point the data is e ither  safe, or beyond the control of the device. 

The point of al l  this is to i l l ustrate when SCSI Error Recovery is necessary .  When data 
leaves its safe p lace at the source , it is in danger of be ing corrupted , and therefore the 
desti nation device shou ld  be able to detect when corruption occurs . When data is safe 
at the destination ,  the SCS I Device has it and doesn 't need to get it again from the 
sou rce device . 

I n  summary, it is appropriate to use SCS I Error Recovery when d ata gets corrupted 
between the safe data sou rce and the safe data destination , whether or not the 
corruption actual ly occurs on the SCS I Bus. 
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Diag ram 25 shows what happens when a Target detects an error  that req u i res  a retry. 
During an Information Transfer Phase (Command , Status ,  or Data) , one  of the 
fo l lowing e rrors occurs:  

• SCSI Parity Error d u ring DATA OUT Phase or  COM MAN D Phase. 

• An e rror is detected with in  the Target between  the SCSI Port and the "Safe" 
d ata sou rce or  destination .  

When the error i s  detected ,  the Target changes to M ESSAG E I N  Phase from the 
orig ina l  Phase in  wh ich the e rror occu rred . The Target sends (on ly) the RESTORE 
POINTERS Message du ring the M ESSAG E I N  Phase. I f  the I n itiator accepts the 
Message ,  the Target retu rns to the orig ina l  Phase and repeats the transfer. See 
Pointers to understand exactly where the repeated transfer beg ins .  

I f  the I n it iator does not accept the RESTORE POI NTERS M essage ,  and does not g ive 
the Target any other  g u idance in response (see M essage System) , then the on ly th ing 
for the Target to do  is go  to an Unexpected BUS FREE Phase.  
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Diag ram 26 shows the I n it iator response to a Target request for retry. Du ri ng  the  
I nformation  Transfer, the I n it iator sees an unexpected phase change.  At th is  po int ,  the  
I n itiator h as no  idea why there was a phase change.  

The Target changes to M ESSAG E IN Phase,  so the I n itiator d utifu l ly receives the 
Message from the Target, wh ich is the RESTORE POI NTERS M essage .  As described 
under  Pointers , the I n it iator accepts the Message and copies the Sa ved Pointers to 
the A ctive Pointers . The Target then retu rns back to the o rig ina l  I nformation Transfer 
Phase to repeat the transfer. 

The I n it iator may choose to reject the RESTORE PO I NTERS M essage if it feels that a 
retry is i nappropriate o r  imposs ib le .  An ABOR T  Message or  ABOR T  TA G Message 
from the I n itiator wou ld  then be the best th ing to do .  ( I f  you are us ing Tagged 
Queuing, remember that the ABORT Message affects more than the cu rrent 1/0 
Process.) 

I f the Target does not retu rn to the or ig inal Phase, the I n it iator may have to assume 
the Target is crazy and ABORT the 1/0 Process .  
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Diag ram 27 shows what happens when an I n itiator detects an error that requ i res a 
retry. During an I nformation Transfer Phase (Command,  Status,  o r  Data) , one  of the 
fo l lowing errors occurs : 

• SCSI Parity Error du ring DATA I N  Phase or STATUS Phase. 

• An e rror is detected with i n  the I n itiator between the SCS I Port and the . ,Safe., 
data sou rce or destination .  

When t he  error is detected , t he  I n itiator creates the A ttention Condition , after which 
the I n itiator conti nues transferring in  the orig inal  Phase u nt i l  the Target responds to 
the Attention Cond it ion .  The Target acknowledges the Attention Cond it ion by chang ing 
to M ESSAG E OUT Phase immed iate ly fol lowing the orig ina l  Phase in  wh ich the error 
occurred .  The I n itiator sends (on ly) the INITIA TOR DETECTED ERROR Message 
during the M ESSAG E OUT Phase. 

When the Target accepts the Message from the I n itiator, the Target changes to 
M ESSAG E I N  Phase and sends (on ly) the RESTORE POI NTERS Message.  If the 
I n it iator accepts the M essage ,  the Target retu rns to the orig ina l  Phase and repeats the 
transfer with the same data as the f i rst transfer attempt. See Pointers to understand 
exactly where the repeated transfer beg ins .  

If the Target does not accept the I N ITIATOR DETECTED ERROR M essage (by 
rejecting  it) , the I n it iator shou ld probably then issue the ABOR T Message or ABOR T  
TA G Message to e n d  the /jO Process . 

If the Target does not respond to the Attention Cond ition ,  or does not retu rn to the 
orig ina l  Phase,  the I n it iator may have to assume the Target is crazy and ABORT the 
1 /0 Process. 
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Diag ram 28 shows the Target response to an I n itiator request for retry. Du ri ng  the 
I nformation Transfer, the Target sees the I n itiator create the Attent ion Cond it ion .  At 
th is po int ,  the Target has no idea why. 

The Target changes to M ESSAG E OUT Phase , and the I n it iator d utifu l ly sends the 
I N ITIATOR D ETECTED E R ROR Message.  The Target accepts the message ,  changes 
to M ESSAG E I N  Phase,  and the I n itiator receives the Message from the Target, which 
is the R ESTO R E  POI NTERS M essage.  As described u nder  Pointers ,  the I n it iator 
accepts the M essage and cop ies the Saved Pointers to the Active Pointers . The 
Target then retu rns back to the or ig inal I nformation Transfer Phase to repeat the 
transfer .  

The I n it iator shou ld not reject the RESTORE POI NTERS M essage ;  i f  it fee ls that a 
retry is inappropriate o r  imposs ib le ,  it shou ld not have sent the I N ITIATOR DETECT
ED ERROR Message .  If the I n it iator does not accept the R ESTORE POI NTERS 
Message ,  and does not g ive the  Target any other gu idance in  response (see M essage 
System) , then the on ly th ing for the Target to do is go to an U nexpected BUS FR EE 
Phase . 
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Etiquette. You are deve lop ing a SCSI product. You spends months i n  des ign ;  you 
spend months in  the lab verifying the design .  You sh ip  you r  f i rst samp les to custom
ers. Th ree days later ,  a customer cal ls and  compla ins ,  "Your  lousy widget doesn 't 
work!"  You f ind out what the fai l u re mode is and with whose product they con nected to 
your  p rototype . You cal l the vendor of that product and describe the fai l u re mode .  

And they rep ly: "Oh .  We d id n 't imp lement i t  that way. " 

It won't do  any good to point out you r  interpretation of the standard . It won 't do  any 
good to po int out  that they fai led to imp lement a mandatory featu re . You r  only option 
(s ince they got the i r  p roduct out f i rst) is to change you rs to conform . 

Anyone who has any experience imp lementing or  just us ing SCSI  is too fam i l iar with 
th is scenario . A classic example occu rred in recent years where devices at both ends  
of  the  cab le ( I n it iators and Targets) fai led to imp lement Synchronous Data Transfer 
Negotiation correctly. I n it iators cou ldn 't hand le a Target that wanted to start a 
negotiation ,  and some Targets were incapable of start ing a negotiation . These 
situations cou ld easi ly cause a system lockup ,  yet many products were sh ipped this 
way. Products that conformed to that standard cou ld not operate properly with non
conforming devices. 

What has happened before cannot be repai red un less a vendor  decides to m ake the 
effort , but perhaps the futu re can be saved from some repeat occu rrences .  Th is 
section ,  then ,  is  my attempt at being the "M iss Manners" for SCSI  ( I  know I 'm  going to 
take a lot of ribb ing for th is  one) . M aybe if enough designers read th is section , the 
world wi l l  be a better p lace . . .  

SCSI 'Etiquette # 1 :  "J ust say N O  to deviations from the standard ! "  From o u r  experi

ence, th is is easter  said than done .  J ust do you r  best to convince you r  p rospect that 
comp l iance is desirable (even if it does ru in you r  salesman's appetite over d inner! ) . 

SCSI 'Etiquette #2: Don't use a Vendor Specific method to imp lement a function 
when a standard method can do  the same job.  You may have a "more eff icient" 
method for do ing the funct ion because of you r  particu lar product arch itecture.  I n  the 
long run ,  you r  customers wi l l  be happier to have the standard method (Note : I t  is OK 
to provide t he  Vendor  Specific method as  an  add it ion for those customers who  want to 
be non-standard) . 

SCSI 'Etiquette #3: CCS (Common Command Set) is dead . I t's Dead . Dead Dead 
Dead . Don't cripp le you r  design by fol lowing the CCS document, wh ich is loaded with 
incons istencies and contrad ictions .  Use the fu l l  featu res of SCSI-2 ,  which is a superset 
of CCS. 
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SCSI 'Etiquette # 4: Use standard Connectors on the devices you manufactu re or 
specify. Sure ,  there are some VERY LARG E COM PAN I ES that use non-standard 
Connectors , but you don 't have to . Fi rst, there are lots of adapter  cables between 
those non-standard con nectors and the standard ones.  You ' l l  always be able to 
connect to those products. Second ,  you ' l l  be able to con nect to a l l  of the other  n ice 
products that use standard connectors . 

SCSI 'Etiquette # 5: And make sure the SCSI Address selector is access ib le and 
easy-to-use too !  (The f i rst manufactu rers who used thu m bwheel switches earned 
many thanks from the i r  customers . )  

E 

SCSI 'Etiquette # 6: Speaking of Connectors, put those Terminators where people can I get to them .  Sometimes ,  that tape d rive or  scan ner just has to go  on that she lf over 
there ,  o r  worse ,  has to be moved .  Don't make the poor system i nteg rator d isassemb le 
the whole box just to change a Terminator Power j umper or  move a resistor pack. 

SCSI 'Etiquette # 7: I f  you are design ing a Target, and you th i n k  you may need to use 
the IGNORE WIDE RESIDUE Message , look again . In a lmost every case ,  you shou ld 
be ab le to s ize you r  data b locks to be a mu ltip le of the bus width . For example ,  if you 
are design ing  a 1 6-b it Target, don 't make the I NQU I RY Command data b lock 1 7  bytes 
long !  Pad it to 1 8  bytes and save you rself some troub le .  I n  fact ,  pad it to 20 bytes to 
a l low for a 32-bit upgrade.  Even if you are design ing  an 8-b it Target, a l itt le  foresight 
now can save you m uch g rief later. The on ly t ime you shou ld need IG N O R E  WI DE 
RES I D U E  is when  you have an odd bal l  b lock s ize, or you are try ing to  be backward 
compatib le .  

SCSI 'Etiquette # 7.521.: Okay, okay. I f  you must use the IGNORE WI D E  R ES I D U E  
M essage ,  do  so on ly on  the last DA TA IN Phase o f  the command .  I f  t h e  d ata is 
b roken  up into several Connections ,  Disconnect on ly on bus-width boundaries. 

SCSI 'Etique tte # 8: A Bus Phase is not estab l ished unt i l  the REQ Signal is asserted . 

If you try to anticipate Bus Phases, re-qual ify them after R EQ is asserted .  

SCSI 'Etiquette # 9: For most norma l  systems,  there is no  real reason to  implement 
A synchronous Event Notification (AEN) .  I f  you th i nk  you m ight want to use i t ,  th ink  
REALLY R EALLY hard about  s imp ler alternatives. I f  you must use AEN ,  know you r  
reasons  (and there are good reasons sometimes! ) , and  on ly use  i t  on  I n it iators that 
have a l ready spoken to you .  I n  fact use it on ly on I n it iators that h ave enabled AEN via 
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the MODE S ELECT command .  Don't go looking for them ,  because search ing for them 
is more troub le  than it's worth . 

SCSI 'Etiquette # 10: The same for AEN goes for the Extended Contingent A lle

giance (ECA) Condition . On the other hand , a wel l -des igned I n it iator shou ld receive 
the INITIA TE RECOVER Y Message successfu l ly, even if its on ly response is the RE
LEA SE RECOVER Y Message . 

SCSI 'Etiquette #11 :  Stay away from the RST Signal! I t's such a hosti le th ing to do ,  
because when  you assert t he  RST Sig na l ,  everybody has to  p ick u p  the p ieces.  
Before tryi ng to reset a device us ing RST, try to issue the BUS DEVICE RESET 
Message , wh ich l im its its effect to one device . 

SCSI 'Etiquette # 12: Targets , p lease respond to the A TN Signal i n  a reasonable 
manner. Most of the response tab le at  the end of  the A ttention Condition is r ight  on ,  
bu t  we can th i nk  o f  a coup le  o f  adjustments. First, service ATN d u ring  a DA TA Phase 
on a Logical Block boundary.  I f  it's a short data transfer, it's OK to wait u nti l  the end 
of  the transfer. I t's a lso OK to wait for  the end of  a COMMAND Phase to service ATN . 
NO O N E  needs to be ab le to recog n ize which Data o r  Command byte had a problem.  

SCSI 'Etiquette #13:  Use q ua l ity Cables . Assign the  conductors accord ing  to  the  
recommendation of the X3T9.2 Committee.  I nstal l t he  cables p roperly. And m ind  you r  
stub length and  spacing !  

SCSI 'Etiquette # 14:  Use the P Cable fo r  Wide Data Transfer. Forget the  B Cable . 

SCSI 'Etiquette # 15: I n it iators , don 't try to use the Saved Pointers as an ind icator of 
the number of bytes actual ly transferred in a Bus Phase.  One of two th ings wi l l  
happen : e ither i t  won't work because the  Target Disconnected at  the  end o f  the 
DATA Phase and Reconnected to send Status ; or,  the Target wi l l  have to use extra 
SA VE DA TA POINTERS Messages to make it work for you .  Th is just screws u p  
performance . F ind another  way to do  it , l ike special hardware ,  o r  forget it . BUT, a wel l  
designed I n it iator w i l l  never overstep the memory a l located to  i t  by the H ost, so keep 
that i n  m ind .  

SCSI 'Etiquette # 1 6: Always Disconnect i f  you have noth ing to  transfer on  the  SCSI 
Bus at the moment. G ood t imes to Disconnect include du ring a d isk  seek, a tape 
position ing ,  or a d ata buffer empty or  fu l l  cond it ion ( i . e . ,  when the SCSI Bus is m uch 
faster than the peripheral d ata rate) . Caution :  Disconnecting too often can h u rt 
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performance. Be sure that you r  dead t ime between transfers is longer  than the 
overhead of Disconnecting  and Reconnecting .  

SCSI 'Etiquette # 1 7: I n it iators , be ready for any Bus Phase! An I n it iator shou ld  be able 
to properly respond correctly to any Bus Phase d ur ing any part icu lar  Connect ion or  
Reconnection .  We know of I n it iators that can on ly transfer a Command Descriptor 
Block (CDB) one  t ime.  Let's say, du ring an Initial Connection , the Target takes the 
Messages and Command in  from the I n it iator and decides to Queue the Command for 
later and Disconnect. However, the Target has no room to store the Command bytes 
and d iscards the m .  Later, the Target Reconnects to the I n it iator and then  goes to 
COM MAN D Phase to re-fetch the COB. An I n it iator shou ld  be ab le to hand le  th is .  

E 

SCSI 'Etique tte # 1 8: Retry Once.  I n  other words ,  perform Error Reco very once du ring I any Connection .  Th is inc ludes retr ies with in the Message System and other Bus 
Phases us ing the RES TORE POINTERS Message . I f  the bus  is  so bad that a second 
retry is cal led fo r (even for a d ifferent Phase) , i t  is better to just g ive u p .  G iv ing u p  
means go ing  t o  an Unexpected BUS FREE Phase .  

SCSI 'Etiquette # 1 9: As ind icated in  t he  introduct ion to  th is section , Synchronous 

Data Transfer Negotiation (SD TN) is everybody's respons ib i l ity! For I n i t iators , SDTN 
shou ld  be done as part you r  Initialization procedure .  For Targets , S DTN shou ld  be 
done after anyth ing  that causes a Hard Reset. Th is goes for Wide Data Transfer 
Negotiation (WD TN) as we l l .  

SCSI 'Etiquette #20: H aving said #1 9 ,  we have to  adm it there are certain rude  SCSI  
Devices out  there that don 't know the ru les regard ing SDTN . Adm itted ly ,  many were 
bu i lt that way by demand of customers ,  but d idja have to se l l  them to everybody e lse? 
S ig h .  The sad fact is that you wil l probably have to deal with these non-standard 
devices. Devices wi l l  h ave to have a jumper or  someth ing to d isable S DTN . (Frankly, 
most I n it iators ava i lab le at pub l icat ion t ime can't hand le a Target o rig i nating  SDTN) .  

SCSI 'Etiquette #21 : I n it iators have a b igger prob lem with S DTN . I f  a Target cannot 
or ig i nate S DTN , it can get "out of sync" (pun intended) with the I n itiator .  For example ,  
i f  the power cycles on  a Target, the I n it iator won't know i t  u nt i l  i t  starts a new 1/0 
Process with the Target. When the Target attempts to retu rn Sense Data describ ing  a 
Unit A ttention Condition , it wi l l  use A synchronous Data Transfer, but the I n it iator 
uses Synchronous Data Transfer. Big prob lem . The I n it iator can p rotect itself from 
th is by always or ig i nat ing SDTN when issu ing REQU EST S E N S E  or I NQU I RY 
Commands .  N ote that th is is not a performance h it ;  these com m ands are just not used 
enough to matter .  
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SCSI 'Etiquette #22: If you are going to supp ly Terminator Power, do it wel l  o r  don 't 
do it at a l l !  G et someth ing out on  the cable that is as h igh  as possib le without exceed
ing 5 .25 Volts. 

SCSI 'Etiquette #23: Do you rse lf and you r  users a favor and use the "preferred"  
Terminator for the Single-Ended Interface . You' l l  have a m uch cleaner  bus ,  and it 
also red uces the importance of having a h igh Terminator Power voltage .  If you can 
on ly put a "preferred"  Term inator at one end of the Cable (with the "old-style" at the 
other end) , it is sti l l  a g reat improvement. 

SCSI 'Etiquette #24: Just set the Reserved bits and f ie lds to zero. Th is goes for 
I n it iators and Targets ! I n it iators , when receiving someth ing with Reserved b its and/or 
f ie lds ,  mask them to zero before evaluating .  Saves a lot of trouble later . . .  

SCSI 'Etique tte #25: Th is shou ld go without saying ,  but don 't invent any Vendor 

Specific Messages.  Chances are real ly good that the funct ion you want e ither  exists 
as a standard Message ,  or shou ld real ly be defined us ing a Command Descriptor 
Block (CDB) . 

SCSI 'Etiquette #26: For you AS IC (Appl ication Specific I nteg rated Ci rcu it) des igners 
out there ,  design the S ing le-Ended d rivers for the REQ Signal and the A CK Signal so 
that they are active ly Negated. Th is ensures that these signals are d riven to their  
maximum voltage leve l ,  improving the noise marg in .  Note that the d rivers are "tri
state" ,  so that they are on ly d riven at the appropriate times.  

SCSI 'Etiquette #2 7: Another one for AS IC designers is to center the S ing le-Ended 

receiver th reshold voltage ,  and to increase the receiver hysteresis from 200 mV to 400 
mV min imum .  Th is i ncreases the to lerance of the receiver to noisy s ignals .  
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SCSI 'Etiquette #28: I n it iators , if you assert the A TN Signal, leave it asserted u nt i l  the 
Target responds with the MESSA GE OUT Phase.  I f  you have noth ing to say at that 
t ime, send the NOP Message . Taking away the ATN Signal early is a l itt le  l i ke taking 
away an interrupt s igna l  to you r  m icroprocessor before i t  can respond ;  i t  responds,  but 
noth ing is there !  I f  you are carefu l ,  you can probably make th ings work, but it's safer 
to do th is rig ht at the outset. 

SCSI 'Etiquette #29: Can't f igu re someth ing out? Need a featu re that doesn't seem to 
be there? Don't fake it! Cal l  on the X3T9.2 Committee to he lp .  They just m ight be 
able to show you how to use a too l  that already exists , o r  they just m ight add the 
featu re you need.  

E 

Copyright © 1 99 1  ENDL Pub l icat ions T h e  SCSI  E n cycloped i a ,  Vol u me I 



E 1 34 

Extended Contingent Allegiance (ECA) Condition. Big words !  
Actual ly, th is i s  just a pro longed ("Extended") version o f  the Contingent Allegiance 
Condition . I f  that's no he lp ,  go read it (again) , or recal l  that the Contingent  Al leg iance 
Condit ion is the state that exists between an I n itiator and a Target-p lus-Logical Unit 
whenever a fai l u re/error/exception occurs during an lfO Proces s .  The Contingent  
Alleg iance Cond it ion ends when the I n itiator recovers (or d iscards) the Sense Data 
from the Target. After the Sense Data is transferred , the Target is free to conti nue  
normal process ing o f  other commands.  

Th is is  f ine for many situations ( in th is writer's op in ion , nearly a l l  s i tuations) , but i n  
some cases i t  may not be a good idea to  al low the  Target to  conti nue  norm al process
ing after the fai l u re .  The p rob lem with Contingent Al leg iance is that the I n it iator may 
not be able to make the decis ion about whether to conti nue  u nt i l  after it has exam ined 
the Sense Data . After the Sense Data is exam ined , the I n itiator may need to issue  
some special SCSI Commands or Messages to  recover the  Target from the  fai l u re .  
After the recovery ,  the I n it iator wou ld then re lease the Target for  fu rther processing .  

The previous parag raph describes what Extended Contingent Al leg iance ach ieves. To 
prevent fatigue ,  I ' l l  be referring to it as ECA from now on  . . .  

There i s  a catch t o  a l l  th is :  The Target decides to beg in  the ECA Cond it ion ,  not the 
I n itiator. As a resu lt ,  the Target must have some idea about wh ich 
fai lu res/errors/exceptions requ i res the I n itiator's help to perform recovery.  Diag ram 29 
shows how the Target beg ins the ECA Condition .  I t  is a lmost the same as a normal 
Cont ingent Al leg iance Cond it ion ,  except that the Target retu rns the INITIA TE RECO V
ER Y Message pr ior to retu rn ing the COMMAND COMPLETE Message at the end of 
the command .  

Once the ECA Cond ition is estab l ished,  the Target waits fo r  t he  I n itiator to  perform 
one or  more recovery ljO Processes on it. (We say " 1/0 Process" s ince the recovery 
can inc lude both com mand and Message oriented operations . )  Wh i le th is is go ing on ,  
the Target wi l l  accept 1/0 Processes for t he  Log ical Un it with t he  active ECA Condition 
on ly from the I n it iator with which it estab l ished the ECA Cond ition .  These 1/0 Process
es are issued to the I_ T _x Nexus , even if the fau lt occu rred du ring an 1/0 process 
with an I_ T _L_Q Nexus .  

Al l  other I n it iators are g iven BUSY Status unti l  the ECA Condit ion i s  ended.  Fu rther ,  
the Queue for that Log ical U n it is suspended for the du ration ;  no  1 /0 Processes are 
act ivated from the Queue u nt i l  the ECA Cond it ion has ended .  
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Oops ! 

N o  

The Target detects a fault: 
an error, Yes a failure, 
a boo boo, 
or other exception 

F i n i s h  Com mand 
P rocess ing  

S u spend the  
C o m mand Q u e u e  

C reate 
Sense Data 

Retu rn C H ECK 
CON D IT I O N  Status 

I N IT IAT E  R ECOV E RY 
M essag e I n  

If the Initiator rejects the Message, 
continue with a Contingent 
Allegiance Condition Yes 

N o  

COM MAN D COM P L ETE 
Message I n  

Note: Until the EGA Condition is cleared, 
all other Initiators will receive BUSY 

CONTI N G E NT 
ALLE G I AN C E  

Stop before finishing or 
finish the command, 
depending on the nature 
of the fault 

For the Logical Unit or 
Target Process on 
which the fault occurred; 
and for ALL Initiators 
(including this one!) 

The sense data describes 
the nature of the fault 

The Target tells the 
Initiator that there is a fault; 
COMMAND TERMINATED Status 
is also allowed, if appropriate 

This tells the Initiator 
that the Target may require 
help in recovering from the fault 

EGA Condition Established; 
Normal command completion 

Wait for the next command 
from the same Initiator 
to begin error recovery 

Status from the Target for this Logical Unit! 

D IAG RAM 29 : TARG ET START O F  EGA C O N DIT I O N  

E 
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Diagram 30 shows how the I n it iator hand les the ECA Condition .  The I n it iator sees that 
the I N ITIATE R ECOVERY M essage has been sent by the Target. Its next step is  to 
find out what the prob lem is by issu ing a REQU EST SENSE Com m and to recover the 
Sense Data. By examin ing  the Sense Data, the I n itiator can determine  whethe r  any 
recovery is  needed at a l l .  

If recovery is needed , the I n itiator issues one or more 1/0 Processes to perform that 
recovery. Wh i le  the exact sequence is very device-specific ,  the l/0 Processes m ight 
include: 

• ABOR T, ABOR T  TA G, or CLEAR QUEUE Message 
• M ed ium Position ing Commands ( l ike REWI N D) 
• Med ium Replacement Commands ( l ike LOAD/U N LOAD) 
• R ECOVER B U FFERED DATA Command 
• LOG Commands 
• MODE Commands 
• R EAD or  WR ITE retries 
• DIAG NOSTIC Commands 

One example m ig ht be a tape device that has a large  buffer .  The tape device receives 
te lemetry from another  device to its buffer. If a fau lt occu rs that p recludes the data 
from being recorded on  the tape ,  it is wise to retrieve that data to a safe p lace for 
recovery so that the data is not lost. I n  this case, the Target creates the ECA Cond i
tion .  After the R EQU EST SENSE Command , the I n itiator issues the R ECOVER 
BUFFERED DATA Command to  retrieve the data. I t  does whatever e lse i t  needs to  do 
to com plete the recovery and then re leases the ECA Condit ion .  

I t  shou ld b e  noted that the recovery commands issued must b e  "non-queued" ;  they 
must be issued without a Queue Tag Message . The Target wi l l  reject any queued 
commands from the I n it iator (see below) . 

To end the ECA Condit ion ,  the I n itiator issues a special 1/0 Process. After SELEC
TION Phase,  the I n itiator sends the IDENTIFY Message out ,  fol lowed in the same 
phase by the RELEA SE RECO VER Y Message out. After receiving the M essages,  
Target goes to BUS FREE Phase,  end ing the ECA Cond ition .  

The I n itiator may also end  the  ECA Condit ion before i t  starts by  respond ing to  the 
I N ITIATE RECOVERY M essage with the MESSA GE REJECT Message . Presumably, 
the Target then fal ls  back to a Contingent Alleg iance Cond it ion .  

The ECA Condition m ay also be ended by  a BUS DEVICE RESET Message from any 
I n itiator, o r  a Hard Reset Condition . 
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N o  

ECA 
Cond it ion  

Start 

Get Sense 
Data 

I ss u e  Recove ry 
Com mands 

The Target detects a fault 
suitable for the EGA Condition 
and returns the INITIATE 
RECOVERY Message 

The Initiator issues the 
REQUEST SENSE Command 
to recover the Sense Data 

The Initiator decides whether 

E 

or not any recovery is really needed 

The Initiator issues one or 
more 1/0 Processes to handle 
the recovery on the Target 

Selecting the Target with 
the EGA Condition 

Sent for the LUN with the EGA 
Condition during the first 
MESSAGE OUT Phase 
after Selection 

Sent after the IDENTIFY during 
the same MESSAGE OUT Phase 

End of EGA Condition 

D I AG RAM 30 : I N IT IATO R HAN DLI NG OF ECA CONDITION 
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Diag ram 31  shows how the ECA Condit ion is ended at the Target. The Target goes 
into a " l im ited "  command processing mode on that Log ical Un it (note that other  Log ical 
Un its are not bound  by the ECA Cond ition) : 

• I f  an 1/0 Process is received from any I n itiator other  than the I n itiator that has 
the active ECA Cond ition ,  the Target returns BUSY Status.  

• I f  an 1/0 Process is received from the I n it iator that has the ECA Cond ition ,  
and that 1/0 Process has a Queue Tag,  then the Target retu rns Q U E U E  
FULL Status.  

• I f  the in it ial MESSA GE OUT Phase of the 1/0 Process ends with a RELEASE 
RECOVERY M essage ,  end the ECA Condition ,  and go  to BUS FR EE  Phase. 

• Otherwise, execute the recovery 1/0 Process. 

A SCSI Device may beg in  an ECA Condit ion via A synchronous Event Notification 
(AEN). We suggest you read that section if you are interested .  To beg in  the ECA 
Cond it ion via AEN ,  the " I n it iating Device" sends the I N ITIATE R ECOVERY Message 
at the end of the i n it ial M ESSAG E OUT Phase, before the COMMAND Phase . 

. . .  and now the q uestion :  

Why? Frankly, ECA has l im ited use for trad itional " low-end" systems ,  such as an 
embedded SCS I d isk  d rive . A wel l  designed Target of th is type wi l l  perform its own 
recovery, and wi l l  be wel l  behaved enough to preserve d iagnostic i nformation th rough 
most fau lt cond it ions .  Also , ECA is  on ly needed in  systems with more than one 
I n it iator. With one I n it iator, the " lockout" o f  other I n itiators by the ECA Cond it ion is not 
necessary. 

