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1.0 INTRODUCTION AND OVERVIEw 
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3.0 INTERNAL STRUCTURE, PMILOSO~HY, AND FLOW OF CONT~OL. 

3.1 I~t~oduet4o~ 

I~ t"4s Seet1o~ we wi" ~resent t"e 1~ter~a' operatio~s 01 t~e RSX-l1M 
EMecut1ve I~d t~e routi~e8 associated wit~ it (driver., a~d com~o~ 
serv4ee subrout1~es). Our e.pos1t1o~ wi" ~ave a tutoria' .'a~t. 
Seetio~ 5.0 co~t.1~s a detai'ed descr1ot1on of t~e RSX·l1 M data 
structures. I~ t~is seetio~ we wi" introduce data structures O~ .~ 
as.needed b.sil, a~d diseus. t~e deta4'eo eo~tents of t~ele structure. 
O~'y w"e~e needed to r.~der our eMPos4t1o~ meaningful, 

RSX·11M is a ~rior~ty dr~ve~, mult1~roqramming, real-time operating 
system, a~d, as w4t~ any SUCM system, its pr1~e10.' function 1s tMe 
mult1Dle.4~g of s~a~lb'e resources among competing tasks, T~e 
mult1p'e.i~g itself is made ooss1ble bv tMe interruct system of t~e 
~ardware w~ie~ e.uses co~tro' to be t8ke~ away from user tasks a~d 
g1ve~ to t~e EMeeutive. It 1s dur1~g tM1. oeriod of i~terruct co~trol 
+h.t the EMecut4ve makes its dee1s1oMs o~ gra~t4~g use of s"ared 
resources. U~derst.nd1~g t"e 4~terrupt meCha~ilm is fu~d.me~ta' to 
u"d.rstandi~g t"e E.eeut4ve, and OMce u"derstood, se~v'l a. • 
f~.m.werk fer de.crib.~g t"' o~er.t.o~ of E.eeut1ve lubsvsteml 
(dr1ve~., 'o.de~, MeR, etc) and t~e sYltem as a w~ole. 

The POP-II 11mi1v of eomouters "al two e'aSSeS of .~terru~tsl 

1. P~oe,sler T~.ps, 8Md 

p~ce ••• er t~.~. I~e "ot m.skable*, t~at ii, w~e~ t~ey occur t~e 
~~oe •• so~ enters t"' t~.p le~uenee of ~us~4~g ~S a~d PC o~to t~e 
cu~r.nt Itack, ~etrieviMg PS aMd PC f~o~ t~e Drooer hardware trap 
v.cte~, .Md,· if no ot"e~ iMter~u~ts are oend1~g, .n4ti.t.~g t~e 
~roc.a.o~ at t~e 'oe.t1o~ l~ee4f1ed by t~e t~a~ veetor. A ·table of 
trap vectors start at 'oeat1on 4 .~d .~teMd to 'ocat1o~ 714(8). 
Processor tr.~. 4Mc1ude*.1 

•••••••••••••• 

~ Maskable mea"1 t"at t~e COMd1t.o~ ea~ be disabled by .lter1Mg t~. 
priority of t~. proce.sor • 

• * See t~e POP.1t Processor Handbook for a eom~'ete list. 
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BPT I~lt~uctio~, 

lOT I~lt~uct1c~, 

TRAP I~st~uetic~, 

Odd 8dd~ess, 

I"ega' IM.t~uetion., 

EMte~~.' 1~te~~u~t. a~e ~.~dw1~ed to one of t~. fou~ bus ~eoue.t 
'evel. of t~e 'p~oe'.lo~. T~e.e i~ter~uots 8~e ge~era"y associated 
wit~ 1/0 device •• ~d 8~e me.kable. T~ey can only eause a~ ~nte~~uct 
w~e~ t~e c~1or1ty 4" t~e P~oeelsor StatuI Word (PS) il 'esl t~an t~e 
~~1o~1tv of t~. 1"t.~ru~tiMa scu~ce, T~u., by .ett1~g t~e oroces.o~ 
Dr4o~ity ~n a t~ac v.cto~ PS wo~d to aM aco~ocr1.te 'eve' 1~terruots 
equI' to, o~ be'ow t~.t c~1o~ity are locked out, 

~ve~v dev4ce (1~te~~uot .ou~ce) ~as a~ al.ociated t~ao vecto~ 1~ t~e 
vecto~ table located i" 'ow.~ memory. 

With th1s skete~ of the hl~dw8~e meeh.~4s~, we ean exam1ne the 
."te~~uPt p~oee'11"g 1" the Executive it.elf, 

Let UI a •• ume t~at I" t~e v.cto~. 1~ t~e t~ac' vector table hive bee" 
p~ooe~ly i"itill.,ed so that when a p~oceslo~ t~ap o~ 1~ter~uot 
occurl, an Execut4ve routine wi" obtain co~t~o' of t~e croeesso~*. 

On • ~ •• 1 memo~v PDP.l1**, o~ly one stack exists, and t~1s stack must 
be multiole.ed to I.~vice t~e user tasks, t~e Executive, a~d t~. 
E.ecutive Sub-'Vltem •• 

The RSX-l1M SVltem lucpo~t. " 'evels of user mu't1.programm1~9 8"d 250 
leve'l of user crior1tv. TMe use~ elteb1ilhes t~e o~1ority of ~41 
te.k I"d t"e E.ecutive dil~atchel u.e~ tesks baled O~ t~e ~4g~e.t 

•••••••••••• 

** Se. Seetio~ X, •• x for t~e deta1', of mID~.d me~o~v sVlteml. 



PAGE b 

p~4o~itv UI.~ telk wMie~ is ~eadv to ~u~. T~e Svste~ Task Di~eeto~y 
(STD), w~ic~ is ccm~o8ed of O~. lS-word STD E~trv (Task Co~trol S'ock 
CTCB)) for eae~ uler task ;~ t~e system, a~d w~;eM is ordered bv 
p~1or1tv, 4, sca~~ed to dis~atc~ user tasks. 

Hav1"Q only. ling'e stack also 1M~'~e8 a single croeessor state, T~. 
Executive ~uat simu1ate 8 two state 9vste~. ~ single word, t~e stick 
dept~ ~ndic.to~ CSSTKDP)\ is used to co~tro' t~i! s4mu'8t1o~. 

W~e~ t~e stack d.~t~ indicator is eaua' to 1 t~e system is ru~n1~g in 
the UI.~ .tete, w~en it'. zero or 'els, it is 1~ t~. system state. 
A" stack multip,.~i~g is accom~11s~ed by te.ting tMe eo~te~tl of t~i. 
wo~d, I~ pe.si"Q, we s~ould ~ote tMat t~e Drioritv set 1~ t~e PS word 
for ule~ telk, Cbot~ privi1eged and unprivileged) i. 0, a~d for 
E.eeut1ve routines, w~eM rUMning inter~u~t.ble, is eit~er 0, 7 or t~e 
level at w~ie~ t~e interrUPt was taken, It 11 a design goa' to 
operate t~. E~eeut1ve and its associated ~outine. nOM-1~te~~uotable 
for 81 s~ort I du~et1oM •• DOSlib'e. we currently estimate t~e sYstem 
~ever rema1nl non-interruotable for more t~8~ twenty 1~struetio~. wit~ 
the tv~4el' 101" 01 non-i~te~~uDtable codes bei~g 'es8 t~a~ te~ 
i~.truct~o~l. Furt~er~ore, the totel ~o~-4~terruotable ti~e w." be '.1. t"e~ 1/10 of 1X of t~e total ~roces.or time. 

Exte~~al 1Mter~uptl can occur within t~e system from e4t~er 01 t~. 
simulated states, t~at .1 W"en t~e .tack de~t~ 1~d4eator ., 1 (uler 
state) or <-0 (SVlte m 'tate), Processor traos, whie~ 1~clude t~e EMT 
4~st~uct1o" u •• d for Executive Directives, o~lv occur 4~ t~e uSer 
stlte, w1t~ the followino e~c.~t40nll 

Powerfe4' 

Oelc~4b1~g the RSX-l1M 1~t.~ru~t m.e~.~ilm i"volvel sever.' 
.~terrellted ~outine., .~" it may be ~eeesiarv 10r t~e reader to make 
two Delses ove~ this s.et;o" b.fo~e t"e ~roeess becomes eomoletelv 
clear. To e •• e you~ ~aS8age, we 1~troduce ~ow a br4e1 deser1Dt1o~ of 
the be.ic routines involved. 

The RSX-l1M 4Mterruot m.e"~~e~y involves the fo'lowing rout4~es or 
~outi"e tY~"1 

The I~t.rru~t Sive Routi~e CSINTSVl, 

T~e Di~.etive S.ve Rout1~e CSDIRSV), 

The I~ter~uDt Ex4t Routine C!INTXT', 
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I~te~~u~t p~oeesso~s a~e e~te~ed di~ect'y a~d ulual,y cal' $INTSV O~ 
SDIRSV fo~ commo" •• ve a~d state switc~i~o se~v1ees, at t~e e~~Q'etio~ 
of these se~viee., t~e 1"te~~uot routi~el are a9a;~ g;v.~ eo~t~o' to 
eom~lete the i~terrupt serviee. The e_it rout4~es $!NTXT a~d $DIRXT 
~ •• tore the Itate ~rio~ to switchi~g to t~, sy.te~ state, co~t~o' t~e 
u~.~ •• ti~g of i~te~~u~t., a~d ~.ke cheeks on t~e state of t~e IYlte~ 
(for •• am~'., i. it nece'la~v to ~edi.c.te~ the oroces80~). The FO~k 
P~oe ••• o~. 'i~el~1Ie aceess to sha~ed system data bases. The detail. 
of .11 these routiMel wil' emerge 1~ the uDco~1~g ~8rret1ve. 

l.~.l E-ter~.' I~te~ruot Fro~ 
indieators1) 

The Task State (Stack 

The vectors in lowe~ ~emorv eOMta1n 8 PC uniQue to each i~terruot1~g 
souree, .~d a PS let ~;th a priority of PR7. He~ce, ~hen a~ e-terna' 
i~terruot occu~s, the hardware oushes the eurre~t P5 a~d PC o~to the 
eu~~.~t stick (i~ this cas. the users stack) a~d 10ads the ~.w PC and 
PS (set at PR7) f~om the .~propr1ate 1~te~rupt vector, The 4~t.r~uot 
rout1~e, the~ stlrts •• ecut1~9 with 1~ter~uct. lOCked out, I~terruot 
~auti~e. may, 1" flet, be e •• cut4M9 1" one of three statel' 

2. At the ~~ior1tv of t~e ~~t.rru~t~nQ source, t~UI, i"terruot 
level. o~e.ter t~l~ the lource are ~erm~tted, O~ 

3. At Fo~k 'evel w~ich 1s at PR0. 

State 2 1. d~scus"d Ihortly, state 3 w." be defe~red to Section 
3.2.7.2 (Fork Proee.les), fo~ ~ow, leta look at the PR7 state. 

By ~Mte~~a' eo"ve~tion, ~~oee'li~g iM the PR7 state (I"terru~t 
procelsi~g state 1) is l1m4ted to 100uI. If proce811~g C8~ be 
eom~leted 1" this time, the~ t~e i~terru~t ~out4~e simDlv ~TI·., the 
."ter~u~t h'l beeM processed IMd dismissed w1t~ m1~1m.' over~ead. 

If the 1"t.r~upt ~out1ne ~'Quires .dd1tio~a' ~~ocessi"g time Cbut does 
~ot inte"d to .'t.~ a .hl~ed SYlter data base) it ea"1 the routi~. 
SINTSV (I"ter~u~t Slve), The or1or1ty at wMie~ t~e caller •• to ru~ 
immediately fol'owl the elll to !INTSV. 

I~t.rru~t "VI UI •• the sDec4fi.d priority to .et uo t", 1"terruot 
routine luch t~at it 11 interruptible by ~r4or1t1e. h;g",r tha~ that 
of t~e 4"te~~upt1"O sourc, (1~terruot orocessi"9 st.t, 2) a~d 
eo~d1t4o"a"y switch •• to system state if t~e DrocelSO~ is Mot already 
i" sVltem state. T"e SINTSV a'gor1t"~ 111 



*INTSVI Pus~ RS 8~d R~ o~to t~e eurre~t Cuser's) staek, 

Decreme~t stack deot~ i~dieetor 
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Save t~e curre~t Ca talk's 1~ t~~s clse) stack oo~~ter 

Set UD t~e sVltem stack oo1~ter (lw4te~ stacks) 

1 • Load t~e ~ew ~rocelsor ~rior1tv as aoecffied by t~e ea,'er 

Retur~ to caller. 

Notel' 

T~e Stack DeDt~ I~d.eator is zero O~'y w~e~ t~e tr.nsit1o~ fro~ t~e 
user Itate to t~e svstem state ~al occurred. T~e user state value of 
1 wal le'ected to ai~D'1fy t~e deereme~t, test, and bre~e~ w~1c~ 
eltab'is~e. w~et~er 8 stick Iw1te~ i. ~ecessary. 

Pu.h1~g of RU I~d RS is do~e to free tMes. registers for routi~e. 
procels~~g exter~al i~terru~ts. It is 8~ 1~t.r~al progrlmm1~g 
co~ve~t1o~ that aSlumes t~ele rout1~ •• w4" ~ot reauire more t~a~ two 
~eo1.terl to acco~~'4s" tMe4r fu~et1o~s. If t~ey do, t~ey must save 
a~d restore anv Idd1t1o~.' registers thev ule. 
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,+ 
J RK11 DISK CONTROLLER I~TERRUPT SERVICE ROUTINE , 
, THIS ROUTINE IS ENTERED VIA THE VECTOR AT LOCATION 22~ wHEN AN 
, INTERRUPTING CONDITION 15 DETECTED IN THE RK'11 CONTROLLER. THE 
, ROUTINE IS ENTERED AT PRIORITV PR7 WITH ALL INTERRUPTS LOCKED OUT. ,-

",SAVE VECTOR PS WORD !DKINTIIMOV 
CALL 

PS,TEMP 
SINTSV,PRS ",SWITCH STATES A~D PRIORITV TO PRS 

, 
, CONTROL IS REGAINED AT THIS POINT IN SYSTEM STATE WITH A PRIORITV OF 
, p~S. REGISTERS RU AND R5 HAVE BEEN SAVED AND MAV BE FREELV USED. 

",qETRIEVE SAVED PS WORD MOV 
BIC 

TEMP,RU 
#1777b0,RU J"CLEA~ ALL BUT CONT~OLLER NUMBER 

• 
• 
• 

etc, 

Im~le~e~t.tion notel 

T~e CALL micro i~ t~e above eM.m~le 4, • special for~ w~ie~ 1, def4~.d 
i~ t~e executive micro file RSXMC,MAC. TM1. file must be eo~eate~ated 
with a'l assemblie. us1ng t~1. fo~m of CALL. TMe code generated f~om 
t~e maero e.~.~.1o~ 11' 

JSR 
,WORD 

R5,SINTSV 
·C<P~1o~1tv>&PR7 

3.2,4 E.te~".l I"te~ru~t. From T~e Svste~ State 
i"dic.to~ <-0) 

(Stick Dect~ 

T~e code 0" t~i. i"t.rru~t ~.t~ 4, ide"t1ea1 to t~at d.scussed 4" 
Sect4o" 3.i.!. Howeve~, it 4, "ot ~eee.'lrv to sw.te~ states wMe~ 
SINTSV is e."ed, T~e curr.~t stick 11 tne Iv.te~ stack, .~d t~e te.t 
0" t~e value of tMe staek dept" 4~d1eato~ wi" cause t~e slv4~q of SP 

•••••••••••••• 

* We 1~te"d to make exte~.ive use of e •• m~'.1 t~~oUgMout t~.s m8~U" 
a~d wi" repeat eod1~g se~uenee. w~e~e Meeelsa~v to re14eve t"e 
~e.der f~om eo~t1~ul"v c.g1~g to f1~d anot"er ~el.ted e •• mo'e. 
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a~d t~e swite~4~o of sticks to be bvoassed. After s8v4~9 p~ 8~d RS o~ 
the system stack, 8 retur~ to t~e i~terrupt rout4~e ~s e~eeuted. 
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3.2.5 P~oee'lo~ T~a~s F~om T~e Tal~ State (Stack Dect~ l~dieato~s1) 

Whe~ a c~oee.sor trap occurs from t~e taSK state, t~e ~ardware ous~e. 
PS, PC, a~d i~it1ate. t~e rout~~e aoec;fied ~~ t~e associated ~8~dware 
tra~ veetor. If the triO was a~ E~eeut~ve directive (EMT 377), t~e 
OPB (Directive Para~ete~ Sloek) or its add~ess was pus~ed o~to the 
user'. stack crior to the issua~ce of t~e EMT. The trap rout1~e, 
rU~Mi~g at PR7 immediately cal's tM~ rout1~e $OIRSV (Directive Save) 
which ~a. the fol'ow.~o a'gorit~m: 

SOIRSVI Pus~ R5 a~d R4 o~to curre~t (user's) stack 

Deereme~t Stick depth i~d1Cltor 

II t~e stack dect~ 4Md4cator =01 No, gO to 1. 

Sive curreMt (user's) stacK po;~ter 

Set UP system stack oo1~ter (switCM stackll 

1. Push R],R2,Rl,R0 OMtO curre~t (system) stacK 

Load ~.w processor priority 85 s~ec4fied by t~e ca"er 

Notesl 

T~e dept~ i~d4cator check 11 made to imcrove crash aMalYlis, ~o other 
dec1s1oMS Ire made i~ SOIRSV .si~ce a" croeeSlor tracs, w1t~ two 
e.cect1o~s, occur from t~e task state. The e.eeDt1o~s are ha~dled o~ 
.xit. ." registers are s.ved, t~e ~eed for OMly two reQisters, RS 
aMd R4 1. as.umed o~'v for ~out1~es oroee811~g e.ter~al i~terru~ts. 
A. wit" SINTSV t", g~1ority at wkie~ the ca'ler IMPeets to ~U" 
immediately follows the ea". A" ~roeessor trag ~outi~e., ~oweve~, 
~U" at level 0. 