ECA f inds a home in  fau lt to lerant systems where data integ rity and recovery is a 
system function .  I n  a smal l  desktop system ,  data recovery is often (sad ly) left to the 
user; "Abort ,  Retry, Fai l " .  ECA wi l l  p robably f ind its way into such devices as d isk d rive 
arrays . 

Currently, ECA is most common ly used for some Sequential Access Devices (Tape 
Drives) to al low the I n itiator to recover data in  the buffer ,  reposit ion the tape to a 
"safe" p lace , o r  to rep lace the tape ,  before al lowing other I n it iators to access the 
device . Even i n  this case ,  there must be ag reement on wh ich error cond it ions in  the 
Target can trigger  an ECA Cond it ion .  
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Yes 

G et M ESSAG E OUT 
P h ase Message (s) 

:Yes 

C lear  ECA 
Cond it ion 

Res u m e  the 
C o m mand Queue 

Target is selected 
by an Initiator 

If it's not the Initiator that 
owns the EGA Condition. . .  

Retu rn 
B U SY Status 

Get a ll  Messages from 
the Initiator: IDENTIFY. 
possible QUEUE TAG, 
possible RELEASE RECOVERY 

The Initiator must not use 

E 

Queue Tags during EGA recovery 

Retu rn 
QU E U E FU LL Status  

This command is intended to 
continue the recovery. . .  

Co nt i n u e  the  
1/0 P rocess 

The EGA Condition is 
cleared when the Target 
receives the RELEASE 
RECOVERY Message 

For the Logical Unit or 
Target Process on 
which the fault occurred; 
and for ALL Initiators 

BUS FREE always follows 
the RELEASE RECOVERY 
Message 

DIAG RAM 3 1 : TARG ET E N D  OF ECA C O N DIT ION 
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Extended Messages. Extended messages are s imp ly Messages that are 
longer than one o r  two bytes .  Th ink  of them as . .  Long  M essages . .  if it he lps .  Extended 
messages are of  varied lengths,  though each specific message has a fixed .length . 
Extended messages h ave a common byte form shown in  Figu re 24. 

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = 0 1 h 

1 Additional Message Length = mm 

2 Extended Message Code = xx  

3 Pa ra meter  Byte 1 

. . .  . . . . .  

mm+ 1 Pa ra meter Byte mm- 1 

FIGURE  24: EXTENDED M ESSAGE G ENER IC  FORMAT 

The fi rst byte is a code  (0 1 hex) that ind icates an Extended message .  Th is  is an 
ind icat ion that the rest of the message shou ld be interpreted in  the standard Extended 
format. The second byte g ives the length of the message ,  which is the numbe r  of 
bytes in  the message start ing with the th i rd byte ; in  other  words,  the number  of 
remain ing  bytes in  the message .  Th is wi l l  always be at least 0 1  hex, s ince the 
extended code itself must be sent. 

The th i rd byte is the extended message code .  Th is ind icates what act ion the message 
is expected to cause ,  and p rovides a context for interpreting the parameter bytes.  As 
with other  messages ,  th i nk  of the extended messages as .. commands .. for path contro l .  
Table 1 9  is a com plete l ist of a l l  Extended messages cu rrently defined .  
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TABLE 1 9 : EXTENDED M ESSAGE CODES AND LENGTHS 

Additional Extended Tota l Message Message Name 
Message Length Message Code Length 

OS  hex bytes oo hex 7 bytes MODIFY DATA POINTER 

03 hex bytes 0 1  hex  5 bytes SYNCHRONOUS DATA TRANSFER REQUEST 

02 hex bytes 03 hex  4 bytes WIDE DATA TRANSFER REQUEST 

not defined 02  hex not defined not used 

not defined 04 hex - 7 F  hex not d e fined Reserved 

Vendor Defined 80 hex - FF hex Vendor Defined Avai lab le for Vendor Un ique Messages 

See each i nd ividual  message topic for a descript ion of the parameters for the messag
es. 

E 
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•. 

Th is page is nearly b lank!  
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False. 
Fast Assertion Period. 

Fast Cable Skew Delay. 
Fast Data Transfer. 
Fast Deskew Delay. 

Fast Hold Time. 
Fast Negation Period. 

Forced Perfect Termination (FPT). 
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False. "Not True" ,  of cou rse !  I n  SCS I ,  a signal that is Negated or Released i s  i n  the 
False state . The def in it ion of Negated and Released is specific to the I nterface type,  
e ither Single-Ended or  Differential. The fol lowing are equ ivalent ,  f rom a log ical point 
of view, i n  SCS I :  

• "0" 
• Zero 
• False 
• Negated 
• Released 

Fast Assertion Period. ttast ... 30 nsec. The Fast Assert ion Period is the 
m in imum specification  of the A ssertion Period when us ing Fast  Data Transfer. 

Fast Cable Skew Delay. ttcsd - 5 nsec. The Fast Cable Skew Delay is the 
m in imum specif icat ion of the Cable Skew Delay when using Fast Data Transfer. 

Fast Data Transfer. Fast Data Transfer is just a variat ion of Synchronous 

Data Transfer that a l lows a h igher  data transfer rate . A normal Synchronous  Data 
Transfer has a m in imum Transfer Period of 200 nsec; the maximum transfer rate is 5 
Mega-transfers per second . When using Fast Data Transfer tim ing ,  the m in imum 
Transfer Period d rops down to  1 00  nsec; the maximum transfer rate is then 1 0  Mega
transfers per second .  

Fast Data Transfer tim ing  i s  enab led during Synchronous Data Transfer Negotiation 
(SDTN). When two devices agree to a Transfer Period less than 200 nsec, Fast Data 
Transfer is enabled . 

Table 20 shows how the tim ing  changes between normal and Fast Data Transfer. 
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TABLE 20: FAST DATA TRANSFER TIM ING  

Timing Pa ramete r  Normal Sync Data Transfe r  Fast Data Transfe r  
(Transfe r  Period � 200 nsec) (Transfe r  Period < 200 nsec) 

SCSI Defined Tim ing 

Assertion Period 90 nsec min imum 3 0  nsec min imum 

Ca ble Skew Delay 1 o nsec min imum 5 nsec min imum 

Deskew Delay 4 5  nsec min imum 20 nsec min imum 

Ho ld  Time 4 5  nsec min imum 1 0  nsec min imum 

Negation Period 90 nsec min imum 3 0  nsec min imum 

Derived Timing 

Data Va l id to Ris ing Edge of REQ or ACK 55 nsec min imum 2 5  nsec min imum 
(Deskew Delay + Ca ble Skew Delay) 

Rising Edge of REQ or ACK to Data Inva l id 1 oo nsec min imum 3 5  nsec min imum 
(Deskew Delay + Ca ble Skew Delay + Hold Time) 

Fig u re 25 and Figu re 26 show Synch ronous Data Transfer with Fast Data Transfer 
tim ing  app l ied . See Synchronous Data Transfer for a description  of the events (and 
the names! )  i n  the t im ing  d iagrams.  

F 

I 

I 
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Tz i ton ' s  
I /O f a l s e  ______________________________________________________________________ _ 

I < - - - - - - - - - - - - - - - - - - txp ( t l - - - - - - - - - - - - - - - - - > I 
a I I Tz i ton ' s  

REQ OUT \ I \ ,.-------\. __ _ ·-------- 1 I I 
I < - - - - - · t f a s t · - - - - - > I < - - - - - - - - · t t np · - - - - - - - > I  
I 3 0  na I 30  n• I 

I apetus ' s  
REQ I N  --, _______________ / \. _________ ! 
I ape tus ' s  b 

\ __ 

Da ta Bus OUT - - x. ______________________ xxxx. ______________________ xxxx ____________________ _ 

I ape t us ' s  
ACK OUT 

Tz i ton ' s  
ACK I N  

I I 
l < t t d s + t f c s > l < - t t ds + t f c s + t f h t > l 
I 25 na I 35 na I 

c I ___________ e f .-----------
_______ ! \ ___________ ! \. _____________ ! 

d 

I I I 
I < - - - - t t a s t - - - - > I < - - - - - t t np · - - - > I 
I 30 na I 30 na I 
I < - - - - - - - - - - - - t xp ( i l - - - - - - - - - - - > I 

___________ ! \, _____ ! 
I 

I < O ns > l < · - t fh t · > l 
I I 10 ns I 

\. ________ ! 

Tr i ton ' s I I 
Da t a  Bus IN - - - - - - - - - x  xxxxxxxxxxxxxxxxx ___________ xxxxxxxxxxxxxxxxx _____________ xxxx 

FIGURE  25: FAST DATA TRANSFER OUT - I N ITIATOR TO TARGET 
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Tr i t o n ' s  
I / 0 

Tr i t o n ' s 

t r ue 

a 

Da ta Bus OUT - - x ___________ �xx __________ xxxx. _________ _ 

Tr i t o n ' s  
REQ OUT 

I ape t u s ' s  
REQ I N 

I ape t us ' s  
Da t a  Bus  I N  

I ape t u s ' s  
ACK OUT 

T r i t o n ' s 
ACK I N 

l < t f ct s + t f c s > l < t f ct s • t f c s • t f h t > l e 
I 2 5 ns I 3 5 ns I 

b I d 

__________ / \ __________ ! 
I I I 
I < - - - t f a s t - - - > I < - - - - - t f np · - - - - > I  
I 3 0  ns I 3 0  ns I 

_________ ! 
I 

I < o ns > I < t t h t > I 
I I 10 ns I t 

c I I 

\ ___________ / 

\ _______ ! \ 

\ _________ / 

- - - - - - - - - - - - x _____ xxxxxxxxxxxxxxxxxxx _____ xxxxxxxxxxxxxxxx ______ xxxxxxx 

I < - - - - - t f a s t - - - - > I < - - - t t np - - - - - > I 
I 30 ns I 3 0  ns I 
I I I ________ __ 

__________________________ / \ __________ ! 

_______________________________ ! \ ________ ! 

FIGURE  26:  FAST DATA TRANSFER I N  - TARGET TO I N ITIATOR 

TABLE 2 1 : TIM I NG VALUES USED DUR ING FAST DATA TRANSFER 

Symbol I Tim ing  N ame I M I N  o r  M AX? I Time 

�ast Fast Assert ion Period M I N I M U M  30 nsec 

�ds Fast Deskew Delay M I N I M U M  20 nsec 

�cs Fast Cable Skew Delay MAX/M I N  5 nsec 

�ht Fast Ho ld  Time  M I N I M U M  1 0  nsec 

�np  Fast Negat ion Period M I N I M U M  30 nsec 

F 

I 
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Fast Deskew Delay. ttds - 20 nsec. The Fast Deskew Delay is the m in imu m  
specificat ion of the Deskew Delay when us ing Fast Data Transfer. 

Fast Hold Time. ttht = 1 0  nsec . The Fast Hold Time is the m in imum specif ica
tion of the Hold Time when us ing Fast Data Transfer. 

Fast Negation Period. ttnp = 30 nsec. The Fast Negat ion Period is the 
m in imum specificat ion of the Negation Period when us ing Fast  Data Transfer. 

Forced Perfect Termination (FPT). FPT is a Termination method 
recently proposed to the X3T9.2 Committee.  Th is term inator attempts to ach ieve good 
s ignal  qual ity by f i rst forcing  a term ination mismatch with the Cable , and then provid
ing add it iona l  c i rcu itry (switch ing d iodes) to cance l the effects of the m ismatch . The 
intent is to e l im inate the need to closely match the Cable to the Term ination . 

The comm ittee is cons ider ing FPT for inc lus ion in  SCSI-3. Whi le  it looks prom is ing ,  as 
of th is writ ing it has been shown to be sens itive to low Terminator Power levels ,  so 
proceed with caution .  Hybr ids with the "preferred" S ing le-Ended Term inator are be ing 
exam ined to reduce th is  sens itivity. Also, there may be p rob lems when us ing FPT with 
a device whose d rivers imp lement Active Pull-ups . Contact X3T9 .2  for the latest 
scoop.  
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Hard Reset. 
HEAD OF QUEUE TAG Message. 

Hold Time. 
Host Adapter. 

I 
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Hard Reset. A Hard Reset is one of two possib le responses that a SCSI Device 

can make to a Reset Condition ; the other response is Soft Reset, appropriate ly 
enough .  A device must respond to the Reset Condit ion with e ither  a Hard Reset OR a 
Soft Reset; it may not mix parts of each . Note that the on ly appropriate response to a 
BUS DEVICE RESET Message is a Hard Reset. 

A Hard Reset is analogous to a "Power-On Reset" : the device goes back to an 
in it ial ized state and remembers no previous h istory that was not he ld in non-volati le 
storage.  Let's get specific: 

• All I/O Processes that are executing or Queued are cleared and d iscarded .  
No  Status or Sense Data is created ; i .e . , no  Contingent A llegiance Condi
tion is created .  Forget them,  they're gone.  

• All Reservations are cleared and d iscarded.  The same ru les as for 1/0 
Processes app ly here ;  i .e . , forget them .  We cover Reservations in the other 
vo lumes of th is Encyclopedia. 

• Any other pend ing  cond it ions are cleared : 

• A ttention Condition 
• Contingent Al leg iance Condit ions 
• Extended Contingent Allegiance Conditions (ECA) 
• Unit A ttention Conditions 

• All pointers currently maintained by I n itiators are d iscarded . 

• Any bus transactions that were ongoing at the instant of the reset are d is
carded .  

• Al l  operati ng modes are retu rned to their  in it ial cond itions :  

8 The data transfer mode becomes 8-bit A synchronous Data Transfer unti l 
a new Synchronous Data Transfer Negotiation (SDTN) and (possib ly) a 
new Wide Data Transfer Negotiation (WD TN) can be performed . 

• All modes specif ied by a MODE SELECT Command (see next vo lume ! )  are 
retu rned to the i r  saved or defau lt state , as appropriate . 

• Any other modes un ique to the device retu rn to the i r  defau lt state . 

• The SCSI ID or SCSI Address does not change. Th is value  shou ld be 
hardwired or  stored in  a non-vo lati le manner in  the device . 
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After the device does everyth ing l isted above, if it is  pr inc ipa l ly an I n it iator ,  it does 
noth ing more,  except of cou rse to start issu ing the appropriate com m ands to re
in itial ize and conti nue  the operation of the system .  

I f  the device is pr inc ipa l ly a Target, then it creates the Un it Attent ion Cond it ion for a l l  
other SCSI Devices .  Th is is done to alert the other devices to the fact that the Target 
has been reset. 

HEAD OF QUEUE TAG Message" The H EAD OF Q U EU E  TAG Message 
is used by an I n it iator to get an lfO Process executed as soon as possib le when a 
Queue is imp lemented by the Target. H EAD OF QUEUE TAG is a two byte message:  

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = 2 1  hex 

1 Queue Tag 

The second byte ot the message specifies the Queue Tag associated with the Nexus 
being estab l ished by th is message .  

H 

Th is message causes the new l/0 Process associated with the N exus to be put at the I front of the Queue ,  ahead of any other 1/0 Processes that currently may be queued .  I t  
does not cause any 1 /0 Process that is cu rrently be ing executed to be aborted . That 
com mand must be com pleted (one way or  another,  see next parag raph) before the 
new 1/0 Process is executed .  I f  no 1/0 Process is cu rrently active for that L ogical 
Unit , then the new 1/0 Process is executed immed iate ly. 

I f  the new 1/0 Process must be started absolutely immed iate ly, the I n it iator has the 
opt ion of issu ing  a CLEAR QUEUE Message , and then Connecting again to issue 
the new 1/0 Process.  

S u m m a ry of Use:  The H EAD OF QUEUE TAG Message is sent on ly by an I n it iator to 
a Target to cause the 1/0 Process to be placed at the front of the q ueue .  
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Hold Time. tht - 45 nsec. That's what it is .  Ho ld Time.  During Synchronous Data 
Transfer, the Hold Time is used by the sending device to provide data ho ld  t im e  for 
the receiving device from the lead ing edge of the REQ Signal or  the A CK Signal. 
See Synchronous Data Transfer. 

Host Adapter. A Host Adapter is that port ion of a Host System that performs a l l  
or part of  the I n it iator function .  The Host Adapter works with the Host to manage 
Commands,  Data Transfer, and retu rned Status. The Host Adapter may also assume 
the Target ro le to  transfer data between Host Adapters on the SCSI Bus (as a 
Processor Device) , o r  to receive A synchronous Event Notification (AEN) . Two 
examples of Host Adapter design are shown in Diag ram 32. 

A s imp le Host Adapte r may contain on ly a SCS I protocol control Chip ,  which is then 
manipu lated by a d river in  the Host System .  Th is means the Host is responsib le for 
Path Control detai ls .  The s imp le Host Adapter interfaces to the Host System in much 
the same way as a s imple contro l ler interface , such as the d isk contro l ler  in a PC. 

A more comp lex Host Adapter inc ludes an auxi l iary processor wh ich man ipu lates the 
SCSI Ch ip ,  and also conta ins log ic for d i rect memory access (DMA) as a Bus M aster. 
The Bus M aster/DMA logic a l lows the comp lex Host Adapter to d irectly hand le the 
Path Contro l function of the I n itiator. With a comp lex Host Adapter, the Host asks for 
an /jO Process to be executed , and the Host Adapter takes care of a l l  of the detai ls .  
The comp lex Host Adapter behaves more l ike an 1/0 channe l  in  a mainframe or 
min icomputer. A comp lex Host Adapter usual ly (not always !)  g ives h igher  performance 
than a s imp le Host Adapter .  
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H ost 
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D I AG RAM 32 :  H OST ADAPTER DES I G N  EXAM PLES 
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To perform Path Contro l on  a comp lex Host Adapter, many des igns use a H ost 
Adapter Contro l Block, such as the one shown in Table 23. The Host passes a po inter 
to the Host Adapter that te l ls  it where to f ind the Control Block. The Host Adapter then  
uses its Bus M aster/DMA Capabi l ity to read the Contro l Block and  beg in  the  req uested 
ljO Process . The Contro l Block wil l  often inc lude the f ie lds shown : 

• The Command Descriptor Block (CDB) , just as it wou ld  be sent to the 
Target. The Host address of the f i rst byte of the C O B  in the Contro l Block 
can be used as the Saved Command Pointer value .  

• Pointer to  the Data Area. Th is is the  Host pointer to  the start o f  the  Host 
Data Area in Host memory. The Host Adapter may use th is  as the Saved 
Data Po inter  d u r ing a DA TA Phase.  

@ The Data Area S ize te l l s  the Host Adapter where the l im it of the Data Area is 
du ring a DATA Phase.  Th is a l lows the Host Adapte r to prevent an overrun of 
Host memory if the Target tr ies to transfer too m uch data. 

� The Link  Pointer is  the Host address to the next Contro l Block to be used 
when using Linked Commands . The next Contro l Block contains  a l l  of the 
information to be used du ring the next Linked Com mand .  I f  the COB does not 
contain a Lin ked Command , then th is f ie ld is  not used and shou ld be set to 
zero. 

e The Status code ,  just as it is received from the Target. The Host address of 
the Status byte in  the Contro l Block can be used as the Saved Status Pointer 
value .  

• The Target SCSI A ddress , the Logical Unit Number (L UN) ,  and (optional ly) 
the Queue Tag g ive the Host Adapter the information  it needs to establ ish 
the Nexus with the Target. 

• The COB Length is used by the Host Adapter to know how many bytes 
shou ld be transferred du ring the COMMAND Phase .  Whi le  the f i rst byte of 
the C O B  usual ly def ines the length of the COB, the Vendor Specific Com
mand Codes are not of standard length . 
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TABLE 23:  HOST ADAPTER CONTROL BLOCK EXAMPLE 

Byte I Field Descript ion 
Number 

00- 1 1 Command Descriptor B lock (C O B) 

1 2- 1 5 Po inter to Data Area 

1 6- 1 9 Data Area Size 

20-23 Lin k  Pointer to Next Contro l Block 

24 Status Code 

25 Target SCSI Address 

26 Log ical Un it N u m ber 

27 Queue Tag 

28 C O B  Length 

As of th is  writ i ng , com p lex Host Adapters are com ing down in  p rice to the point  that i t  
makes sense to use the comp lex Host Adapter i n  a l l  but the most cost sens it ive or  
s ize sens itive app l ications .  

H 

I 
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This page is nearly b lank!  
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1/0 Process. 
1/0 Signal. 

IDENTIFY Message. 
IGNORE WIDE RESIDUE Message. 

Information Transfer Phases. 
Initial Connection. 

Initialization. 
INITIATE RECOVERY Message. 

Initiator. 

I 

INITIATOR DETECTED ERROR Message. 
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1/0 Process. OK, we al l  know what an 1/0 process is :  "Wel l ,  now I am go ing  to do  
some input o r  output with my peripheral . "  Wel l ,  close enough . . . .  

On t h e  other  hand ,  maybe not. SCSI has specifical ly def ined t h e  term 1/0 process for 
a reason .  Let's see what SCS I means by 1/0 Process, what it means to us, and h ow it 
re lates to the trad itiona l  concept of l/0 process. 

To SCS I ,  an 1/0 Process has the fo l lowing characteristics : 

( 1 ) I t  beg ins  with an Initial Connection (an I n it iator Selects a Target; k ind of 
l i ke " Boy meets G ir l ") . 

(2) It is described by a Nexus which def ines the relationsh ip  between the 
I n it iator and Target. 

(3) I t  may involve no SCSI Commands , one comman d ,  or more than one 
com m and i f  they are Linked Commands . 

(4) I t  may have a DA TA Phase ,  but on ly for certa in SCS I Commands.  

(5) I t  may involve no  Reconnection ,  or i t  may have one or  more Reconnec
tions .  

(6)  I t  may have a S TA TUS Phase , with or  without a SCS I Command .  

(7) I t  ends  with t he  BUS FREE Phase that occu rs after one o f  t he  fol lowing 
end ing events: 

• The Target sends the COMMAND COMPLETE Message ; the normal way 
to end the 1/0 Process. 

• ABOR T  Message ; an abnormal exit requested by the I n it iator. 

• ABOR T  TA G Message ; another abnormal exit req uested by the I n itiator. 

• BUS DEVICE RESET Message ; a re- in it ial ization by the I n it iator. 

• CLEA R  QUEUE Message ; another abnormal exit by the I n itiator. 

• Hard Reset ;  by the I n itiator or  another SCSI Device .  

• RELEA SE RECO VER Y Message ; see Extended Contingent Allegiance . 

• Unexpected BUS FREE Phase;  an abnormal exit by the Target. 

You can see all of this i l l ustrated in  Diag ram 33. 
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i n it ia l  J Co n n ection  

Estab l ish  
a N exus 
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Via COMMAND Phase: 
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Via DATA IN or 
DATA OUT Phase 

Via STATUS Phase 
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BUS DEVIC 
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ABORT, BUS DEVICE RESET, etc. 

E RESET Message 
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RECOVERY Message 
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t B U S  F R E E  End of 1/0 Process 

P h ase 

DIAG RAM 33 : F LOW OF EVE NTS DU R I N G  A N  1/0 PROCESS 
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Some examples always he lp too :  

Exa m p l e  #1 : A command from an I n itiator to a Target with no  d ata transfer 
(Diag ram 34) : 

1 60 

( 1 ) An I n it iator con nects to a Target by Arbitrating  for the bus and Selecting  the 
Target. 

(2) A Nexus is estab l ished via the IDENTIFY Message , sent du ring the MES
SA GE OUT Phase.  The Nexus estab l ished in  th is case is cal led an " I_ T _L 
Nexus" :  The Nexus is described by an I n it iator SCSI Bus ID ( 1_) , a Target 
SCSI Bus I D  LT _) , and a Logical Unit Number (L UN) LL) . 

(3) A Command Descriptor Block (CDB) is sent du ring a COMMAND Phase 
f rom the I n it iator to the Target. The COB contains  the SCSI Command  for 
the Target to execute. 

(4) The Target returns "GOOD" Status during the STATUS Phase.  

(5)  The Target retu rns the COM MAN D COM PLETE M essage du ring MESSA GE 
IN Phase . I n  th is case,  the Target estab l ishes the "End ing  Event" . 

(6) BUS FREE Phase completes the 1/0 Process. 
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I n it ia l  
C o n n ect ion 

Establ ish l a N exus 

I 
Transfer the I Com mand 

I 

[ Transfer J Data 

No data transfer needed 
+ 

Transfer 
Status 

L 

Disco n nect and 
Reco n n ect 

No disconnect needed 

+ 
E nd i ng 
Event 

B U S  F R E E  
P h ase 

Via SELECTION Phase 

Via MESSAGE OUT Phase: 
IDENTIFY Message only 

Via COMMAND Phase 

No DATA IN or 
DATA OUT Phase 

Via STATUS Phase 

No Disconnect and 
Reconnect 

Via the 

I 

COMMAND COMPLETE Message 

End of 1/0 Process 

D I AG RAM 34: 1/0 PROC ESS FLOW EXAM P LE #1  
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Exa m p l e  #2 : A special message from an I n it iator to a Target is sent with no  SCS I  
Command (D iag ram 35) : 

( 1 ) An I n it iator con nects to a Target by Arb itrat ing for control of the bus  and  
Selecting  the  Target. Th is estab l ishes an " I_ T Nexus" ,  described on ly by the 
I n itiator and Target SCSI Bus I Ds .  Th is is a suffic ient Nexus for the events 
to fo l low. 

(2) A BUS DEVICE RESET Message is sent from the I n it iator to the Target to 
cause the Target to clear al l activity. In this case ,  the I n it iator estab l ishes 
the "End ing  Event" .  Note that no COM MAN D,  DATA, o r  STATUS Phases 
occu r i n  this l/0 Process. 

(3) BUS FREE Phase com pletes the 1 /0 Process. 
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I I n i t ia l  l C o n n ect ion  

Estab l ish  l I a N exus 
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( Transfer a J Com mand 

( Transfer J Data 

( Transfer J Status 

D isco n n ect and 
Reco n nect 

( E n d i ng J Eve nt 

message from initiator only 

B U S  F R E E  
P h ase 

I 

Via SELECTION Phase 

Via MESSAGE OUT Phase: 
BUS DEVICE RESET Message only 

No COMMAND Phase 

No DATA IN or 
DATA OUT Phase 

No STATUS Phase 

No Disconnect and 
Reconnect 

BUS DEVICE RESET Message 
is its own Ending Event 

End of 1/0 Process 

D I AG RAM 3 5 :  1/0 P ROCESS FLOW EXAM P LE #2 
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Exa m p l e  #3: The Target Queues the 1/0 Process from the I n it iator and Disconnects 
before execut ing it (D iag ram 36) : 

( 1 ) An I n it iator connects to a Target by Arbitrating for control of the bus and 
Selecting the Target. 

(2) A Nexus is estab l ished via the I DENTI FY Message and the SIMPLE 
QUEUE TA G Message . The Nexus establ ished in  th is case is cal led an 
.. ,_ T _L_Q Nexus .. : The Nexus is described by an I n it iator SCSI Bus 1 0  ( I_) , 
a Target SCSI Bus 1 0  LT _) , a Log ical Un it N u m ber  (LU N)  LL_) , and a 
Queue Tag LQ) . 

(3) A C O B  contain ing  a SCSI Command is sent du ring COM MAN D Phase from 
the I n it iator to the Target for the Target to execute . 

(4) The Target Disconnects from the I n itiator by sending a DISCONNECT 
Message du ring MESSA GE IN Phase.  A BUS FREE Phase fo l lows the 
D ISCO N N ECT Message ,  but this does not end the 1/0 Process.  Also, note 
that the Target may decide to queue before transferring the SCS I Command 
( i .e . ,  sk ip the COM MAN D Phase) i f  i t  does not have enough storage space 
for the COB .  

(5) Later ,  t he  Target Reconnects to  the  I n itiator v ia  the  RESELEC TION Phase .  
During Reconnection ,  the Target re-establ ishes the Nexus that was estab
l ished du ring the Initial Connection . During a M ESSAG E I N  Phase,  the 
Target sends an I DENTI FY Message which establ ishes the LU N ,  and then 
sends a S I M PLE QUEUE TAG Message that establ ishes the o rig inal Queue 
Tag value .  

(6) The SCSI  Command sent by  the  I n itiator requested the Target to  return 
some data to the I n it iator .  The Target switches to DA TA IN Phase to send 
the data to the I n itiator. 

(7) The Target retu rns Status and then the COM MAN D COM PLETE M essage 
as in  Example #1 . 

(8) BUS FR EE Phase completes the 1/0 Process. 
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Via SELECTION Phase 
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IDENTIFY Message and SIMPLE 
QUEUE TAG Message 

Via COMMAND Phase 

Via DATA IN Phase 

Via STATUS Phase 

I 

Via MESSAGE IN Phase and I RESELECTION Phase 
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COMMAND COMPLETE Message 

End of 1/0 Process 

D I AG RAM 36 : 1/0 P ROCESS FLOW EXAM P LE #3 
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Exam p l e  #4: An I n it iator sends two SCSI commands in one 1/0 Process.  The f i rst 
COB is a Linked Command wh ich is queued by the Target. The second C O B  is sent 
after the com p letion of the f i rst command (Diagram 37) : 

( 1 ) An I n it iator Connects to a Target. 

(2) An .. I_T_L_Q Nexus .. is estab l ished via the I DENTI FY M essage and the 
ORDERED QUEUE TA G Message . 

(3) A C O B  contain ing  the f i rst SCS I Command is sent du ring COM MAN D Phase 
from the I n it iator to the Target for the Target to execute . The LI N K  Bit is set 
to one in  the C O B  to ind icate that this command is Linked to a fo l lowing 
command .  

(4) The Target Disconnects from the  I n it iator by  send ing  a DISCONNECT 
Message d u ring MESSA GE IN Phase . A BUS FREE Phase fo l lows the 
D ISCO N N ECT Message ,  but th is does not end the 1/0 Process . 

(5) Later ,  the Target Reconnects to the I n it iator via the RESELECTION Phase .  
During  Reconnection ,  the Target re-establ ishes the Nexus that was estab
l ished d u r ing the Initial Connection . During a M ESSAG E I N  Phase,  the 
Target sends an I DENTI FY Message which estab l ishes the LU N ,  and then 
sends a S I M PLE QUEUE TAG Message (not an ORDERED QUEUE TAG 
Message) that estab l ishes the orig inal Queue Tag value .  

(6) S ince th is is a Lin ked Command ,  the  Target retu rns . .  I NTER
M EDIATE/GOOD . .  Status du ring the STATUS Phase. 

(7) Also , s ince th is is a Linked Command ,  the Target returns the LINKED 
COMMAND COMPLETE Message during the M ESSAG E I N  Phase . This 
com p letes on ly the fi rst SCSI Command , but does not comp lete the 1/0 
Process. 

(8) I mmed iate ly after the M ESSAG E IN Phase, a C O B  contain ing the second 
SCSI Command is sent during the second COM MAN D Phase from the 
I n itiator to the Target for the Target to execute. S ince th is command is not 
Lin ked to a fol lowing command,  the LI N K  Bit is set to zero in the COB .  

(9) The second SCSI Command sent by  the  I n it iator requests the  Target to 
receive some data from the I n itiator. The Target switches to DA TA OUT 
Phase to get the data to the I n it iator. 

( 1 0) The Target retu rns Status and then the COM MAN D COM PLETE M essage 
as in  Example #1 . 

( 1 1 )  BUS FREE Phase completes the 1/0 Process. 
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I n it ia l  
C o n n ecti o n  

Estab l ish 
a N exus 

aet next linked command 

Transfer a 
C o m m and 

Transfe r 
Data 

reconnect for status 

Transfer 
Status 

I I 
J 

+ 
Queue process for later 

D i sco n n ect and 
Reco n nect 

J 
disconnect not needed 

E n d i n g  
Event 

B U S  F R E E  
P h ase 

Via SELECTION Phase 

Via MESSAGE OUT Phase: 
IDENTIFY Message and SIMPLE 
QUEUE TAG Message 

Via COMMAND Phase 

Via DATA OUT Phase 

Via STATUS Phase 

I 

LINKED COMMAND COMPLETE 
Message after first STATUS Phase 

Via MESSAGE IN Phase and 
RESELECTION Phase 

Via COMMAND COMPLETE 
Message 

End of 1/0 Process 

D I AG RAM 37:  !/0 P ROCESS FLOW EXAM P LE #4 
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Why def i n e  a n  1/0 P rocess? As you can see, an 1/0 Process is more invo lved than 
the " read a few sectors" type of 1/0 most of us are used to . Going back to 
Diag ram 33, we see that a SCSI 1/0 Process can be any of the fol lowing :  

• A SCSI  Command with no data transfer. 

• A SCSI Command that retu rns data to the I n itiator. 

• A SCSI Command that takes data from the I n itiator .  

• Any of the above broken up into one or  more Reconnections .  

• Any of  the above q ueued for  later execution by the Target. 

• More than one SCSI Command Linked together into a s ing le 1/0 Process.  

• A " BUSY" Status-on ly transfer from the Target te l l i ng the I n itiator to try the 
SCSI Command at a later time .  

• A Path Control M essage-on ly transfer from the I n it iator, l i ke BUS DEVICE 
R ESET or  ABORT, with no SCS I Command .  

• Any o f  the  above interrupted by  a Hard Reset or  transition to  an Unexpected 
BUS FREE Phase.  

Th is l ist g ives an ins ight  to how SCS I gets th ings done .  Some  of the th ings  on  the l ist 
are just l i ke a "trad itional 1/0" .  Many of the other tasks (such as Path Control) were 
performed more d i rectly in o lder  interfaces. I n  SCS I ,  a lmost everyth ing is accom
p l ished by a bus transaction that looks a lot l ike a "trad itional  1/0" .  Th is made it 
necessary in SCSI to have a broad defin it ion of an 1/0 Process.  

1/0 Signal. The 1 /0 s igna l  is d riven by the Target to control the d i rection  of al l  
transactions on  the SCSI bus. 1 /0 is one of the th ree Bus Phase Signals (See also 
Bus Phases) . Note that bus d i rection in SCS I is always def ined re lative to the 
I n itiator :  

• When th is s ig nal is fa lse (negated or re leased) , the bus  d i rection is OUT from 
the I n it iator .  1/0 is false du ring SELECTION Phase ,  DA TA OUT Phase , 
MESSA GE OUT Phase ,  and COMMAND Phase .  

• When the s ignal is true (asserted) , the  bus d i rection i s  IN  to  the  I n itiator .  1/0 
is true du ring RESELECTION Phase , DA TA IN Phase ,  MESSA GE IN 
Phase ,  and STA TUS Phase. 
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IDENTIFY Message. The I D ENTI FY message is used by one  device to 

identify the Logical Unit or Target Routine to another .  The I D E NTI FY m essage is the 
f i rst message sent  by an I n it iato r at the beg i nn ing of an Initial Connection for  most 
f/0 Processes . It is a lso the f i rst message sent by a Target at the beg i n n ing  of a 
Reconnection . After the  I DE NTI FY message is transfe rred , a Nexus i s  estab l i shed ; 
e ither  an I_ T _L n exus  o r  an I_ T _R nexus .  

N ote : I n  p ract ice ,  Target Rout ines are used on ly for a spec ia l  featu re of the I N QU I RY 
Com m an d .  Except for  that ,  you may never encou nter  the need to support Target 
Rout ines .  

Bit 7 6 5 4 3 2 1 

Byte 

0 Ide n t i fy D iscPr iv LU NTA R Reserved Rese rved LU NTRN 

The I D ENTI FY M essage is u n usual in  that i t has several b its def ined with i n  it .  The 
I dent ify b it determ ines that th is is an I D E NTI FY message :  

0 

I d e nt ify = 0 :  I f  the I d ent ify b it is zero,  then th is  is not an I DE NTI FY message .  Look  
somewhere e lse .  

i d e nt ify = 1 :  I f  the I dent ify b it is one ,  then th is  is an I D E NTI FY m essage .  You m ay 
p roceed .  

The D iscPr iv b it can on ly be set  by the I n it iator .  When  the Target sends  the I D E NTI FY 
messag e ,  it a lways c lears th is  b i t  to zero .  

I 

Disc P riv = 0 :  When th is  b it i s  cleared to zero by the I n it iator ,  the Target is  n ot I perm itted to Disconnect from the bus .  The I n i t iator m ight c lear th is  b it to zero 
when it req u i res an immed iate response ,  or  can not to le rate a d isco n nect for any 
other  reason .  

D iscPriv = 1:  When th is  b it i s  set to one by the I n itiator ,  the Target i s  perm itted to 
D isconnect f rom the bus .  

For s imp l ic ity , the I n it iato r shou ld a lways set t he  DiscPriv b it to  one ,  s i nce the Targets 
usu al ly d isco n nect on ly when  it's appropriate . Real ly .  I n  p ract ice, modern SCSI  
I n i t iators can accept a d isco n nect a t  any time .  Therefore ,  the  I n itiator shou ld  general ly 
not c lear th is b it to zero.  

A case where c lear i ng D iscPr iv to zero wou ld  be better is i n  a system where the re is 
on ly one Targ et and one  I n i t iato r .  In this case DiscPriv shou ld  be zero because the 
extra D isco n nects are u n nec�ssary and add extra overhead t ime .  
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The LU NTAR b it determines whether a Log ical Un it o r  a Target Rout ine is be ing 
identified : 

1 70 

LU NTAR = 0 :  When LUNTAR is zero, a Log ical Un it is be ing identif ied . Th is is the 
typ ical case,  as noted before. 

LUNTAR = 1 :  When LUNTAR is one, a Target Routine is being identified . Th is is a 
rare case,  as noted before. 

The LU NTRN field contains the Logical Unit Number (L UN) or the Target Routine 
Number (TRN) ,  as ind icated by the LU NTAR bit. Th is is what is real ly be ing identified . 
(The number  of b its in th is f ie ld may be extended in the SCSI-3 Standard . ) 

Because it is such an important message (or, because it has been around for a long 
t ime . . .  ) ,  I DENTI FY has some special ru les:  

• I f  the I DENTI FY message is received by a Target du ring an I n it ia l  Connection 
with any of the Reserved b its set to one, or  if the Target does not support 
Target rout ines and LU NTAR is one,  it may respond in  one of two ways: 

• Go to MESSA GE IN Phase and send a MESSA GE REJECT Message 
immed iate ly after receivi ng the I DENTI FY message .  Th is method is "arch i
tectural ly correct" ;  an unacceptab le message is rejected in  k ind .  Th is is 
preferred ,  but not always possib le .  

• Go to STA TUS Phase and retu rn C H ECK CON DIT ION Status . Th is 
estab l ishes Contingent Allegiance Condition with the I n itiator. The Target 
creates SENSE DATA that ind icates that the message was an I LLEGAL 
REQU EST with I NVALI D BITS IN TH E I DENTI FY M ESSAG E (SCS I  caps,  
not m ine) .  Th is opt ion must exist because many SCS I Protocol Chips do 
not test the val id ity of  the I DENTI FY message u nt i l  after the COMMAND 
Phase is com p leted .  (Th is is done to enhance performance.)  Wh i le  not the 
optimum solut ion ,  it is acceptable under the standard ,  and is worth i t  to get 
the performance enhancement in most cases. 
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• If the I DE NTI FY message is received by an I n itiator d u ring a Reconnection 

with any of the Reserved b its set to one, or  if the DiscPriv b it is set, the 
I n it iator m ay respond any way it chooses, includ ing : 

• Creating  the A ttention Condition and send ing the M ESSAG E R EJ ECT 
message .  

• Send ing the ABOR T  Message , the  ABOR T TA G Message , or  BUS 
DEVICE RESET Message . 

• The I n it iator may send the I DENTI FY message more than once du ring an lfO 
Proces s ,  but it may not change the identified Log ical Un it o r  Target Rout ine. 
In other words ,  it may on ly change the state of the DiscPriv b it .  We recom
mend us ing the Disconnect control featu res of the MODE SELECT command 
instead , for lower overhead and s impler design .  I f  the Target receives a 
second I D ENTI FY M essage during an 1/0 Process that changes anyth ing 
other  than the DiscPriv b it, i t  transitions to an Unexpected BUS FREE 
Phase ;  naughty I n itiator. 

• When the I n it iator receives the I DENTI FY message after a Reconnect (p lus 
the SIMPLE QUEUE TA G Message , i f  reconnecting for an I_T_L_Q Nexus) ,  
it has the same effect as a RESTORE POINTERS Message . 

S u m ma ry of U s e :  The I DE NTI FY message may be transferred in the fol lowing 
s ituations :  

• By the I n it iator immed iately after SELECTION Phase . 

• By the Target immed iate ly after R ESELECTION Phase.  

I 

The I n it iator is a l lowed to send the I DENTI FY message at other t imes to control the I Target's d isconnect p rivi lege ,  but there are more eff icient ways to control d isconnect 
via the MODE SELECT com mand , so p lease avoid us ing the I DENTI FY message this 
way. 
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IGNORE WIDE RESIDUE Message. There are many types of residue  
that you do  not have to  be told to  ignore! When us ing Wide Data Transfer, you need 
a l itt le g u idance .  Th is message is sent from the Target to the I n it iator immed iately 
after a DA TA IN Phase in  which Wide Data Transfer was used . I t  is not sent from the 
I n itiator to the Target after a DA TA OUT Phase (Why? See below) . 

Why I G N O R E  WI DE  R ES I D U E? The Target may have to retu rn data of odd or  
indeterminate length du ring  a 1 6-b it or  32-b it transfer: 

• The Target is a tape d rive with variable length b locks, and the block length is 
an odd number  of bytes. In this case, IGNORE WI DE  R ES I D U E  is sent to 
inform the I n itiator of the exact end of the block. 

• The I n itiator has al located an odd number of bytes for the data retu rned by a 
com mand .  (Th is m ight happen with o lder I n itiator software) . I n  th is case ,  
I G N O R E  WI DE R ES I DUE is  sent to  ensure that the I n itiator does not reg ister 
a buffer overf low error (see Path Control and Hos t A dapter) . 

• When do ing 32-b it transfers , there are certain commands which may requ i re 
a number  of bytes that is not d ivis ib le by 4, such as 1 0 bytes. I n  th is case,  
IG NORE WI DE R ES I DU E is sent to inform the I n itiator of the exact transfer 
length . 

We can th i nk  of other  ways that real ly don't make sense, l i ke a d isk  d rive with 5 1 3  
byte sectors , but th is writer hasn 't seen them .  The fact is ,  any Target designed for 
Wide Data Transfer shou ld  make every effort to transfer a number  of bytes such that 
th is message isn 't necessary (see Etiquette) . 

Why is I G N O R E  WI DE R ES I DU E  not sent after a DATA OUT Phase? Because: 

• I f  a byte transfer length is specified in the command,  the Target knows the 
exact byte count from the Transfer Length in the C O B, so no  message is 
needed . 

• I f  a b lock transfer length is specified in the command ,  the Target knows the 
b lock length , so no message is needed . 

At last, the message format:  

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = 2 3  hex 

1 Ignore Code 
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The second byte of the  message is the I g nore Code ,  wh ich te l l s  the I n i t iator what to 
ig nore.  Tab le  26 shows the mean ing  of the I gnore Codes for 32-b it and  1 6-b it trans
fers . 

TABLE 26:  I G N O R E  WI DE  R ES I D U E  I GNORE CODES 

Ignore Code Meaning for 3 2 -bit Transfers Mean ing for 1 6-b it  Transfers 

00 hex Reserved - not used Reserved - not  used 

01  hex D iscard the data bits on DB(3 1 -24 )  D isca rd the data b i ts on D B( 1 5 -8 )  
(D isca rd the u pper byte) (D isca rd the u pper byte) 

02 hex D iscard the data bits on DB(3 1 - 1 6) Reserved - not used 
(Disca rd the u pper two bytes) 

03 hex D iscard the data b its on DB(3 1 - 8) Reserved - not used 
(D iscard the u pper th ree bytes) 

04-FF  hex Rese rved - not used Reserved - not used 

S u m ma ry  of U s e :  The I G N O R E  WI DE  R ES I D U E  message is sent on ly by a Target 
after a DATA I N  Phase in wh ich Wide Data Transfer was used , and the transfe r length 
in  bytes was not a m u lt ip le  in  bytes of the transfer width . 

Information Transfer Phases. The I nfo rmat ion Transfer  Phases are the 
types of Bus Phases i n  wh ich some type of  rea l  informat ion is transferred on  the bus 
( imag i ne  that?) . Contrast to  the Connection Phases . An I nformat ion Transfer Ph ase 
is any phase in wh ich the REQ Signal and A CK Signal control the f low of the phase . 
The phases are :  

• COMMAND Phase :  Used to transfer Command Descriptor Blocks (CDBs) 
from the I n it iato r to the Target. 

• S TA TUS Phase :  Used to transfer Status from the Target to the I n it iato r .  

• DA TA OUT Phase :  Used to transfe r data from the I n i t iator to the Targ et. 

• DA TA IN Phase Used to transfer data from the Target to the I n it iator .  

• MESSA GE OUT Phase:  Used to send a Message from the I n it iator to the 
Target. 

• MESSA GE IN Phase :  Used to send a Message from the Target to the 
I n it iato r .  

I 
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Initial Connection. An I n it ial Connection is the Connection that beg ins  an /jO 

Process .  The I n it ial Connection beg ins with a SELECTION Phase and continues  with 
an IDENTIFY Message and possibly a Queue Tag Message in  a MESSA GE OUT 
Phase.  This resu lts in  a Nexus being establ ished between the I n it iator and Target. 

Initialization. I n itial ization is performed by an I n it iator or a Target after a Power
up reset or a Hard Reset. Since it is somewhat un ique to each Device Type ,  and 
involves specif ic com mand sequences, th is subject is fu l ly covered in  the other 
vo lumes of the SCSI Encyclopedia.  
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INITIATE RECOVERY Message. The I N ITIATE R ECOVERY message is 
sent by a SCSI Device to begin an Extended Contingent A llegiance (ECA) condi
tion .  The message is normal ly sent by a Target, but i f  a device that is normal ly a 
Target uses A syn chronous Event Notification (AEN) , it may also send th is message 
when it takes the I n it iator role in  o rder to send the AEN data. 

B it  7 6 5 4 3 2 1 0 

Byte 

0 Message Code = OF hex 

See Extended Cont ingent Al legiance (ECA) for complete detai ls on how to use th is 
message .  

S u m m a ry  o f  U s e :  The I N ITIATE RECOVERY message is sent by  a SCS I  Device to 
beg in an ECA cond ition .  

I 
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Initiator. From the d ictionary: "One who in itiates . . .  " .  Wel l ,  that works! On  the SCSI 

Bus , the I n it iator beg ins a bus  transaction (wh ich is cal led an ljO Process) . 

I n  genera l ,  the I n it iator is a ro le assumed by any SCSI Device to issue a SCSI 
Command to another  SCSI  Device that can assume the Target ro le .  I n  trad it iona l  
te rms ,  an I n it iator is usual ly the pr imary ro le assumed by a Host  Adapter. A per ipher
al Controller m ay also assume the I n itiator ro le to perform ,  for example ,  an A syn
chronous Event Notification (AEN) or the COPY Comman d .  

Diag ram 3 8  shows the I n it iator role in  a system,  and also shows which signals on  the 
SCSI Bus the I n it iator d rives and receives. The fo l lowing bu l lets g ive a f lavor of the 
I n it iator's contribut ion to the execution of an 1/0 Process :  

• On ly an  I n it iator can beg in  an  1/0 Process. An  1/0 Process is beg u n  when  a 
SCS I Device takes the I n it iator ro le and Selects a Target. 

• After SELECTION Phase ,  the Target contro ls chang ing  to d ifferent Bus 
Phases . The I n it iator must respond to these Phases and transfer information 
as req uested by the Target. 

• The I n it iator may attem pt to get the Target's attent ion by (appropr iately 
enough)  creating the A ttention Condition . Th is is the on ly way to modify the 
Target's behavior regard ing Bus Phases. 

• I f  the Target cannot be reasoned with by the Attent ion Cond it ion and subse
quent MESSA GE OUT Phase ,  the on ly other opt ion avai lab le to the I n it iator 
is to create the Reset Condition . 

• The I n itiator keeps Pointers fo r each pend ing 1/0 Process that maintain the 
cu rrent state of Command ,  Status , and Data transfer. Pend ing 1/0 Processes 
inc lude both A ctive ljO Processes ,  and 1/0 Processes waiti ng in  a Queue . 
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INITIATOR DETECTED ERROR Message. The I N ITIATOR D E
TECTED ERROR message is sent by the I n itiator to inform the Target that an e rror 
has been detected by the I n itiator (either on the bus or  somewhere with in the I n it iator) . 
The intent of the I n itiator is to p rompt the Target to perform an Error Recovery 
procedu re ,  such as the Target sending a RESTORE POINTERS Message . 

Bit 7 6 5 4 3 2 1 
Byte 

0 Message Code = 05 hex 

Some examples of when the I n it iator would send th is message :  

• After detect ing a Parity error during an inbound Information Transfer 
Phase,  e ither a STA TUS Phase or a DA TA IN Phase .  

• After detecting an internal error during an outbound I nformation Transfer 
Phase,  e ither  a COMMAND Phase or a DA TA OUT Phase .  

0 

Note that it is not appropriate to send this message as a resu lt of an error detected 
during MESSA GE IN Phase or  MESSA GE OUT Phase.  These phases have special 
error hand l ing . See Message System . 

The I n itiator sends the I N ITIATOR DETECTED ERROR message by creat ing the 
Attention Condition and waiting for the Target to respond with M ESSAG E OUT 
Phase. 

Su mmary of Use:  The I N ITIATOR DETECTED ERROR message is sent on ly by the 
I n itiator after it detects an error du ring a DATA I N ,  DATA OUT, COM MAN D,  or  
STATUS Phase.  
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LINKED COMMAND COMPLETE Messages. 
Linked Commands. 

Logical Block. 
Logical Block Address (LBA). 

Logical Unit. 
Logical Unit Number (LUN). 

I 
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LINKED COMMAND COMPLETE Messages. These messages are 
used to ind icate that one command of a "sequence" of Linked commands h as been 
comp leted successfu l ly .  There are two d ifferent s ing le byte messages for th is :  

• LI N KE D  COM MAN D COM PLETE:  

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = OA hex 

• LI N KE D  COM MAN D COM PLETE (WITH FLAG ) :  

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = OB hex 

The LI N KE D  COM MAN D COM PLETE messages are used to al low more than one 
command to  be executed in  a s ing le  ljO Process .  The Target sends  one o f  these 
messages afte r STA TUS Phase to te l l  the I n itiator to d iscard the Pointers i n  use at 
present, and load the Pointers for the next command of the 1/0 Process.  

S u m m a ry of U s e :  The L I N KED COM MAN D COM PLETE messages are sent on ly by 
a Target after a STATUS Phase to beg in the next Linked Command of an l/0 Pro
cess .  

Okay, but what's a FLAG ? Probably, the best th ing to do  is to get the whole story by 
read ing the next sect ion on Linked Commands . 

Linked Commands" The SCS I-2 standard defines Lin ked commands as a s ing le 
ljO Process to a s ing le  Nexus i n  which two or more Command Descriptor Blocks 
(CDBs) are executed consecutive ly. Not much he lp ,  is it? Let's try an example . . . .  

I n  the fo l lowing example (see Table 31 ) ,  the I n itiator ( let's cal l  h i m  lan th is time) wants 
to read some sectors from th ree d ifferent areas of the d isk (ou r  Target, Tanya) . 
Normal ly, th ree read commands would be issued ind ividual ly, and we show th is in the 
left hand co lumn .  In the r ight hand co lumn ,  we show the same sequence with Linked 
commands.  

The SCSI  Encyc l o ped i a ,  Vo l u me I Copyright © 1 99 1  ENDL Pub l ications 



1 8 1  
TABLE 31 : LIN KED COMMAND COMPARISON 

U n l i n ked Commands 

(U 1 ) :  i an  prepares the first command to  send to  Ta nya. 

(U2) :  ian Arbitrates for the Bus and Selects Ta nya. 

(U3): ian sends the Com mand Descriptor Block (CDB) for 
the first REA D  comma n d  to Ta nya. 

(U4) :  Tanya retu rns sector data to i a n .  

( U S ) :  Tanya s e n d s  Status a n d  a COM M A N D  COM PLETE Mes
sage to ian and goes to BUS FREE Phase. 

(U6) :  Jan  processes the completion Status and releases the 
data to the operating system.  

(U7) :  ian  prepares the second comma nd to  send to 
Tanya.( " )  

(US) : i a n  Arb itrates for the Bus a n d  Se lects Tanya. 

(U9) :  ian sends the CDB for the second REA D  comma nd to 
Ta nya. 

(U 1 0) :  Tanya retu rns sector data to ian .  

(U 1 1 ) :  Tanya sends Status a n d  a COM MAND COM PLETE 
Message to ian  a n d  goes to BUS FREE Phase. 

(U 1 2 ) :  ian processes the completion Sta tus and releases 
the data to the operating syste m. 

(U 1 3 ) :  i a n  prepa res the th i rd command to send to 
Ta nya .( · )  

( U  1 4 ) :  i a n  Arb itrates for the Bus a n d  Se lects Tanya. 

(U 1 5 ) :  ian sends the CDB for the th i rd READ comma nd to 
Ta nya . 

(U 1 6) :  Tanya retu rns sector data to i a n .  

(U 1 7) :  Ta nya s e n d s  Status a n d  a COM MAND COM PLETE 
Message to Jan  a n d  goes to BUS FREE Phase. 

(U 1 8 ) :  ian processes the completion Status and releases 
the data to the operating system. 

n These steps cou ld  a l so occ u r  as part of step U 1 .  

L inked Commands 

( L 1 ) :  ian  prepares a l l  three commands to send to Ta nya. 

(L2) :  ian Arbitrates for the Bus a n d  Se lects Ta nya . 

(L3) :  Jan  sends the CDB for the fi rst R EA D  comma nd to 
Tanya. 

(L4) :  Tanya retu rns sector data to i a n .  

(LS) :  Tanya s e n d s  Status a n d  a L I N K E D  COM M A N D  COM PLETE 
Message to Jan .  

(L6}: ian processes the completion Status a n d  may or may 
not release the data to the operating system at this t ime. 

(L7) :  ian sends the CDB for the second REA D  com mand to 
Tanya . 

(LS) :  Tanya retu rns sector data to Jan .  

(L9): Tanya sends  Status a n d  a completion message to  ian .  

(L 1 0 ) :  ian  processes the compl etion Status a n d  may or  
may not  release the data to  the operating system at th is 
time. 

(L 1 1  ) :  i an  sends the CDB for the th ird READ comma n d  to 
Ta nya . 

(L 1 2 ) :  Tanya retu rns sector data to Jan .  

(L 1 3 ) :  Ta nya sends  Status a n d  a COM M A N D  COM PLETE Mes
sage to Jan .  

(L 1 4 ) :  Jan  processes the completion Status a n d  releases the 
data from th is  comma nd (or a l l  three commands i f  the 
data was not released before) to  the operating system. 

As we can see from Tab le 31 , when l an used Lin ked Commands ,  he saved the 
overhead of Arbitrating and Connecting to Tanya for each com mand .  Th is g ives a 
modest performance improvement. 

L 
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More importantly, he was able to execute th ree commands in  an unb roken manner .  
When Tanya accepted the f i rst Linked Command ,  he gained exclus ive access to 
Tanya for the d urat ion of the Lin k. As long as no errors o r  fau lts occu r, Jan  can keep 
send ing commands to Tanya as long as he sets the Lin k  b it .  No other I n it iators can 
have commands executed in  between Jan 's commands. Th is amounts to a .,poor
man's reservat ion .. of Tanya by Jan . I n  practice,  there are .,fr iend l ier., ways to get a 
reservation (see the other Vol umes of the SCSI Encyclopedia) , but th is is one way to 
do a short term , low-overhead , q u ickie reservation .  

An I n it iator beg ins  a sequence of Linked Commands b y  sett ing the Lin k  b it to o n e  i n  
the Control Byte of the COB.  As long as the I n it iator keeps the Lin k  b it set i n  each 
COB,  the sequence of Lin ked Commands continues .  The Lin kage ends when the 
I n itiator sends a COB with the Lin k  b it cleared to zero ,  o r  an .,e rror .. occu rs . 

Diag ram 39 shows how a Target p rocesses Linked Commands.  The Target executes 
the Command . If the execut ion resu lted in one of the fo l lowing Status codes, the l i nk  
i s  broken and the Target retu rns the COMMAND COMPLETE Message to  end the 1/0 
Process :  

• C H EC K  CON D ITION 
• BUSY 
• RESERVATION CON FLICT 
• COM MAN D TER M I NATED 
• QUEUE FULL 

If the Status is not on  the above l ist, the Target next examines the COB to see i f  the 
Link  bit is set to one :  

• I f  t he  Lin k  bit i s  zero ,  th ings end normal ly (GOOD Status o r  CON DITION 
M ET Status ,  COM MAN D COM PLETE Message ,  and  BUS FREE Phase . 

• If the Lin k  b it is one ,  the Target retu rns Status that ind icates the completion 
of a Linked Command ;  e ither I NTERM EDIATE Status or I NTER M EDIATE 
CON DITI O N  M ET Status .  

The Target then examines the Flag bit in the COB: 

• I f  the F lag b it is zero ,  the Target retu rns the LINKED COMMAND COM
PLETE Message i n  the M ESSAG E I N  Phase fo l lowing the STATUS Phase.  