O"'y o~. proceslor t~ao el" be Queued fo~ ~roces.1ng 1~ t~e sYstem at 
a"v poiMt i~ time (40~ore, for the mo~.~t, t~e two eMeeptio~. we ~.ve 
Moted), S1~ee t~e processo~ trap occurred i~ t"e 1" t.s~ state, 
."traMee to t~e EMecutive occurs O~'y w~e~ tke E.ecut1ve 45 idle. 
While iM the Svstem State, onlv •• terna' inter~upts ca~ occur. If 
proees.or t~'D' occu~, tne~ e1t~er t~ev are va'4d e.eeDt1o~., or t~e 
svstem itself h •• fau11ed a~d w1" s~ut dOW~. 

Once a valid ~rocessor trac 11 oe~d1M9, it wi" be ~roeesled to 
comp,.t1o~ before a"y ot"er Iyste~ routine il g1ve~ access to any 
,nared system data bale. We wi" see ~ow this st~1ct seoue~t18'1tY 4, 
effected W"eM we diseus. t~e two eMit rout1"e, a~d t~e fork 
proceslorl. 
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J + 
J EMT TRAP PROCESSING ROUTINE 
J 
, THIS ROUTINE IS ENTERED VIA THE VECTOR AT LOCATION 30 ~HEN AN EMT 
J INSTRUCTION IS EXECUTED. T~E ROUTINE IS ENTERED AT PRIORITV PR7 
J WITH ALL INTERRUPTS LOCKED OUT. ,-
SEMTRPIICALL 

TST 
BEQ 
CRASt-i 

1051 • 
• 
• 
• 
etc. 

$DIRSV,PR~ 

!STKDP 
105 

Im~'eme~tat1o~ ~otel 

J'JSWITC~ STATES ANO PRIORITV TO PR~ 
,EMT EXECUTED FROM SYSTEM STATE? 
,IF EQ NO 
,CRASH SYSTEM 

The CALL macro 1~ t~e above eM8m~'e is a soec1al form w~1ch is def1~ed 
;M the executive micro 11'e RSXMC,MAC. Th1s file must be eo~c8teMated 
W1tM a'l •• se~b'i •• u.1~Q t~il form of CALL. T"e code ge"erated from 
the micro ex~.~s1o~ 1sl 

JSR RS,SOIRSV 
,WORD ·C<Pr1or.tY~&PR1 

O"'y two processor traps are valid fro~ the system statel T~e triO 
1~ltruet4o" a"d oowerfa1,. If a"y other proeessor trap occurs w~1'e 
1" the Iy,t.~ state, the Iystem', operat1o~ 4s aborted, 

3.2,&.1 Procel11"o For Trao I"struet1oMI Wh1e~ Occur I~ T~e System 
State 

The tra~ 1"'truet1o" 11 used withi" t"e Executive .1 a core lav1~o 
tec""iQue i~ ~.tur"1"g statuI fol1ow4~g the Drcee •• 1~Q of I" EMecut4ve 
01~.et4ve, T~e EMT 377, which 11 t"e ~~ceessor trio u •• d to 4~1t1.t. 
direct1ves, eIUS.' _"try i"to the D4reet1ve 04soatcher (!EMTRPl w~1ch 
1" turM ca", SOIRSV. o~ retur" from $OIRSV, but before calling t~e 
directive ~roce.s1~g rout1". (a~d e"t~v to t"e prooer routine 1s via 8 
CALL), the Directive Dil~.teher pu.~es 8 value of +1 o~to the system 
stack, I"d clears the c b1t 1" the PS wo~d stored 0" t~e users stack, 
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~~e~ it CI"S tMe ~rooer di~eetive oroee •• i~g rout~~e to effect t~e 
directive. Figure 3.1 s~ows t~e state of t~e user a~d svste~ steeks 
for bot~ t~e U~~8o~ed 8~d ~aoped svste~s at t~e t~me e~trv ~s ~ade to 
tMe directive proeessiMg rout1~e. 

UNMAPPED SYSTE~ 

USER-S STACK SYSTEM STACK ................. . ................ . 
OPS 

•••••••••••••••• • ••••••••••••••• 
PS R2 

•••••••••••••••• .. ............... . 
PC Rl ................. . ............... . 
RS R0 ................. . ............... . 

... 1 1 
TOS··>.·.··· ....... •••• •••••••••••••••• 

RETURN AODR 
•••••••••••••••• < •• T05 

MAPPED SYSTEM 

SYSTEM STACK 
•••••••••••••••• • ••••••••••••••• 

OPB PS 
TOS··)·······.··.·.··. • ••••••••••••••• 

PC 
•••••••••••••••• 

R5 
•••••••••••••••• 

•••••••••••••••• 
Rl 

•••••••••••••••• 
R2 

•••••••••••••••• 
Rl 

•••••••••••••••• 

•••••••••••••••• 
+ 1 1 

•••••••••••••••• 
RETURN AOR 

······.·.······.<··T05 
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FIGURE 3-1 

T~e Directive ~roces.i~9 ~out1~e ~ow carries out its fu~ct1o~, a~d 1~ 
so doi~g is free to alter a~y s~ared sv.te~ data bale, li~ce no ot~er 
~outi~e wi" ga1M aeeel. to • I~ared data base until t~e directive 
~roce'11~g routi~e is eom~'eted. T~is arra~geMent of t~e 5tae~ a~d 
1~terface betwee~ t~e Direetive D4scateMer a~d t~e Direet1ve 
p~oees.orl na. two advl~tlgell 

1. T~e norma' returM for a'1 but 8 few directives 4s 8 +1 statuI 
aMd carry elea r , TMis mee~s t~e directive routines ee~ 
returM to t~. di.p.te~er wit~ a~ RTS, t~us t~e return oat~ •• 
o~e word rat~er t~l~ two if a JMP were em~'oyed, t~4s 9c~eme 
probably savel 1~0 words 4M t~e RSX.l1~ Executive. 

2, IMterMll Executive routines can ea" t~e directive ~rocess1ng 
rout1Mes wit~out u.4~9 an EMT. 

If a directive crocesl4~g rout4~e ~eedl to retur~ a statuI' ot~er t~an 
+1, and ~.ve carry clear, t~e ~out1ne s4m~'y r.~laeel t~e +1 on t~e 
staek with t~e value it 1Mtends to returM and t~eM executel aM RTS. 

Now we come to t~e use of t~e tra~ inltruct4o~ wit~1n t~e Executive. 
1f a direetive ~roce •• i~9 routi~e needs to return a Itatul ot~er t~a~ 
~1 aMd, 1~ addition ~ave c.~ry let, o~ c'.a~ed, ba.ed o~ t~. statuI 
va1ue ~.tu~ned, t~'M it Ulel t~e trap i~st~uetioM wit~ t~. value of 
Itatu. to be retu~Med in t~. low order byte of t~e 1~lt~uct1on.· W~en 
the traD o~ocelli~g routinl il ent.~ed, it immediately e~eeks for 
stack deDt~.0, and if 0, croeeedl to ~elet t~e stack for correct 
e.iting f~om a directive ~roeesaing routi~e. T~e 'ow order byte of 
the trap instructio~ itse1f overlays t~e +1 status eurre~t'Y on t~e 
stack, t~41 value 41 tested and, if minus, ear~y 11 let iM t~e user PS 
wo~d, if Dlul, clrry is left cleared. T~en the eM4t1ng code of t~e 
Directive Dispateher 11 entered JUlt a. 1f tMe directive e~oee8si"g 
~out4ne ~ad .Meeuted an RTS. 

If the initial telt for I stack deoth 1Mdieator of 0 fai1s, t~e" t"e 
trap D~OC.'sing routine CI"S SOIRSV, T~1s ea" is logica'ly 
incorrect if t~e stack de~t~ 1"d1cato~ WI. 'ess than zero. T~is 
e~og~.mm1ng erro~ is recognized on exit. On retu~M f~om ~DIRSV, the 
tra~ p~oeelsing rout1,~e cnecks the stack deot~ indicator, and 41 it il 
Mot lero, tne system 1s shut down, . 

Note that directive. are 'egitimate on'v from t~e talk state (steck 
.d'Pt~ ind1cator-1) 10 t~at duri~g directive p~ocess1ng, the Itack 
deeth 1~dic.to~ 1 •• lwaYI 0, Interrupti t~8t Occur 1~ IYlte m state 
d1saoeear from the Itlck befOre t~e directive proee •• 4~q seQue~ee 
resumes following an 1nt.rru~t. He~ee, even t~oUg~ the .tac k ea~ grow 
while I d1~.ctive proee"or i, in contro', t~1s 9rowt~ is transpareMt 
~o the directive proC.Isor. Stating it fro~ 8 d1ffe~ent perloect1ve, 
,nterruots are ~er~itted but the directive Droeessor 1~ cOMtro1 41 
unaware of the~, 
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Di~ective ~rceesli"g rout4~el t~us Mave t~ree metMods of ~etur~i~g 
statUI' 

1. Fo~ the "orma' retur~·e.r~y elea~ a~d statUI eQual to +1, use 
a~ RTS. 

2. For e.~ry clear 8~d status ot~er t~a~ +1, over'av t~e +1 
status 0" t~e steck w4t~ t~e desi~ed statuI va1ue (status 
value il at 2(SP)\ and RTS. 

3. For ear~y c1e.r or let, a~d statuI of o~e byte, use t~e tra~ 
i~struetio~. T~i. ~eQui~e. more ove~head t~a~ 1 a~d 2 above 
but •• vel eo~e, 8~d, of courSe is the ~eouired ~etur~ 
meehlM1sm if ear~y is to be set, 

Together, the •• return mec~.~1.m. from d4~ect4ve ~roee8Ii~g routines 
save betwee~ 200 IMd 300 words in the RSX-l1M Executive as eom~8red to 
~etur~4~g via Jumo 1nstruct1o~s. 

Whe" I ~ower fai'ure occurs, the oower fai'ure trao ~roeessi~g routine 
i. '"tered, This routine saves the state of the sv.te~, sets uo 8 ~.w 
power failure trio-vector PC for uet whe~ Dower 1, restored, the~ 
HA~T •• 
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o~ ~e.to~.t~o~ of Dower, t~e Itate of t~e svstem at t~e time t~e 
f.1'u~e oecur~ed is ~elto~ed, 8 f189 ~s let by so+twa~e i~dicat~~g 
t~.t a ~owe~ fa. lure Mas occurred, t~e ~e.e~edu'e Doi~ter* is set to 
the ~ul' talk, a~d t~e elock is ~e·e~.b'ed. T~e~, t~e re8tor8t40~ 
code iSlues .~ RTI, w~.e~ results i~ the ~esum~t10M of t~e ~~oeessi~~ 
t~at wa. i~ c~ogres8 w~eM t~e oowe~ failure occurred. T~e soec1f1c 
p~oeess1~9 to reflect t~e occurrence of a ~ower failure ~il' ~ot occur 
u~til e1t~er Directive E_1t is e~tered O~ t~e clOCk 1~terruPts. I~ 
.~y eve~t, t~is p~ocelsiMg il pa~t of Directive E~it 8~d wi" be 
discussed uMder Directive E_it. 

Note t"at power failure process1~9 is ~ot asv~c"~O~ous. As mue~ .1 
l/b0 of 8 seco~d cou'd e'lDse fo"ow~~g r •• toratioM before the power 
failure is acted uco~. 

T"e reeo~ds .~d logic ~eeded to provide a.y~e~~o~oul oroce.s1~g are 
si~p'y too 'arge for a svstem wit~ RSX.11M's eo~e objectives. Our 
assumDtio~ 1, t~at alv~e~ro~ous cow.r.fa1'u~e proeess1~9 .1 ~ot 
eo~siste~t w1t~ RSX.l1M's objectives or markets, 

W~e~ a co~ditio~ is detected t~at i~d1eatel t"e SYltem s~ou'd be s~ut 
dew~ (c~.s~ed 1" I~ c~de~'y ma~"er), t"e detect1"Q rout1~e 4ssuel .~ 
lOT. T~e lOT ~roee.s1~g rout1~e, a, usual, ea"1 Directive Slve, a"d 
OM r.tU~M c~.ck. fer a stack dept~ eQuI' to zero, If eQual, "erma' 
SST ~roeesli~g is e"tered, If ~ct eaua' to zero, t~e rout1~e SCRASH 
1, e"tlred. Cra'M dis~'lvs, o~ tMe device w~ose CSR address is 
CSSRSH, a" ac~~opriat. or1"tout w"1c" is detailed i~ Apce~d4. I, 
Aft.~ comcleti~o t"' c~i~tout, it Jum~1 to • routi~e called ,PANIC, 
w~1c" optic~."v pr1~tl out a~ edit of s,'ected memo~v locations. I~ 
t~. m1Mimum aystem bot~ !CRASH a~d $PANIC are eo~d1t1o~a11zed out, a~d 
a sVltem er.s" aimcly reSUlts 4~ a croceSlor "11t at lccat1o~ 560(8), 

IM Seet1o" 3.2.2 we e.am1~ed 1~terrupt e~t~v 1~to t~e RSX·l1M 
Execut1ve, 1M this leetio~ we deta1' t"e eve~t. w~1e" take elace 
fc11ow4M9 i~terrupt .~try up to t"e p01~t w"ere t"e EMecut;ve is ready 
to ~etur~ eOMtro1 to t~e task state, 

O"ce t~e Exeeutive 1, e~te~,e via .~ iMterruet (reQard1esa of t"e 
stlt. ita 1~ w~e~ t~e i~te~rupt occurs) it wil' not a~a1~ ~etur~ to 

•••••••••••• 

T", r.ac"edule 
.w1tc"1~g, 

will ~- ,)overed we discuss talk 
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the task state uMt4l a'1 system ~elated ~roces8i~g for t~at 1~terruot 
~I' bee" com~leted. F~om aMot~e~ po4nt of view, tMe task state is 
Meve~ i~ co~trol u~less t~e E~ecut.Ye ~as ~otMi~g·to·do Cis idle), 

W~4l. 1M t~e task state a .i~g'e 1nte~rupt cluses tre~.fer 1~to t~e 
sYltem state w~e~e t~e system re~a4~s u~t4' tMe interruot is 
procelsed, But w~41e 4~ the system state, repeated 1~terruot. caM 
occur. Th4s 1mcliel a fi~ed 1Mter~uot dect~ of o~e for t~e task stack 
(~eQui~1Mg a task to orovide a stack of at 'east four words ~~ aM 
UMmapped system), aMd implies a var~eble .~te~~uot depth for t~e 

sVltem stack. 

If iMterrupts 
reQuired to 
mod1ficat1oM, 
relolved by 
1Mtern81 date 
liMear4z.t1o~ 
fork lilt, 

caM oecur 1~ tMe system Itete, theM a mecMa~1sm is 
preveMt UMwIMted recursio~ e~d imcrocer data b.le 
1M RSX-l1M both of these logical diffieulties are 

Itrietly '1Mel~1z1ng 1Mterruot p~oe.ssi~9 a~d acceSI to 
blses, T"e meehanisms employed to eecomo14sn this 
are the system staCk, fork oroeeSses, e~d tMe essoe;ated 

tM the syste~ state t"e goe' is to ooerate iMterruct4b1e as mue~ of 
fhe tim. as ~o8.1b'e. T"~ee co~d1t1oMS exilt w~e~ tMe svste m itself 
~UMI ~c~·1Mt.r~uct.blel 

1, TM. mOlt receMt 1Mte~~u~t il be4~g p~oeesled at level ~~7 a~d 
the iMte~ru~t rout1Me ~8S Mot yet retur~ed to 1M 
iMte~ru~t4b'e state. 

2. T~e 1Mterru~t ~outiMe hIS d~oDDed from 'evel PR7 to the 'evel 
.t wMieM t~e 1Mte~~upt occurred. P~ior1tv levels, eoual to 
o~ le'l t~e" tMe ~r1or1ty of t"e 1~terrupt1~g sou~ce a~e 
locked out, 

3. TMe Iystem 11 ucdat1"Q a critica' '11t w~ose eOMs4ste~ev caM 
o~'y be m.1~ta1~ed bv a Mon.4Mter~uptab'e 1~struct4o~ 
seaueMce. T~.r. 8~e two sue" lists, 8hd we will discuss them 
.~ortly. 

I~ SecticMI 3.2.3 and 3.2.4 we examined t~e code SeQUeMCe for 
~roe"11~g e~ter".l 1"ter~uDt8 8~d proeesso~ trIOS, 8S we" as tMe 
Itack IdditioMS that occurred dur1M9 t~e~r o~oeessing. I~terrupt 
stack1MQ i" t". system stlte wi" occur baled ~ri~e4oallv 0" ~ardwa~. 
1~terrupt leve'" T"UI if • level PRq interrupt is be4~q processed, 
t"e" a level PR5, PR~, or PR1 1~terru~t CI~ pote"t4allv 1~te~ruot t~41 
~~oceI81~Q aMd elu •• COMt.xt to be stacked and eo~trol Q4ven to tM' 
"igher level 1~te~~uDt rcutiMe, 
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3.2.7.2 FO~k Proce.s;~g A~d T~e For~ Lilt 

O~ce an 1~terruDt ~outi~e easses from a ~0~·1~te~ruct1b'e to a~ 
1~terruPt1b'e state via a eel' to 'INTSV, ~roeess1~g is at t~e S8me 
'evel a. t~. prioritv of t~e 1~terru~t1~g source. Alo~9 8~Y give~ 
4~terruPt ~.t~ ~oweve~, more ~roeess4~g is ofte~ reQuired t~8~ t~e 
goal of mi~imu~ ~c~.i~t.rupt1b'e code .e~ue~ees ;~ t~e EMecutive 
pe~mit., a'o~g t"i1 p.t~ the a"owab'e ~aM1mum no~.1~terrupt1ble 
orocessi~o t1~e is 500us. T~UI, 8 se~eme is reouired to split 
interruPt procels1~o routi~es furt~er, sue~ t~8t ~art of t~eir 
eMeeut10n runs interruotible to any 1~terrupt1~q source, T~e 
mec~.~1Im for achieving t~1. split i. ca"ed fork p~oeess1~g. ForK is 
a~ 1~ter~a' .ub~outine w;t~ tMree e~try po1~ts, forK 'i~e8rizes 
aee.ss.s to system data b.s.s, t~us e'1mi~.t1~~ u~w.~ted reeurs;o~ "and 
mul1tole-updat.s of t~ese data bases. A~ .lsoc1ated '1st, t~e Fork 
List, w~1c~ 11 procelsed FIFO, is used .s t~e 'ineariz;~g structure, 

Inter~upt routi~e. are reQuired to 8d~ere to t~e fo"ow;~q ;~terna' 
co~ve~tio~sl 

1, Uae of any registers I.ceot R4 I~d RS reouire. t~at t~e.e 
registers be saved and restored. 