• I f  the F lag bit is one,  the Target retu rns the LINKED COMMAND COMPLETE 
(WITH FLA G) Message in  the M ESSAG E I N  Phase fo l lowing  the STATUS 
Phase. 

In  e ither  case ,  the next Phase is not BUS FREE Phase . The next Phase is  COM
MAN D Phase to  get the next COB in the Linked Command sequence .  
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Execute Com mand 

Yes 

The Initiator Selects the Target 
and establishes a Nexus 

The Initiator sends the Command 
to the Target 

The Target executes the Command, 
including any DATA Phase and 
Reconnections 

Any Command Error (that requires 
CHECK or other error Status; see text) 
breaks a sequence of Linked Commands 

Link bit zero = normal Command 
(GOOD Status) 

No 

L 

Yes 

Link bit one = Prepare to 
get Next Command 

COMMAND COMPLETE 
MESSAGE IN Phase 

I NT E R M E D IATE 
STAT U S  Phase 

Yes 

B U S  F R E E  
P h ase 

Above is the "normal" 
completion sequence 

Flag bit chooses which 
completion Message to 

No return during MESSAGE IN Phase 
�--------�--------� �--���--�--���--

L I N KE D  COM MAN D L INKED COMMAN D 
CO M P L ET E  COMPLETE (WITH FLAG) 

DIAG RAM 39:  LI N KE D  COM MAN D PROCESS I N G  FOR TARG ETS 
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Diag ram 40 shows how I n it iators process the end of a Linked Command .  After the 
STATUS Phase (note that the I n it iator doesn't particu larly care what the Status is  to 
process a Linked Command) , the I n it iator receives a Message du ring  the M ESSAG E 
I N  Phase.  Normal ly, th is message is one of the fol lowing th ree:  

• COM MAN D COM PLETE 
• LI N KED COM MAN D COM PLETE 
• LI N KED COM MAN D COM PLETE (WITH FLAG) 

If it's not one of these th ree ,  it shou ld be rejected as described in  the Message 
System. 

If the Message is COM MAN D COM PLETE, the Command is done ,  any Linkage is 
broken ,  and the Nexus no  longer exists. The old Pointers are d iscarded .  Complet ion 
of the Command shou ld  be reported to the I n itiator's Host. 

I f  the Message is one of the two LI N KED COM MAN D COM PLETE Messages,  the 
I n itiator d iscards the old Pointers and gets a new set of Pointers from the Host (by 
some prior arrangement ;  see Host Adapter) . 

If the Message was L I N KED COM MAN D COM PLETE (WITH FLAG) ,  the I n it iator 
shou ld also let its Host know that a Flagged Command was completed . (Th is  is  often 
done via a special inte rrupt . )  

The next Phase after M ESSAG E IN Phase should be COM MAN D Phase so that the 
Target can receive the new Command .  If it isn 't ,  the I n it iator shou ld probably issue the 
ABOR T  Message , ABOR T  TA G Message , or TERMINA TE f/0 PROCESS Message 
to break the l i nkage .  
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G et Complet ion  
Messag e 

Must be a LINKED 
COMMAND COMPLETE 
Message 

Set U p N ext 
Set of Po i nte rs 

Send n ext Co m m and 

The Initiator gets a MESSAGE IN after 
STATUS Phase; At this point, the Message 
has been determined to be: 
COMMAND COMPLETE, 
LINKED COMMAND COMPLETE, or 
LINKED COMMAND COMPLETE (WITH FLAG) 

The Command is over; 
Discard the Pointers and 
report completion to the Host 

C l ose N exus 

Somehow (see text), let the 
Host know that the Command 
with the Flag bit set was completed 

Flag H ost 

Get Pointers for next Command 
in the Sequence 

Next Phase should be 
COMMAND Phase 

L 

DIAG RAM 40 : I N IT IATO R P ROCESS AT E N D  O F  L I N KED COMMAN D  
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Final ly, we ask the m usical q uestion . . .  

What a re L i n ked Commands for? I n  practice, there is real ly no reason to use Lin ked 
Commands.  Th is may sound su rpr is ing at f i rst, because Lin king commands together 
seems l i ke an easy way to g ive a sequence of  commands some priority. But cons ider 
what it does to other  I n it iators on  the bus.  Their  commands are put on  ho ld for the 
du ration of the l i nk ,  and it also ties u p  the bus.  

Another bad effect of Linked Commands is that i t  defeats the performance advantages 
of a command Queue . By l ink ing the commands together ,  the commands are forced 
into seq uential o rder .  Th is defeats the Target's abi l ity to rearrange the order of 
command execution for maximum efficiency. 

The better way to do  it is to use the RESERVE and R ELEASE com mands.  Al l  SCSI  
Device Types support these commands. Like Linked Commands,  an I n itiator may lock 
out the commands from other I n itiators for the duration of the Reservation .  The 
RESERVE Command has the add itional abi l ity to reserve a port ion of the med ium,  
al lowing other I n it iators access to  the rest of  the Logical Unit. The reorder ing of 
commands in a Queue may also continue .  Reservations are explained in the other 
Volumes of the SCSI  Encyclopedia .  

The on ly "practical" appl ication of Linked Commands is for certain  special com m ands 
that can pass resu lts to a subsequent command.  For example ,  Linked Commands are 
used to pass the resu lt of a S EARCH Command to a subsequent R EAD command on 
a Direct Access Device . We wi l l  cover th is  appl ication in  Volume I I  of the SCSI  
Encyclopedia. I n it iators shou ld be aware that we have a lso seen Vendor Unique com
mands that use th is app l ication . 
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LogicaJi Block. The Log ical Block is the basic un it of data storage with i n  a SCSI 

Device .  As we wi l l  see in  later Volumes of th is Encyclopedia ,  a l l  d ata associated with 
normal R EAD and WR ITE Commands is stored as a Log ical Block: 

• On a D i rect Access Device (d isk d rive) , a Log ical Block is often a physical 
d isk  sector ,  but it cou ld also be made up of several physical d isk sectors , or 
be a port ion of a s ing le physical sector .  A Log ical Block is fixed in size for the 
whole Logical Unit, or for a port ion (or "extent") of the u n it .  

The I n it iator is able to determ ine the Log ical Block s ize (or s izes) with i n  a 
D i rect Access Device Log ical Un it by certain  device specif ic com m ands 
(wh ich we a lso won 't get into here) . 

• On a Sequential Access Device (tape d rive) , a Log ical Block is usual ly the 
native physical b lock size of the tape format in  use (e .g . ,  Q I C  o r  9-track) , but 
the variations noted for d isks cou ld also apply (rarely) . A Log ical Block cou ld 
be f ixed in  s ize for the whole Logical Unit, or  for a portion  (or "extent") of the 
u n it .  A Log ical B lock may a lso be variable in  s ize on  a b lock-by-block basis. 

I f  the Log ical Block size is fixed , then the I n itiator is able to determ ine the 
Log ical Block size (or s izes) with in  a Log ical Un it by certai n  device specific 
com m ands (wh ich we also won't get into here) . I f  the Log ical Block size is 
variab le ,  read Vo lume I l l  of the SCSI Encyclopedia !  

Some devices ,  such Processor or  Commun ication Devices ,  do  not use Log ical B locks , 
s ince they transfe r information packets of variable byte length . 

Logical Block Address (LBA). The Log ical Block Add ress specif ies a 

Logical Block of d ata with in  a device . When you send a command with an LBA to a 
device , the d evice uses the LBA to select the f i rst block of d ata that it wi l l  operate on .  
The treatment o f  Log ical B locks and LBAs is somewhat un ique  for  each device type 
(and we wi l l  cover them in  detai l in  later Volumes of th is Encycloped ia) , but there are 
some common  characteristics : 

• I f  the re are any Log ical Blocks , there is always an LBA #0. 

• Log ical Blocks are assigned LBAs, start ing with #0, i ncrement ing by one unt i l  
there are no more Log ical B locks . In other words ,  Log ical Blocks are ad
d ressed as if they were a contiguous set of f ixed or  variab le memory blocks. 

L 

• LBAs are not necessari ly assigned to perfectly correspond ing  physical sectors I or  b locks . With a D i rect Access (disk) Device , mapp ing Log ical Blocks d i rectly 
to correspond ing  physical sectors is often done to improve performance,  but  
somet imes a Log ical Block Address may point at a sector on  a d ifferent track 
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of the device . Th is al lows Log ical Blocks to be reassigned if defects render  
the orig inal sector o r  block unusable. A Sequential Access (tape) Device may 
avoid defective phys ical b locks by "skipping"  over them.  

Logical Unit. A Log ical Un it is the  basic addressable un it on  a Target. A Target 
may have up to eight Log ical Un its. Diag ram 41 shows the model  of a Target and its 
Log ical Un its . 

Each Log ical Un it represents some form of physical Peripheral Device.  The relation
sh ip of a Log ical Un it to Peripheral Device may be one of the fo l lowing :  

• The Log ical U n it d i rectly references a s ing le Peripheral Device. An example 
of th is is an embedded SCSI d isk or  tape drive . 

• The Log ical Un it references mu lt iple Peripheral Devices.  An example of th is is 
a disk d rive array where each Log ical Un it is composed of several d isk 
d rives.  

• The Log ical U n it references a portion of a Peripheral Device .  An example 
wou ld be a very large optical d isk d rive partit ioned into several Log ical Un its. 

• The Log ical U n it references mu lt ip le portions of several Per ipheral Devices. 
An example of th is is a d isk d rive array where each Log ical U n it is composed 
of portions of several d isk d rives. 

We are not pass ing f inal judgement on how possib le each of the relationsh ips l isted 
above are ,  but in the humble op in ion of th is writer, they are in o rder  of most common 
to least common . . .  

The concept of a Log ical Un it was to al low the above mappings to occur with in  a 
consistent structu re . No  matter  what the physical configu ration , a Log ical Un it is a 
Log ical Un it , and al l  Log ical Un its of a g iven device type are accessed the same way. 

It is poss ib le that a Target can have more than Device Type;  e .g . ,  a combination d isk  
and  tape Controller. I n  th is case,  the  d isk would be implemented as  one Log ical Un it , 
and the tape as another Log ical Un it. 
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I n i t iator Target 

I 
DIAG RAM 4 1 : TARG ET AN D LOG I CAL U N ITS 
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Logical Unit Number (LUN). The Logical Un it N u m ber (or LU N ,  some 
peop le pronounce i t  ., loon . .  , we prefer .,e l l -you-enn.,) is the address of  the L ogical Unit 
with in a Target. As described and shown above , each Target may have u p  to e ight  
Log ical Un its . The Log ical Un its on a Target may be al located LU Ns  arbitrari ly, except 
that there must be a LU N #0; a Target with a s ingle Log ical Un it wil l always assign it 
to LU N #0. 

The LU N is used by the I n itiator and Target to specify which Log ical Un it is being 
referred to. The IDENTIFY Message is used to exchange the LU N between the 
I n itiator and Target. (Older SCSI- 1 devices that d id not support the I DENTI FY Mes
sage specified the LU N in  the Command Descriptor Block (CDB) . )  The exchange of 
LU N is part of estab l ish ing a Nexus between two devices. 
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Message. 
MESSAGE IN Phase. 

MESSAGE OUT Phase. 
MESSAGE PARITY ERROR Message. 

MESSAGE REJECT Message. 
Message System. 

MODIFY DATA POINTER Message. 
MSG SignaL 

I 
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Message. A M essage is a un it of information sent: 

• from an I n it iator to a Target during a MESSA GE OUT Phase ;  or, 

• from a Target to an I n it iator du ring a MESSA GE IN Phase .  

A Message may be one or  more bytes in length . A M essage is used for: 

• Path Control, wh ich manages other Bus Phases . 

• Message System , which manages the Message transfers . 
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MESSAGE IN Phase. The M ESSAG E I N  Phase is used to transfer messages 
from the Target to . the I n it iator. See Message System for a description  of how 
message transfers are hand led in  genera l .  

D iag ram 42 and Diag ram 43 show how I n itiators and Targets handle the M ESSAG E 
I N  Phase: 

( 1 ) The Target sets the Bus Phase to M ESSAG E I N  Phase and asserts the 
REQ Phase .  

(2) The I n it iator takes the  message byte by  asserting  the A CK Signal. The 
Target fo l lows th is by negat ing the REQ Signa l .  

(3) The I n it iator then checks to see i f  a Parity error occu rred .  I f  i t  d id ,  it asserts 
the A TN Signal. (see A ttention Condition) .  

(4) I f  a com p lete message has now been received by the I n it iator ,  it p rocesses 
the message .  I f  the message requ i res a response,  or if it m u st be rejected ,  
t he  I n it iator asserts the ATN Signal .  

(5)  The I n it iator negates the ACK Signal to comp lete the byte transfer (see also 
A synchronous Data Transfer) . 

(6) If the ATN Signal was asserted , the Target switches to MESSA GE OUT 
Phase for response or  error hand l i ng .  Otherwise,  transfers conti nue  u nt i l  the 
Target has no more messages to send .  
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N o  

Set u p bus for 
M ESSAG E I N  Phase 

Asynch ro n o u s  
Transfer O n e  Byte 

Transfer Phase 

MSG, C/0, and 1/0 asserted 

Must transfer one byte at a 
time so that Initiator 
responses can be made on 
a byte basis 

ESSAG E O U  
P h ase 

The Initiator wishes to 
reject or respond to the 
message; or to report 
a transfer error 

Have all of the Message 
Bytes been sent by the 
Target? 

or BUS FREE Phase 
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DIAG RAM 42 : M ESSAG E I N  FLOW DIAG RAM FOR TARG ETS 
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Enter with REO asserted 

N o  

Asynch ro n o u s  
Transfe r O n e  Byte 

P rocess M essage 

N e g ate AC K 

Yes 

Must transfer one byte at a 
time so that parity errors 
can be reported on the byte that failed 
LEAVE ACK ASSERTED AFTER THE TRANSFER 

Assert ATN (create the Attention 
Condition) so that the error 
can be reported 

Ass e rt ATN 

N e g ate AC K 

The Target MUST change to 
MESSAGE OUT Phase! 

BUS FREE Phase may 
occur instead of a 
Transfer Phase 

ook for next phase 

DIAG RAM 43 : M ESSAG E I N  FLOW D IAG RAM FOR I N ITIATORS I 
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MESSAGE OUT Pha.sea The M ESSAG E OUT Phase is  used to transfer 
messages from the I n it iator to the Target. See Message System for a descript ion of 
how message transfers are hand led in genera l .  

Diag ram 44 and Diag ram 45 show how I n itiators and Targets hand le  the M ESSAG E 
OUT Phase:  

( 1 ) The I n it iator requests a M ESSAG E OUT Phase to send one o r  more 
Messages by creating the A ttention Condition d u ring  a Bus Phase .  

(2) The  Target sets the  Bus Phase to M ESSAG E OUT Phase and  asserts the 
REQ Phase .  

(3) The I n it iator takes the  message byte by asserting the A CK Signal. The 
Target fo l lows th is by negating the R EQ Signal ,  and the I n it iator negates the 
AC K Sig na l .  

(4) The Target then  checks to see i f  a Parity error occu rred .  I f  i t  d id ,  i t  conti n
ues the transfer unt i l  the A TN Signal goes false ,  d iscard ing  the bytes . 

(5) The I n itiator continues transfe rring unt i l  a l l  message bytes have been 
transferred except one .  The I n itiator then negates the A TN Signal after the 
R EQ Signal fo r the f inal byte transfer has been asserted .  

(6) When the  Target com pletes a byte transfer and  sees  the  ATN Sig nal has 
been negated ,  it knows the transfer is comp lete . I f  there was no  Parity error, 
it may then change to another phase.  

(7) I f  the re was a Parity error ,  after the Target has com pleted transferring  and 
d iscard ing  the message bytes , i t  asserts the R EQ Signal wh i le  staying in  the 
M ESSAG E OUT Phase.  The I n it iator sees the R EQ Sig nal and asserts the 
A TN Signal i n  response.  The message (s) are re-transm itted as i n  #3 above. 
Any of the messages transferred before the Parity e rror that the Target 
p rocessed shou ld  be ignored by the Target du ring  the retry. Don 't p rocess 
them twice ! 

(8) I f  the Target must respond to or reject a particu lar message ,  it switches to 
MESSA GE IN Phase to send the response,  even if the ATN Sig nal is sti l l  
asse rted .  

I t  shou ld  b e  noted that the I n itiator i s  al lowed to negate the ATN Signal (subject to the 
rules described in  the A ttention Condition) prior to the M ESSAG E OUT Phase.  Th is 
m ight occu r if the I n it iator decides to send a Message ,  and then cond it ions  change 
and the M essage is no  longer necessary.  Even though it is  a l lowed ,  it is  better if the 
I n itiator leaves ATN asserted u nt i l  it is  serviced by the Target. The I n it iator can then I send the NOP Message to clear the Attention Cond ition .  
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Set u p b u s  for 
M ESSAG E OUT P h ase 

Asynch ro n o u s  
Transfer O n e  Byte 

MSG and C/0 asserted, 
1/0 negated; 
ATN is asserted 
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N o  Single byte Message 
or all bytes of a 
Multiple Byte Message 

On any byte 
of the Message 

N o  

Discard the 
received bytes 

Asynch ro n o u s  
Transfe r O n e  Byte 

All bytes 
transferred 

Tells Initiator 
to retry the 

Assert R EO 

MESSAGE OUT Phase 

Process a Message only once; on a 
retry, do not process the Message again 
if it was already processed the first time 

P rocess M essage 

Does the Message 
need a response? 

Get 
Next 
Message 

Transfer Phase 
or BUS FREE Phase 

DIAG RAM 44: M ESSAG E OUT FLOW DIAG RAM FOR TARG ETS 
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Asynch ro n o u s  

The Attention Condition 
Precedes the change to 
MESSAGE OUT Phase; 
Enter with REO asserted 

M 

Tra n sfer O n e  Byte 

Assert ATN 

Begin transfer 
retry; resend the 

Indicates to Target 
that this is the last 
MESSAGE OUT byte 

N o  

N e g ate ATN 

Asynch ro n o u s  
Transfer O n e  Byte 

same Message bytes Yes 

DIAG RAM 45 : M ESSAG E OUT FLOW D IAG RAM FOR I N IT IATO RS 
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MESSAGE PARITY ERROR Message. Th is i s  a message that i s  sent 
by an I n it iator i n  response to a MESSA GE IN Phase byte that had a Parity e rror i n  it .  
M ESSAG E PAR ITY ERROR is a single byte message :  

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = 09 hex 

Th is message is o n ly sent from an I n itiator to a Target. Th is message is s im i lar to the 
INITIA TOR DETECTED ERROR Message , which is used to report e rrors in  other  
Information Transfer Phases . I f  the Target detects a parity error ,  there is a d ifferent 
protocol used . See Message System for a description of par ity e rror recovery for 
message phases.  

S u m m a ry of Use:  The M ESSAG E PAR ITY ERROR message is sent on ly by an 
I n itiator to inform the Target that a parity error occu rred in the transfer of a byte in  a 
M ESSAG E I N  Phase.  

MESSAGE REJECT Message. The M ESSAG E R EJ ECT M essage is sent 
by an I n itiator o r  a Target to the other SCSI Device when that device sends a 
message that is not appropriate for the cu rrent situation .  Th is is a s ing le  byte mes
sage :  

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = 07 hex 

Situations where a message m ight not be appropriate are: 

• The message cannot be understood by the receiving  device . In th is case, the 
receiving  device probab ly has not implemented the message it received .  An 
example of th is is a device that has not imp lemented Synchronous Data 
Transfer. I t  has no  reason ,  then ,  to imp lement the S YNCHRONOUS DA TA 
TRA NSFER REQUEST Message , and wou ld  reject that message if it was 
ever received . 

• A Reserved b it o r  f ie ld is set in the message .  I n  th is case , the receiving 
device u nderstands the basic message ,  but an option b it is set ,  o r  a f ie ld is 
set to an u nexpected value .  I n  this case the message shou ld be rejected 
s ince the receiving device may not perform the intended action  if it continues .  
An example is when a Target receives an IDENTIFY Message with the 
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LU NTAR bit  set .  If the Target does not support Target Routines , it shou ld 
reject the I D ENTI FY M essage (there is an alternate response for th is  case 
described under  I DENTI FY Message ,  just fyi . . . ) .  

M 

• The m essage received is just p la in off-the-wal l  and out-of-the-b l ue .  An 
examp le  wou ld  be for a Target to receive a MESSA GE PARITY ERROR 
Message when no MESSA GE IN Phase preceded it (see Message System 
fo r why th is  is bad) . I n  th is case,  it is l i ke ly that either  the I n it iator is a l itt le b it 
n uts , o r  two b its were in  error du r ing the transfer (Parity d id not detect a 
fau lt) . 

• The message received cannot be acted on at th is  t ime .  Th is is  very imp le
mentat ion dependent.  For example ,  if a Target sends the DISCONNECT 
Message and the I n it iator just cannot Disconnect r ight now,  it may reject the 
message .  Likewise , if the I n it iator sends the D ISCON N ECT M essage to the 
Target, the Target may reject it i f  a Disconnect is not poss ib le  r ight now. 

s The message  received is just not a l lowed for that device ro le .  I f  an I n it iator or  
a Target sends a message not def ined for  the ro le ,  the receiver shou ld  reject 
it and may have to assume the sender is b roken .  An examp le  is  an I n it iator 
that sends a COMMAND COMPLETE Message (wh ich i s  not a l lowed for 
I n it iators) . See Path Control for a tab le that summarizes the a l lowed transfe r 
d i rection  for each message .  

The Target sends the M ESSAG E R EJ ECT Message by chang ing to M ESSAG E I N  
Phase im med iately afte r receiving the offend ing message d u ring the preced ing  
M ESSAG E OUT Phase .  I t  must be done immediately so that the I n it iato r knows wh ich 
message was offens ive . Th is does imp ly that the Target m u st i nterpret the M essage 
for "appropriateness" at this time ,  even if it doesn't do the actual  p rocess ing u nt i l  later. 
If the A TN Signal remains asserted after the M ESSAG E R EJ ECT M essage is  sent ,  
then the Target must retu rn to M ESSAG E OUT Phase and hear what else the I n it iator 
has to say.  

The I n it iator sends the M ESSAG E R EJ ECT Message by creating  the A ttention 
Condition before com p leting the handshake for the last byte of the offend ing  mes
sage .  Th is means that the I n itiator must be interpreting messages wh i le  receiving 
the m ;  the ATN Signal must be asse rted before the A CK Signal i s  negated for the last 
message byte.  The Target must then respond with a M ESSAG E OUT Phase so that 
the M ESSAG E R EJ ECT M essage may be sent. 

There is  more d iscuss ion of the M ESSAG E REJ ECT Message in  Message System. 
Tab le  34 l i sts a l l  m essages and when it is and isn 't appropr iate to reject them . Note 
that it is always appropr iate to reject an un implemented or g arb led message .  

S u m ma ry of U s e :  The M ESSAG E R EJ ECT message is  sent  by e ither  an I n it iator o r  a 
Target to te l l  the other  device that the last message sent was not understood o r  not 
appropriate . 
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TABLE 34: M ESSAG E REJ ECT USAGE 

Message Name A M ESSAGE RI;JECT is or is not a n  appropriate response when:  

ABORT M ESSAGE RI;JECT is never an a ppropriate response. 

ABORT TAG May be rejected only if it is not preceded by a Queue Tag M essage in 
the same Connection. 

BUS DEVICE RESET M ESSAGE RI;JECT is never an a ppropriate response. 

CLEAR QUEUE May be rejected only if it is not preceded by a Queue Tag Message in 
the same Connection.  

COMMAND COM PLETE May be rejected if  it does not fol low a STATUS Phase. 

DISCONNECT (Out) May be rejected if the Target can n ot d isconn ect now. 

DISCONNECT (In) May be rejected if the I n itiator cannot d isconnect now. 

HEAD OF QUEUE TAG May be rejected if Queuing is not supported ,  or if it is sent any time 
other than after the IDENTIFY Message d u ring an I n itia l Connection. 

IDENTIFY (Out) May be rejected if LUNTAR is set and Ta rget Routines a re not su pport-
ed. 

IDENTIFY ( In) MESSAGE REJECT is never a n  a ppropriate response; A BORT is the 
appropriate response to a n  I D ENTIFY M essage for a non-existent 
Nexus, or with the D iscPriv bit or other  Reserved bit set. 

IGNORE WIDE RES IDUE  May be rejected if it i s  received at  a ny t ime other than after a Wide 
Data Transfer  in a DATA IN  Phase. 

IN ITIATE RECOVERY (Out) May be rejected if an Extended Contingent Al legiance Cond ition (ECA) 
is not desired by the Target. 

IN ITIATE RECOVERY ( In)  May be rejected if an ECA Cond ition is not desired by the I n itiator. 

IN ITIATOR D ETECTED ERROR May be rejected if received in response to a M ESSAG E  I N  Phase; the 
M ESSAGE PARITY ERROR Message is the a ppropriate response to a 
M ESSAGE IN Phase error. 

LINKED COM MAND COMPLETE May be rejected if it does not fol low a STATUS Phase. 

LINKED COMMAND COM PLETE (WITH FLAG) May be rejected if it does not fol low a STATUS Phase. 

MESSAGE PARITY ERROR May be rejected if it does not fol low a M ESSAGE I N  Phase. 

MESSAGE REJECT MESSAGE REJECT is never an a ppropriate response ! 

MODIFY DATA POINTER May be rejected if it exceeds the Host bu ffer l im its, or if  it  follows 
STATUS Phase, or if it precedes the COMMAND Phase. 

NO OPERATION MESSAGE REJECT is never a n  appropriate response. 

ORDERED QUEUE TAG May be rejected if Queuing is not su pported, or if it is sent any time 
other than after the I D ENTIFY M essage during an I n itia l Connection. 

RELEASE RECOVERY M ESSAG E  REJECT is never a n  a ppropriate response. 

RESTORE POINTER M ESSAGE REJECT is never a n  a ppropriate response. 

SAVE DATA POINTER M ESSAGE REJECT is never an a ppropriate response. 

SIMPLE QUEUE TAG (Ou t) May be rejected if Queuing is not su pported ,  or if it is sent any time 
other than a fter the I DENTIFY M essage d u ring an I n itia l Con nection. 

SI MPLE QUEUE TAG (In) May be rejected if it is sent any time other  than a fter the IDENTIFY 
Message du ring a Reconnection.  I f  the Queue Tag and Logical Unit  
Number (LUN) sent du ring the Reconnection specify a non-existent 
Nexus, the appropriate response is the ABORT TAG or ABORT Message. 

SYNCHRONOUS DATA TRANSFER REQUEST May be rejected if Synchronous Data Transfe r  is not su pported. 

TERMINATE 1/0 PROCESS M ESSAGE RI;IECT is never an a ppropriate response. 

WIDE DATA TRANSFER REQUEST May be rejected if Wide Data Transfe r  is not su pported.  
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Message System. Welcome to the most confus ing subject in  SCS I !  Our  job is to 
make su re you enjoy you r  stay . . .  

The Message System carries the Messages that comm u n icate Path Control informa
tion between an I n it iator and a Target. The Message System uses the MESSA GE 
OUT Phase to transfer messages from the I n itiator to the Target. The MESSA GE IN 
Phase is  u sed to transfer messages from the Target to the I n itiator .  The M essage 
System is used to manage the flow of al l  of the other Bus Phases (see also Error 
Recovery) . An interesting (and infu riating) feature of the M essage System is that it 
uses the M ESSAG E I N  and M ESSAG E OUT Phases to manage themselves .  
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Diag ram 4 6  shows a top- level representation of the M essage System .  Because the 
Diag ram shows a l l  poss ib i l ities ,  i t  may be d iff icult to fo l low. We wi l l  c larify i t  i n  the 
examples that fo l low. F low moves between the fo l lowing states :  

• M ESSAG E IN Phase:  The Target enters the M essage System here when it 
wants to beg in  an exchange of messages. Th is Phase is also used by the 
Target to respond to a message from the I n it iator .  

• Information Transfer Phase (Attention Condit ion) : The I n it iator enters the 
M essage System here when i t  wants to beg in  an exchange of messages.  
The I n it iator creates the A ttention Condition d u ring any of the fo l lowing Bus 
Phases : SELEC TION Phase , COMMAND Phase ,  STA TUS Phase ,  DA TA IN 
Phase ,  and DA TA OUT Phase.  Th is te l ls  the Target that the I n it iator wants 
to send a message .  

• M ESSAG E OUT Phase:  The Target acknowledges the  Attention Cond it ion by 
chang ing  to  the  M ESSAG E OUT Phase. Recovery from errors detected 
d u ring  M ESSAG E OUT Phase is hand led by a d i rect retry of the Phase.  Th is 
Phase is also used by the I n it iator to respond to a message from the Target. 