2, No~.i~te~ru~t1b'e procels~~g muat Mot eMceed tweMty 
~~lt~uet1oMI. 

3, ." modt~1c.tio~1 to system date bases must be do~e via a 
fork ~~oce... The first two reauirements are 
.tr.ig~tforwa~d, so lets tur~ our discussioM to Fork, 

A'o~g a~ 1Mterrupt pat~, eo~t~o' e.~ be take~ from I rout1~e o~'y due 
to a ~ig~er priority 4~t.r~upt oe~diMg 1~ t"e Mlrdwlre, As discu.sed 
orev10ul1y, t"el. i~terruPts are kect track 01 O~ t~e sVltem stack. 
WheM I" i"terru~t ~outiM. ~eed. to trlMsfer from a nOMi~te~ruct1b'e 
(~~eludi~g clrt11' MOM.4~ter~upt~bi11tv) to aM 1Mterru~tib'e atate, or 
modify I 'Yltem dltl ba.e, it must cal' Fo~k. Fork, ~owever, caMMot 
be cilled directly from 1M iMterru~t ~out1~e, it must f~rst .w1tc~ to 
sy.tem ,tlte by CI',1Mg Interruct Sive IMd theM el" fork. 

Fork hi. t"ree e"t~Y poi~t. depend1MQ OM t"e a1ze of t~e fork block 
betM; provtded bv t~e ea"er for eOMteMt Itorage. 

SFORK reQuire. I 4- word fork block w"ic~ eOMta1Mst 

PC of the ca"er 

Saved RS 



$FOR~ 4s fo~ 1/0 drive~s a~d t~e fo~~ o~oceslo~ assu~es RS ~. loaded 
wit~ the u~~t eo~trol b'oc~ cues, add~ess. 

A fo~w.~d '4Mk 4~ the fo~~ 1ist 

PC of t~e celler 

Saved RS 

SFOR~~ ~eouires a 2.word fo~~ block eo~ta~M1~gl 

A fo~wl~d li~k 1~ t~e fork list 

PC of the caller 

SFORK w~en ca"edl 

Sto~e. t~e retur~ PC, RS and R~. ~Mto the ~or~ block. Ac~e~ds 
the lu~p'1.d fo~k bloek to the fork 'i.t, 8~d JU~DS to Inte~ruDt 
Exit, 

By v4rture of c."i~g fork, t~e ~out.~. is MOW i~te~~uDt1bl. a~d ita 
acee •• to 'Vlte~ data ba,es is strietlY 'i~ear. T~e 1~terruDt 
proce"i"Q routi~e il ~ow 4~ state 3. (Refer to Seet1o" 3.2.3 for I 
d.,culs10~ of states 1 a~d 2). The Fork Lilt 11 a list of system 
rout4~.s w81ti~g to co~~l.te thei~ D~ocel.4"o, 1" particu1ar, wl1t1~g 
to eecesl I .hared IVltem data bale. 

When t~. Fork routine, after Dlac1ng the fork block i" t~e fo~k 'i.t, 
Jum~. to SINTXT the .tack items for t~e 4nterrUDt rout.~e a~e ~emoved 
from the Itack, I~ effect the fork 'ist i. a seco~dlry 1Mt.r~uPt 
queue (.tlck) who.e members are processed FIFO, and obta1~ croeeasi~g 
t4~. on'y 1f the Iystem .tack i. empty. 

Note that the context .Ived for a caller of SFORK dece~d. o~ w"1ch 
entry ~o4nt .1 cI"ed, Ind the co~text .Ived is all t~at .s ~eeded to 
~ •• tart routine. O~ t"e fork list • 

••••••••••• 

(ll. RS a~d RU wi" or wi" ~ot be stored dece~d1nq o~ w~1e~ var1a~t 04 
Fork 41 ca,led. 
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~.Im~le ea" to SFORK 

,+ 
J RK11 DISK CONTROLLER INTERUPT SERVICE ROUTI~E 

J 
J T~IS ROUTINE IS ENTERED VIA THE VECTOR AT LOCATION 220 ~~EN AN 
, INTERRUPTING CONDITION IS DETECTED IN THE RK11 CONTROLLER. THE 
, ROUTINE IS ENTERED AT PRIORITV PR7 WITH ALL INTERRUPTS LOCKED OUT. ,-
SDKINTIIMOV 

CAL~ 
MOV 
BIC 
ASL 
MOV 
TSTB 
BEQ 
, 

PS,TEMP 
SINTSV,PRS 
TEMP,Ra 
.1777b0,Ra 
R4 
CNTBLCR4),RS 
RTTBL+1CR4) 
50! 

",SAVE VECTOR PS WORD 
",SWITCH STATES AND PRIORITV TO PRS 
",RETRIEVE SAVED PS WORD 
",CLEAR ALL BUT CONTROLLER NUMBER 
",CONVERT TO WORD INDEX 
",RETRIEVE ADDRESS OF uce 
",ORIVE RESET IN PROGRESS? 
",IF EQ NO 

d~ive ~eset p~oeessi~Q cede 
• 
• 

50S1 CALL SFORK ",CREATE A FORK PROCESS 

, 
j CONTROL IS REGAINED AT THIS POINT WITH ALL INTERRUPTS ALLOWED, 

I" Seet1o" 3.2.2 • 3.2.7.2 we covered t~e E~eeutfve's ~~oeessi~g ef 
4"terru~ts, a~d t~e met"od, emc'oved to 'i"ea~fze t~ei~ oroeesling so 
as to m1~imize t~e ~o"·i~te~~uctib'e time soe~t ~"t~e sYstem stlte, 
I" .eve~a' ~l.ce. we ~efe~eMced two rout1Mes SINTXT CI~t@rruPt EMit) 
and SDIRXT CDi~ectiv. Exit). T~'le rout~Me. ~esult 1~ t~e seQue"t1.' 
remove' 01 I" ~tem. OM t~e system stack, t~eM all items o~ t~e fo~k 
'4st, It i. t~e •• two rout1Mes to w~4c~ we "OW tur~. 

T~e E~.cutive's .t~at'gfe objective ~. to ~eturM to eQuil4brium (t~e 
idle .tate' •• f •• t I"d •• ef11eieMtlv a. co.s1b'e, its taet~es to 
.c~1.ve eQu1'1b~4um i. to il to s.~v4ee ." ~outiMes OM t~e sYstem 
Itlck fi~st. T~e •• ~out1~'1 a~e usua"y ~UM~1~g at some leve' of 
~oM.i"terruct1b1'ftv. w~e~ tMe system stack is e'e8~ed of ceMd1~Q 
~eQue.t., t~. E •• euti~e t~eM service. the ~eMd4~g reQuests OM the fork 
lilt. W~eM both t~e fo~k list aMd svstem staek a~e e~~tY, t~e 
Exeeutive wi" e4t~e~ retu~M to t~e taSk st.te o~ if MO tlsk fs 
active, d~op iMtO t~e Nu" Tllk. 

'INTXT is tr.Msf.~red to bv exterM.' 1Mte~~u~t c~eeeSS1Mg ~out1Me. 
t~at a~e ~UM~iMg OM t~e system staek at the prfo~4tY of the 
tMterruct1M9 sou~ce (state 2 fo~ t~ose 1~te~ruct eroeessf~g ~out1~es). 
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~OIRXT ~.s t~e talk of se~viei~g t~e fo~k 1ist a~d, w~e~ t~e E~eeutive 
~as no mo~e work to do, ~eltoring t~e task state. $DIRXT;5 e~te~ed 
by t~ao ~out1~es, 10rk ~outi~es, and bv $INTXT. 

T"e SINTXT algor1th~ is as fo"ows, 

SINTXTt Lock out 1~te~~upts 

Is stack dept~ i~dicator=01 No, go to 1. 

Is fork list e~ptv. Ves, ~o to 1. 

A'low i~terruots. 

Store R3,R2,Rl,R0 on the eurre~t (system i~ this case) stae~ 

1 • 

Restore R~ and RS from eurre~t stack a~d RTI. 

Notesl 

Interrupti ~U8t be locked out to i~.ure a co~.fste~t check of t~e 
stack deDt~ 4~dfcator and t~e co~tents of t~e fork list. The sa~e 
tvoe of lockout occurs i~ Directive E~it, T~ere are two 
~on·1~terrupt1ble code spa~s used to e~eek and uodate t~e fork 'fst 
mentfo"ed f~ Seet40~ 3,2.7.1" one 1~ $FORK, aMd OMe in SDIRXT. T~e 
s.vi~g 01 R3 t~ru R0 is prepatory to the Jumo to $OIRXT wM1eh e~peetl 
the •• registers on the stack. Note t~at the c8t~ t~rouq~ t"e 
E.ecut1ve w~fc" find bot~ t~e fork lfst emotv a~d t~e stack deDt~ 
4nd1cator e~u.' to 0 ~s fairly co~mon. As e.~ be seen, this is t"e 
m4~1~um over~eed D.t~. 

T~e SOIRXT .lgor1t"m is .s fo11oWSI 

Is t~e fo~k list em~ty? Vea, QO to 1, 

A1low interru~t •• 
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Restore Fork cOMteMt. 

Call rout~Mft w~ose fork cOMtewt wae re9to~ed. 

Go to $DIRXT. 

1 • Is resehedu11ng re~uired ($RQSCH Mot:0)? No, go to 2. 

A1low i~terrupts. 

Clear $RQSCH. 

Save cOMteMt of curreMt task. 

Locate a ready-to-run task. 

Restore eOMteMt of ~ew task, 

Go to $OIRXT. 

2. Is the power failure flag let? ~o, gO to 3. 

Allow 4nterru~ts 

Go to SDIRXT 

Restore task stack ~01~ter. 

Restore R4 and RS from· user stack .~d RTI. 

Notell 

SDIRXT cells bot~ wait4Mg fork ~roee.sel a~d t~e Dowerfai' routiMe. 
These rout1Mes term1Mlte v4a a RTS 4Mstruei1o~. o~ retur~ !DIRXT 
loa1M cycles 1ook1M9 for work. 

Tne t8s~ reschedule pOiMter SRQSCH co"trols the red4soatehi~g of t~e 
croeessor,. It oo4"ts to the loeat~o" 1M the 5TD list where !DIRXT 
should beg1M its lea~ fo~ 8 task ready to use t~e croeessor. 

SRQSCH 11 set W"eM • CnaMge of state has oeeured 1~ tne 9yste m t~.t 
m4ght cause a t.lk ot"er t~'M the OMe curreMtly 1M eOMtrol to obta1M 
~roeessor time. E •• mples are 1/0 dOMe, clock QUeue ru~outi or a talk 
doiMQ aM EXIT. Tne word 1. reset by SDIRXT Just prior to ita 
dis~.tch1"g a Mew task. 
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Seve" routi~e. or groups of ~outines ~ot o~lY eo~o~ise t~e i~terruot 
system but ea~ be said to oract4cal1y comprise t~e enti~e Executive 
itself, 

Trap Routines 

I"terrupt Save 

I~terrupt E~it 

Direetive EMit 

Exter~al i~terruptl caule tr.~8 to e~ter~al 1~terruct oroeess;~o 
routiMes w~1ch ru~ in one of three states: 

1, Non.i"terru~t1p'e at PR7. 
They ru~ ~ere wMen i~1t.8"Y ente~ed, 

2, I~terrupt1b'e by ~rior.ties M4g~e~ t~a~ t~e 1~terruDt1~g 
louree. 

Bot~ atates 1 a~d 2 a~e line8~1zed be1~g Queued a~d deQueued 
from t~e sYstem .t8e~. 

3. Fully 1~terrupt1b'e a8 for~ proeesses, 

Tr.~ ~out1"e. ,of w~4eM only one may oeeucy tMe system stack during 
anv Q1ve" DaSsage t~roU~M tMe E~ecutive, ocerate at priority level 
zero, ~eed ~ever ea" Fork, and ooerate entirely from t~e system 
stick, 

I~terruPt save is cal'ed by external 1~terru~t routi~es w~e~ t~ey ma~e 
a tr.~.it1o" from stete 1 to state 2. 

Directive sive •• called by trap rout1~e., 

Fork creates a fork precels for externa' interruct routines, 

Interrupt E~1t u~staeks waiting routines e~eeutinq from t~e system 
stick, and w~e~ t~e system stack 1, em~tv droo, 1~to D1reet4ve EMit. 

01rect1ve Exit Mal t~e Job of 91v1n9 control to wa1t1~9 fe~k 
~roees8es, orocessinQ power failure, and ~ed~,oatc~i~g t~e o~oee.sor, 
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T~e E.eeut1ve st~uctu~e ~a. a~ imol.ed leQu8ntia 1ity w~ic~ obv1atel 
t~e ~eed for a~y e.p1ie1t SY"C~~O"~Z~~g mee"8~1s~9. System ~OUt~M" 
wh~c~ fol1ow t~e internal cOMvent1o~1 of t~e E.eeut~ve ~eve~ ~eed 
conce~" t~emselve. witM mult4ole-uodate of s~8red system data basel, 
In tending tow8~d t~e idle state t~e E~ecutive gives p~.or;tY to 
~outines on t~e system stack, t~en to 1or~ p~oeesses. 
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3.3 1/0 P~oeess4ng 

3.3.1 Goal. 

T~e 1/0 4nte~face is 100~ comoatible wit~ RSX-l1D. W4t~in the 
~eQuirement of eompatib1'~tv, t~ree goals gu~ded t~e design' 

1. T~e tota' memo~y fo~ 1/0 o~ocess;ng (data It~uetu~es elu. 
drivers) mutt be reduced by S0X VI RSX-l1D. 

T"e IIO data struetu~es s~ou'd "ave substantial 
for addi~g future devices, or for alter;nQ 
d4se1cl~ne of e.;lt;ng devices. 

3. T~roug~out s~ould eQual O~ e~ceed RSx-t1D's. 

fle.1b1'4tv 
t"e service 

3.3.2 1/0 P~1'OIOD~y and Fu~ctional Overview Of Its Imolementatio~ 

To meet its Itated gOlls, t~e Rsx-11M 1/0 system attempts to 
ce~tra'1ze commOM functions, t~us elim1nltinq t~e reoet1t4ve 
~~oearIMee of code, w~4ch 1, al~o.t 1dentica' in fo~m I~d funct1on~ 
~~om IPoearing 1M e.c~ and every dr;ve~ 1" the syatem. To achieve 
this, a substant4.1 effort ~as beeM e.pended 1~ the design of 
RSX-l1M's 1/0 data structu~el which are used to drive the ee~t~al;zed 
rout;"es. T~e effect i. to substantially reduce the 14ze of 
;ndividua, 1/0 drivers, 8n RSX-l1M d~1ver 4s typically one-fourth al 
'arge as 4tl RSX-l10 cou~te~~art. Of courle, t~e centra11zed code, 
and an .nc~ease i~ the 11ze of RSX-l1M's date structu~es comoa~ed to 
RSX-l10-s reducel ou~ effective Size ~educt1on. But, on t"e balance, 
we ~.ve lublta"t1a1ly ~edueed the size of our total 1/0 crocess1ng 
co~e ~eau1rem'Mt. while at the lame t1~e. produceo a more 
understandable, maintainable, and .n~anceab'e 1/0 syste~ (obviouslv, 
our subjective Judgement). 

The user 1~te~fac. to the RSX-l1M 1/0 system cons4sts of logical u~it 
numbers CLUNa) a"d a 14nole active 1/0 directive QUEUE 1/0. (The 
di~ectivel ASSIGN LUN, GET LUN INFO, etc. do ~ot 4~1t1ate 1/0 
traMlferal. 

In RSX-l1M all t~e orel1m1nary ~rocess;"o antecedent to actually 
Queu."; 8n 110 reQuest 1, perfo~med bv the alO d1reet.ve c~oees'4ng 
code w~1c" 4, d~1ven f~om the 1/0 data struetu~e., t~1s code ca", 
ancillary rout1~e. for ce"t~8'1zed service •• W~e~ a dr1ve~ f1~a"y 
~eeeivel 8" 1/0 o~d.r, it h •• very little to do ot~e~ tn.n .et UP t"e 
statuI registers and 4.aue the orde~. 

~~rmin.t4o~ o~oc"linQ 41 equally modular and eeMt~.'1zed. T"~ driver 
1. entered, perfor~1 lome cleanuc operationl, And cal'. c'Mt~.liled 
~out1"e, for obtl4ni"9 De~d1nQ 1/0 o~dert, performing AST oroeessinQ, 
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etc, T~e driver is o~ly co~cer~ed wit~ t~e most 4"timate a~d soec~f~e 
details of t~e actua' hardware i~te~face in rescect to t~e executio~ 
and comcletion of IIO tr8~sfers. Usi~q t~4s eentra'iz~t1on 
PMi'o.o~~v, RSX-l1M keeos bot~ driver size and Mo~-iMterructib'e 
orocessi~Q time smal" 

3.3.3 RSX-l1M 1/0 Data Structures 

The static. 1/0 date structures eo~s~sts of three distinct eMt~t;esl 

1. A Device Control Slock (OC8), 

2. A Unit Contra' Block (UeS), a~d 

3. A Status Control Block (SCB). 

A't~OUgh eae~ serves a soecific function, and tMe components of eac~, 
in general, ~ef'ect t~ese functions, t"e cOMerenee acM.eved bv a 
strict set of rules for deter~1n1ng into w~1ch date st~ucture I 

specifie unit of informat1on would be pl,eed was ultimatelv sacrificed 
to co~e savinga and code effieie~cv, T"e e_eept1oMS, ~owever, are 
few, and the functiona, ~urcose of eacM data structure is reflected bv 
~he un4ts of information w~1c~ compose t~em. 

3.3.3.1 The Deviee Control Block (DeB) 

One device contro1 block e_1stl for eac~ device tv~e attached to t~e 
sVltem. Itl function is to de8c~1be the Itatic c~8raete~ist1cI of 
bot~ the eont~o"er aMd t~e un4ts attae~ed to tMe co~tro"er. A" t~e 
DCS·s in the SYltem are s1nQly linked. T~e DCB co~ta1~s such 
i"format~on al. 

The add~ess of t~e f1rst uca 

The next DCB Poi~ter 

TMe Leoe' Funetio~ Malk 

~.-...... --.--. 
.• Static 1" the lenle t~et they are establiShed at SYSGEN and onlv 

."ot~e~ SYSGEN ca~ .x~."d or contract the "u~ber of 1/0 un~ts served 
by the structures. 
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T~e Contro' Funet1o~ Mas~ 

Tke No.O~'d Fu~et1o~ ~as~ 

A" tkese 1~fo~mat1o~ units are stat~c a~d a~e used pr1nei~a"v by t~e 
QUEUE 1/0 di~ect1ve ~roces81ng code to oreDare 8 Queue 1/0 reQuest for 
a device dr1ve~. Tke detai's of QUEUE 1/0 ProeeS9~~g are in Seet1o~ 
3.3.5. 

3.3.3.2 Tke U~4t Co~tro' a'oek CUeB). 

O~e u~1t centre' b'oc~ e~ist8 for eac" p"ys1ea' device unit attae~ed 
to t", SYlteM. M.~V of its i~for~atio~ u~1ts are static, tMOUg~ it 
does eont.1~ 8 few dY~8~1e ~arameters. For e~a~~'e t~e redirect 
~o1~ter W"1eh ~ef'ectl t"e relult of 8 Redirect MeR eo~~a~d. 

The UeB co~tai~. device u~1t specific data, sue" as u~1t statuI, 
D~YI1ea' u~1t ~umber, a~d u~1t c"araeter1Itics. 

J.3.3.3 The StatuI Co~tro' Block CSC~). 

O~e statuI cOMtro' block e~1sts for ele~ device co"tro"er 1~ t"e 
sYltem. T"11 is true eve" 11 t"e co"tro"er ".~d'es more t~a" o~e 
device u~1t (11ke tke RK Co~tro"er). L1~e mu'ti~'eMers sue~ al t"e 
D~11 IMd DJ11 are eo~.1d.red to ~ave I eo"tro"er cer '1~e si~ce a" 
lines may tra~lfer 1" ~ara"el. 

MOlt i~format10~ 1" the see il dYnamic. It eOMta1~s the fo1'ow1~g 
4"fo~~lt1o~ about t~e eu~re~t'v active uM1tl 

The Ce~troll.r Bus ReQuest Priority 

Timeout COU"ts (I~1tia1 a~d CurreMt) 

The Addre •• 01 t"e Co~trol Status Reg1ste~ 

T~e Address of t"e Curre~t lID Packet 

Storage Fo~ A Fo~k B'oc~ 

The 1/0 Queue ~1st"ead 
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T~e Co~tro"e~ Status (Busy/Irill) 

As ea~ be .ee~, t~e sce is Quite dy~am4c, mek1~g it p08sib'e to 
ma4Mta4n eo~tro' of t~e eu~~e~t IIO 1~ orogress o~ t~e co~trol'er. 
T"8 ~rese~ee of the for~ b'oc~ storage 4~ t"e sce ;m~'~es IIO 
'4~ear4ty 10r t~e processing at for~ level O~ a g1ven control'er. We 
nave ~ere 8 8~ecif4e e.am~'e of ~ow mu't1~'e updates and recursion are 
controlled, T~e dr4ver for a s~ecif4e deviee tyee never concer~s 
itself wit" unwanted reeurs10~ or multiple updates. O~ee a driver 1s 
i~ • for~ 'eve' ~rocess, furt~er 1/0 proceS94~q, w"4c~ ~8Y involve 
u~d.t4nq a s~ared data base, is automatically 'oe~ed out bv t"e 
strueture of the system itself. 

3.3,4 Some Sample 1/0 Structures 

F1gu~e 3·2 s~ow. t~e data atructure t~at would result for t~ree 
ter~1"a's e.e~ 4~terf.ced v4a a OL11 async~ro~ous 14ne interface. T~e 
structure reauires t~ree ucea and t~ree SeAs since t~e activity o~ a" 
three u"itl can croeeed 1n caralle'. I~ F49ure 3·3 t~e internal data 
structure for .~ RK d4sk eo"troller w1t~ tnree units ;s deo.cted~ 
~ote t"at only O~. see exists because on1y o~e of tne t~~ee units ~ay 
be active at any time, 

••••••• 
1 DCB 1 
1 1 
••••••• 

••••••••••••••••••••••••••••••••••• 
1 1 1 
V V V 

••••••• • •••••• ••••••• 
I uce , 1 uce 1 1 UC~ 1 
1 I , 1 1 , 
••••••• • •••••• ••••••• 

1 1 1 
V V V 

••••••• • •••••• ••••••• 
1 sce 1 1 sce , , SeB 1 , , 1 , 1 1 
••••••• • •••••• ••••••• 

FIGURE 3·2 
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••••••• 
1 OCB 
1 
••••••• 

••••••••••••••••••••••••••••••••••• 

••••••• ••••••• • •••••• 
1 UC9 1 UCB UCfi 
1 1 
••••••• ••••••• • •••••• 

1 
v .-...... 

••••••••••••• >& seB 1<·.·-·.-· __ ·_ . 
••••••• 

Queue 1/0 Di~ect1ve Flow 

T~e Queue 1/0 di~.ctiv. ~eou4~es tMe issuer to eO~lt~uct a twelve wo~d 
di~ect4ve Da~8~ete~ block 8S ."OW~ in Figure 3.4. 
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••••••••••••••••••••••••••••••••• 
LENGTH DIe ..................•.......... -... 

FUNCT CODE MODIFIER 
••••••••••••••••••••••••••••••••• 

RESERVED LUN 
••••••••••••••••••••••••••••••••• 

PRIORITV EFN 
••••••••••••••••••••••••••••••••• 

1/0 STATUS SLOCK ADDRESS 
••••••••••••••••••••••••••••••••• 

AST ADDRESS 
••••••••••••••••••••••••••••••••• 

DEVICE 
•••••• •••••• 

DEPENDENT 
•••••• •••••• 

PARAMETERS 
•••••• •••••• 

•••••• • ••••• 

•••••• • ••••• 

••••••••••••••••••••••••••••••••• 

Le~gt~ (reQuired). 

T~e 'e~gt~ of oPB, 

Ole (jlleauiJ-ed)I 

Directive Ide~tif.eatio~ Code. Fojll QIO, t~e value 45 a 1. 

Modifier. 

Reserved: 

Reserved byte a~d mYlt ~ot be used. 

LUN (reQu4J-ed)1 
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Logieal Unit Nu~be~. 

Re~uest p~~or;ty. Ignored hv RSX-llM, but soace must ne 
allocated 10r RSX.l10 compatibility. 

EFN (opt4o,.,al'. 

Event flag nu~be~. 

1/0 Status a10ck Address (ootional). 

T~1s word contains a pointer to the I/O status b'oc~ w~~c~ is a 
~.byte device deoe~dent 1/0 completion data packet formatted ast 

Byte 0 

1/0 status byte 

Byte 1 

Augmented data suppl1ed by the driver 

Bytes 2 a~d 3 

T"e contents of t~ese bytes depend on t~e value of byte ~. 
If byte 0-1 t~en t~ese bytes cOMta~n t~e orocessed byte 
count, If not=1, then t~e eo~tents are dev4ce deoe~de,.,t. 

AST Address CoPt~o,.,a')1 

Address of an AST Service Rout;ne. 

u~ to s4_ parameters soee4f;c to tne device, 
a .. el 

Buffe .. address 

Byte count 

Carr~age contro' tyoe 

Log4cal b10ek numbe .. 

Tvo1 ca" y tl-lese 

Anv octional parameters that are ~ot ,pecified must be filled with 
zeros. 

W~en tl-le QIO d1~ect4ve 1. issued, ala d4rect1ve proeessi"'Q code 
receives control and c .. oces.es the reouest al follow •• 
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QIO exami".a t~e LUT (Logical U~it Table) .~ t~e task header 
fo~ 8 LUN m.tc~. 

It checks if the LUN 1s legal fo~ t~e reQuesti~Q task. If 
t~e LUN ;1 greater t~a~ t~e av,~'ab'e LUT slots estab'ished 
for t~e task the directive 15 rejected. G1ve~ 8 va'id LUN, a 
check 48 made to determ1~e if 8 va'~d UCB po1~ter ekists i~ 
the LUT for the specified LUN. If ~o~e eM1sts t~e d~reet;ve 
1s rejected. If t~e LUN a~d uca ooi~ter 8re valid, t~e 
redirect algor1t~m 4s e~te~ed. 

1a. [Redirect algorithm] 

The UCB is located a"d the re-d1reet pointer e~eeked. If t~e 
re·d4~ect ~oi~ter oci"ts to the uce w~1eh ecnta1~1 it, t~e~ 
t~e f1~al 11nw in t~e red;~eet e~.1~ has bee~ fou~d. Else 
the redirect UCB address is obt.4~ed and the test is 
reoeated. This search eont1~ues u~t1' the '.It re-direeted 
uce 1, found. The~, the backoo1~ter to the DCP is used to 
locate the DeB a~d • c~eek o~ the device ~8~e is made. If 
the na~e is TI, the~ t~e address of the uce wh1c~ is to be 
uled to control 1/0 tra~sfers 1. 4n the TCB of t~e r~ouesti~q 
talk. T~is pointer wae 1m~'anted by MCR whe~ 4t reQuested 
t~e ta,k and the ehainin~ ~roceS8 described links t~e 
reQue.t4~g task to t"e terminal which reQuested it. If the 
n.~e 11 ~ot TI, the f4nal uce i~ tMe redirect c~a4~ is used 
fo~ the 1/0 Transfer. TMe EFN and 1/0 status b10ck (10SB) 
address a~e validated' a~d t~e ~rio~ity is 4gnored. If a~y of 
t~ese checks fail, the d4~ective is rejected. If t~e checks 
~a.s, t~e directive statUI 1s set to +1 a~d t~e 10SB, 4f 
specified, is e'e.~ed. 

2. [Obta.~ storage for, and create .~ 1/0 d~1ver Queue e~try] 

Afte~ the firlt level cheekl ~rove ~os1t1ve, QIO obtai"s an 
te-word sto~age block from dv~a~1c sto~age. Into t~is b'ock, 
w"ich we wi" refer to as an 1/0 packet, QlO inserts t~e 
following (t~e sOurce of t~e data is s~eeified with eae~ data 
ite~) 

Function Code 
Co~4ed from t~e OPB 

Co~tentl of the f4rlt ~UN word 
Established by the ~ed4rect 8lgor1t~~ 

Add~ess of the second LUN word 
Calcu'ated from the reQuesting task-s ~e.der address 

EFN 
Co~1ed from the DPB 



Pr-4or4ty 
Co~1ed from TeB of t~e r-eoue!t1~g tes~ 

Address of t~e Task Co~t"'ol B'oe~ 
T~e TeB eddr-ess of t~e reouest1~g tas~ 

V1,..tua' address of t~e 1/0 status bloek 
Co~ied from the DPA 

Reloeat10~ Bias of the 1/0 status block. 
Ca1culated 

Address of t~e 1/0 status block. 
Calculated 

AST add,..ess 
Copied 1r-om the DPA 

Device Deoe~de~t Parameters 
Copied fro~ t~e DPR 

3. [Validate tl-le 1u~et;on reQuest] 
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Us1n~ tl-le lega'.fu~et1on mas~ ~n the DCB, GIO determines 4f 
tne reQuested function is 'ega1. If it is ~ot 'egal, go to 
q. 

4. (C~eek for no.op'ed funct~onJ 

Using t~e no-op'ed function mask in t~e DCB, cheek ,1 tMe 
reQuested function is to be no·op'ed. If yes, gO to q. 

S. [C~eek for a Contro' Function] 

Using the control function mask in the DCB, determ1~e if tl-le 
reQuested function is a contro' functio~. If yes, go to 8. 

b. [C~eek for a f118 system function] 

Tl-le ne.t tier of function checks determ4ne 4f t~e function 4s 
a fi1e aYltam function. If it is, 8 C"eCK is made to_see 
wh.t~er the device to whicl-l t~e reQuest is directed ;5 111e 
.truetu~ed. If 4t is we gO to 8. If t~e device 1, not fi1e 
at~uetured, then tl-le fu~ct10~ re~uelted must be eithe~ a ~ead 
v~ t-tua' or w~1 te v1 rtual. T~e reQuest 1 s rnacJ:)ed to ita 
loo1ea' eou~teroart Cread or wr4te logical' a~d ~roces.i~Q 
~roeeedl at stee 7 • 

............... 
* T~e.e eM1st to .atisfy r.au1reme~ts of t~e mapced svste~. A 

se~.rate sect1o~ wi" detai' t~e d1ffere~ces betwee~ a mac~ed and 
u~macoed IVltem. 
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If t~, fu~etio~ il lega1, but ~ot a ~o.op o~ cont~ol 
fu~etio~, t~en it-s a t~a~lfe~ function, and address e~.ekl 
Ire made on tMe buffer, count, and modulus reaui~e~ents., If 
.~y of t~e.e fail, qO to q, 

a. [Packet Queui~g] 

QIO c~ec~. t~e control bits i~ t~e uce w~ieh dete~m~nes if it 
wi" Queue t~e packet and t~en eal' t"e drive~, or ca" t~e 
dr1ve~ and let t~e d~1ver ~ueue t~e oacket, TMe cal' to t~e 
driver il via tMe poi~te~ in the DCB to t~e drive~ diapate~ 
table e~trY addressel, ~ame'VI 

INITIATOR 

CANCEL 1/0 

PO~ER F.ILURE 

DEVICE TIMEOUT, 

I~ t~is ea,e t~e initiator e~t~y point is called, and normal 
p.t~ GIO directive proee.si~9 il complete, 

q. [Function 11 illegal, no-oP'ed, o~ invalid Dare~eters] 

Notel' 

If any of tMese eas.s pertain, GIO ea"s 1/0 Done and passel 
• stltus eode, A specia' ent~y point is used wM~e~ causes 
1/0 DOMe to byoass clearing of t~e uMit and controller busy 
flags, Clearing of w~1e~ occurs along 1/0 Done's no~m8' pat~. 

By ~.viewing the algor1th~ for the QIO d1reet4ve proc,ssing, t~e 
re.der should note the care taken to re'ieve tMe d~.ver of validation 
proeels1ng. It-, th~oug~ t~e centraliz.t~on of validation c~oeessin; 
that drive~ code i •• ubsta~tially s~orte"ed I"d st~uetu~al1y 
simplified. A be~efiei.l fallout of t~is strategy is t~at drive~s are 
not CI"ed w4t~ reQuests that are goi~g to eitMer fail o~ a Dre·~ssue 
validation check, o~ "ot result i~ t~e issuance of I" actual 1/0 ('i~e 
~o-o~ and control fu"ct4ons). T~i. substantiallv reduces i~ter"ll 
over~eld. 

~.--.. -----.. 
• Modulus CMeeks exist for devices w~4c~ have bou~darv a';g"me~t 

r.qu~rements. 
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~IO ealls t~e dr~ver at t~e ~~itiatioM e~try ooi~t, We w~" avoid t~e 
subtlety of w~e~ ~aeket ~ueu1~g does ~ot occur a~d aS9u~e it's oueued. 
T~e dr4ver a'Qor4t~~ is 8S fo"OWSI 

1, [Get.~ 1/0 reouest] 

W~e~ tMe driver is ca"ed, it immediately ea'" t~e internal 
routine Get Packet C!GTPKT). Get Packet is discussed i~ 
Sect1o~ 3,3.0,1, $GTPKT e1the~ delivers a packet, or retur~s 
busy, If busy, gO to 3. 

2. [1/0 ISlue] 

The d~ive~ builds the actual 1/0 order IMd issues ~t, It 
then returMs, 1~ this ease to GIO, GIO returns t~e directive 
statuI to t~e user 4ssu4Mg the o~iginal ~IO directive and 
clears the directive f~om t~e stack by retu~~1ng to t~e 
directive d~.patcher, 

3. [GTPKT ~etu~ns busy] 

If !GTPKT f~nds the contro"er bUlY, thus making ~t unable to 
retur" an 1/0 packet to the driver, it sim~'y returns a busy 
1ndieat1o~. The busy 1"dicat~on simp'y 1~form, t~e d~~ver 
that ~t cannot at this time illue a~ 1/0 order, T~e dr;ver 
return, to QIQ, wh1e" retu~ns t~e directive statuI to t~e 
uler 111u1~g the or1g1Ma' QIO directive a~d clea~s tn. 
directive from the stack by returning to t~e directive 
dis~atcher. T~e origina' 1/0 il i" t"e drive~ Queue, and t~e 
issuer cln take appropriate act1o~ (Waitfor or eOMtiMue). 