• M ESSAG E I N  Phase (Attention Cond ition) : The I n it iator enters th is  state 
when it wants to respond to a message from the Target. The I n itiator creates 
the Attent ion Cond it ion du ring M ESSAG E IN Phase in response to a Target 
message .  The response cou ld also be a rejection or  a report of an e rror .  

Detai l  of these states is shown in  the sections on M ESSAG E IN Phase and M ES
SAG E OUT Phase.  

We wi l l  be us ing portions of the d iagram on the fol lowing page to develop examples of 
message responses and error recovery retr ies. Refer to the sections  on MESSA GE IN 
Phase and MESSA GE OUT Phase for the detai ls of those phases.  
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Target wishes to send 
a Message to the Initiator 

Initiator Creates Attention Condition 
to send a MESSAGE OUT to the Target 

Bus Phase(*) 
(Attention 
Condit ion) 

Target Responds to the 
Attention Condition to get 
the MESSAGE OUT from 
the Initiator 

MESSAGE OUT Retry; 
Requested and Caused 
by the Target 

MESSAGE 
I N  

Phase 

M 

Target Rejected MESSAGE OUT: 
Initiator must go Process This Result; 
Target Moves on to Next Phase 

MESSAGE IN 
Phase Completed 
Sucessfully; Target 
moves on to next 
Phase 

Initiator Creates Attention 
Condition: To Respond, 

Reject, or Report 
a Parity Error 

Initiator Requested 
Retry of MESSAGE 
IN Phase; MESSAG E 

I N  
Phase 

(Attention 
Condit ion) 

OR 
Target Wants to 
Reject or 
Respond to 
the Initiator 
MESSAGE OUT 

M ESSAG E 
OUT 

Phase 

Target Responds to the 
Attention Condition to get 
Initiator Response to the 
MESSAGE IN Phase 

MESSAGE OUT 
Phase Completed 
Successfully; Target 
moves on to next 
Phase 

Initiator Rejected MESSAGE IN: 
Target must go Process 
This Result; Target moves on 
to next Phase 

(* ) Bus  Phases:  SELECT ION ,  RES ELECTION,  COMMAN D,  STATUS,  DATA I N ,  or DATA OUT Phase 

D I AG RAM 46 : M ESSAG E SYSTE M TOP LEVE L D IAG RAM 
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Si m p l e  Exa m ples See Diag ram 47. 

( 1 ) The Target sends a message to the I n it iator: 

(a) The Target enters the M ESSAG E IN Phase. 

(b) The Target uses an A synchronous Data Transfer to send the message to 
the I n it iator. 

(c) The I n it iator accepts the message from the Target. 

(d) The Target goes to another Phase. 

(2) The I n it iator sends a message to the Target: 

(a) The I n it iator creates the Attention Condit ion in an appropriate phase.  

(b)  The Target recogn izes the Attention Cond it ion and changes to M ESSAG E 
OUT Phase. 

(c) The I n it iator uses an A synchronous Data Transfer to send the message to 
the Target. The I n it iator negates the A TN Signal before send ing  the last 
message byte to ind icate that it has sent all of the bytes it in tended .  

(d )  The Target accepts the  message from the I n it iator. 

(e) The Target goes to another Phase. 
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( 1a) Target wishes to send 
a Message to the Initiator 

(2a) Initiator Creates Attention Condition 
to send a MESSAGE OUT to the Target 

Bus Phase(*) 
(Attention 
Cond it ion) 

(2b) Target Responds to 
the Attention Condition to 
get the MESSAGE OUT 
from the Initiator 

MESSAG E 
I N  

Phase 

MESSAG E 
OUT 

Phase 

I 
I 

M 

( 1 d) MESSAGE IN 
Phase Completed 
Sucessfully 

..... - - - ' / ' / ' 
I 

' 

M ESSAG E \ 
I N  I 

Phase I 
(Attention 
Cond it ion) 

/ ' / ' _, - - -

(2e) MESSAGE OUT 
Phase Completed 
Sucessfully 

(*) Bus Phases : SELECT ION ,  RESELECTION,  COMMAND,  STATUS,  DATA I N ,  or  DATA OUT Phase 

DIAG RAM 47 : S I M P LE M ESSAG E � N  AN D OUT PHAS ES 
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Messages a n d  Responses {Not S o  Simple Examples . . .  ) 

(3) The Target sends a message to the I n itiator, and the I n it iator rejects it 
(Diag ram 48) : 

(a) The Target enters the M ESSAG E I N  Phase. 

(b) The Target uses an A synchronous Data Transfer to send the message to 
the I n it iator .  

(c) The I n itiator decides that it cannot accept the message (see MESSA GE 
REJECT Message) , so it creates the Attention Condit ion pr ior  to negating 
the A CK Signal. 

(d) The Target sees the A TN Signal after the message transfer and changes to 
M ESSAG E OUT Phase. 

(e) The I n itiator uses an A synchronous Data Transfer to send the M ESSAG E 
R EJ ECT M essage to the Target. Th is te l ls  the Target that the I n it iator cou ld  
not accept the message .  It does not necessari ly i nd icate an error ;  specifical
ly, the Target need not retry sending the same message agai n .  The I n it iator 
wi l l  reject it agai n .  The I n itiator negates the A TN Signal before send ing  the 
message byte to ind icate that i t  is the on ly message i t  intended to send .  

(f) The Target accepts t he  message from the I n it iator .  

(g) The Target goes to another Phase.  Depending on  the message that was 
rejected , the Target may have to continue with a d ifferent cou rse of action .  
For example ,  the  Target may have decided to  Disconnect from the bus .  I f  
its DISCONNECT Message was rejected ,  then the  Target wou ld  h ave to 
continue  with the data transfer instead . 
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(3a) Target wishes to send 
a Message to the Initiator 

,.. - - - ..... "' ' / \ 
I \ 

1 Bus Phase(*) 1 
1 (Attent ion 

Condit ion) 

\ / ' "' 
..... _ _ _  .,., 

I 

MESSAGE 
I N  

Phase 

MESSAG E 
OUT 

Phase 

(3c) Initiator Creates 
Attention Condition to 
Respond to the 

M 

Message from the Target 

M ESSAG E 
I N  

Phase 
(Attent ion 
Condit ion) 

(3d) Target Responds to the 
Attention Condition to get 
Initiator Response to the 
MESSAGE IN Phase 

(3g) Initiator Rejected MESSAGE IN: 
Target must go Process 
this Result 

DIAG RAM 48 : TARG ET M ESSAG E I N  WITH I N IT IATOR R EJ ECT I 
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(4) The I n itiator sends a message to the Target, and the Target rejects it 

(D iag ram 49) : 

(a) The I n it iator creates the Attention Cond ition .  

(b) The Target recogn izes the  Attention Condit ion and  changes to  M ESSAG E 
OUT Phase . 

(c) The I n it iator uses an A synchronous Data Transfer to send the message to 
the Target. The I n it iator negates the A TN Signal before send ing the last 
message byte to ind icate that it has sent all of the bytes it intended . 

(d) The Target decides that it cannot accept the message (see MESSA GE 
REJECT Message) , so it changes to M ESSAG E I N  Phase. 

(e) The Target uses an A synchronous Data Transfer to send the M ESSAG E 
R EJ ECT M essage to the I n itiator. Th is te l ls the I n it iator that the Target cou ld 
not accept the me�sage .  It does not necessari ly ind icate an error; specifical
ly ,  the I n it iator need not retry send ing the same message again .  The Target 
wi l l  reject it agai n .  

(f) The I n itiator accepts t he  message from the  Target. 

(g) The Target goes to another Phase. Depending on the message that was 
rejected , the I n it iator may have to continue with a d ifferent cou rse of action.  
For instance,  the I n itiator may have decided to end the ljO Process early. I f  
the TERMINA TE ljO PROCESS Message was rejected ,  then the I n itiator 
wou ld  p robab ly issue an ABORT Message .  
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( 4a) Initiator Creates Attention Condition 
to send a MESSAGE OUT to the Target 

Bus Phase(*) 
(Attent ion 
Condit ion) 

(4b) Target Responds to the 
Attention Condition to get 
the MESSAGE OUT from 
the Initiator 

M 

(4g) Target Rejected MESSAGE OUT 
Initiator must go Process This Result; 
Target Moves on to Next Phase 

M ESSAGE 
I N  

Phase 

(4d) Target Wants to 
Reject the 
Initiator 
MESSAGE OUT 

M ESSAGE 
OUT 

Phase 

I 

/ 
/ 

I 

' 
' 

,. - - - ..... 
' 

\ M ESSAG E \ 
I N  I 

Phase 
(Attention 
Condit ion) 

/ 
/ ..... .... - - -

(*) Bus Phases:  SELECT ION ,  RES ELECTION,  COMMAN D,  STATUS,  DATA I N ,  o r  DATA OUT Phase 

DIAG RAM 49 : I N IT IATO R M ESSAG E OUT WITH TARGET R EJ ECT I 
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Note how s im i lar the fo l lowing examp les are to the p revious two examples .  You wi l l  
see that reject ing the message and a response to the message are v i rtua l ly t he  same.  
These examples i l l ustrate how Synchronous Data Transfer Negotiation (SDTN) and 
Wide Data Transfer Negotiation (WDTN) work. 

(5) The Target sends a message to the I n itiator, and the I n itiator responds to it 
(Diag ram 50) : 

(a) The Target enters the M ESSAG E I N  Phase. 

(b) The Target uses an A synchronous Data Transfer to send the message to 
the I n it iator .  

(c) The I n it iator decides that i t  can accept the message (e . g . ,  see Synchro
nous Data Transfer Negotiation) , but it must send a response,  so it 
creates the Attention Cond it ion pr ior to negat ing the A CK Signal for the last 
byte of the M essage .  

(d )  The Target sees the A TN Signal after the  message transfer and changes to 
M ESSAG E OUT Phase. 

(e) The I n it iator uses an A synchronous Data Transfer to send the response to 
the Target. The I n itiator negates the A TN Signal before send ing the last 
message byte to ind icate that it has sent all of the bytes it intended . 

(f) The Target accepts the response message from the I n itiator .  

(g) The Target goes to another Phase. Depend ing on  .the response message,  
the I n it iator and the Target may have to conti nue  with a d ifferent cou rse of 
action .  For instance , the Target may have decided to beg in  the Synchro
nous Data Transfer Negotiation mentioned above . The I n itiator may respond 
in  a way that a l lows a Synchronous Data Transfer; or ,  i t  may h ave re
sponded that it cou ld  not do what the Target requested ,  and the net resu lt is 
that Asynchronous Data Transfer must be used . 
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(Sa) Target wishes to send 
a Message to the Initiator 

.., - - - ..... / ' / \ 
I \ 

' Bus Phase(*)  1 
1 (Attention 

\ 

Condit ion) 

' / 
...... _ _ _  .., 

I 
.I 

M ESSAG E 
I N  

Phase 

M ESSAG E 
OUT 

Phase 

(Sc) Initiator Creates 
Attention Condition to 
Respond to the 

M 

Message from the Target 

M ESSAG E 
I N  

Phase 
(Attention 
Condit ion) 

(Sd) Target Responds to the 
Attention Condition to get 
Initiator Response to the 
MESSAGE IN Phase 

(Sg) MESSAGE OUT 
Phase Completed 
Sucessfully 

DIAG RAM 5 0 :  TARG ET M E SSAG E I N  WITH I N IT IATOR R ESPONSE I 
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(6) The I n itiator sends a message to the Target, and the Target responds to it 

(Diag ram 51 ) : 

(a) The I n itiator creates the Attention Condition .  

(b )  The Target recogn izes the Attention Cond ition and changes to  M ESSAG E 
OUT Phase.  

(c) The I n itiator uses an A synchronous Data Transfer to send the message to 
the Target. The I n itiator negates the A TN Signal before sending the last 
message byte to ind icate that it has sent all of the bytes it intended.  

(d)  The Target decides that i t  can accept the message ,  but the message 
demands a response,  so it changes to M ESSAG E I N  Phase.  

(e)  The Target uses an A synchronous Data Transfer to send the response to 
the I n it iator. 

(f) The I n itiator accepts the response message from the Target. 

(g) The Target goes to another Phase. Depending on the response message ,  
the I n itiator and the Target may have to  continue with a d ifferent cou rse of 
action . For instance , the I n itiator may have detected an erro r  d u ring a data 
transfer ,  and so it sent the /NIT/A TOR DETECTED ERROR Message to the 
Target. The Target may have responded with the RESTORE POINTERS 
Message , or  it cou ld also respond with the DISCONNECT Message . 
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{6a) Initiator Creates Attention Condition 
to send a MESSAGE OUT to the Target 

Bus Phase(*) 
(Attent ion 
Condit ion) 

(6b) Target Responds to the 
Attention Condition to get 
the MESSAGE OUT from 
the Initiator 

M ESSAGE 
I N  

Phase 

M 

(6g) MESSAGE IN 
Phase Completed 
Sucessfully 

./ ., - - - ...... ' / \ 
(6d) Target Wants to 
Respond to the 
Initiator I M ESSAG E \ 

I I N  MESSAGE OUT 

MESSAG E 
OUT 

Phase 

1 Phase 

\ 

(Attention 
Condit ion) 

/ ' / 
..... _ _ _  ,., 

(*) Bus Phases : SELECT ION ,  RESELECTION,  COMMAN D,  STATUS ,  DATA I N ,  o r  DATA OUT Phase 

DIAG RAM 5 1 : I N IT IATO R M ESSAG E OUT - TARG ET R ES PONSE I 
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Message and Erro r R e covery (Hard Exampl es) I n  these examples ,  an e rror 
recovery occu rs in the message hand l i ng .  These show how the M essage System 
hand les its own errors.  

(7) The Target sends a message to the I n itiator, and the I n itiator detects a Parity 
error (Diag ram 52) : 

(a) The Target enters the M ESSAG E I N  Phase.  

(b) The Target uses an A synchronous Data Transfer to send the message to 
the I n itiator .  

(c) The I n it iator detects a Parity error dur ing the transfer.  As a resu lt ,  it cannot 
accept the message byte just transferred .  The I n itiator creates the A tten tion 
Condition prior  to negating the A CK Signal tor the last byte of the mes
sage .  

(d )  The Target sees the  A TN Signal after the  message transfer and  changes to 
M ESSAG E OUT Phase.  

(e) The I n it iator uses an A synchronous Data Transfer to send the MESSA GE 
PARITY ERROR Message to the Target. The I n itiator negates the A TN 
Signal before send ing the message byte to ind icate that the message is the 
on ly one it intended to send .  

(f) The Target accepts the  message from the  I n itiator. 

(g) The Target retu rns to the M ESSAG E IN Phase to retry the message trans
fer. The retry begins with the message that contained the byte with the 
parity error. For exam ple ,  let's say that the Target 

·
was sending th ree 

messages ,  which we' l l  cal l X, Y, and Z. Message X is a s ing le  byte mes
sage ,  M essage Y is a two byte message,  and M essage Z is a fou r  byte 
message .  I f  the Parity error happened during :  

• M essage X: Send M essage X again , then Y and Z.  
• M essage Y, f i rst byte: Send Message Y again ,  then Z.  
• M essage Y, second byte: Send Message Y again , then Z.  
• M essage Z, fi rst byte: Send Message Z on ly again . 
• M essage Z, second byte: Send Message Z on ly again .  
• M essage Z ,  th i rd byte: Send Message Z on ly again . 
• M essage Z, fou rth byte: Send Message Z on ly again .  

A somewhat real istic instance of  the  above example wou ld be after a RE
SELECTION Phase . The Target then sends an IDENTIFY Message (X) , 
fo l lowed by a SIMPLE QUEUE TA G Message (Y) (that com pletes the 
Reconnection) ,  and then a WIDE DA TA TRANSFER REQUEST Message 
(Z) d u ring the same M ESSAG E I N  Phase. 
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(7a) Target wishes to send 
a Message to the Initiator 

.,., - - - ...... / ' / \ I \ 1 Bus Phase(*)  1 
(Attention 
Condit ion) 

\ 
' / 

..... _ _ _  ,. 

I 
/ 

MESSAG E 
I N  

Phase 

(7g) Initiator 
Requested 

M 

MESSAGE IN Phase 
Completed Sucessfully 

(7c) Initiator Creates 
Attention Condition 
to Report a 
Parity Error 

Retry of MESSAGE 
IN Phase for 

M ESSAG E 
I N  

Phase 
(Attention 
Condit ion) 

all bytes of the 
last Message 

MESSAG E 
OUT 

Phase 

(7d) Target Responds to the 
Attention Condition to get 
Initiator Response to the 
MESSAGE IN Phase 

DIAG RAM 52 :  TARG ET M E SSAG E I N  WITH E R ROR R ECOVE RY I 
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(8) The I n itiator sends a message to the Target, and the Target detects a Parity error 

( Diag ram 53) : 

(a) The I n itiator creates the Attention Condition .  

(b )  The Target recogn izes the Attention Condit ion and changes to  M ESSAG E 
OUT Phase.  

(c) The I n itiator uses an A synchronous Data Transfer to send the message to 
the Target. 

(d) The Target detects a Parity error du ring the M ESSAG E OUT Phase . After  it 
detects the error, it continues the M ESSAG E OUT Phase,  but it d iscards the 
byte with the Parity error and al l  bytes received after the Parity e rror;  it does 
not interpret them as messages. I t  continues receiving and d iscard ing bytes 
u nt i l  the A TN Signal is negated by the I n it iator. 

(e) The Target stays in the M ESSAG E OUT Phase and asserts the REQ 
Signal. Th is ind icates to the I n itiator that the Target desires to retry the 
ent ire M ESSAG E OUT Phase . 

(f) The I n it iator sees the R EQ Signal asserted for a M ESSAG E OUT Phase.  
S ince the I n itiator just completed send ing message(s) , i t  knows that th is 
must be a retry. I f  there is more than one message byte to transfer, the 
I n it iator asserts the ATN Signal .  

(g)  The I n itiator uses an A synchronous Data Transfer to re-send the mes
sage(s) to the Target. The I n itiator negates the A TN Signal before sending 
the last message byte to ind icate that i t  has sent al l  of the bytes it intended . 

(h) The Target accepts the message(s) from the I n it iator. 

( i) The Target goes to another Phase. Note that because of the possib i l ity of a 
retry request from the Target, the I n itiator may not d iscard the message(s) 
sent unt i l  a change to some other Bus Phase occurs . 

Note that for a M ESSAG E OUT retry, al l  message bytes are sent again , whi le for a 
M ESSAG E I N  retry on ly the messages not yet successfu l ly sent are sent again .  We 
can on ly note that the d ifference is because the I n itiator can te l l  the Target which byte 
fai led du ring a M ESSAG E I N  Phase,  but the Target cannot te l l  the I n it iator which byte 
fai led du ring a M ESSAG E OUT Phase . 
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(Ba) Initiator Creates Attention Condition 
to send a MESSAGE OUT to the Target 

Bus Phase(*) 
(Attention 
Condit ion) 

(Bb) Target Responds to the 
Attention Condition to get 
the MESSAGE OUT from 
the Initiator 

(Be) MESSAGE OUT Retry; 
Requested and Caused 
by the Target 

" 
/ 

I 
I 

\ 
' 

,.. - - - ' 
' 

M ESSAGE 
I N  

Phase 

" ' ...-- - -

MESSAGE 
OUT 

Phase 

\ 
\ 
I 

I 
/ 

,.,.. - - - , / ' / \ 
I M ESSAG E \ 

I I N  
Phase 

(Attention 
Condit ion) 

M 

(Bi) MESSAGE OUT 
Phase Completed 
Sucessfully 

(*) Bus Phases : SELECT ION ,  RESELECTION,  COMMAN D,  STATUS,  DATA I N ,  or  DATA OUT Phase 

DIAG RAM 53 :  I N IT .  M ES SAG E O UT WITH E R RO R  R ECOVERY I 
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Composite Examples In  these examples, both error recoveries and responses occu r 
in the message hand l ing . These show how these protocols work together  in  the 
Message System .  

(9) The I n itiator sends a message to the Target, the Target detects a Parity e rror ,  and 
then decides to reject the message (Diagram 54) : 

(a) The I n itiator creates the Attention Cond ition .  

(b )  The Target recogn izes the Attention Cond ition and changes to  M ESSAG E 
OUT Phase. 

(c) The I n itiator uses an A synchronous Data Transfer to send the message to 
the Target. 

(d) The Target detects a Parity error during the M ESSAG E OUT Phase. After it 
detects the error, it continues the M ESSAG E OUT Phase , but it d iscards the 
byte with the Parity error and al l  bytes received after the Parity error; i t  does 
not interpret them as messages. I t  continues receiving and d iscard ing bytes 
unti l  the A TN Signal is negated by the I n itiator. 

(e) The Target stays in  the M ESSAG E OUT Phase and asserts the REQ 
Signal. Th is ind icates to the I n itiator that the Target desi res to retry the 
ent i re M ESSAG E OUT Phase . 

(f) The I n it iator sees the R EQ Sig nal asserted for a M ESSAG E OUT Phase.  
Since the I n itiator just completed sending message(s) , i t  knows that this 
must be a retry. I f  there is more than one message byte to transfer, the 
I n it iator asserts the ATN Signal .  

(g) The I n it iator uses an A synchronous Data Transfer to  re-send the mes
sage(s) to the Target. The I n itiator negates the A TN Signal before send ing 
the last message byte to ind icate that i t  has sent  a l l  of the bytes i t  intended . 

(h) The Target decides that it cannot accept the last message (after a l l  that 
trou b le ! ) , so it changes to M ESSAG E I N  Phase . 

(i) The Target uses an A synchronous Data Transfer to send the M ESSAG E 
R EJ ECT Message to the I n itiator. Th is te l ls  the I n itiator that the Target cou ld 
not accept the message .  

U) The I n it iator accepts the message from the Target. 

(k) The Target goes to another Phase. 

Note how the protoco l f lowed from one funct ion to another .  The fact that a retry 
occurred had noth ing  to do with the later reject. I n  fact, a retry du ring the p rocess of 
reject ing the m essage wou ld not affect the net resu lt (see next exam p le) . 
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(9a) Initiator Creates Attention Condition 
to send a MESSAGE OUT to the Target 

Bus Phase(*)  
(Attent ion 
Condit ion) 

(9b) Target Responds to the 
Attention Condition to get 
the MESSAGE OUT from 
the Initiator 

(9e) MESSAGE OUT Retry; 
Requested and Caused 
by the Target 

MESSAG E 
I N  

Phase 

M 

(9k) Target Rejected MESSAGE OUT: 
Initiator must go Process This Result; 
Target Moves on to Next Phase 

(9h) Target Wants to 
Reject 

,. - - - ...... / ' / \ 
1 M ESSAG E , the Initiator 

MESSAGE OUT 

M ESSAGE 
OUT 

Phase 

I I N  I 1 Phase 

\ 
(Attent ion 
Condit ion) , 

\ / 

' ...... _ _ _  ..,.. ;' 

(*) Bus Phases : SELECTION ,  RESELECTION,  COMMAN D,  STATUS,  DATA I N ,  or DATA OUT Phase 

D I AG RAM 54: M ES SAG E OUT WITH R ETRY AND R EJ ECT I 
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We have "unfolded" the basic d iag ram to  make the  fo l lowing example clearer. 

( 1  0) The Target sends a message to the I n itiator, the I n it iator detects a Parity error ,  
the M ESSAG E I N  is retried ,  and the I n itiator rejects the message ,  but not before 
the Target also detects a Parity error and performs a M ESSAG E OUT retry (pretty 
sick bus ,  Diag ram 55) : 

(a) The Target enters the M ESSAG E I N  Phase. 

(b) The Target uses an A synchronous Data Transfer to send the message to 
the I n itiator. 

(c) The I n it iator detects a Parity error during the transfer. As a resu lt ,  it cannot 
accept the message byte just transferred . The I n it iator creates the A ttention 
Condition prior to negating the A CK Signal. 

(d) The Target sees the A TN Signal after the message transfer and changes to 
M ESSAG E OUT Phase.  

(e)  The I n it iator uses an A synchronous Data Transfer to send the MESSA GE 
PARITY ERROR Message to the Target. The I n itiator negates the A TN 
Signal before send ing  the message byte. 

(f) The Target accepts the message from the I n itiator. 

(g) The Target retu rns to the M ESSAG E I N  Phase to retry the message trans
fer. The retry beg ins with the fi rst byte of the message that contained the 
byte with the Parity error. 

(h) The I n it iator decides that it cannot accept the message so it creates the 
Attention Cond it ion prior to negating the A CK Signal. 

(i) The Target sees the A TN Signal after the message transfer and changes to 
M ESSAG E OUT Phase. 

G) The I n itiator uses an A synchronous Data Transfer to send the M ESSAG E 
R EJ ECT M essage to the Target. The I n it iator negates the A TN Signal 
before send ing the message byte. 

(k) The Target detects a Parity error during the M ESSAG E OUT Phase. After it 
detects the error, it continues the M ESSAG E OUT Phase , but it d iscards the 
byte with the Parity error and al l  bytes received after the Parity error; it does 
not i nterpret them as messages. I t  continues receiving and d iscard ing bytes 
u nt i l  the A TN Signal is negated by the I n it iator. 

(Text conti nued after d iag ram) 
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( 10a) Target wishes to send 
a Message to the Initiator 

..,. - - - ...... ./ ' / ' I \ 
' Bus Phase(*)  1 
1 (Attention 

' 

Condition)  

/ ' ./ 
..... , _ _  ,.. 

I 

M ESSAG E 
I N  

Phase 

( tOe) Initiator Creates 
Attention Condition 
To Report 
a Parity Error 

( 1 Og) Initiator 
Requested 
Retry of MESSAGE 
IN Phase 

MESSAG E 
I N  

Phase 
(Attention 
Condition)  

( 1 0h) Initiator Creates 
Attention Condition 
To Respond to the 
Target MESSAGE IN 

M ESSAG E 
I N  

Phase 
(Attention 
Condit ion) 

1 Od) Target Responds to th 
Attention Condition to get 
Initiator Response to the 
MESSAGE IN Phase 

MESSAG E 
OUT 

Phase 

( 101) MESSAGE OUT Retry; 
Requested and Caused 
by the Target 

MESSAG E 
OUT 

Phase 
( 10j, 10k, 

10m, 10n, 10ol 

( tOp) MESSAGE OUT 
Phase Completed 
Successfully 

DIAG RAM 5 5 :  M ESSAG E I N  WITH Two R ETR I ES & A R ESPONSE I 
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( I )  The  Target stays in  t he  M ESSAG E OUT Phase and  asserts the REQ Signal. 
This ind icates to the I n it iator that the Target des i res to retry the ent i re 
M ESSAG E OUT Phase.  

(m) The I n it iator sees the R EQ Signal asserted for a M ESSAG E OUT Phase .  
S ince the I n it iator just completed send ing message(s) , i t  knows that th is 
must be a retry. I f  there is more than one message byte to transfer ,  the 
I n it iator asserts the ATN Signal . 

(n)  The I n it iator uses an A synchronous Data Transfer to re-send the mes
sage(s) to the Target. The I n itiator negates the A TN Signal before send ing  
the last message byte to  ind icate that i t  has sent a l l  o f  the  bytes i t  in tended .  

(o) The Target accepts the message from the I n it iator. 

(p) The Target goes to another Phase. 

S u m mary: 

• The Target goes to the MESSA GE IN Phase when it wishes to send a 
message .  

• The I n it iator creates the A ttention Condition when i t  wishes to  send a 
message .  I t  must then wait for the Target to recogn ize the A TN Signal and 
change to MESSA GE OUT Phase .  

• The I n itiator a lso uses the Attention Condition when i t  w ishes to  respond to a 
Target M ESSAG E I N ,  reject the message ,  o r  report a Parity error .  

• The Target uses the M ESSAG E IN Phase to respond to an I n it iator MES
SAG E OUT or reject the message.  

• The Target repeats the M ESSAG E OUT Phase when i t  detects a Parity error. 

Wh e n  i s  a M essage Appropriate? Table 35 shows what Bus Phases can precede 
each message .  Note that any M ESSAG E IN Phase transfer can be p receded by a 
M ESSAG E OUT transfer for e rror recovery. Also , many of the messages l isted may be 
preceded by another  message in  the same phase, and th is is not i nd icated . This wi l l  
he lp in  determ in ing  when a Message i s  appropriate . 