Get Packet (SGTPKT) is ce"ed w~e" I" 1/0 dr1ve~ ~eeds work. T~is 
occurs fo"ow4nQ • QIO ea" on the d~ive~, a~d afte~ a d~1ver ~as 
~rocessed .~ 1/0 te~m1nlt4o", SGTPKT doel ~ot k~ow about t~e 
i"~t1atio" elUle of 8 cal' u~o" it, it s1mc1y attempts to find work 
for t~e d~iver Ind ~roceedl II fol'owsl 

SGTPKT 48 cllsed • uce address, which it uses to 'ocate t~e 
see Ind the 1/0 oueue. If t"e eo~tro"er 4s busy, $GTPKT 
~etur"1 busy to the cI"er. If t~e eont~o"er 1. ~ree, a 
Queue leI" i, begUM for the ~~g~est prior~ty reQuest t~8t t~e 
d~iv.r el" initilte. Note that t~e Queue is already 1" 
or1or1ty order a"d the QU.lt4on to be ~eso'ved is w~et~er 8M 
e~t~y rler'lentl wo~k the drive~ ean do. A110 Mote, t~at if 
I eo"tro"er 11 free, a" uM1tl on t~e eont~o"er a~e free, 
Each Queue e~trv mUlt be cheeked to determ1~e if t"e unit to 
which it 41 directed 11 .tt.e~ed. If it 1, att.c~ed, !GTPKT 
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must c~eck if the attac~ed task 11 t~e same as ~eQuest1ng 
task. If 4t 4s, it returns the packet to t~e d~4ve~. If 4t 
is not, it eont4nues the Queue scan. It wi" e4the~ f1~d 
wo~k, or ~.turn busy. 

On 8n 1/0 1nt.rru~t (sp.c4f~ca"y a termination 1~ our present 
d4.eu •• io~' t~e dr~ver 1s entered directly. T~~ d~1ver first ea"s 
SINTSV 8Md tMen SFORK, Or ~etur~ from 'FORK access to 8~.red data 
ba.es ~as been 'inea~1zed 8"d t"e driver ~.y f4M1s" prOCeSS~Mg of t~e 
1/0 reQuest. T~e routine t"at performs this proeess1nq is ca"ed 1/0 
done. 

1/0 Do~e ~roee.ds al follows: 

Tne eontro"er and UM~t are YMbusied. (Bot" t"e eontro"er aMd unit 
reQuire busy ind4cltors to enable tne E.ecut4ve to 1dentify t"e 
controller-unit bUIY re'at1onsnip if a po~er failure oceurs). 

Tne relocation b411 and 10SB address 1n t"e IIO ~acket are 
locate the 10SB. If an IOSB was specified t~en the 14nal 
~tored. 1/0 Done tnen dee~eme~ts t~e outstanding 1/0 cou~t 
count is used to ~~event task cneck~o;nt1Mg 1f outst8ndi~g 
~eMd1ng for t~e task). If t~e count goel to zero, IMd t~e 
b10cked for 1/0 rundown, the task is unblocked. 

If a c"ec~~o.nt reQuest wa. oend1~g for t~e talk, a~ i~te~n8' 
~s cl"ed t"lt w4', 1~1tiate tne c"eck~o1~t1ng o~ocess. 

used to 
statuI is 
(the 1/0 
1/0'. I~e 
talk was 

A c"eck is t"en made to determine if an AST add~ess was s~ec4f1ed, if 
not, t~e 1/0 packet 11 released to dynamic storage, 8 significant 
eVent 4s deel'~ed, and 1/0 Oo"e ~etur~s to the dr1ve~. 

If 8n AST add~elS ~I. soecified, the I/O ~.cket is used fo~ t"e 
~eQu4~ed A5T dy".~ic .to~age and it 1. 1i"ked into the A5T 'ist~e.d 
for the task. A 849"ifiea"t event is deela~ed I"d 1/0 Do~e t~en 
return. to the d~1ve~. On retu~n, tne d~ive~ wi" Ju~~ to its 
init1ato~ e"t~v ~o1nt with t"e address of t"e Just unbus1ed device UCB 
in R5. Tne i~1tiltor CI"S !GTPKT and t"e ~~oeess of looking for wo~k 
begins again. It should be noted t~at OMce u"de~wav, e4t"e~ by a cal' 
from QIO, o~ e~t~y fro~ In interrupt te~m1n8t1on, a driver ~rcp.g8te. 
its own execution by cyc'1nQ back to its 1"it4ator entry ooi~t 'ook4~g 
fo~ more wo~k. 

3.3.8 1/0 P~ocess1ng Summary 

~SX·11M 1/0 d~1ve. its.lf from four data Itructures. 
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T~e U~~t Co~t~o' Block, 

The Status COMt~o' B'ock, and 

T~e 18.wo~d d~1ve~ ~ueue 1/0 Dae~et, 

Cent~814z.d rout1~el facilitate bot~ 1~1t1at1oM and term1~at1on 
procels1ng, And, 11nally, tMe for~ st~ucture. used by t~e drivers 
a10Mg ~at~s reau1~4ng more tMan S00us of proeess1n~ bot~ '1~e8rize 
access to t~e 1/0 data basel, and decrease tMe no~.interruDtible t4me 
w4t"4n t~e svstem itself. 
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~.4 MCR. Mo~ito~ Co~so'e ~out4ne 

MeR is tMe eol'ectio~ of 1u~ction. t~at make it possible to o~erate 
and control the RSX-l1M system f~om a termi~a' device. '1 t~e '~~k 
between t~e co"ect1oM of services ~rovided by RSX-l1M and users w~o 
wa~t to make use of these services, MeR ~~ov1des a ~u~ber of .e~v4ces, 
specifica"YI 

Services 1-1& run IS MeR overlays. 

1. ABOrt 

The talk na~e submitted w4t~ t~e eom~and wi" be aborted. 

2. ALTer 

3. CANee' 

Periodic rescheduling is ter~iMlted for talk ~8~e .ubm~tted. 
The task itself re~a1nl in the STD, ~nd may be act4ve or 
inactive. 

~. OEVieel 

Symb01ic ~amel of a" device. known 
displayed on the reQue.t1n~ terminll. 
any device redirections. 

5. FIX 

to the svstem a~e 
The displav 4~cludes 

·The named t.lk i, fixed 1" memory. TMis talk can"ot be 
checkpointed, and wi" remain i~ me~ory at task exit. 

A 'ilt of Logical Unit Nu~ber. and their associated device 
Iymbolies il displayed fo~ the task name submitted w1t~ t~e 
commend. 

7. OPe" 

Ope" 11 uled for exami"ation and/or ~od111C8tion of main 
~emory. 

e. PARtitions 

Thi. eommand out~ut •• de.e~iotio~ of each cartit10n a~d 
lub·p.~titio~ 4" tMe Iystem. The 'ilt a'io IDeeif1es 41 t~e 
~a~t1t1on 11 a task O~ commo" cert1t1on. 



R •••• 1gM de.a.s1g~s a Logica' U~1t Nu~ber from o~e p~ysieal 
dev;ee '"0 ass;qn1~g ~t to another for the ~amed task. 

10. REDirect 

Redirect makes posib1e tMe red1rectiMQ 01 
from o"e p"ys.cal device to ."ot~er 
cMaraete~ist~cs. 

811 I/O reouests 
~avi~g comoat1ble 

11. REMove 

12. 

13. 

T~e task ~amed 4s de1eted from the STD. The talk so removed 
is u~k~ow~ to t"e E~ecut1ve and e~1sts O~'Y as a disk ~mage. 

RUN 

T~1s eommlr'ld enable. a talk to be se~eduled i ~ terms ofl 

a. A delta time 1rom "'ow,or 

b. A delta time 1"'0'" e' oe k urd t SY"'e"rOrdz8t1o~, ora 

c. Abso1ute time of day, or 

d. Immedilte eMecut1oM. 

w1tl-l oot10MS I, b, a"d c ,.,er~od1c rescheduling 1 I IOrov1ded. 

SAVe 

T~is com~I"d crel.rves ar'l image of the RSX-l1M EMecutive 0" 
disk lue~ t"at a "aradware bootstr8~ or t~e BOOt MeR fu"ctio" 
ea" relold ."d sta~t uc tl-le sYltem. 

14. SET 

15. TASks 

T~is eomml"d outouts a de8cr~ct1on of everay tas~ whieh eM1sts 
11"\ t"'. STD. 

lb. UNF1 M 

17. BOOt 
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T"e Boot Co~mand wi" bootstrao a~ RSX-l1M syste~ from a fi'e 
that was e~ther created by t~e SVSGEN ~roeess or t~e SAV MeR 
fu~ct1on. 

18. OMOunt 

oee'8~es a volume 'og~ea"y off-1ine. 

1~. INItialize 

Creates an RSX-l1M structured volume. 

20. INSta" 

T~e tas~ co~ta1ned in t~e file scee~fied 1" the co~mand ~I 
entered i~to t~e STo, and t~e task heaoer i, initia'4zed. 

21. MOU~t 

22. UFO 

This com~a~d ere.tel a User F1'e 01~eetory (UFO) a~d e~ters 
its ~ame iMto the Master File D~reetorv (MFOl. 

3.~.1 Structure A~d Operatio~a' EMv1ronme~t Of MeR 

MCR ~s aM RSX-l1M ta.k which operates out of a sub~artit1on w~ic" 1, 
oart of • main pa~t1tion occupied by tne Fi'e Svstem •• TKTN, t~e task 
ter~i~.~10" "ot1f1c.t10~ task, ".0 operate. out of a subcartit10n of 
t"e File System ~.~t1tion. The c.rt~t10n ~s set UQ So that the fi'e 
syste~ 1s c"eeKc01ntab'e and e1t"er TKTN or MeR ea~ e"ee~co~nt t~e 
File SVltem. Thus, the t1,e system w1" be swacped out I"d MeR 
swapped 1M wheM a" operator reQuest occurs. 

MCR 11 a t~ee structured talk, and fts strueture 1s depicted 
schematica"y 1" Figure 3-5 • 

••••••••••••• 

• we ~ •• n t"8t Dart of the ~4'e system referred to al Fi'e Control 
Pr.m1t.vel. 
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.... _ ............•...•.....•....•..•.••••.••...........••.••...... 
1 1 1 1 1 
1 1 1 1 1 1 1 , 1 

DISPATCHER PARSERS(1·3) COMMAND FUNCTION PROCESSORS 
I 1 1 1 1 1 1 1 1 
I 1 1 1 1 1 1 1 1 
• • • • • • • • • • 

Figu~e 1-5 MeR T~ee Struetu~e 

T~e commend function p~ocesso~s a~e t"ose t~at croeess t~ef4~.t 1b 
conIO" se~v1ee. l1ated ~n Section 3.U. T"e ~emain1ng conso'e 
services run al tasks and not 8S integra' parts of MeR. MeR, in fact, 
does not d4ltinguil~ between t~e8e task functions, and tasKs t~at it 
initiates al a ~e,ult of reco9n~z1ng an MCR ~eouelt for functions 
17·22 listed in Section 3.~. T"e console 'anguege sy~taM is defined 
such t~.t if t~e f.~st t"ree c~a~acte~s of an input line are not cart 
of t"e defined commend langue;e, then MeR wi" attempt to initiate t"e 
tasl< named 

••• M Joe 

JIM 

RUN ••• JIM 

to MCR. 

The t.~m1".l driver 1. intimatelv 1"teg~.ted 4nto the oDe~ation of 
MeR, Since RSX.11M aeeepta and acta upon unsolicited 4n~ut from any 
operator ter~i"a', it 11 t"e function of the te~~inal dr1ve~ to know 
w"en it 1, ~eceiv1ng input d.,t1ned for MeR. 

W"en a e~.racter on an ocerator termina' 1, struck, the result1n~ 
interrUPt initiate. t~e termi"I' driver. (Remember t."e device is fu11 
duel •• and t"e kevboa~d cannot be locked to prevent i~~ut w~e~ t~e 



device 11, 4~ fact, 1~vo'ved 1~ 8n 1/0 o~e~.t4on). T~e d~4ve~ t~eM 
acts on t~e 1M~ut al fo"ows. 

1. [C~eck t~e device state] 

Is, t"'e device busv. No, go to 3. 

If t~e d~4ve~ was se~d1M9 out~ut (in 8M output state) when 
t~e e~a~aete~ was eMte~ed, an input reQuest f119 is set 4~ 
t~e a~o~oo~4.te uce and the d~1ver cOMtiMues seMdiM9 t~e 
outout 8t~e.~. When t"'e out~ut reQuest ia fiM4shed, 
proeel.1Mg co~ti~uel at S. 

If t~e te~~iMa' ~al 1M a~ 1ncut state the e~8raeter 41 
aeee~ted. Go to b. 

3. [Device 1s Mot busv] 

Note, if t"'e device was not busy, t"'e incoming Character i, 
t~e first ~~aracter of an input 'i~e. 

Was tMe input character 8 Co~tro'.C? (Control.C 41 an 
exc'icit reQuest to communicate wit~ MCR). If t~e e~aracte~ 
was a COMtrol-C, t~. termini' driver e.eeutes 8 fork and 
e.ecutioM cOMt4~ues at a. 

If tMe first Character 1s Mot a Control-C, theM a check il 
made to lee if t~e device is attac~ed. If yes, t~eM ignore 
the c~araeter (unso'icited input to MeR OM 8M attae~ed device 
is not permitted). 

If the device is u"attaehed theM it wi" be considered t~. 
beginni~o of uMlol1eited input to MeR. Go to 4, 

1.4. [Fork 1 eve' ~roeelli no] 

TMedr4v.~ ~al t~'"lfl~red to fork leVel becaus. it Meed' • 
buffer, 8",d it CI" o""v get I buff.~ at fo~k level (I~a~ed 
'Vltem tab,el must be altered to obtliM a buffer). I" 
additio", to gettiMg 8 buffe~, the fork level term.~81 
crocel.4MQ code must cheek for 8 ra~e raee eO~dit10M.' 

After t~e ar~1va' of t~e Co~tro'.C (o~ a ~o~ Co~trol-C 
e~I~.ete~ if the te~m1n81 4s not att8c~ed) and between t~e 
time the fork 11 .-eeuted 8~d control 11 ~eg81~ed in the 
o~1ve~, it is pOlsible that the deviee may ~8ve retur~ed to 
the bUIV 'tlte. This ~s because we ~IV have Just u~busied 
tl"le device fOr I \orevioul reauelt w~en t~e ."'cut 1ntel"ruDt 
oecu~~ed. The interrupt eode finds the deviee fre~ 8~d 
e.ecutes I fork, But before eo"'tl"01 is regained at fork 
level, eMecut10n il eont~Mued 1~ the d~4ver for t~e previoul 
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~eQuelt. T~e d~~ve~ Jumos to t~e i~~tiato~ e~t~y to 
~~o~.gate its e~ecut4o~ 8~d t~us mav f4~d a~otMe~ wa4t~~g 1/0 
reQuest w~1e~ it w~" begi~ p~oeess1ng s4~ce t~e device is 
f~.e. T~us t~e fo~k ~out1ne ~ust ~ee~eek t~e state of t~e 
device, If it 4s busy t~e i~put 18 ~g~o~ed a~d t~e dr~ver 
~etur~s Ce_ita) f~o~ fo~~ 'eve'. E'se a~ attempt 11 made to 
obta1~ a buffe~ fo~ t~e u~so'1c1ted 1~Dut. 

5. [Buffer ACQu1sit1orl] 

If t~e buffe~ aCQu1.1t1o~ attempt 1. u~successfu', t~e dr1ve~ 
19~orel t~e 1~put 8~d e~1ts. 

If • buffer is obtl1Med, t~e dr1ve~ sets up to start a~ 
u~so'1e1ted i~Dut ~eQuest by ;~1t1e'1l1~g varioul ~o1~ters 
a~d sett1~g t~e It.tus of t~e eo~tro"e~ a~d unit to busy. 

MeR> 

E11e t~e 1~put c~a~acter is Ito~ed 1~ t~e buffer and 
ec~oed 0" t"e 1n4tiat1"9 term1M.'. 

T~e d~4ver retu~~. (exits) f~om fork 'eve1. 

b. [C~araet.~ proeels1"9] 

Once t~e term1MI' d~4ve~ ~as determ1~ed that i~put eom1~g 
from I~ operator termi~I' 11 de.t1~ed for MeR, it wi" 
tra~.fer subleaue~t characters i"to t~e buffer acouired 1~ 
Step 5. It I'SO ec~oes the 1~com1~g c~aracters. T~e 
acceptance of 1~put w4'l cease 1fl 

a, "The buffer 1 • f 1 1 1 ed Ct~e buffer ~as roc~ for 80 
characters' but t~e M8JC1mum acceJ:)ted depe"ds 0'"' t~. 

dev~eel 

72 for' KSR 

72 FOR VT05B 

80 for LA30S 

80 for l.Al0S 

b. A" ."d of 11Me character' i s e~te"ed. T~e va 1 1 d e"d of 
'.~e charlct.,. • • I"el 

COflltr01-Z 
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Ca~r1age Retur~ 

A~T.Mode (code. 33, 175, 8~d 176) 

7, [I~terrupt 1rom a e~araete~ ec~o] 

Is the device i~ 1~DUt mode? If ~o gO get 8~ot~er characte~ 
from t~e user output buffer a~d ec~o ~t. If t~e device is ~~ 
1~eut mode, .s end-of-11ne set? If ~o ~e·e~eb'e t~e keyboard 
1~terruPt a"d eMit from the 1~terruct. If end.of·'~~e 19 
detected, t~en fork. 

Wa. the 1M~ut .olicited or u~.o'4e1ted? For u~so'1c~ted 
i~eut, d.~olit t~e UCB address and t~e te~mi~ating c~ar8cter 
into t~e in~ut buffer 8"d 'ink t~e buffer into MeR's 1~put 
oueue, the~ reQuest MeR to run. T~e d~1ver ~tse'f clears 
contro' and un1t busy and retur~. to its i~1t~etor entry 
p01~t. 

For solieited 1n~ut 1/0 Done wi" be ce"ed, First, t~e 
nu~ber of characters entered 11 determ4~ed and t~e buffered 
input 11 moved to t~e solieiting task'. input buffer, The 
driver 4"put buffer 1. re'eased a~d 1/0 Done 11 called w4t~ 
t~e •• cond 1/0 status word eaul' to the Mumber of bytes 
entered. T~e 'eft byte of t~e first 1/0 status word is set 
eaua' to t~e terminating character and t~e r1g~t byte to +1, 
TMe driver then JumDI to t~e in4tiator entry point to 
proeaQlte its eMecut1on, 

3,~,3 MeR O~erlt.o~ 

After the reaue.t of MeR by the d~4ver, t~e f11e system is sw.~oed out 
a"d MeR il Iw.p~.d in. CO"t~o' is ~aSI.d to t~e MeR root segment 
w"ic" CI"S t~. D1spate~er (OSPTCH) over'IY, DSPTCH, via a ~r4v41eged 
subrouti"e (SSWSTK), switc"el to' Iystem state, T~e ca" to t~i~ 
rout~~e inc'udea a ~Iramete~ ~h1ch 1s the address w~ere t~e ca"er 
wants to· return WMe~ it switches back to task state. The state 
sw1te"4nQ rout4"e ~e~fOrma the switch 8"d resu~es ~rocesl4ng 1n t"e 
cl"er immediate1y fo"owing the cal'. Whe~ !SWSTK ;5 ca"ed, 1t sets 
u~ .~ i"ter~upt e"trY to the system. I"terrupts are locked out w~1'e 
it ~Us" •• the ~aaled return address IMd the PS on t~e stack. SSWSTK 
t"e~ cal'. 1"t.rru~t .Ive (SINTSV), 0" return fro~ interrupt save R3, 
R2, Rt, R0 are pUlhed o~to the stack and now the stack st.te s4mUlates 
that of an EMT. SSWSTK "OW C8"S t~e ca"er who resumes e.eeutio~ o~e 
4~atruct4o" Plat the CI", W~e~ the cal,ing routine f4~il"es, 4t 
returns, which tlke. it baCk to SSWSTK. ISWSTK JU~DS to Oi~ect4ve 
~Mit wM4ch redispatches the processor. The effect of t~1s 1s to 
~esume t~e cl'ler 4~ task state at the paased retur~ address. 
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1. [ReQuest.~ unsolicited 1~put Queue ent~yl 

The 04ID.tche~ ca"1 the Queue Removal ~outi~e C!QRMVF). 
$QRMVF wi'l attem~t to ~emove a buffe~ a~d de';ve~ it to t~e 
04.c.tc~er. If ~o buffer ;s avai'ab'e Cear~v set ~etur~ from 
SGRMVF) the Di'~ltc~e~ e~4ts. The buffer is fo~~atted as 
shoWM 1~ Figure 3.& • 

•••••••••••••••••••••••••••••••••••••••••••••••• 
1 LIN~ TO 1 uce OF 
, NEXT BUFFERl INPUT DEV 

, COMMANO INPUT 
1 

•••••••••••••••••••••••••••••••••••••••••••••••• 

f4gure 3-& I~out Buffer 

The Queue empty conditio~ wi" never occur o~ a~ i~4tia' cal' 
to MeR, sinee MeR is not reQuested un'.ss somet~1~g 4s 4M the 
oueue, MeR wi" remain re.~dent unti' it ~8S processed a" 
t~e e~trie. 1n the u"so1ic;ted i"put Queue. 

Note that the Oilcatcher, duri~g buffe~ reouiI1t1o~, il 
ocerating at sv,tem 'eve', a~d a1' Queue entries are do"e at 
fork 'evel. T~ul.the buffer removal orocess is '1~ear4zed 
with buffer item e~try. 

If DSPTCH gets. buffer, it lavel the buffer address in I 

~emorv 1oeation and does 8 ~etur". This retur~ takes nSPTCH 
baCk to talk Itate where the crocesli~g of t~e buffer ~e9i~l. 

2. [Proceas _ [Buffer] 

0" retur" to task state, the dilPate~er .ca~s th~oug~ t~e 
buffe~ I"d 

com~re.se. out ~edu"da"t IOlees I"d/o~ tabs 
eo"ve~ts In Esc8~e chl~aeter to a Carriage retur" 
t~uneltes trailing s~aces a~d/or tabs 

If ~o ,~". term1"_tor is found i" the buffer, a CR 1, 
1~serted I' t~. 80th eharacter, F1~a"v t~e actual 11ne 
te~m4"etor (e4t~er CR or ESC) il Slved 10 it can be ~eltor.d 
1~ the m."lg. 4f the message ~ult be ~outed to 8 talk other 
t~a" MCR itlelf, 

The d110ateher the" converts tne first th~ee c"arecterl to 
RAD50 and beg1~s to aearc" two 1nter~I' tables fo~ aM ~CR 
fUMCt1o~ w1t~ I matching name. 
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3, [Sea~cni~Q t~e fUnction tables. Table de.c~~~tio~IJ 

MeR ~II two fu~ct1o~ tables, o~e for pr4v41eqed comma~ds, a~d 
o~e fo~ non.e~ivileaed commands. 

P~ivi1eged commands Ire t~ose w~ose un~e.t~icted use could 
eause or4vlcv v401at4on O~ svstem fa1lures and t~ev ca" only 
be eMecuted fro~ a ~~4v1leged te~m1~al. P~iv11eged te~mina', 
a~e identified bv a bit in t~e UCB. T~ele te~m1~a'8 8~e 
e.tab'is~ed at SYSGEN o~ bv t~e SET eomma~d. 

Bot~ tab'es eontain a 5·wo~d packet 1o~ eac~ command in t~e 
elass (or;v1'eged o~ non·D~4vileged). T~e Dacket 8Doears 4~ 
F1gu~e 3.7. 

• •••••••••••••••••••••••••••••••• 
RA05~ CMD NAME (3 CHARS) 

••••••••••••••••••••••••••••••••• 
INDEX INTO COM~AND OVER~AV 

••••••••••••••••••••••••••••••••• 
AODRESS OF PARSER TARLE 

••••••••••••••••••••••••••••••••• 
RAD50 COMMON OVERLAY NAME 

••••••••••••••••••••••••••••••••• 
INDEX INTO COMMON OVERLAY 

••••••••••••••••••••••••••••••••• 

T"e tab'e is designed w4t" t"e •• sumct1o~ t~8t a give~ MeR 
funct40n would not reQuire ~o~e t".~ t~ree overlays to C8~~V 
out itl inte~t. T~u., t~e table entr~es eorreloond to t~~ee 
ove,.1lv tYDe •• 

Command overlav, 

P,. ~.e ~ ove~'ay, arId 

Common ove,.1ay. 

T~e ule of tl'lese over-lay typel 4 • i ~ ~ene~a' observed, but 
e.ce~tio"s occu~ and tt-tey w 11 1 be Moted. 

Ty~iCI'ly, a~y command t~at can be ~~oee.sed .~ a s1,.,g1e 
over-lay, I"d w~ose 14ze 11 IUC~ t~et 4t r.~u4rel all O~ 
".1~1Y I" of t~e mi. overlay 8ize (&00 wdl) wi" be classed 
.1 I eomma"d ov.~'.v. 

Pa~le~. for t"e co~ma"d. ar-e dilti~et e~t1ti.. and are 
orouDed 1"to ove~'.v.. Generl"y, a give,., eerier se~v~e •• 
more t"8" o"e comml"d but t~ree ~8~le~1 cu~rentlY le~v1ee a', 
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t~e comma~dl. T~e ~a~le~ e~t~y is a ~oi~te~ to a ~a~ser 
table e~t~y 8~own i~ F1gu~e 3.8 • 

••••••••••••••••••••••••••••••••• 
RADS~ PA~SER NAME C3.CHARS) 

••••••••••••••••••••••••••••••••• 
INDEX INTO PARSER OVERLAY 

••••••••••••••••••••••••••••••••• 

Figure 3.8 • Parse~ Tab'e E~trv 

Si~ce t~~ee pa~"~1 service a" t~. comma~ds it ~. ~ore 
eco~om1c.l 1~ Itorage soace to ~o1~t to t~e p.rle~ tab'. 
rat~er t~a~ 1~c'ude t~. name and t~e i~de. in t~e ma1~ 
functio" table. 

T~e inde. 1s used a. t~e e~try pci~t 1nto t~e oarle~ w~ere 
the p.r.1~g for I oive~ eomme~d beg1~I. T~41 41 reQuired 
since a oarser c.~, 8"d generally does, eonta4~ oar.ers for 
~ore t"a~ one eomma~d. 

T~e commo" overlay is used w~e~ the proeels1~g fo~. eommaMd 
18 sma" e"oug~ to make it practice' to group ~ore t~ln o~e 
eomm8"d 1~to a s1ng,e over1ay, Th1. grouping saves space 
11~ee te~ words are reQuired by t~e Overlay Runtime System 
for elch ove~lay 1" a tree struetu~e. T~e I~de. ..rve. t~e 
.a~e purpOle 81 the 4Mdex 1~ a pa~s.r overlay, 

Note t~at • commlMa overlay a'io eo~ta1~s a" 1~de.. The 
v.lue of t~e eom~IMd overlay 1"dex 1. geMeral'y zero. But to 
~a1Mta1M the cohereMce of t~e tab'e proce.si~g commona'ity, 
a~d to al'ow fo~ fle.1b1l1tv, t~e 1Mdex is included, 

3a. [Look u~ IMd start a fu~ctio" cthe~ t~a~ a~ MeR 1~ter~a' 
fUMct1CMl 

The d4.p.tc~er t~.~ looks 1~ the ~rtv11'9,d 'Qm~'Md tab'e for 
a ~.me wh4c" match •• t~e f1~.t t~~ee characters iM t~e iMPUt 
buffer. This tab'e cOMta.MI a" the privileged MeR commands. 
These ere Moted 1M the commeMds "sted 1~ Sect10M 3.Q.l. 

I~te~M."V' pr1vi'eQed term1~a'. ere 4d'Mt1f1ed bv. bit '" 
the UCB. The bit 11 set at SYSGEN o~ from 8 cr1vi'eged 
termiMe' us1"; the SET MeR comma~d. 

If the comma~d ,. ~ot fOUMd 1" t~e ~~1v1'.ged command tabl., 
the Mcn.~~1v1'eged eommaMd tab'e 1. sea~ched. 