Table 36 shows what phases can fo l low each message.  This wi l l  he lp  the I n itiator 
predict Target behavior .  The tab le  does not show that any of these messages can be 
fo l lowed by a M ESSAG E I N  Phase or  a M ESSAG E OUT Phase when a rejection  or 
response to the message is cal led for ,  or  a retry. U ltimate ly, any phase may fol low any 
of these messages ;  the tab le shows the real istic ones.  
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TABLE 35:  M ESSAGE TRANSIT IONS FROM PREVIOUS PHASE 

Message N a m e  Phase or Phases t h a t  c a n  Occur  Before the M ESSA G E  I N  Phase o r  
M ESSAGE O U T  Phase in wh ich the Message is Sent 

ABORT Any Phase except RESELECTION Phase 

ABORT TAG Any Phase except RESELECTION Phase 

BUS DEVICE RESET Any Phase except RESELECTION Phase 

CLEA R  QUEUE Any Phase except RESELECTION Phase 

COMMAND COM PLETE STATUS Phase only 

D ISCONNECT (Ou t) COMMAND, M ESSAGE IN ,  DATA IN ,  or DATA OUT Phase 

DISCONNECT ( In)  COMMAND, DATA IN ,  or DATA OUT Phase 

HEA D  OF  QUEUE TAG SELECTION Phase only 

I DENTI FY (Out) SELECTION Phase on ly; a lso a l lowed a fter COMMAND,  DATA IN ,  a n d  
DATA O U T  Phase, b u t  th is i s  n o t  encouraged ! 

IDENTIFY ( In )  RESELECTI ON Phase on ly 

IGNORE WIDE  RES I D U E  DATA I N  Phase only 

I N ITIATE RECOVERY (Out) SELECTION Phase only 

IN ITIATE RECOVERY ( In )  STATUS Phase on ly 

I N ITIATOR D ETECTED ERROR COMMAND,  STATUS, DATA IN ,  or  DATA OUT Phase 

L INKED COM M A N D  COM PLETE STATUS Phase only 

L INKED COM M A N D  COM PLETE (WITH FLA G )  STATUS Phase only 

MESSAGE PARITY ERROR M ESSAGE I N  Phase only 

MESSAGE REJ ECT M ESSAGE IN or M ESSAGE OUT Phase 

MODIFY DATA POINTER COMMAND,  DATA I N  or DATA OUT Phase 

NO OPERATI O N  A n y  Phase except RESELECTION Phase 

ORDERED QUEUE TAG SELECTION Phase only 

RELEASE RECOVERY SELECTION Phase only 

RESTO RE POI NTERS COMMAND, STATUS, DATA IN, or  DATA OUT Phase 

SAVE DATA POI NTER COMMAND,  STATUS, DATA IN, or DATA OUT Phase 

S IM PLE QUEUE TAG (Ou t) SELECTION Phase on ly 

S IM PLE QUEUE TAG ( In )  RESELECTION Phase only 

SYNCH RONOUS DATA TRANSFER REQUEST COMMAND, M ESSAGE IN ,  or M ESSA G E  OUT Phase 

TERM I NATE 1/0 PROCESS Any Phase except RESELECTION Phase 

WIDE DATA TRANSFER REQU EST COMMAND, M ESSAGE IN ,  or M ESSA G E  OUT Phase 

I 
Copyrig ht © 1 99 1  ENDL Pub l icat ions T h e  SCSI  Encyclope d i a ,  Vo l u me I 



M 226 

TABLE 3 6 :  M ESSAGE TRANSITIONS TO N EXT PHASE 

Message Name Next Phase that can  Occur After the  Message has been Transfe rred 

ABORT BUS FREE Phase 

ABORT TAG BUS FREE Phase 

BUS DEVICE RESET BUS FREE Phase 

. CLEAR QUEUE BUS FREE Phase 

COMMAND COMPLETE BUS FREE Phase 

DISCONNECT (Out) DISCONNECT M ESSAG E  IN or Previous Phase 

DISCONNECT ( In) BUS FREE Phase 

H EAD OF QUEUE TAG COMMAND PHASE, M ESSAG E  I N  (e.g., DISCONNEcn, or more MESSAGE OUT 

IDENTIFY (Ou t) COMMAND PHASE, M ESSAGE IN (e.g., DISCONNEcn, or more M ESSAG E  OUT 

IDENTIFY ( In) More M ESSAGE IN or Any Other  I n formation Transfe r  Phase 

IG NORE WIDE RES IDUE STATUS Phase, more M ESSAG E  IN ,  or more DATA I N  Phase 

IN ITIATE RECOVERY (Ou t) COM MAND PHASE or more M ESSAGE OUT 

IN ITIATE RECOVERY ( In)  COMMAND COMPLETE M ESSAGE IN 

IN ITIATOR DETECTED ERROR Last Phase or MESSAGE IN 

LINKED COMMAND COM PLETE COMMAND PHASE or M ESSAG E  IN (e.g., DISCONNEcn 

LINKED COMMAND COM PLETE (WITH FLAG) COMMAND PHASE or M ESSAG E  I N  (e.g., DISCONNEcn 

MESSAGE PARITY ERROR M ESSAGE IN to retry message, othe r  I n formation Transfer  Phase to give 
up trying to send the message 

MESSAGE REJECT Retry of previous MESSAGE IN or M ESSAGE OUT, a ny other Information 
Transfer Phase, or BUS FREE Phase 

MODIFY DATA POINTER Previous Phase (DATA IN or DATA oun, or more M ESSAGE IN 

NO OPERATION Previous Phase, or other Information Transfe r  Phase 

ORDERED QUEUE TAG COMMAND PHASE or more M ESSAGE OUT 

RELEASE RECOVERY BUS FREE Phase 

RESTORE POINTER Previous Phase 

SAVE DATA POINTER Previous Phase or more M ESSAGE IN 

SIMPLE QUEUE TAG (Out) COMMAND PHASE or more M ESSAGE OUT 

SIM PLE QUEUE TAG ( In)  Any I n formation Transfer Phase 

SYNCH RONOUS DATA TRANSFER REQUEST An S.D.T.R. in response, or a ny Information Transfer  Phase 

TERMINATE 1/0 PROCESS STATUS Phase or Previous Phase 

WIDE DATA TRA NSFER REQUEST A W.D.T.R. in response, or a ny I n formation Transfer  Phase 
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MODIFY DATA POINTER Message. The M O D I FY DATA PO I NTER is 
used by a Target to change the value of the Active Data Poin ter. No other  Pointers 
are affected .  See also Path Control. Th is is a mu lt ip le byte message :  

Bit 7 6 5 4 3 2 1 0 

Byte 

0 Message Code = o 1 hex 

1 Add itional Message Length = 05 hex 

2 Extended Message Code = 00 hex 

3 Data Pointer Offset (MSByte) 

4 Data Pointer Offset 

5 Data Pointer Offset 

6 Data Pointer Offset (LSByte) 

This message is most often used to al low the Target to have " random-access" i nto the 
I n it iator's data buffer .  Th is cou ld  be usefu l in  the fo l lowing s ituations :  

• A Target can sense the position of  the read/write head relative to a d isk .  
When a R EAD command comes in ,  it sees that the next phys ical sector that 
can be read is the second sector requested . The Target g oes  ahead and 
beg ins  read ing the second sector. After the sector is read from the med ium 
by the Target, i t  uses the MOD I FY DATA POI NTER M essage to  change the 
Active Data Pointer to po int at the p lace in  the I n it iator's data buffer  where 
the sector is to be transferred (see below) . 

• The Target is  a cach ing d isk contro l ler .  I t  happens to have the second sector 
of the sectors req uested in  cache ,  but the f i rst sector m u st be fetched from 
the d isk .  The Target uses the MODI FY DATA PO I NTER M essage to change 
the Active Data Pointer to point at the buffer locat ion for the second sector.  
Wh i le  the transfe r to the I n itiator is go ing , it transfers the f i rst sector i nto its 
cache .  There is an example of th is in the sect ion on Pointers . 

• A Target can sense the position of the read/write head re lative to a d isk.  
When a WR ITE com mand comes in ,  it sees that it cou ld  beg in  the write at 
the second  sector rather than the f i rst sector requested .  It u ses the MOD IFY 
DATA PO I NTER M essage to change the I n it iator Active Data Po inter t o  beg in 
the transfer with the second sector, which wi l l  be the f i rst sector physical ly 
access ib le .  N ote : Th is is a rare case s ince the Target cannot be su re that the 
transfer with the I n it iator wi l l  be comp leted in  time  to write it on the d isk. 

D iag ram 56 shows a typ ical example of the re lationsh ip  between d i sk  sectors and 
buffe r  locations .  N ote that sectors are not necessari ly contiguous as shown here .  
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DIAG RAM 56: DISK S ECTORS AN D HOST M EM O RY 
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Since MODI FY DATA PO I NTER i s  a mu lt ip le byte message ,  there i s  a f ie ld which 
contains  var iable information to be specified (see Extended Messages) . Th is f ield 
conta ins the Data Pointer  Offset. Th is is a two's complement n u m ber ,  mean ing  that a 
pos itive or  negative offset can be specified.  For exam ple :  

• 00 00 00 00 = no  offset; not i l legal ,  but not recommended . . . .  
• 00 0 0  00 0 1  = add 1 to the Active Data Pointer 
• 00 00 02 00 = add 51 2 to the Active Data Pointer 
• FF FF FF FF = subtract 1 from the Active Data Pointer 
• FF FF FE 00 = subtract 51 2 from the Active Data Pointer 

An I n itiator can expect to see a MODI FY DATA POI NTER M essage before a DA TA 
Phase or  between two DATA Phases. The message is sent by the Target du ring a 
MESSA GE IN Phase .  

M 

An important po int .  Th is featu re g ives the Target a �ot of power to rea l ly mess th ings 
YQ! For i nstance,  it cou ld  add or  subtract too much from the Active Data Pointer such 
that the Po inter references data outs ide of the al located H ost memory. I t  behooves the 
Target to check i tself ,  and (most importantly) it also behooves the I n itiator to carefu l ly 
check a l l  M O D I FY DATA POI NTER messages to ensure that th is doesn't occu r! 

Another  important point .  There needs to be some agreement between a Target and an 
I n i t iator that it is o kay for the Target to use this message .  SCSI-3 may define  a 
standard way to enab le the Target to enable the use of th is message .  You m ight  th ink  
that the Target cou ld use the MESSA GE REJECT Message to  d isable the message;  
i . e . , i f  the I n it iator rejects the M O D I FY DATA PO I NTE R ,  the Target d isables fu rther 
use of  i t .  The catch is that th is cou ld  be the one t ime the I n it iator needed to reject the 
message ,  but it cou ld  sti l l  hand le i t  later. 

Yet another  impo rtant po int .  An I n it iator that imp lements the MOD I FY DATA POI NTE R 
M essage shou ld execute it q u ickly enough to real ize the performance improvement. I f  
you can 't execute it q u ickly, don 't im plement it at a l l .  

S u m m a ry of Use:  The MO D I FY DATA POI NTER Message is sent o n ly by a Target to 
change the value  of the Active Data Pointer for pu rposes of random ly accessing the 
I n it iator/H ost d ata buffer .  
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MSG Signal. The M SG sig nal is d riven b y  t h e  Target t o  control whether "mes

sage system" or "data or  command" information is transferred over the bus. Th is 
s ignal is one of the th ree Bus Phase Signals (MSG , C/D,  and l/0) (see also Bus 
Phases and Message System) . 

• When this s ignal  is false (negated or re lease) , the bus contains "data or 
com mand" ,  wh ich is anything that is not M essage System information ; for 
example,  "Logical Block data" , "commands",  or "status".  M SG is false d u ring 
SELEC TION Phase,  RESELECTION Phase,  S TA TUS Phase,  COMMAND 
Phase,  DA TA OUT Phase,  and DA TA IN Phase.  

• When th is  s ignal  is t rue (asserted) ,  the bus contains M essage System 
inform ation , which is anyth ing that is used for Path Control. M SG is true 
d u ring MESSA GE IN Phase and MESSA GE OUT Phase .  
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Th is page is nearly b lank !  
We use the space to improve Readabi l ity. 
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Examples of SCSI Behavior. Th is section g ives several examples of SCSI 
1/0 Processes. Each example has the fo l lowing elements : 

• A description of the .. scenario .. . 

• A Block Diag ram showing the model for the system described in  the scenario. 

• Text describ ing the steps in the scenario in more detai l .  

• Any other d iagrams and tables needed to  describe detai ls o f  the scenario.  
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Example # 1 :  The f i rst exam ple shows a s imple d isk read operation . D iag ram 57 
shows the system for th is example .  The Host System has a system bus ,  such as the 
VM E Bus or  the E ISA Bus ,  wh ich connects to a Host Adapter. The H ost Adapter 
performs the Initiator funct ion for the Host System .  The Host Adapter comm u n icates 
with the H ost System via Direct Memory Access (DMA) with the Host Memory on the 
system bus .  Th is DMA Channel is used to transfer al l  Commands, Data, and Status 
between the H ost System and the SCSI Bus . In other words ,  th is is a classic Host 1/0 
Channe l .  

The Target is  a s imp le ( ! )  "Embedded" SCSI  D isk Drive with a s ing le  Logical Unit 
that corresponds to the phys ical hard d isk mechan ism . The sectors on the hard d isk 
are mapped to SCS I Logical Blocks . The Target contains a "Data Buffer" consisting 
of  a local memory b lock that ho lds sectors during a transfer: 

• When writin g ,  the Data Buffer holds the data from the Host System prior  to 
writi ng  the data to the hard d isk. 

• When read ing ,  the Data Buffer holds the data read from the hard d isk prior to 
transfer to the H ost System .  

The hard d isk has a mechanical head position ing system wh ich i s  located by  the 
Target on the d isk track wh ich contains the desired Log ical B locks .  M oving the head 
takes a re lative ly long period of time to comp lete . I n  other words ,  th is is a classic 
I nte l l igent Disk Drive . As we wi l l  see in the other volumes of this Encycloped ia,  an 
I nte l l igent Disk Drive is cal led a Di rect Access Device in SCS I .  
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DIAG RAM 57:  D I S K  EXAM PLE SYSTE M  ARCH ITECTU R E  
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The f i le read req uest must f i lte r down through the d ifferent layers o f  the H ost System ,  
a s  shown i n  Diag ram 58.  At each leve l ,  the request i s  trans lated into a standard form 
understood by the next lowest leve l .  Note that the d iagram shows the f low of informa
tion between leve ls ;  it does not show the time order of that flow. 

• An app l icat ion prog ram on the Host System makes a req uest to the Operat
ing System to read a f i le ;  for exam ple ,  a spreadsheet prog ram loads a user 
spreadsheet. The app l ication specifies to the Operating System wh ich f i le ,  
how m uch of the f i le to read , and where to put the data. 

• The Operating System takes the f i le read request from the appl ication . Us ing 
its internal  f i le system data structures, i t  determ ines wh ich f i le  system blocks 
make up the requested f i le .  From this information , the Operating  System 
creates a read d isk  b lock req uest and issues it to the SCSI  Driver p rogram . 

• The SCS I Driver prog ram takes the b lock read req uest from the Operating  
System .  I t  converts the f i l e  system block read req uest into a SCSI  Command 
Descriptor Block (COB) . I t  then incorporates the C O B  into a Host Adapter 
Contro l Block (see Host Adapter) . Th is Control Block is set up in  Host 
Memory. The H ost System then te l ls  the Host Adapter to beg in  executing  the 
Command specif ied in  the Contro l Block. 

• When the SCSI f/0 Process is comp leted , Status has been returned and 
stored in  the Host Adapte r Contro l Block. The data h as been transferred 
d i rectly to the app l ication data area. If the Command caused "C H EC K  
CON DITION"  Status ,  the Host Adapter may also have fetched Sense Data 
from the Target d isk  d rive . 

• The SCSI Driver trans lates the retu rned Status and Sense Data (if any) to 
d river com p letion codes understood by the Operating  System and passes 
them back up .  

• The Operating System passes OS comp letion codes back to  t he  appl ication .  
The  operation  is complete , and  the  appl ication has its d ata. 
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Application 
Program 

Fi le  Read Request: 
- Fi le  Name 
- Transfer Size 
- Application Data Pointer 

Operating System 

Read Disk Block Request:  
- Starting Block 
- Number of Blocks 
- Memory Data Pointer 

Examples 

. - - - - - - - - - - .., 

11 Application Data : 
- - - - - - - - - - -

OS Result: 
- OS Specific Codes 

Driver Result: 
- OS Specific Codes 

Direct Data 
Transfer to 
Application 
Data Area 

SCSI 
Driver 

. - - - - - - - - - - .., 

11 Host Control Block : 
- - - - - r- - - - - -

SCSI Read Request: 
- Starting Logical Block 
- Number of Blocks 
- Memory Data Poi nter 

Host Adapter 

READ Command 

SCSI  Bus 

� 

SCSI Result: 
-Status 
-SENSE Data 

GOOD Status DATA IN 

D IAG RAM 5 8 :  D I S K  R EAD EXAM P LE SOFTWAR E LEVE LS 
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The Disk Read Command example beg ins with the request for a f i le b y  t h e  appl ication 
prog ram , as described above . We' l l  pick i t  up after the Host Adapter receives the H ost 
Adapter Control Block from the SCSI Driver: 

• The Host Adapter performs the I n itiator function for the Host System .  The 
I n it iator enters the ARBITRA TION Phase (after val idating the BUS FREE 
Phase) to get control of the bus.  It asserts the BSY Signal and its own SCSI 
Bus /D. 

• The I n it iator wins Arb itrat ion by having the h ighest SCS I Bus I D  asserted . The 
I n it iator then takes control of the bus by asserting the SEL Signal. I t  then 
asserts the A TN Signal (to create the A ttention Condition) and the SCSI  
Bus ID of  the Target. I t  re leases the BSY Signa l  to  beg in the SELECTION 
Phase .  

• The Target recog n izes the  Se lection by  the  I n itiator and asserts the  BSY 
Sig nal  in response.  The I n itiator releases the SEL Signal  in response. Th is 
com pletes the SELECTION Phase. 

• The Target now takes charge of Bus Phase selection .  S ince the I n itiator 
asserted the ATN Sig nal ,  the Target goes to MESSA GE OUT Phase (see 
Message System) . The I n it iator sends the IDENTIFY Message to estab l ish 
the Nexus for the ljO Process .  The I DENTI FY Message ind icates wh ich 
Logical Unit is go ing to receive a Command from the I n itiator. 

• The Target then changes to COMMAND Phase to fetch the C O B  from the 
I n itiator. The I n itiator sends the COB via DMA from Host M emory in re
sponse. The Target examines the fi rst byte to determine how many bytes of 
C O B  to transfer. 

• After receiving and decod ing the COB,  the Target determines that a seek 
must be performed on  the Log ical Un it to the location  of the Log ical B locks. 
In other words ,  it has to seek to the track with the req uested sectors . S ince 
th is takes some time ,  the Target decides to Disconnect from the SCSI Bus.  
To do  th is ,  i t  changes to the MESSA GE IN Phase and sends the DISCON
NECT Message . The I n itiator receives the Message and clears the Active 
Pointers .  The Target then re leases the BSY Signal to go to BUS FREE 
Phase. 
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I Host System I I n itiator I Ta rget I Logica l Unit  I 
An Appl ication Progra m gen-
erates a Read F i le Request to 
the Operating System.  

The Operating System trans-
lates the Read F i le  Request 
to a Read Blocks Request, 
and issues it to the SCSI Driv-
er. 

The SCSI Driver tra ns lates the The I n itiator Arbitrates for 
Read Blocks Request to a control of the SCSI Bus. 
Host Adapter Control B lock, 
which incl udes a SCSI Com-
mand Descriptor Block (CDB), 
and issues the Control B lock 
to the Host Adapter. 

The I n itiator wins control of The Ta rget Asserts BSY to 
the SCSI Bus and  Asserts the respond to the Selection by 
SEL Signa l .  The In itiator As- the In itiator. 
serts the ATN Signal and be-
gins the SELECTION Phase. 

The I n itiator Releases the SEL The Ta rget cha nges to the 
Signa l  to complete the SELEC- M ESSAGE OUT Phase in re-
TION Phase. sponse to the Attention Con-

d ition.  

The In itiator sends the IDENTI -
FY Message to estab l ish the 
Nexus and Negates the ATN 
Signa l .  The In itiator copies the 
Saved Pointe rs to the Active 
Pointe rs. 

The Ta rget changes to COM -
MAND Phase to receive the 
CDB from the I n itiator. 

The CDB is DMA transferred The In itiator sends the CDB to 
from Host Memory. the Target. 

The Ta rget cha nges to M ES- The Logical U n it begins a 
SAGE IN Phase and sends the Seek to the requested 
DISCONNEG Message. Blocks. 

The In itiator receives the DIS-
CONNEa Message and sus-
pends the 110 Process. 

The Target Releases BSY and 
the Bus goes to  BUS FREE 
Phase. 

DISK R EAD COMMAND EXAMPLE {1  OF 2) 
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The read req uest continues after the d isk seek has com pleted : 

• The seek com pletes on the Log ical Un it , and the f i rst sector of the read 
req uest beg ins  transfer into the Target Data Buffer.  

240 

• Somet ime before t h e  e n d  o f  the transfer of t h e  fi rst sector into t h e  Target 
Data Buffer, the Target enters the AR BITRATION Phase (after val idat ing the 
BUS FREE Phase) to get control of the bus.  I t  asserts the BSY Sig nal and its 
own SCSI Bus I D . 

• The Target wins Arb itration by having the h ighest SCSI Bus I D  asserted .  The 
Target then takes control of the bus by assert ing the SEL  Signal .  I t  then 
asserts the 1/0 Signa l  (to choose the RESELECTION Phase) and the SCSI  
Bus ID of the I n itiator. I t  releases the BSY Signal to beg in the R ES E LEC
TION Phase. 

• The I n itiator recogn izes the Reselection by the Target and asserts the BSY 
Sig nal in response.  The Target asserts the BSY Sig n al and re leases the SEL 
S ignal in  response.  When the I n itiator sees the SEL Sig nal go False ,  it 
re leases the BSY Signal .  Th is completes the R ESELECTION Phase.  

• The Target again takes charge of Bus Phase selection . The fi rst Phase a1ter 
Rese lection is always the M ESSAG E I N  Phase (see Message System) . The 
Target sends the I D E NTI FY Message to re-establ ish the N exus with the 
I n it iator for the 1/0 Process. The I DENTI FY M essage ind icates wh ich Log ical 
U n it is go ing to continue a Command from the I n itiator. 

• The Target then changes to DA TA IN Phase to beg in send ing the req uested 
data to the I n it iator .  The I n itiator passes the data via DMA to the location in 
Host Memory requested by the Host System .  The Target continues unt i l  a l l  
data is transferred .  

• After comp leting the data transfer, the Target changes to  S TA TUS Phase to 
retu rn com pletion Status to the I n itiator. The I n itiator passes the Status via 
DMA to the H ost System .  

• The last task o f  t he  Target for this 1/0 Process i s  to  change to  M ESSAG E IN  
Phase and  transfer the COMMAND COMPLETE Message to  complete the 
l/0 Process. The I n itiator receives the Message and g ives the Host System 
some ind ication  that 1/0 Process has been completed .  This ind ication is 
usual ly a system interrupt, although it may also be ind icated by setting  a bit 
in  a status reg ister on the Host Adapter. 

• The SCSI Driver takes the SCSI Status, converts it into an Operating System 
completion code (SCSI and OS codes wi l l  seldom coincide) , and returns 
control to the Operating System .  The Operat ing System retu rns com pletion to 
the app l icat ion program , wh ich can then start using the requested f i le .  
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I Host System I I n itiator I Target I Logica l Unit  I 
The Host System is waiting The I n itiator is waiting for the The Target is waiting for the The Logica l U n it Seek Com-

for completion and may be Target to Recon nect and may Logical Unit to be ready and pletes. The Logical Un i t  starts 

doing other processing. be hand l ing other SCSI 1/0 may be handl ing other  1/0 transferring data into the 

Processes. Processes. Ta rget Data Buffer. 

The Ta rget Arb itrates for con-
trol  of the SCSI Bus. 
The Ta rget wins control of the 
SCSI Bus and Asserts the SEL 
Signal .  The Target Asserts the 
1/0 Signal and begins the RE-
SELECTION Phase. 

The In itiator Asserts BSY to The Ta rget Asserts BSY a n d  
respond t o  t h e  RESELECTION Releases SEL to end the RE-
Phase. It  Releases BSY when SELECTION Phase. The Ta rget 
the Ta rget Releases SEL. switches to M ESSAG E  IN Phase 

to send the I DENTI FY Message 
to re-estab l ish the Nexus.  

The In itiator rece ives the The Logica l Unit  completes 
I D ENTI FY Message and copies the Data transfer  to the Tar-
the a ppropriate Saved Point- get Data Bu ffer. 
e rs to the Active Pointers. 

The Ta rget cha nges to DATA 
IN Phase to send the Read 
Data to the In itiator. 

The Data is DMA tra nsferred The In itiator receives the DA-
into Host Memory. TA IN from the Ta rget and 

passes it  on to the Host. 

The Target cha nges to STATUS 
Phase and sends Completion 
Status to the In itiator. 

The Status is DMA transferred The In itiator rece ives the Sta-
into Host Memory. tus and passes it on to the 

Host. 

The Ta rget changes to M ES-
SAG E  IN Phase and sends the 
COM MAND COM PLETE M essage. 

The I n itiator receives the The Ta rget Releases BSY a n d  
COM MAND COM PLETE Message the Bus goes to BUS FREE 
and  closes the Nexus. The Phase. 
In itiator ind icates to the Host 
System that the com mand is 
completed.  

The Host System SCSI Dr iver 
receives the ind ication a n d  
returns t h e  Data and Status 
back to the Operating Sys-
tem. 

The Operating System passes 
the Data and Sta tus back to 
the Appl ication.  

DISK READ COM MAND EXAMPLE (2 OF 2) 
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Table 38 shows the  SCSI Bus  Phases used during t he  Disk Read example.  The table 
shows the Bus Control Signals that define each phase, but does not include any 
R EQ/ACK handshakes for clarity. The Data Bus contents are shown when appropri
ate ; "--" ind icates several bytes are transferred in the Phase. 

The I n itiator SCSI A ddress is assumed to be 7, and the Target SCSI Address is 
assumed to be 0. 

TABLE 38: D ISK READ EXAMPLE Bus PHASES 

I BSY I SEL I ATN I MSG I C/D 1 1/0 I RST I Data I Phase 

0 0 0 0 0 0 0 00 BUS FREE 

1 0 0 0 0 0 0 80 ARBITRATION Phase 

1 1 1 0 0 0 0 8 1  In itiator takes Bus a fter winning 

0 1 1 0 0 0 0 8 1  SELECTION Phase 

1 1 1 0 0 0 0 8 1  Target responds to Selection 

1 0 1 0 0 0 0 XX In itiator releases SEL to end SELECTION Phase 

1 0 0 1 1 0 0 co M ESSAGE OUT Phase - IDENTIFY M essage (Logical Unit  0, Disconnect OK) 

1 0 0 0 1 0 0 -- COM MAND Phase - Target receives CDB 

1 0 0 1 1 1 0 04 M ESSAGE IN Phase - DISCONNECT Message 

0 0 0 0 0 0 0 00 BUS FREE Phase 

1 0 0 0 0 0 0 0 1 ARBITRATION Phase 

1 1 0 0 0 1 0 8 1  Ta rget takes Bus a fter winning 

0 1 0 0 0 1 0 8 1  RESELECTION Phase 

1 1 0 0 0 1 0 8 1  I n itiator responds to Reselection 

1 0 0 0 0 1 0 XX Target asserts BSY and releases SEL to end RESELECTION Phase 

1 0 0 1 1 1 0 80 M ESSAGE IN Phase - IDENTIFY Message (Logica l Unit  0) 
1 0 0 0 0 1 0 -- DATA IN Phase - In itiator rece ives read data 

1 0 0 0 1 1 0 00 STATUS Phase - GOOD Status 

1 0 0 1 1 1 0 00 M ESSAGE IN Phase - COMMAND COMPLETE Message 

0 0 0 0 0 0 0 00 BUS FREE Phase 

I 
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Th is page is nearly b lank!  
We use the space to improve Readab i l ity . 
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Example #2:  The second exam ple shows a s imp le d isk write operation .  The 

system for Example #2 is the same as that for Example #1 , as shown in D iag ram 57. 

Like the read req uest, the f i le write request must f i lte r down through  the d ifferent 
layers of the H ost System ,  as shown in Diagram 59. At each leve l ,  the request is 
translated into a standard form understood by the next lowest leve l .  Note that the 
d iagram shows the f low of information between levels ;  i t  does not show the t ime o rder  
of  that f low. 

• An app l ication  program on the Host System makes a request to the Operat
ing System to write a f i le ;  for exam ple ,  a word processing program saves a 
user docu ment. The appl ication specif ies to the Operating System wh ich f i le ,  
how much of  the f i le to write , and where to get the data. 

• The Operating  System takes the fi le write request from the app l ication .  Us ing 
its internal f i le system data structures, i t  determ ines which f i le  system b locks 
are free for writ ing in a f i le .  From this information ,  the Operating System 
creates a write d isk block req uest and issues it to the SCSI  Driver prog ram . 