If the Mime 11 not 1" either tab'e, t~e~ t~e d1.oatcMer wi" 
~~~f1. th~ee oer1od. to t~e t~~e. buffer c~a~act.r. and US,"; 
t~e., 81. eharacte~s wi" se.~ch the 5TO 'ook1"~ for e matc~ 
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o~ t~e name, If 4t does ~ot fi~d t~e ~Ime it wi" d~sc'ay a~ 
error message O~ tne i~~t~at~~g ter~1~a'. If it f1~ds t~e 
na~e, it w~" reQuest tne functio~ to ru~, supplying as a~ 
arQume~t to the reQuested task t~e uce address t~at wa, 1~ 
the ~nout buf1er. The UCB addresl 4s 4~.erted 4~to t~e TCB 
of the reQuelted task as its Tl (terminal ~nput) cleudo 
dev;ee. If t~e attemot to reQuest t"e task fa1's 8~ error 
message is disclayed, tne buffer ., re'ealed and MCR e_its, 
Having discovered a non.~~terna' MeR function, ~CR must 
prepare to cass the buffer, s1~ce tMe ~~it4ated task is ~o1ng 
to issue a GET MeR COMMAND LINE d~reetive. To oals t~e 
buffer ~CR uses three words 1~ System Common. T~ese words 
are. 

1. T~. TCB address of t~e reQuested talk, 

2. T~. addrelS of the" command buffer, and 

3. T~. byte count of tMe ~umber of input cnaracters in 
t~e buffer. 

MCR f1"s thele WO~dl, mak1nq 'vnchron1zi~g c~eek. that they 
are free, since only one triplet e.ists for oalsing buffers 
to • reQuested task. T~us, until t~e buffer 4s e~pt4ed, 
ot~'r comp1eted buffers 1~ the cueue wi" be wa1t1nQ. 

Eventua"v (and this sMould be 100"' t~e reQuested talk wi" 
.tart ru"ning, a"d issue 8 GET MeR COMMAND LINE directive. 
T~e directive ~~oce.si~g t~.M tests for a match O~ t~e TeB 
add~els in SYSCM a"d the TCB address of t~e ~eQue8ting talk. 
If they match the buffer 41 Daaled to the task by eooy4ng it 
4nto t~e OPB of tMe d1reet~ve. The d1~ective statuI 1s set 
to tMe byte count, t~e buffer is re'eased a~d t~e TCB 8dd~e.s 
in t~e SYSCM triplet is cleared. T~e TCB address bei~g zero 
4. aM indication to MCR that t~e triplet 4s free, 

3b. [Start an internal MeR fu"ctton] 

le. 

Once. name metc" Mal beeM fou~d f~ t~e comm8~d tab'e, the 
Oilpate"er caoi •• words t, 2, " and 5 of the fu~ct10n tab'e 
entry and bot"" wordl of t~e ~ar8er tab,e entry fo~ t~4s 
command into t"' MeR root segment. Now t~e 01scate~er sea", 
the fUMction tab'. entry as fo"ows, . 

IF 

A oars.~ eM4sts 

THEN 

Go to " 
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E~SE 

IF 

8 eom~8~d ove~'IV e~1lts 

T~EN 

Go to 3d 

ELSE 

IF 

THEN 

Go to S 

ELSE 

Abort 

3d. Form ove~',v Mame, eOMstruct ~eau4red overlay i~fo~matio~ 
~.cket, I"d enter the root at the ~oi~t whe~e overlay 'oad;~g 
~. oerfor~ed. 

The .elected olr.e~ w~" parse the buffe~ Ind, if the ~arl. 
~I .uccelsful, it wi" Jumo back to t~e root to load t~e 
d.s4red functio". If t"e pirie fl111, the carser deoos4ts an 
error number in the ~oot IMd Ju~~s to the e"try SERLD ." t~e 
root which lOlds the error ove~lav. 

Ultim.tely t"e root will init4ate ,"ot"er rout1"e, eit"e~ t~e 
error ~out4"e or the reQue.ted funet~o". 

The.e routine. ~.v further check the i~put a~d f4~d erro~s. 
If .r~or. are found, the fu"ct~on sets uo the e~~or routine 
I"d JUmol to the root to 'oad a~ error ove~l.v. If it 
lucce.ds, the fu"ctio" ~1" relea.e the buffer and e"ter t"e 
root It the ~oi~t where the ~oot wi" reload the d1.oatehe~, 

The er~or overllY eo"tlinl al' error m •••• g •• I"d t~e eode 
",eded to formlt the erro~ m ••• a~e f~om the error Mumbe~ 
decolited 1" t"e ~oot by t"e MeR comcone"t di.cover1MQ t~e 
.~ror. 
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7, [F~~ll Exit] 

T~e d4spatche~ ealls t~e Queue routine to obtai~ 8Mot~er 
buff.~, if o~e 1a found t~e eyele of ~ame table Icanni~g 
r •• u~es (stert1~g at steD 2), If no buffers are waiting, MCR 
exita. 

T~e user area of RSX-l1M is d4v4ded into Dart4tioMS. In un~ap~ed 
systems t •• ~s ar. bou~d to a loee1fie Qart1t~on and must e_ecute from 
t~at ~lrt1t1on. 1M macped systems tasks may be instll'ed and 
subseQuently executed in any ~8rt1tion orovided ·t~e cartit10~ is large 
enoug~ and sufficient c~eekpo1nt space is avai'able 1~ t~e talk image. 

A partition alwaYI consists of at 'east I mlin partition, t~e maiM 
partition ean be subdivided into al ~anv IS seven lubpart~t10MS. T~e 
exeeutio~ of talkl within tne mlin Dartition a~d ~t. subplrt1t1ons 18 
mutual'y e-elulive. T~1. mea~s t~at if a task is e.ecut4ng 4~ t~e 
main cartition no talk. mlV be executing in a~y subDart1t10n of t~e 
main partit1o~. Contrarywi •• , 1f. talk is executing 1n a 
subpartition no ta,K r.~u1r1ng the main ~artit1on mav be executino. 
~~e sub~artitionl, ~owever, can 8" execute .~ cara"e'. 

Subpartitionl •• 1lt 10 al to make it poslible to reclaim Ind subdivide 
1arge Dartit10nl that service no~rea't1me talkS 'ike 'anguaoe 
translators. 

If a main part1t1o" talk ia fi_ad in memo~v t~en no 
partit40~ or lubplrtftion talk may execute unt1' the talk 
A fixed sub~art1tion talk wi" exclude t~e eMeeut40n 
oartit1on t •• k a"d ot~'r talk, WI"ti"O to execute tro~ 
lubplrtit1o". Ot"e~ lubpart1tioMI ooerate 1"dependent'v. 

An identica' let of conditions applv to task. t"at 
checkpointabl., 

other main 
11 unfixed. 
of 8 me4" 
t~e subject 

are not 

The ml"1pu'at1on of • pa~t1t1o" and it. lubpart1t10~s becomes more 
intricate when the talkl oceucy1~g them are Mot fixed 4n memory and 
are c~.ckco1ntab". A"V number of tasks Can be wa1t1~g for ule of the 
partition o~ luboart1t1on. Given that no tasks running out of a 
oartitio" Irt fi.ed in memOry, Ind that a11 are .110 c~eekp04"tab'e, 
the sole d.ter~4ner of which ~ueued talks wait1~g for t~e partition 
wi" run 1. priority, 

When. talk 41 reque.ted it 11 entered into t~e appropriate partition 
wait Queue Ind a "Quenee 1s initiated to determine if the eMisteMce 
of this t.,k in the plrtit10n wait ~ueue wil' reauire c~eck~oint1"g of 
~~e talk cyrrent'y occupying the cartition. If t~e talk entering t~e 
w~it Queue 1, of h4ghe~ crioritv then that of t~e current task, 
c heCkcoint1nQ will o~oceed. 
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Whe" a task t~at is ~ot f1~ed 1~ memory e~1tl, the ol~t1t1o~. wait 
queue fo~ t~e Dart1t10" be1~g f~eed 41 e~a~1"ed fo~ t~e ~4g~est 
o~1o~ity task wa~t1"g fo~ t~e part1t1o~, a~d w~en located t~1s talk 1s 
'olded 8"d cut 1~to Ictive com~et1t4o" for oroee8SO~ ~esourees. 

B.fo~e o~oceed1~g to t~e detailed 8'go~1t~m8 Uled to service a 
part1t4o" t~e key eo"ee~t. Ire 'isted belowl 

* A part~t1o" co~.ists of 8 me4" Da~tit1o" 8"d UD to seve" 
.uboa~t1t1o~ •• 

* E~.eut1o~ betwee~ a ma1~ oa~t1t~o" 8"d its sUboert1t10"s is 
mutUI"y e~clus1ve. 

* Tasks f1~ed 1" memo~y o~ not e~eekpo1~tab'e 10ck UP t~e 
Dart1t1o~ O~ subpart1t1o" from w~ie~ t~ey a~e e.eeut1"g. 

* Talk Iccell to a p.rt1t1o~ 11 based O~ pr4o~ity. Tlsks "ot 
fi_ed 4" ~emo~y o~ "ot c~eekDo1"tab'e wi" be rol'ed out to 
mike room for h19~.r D~ior1ty ta.ks w.1t1"~ to OCCUpy t~e 
o.~t1tio". 

3.5.1 p.~t1t1o" Co"t~ol Olta Structu~el 

The data Itr~eture. wh1ch le~v1ce t~e cart1t1o" eo"cepts outl4"ed 
above are I~OW" i" Figure 3~q. 



SPARHD 
••••••• 1··· ••••••• 1 

1 •••••• ••••• • •••• 
·.>lPCB l···>lTCB1-··>lTCBl 

lMAIN! 1 I 1 I 
···1 1 ••••• • •••• 
1 •••••• 
I , ..... . 
··>1PCB I 

ISUB , 
···1 I 
I •••••• 
1 
1 •••••• 
··.lPCB 1 

lSUB 1 
···1 1 
1 •••••• 
1 ,...... ..... . .... 
• ·>lPCB '· •• >1TCB1···>1TCBl 

1MAINl I 1 I 1 
···1 I ••••• • •••• 
I •••••• 
I , ..... . 
• •• 'PCB , 

lSUB 1 ···1 , , ..... . , , ..... . 
··>lPCB , 

lSUB , 
1 , ....... 
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The ve~y comco.4t.o~ of t"e .t~ucture provides i~si;"t i~to bot" t~e 
e.te~t of the .e~v4ce a~d ~ow ~~terna"Y t~e service is crocagated to 
the u.e~ level • 

• word is ma4"ta4"ed 1" IYltem common (SPARHD) that Dointl to the 
first m14" Pa~titio~ Cont~ol alock (PCB)i" the system. From this PCB 

. a~e 'i~ked the PCB~. for any subpa~tition. defi~ed for t~11 ~ai~ 
pa~t1tio". All PCB', defining ot~e~ p.rt4t~onl a~d .ubp.rt1t1o~s are 
14mi'a~'v 'inked. The 'elt pce is a lubcart1t1o~ PCB •• cept i~ the 
eaa. where t".~. a~e no IUbcertit1on' of the SUbject ~.1n Dart4tio~. 
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In t~i. c •• e t~e mei" oa~t1t10~ PCB '1~ks to the next ml1n oa~tit4on 
PCB. T~. data st~ueture is then ~eoe8ted u~ti' we ru~ out of PCB's to 
'1nk toget~e~. Notice t~at tMe TCB's of tasks waiting to occucv 
e4t~er t~e ~a1~ P8rtit1o~ or a subDa~t4t4on are a'wavs 'inked from t"e 
main o.rt1t1o~ PCB, T"e TCB's are ordered by ~~;oritv a~d eac~ 
contain I ~ointer to the PCB of t"e pa~t;tio~ for w"ie~ tMev are 
waiting, 

T~e sc"edu'1~g of • cartit4o~ is done by the next talk ($NXTSK) 
rout4~e. It 4s tMe fu"et1o~ of $NXTSK to select the ~ext talk in t"e 
l1st of TCB'I '1nked f~om t"e ~81" oa~tit1o" wait Queue t"at is to 
occuPV the ma4n partition o~ a sub~art1t1on of the ~a1" oartitio~, 
Note tMat tM4s orocels is 1~deoendent of which tesk 4~ t~e sv.tem wi" 
91in control of t~e CPU ~e.t. 

T~ere are four specific events wMic~ can result in a change of control 
in a pa~t1t;on. 

1. Tas~ ex1t of • nonf1~ed.t88k. 

SNXTSK must now look for anot"er talk wait1~g for t"e 
cart1tio". 

A new task 1, now ready to co~pete for t~e orocessor. 

T~1. CI~ bel 

at A RUN co~m."d from 1 term;nl' • 

b. A RUN or REQUEST EMecutive directive. 
) 

I~ t"11 ca •• s,vera' c~ecks must be ~ade bv $NXTSK. (we wi" 
d4ICUI. t~ele e~eeks Inortly) 

4. The outltl"d4ng 1/0 cou~t fo~ a cheekpo1~tab'e task w.1ti~g 
for IWIO out na. go~e to ze~o. 

The 'oade~ must checkco1nt the tesk end t~e~ cal' SNXTSK to 
.e'ect t~e MeMt ta.k to oeCUCY the Dart1tio~ • 

. G4veM t~e.e ~~e'4m1Mlr1el we CIM now e~am1M. the a190rit"ms used to 
service cart1t1oMI. 



PAGE 5~ 

Is the reouested task act~ve or eurre~tly being fixed ~n 
~e~ory? If yes, returM carry set. (T~e reouest ;s redundant 
s~~ee t~e task is e~t"er rU~MiMO or .~ OroceS8 or be1~g 
set-up to ru~). 

If t~e task ~s ~M ~emory, it 
~art1t1on allocation ~a,s ~I 
task set up 1. oer1ormed. 

1s fixed 11"1 
!"lot reaui red. 

"'emory IMd a 
T~e follow;!"Ig 

AM ;~~t4al stack 1s eOl"lstrueted t~8t wi" cause the talk 
to start e)(ecuting at its tra~.fer address. 

T"e taak statuI word 1s set to active. 

A eonditioMa' sc~edule reQuest 1s set 
red1spetch1nQ of t"e processor 1f 
action is of h19"er ~rior;tv t"an t~e 
tasle. 

that w11 1 force 
the talk Just made 
curreMtlv rU!"In1ng 

If t~. talk 1, net in ~emory, t~eM it 1, entered by prior4ty 
41"1 t~e Partition Wait Queue and !NXTSK ;s executed. 

It a~ould be noted that a tesk f1Med-1n-~emorv remains 
chys4ca"v 11"1 control of memory even if t~e talk e)(its. A 
talk t~at 1. not f1xed-1n.memory is removed from memory at 
talk exit thus freeing t~e memory 1M which ~t resides. 

2. [SNXTSK .. Se1ect the neMt talk to run 1M a ~.rt1t~o,.,] 

SNXTSK beg1Ms a selM of the ma1n partition wait Queue seekfng 
to determine 1f t"e partition, for which a talk is waiting, 
is free. Note thlt a given task .1 not necessarily the one 
mOlt reeent1y i"le~ted 4"to tne oa~t4t1o" ~a4t Queue, 
Exam1naticn of the ~.~tit4o" data structure wi" ~eve8' that 
a11 TCB's, both fo~ mai.~ and subp.rt4t1ons, 8~e linked from 
the main p.~t1t1o" wait Queue, 

SNSTSK e~eek, if the pa~tition i, f~ee. No, ~esume /scan. 
Yes, i"s.~t the TeB address into the PCB dec'a~i~g ownership 
of the PCB, Set the busy f110 1" both t~e ~ain .~d 
.ub~a~t1t1on. Remove t"e TCB f~om t~e ~8rtitio" wait Queue, 
i",e~t it fnto the loader ~ueue. 

A TeB ~, alway.s linked into t"e STD. A given TeB ~ey a'Io be 
linked into either the loader-oueue o~ t~e partition wait 
aueue, 

T"e loader 1, the" reQuested a"d SNXTSK tries to allocate 
l!"Iot"'r talk wit"4M the partition, T~e a"ocat1o~ p~ocesa 
eOMtinue, until e4the~ .11 waiting tasks ~ave bee" assigned 
to pa~tit1o". Or aM ."ocation fa1'u~e oceu~I. 



3. [SNXTSK C~eckooi~ti~g • Ma1~ ~a~t~tioM reQuests] 

w~eMever !NXTSK finds a task weit1Mq 1o~ a ma;~ 
t~.t 45 busy it must make a cMeekpo1nt dec1s1oM, 
oartition ~eQuest, it p~oceeds as fO"OW8' 
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partition 
For a maiM 

3a. Is t~e tas~ waiti~g for t~e main part1t.OM of sufficient 
o~1or1tv to pre-empt the task currently oecupy4~g t~e main 
oartit1o~ O~ 8 subcart1t10nJ ~o e~it, t"e partition cannot be 
a110eated to tMe wa1ti~g task, 

lb. Is t~e task occupving tne part1t1o~ i~ aMY of t~e following 
states? 

Not cneCkPo1ntab1e 

If yel, eMit the partition canMot be allocated to t~e waitiMO 
task, No, gO to 3a and eneck t~e ne.t subpartition. 
Eventua,'v, eit~er every lubpart1t10~ is found to be 
eneekpo;ntable, or tne main eartition e.n~ot be freed and 
SNXTSK e.its. 

let [Checkpointing subcartitions] 

Once SNXTSK determines the main Dart1t40n can be made 
avai'able bv e~eekpoint1ng the tasks 1M tMe suboart1tions it 
start. t~e eheekpoint~ng proeels as followss 

Is t~e 1/0 count for t~. task oceuPvi~g luboartition =0, No, 
gO to 3d. Vel, e.eeute the c~eckpoint initiation routine, 

Move the TCB occupv1ng this P8rt~t1on into the loader aueue, 
set a bit establishing the task is e~eek~oi~ted, and ~eauest 
t"e loader. No furthe~ aet4o~ o~ this subcart1t4o~ is take" 
u"t1' the loader reca"s SNXTSK after t~e eheckcoi"tino 
o~oee.s 4. comoleted. 

3d, Set I bit w"1c" indicates t"e talk is to be cMeckpointed w"en 
it. 1/0 eou~t reaeh.s 0, (T~is bit is tested bv 1/0 Done, 
and if set, 1/0 Done eall. t~e e~eckpoi~t 1~4ti.tion rout4~e 
in 3e above). 

4. [SNXTSK e~eekpoint1~g • Subca~t1t1on reauests] 

If a subpart1t1on is reauested t~e essentia's of the 
a'gor1th~ 4n 3 above is followed, but onlY the reQuested 
subClrt1t1on ~eed be e"_eked. 
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Steps 1.~ eomD'ete t~e desc~ipt.o~ of ~8~titio~ m.~ageme~t. But since 
t~e 'oad.~ ia 1~tim.te'y i~volved wit~ t~e 8'90~1t~m., .t w1" be 
dele~4bed 1~ t~i8 section. 

3.5.3 T~e L08de~ 

T~e loader, w~4e" 18 a res1de~t RSX.11M system t.s~, ~8S t~~ee 

fu~et10~'1 

1. Loading new tasks (initia' reading of disk .mage), 

2. C~eekpo4nting tasks (writing talk e~eckpoint 1~8ge to disk), 
a~d 

3. Resuming c"eekpointed task C~ead1~g taak e~ee~po1~t image 
back f~om disk), 

T~e lOlder ~., • sing'e objective, to em~ty t~e Queue of talkS ~aiting 
for ita attention. T~e Queue 1s servieed FIFO a~d 2 bits in t~e task 
status word, the checkpoint bit and the out of memory bit, determine 
t~e loader action on an e~t~y. 

CKPT o~ 
OUT OF MEM on 

T~e t.sk is read back into memory from its eMeckpoi~t area. 

CKPT o~ 
OUT OF MEM off 

T~e task 1, written from memory into ~ts c~eekpoi~t area. 

CKPT off 
OUT OF MEM on 

T~e tesk 1s read into memory from its load image. 

CKPT off 
OUT OF MEM off 

T~11 combination 1, illegal. 

When t~e 'oader remov.s the next entry from its Queue, it assumes 
memOry 1s 8vai1able if t~e task is to be read, afte~ t"e loader wr4tes 
• t.sk i~to its e~.ck~o1~t area Release Pa~t4tio" il eal'ed w~ieh 4n 
tur~ ca"s, SNXTSK to select t~e ~e.t task t~8t wi" oecuoy t~e 
part1t1o~. 

o~ re.di~g a t.sk into m.mo~v, the loader. 

1. Marks it 4~ memory (4.e, elea~s OUT OF MEM), 8"d 

2. Bu11dl' init4a' stack (o~ i~4ti.' ~e8ds only) 
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The ~.rk;~Q of t~e task i~ memo~V ~as the effeet of unb'oek.~g t~e t~e 
task so 4t ca~ compete fo~ system relou~ee8, As soo~ al a task 1, 
reQuested it ;s eo~sidered ;~it1ated, It wi" ~ot compete fo~ sYstem 
~esou~ees ~oweve~, u~t1' t"e 'oade~ ma~k. it 1n memo~v, Afte~ 
eomclet1~g the serviee for a Queue e~try t~e loader 'ooks for mo~e 
wo~k, and w~.~ t~e Queue is empty, it eMits, 

T"oug~ the 10.de~ .~d SNXTSK eel' eac~ other tMev a~e almOlt totally 
ig~or8~t of eae" othe~s function, T~e cal' from t~e 'oade~ to SNXTSK 
is sue" t~at SNXTSK can't distinguish it 1~om ot~e~ events that 
tr1gge~ SNXTSK, And, the loade~ makes ve~v few dee;s1o~s as ev;de~sed 
bV t~e fact that t"e de8c~1otio~ of its a'go~1thm ;s best ~rese~ted 1~ 
na~~at1ve 1o~m, 
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1.0 FAULT ISOLATION • SOME GENERAL HINTS 