• The SCSI  Driver p rog ram takes the b lock write request from the Operating  
System .  I t  converts the f i l e  system b lock write request into a SCSI Command 
Descriptor Block (CDB) . I t  then incorporates the C O B  into a H ost Adapter 
Control Block (see Host  A dapter) . Th is Contro l Block is set up i n  H ost 
Memory. The H ost System then te l ls the Host Adapter to beg in  executing the 
Com mand specif ied i n  the Contro l Block. 

• When the SCSI ljO Process is comp leted ,  Status has been retu rned and 
stored in  the Host Adapter Contro l Block. The data has been transferred 
d i rectly to the appl icat ion data area. If the Command caused "CH ECK 
CON DITI O N "  Status ,  the Host Adapter may a lso have fetched Sense Data 
from the Target d isk d rive . 

• The SCSI  Driver trans lates the returned Status and Sense Data (if any) to 
d river com p let ion codes understood by the Operating System and passes 
them back up .  

• The Operating System passes OS completion codes back to  the  appl ication .  
The operation is  com plete , and  the  appl ication has saved its data. 
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Application 
Program 

Fi le  Write Request: 
- Fil e  Name 
- Transfer Size 
- Application Data Pointer 

Operati ng System 

Write Disk Block Request: 
- Starting Block 
- Number of Blocks 
- Memory Data Poi nter 

Examples 

. - - - - - - - - - - -, 

11 Application Data : 
- - - - - - - - - - -

OS Result:  
- OS Specific Codes 

Driver Result:  
- OS Speci fic Codes 

Direct Data 
Transfer from 
Appl ication 
Data Area 

SCSI 
Driver 

. - - - - - - - - - - -, 

1
1 

Host Control Block : 
- - - - - .- - - - - -

SCS I  Write Request: 
- Starting Logical Block 
- Number of Blocks 
- Memory Data Pointer 

Host Adapter 

WRITE Command 

SCS I Bus 

SCSI Result:  
- Status 
- SENSE Data 

GOOD Status DATA OUT 

D I AG RAM 59 : D I S K  WRITE EXAM P LE SO FTWAR E  LAYERS 
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The Disk Write Com mand exam ple begins with t he  request fo r  saving a f i l e  by  the 
appl ication prog ram , as described above. We' l l  p ick i t  u p  after the Host Adapter 
receives the H ost Adapter Control Block from the SCSI Driver :  

• The Host Adapter performs the I n it iator funct ion for the Host System .  The 
I n it iator enters the ARBITRA TION Phase (after val idat ing the BUS FREE 
Phase) to get control of the bus.  I t  asserts the BS Y Signal and its own SCSI 
Bus /D. 

• The I n it iator wins Arbitration by having the h ighest SCSI  Bus 1 0  asserted . The 
I n it iator then takes control of the bus by asserting the SEL Signal. I t  then 
asserts the A TN Signal (to create the A ttention Condition) and the SCSI  
Bus 10  of the Target. I t  re leases the BSY Signal to beg in  the SELECTION 
Phase.  

• The Target recog n izes the Selection by the I n itiator and asserts the BSY 
Sig nal in  response.  The I n itiator releases the SEL Signal in  response.  Th is 
comp letes the SELECTION Phase. 

• The Target now takes charge of Bus Phase selection . S ince the I n itiator 
asserted the ATN Sig nal ,  the Target goes to MESSA GE OUT Phase (see 
Message System) .  The I n itiator sends the IDENTIFY Message to establish 
the Nexus for the ljO Process .  The I DENTI FY M essage ind icates wh ich 
Logical Unit is go ing to receive a Command from the I n it iator. 

• The Target then changes to COMMAND Phase to fetch the C O B  from the 
I n itiator. The I n it iator sends the COB via DMA from Host Memory in re
sponse.  The Target examines the fi rst byte to determine how m any bytes of 
C O B  to transfer. 

• After receiving and decod ing the COB, the Target determ ines that a seek 
must be performed on  the Log ical Un it to the location  of the Log ical Blocks. 
In other words ,  it has to seek to the track with the requested sectors . Wh i le 
the seek is proceed ing ,  and s ince this is a Write Command , the Target then 
changes to DA TA OUT Phase to beg in send ing the req uested data to the 
I n it iator. The I n itiator passes the data v ia DMA to the location in Host Memo
ry req uested by the Host System .  The Target continues u nt i l  a l l  data is 
transferred .  By over lapping the seek with the data transfer the Target saves 
com m and process ing time.  
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I Host System I I n itiator I Target I Logica l Unit  I 
An Appl ication Progra m gen -
erates a Write F i l e  Request 
to the O perating System. 

The O perating System tra ns-
lates the Write F i le Request 
to a Write Blocks Request, 
and issu es it to the SCSI D riv-
er. 

The SCSI D river trans lates the The I n itiator Arbitrates for 
Write Blocks Request to a control of the SCSI Bus. 
Host Ada pter Control B lock, 
wh ich inc ludes a SCSI Com-
mand Descriptor B l ock (CDB), 
and issues the Control Block 
to the Host Ada pter. 

The I n itiator wms control of The Ta rget Asserts BSY to 
the SCSI Bus and Asse rts the respond to the Selection by 
SEL Signa l .  The In itiator As- the In itiator. 
serts the ATN Signa l  and be-
gins the SELECTION Phase. 

The I n itiator Releases the SEL The Ta rget changes to the 
Signa l  to complete the SELEC- M ESSAGE OUT Phase in re-
TION Phase. sponse to the Attention Con -

d ition. 

The I n itiator sends the IDENTI-
FY Message to establ ish the 
Nexus and Negates the ATN 
Signa l .  The I n itiator copies the 
Saved Pointers to the Active 
Pointe rs. 

The Ta rget changes to COM -
MAND Phase to receive the 
CDB from the I n itiator. 

The CDB is DMA tra nsferred The I n itiator sends the CDB to 
from Host Memory. the Ta rget. 

The Ta rget changes to DATA The Log1ca l Umt begms a 
OUT Phase a n d  receives the Seek to the req u ested 
write data from the I n itiator. B locks. 

The write data is DMA tra ns- The I n itiator sends the write 
ferred from Host Memory. data to the Target. 

DISK WR ITE COMMAND  EXAMPLE (1 OF 2) 
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The write request continues after the DATA OUT Phase: 

e The seek com pletes on the Log ical Un it ,  and the f i rst sector of the write 
request beg ins transfer from the Target Data Buffer to the d isk. 

248 

• Since there is sti l l  data to write to the d isk, and th is takes some time,  the 
Target decides to Disconnect from the SCSI Bus.  To do  th is ,  it changes to 
the MESSA GE IN Phase and sends the DISCONNECT Message . The 
I n it iator receives the M essage and clears the Active Pointers .  The Target 
then re leases the BSY Sig nal to go to BUS FR EE Phase. 

• Sometime before the end of the transfer of the last sector from the Target 
Data Buffer to the d isk ,  the Target enters the AR BITRATION Phase (after 
val idat ing the BUS FR EE Phase) to get control of the bus. I t  asserts the BSY 
Sig nal and its own SCSI Bus I D. 

• The Target wins  Arb itration by having the hig hest SCSI Bus I D  asserted .  The 
Target then takes control of the bus by assert ing the SEL Signal .  I t  then 
asserts the 1 /0 Sig n al ( to choose the RESELECTION Phase) and the SCSI 
Bus ID of the I n it iator. I t  re leases the BSY Signal to beg in  the R ESELEC
TION Phase . 

• The I n it iator recog n izes the Reselection by the Target and asserts the BSY 
Signal in response.  The Target asserts the BSY Sig nal and re leases the SEL 
Sig nal in  response. When the  I n itiator sees the  SEL  Signal go  False ,  it 
re leases the BSY S ig nal .  Th is comp letes the R ESELECTIO N  Phase. 

• The Target again takes charge of Bus Phase selection . The fi rst Phase after 
Reselect ion is always the M ESSAG E I N  Phase (see Message System) . The 
Target sends the I DE NTI FY Message to re-establ ish the N exus with the 
I n it iator for the 1/0 Process. The I DENTI FY Message ind icates wh ich Log ical 
U n it is go ing to continue a Command from the I n itiator. 

• After comp leting the Message transfer, the Target changes to STA TUS 
Phase to return completion Status to the In itiator. The I n itiator passes the 
Status via DMA to the Host System.  

• The last task of  the Target for  th is  1/0 Process is to  change to M ESSAG E I N  
Phase and transfer the COMMAND COMPLETE Message to complete the 
1/0 Process. The I n itiator receives the Message and g ives the H ost System 
some i nd icat ion that the 1/0 Process has been com pleted .  Th is ind ication is 
usual ly a system interrupt, although i t  may a lso be ind icated by sett ing a b it  
in a status reg ister on the Host Adapter. 

• The SCSI Driver takes the SCS I Status,  converts it into an Operating System 
completion code (SCS I and OS codes wi l l  seldom coincide) , and retu rns 
contro l to the Operating  System.  The Operat ing System retu rns com pletion to 
the app l ication prog ram , wh ich then knows the data has been saved.  
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I Host System I I n itiator I Ta rget I Logica l Un it I 
The Ta rget cha nges to M ES-
SAGE IN Phase and sends the 
DISCONNECT Message. 

The I n itiator receives the DIS- The Ta rget Releases BSY and  The Log1ca l Un i t  Seek Com-
CON NECT Message a n d  sus- the Bus goes to BUS FREE pletes. The Logica l Un it starts 
pends the 110 Process. Phase. transferring data from the 

Ta rget Data Bu ffer to the 
hard d isk. 

The Host System is wait ing The I n itiator is waiting for the The Ta rget is waiting for the The Log1ca l Unit  fimshes wnt-
for completion a n d  may be Ta rget to Reconnect a n d  may Logica l Unit to finish and  may ing data on the hard disk. 
doing other  processing. be h a n d l ing other SCSI 1/0 be hand l ing other 1 /0 Process-

Processes. es. 

The Ta rget Arbitrates for con-
trol of the SCSI Bus. 

The Ta rget wins control of  the 
SCSI Bus and Asserts the SEL 
Sign a l .  The Ta rget Asserts the 
I/O Signa l  and begins the RE-
SELECTION Phase. 

The I n itiator Asserts BSY to The Ta rget Asserts BSY and  
respond to  the RESELECTION Releases SEL to end the R E-
Phase. It Releases BSY when SELECTION Phase. The Target 
the Ta rget Releases SEL. switches to M ESSAGE IN Phase 

to send the IDENTIFY Message 
to re-esta b l ish  the Nexus.  

The I n itiator receives the The Logica l Unit  completes 
IDENTIFY M essage and  copies the Data transfer  to the Tar-
the Saved Pointe rs to the get Data Bu ffer. 
Active Pointe rs.  

The Ta rget cha nges to STATUS 
Phase and sends Com pletion 
Sta tus to the I n itiator. 

The Status is DMA tra nsfe rred The I n itiator receives the Sta -
into Host Memory.  tus a n d  passes it on to the 

Host. 

The Ta rget changes to M ES-
SAG E  I N  Phase and sends the 
COMMAND COM PLETE Message. 

The I n itiator receives the The Ta rget Releases BSY a n d  
COM MAND COM PLETE Message the Bus goes to BUS FREE 
and closes the Nex us. The Phase. 
I n itiator ind icates to the Host 
System that the Command is 
completed .  

The Host System SCSI Driver 
receives the ind ica tion a n d  
retu rns t h e  Status back to 
the Operating System. 
The Operating System passes 
the Data and Status back to 
the Appl ication .  

DISK WRITE COMMAND EXAMPLE (2 OF 2) 
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Table 39 shows t h e  SCSI B u s  Phases used during the Disk Write example. The table 
shows the Bus Control Signals that define each phase, but does not include any 
R EQ/ACK handshakes for clarity. The Data Bus contents are shown when appropri
ate ; "--" ind icates several bytes are transferred in the Phase. 

The I n itiator SCSI A ddress is assumed to be 5,  and the Target SCSI Address is 
assumed to be 2. 

TABLE 39: DISK WRITE EXAMPLE BUS PHASES 

I BSY I SEL I ATN I MSG I C/D 1 110 I RST I Data I Phase 

0 0 0 0 0 0 0 00 BUS FREE 

1 0 0 0 0 0 0 20 ARBITRATION Phase 

1 1 1 0 0 0 0 24 I n itiator takes Bus after winning 

0 1 1 0 0 0 0 24 SELECTION Phase 

1 1 1 0 0 0 0 24 Target responds to  Selection 

1 0 1 0 0 0 0 XX In itiator releases SEL to end SELEaJON Phase 

1 0 0 1 1 0 0 co M ESSAGE OUT Phase - IDENTIFY M essage (logica l U n it 0, Disconnect OK) 

1 0 0 0 1 0 0 - - COMMAND Phase - Target receives CDB 

1 0 0 0 0 0 0 DATA OUT Phase - In itiator sends write data 

1 0 0 1 1 1 0 04 M ESSAGE IN Phase - DISCONNECT Message 

0 0 0 0 0 0 0 00 BUS FREE Phase 

1 0 0 0 0 0 0 04 ARBITRATION Phase 

1 1 0 0 0 1 0 24 Target takes Bus  after winning 

0 1 0 0 0 1 0 24 RESELECTION Phase 

1 1 0 0 0 1 0 24 In itiator responds to Resel ection 

1 0 0 0 0 1 0 XX Ta rget asserts BSY and releases SEL to end RESELECTION Phase 

1 0 0 1 1 1 0 80 MESSAGE IN Phase - IDENTI FY Message (logical U n it 0) 
1 0 0 0 1 1 0 00 STATUS Phase - GOOD Status 

1 0 0 1 1 1 0 00 M ESSAGE IN Phase - COMMAND COM PLETE M essage 

0 0 0 0 0 0 0 00 BUS FREE Phase 

I 
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Th is page is nearly b lank !  
We use the space to improve Readab i l ity. 
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Example #3: For a change o f  pace, t he  th ird example shows a tape restore 
operation . Diag ram 60 shows the system for this example .  Like the previous exam
p les ,  the H ost System has a system bus ,  such as the VM E Bus or  the E I SA Bus ,  
which con nects to  a Host  A dapter. The Host Adapter performs the Initiator funct ion 
for the Host System . U n l ike the previous examples, th is Host Adapter comm u n icates 
with the H ost System strictly via 1/0 Port access on the system bus .  These 1/0 Ports 
are used to transfer a l l  Commands,  Data, and Status between the Host System and 
the SCSI Bus . I n  other  words ,  th is  is a classic s imple Peripheral 1 /0 Adapter. 

The Target is a s imp le (!) "Embedded" SCS I Tape Drive with a s ing le Logical Unit 
that corresponds to the physical tape transport and head mech an ism . The physical 
b locks recorded on the tape are mapped to SCSI Logical Blocks . The Target 
contains a large  "Data Buffer" consist ing of a local memory b lock that ho lds b locks 
du ring a transfer: 

• When writing , the Data Buffer holds the data from the Host System pr ior to 
writi ng the data to the tape .  

• When read ing , the Data Buffer ho lds  the data read from the tape pr ior to 
transfer to the H ost System .  

The tape transport i s  a re latively s low mechanism that advances t h e  tape past the 
heads. The heads record data on the tape and read i t  back. The physical tape blocks 
correspond d i rectly to the desired Log ical Blocks.  Moving the tape at a l l  takes a 
re lative ly long period of time to complete . As a resu lt, the physical transfer rate is very 
slow re lative to the capabi l ity of the SCSI Bus.  Therefore , it is desirable to use the 
Data Buffer to make use of the SCSI Bus more eff icient: 

• When writing , the Data Buffer is f i l led by data from the H ost System .  The 
Target then Disconnects from the Bus to perform the actual write to tape .  
The  Target Reconnects to  the  Bus  when the  Data Buffer i s  (nearly) e mpty. 

• When read ing , the Target Disconnects from the Bus after receiving  the read 
request. Off l ine ,  the Data Buffer is f i l led by data from the tape. When the 
buffer is (nearly) fu l l ,  the Target Reconnects to the Bus to send the data. 

In other words ,  this is a classic I nte l l igent Tape Drive . As we wil l see in  the other 
vol umes of  th is Encyclopedia ,  an I nte l l igent Tape Drive is cal led a Sequential Access 
Device in SCS I .  
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The tape restore req uest must f i lter down through t he  d ifferent layers o f  t he  H ost 
System ,  as shown in  D iag ram 6 1 . In this example ,  the app l ication p rogram bypasses 
the Operating  System because the Operat ing System does not support tape .  At each 
leve l ,  the req uest is trans lated into a standard form understood by the next lowest 
leve l .  Note that the d iagram shows the flow of information between leve ls ;  it does not 
show the t ime order  of that f low. 

• An app l icat ion prog ram on the Host System makes a request d i rectly to the 
SCSI  Driver (bypass ing the Operating System) to read the tape; for example ,  
a backup ut i l ity is go ing to restore a system f i le from the tape .  The fi rst step 
is to read the f i le from the tape.  The app l icat ion specif ies to the SCSI Driver 
how many b locks to read from the tape,  and where to pu t  the data. 

• The SCSI  Driver  prog ram takes the tape read request from the app l ication . It 
converts the tape b lock read request into a SCSI  Command Descriptor 
Block (CDB) . It then issues a command to the Host Adapter to Select the 
Target and send the COB .  More commands are issued to the Host Adapter 
u nt i l  the operation is com p lete . Note that the SCS I Driver manages the f/0 
Process : it responds to Phases and maintai ns the Pointers . 

• When the SCSI  f/0 Process is completed , Status has been retu rned to the 
SCSI  Dr ive r .  The data has been transferred d i rectly to the appl ication d ata 
area.  I f  the Command caused "CH ECK CON D ITION"  Status ,  the SCSI  Driver  
may also have fetched Sense Data from the Target d isk d rive . The SCSI 
Dr iver trans lates the retu rned Status and Sense Data ( i f  any) to d river 
com p let ion codes understood by the appl ication and passes them back up .  

� The operation is com p lete , and  the  appl icat ion has its data. 
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Application 
Program 

Tape Read Request: 
- Transfer Size 
- Application Data Pointer 

SCSI 
Driver 

Operating System 

- Does not take part 

SCSI READ Command 

Host Adapter 

READ Command 

SCSI Bus 

Examples 

. - - - - - - - - - - -, 

11 Application Data : 
- - - - - - - - - - -

Driver Result:  
- OS Specific Codes 

SCSI Result: 
-Status 
-SENSE Data 

GOOD Status 

Di rect Data 
Transfer to 
Application 
Data Area 

1/0 Port Read 
Data Transfer 

DATA IN 

DIAG RAM 6 1 : TAP E  R EAD EXAM P LE SO FTWAR E  LEVELS 
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The Tape Read Command  example beg ins with the request for a f i le b y  t h e  appl ica
tion program , as described above. We' l l  pick it up after the SCSI Driver receives 
request from the appl ication : 

• The H ost Adapter under  control of the SCSI Driver performs the I n itiator 
funct ion for the H ost System .  The I n itiator enters the ARBITRA TION Phase 
{after val idating the BUS FREE Phase) to get control of the bus.  I t  asserts 
the BSY Signal and its own SCSI Bus /D. 

• The I n itiator wins Arbitration by having the h ighest SCSI Bus I D  asserted .  The 
I n itiator then takes control of the bus by assert ing the SEL Signal. I t  then 
asserts the A TN Signal (to create the A ttention Condition) and the SCSI 
Bus I D  of the Target. I t  re leases the BSY Sig nal to beg in  the SEL ECTION 
Phase .  

• The Target recog n izes the  Selection by  the  I n it iator and asserts the BSY 
Signal in response.  The I n itiator re leases the SEL Signal  in  response. Th is 
com pletes the S ELECTION Phase. 

• The Target now takes charge of Bus Phase selection .  S ince the I n itiator 
asserted the ATN Signa l ,  the Target goes to MESSA GE OUT Phase (see 
Message System) .  The I n itiator sends the IDENTIFY Message to establ ish 
the Nexus for the f/0 Process . The I DENTI FY M essage ind icates wh ich 
Logical Unit is go ing to receive a Command from the I n itiator. 

• The Target then changes to COMMAND Phase to fetch the C O B  from the 
I n it iator. The I n it iator sends the COB via an 1/0 Port transfer with the SCSI 
Driver in response .  The Target exam ines the f i rst byte to determine how 
many bytes of C O B  to transfer. 

• After receiving and decod ing the COB ,  the Target begins read ing  data from 
the tape. S ince this takes some t ime, the Target decides to Disconnect from 
the SCSI Bus .  To do th is ,  it changes to the MESSA GE IN Phase and sends 
the DISCONNECT Message . The I n itiator receives the M essage and clears 
the Active Pointers. The Target then re leases the BSY Sig nal to go to BUS 
FR E E  Phase.  
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I Host System I I n itiator I Target I Logical Unit  I 
An Appl ication Progra m gen - T h e  Logical U n i t  ( i .e. ,  the 

erates a Read F i le Request to tape) is cu rrently positioned 

the SCSI Driver. where the Appl ication wants 
it. 

The SCSI Driver tra ns lates the The I n itiator Arb itrates for 
Read Blocks Requ est to a control of the SCSI Bus.  
SCSI Com mand Descriptor 
Block (CDB), and issu es a Se-
lection com mand to the Host 
Adapter. 

The I n itiator wins con trol of The Target Asserts BSY to 
the SCSI Bus and Asserts the respond to the Selection by 
SEL Signa l .  The I n itiator As- the I n itiator. 
serts the ATN Signa l  and be-
gins the SELECTION Phase. 

The I n itiator Rel eases the SEL The Ta rget cha nges to the 
Signa l  to complete the SELEC- MESSAGE OUT Phase in re-
TION Phase.  sponse to the Attention Con-

dition. 

The In itiator sends the ID ENTI-
FY Message to esta b l ish the 
Nexus  and Negates the ATN 
Sign a l .  The In itiator copies the 
Saved Pointers to the Active 
Po inters. 

The Target cha nges to COM-
MAND Phase to receive the 
CDB from the I n itiator. 

The CDB is tra n s ferred to the The I n itiator sends the CDB to 
Host Ada pter  by the SCSI the Ta rget. 
Driver. 

The Ta rget cha nges to M ES- The Logica l U n it begms trans-
SAGE IN  Phase and sends the ferr ing data from the tape to 
DISCONNECT Message. the Ta rget Data B u ffer. 

The I n itiator receives the DIS-
CON N ECT Message and sus-
pends the I/O Process. 

The Ta rget Releases BSY and  
the  Bus goes to  BUS FREE 
Phase. 

TAPE READ COMMAND EXAMPLE (1 OF 3) 
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The read req uest contin ues after the Target Data Buffer i s  (nearly) fu l l  o f  data from the 
tape: 

• Sometime before the Target Data Buffer is actual ly fu l l ,  the Target enters the 
ARBITRATI ON Phase (after val idating the BUS FR EE Phase) to get control 
of the bus .  I t  asserts the BSY Sig nal and its own SCSI Bus I D . 

• The Target wins Arbitration by having the h ighest SCSI  Bus I D  asserted .  The 
Target then takes control of the bus by asserting the SEL  Sig nal .  I t  then 
asserts the 1/0 Sig nal (to choose the RESELECTION Phase) and the SCSI 
Bus I D  of the I n itiator. I t  re leases the BSY Signal to beg in  the R ESELEC
TION Phase. 

• The I n itiator recogn izes the Reselection by the Target and asserts the BSY 
Sig nal i n  response.  The Target asserts the BSY Sig na l  and re leases the SEL 
S ig n al in response.  When the I n it iator sees the SEL  Sig n al go False ,  it 
re leases the BSY Signa l .  Th is comp letes the R ESELECTION Phase.  

• The Target again takes charge of Bus Phase selection .  The fi rst Phase after 
Reselection is always the M ESSAG E I N  Phase (see Message System) . The 
Target sends the I DE NTI FY Message to re-establ ish the N exus with the 
I n it iator for the 1/0 Process. The I DENTI FY M essage ind icates which Log ical 
U n it is go ing  to cont inue  a Command from the I n it iator. 

• The Target then changes to DA TA IN Phase to beg in send ing the requested 
data to the I n it iator. The I n itiator passes the data via 1/0 Port access by the 
SCS I Driver, which then writes it to the location in Host Memory requested by 
the Host System .  The Target continues unti l  a l l  data is transferred .  

• Only half of  the data has been transferred to the I n it iator, and data is sti l l  
com ing  off the tape. S ince this wi l l  take a wh i le longer ,  the Target decides to 
Disconnect from the SCSI Bus again .  Th is t ime is a l i ttle d ifferent than the 
fi rst t ime :  the Target changes to the MESSA GE IN Phase and sends the 
SA VE DA TA POINTER Message . The I n itiator receives the M essage and 
copies the Active Data Pointers to the Saved Data Pointer. 

• The Target then sends the D ISCO N N ECT Message.  The I n it iator receives the 
M essage and clears the Active Pointers .  The Target then re leases the BSY 
Sig n al to go to BUS FREE Phase. The transfer of data from tape to Data 
Buffer cont i nues .  
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I Host System I I n itiator I Target I Logica l unit I 
The Host System SCSI Driver The I n itiator is waiting for the The Ta rget JS waiting for the The Log1ca l Unit continues 
is waiting for the next  opera- Ta rget to Recon nect and may Logica l Un it  to be ready a n d  transferring data from the 
tion and may be doing other be hand l ing  other SCSI 1 10 may be hand l ing other 110 tape into the Ta rget Data 
processing. Processes. Processes. Bu ffer. 

The Ta rget Arbitrates for con-
trol of the SCSI Bus. 

The Ta rget wins control of  the 
SCSI Bus and Asserts the SEL 
Signa l .  The Target Asserts the 
1/0 Signa l  and begins the RE-
SELECTION Phase. 

The I n itiator Asserts BSY to The Ta rget Asserts BSY a n d  
respond t o  t h e  RESELECTION Releases SEL to end the R E-
Phase.  It Releases BSY when SELECTION Phase.  The Target 
the Ta rget Releases SEL. switches to M ESSAG E  IN Phase 

to send the IDENTIFY M essage 
to re-esta b l ish the Nexus. 

The I n itiator receives the 
I D ENTIFY Message a n d  copies 
the a ppropriate Saved Point-
ers to the Active Pointers. 

The Ta rget cha nges to DATA 
IN Phase to send the Read 
Data to the I n itiator. 

The Data is 1/0 Port trans- The I n itiator receives the DA-
ferred from the Host Ada pte r TA I N  from the Ta rget a n d  
into Host Memory. passes it on to the Host. 

The Ta rget changes to M ES-
SAG E  I N  Phase and sends the 
SAVE DATA POINTER Message. 

The I n itiator receives the 
SAVE DATA POI NTER Message 
a n d  copies the Active Data 
Pointer  to the Saved Data 
Pointer. 

The Ta rget continues in  M ES-
SAGE IN Phase and  sends the 
DISCONN ECT Message. 

The I n itiator receives the DIS-
CONN ECT Message and sus-
pe nds the 1/0 Process. 

The Target Releases BSY a n d  The Logical U n i t  continues 
the Bus goes to BUS FREE transferring data into the 
Phase. Target Data Bu ffer. 

TAPE  READ COMMAND EXAMPLE (2 OF 3) 
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The read req uest again continues after the Target Data Buffer  i s  (nearly) fu l l  o f  data 
from the tape: 

• Sometime  before the Target Data Buffer is actual ly fu l l  o r  before the transfer 
from tape is com pleted (wh ichever happens fi rst) , the Target enters the 
ARB ITRATION Phase (after val idat ing the BUS FREE Phase) to get control 
of the bus .  I t  asserts the BSY Signal and its own SCSI Bus I D . 

• The Target wins Arb itration by having the h ighest SCSI Bus I D  asserted .  The 
Target then takes control of the bus by asserting the SEL  S igna l .  I t  then 
asserts the 1 /0 Signa l  (to choose the R ESELECTIO N  Phase) and the SCSI 
Bus ID of the I n it iator .  I t  re leases the BSY Signal to begin the R ESELEC
T ION Phase.  

• The I n itiator recogn izes the Rese lection by the Target and asserts the BSY 
Sig nal in  response.  The Target asserts the BSY S ignal and re leases the SEL 
S ignal in response.  When  the  I n itiator sees the SEL S ignal g o  False,  it 
re leases the BSY Signa l .  Th is completes the R ESELECTION Phase. 

• The Target again takes charge  of Bus Phase selection . The fi rst Phase after 
Reselect ion is always the M ESSAG E I N  Phase (see Message System) .  The 
Target sends the I DENTI FY M essage to re-estab l ish the N exus with the 
I n it iator fo r the l/0 Process.  The I DENTI FY M essage ind icates wh ich Log ical 
U n it is go ing  to conti nue  a Command from the I n it iator .  

• The Target then changes to DA TA IN Phase to beg in  send ing the req uested 
data to the I n it iator .  The I n itiator passes the data via 1/0 Port access by the 
SCSI  Driver, which then writes i t  to the location in  Host M emory requested by 
the H ost System .  The Target continues unt i l  a l l  data is transferred .  

• After com p leting the data transfer, the Target changes to  STA TUS Phase to 
retu rn com p letion Status to the I n itiator. The I n it iator passes the Status via 
DMA to the H ost System .  

• The last task of the Target for this 1/0 Process i s  to change to M ESSAG E I N  
Phase and transfer the COMMAND COMPLETE Message to com plete the 
1/0 Process.  The I n it iator receives the Message and g ives the Host System 
some ind icat ion that 1/0 Process has been com pleted .  Th is ind ication is 
usual ly a system interrupt, although it may also be ind icated by setting  a b it 
in  a status reg ister on  the Host Adapter. 

• The SCSI  Driver takes the SCS I Status ,  converts it into a Driver or  appl ication 
complet ion code (SCS I and appl ication completion codes wil l  se ldom coin
cide) , and returns control to the appl ication . The appl icat ion prog ram can then 
start us ing the requested f i le .  
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I Host System I I n itia tor I Ta rget I Logica l U n it I 
The Host System SCSI Driver The I n itiator is waiting for the The Ta rget is wait ing for the The Logica l Unit continues 

is wait ing for the next opera- Ta rget to Reco n nect and may Logica l U n it to be ready a n d  tra nsferr ing data into the 
tion and may be doing other be h a n d l ing other  SCSI 110 may be h a n d l ing othe r  110 Ta rget Data Bu ffer. 

processing. Processes. Processes. 

The Ta rget Arb itrates for con-
trol  of the SCSI Bus .  
The Ta rget wins control of  the  
SCSI Bus a n d  Asserts the SEL 
Signa l .  The Ta rget Asserts the 
110 Signa l  and begins the RE-
SELECTION Phase. 

The I n itiator Asserts BSY to The Ta rget Asserts BSY a n d  
respond t o  t h e  RESELECTION Releases SEL to end the RE-
Phase. I t  Releases BSY when SELECTION Phase. The Ta rget 
the Ta rget Relea ses SEL. switches to M ESSA G E  IN Phase 

to send the IDENTIFY M essage 
to re-esta b l ish  the Nexus .  

The I n it iator receives the 
I DENTIFY Message and copies 
the a ppropriate Sa ved Point-
ers to the Active Pointers. 

The Ta rget changes to DATA The Logica l U n it completes 
IN  Phase to send the Read the Data tra nsfer  to the Ta r-
Data to the I n itiator. get Data Bu ffer. 

The Data is 110 Port tra n s - T h e  I n it iator receives t h e  DA-
ferred from the Host Ada pter TA IN from the Ta rget and  
into Host  Memory. passes it on to the Host. 

The Ta rget changes to STATUS 
Phase and sends com pletion 
Sta tus. 

The Sta tus is received by the The I n itiator receives the Sta -
SCSI Driver via 1/0 Port a ccess. tus from the Ta rget. 

The Ta rget cha nges to M ES-
SAGE IN Phase a n d  sends the 
COMMAND COM PLETE Message. 

The I n itiator receives the The Ta rget Releases BSY a n d  
COM MA N D  COM PLETE Message the Bus goes to BUS FREE 
and closes the Nexus. The Phase. 
I n itiator ind ica tes to the Host 
System that the Command is 
completed.  

The Host System SCSI  Dr iver 
receives the ind ication via 110 
Port access and retu rns the 
Sta tus back to the Appl ica -

tion. 

TAP E  R EAD COMMAN D EXA M P LE (3 OF 3) 
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Examples 262 
Table 4 0  shows the SCSI B u s  Phases used during the Disk Read example .  The table 
shows the Bus Control Signals that define each phase, but does not include any 
REQ/ACK handshakes for clarity. The Data Bus contents are shown when appropri
ate ; "--" ind icates several bytes are transferred in the Phase. 

The I n it iator SCSI A ddres s  is assumed to be 1 ,  and the Target SCSI  Address is 
assumed to be 0. 

TABLE 40: TAPE READ EXAMPLE Bus PHASES 

I BSY I SEL I ATN I MSG I C/D 1 1/0 I RST I Data ! Phase 

0 0 0 0 0 0 0 00 BUS FREE 

1 0 0 0 0 0 0 02 ARBITRATION Phase 

1 1 1 0 0 0 0 03  I n itiator takes B u s  after winning 

0 1 1 0 0 0 0 03  SELECTION Phase 

1 1 1 0 0 0 0 03 Target responds to Se lection 

1 0 1 0 0 0 0 XX I n itiator releases SEL to end SELECTION Phase 

1 0 0 1 1 0 0 co M ESSAGE OUT Phase - IDENTIFY Message (logical Unit  0, Disconnect OK} 

1 0 0 0 1 0 0 - - COMMAND Phase - Target receives CDB 

1 0 0 1 1 1 0 04 M ESSAGE IN Phase - DISCONNECT Message 

0 0 0 0 0 0 0 00 BUS FREE Phase 

1 0 0 0 0 0 0 0 1  ARBITRATION Phase 

1 1 0 0 0 1 0 03  Target takes B u s  after winning 

0 1 0 0 0 1 0 03  RESELECTION Phase 

1 1 0 0 0 1 0 03  In itiator responds t o  Reselection 

1 0 0 0 0 1 0 XX Target asserts BSY and releases SEL to end RESELECTION Phase 

1 0 0 1 1 1 0 80 M ESSAGE IN Phase - IDENTIFY Message (logical U n it 0) 
1 0 0 0 0 1 0 -- DATA IN Phase - In itiator rece ives read data 

1 0 0 1 1 1 0 02 M ESSAGE IN Phase - SAVE DATA POINTER Message 

1 0 0 1 1 1 0 04 M ESSAGE IN Phase - DISCONNEO: Message 

0 0 0 0 0 0 0 00 BUS FREE Phase 

1 0 0 0 0 0 0 0 1  ARBITRATION Phase 

1 1 0 0 0 1 0 03 Target takes Bus a fter winning 

0 1 0 0 0 1 0 03  RESELECTION Phase 

1 1 0 0 0 1 0 03  I n itiator responds t o  Reselection 

1 0 0 0 0 1 0 XX Target asserts BSY and releases SEL to end RESELECTION Phase 

1 0 0 1 1 1 0 80 M ESSAGE IN  Phase - IDENTIFY Message (logical Unit  0) 
1 0 0 0 0 1 0 - - DATA IN  Phase - In itiator receives read data 

1 0 0 0 1 1 0 00 STATUS Phase - GOOD Status 

1 0 0 1 1 1 0 00 M ESSAGE I N  Phase - COMMAND COM PLETE Message 

0 0 0 0 0 0 0 00 BUS FREE Phase 

I 
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We use the space to improve Readab i l ity. 
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Examples 264 
Example #4: The fou rth example shows a tape backup operation (WR ITE to 
tape) , but th is time  the SCSI  Bus is real f laky, so we have to go th rough  some Error 
Recovery. Diag ram 60 from the th i rd example shows the system for th is  examp le .  

Let's recal l  from the  th i rd example that the  Target is a 1 1S IOW11 tape d rive that conta ins a 
large 11 Data Bufferu cons isting of a local memory b lock that ho lds b locks d u ri ng  a 
transfer. When writ i ng ,  the Data Buffer is f i l led by data from the Host System .  The 
Target then Disconnects from the Bus to perform the actual write to tape.  The Target 
Reconnects to the Bus when the Data Buffer is (nearly) empty. 

As with the tape restore , the tape backup req uest must f i lter down th rough the 
d ifferent layers of the Host System ,  as shown in D iag ram 62. I n  th is example ,  the 
appl icat ion prog ram bypasses the Operating System because the Operating  System 
does not support tape.  At each leve l ,  the req uest is trans lated i nto a standard form 
understood by the next lowest leve l .  Note that the d iag ram shows the f low of informa
tion between leve ls ;  it does not show the t ime order of that f low. 

• An app l ication prog ram on the Host System makes a request d i rectly to the 
SCS I Driver (bypassing the Operating System) to write the tape;  for example ,  
a backup ut i l ity is go ing to  save a system f i le  to  the tape.  Pr ior  to  th is  step 
the f i le ,  or  the f i rst part of the f i le ,  is read into Host System memory .  The next 
step is to write the f i le  to the tape. The appl icat ion specif ies to the SCSI  
Drive r  how many b locks to  write to  the tape ,  and where to  get the data. 

• The SCSI  Driver p rog ram takes the tape write request from the app l ication .  It 
converts the tape b lock write request i nto a SCSI Command Descriptor 
Block (CDB) . It then issues a command to the Host Adapter to Se lect the 
Target and send the COB .  More commands are issued to the Host Adapter 
unt i l  the operation is comp lete . Note that the SCSI Driver manages the ljO 
Process : it responds to Phases and maintains the Poin ters . 

• When the SCSI  ljO Process i s  completed , Status has been retu rned to the 
SCSI Driver .  The data has been transferred d irectly from the app l icat ion data 
area to the tape.  If the Command caused 11C H EC K  CON DITION 11 Status ,  the 
SCSI Driver may also have fetched Sense Data from the Target d isk d rive . 
The SCSI  Driver  trans lates the returned Status and Sense Data (if any) to 
d river comp let ion codes understood by the appl ication and passes them back 
u p .  

• The operation is  com p lete , and the appl ication has saved the data. 
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Application 
Program 

Tape Write Request: 
- Transfer Size 
- Appl ication Data Poi nter 

SCSI 
Driver 

Operating System 

- Does not take part 

SCSI WRITE Command 

Host Adapter 

WRITE Command 

SCSI  Bus 

J 

Examples 

, - - - - - - - - - - -,  

11 Application Data : 
- - - - - - - - - - -

Driver Result: 
- OS Specific Codes 

SCSI Result :  
-Status 
-SENSE Data 

GOOD Status 

Direct Data 
Transfer from 
Application 
Data Area 

1/0 Port Write 
Data Transfer 

DATA OUT 

D I AG RAM 62:  TAP E  WR ITE EXAM P LE SOFTWARE LEVELS 
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Examples 
The Tape Write Com m and example beg ins with the req uest to write a f i le by the 
appl ication program , as described above. We' l l  p ick i t  u p  after the SCSI Driver 
receives req uest from the appl ication : 

266 

• The H ost Adapter u nder  contro l of the SCSI Driver performs the I n it iator 
function for the H ost System .  The I n itiator enters the A RBITRA TION Phase 
(after val idating  the BUS FREE Phase) to  get control o f  the bus .  I t  asserts 
the BS Y Signal and its own SCSI Bus ID. 

• The I n it iator wins Arb itrat ion by having the h ighest SCS I Bus I D  asserted .  The 
I n it iator then takes control of the bus by assert ing the SEL Signal. I t  then  
asserts t he  A TN Signal (to create the A ttention Condition) and  the SCSI 
Bus I D  of the Target. I t  releases the BSY Signal to begin the SEL EC TION 
Phase .  

• The Target recogn izes the Selection by the I n it iator and asserts the BSY 
Sig nal in response.  The I n itiator re leases the SEL Sig nal in  response.  Th is 
com pletes the SELECTIO N  Phase. 

• The Target now takes charge of Bus Phase selection . S ince the I n itiator 
asserted the ATN Signa l ,  the Target goes to MESSA GE OUT Phase (see 
Message System) .  The I n itiator sends the IDENTIFY Message to estab l ish 
the Nexus for the ljO Process .  The I DENTI FY M essage ind icates wh ich 
Logical Unit is  go ing to receive a Command from the I n itiator. 

• The Target then changes to COMMAND Phase to fetch the COB from the 
I n itiator .  The I n itiator sends the COB via an 1/0 Port transfer with the SCSI 
Driver in response . The Target examines the fi rst byte to determ ine how 
many bytes of C O B  to transfer. 

• The Target then changes to DA TA OUT Phase to beg in  receiving the write 
data from the I n itiator .  The I n itiator sends the data via 1/0 Port access by the 
SCSI Driver ,  wh ich it got from the location in H ost Memory requested by the 
Host System .  The Target continues unti l  i ts Data Buffer is fu l l .  

• When the Target gets enough data from the I n itiator ,  i t  beg ins writ ing data to 
the tape .  S ince th is takes some time,  the Target decides to Disconnect from 
the SCSI Bus .  To do th is ,  it changes to the MESSA GE IN Phase and sends 
the SA VE DA TA POINTER Message , because it hasn 't transferred a l l  the 
data yet .  The I n itiator receives the Message ,  copies the Active Data Pointers 
to the Saved Data Pointer ,  and sends the DISCONNECT Message . The 
I n itiator receives the M essage and clears the Active Pointers.  The Target 
then releases the BSY Signal to go to BUS FR EE Phase. 
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I Host System I I n itiator I Ta rget I Logica l Unit  I 
An Appl ication Program gen- The Logica l Un it  ( i .e. ,  the 

erates a Write F i le Req u est tape) is currently positioned 

to the SCSI Driver. where the Appl ication wants 
it. 

The SCSI Driver translates the The I n itiator Arbitrates for 
Write Blocks Request to a control of the SCSI Bus.  
SCSI Com mand Descriptor 
Block (COB) ,  and issues a Se-
lection command to the Host 
Ada pter. 

The I n itiator wins control of The Target Asserts BSY to 
the SCSI Bus and  Asserts the respond to the Selection by 
SEL Signa l .  The In itiator As- the In itiator. 
serts the ATN Signal  and be-
gins the SELECTION Phase. 
The I n itiator Releases the SEL The Target changes to the 
Signa l  to complete the SELEC- M ESSAGE OUT Phase in re-
TION Phase. sponse to the Attention Con-

dition. 

The I n itiator sends the IDENTI-
FY Message to establ ish the 
Nexus and Negates the ATN 
Signa l .  The I n itiator copies the 
Saved Pointe rs to the Active 
Pointe rs. 

The Target changes to COM-
MAND Phase to receive the 
COB from the I n itiator. 

The CDB is tra nsferred to the The In itiator sends the COB to 
Host Adapte r  by the SCSI the Target. 
Driver. 

The Ta rget changes to DATA 
OUT Phase to get the Write 
Data from the In itiator. 

The Data is 1 /0 Port tra ns- The I n itiator sends the DATA 
ferred from Host Memory to OUT from the Host to the 
the Host Adapter. Ta rget. 

The Ta rget cha nges to M ES- The Logica l U n it begins tra ns-
SAGE I N  Phase and sends the ferr ing data to the tape from 
SAVE DATA POINTER and  the the Target Data Bu ffer. 
D ISCON NECT Message. 

The I n itiator rece ives the 
SAVE DATA POINTER and D IS-
CON NECT M essage and sus-
pends the I/O Process. 

The Ta rget Releases BSY a n d  
t h e  Bus goes t o  B U S  FREE 
Phase. 

TAPE  WRITE COMMAND EXAMPLE (1 OF 3) 
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The write request continues after the Target Data Buffer i s  (nearly) empty from writing 
data to the tape:  

• Sometime before the Target Data Buffer is actual ly empty, the Target enters 
the ARBITRATIO N  Phase (after val idating the BUS FREE Phase) to g et 
contro l of the bus.  I t  asserts the BSY Signal and its own SCSI Bus I D. 

• The Target wins Arb itration by having the h ighest SCS I Bus I D  asserted .  The 
Target then takes contro l of the bus by assert ing the SEL Signal .  It then 
asserts the 1/0 Signal (to choose the RESELECTION Phase) and the SCSI 
Bus I D  of the I n itiator. I t  releases the BSY Signal to beg in the R ESELEC
TION Phase. 

• The I n itiator recog n izes the Reselection by the Target and asserts the BSY 
Sig nal i n  response.  The Target asserts the BSY Sig nal and releases the SEL 
S ignal in response.  When the  I n itiator sees the  SEL Sig nal  go  False ,  it 
releases the BSY Signa l .  Th is completes the R ESELECTION Phase. 

• The Target again takes charge of Bus Phase selection .  The fi rst Phase after 
Rese lection is always the M ESSAG E I N  Phase (see Message System) . The 
Target sends the I DENTI FY Message to re-establ ish the N exus with the 
I n it iator for the 1/0 Process. The I DENTI FY Message ind icates which Log ical 
Un it is go ing to continue a Command from the I n itiator. The I n itiator copies 
the Saved Pointers for that Nexus to the Active Pointers. 

• The Target then changes to DATA OUT Phase to continue receiving the data 
from the I n itiator. The I n itiator sends the data via 1/0 Port access by the SCSI 
Driver, wh ich it got from the location in Host Memory req uested by the Host 
System .  N ormal ly, the Target continues unti l its Data Buffer is fu l l .  Unfortu
nately, a Parity Error occu rs during the transfer. 

• To recover from the Parity Error, the Target changes to M ESSAG E I N  Phase . 
The Target then sends the RESTORE POINTERS Message to restart the 
DATA OUT Phase that had the error. The I n it iator receives the M essage and 
cop ies the Saved Pointers for that Nexus,  which def ine the state of th ings at 
the start of th is Connection ,  to the Active Pointers. 

• The Target then changes to DATA OUT Phase to retry the data transfer from 
the I n itiator. The Target continues unt i l  its Data Buffer is fu l l ,  or unt i l  a l l  data 
req uested by the I n it iator has been transferred .  In this case,  the latter occurs . 

• The Target changes to M ESSAG E I N  Phase and sends the SAVE DATA 
PO I NTER M essage ,  and then sends the D ISCON N ECT M essage.  The 
I n itiator receives the M essage and clears the Active Pointers. The Target 
then re leases the BSY Signal to go to BUS FR EE Phase. The transfer of 
data to tape from the Data Buffer continues.  
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I Host System I I n itiator I Target I Logica l Un it  I 
The Host System SCSI Driver The I n itiator is wait ing for the The Target is waiting for the The Logica l Unit  continues 
is waiting for the next opera- Ta rget to Reconnect and may Logical Unit  to be ready and transferr ing data from the  
tion and  may be do ing  othe r  be h a n d l ing other SCSI 110 may be handl ing other  1/0 Target Data Bu ffer to the 
processing. Processes. Processes. tape. 

The Target Arbitrates for con-
trol of the SCSI Bus.  
The Ta rget wins control of  the 
SCSI Bus  and  Asserts the SEL 
Signa l .  The Target Asserts the 
110 Signal  and begins the RE-
SELEaJON Phase. 

The I n itiator Asserts BSY to The Target Asserts BSY a n d  
respond t o  t h e  RESELEGION Releases SEL to end the RE-
Phase. I t  Releases BSY when SELEGION Phase. The Target 
the Ta rget Releases SEL. switches to M ESSAGE IN Phase 

to send the I DENTIFY M essage 
to re-esta b l is h  the Nexus.  

The I n itiator receives the 
I D ENTIFY M essage and copies 
the appropriate Saved Point-
ers to the Active Pointers. 

The Target cha nges to DATA 
OUT Phase to get more Write 
Data from the In itiator. 

The Data is 1/0 Port tra ns- The I n itiator sends the DATA The Ta rget detects a Pa rity 
ferred from Host Memory. OUT to the Ta rget. Error du ring the DATA OUT 

Phase. 

The Ta rget changes to M ES-
SAGE I N  Phase and sends the 
RESTORE POINTERS Message. 

The In itiator receives the RE-
STO RE POI NTERS Message and 
copies the Saved Pointers to 
the Active Pointers.  

The Target changes to DATA 
OUT Phase to try aga in .  

The Data is I/O Port tra ns- The I n itiator sends the DATA 
fe rred aga in .  OUT to the Ta rget. 

The Ta rget cha nges to M ES-
SAGE I N  Phase and sends the 
SAVE DATA POINTER and DIS-
CONNEG Messages. 

The I n itiator receives the Mes-
sages, copies the Active Point-
ers to the Saved Pointers, and 
suspends the 1/0 Process. 

The Ta rget Releases BSY and The Logica l U n it contin ues 
the Bus goes to BUS FREE transferr ing data to ta pe 
Phase. from the Target Data Bu ffer. 

TAPE WRITE COMMAND EXAMPLE (2 OF 3) 
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The write request again continues after the transfer from the  Target Data Buffer to  the 
tape is com plete : 

• When the tape write is complete , the Target enters the ARBITRATION Phase 
(after val idat ing the BUS FREE Phase) to get control of the bus .  I t  asserts 
the BSY Signal and its own SCSI Bus I D. 

• The Target wins Arbitration by having the h ighest SCSI Bus I D  asserted . The 
Target then takes control of the bus by asserting the SEL  Signal .  It then 
asserts the 1/0 Signal  (to choose the RESELECTION Phase) and the SCSI 
Bus ID of the I n it iator. I t  re leases the BSY Signal to beg in the RESELEC
TION Phase. 

• The I n itiator recogn izes the Reselection by the Target and asserts the BSY 
Signal in  response. The Target asserts the BSY Sig nal and releases the SEL 
Signal in  response. When the I n itiator sees the SEL Sig nal go  False, it 
re leases the BSY Signal .  Th is completes the R ESELECTION Phase. 

• The Target again takes charge of Bus Phase selection .  The fi rst Phase after 
Reselection is always the M ESSAG E IN Phase (see Message System) . The 
Target sends the I DENTI FY Message to re-establ ish the N exus with the 
I n itiator for the 1/0 Process. The I DENTI FY M essage ind icates wh ich Log ical 
Un it is go ing to continue a Command from the I n itiator. 

• The Target changes to STA TUS Phase to retu rn comp letion Status to the 
I n itiator. U nfortunately, the I n itiator detected a Parity Error d u ring the Status 
transfer. Before Negating the ACK Signal of the Status transfer ,  the I n itiator 
asserts the A TN Signal to create the Attention Condition . 

• The Target sees the ATN Signal asserted and changes to M ESSAG E OUT 
Phase. The I n itiator sends the /NIT/A TOR DETECTED ERROR Message to 
the Target to ind icate that it saw an error dur ing the STATUS Phase.  

• The Target changes to M ESSAG E IN Phase to send the R ESTORE POI NT
ERS M essage .  Th is facil itates the retry requested by the I n itiator. The I n itiator 
copies its Saved Pointers for this Nexus to its Active Pointers .  

• The Target changes to STATUS Phase again to  retu rn completion Status to 
the I n it iator. This time it works. The I n itiator passes the Status via 1/0 port 
transfer to the H ost System . 

. . . .  continued after the d iag ram . . .  
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I Host System I I n itiator I Target I Logica l Un it  I 
The Host System SCSI Driver The I n itiator is waiting for the The Target is waiting for the The Logical Unit completes 

is waiting for the next opera- Target to Reconnect and may Logical Unit  to be ready and the transfer  of data from the 

tion and may be doing other  be h a n d l in g  other  SCSI 1/0 may be handl ing other  1/0 Target Data Bu ffer to the 

processing. Processes. Processes. tape. 

The Target Arbitrates for a n d  
wins control of  the SCSI Bus .  
The Target 5el ects the l n it ia-
tor and re-establ ishes the 
Nexus with the IDENTIFY Mes-
sage. 

The I n itiator receives the 
I D ENTIFY Message and copies 
the a ppropriate Saved Poin t-
ers to the Active Pointers. 

The Target changes to STATUS The Logica l Unit completes 
Phase and sends Completion the Data tra nsfer to the Tar-
Status. get Data Bu ffer. 

The Data is 1/0 Port The I n itiator receives the Sta-
transferred from the H ost tus from the Ta rget, but  de-
Adapter into Host M emory. tects a Pa rity Error, so it  as-

serts ATN before negating 
ACK. 

The Target sees the ATN s ig-
nal  and changes to M ESSAG E  
O U T  Phase. 

The Status is received by the The In itiator sends the I NITIA- The Ta rget receives the Mes-
SCSI Driver via 1/0 Port access. TOR DETEITED ERROR Message sage, switches to M ESSAG E  

t o  the Ta rget. OUT Phase, and  sends the 
RESTORE POINTERS Message. 

The I n itiator rece ives the Mes- The Target changes to STATUS 
sage and copies the Saved Phase attempts to send Com-
Pointe rs to the Active Point- pletion Status aga in .  
ers. 

The In itiator rece ives the Sta-
tus from the Target, su ccess-
fu l ly th is t ime. 

The Target changes to M ES-
SAGE IN  Phase and sends the 
COMMAND COM PLETE M essage. 

The I n itiator rece ives the The Ta rget Releases BSY a n d  
COM MAND COM PLETE Message the Bus goes to BUS FREE 
and  c loses the Nexus.  The Phase. 
I n it iator ind icates to the Host 
System that the Command is 
completed. 

The Host System SCSI Driver 
receives the ind ication via 1/0 
Port access and retu rns the 
Status back to the Appl ica-
tion. 

TAPE WR ITE COMMAND EXAMPLE {3 OF 3) 
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• The last task of the Target for this 1/0 Process is to change to M ESSAG E I N  

Phase and transfer the COMMAND COMPLETE Message to com plete the 
1/0 Process. The I n itiator receives the Message and g ives the H ost System 
some ind ication that 1/0 Process has been completed . Th is ind ication is 
usual ly a system interrupt, although i t  may also be ind icated by settin g  a b it 
in  a status reg ister on the Host Adapter. 

• The SCSI Driver takes the SCSI Status, converts it i nto a Driver or  appl ication 
completion code (SCSI and appl ication completion codes wi l l  seldom coin
cide) , and retu rns control to the appl ication . 

Table 41  shows the SCSI Bus Phases used during the Tape Backup exam ple .  The 
tab le shows the Bus Control Signals that define each phase,  but does not inc lude 
any R EQ/ACK handshakes for clarity. The Data Bus contents are shown when 
appropriate ; "--"  ind icates several bytes are transferred in  the Phase. 

The I n itiator SCSI A ddress is assumed to be 4, and the Target SCSI Address is 
assumed to be 2. 
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TABLE 41 : TAPE WRITE EXAMPLE Bus PHASES 

I BSY I SEL I ATN I MSG I C/D 1 110 I RST I Data I Phase I 
0 0 0 0 0 0 0 00 BUS FREE 

1 0 0 0 0 0 0 04 ARBITRATION Phase 

1 1 1 0 0 0 0 06 In itiator takes Bus a fter winning 

0 1 1 0 0 0 0 06 SELEGION Phase 

1 1 1 0 0 0 0 06 Ta rget responds to Sel ection 

1 0 1 0 0 0 0 XX I n itiator releases SEL to end SELECTION Phase 

1 0 0 1 1 0 0 co M ESSAGE OUT Phase - IDENTIFY M essage (logical Un i t  0, Disconnect OK) 

1 0 0 0 1 0 0 - - COMMAND Phase - Target receives CDB 

1 0 0 0 0 0 0 - - DATA OUT Phase - In itiator sends write data 

1 0 0 1 1 1 0 02 M ESSAGE I N  Phase - SAVE DATA POINTERS Message 

1 0 0 1 1 1 0 04 M ESSAGE I N  Phase - DISCONNECT Message 

0 0 0 0 0 0 0 00 BUS FREE Phase 

1 0 0 0 0 0 0 02 ARBITRATION Phase 

1 1 0 0 0 1 0 06 Target takes Bus after winning 

0 1 0 0 0 1 0 06 RESELECTION Phase 

1 1 0 0 0 1 0 06 I n itiator responds to Reselection 

1 0 0 0 0 1 0 XX Ta rget asserts BSY and releases SEL to e n d  RESELECTION Phase 

1 0 0 1 1 1 0 80 M ESSAGE IN Phase - IDENTIFY Message (logical Un i t  0)  
1 0 0 0 0 0 0 - - DATA OUT Phase - Pa rity Error Occurs ! 

1 0 0 1 1 1 0 03 M ESSAGE I N  Phase - RESTORE POINTERS M essage to retry the Phase 

1 0 0 0 0 0 0 -- DATA OUT Phase - In itiator sends the rest of the write data 

1 0 0 1 1 1 0 02 M ESSAGE I N  Phase - SAVE DATA POINTER M essage 

1 0 0 1 1 1 0 04 MESSAGE IN Phase - DISCONNECT Message 

0 0 0 0 0 0 0 00 BUS FREE Phase 

1 0 0 0 0 0 0 02 ARBITRATION Phase 

1 1 0 0 0 1 0 06 Ta rget takes Bus a fter winning 

0 1 0 0 0 1 0 06 RESELECTION Phase 

1 1 0 0 0 1 0 06 I n itiator responds to Reselection 

1 0 0 0 0 1 0 XX Ta rget asserts BSY and releases SEL to end RESELECTION Phase 

1 0 0 1 1 1 0 80 M ESSAGE IN  Phase - IDENTIFY Message (Logica l Un i t  0)  
1 0 1 0 1 1 0 00 STATUS Phase - Pa rity Error 

1 0 1 1 1 0 0 05 M ESSAGE OUT Phase - I N ITIATOR DETECTED ERROR Message 

1 0 0 1 1 1 0 03  M ESSAGE I N  Phase - RESTORE POINTERS Message to retry the Phase 

1 0 0 0 1 1 0 00 STATUS Phase - GOOD Status 

1 0 0 1 1 1 0 00 M ESSAGE IN Phase - COMMAND COM PLETE Message 

0 0 0 0 0 0 0 00 BUS FREE Phase 
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