4.1 I~troduction 

T~oug~ RSX.ltM is I ~eal time, mu'tic~ogramm~~g 9yst~~, it ~a9, i~ t"e' 
~el' memo~y version, no "b~ickwa'1" p~oteet10~. The basic mac"4~e 
configuration w~ieh RSX-11M .uppo~ts, ~a8 only 8 s4~gle p~09~am state, 
and no memory protect4o~. The lack of theae f~8tures s4mo1y mea~ t~at 
the user stlte t.lks ea~ fault such t"at the system itself faults. In 
t~ese ei~eumstances, it becomes eMt~eme'y imoortant to develOD t"e 
ski". a~d discicli~e needed to ~Ipid'y isolate t"e source of 8 syste~ 
failure. T~is section is a first attempt at ~eeording t~e e.cer~e~ee 
gained t~us far in 1so1ating software faults t~at occu~ in RSX-l1M. 
Ultimately this sect10~ s~ould evolve into a ~andbook fo~ fie1d 
softwa~e speeialists. To ~eac~ t"is much needed state, it wil' 
~eQu~~e inputs and sugg~stio~ from al' members, of t~e RSX-l1M team. 

4.2 Fault Classifications 

Three culcr1ts can be identified w~en the system fau'tsl 

1. A user state talk has faulted suc~ that it eausea the system 
to fault, 

2. The RSX-l1M system softwa~e itself hes faulted, or 

3. The host ha~dwa~e "al faulted. 

T~e immediate actio" OM t~e part of the ~rog~ammer subject to one of 
thele e~rors is to dete~~1~e w~ic~ of these three eases is the sou~ce 
of the fault. Our p~ime co~ee~n w~l' be the ~~ocedures whiCh may helo 
the prog~ammer uncover the fau,t source. The ~ecair of the fault 
itlelf 11 assumed to be the p~ogramme~1 respo~s1b1'ity. 

Faults manifest t~em.elves in roug~ly t~~ee wavs Ca~d they .~e '1sted 
here in o~de~ of iMC~easi"g difficulty of 110latio~) 

1. The IVltem d110l1VI the CRASH c~J"t~ut and ~alt.. The CRASH 
p~1~tout 11 dileul.ed in Seet40~ ~ ••• 

c, The system halts but d4a~'ays ~othing. 

~.3 Im~ed1.te Se~viei~g 
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,~X·11M can be built to contain ~ea1dent er •• ~ reoort1~g and ~aMic 
dum~ rout1nes, and Our comments assume .uc~ 8 system. CIt s"ould be 
noted t~at t~e minimal SYlte m w~l' not ~ave 8~aee for t~ese ~outine8.) 

The immediate 81m, regardless of t~e fault manifestation, 4s to 
initiate t~e cras~ re~ort1ng and P8~1e du~o routines. 

4.3.1 Case 1 • T~e System Hal D1so1ayed tne Cra.~ Pr1~tout 

In tn1s el.e, I" t~e balie information describing t~e state of the 
system ~a. been displayed. We wi" piCk UP t~e actua' Cr.s~ printout 
after we ~.ve described hOW to invoke Panie Dump for eases 2 and 3. 

4,3.2 Case 2 • T~e System HIS Halted • No Info~mation Displayed 

Before taking any action prelerve t~e cu~rent PS and PC (i.e. 
and record), Tne crocedure depends on tne ~art1cula~ 
~rocelsor. For a" ~roee •• ors, t"e PC is displayed in t~e 
register. TMe PC can .'10 be obtained as fO"OWII 

For an 11/45 

2. Depress Load Address 

ekamine 
PDP~11 

address 

U, Tn. PC il dilolayed 4n t~e data 'iQ"ts, Record t"e PC, 

For an 11/40 o~ 11/10 

2, Depress Load Address 

Now obtain the PS, the ~rocedure for w~1e", 11 4dent1cs1 4n a" 
syateml, 

1, E~ter 71171& in the COMlole switch regilter 

2. Oe~re •• LOld Add~el. 
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4. The PS 4s disclayed in t~e data '.g~ts. Reeo~d t~e PSI 

Next iMvoke t~e ~aMie DUM~ ~outine by e~ter1ng U0(8) 1~ t~e 8wite~ 
~eg1.ter, D.pre'14~g Load Address, a~d t~e~ Sta~t. 

~0(e) 4, the address of 8 JMP to the Pa~1e Dum~ Rout1~e i~ 8~y RSX-l1M 
Iv.tem. 

The PI"1c Dump savel R0-Rb aMd the~ ~a'ts 8wa1ti~g dumc '1m~ts to be 
entered vii t~. cO"lo1e switch ~eq1ste~. T~e PS is cleared w~e~ START 
is deorelled, and the orioi"ll PC is destroyed. T~us t"e 1~po~ta~ce 
of r.cord1~g these vita' pieces of debuggi~q 1nformat4o~ befo~e 
1"itilt1n9 the PaMie Dumo. 

Dumps of selected blocks of memory may be obta1~ed using t~e fo"ow1~g 
proc.du~el 

1 - Enter the 10w dump limit 1~ the cons01. switch register a~d 
depress continue. The processor w4" i~mediate'v ~8't agai~. 

2 - E~ter t~e ~ig~ dump limit i~ t~e co"s01e switch register a~d 
decrels co"t1nue. T~e dUmp wi" beq1~ o~ the device whose 
CSR address 1s O!SBUG (usual'y 177514 Which is the 'i~e 
~rint.r). At t~e end of the dump t~e crocessor w11' aga." 
halt awaiting the i~put of a~ot"e~ set of dum~ 11mita, 

To ~e.c~ the 18me status arr1ved at wit~ cre.~ reoo~ting i~ 
Case 1 above, ente~ the dumo 'imits 0-520(8) w~e~ t~e oa~4c 
dump first ~.lts. Th4s wil' dum~ t~e system staek e~d the 
~eg4.ter •• 

P~oeeed IS follows. 

Afte~ recording the PS a"d PC, the progra~mer may wa~t to stee t~rough 
a "umber of 1"struet1ons 1" 8" attemet to ~ocate the loop, 

After the attemot to 1oclt'O the 'oop transfer to t~e Denic dumg 
rout1n, 81 1" Case 2. 

This b~1"g. us to In eQuivl1e"t statUI for t~e t~ree fault s1tuat10~8, 

4.4 Other Perti~e"t Flu1t Iso'lt1~" Data 
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B~fo~e p~oeeeding with t~e task of 1ocat4ng t~e 1ault, t~e c~ogramme~ 
is st~ongly adv~sed to dumD system commOM CSYSC~). He can 8ccomclis~ 
t~i8 bV lookiMg fo~ t~e file SYSCM in t~e EMeeutive load map '1st1~g 
and e~tering t~e app~oor1ate '~m.ts to t~e Panic Dump Rout;~e. SVSC~ 
contains a number of e~itieal c01nte~s a~o ';st~eads. 

In addition t~e prog~ammer s~ould dump t~e dv~am1e storage pool a~d 
the device tables. T~e dVMam;e sto~age regio~ is t~e module INtTL 8"d 
t~e deviee tables a~e in SYSTB. 

PS 

PC 

T~e Stack 

T~e DVMamic Sto~age Region 

TMe Deviee Tab'es, a~d 

!vstem Common 

This data 1, a minimal reQuirement fo~ effective fault ilolatio~. If 
a" individua' p~oorammer ~'a". to consu't w1t~ ot~er g~OUp members 0" 
the scu~ce of • fault, ~e I~ould do 10 on'v after ~e ~al col'ected 
t~~s data. Eventua"y, we will ~eQuire t~at a,l SPR's supply this 
i~formation. 

4.5 Fault Traci~g 

Three po1nte~1 in SYSCM are cr1tica' in fault tr8C~"a. 

SSTKDP • Stack D.~t" Indicator 

Thi. dati item wi" indicate which stack was bei"Q uled at the 
time of the eras~. AI wi" be lee", this plays an 1mco~tant role 
in determ4n4~g t~e or1g4~ of a f~ult. The fo"owi"9 values 
apolv, 

+1 • u •• ~ (t.ak Itate) stick 

o O~ lei. • System ,tick 

STKTC8 • Pointer To the current Talk TCB 

T~1s .1 the TCB of the UI.~ level task 4~ cont~ol of t~e CPU. 
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SHEAOR ~ Po1~ter To T~e Curre~t Tas~ Header. 

Loe8ti~g t"e header ~rovide8 so~e other useful data, T~e f4rst 
word i~ t~e header is t~e users stack ~o1~ter t~e last time ~t 
was saved. If t"e Stack DectM is +1 t~eM the user ~es ~a~aged to 
er8s~ the syste~. IM a system w1t~ briekwa" oroteetioM (for 
examole, t~e me~~ed RSX-l1M system), tMe user s~ou'd Mot be able 
to eras~ the syste~. Eve~ if the user stores i~ t~e Executive, 
t~e eras" will ~ot occur u~ti' t~e state is sw1tc"ed a~d t"e~ t~e 
svstem w~l' cral~. Sue~ a fault may ~rove difficult to 'ocate, 

If the uler bra"-ches wildlv 1~to t~e Exec it wi" terminate tne 
user task, but the Ivstem will co~t4~ue to fu~et10~ (ooss1blv 
erro~eou8lv). K~ow1~g t~e ulers stack poiMter' provides o~e more 
'4~k 1~ the e~.4~ whic" may lead to t~e reso'ut1o~ of t~e fault. 

Q.5.1 Track1~g Faults Fol1ow1~g AM Automatie D1s~'av 01 TMe System 
State CCase 1) 

First exam1~e t~e syltem staek Dointer. Usually a~ Executive fai1ure 
11 t~e result of a~ SST tyce tra~ witMin tMe Executive Cot~er t~a~ t~e 
Icec4a11zed use of t~e tra~ 1~struet1o~). 

If an SST does occur w4t~in t"e ExecutiVe, tMen t~e or1qi~ to t~e eal' 
on t~e c~a." ~e~o~t."g ~outiMe w4" be 4" the SST serv4ee module. 
(The cr8.~ e.l' 11 1"1ti.ted by 4slu1"g a~ lOT at 8 stack de~t" of 
ze~o or leiS.) 

A cal' o~ cra.h .110 oeeu~1 i" the Directive D1s~8tc~er w~e" aM EMT 
wa. issued at a stack de~t~ of zero O~ 'els, or a t~8~ 4nstruct.on was 
executed at • dept~ of 'ell t~8" zero. The stack structure i~ t~e 
ca.e of a~ i~terMal SST fault is as followSI 
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••••••••••••••••••••••••••••••••• 
PS 

••••••••••••••••••••••••••••••••• 
PC 

••••••••••••••••••••••••••••••••• 
R5 

••••••••••••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••• 
R3 

••••••••••••••••••••••••••••••••• 
R2 

••••••••••••••••••••••••••••••••• 
Rl 

••••••••••••••••••••••••••••••••• 
R0 

••••••••••••••••••••••••••••••••• 
ZERO OR MORE SST PARAMETERS 

••••••••••••••••••••••••••••••••• 
SST FAULT CODE 

••••••••••••••••••••••••••••••••• 
NUMBER OF BYTES 

••••••••••••••••••••••••••••••••• 

The PC OO~Mtl to t~e inst~uet4on following the o~e w"4e~ caused the 
SST fei'ure. The number of bytes is t~e ~umbe~ of byte. t"at are 
normelly transfered to the user stack wheM t"e ~art1cu'ar tyee of SST 

~ occurs. If the number is 4, then Just t"e PS and PC are trsnsfered 
end there are no SST parameters, T~e def4~it1o~ of each fault code 
ca" be found in the f11e ABOOF, 

If the failure is detected i" SORDSP the stack is t"e aame as F4gure 
4-1 exce~t t~e Mu~b.r of bvte., SST fault code, a~d SST para~eter. are 
not ~resent. The crash recort message, howeve~, wi" indicate the 
failure occurred 1~ SDRDSP, 

There is one SST.tv~e failure that wil' not have t"e stack structure 
of Figure ~·1 and that 1, steck underflow, To distingu4s" t"e two 
case., determine where t~e erash actually occurred, If it occurred i~ 
SDRDSP, or we. • norma' SST crash, then F4gure 4-1 i·' the stack 
structure ~re.erved. If it was a non.norma' SST, t~en Figure ~-2 4s 
the preserved structure. 
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••••••••••••••••••••••••••••••••• 
PS 

••••••••••••••••••••••••••••••••• 
PC 

••••••••••••••••••••••••••••••••• 

No~.~orma' SST 1141ures occur w~eM it is ~ot ooss;b1e to pus~ 
informatioM O~ t~e stack w.t~out forcing Inot~er SST fault. W~en t~is 
occurs, 8 direct Jum~ to t~e craSh re~crt1ng rout1~e is made rat~er 
t~an an IOT crls~. The PS and PC OM t~e stack are t~ose of t~e actual 
er81~, a"d t~e addrels or1Mted out by t~e cras~ reporti~g rout1~e is 
t~e address of t~e fault rather t~an t~e address of t"e lOT t~at 
cra.~es t~e system. Note t~at t~e eras" reDortiM9 routi~e removes t~e 
PC and PS of t~e lOT instruction fro~ t~e stack w~ic~ in t~is case is 
incorrect. T~us the stack po1~ter wi" appear to be 4 greeter t~a~ ;t 
really is (i,e, a. in .figure 4·2). 

T~e orogrlmmer now ~aa a" t~e .nformation he needs to isolate t~e 
eaule of t~e failure. From this ~o1nt on he ~ust rely on ~is own 
experieMce and knowledge of the interact40~ between his program a~d 
~he services ~rov1ded by the Ek8cutive. 

4,5.2 Tracking Faults W"e~ T~e Processor Ha1ts w.t~out Providing A 
Fault Disolay 

Tricking starts wit" In e.am1nation of !STKOP, $TKTCB, a~d SHEADR, 
The difficulty in tracking fa.lurel in t~1s case 18 t~at t~e system 
stack is Mot directlv aSlociated wit~ the eause of a failure. 

BV e.ami~i~g SSTKDP, 0"8 ean deter~i"e the system state at the time of 
failure, If it WIS in uler state, the ne.t steo is to e.amine t~e 
uae~s stack. The eMemiMat40n crOcess focUles o~ seann1"; the stack 
for addresses whic~ may turn out to be subroutine '1~ks w~4e" will 
ultimately lead to a th~ead of eve"ta 4so1at1MQ t~e fault. T~ •• is 
essent1al'v the Same aim 1" 100k1"Q at t~e system stack if !STKOP il 
zero or , els, 

FreQueMtlv I 11ult wi" occur SUCh that the SP po1~ts to ·Top of Stack 
(T05)+4. T"1s relu'ts from issuino .~ ~TI w~eM t"e to~ t~o ~tems 0" 
the stack are data, this wil, result 1~ • wi'd braMch, t~e~, mOlt 
~robablv, a halt. Figure 4.3 s~ows • case, where two data items a~e 
on t~estack when the ~rogrammer e.ecutei an RTI. 

TOS ~o1"ts to e word eontai"inQ 40100. Succose that 10cat1oM 401~2 
Qo"ta1MI a ~alt, T~i. indicates that t~e orig.~a' SP was four bytes 
be10w t~e final SP e"d fault trlC1Mg s~ou1d beg;~ from t~e previous 
SP. 
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••••••••••••••••••••••••••••••••• 
lC •• SP 

••••••••••••••••••••••••••••••••• 
51 

••••••••••••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••• 

After ~1't1~9 tMe croeesler, we are roug~lv in tne same state al t~e 
preceedinQ seet1e~. Seme specific sugge.t~enl are to e~eek fer a 
stack overflow laae, Patterns af data successivelv duc11eeted on t~e 
stack ~ndic.ted a .tack loacing failure. 

T~e conlole 'ig~tl ~av a'IO 1~dicate t~e origin of a oroblem. A 
t1g~t, 9'1~~er1~9 pattern mav 1ndicate "ardware, w~1'e a b';nk1nq, 
more .1o~glted, vet recetitive pattern ~ay indicate software. 
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S.0 DATA STRUCTURES 

S.1 p.~t1tio~ Co~t~o' A10ck (PCB) 

••••••••••••••••••••••••••••••••• 
P.LNK PCB L.INK wORD 

••••••••••••••••••••••••••••••••• 
PARTITION NA~E 2 

•••••••• • •••••••• 
(RADIX 50) 

••••••••••••••••••••••••••••••••• 
P.SUB I PNTR TO NXT sue·PARTITION PCB I b 

••••••••••••••••••••••••••••••••• 
P,MAIN , POINTER TO MAIN PARTITION PCB 1 10 

P.REI. 

P.SIZE 

P,WAIT 

".BUSY 

P,TCB 

P,STAT 

••••••••••••••••••••••••••••••••• 
PHYSICAL ADDRESS 12 

••••••••••••••••••••••••••••••••• 
SIZE OF PARTITION IN BVTES 14 

••••••••••••••••••••••••••••••••• 
PARTITION WAIT QUEUE 

••••••••••• • •••••••••• 
LISTHEAO 20 

••••••••••••••••••••••••••••••••• 
PARTITION BUSV FLAGS 22 

••••••••••••••••••••••••••••••••• 
TeB ADDRESS OF OWNER 24 

••••••••••••••••••••••••••••••••• 
PAR STATUS ,. APR'S TO LOADI 2b 

••••••••••••••••••••••••••••••••• 
CONTENTS OF LAST POR 30 

••••••••••••••••••••••••••••••••• 
ADOR OF HDR IN MAPPEO SYSTEM 1 32 

••• MAPPED 
1 SYSTEM 
1 ONl.V 
1 

••••••••••••••••••••••••••••••••• • •• 

O.lc~1~t1o,.,1 

Po4~te~ to ".-t p.~t4t4o,.,. The PCS's a~e li,.,ked 4~ pMysice' 
address o~der, ~1ghelt to lowest. Ii a ~ai~ part1tio,., has 
luboartit1o"s t~e.e are linked i~ t~e PC8 c"ai'" off the mai,., 
~art1t1on 1,., "10helt to 'owelt address o~der. T~e lalt 
subDa,.tit1o,., 01 a maiM part1t1of"l w4'" eit""'" ef'll'; t"e PCB 
ch,4" or 14"k to t"e ,.,ext ~a1~ ca~t1t1on •• ma4,., P8rt1tio~ 
w4t~ no subDa~t~tio"" e1t~er 11Mks to t~e ~ext ~a4~ part1t4o~ 
o~ e~ds the c~a1". 
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P,REL. 
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I~it1a11zlt1on/Acce8sl 

Deseriot1o~1 

Radix 50 Qlrtition ~ame. 

Poi~t. the ne.t sub~o~t1on, Structured and used e~8'gOUS'y 
to P,~NK when ma~1Du18ti~g a c~a1n of subcart1t1o~ PCB's, 

Initializlt1on/AeceSSI 

Oe8c,..ir,)tionl 

Oeser4ctiOrll 

Pa,..tit10rl base relocation bias. In a maoced system P.REL is 
the bi •• , in an unmacped system, P.REL is t~e actual 
PI,..titic" address, 

P.HOR (unmapped system on'v) 

Tlsk ~elder pointe,... 

P,SIZE 

Description, 

S418 of partition 1~ byte •• 

Initialization/Acee,sl 
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A poi~te~ to a 'ist of tas~s awa;t~~g t~e use of t~e 
oart;tioM, T~e '41t i9 ordered bv priority and ~s searcM@d 
to determiMe whic" task s~ou'd be i~ co~tro' of the 
part4t1o,.,. 

IM1t;a'4zltioM/Aeeeas. 

OelcriotiOfll'l 

A two byte fie1d, The f;~st byte, t~e busy statuI, is the 
ifll'cluI1ve o~ of t~e state for t~e main partition a~d all itl 
.ubDart4t1o~.. The seco~d byte, t~e busy ~ask, contains a 
busy(1) not busy(0) sett~fII'q 10r t~e ~81~ partition and its 
seven subpert1t1ons, 

Descriptio". 

TCB .dd~eSs of ~.rt1t1oM'S owner 

I~1t1111z.t4o~/Aecel" 

Oese~4pt1o~1 

Bit Symbc1.c 

0-2 PS.APR 
3 Reserved 

" Reserved 
5 Reserved 
0 PS.PIC 
7 PS.COM 

L1bre~y 1. Position I~de~endent leYes 
Part1tioM 1, a COMMON/LI8RARY partition 

Init1a'1zet10n/Acce ••• 

P.NAPR 

Descr;ptio"'l 



Numbe~ of APR's to load. 

I~1t1a11z.tio~/AeceSII 

p.PDR (~.oped system. only) 

De.cr1ptio~1 

Co~te~ts of t~e '.at POR, 

I~1t1814z.t1o~/Aece8'1 

P.HOR (mapped systems only) 

Descr1~t10~1 

Addres. of t~e Talk Header. 
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5.2 Task Co~t~o' B10ek 

T.L.NK 
T.I'RI 
T.IOC 

T.TC8 

T.NAM 

••••••••••••••••••••••••••••••••• 
UTILITV LINK WORD 

••••••••••••••••••••••••••••••••• 
110 CNT PRIORITV 

••••••••••••••••••••••••••••••••• 
ADDRESS OF THIS TCB 

••••••••••••••••••••••••••••••••• 
TASK NAME 

•••••••••• IN ........... 
RAOIX50 

••••••••••••••••••••••••••••••••• 

o 

2 

10 

T.RCVL 12 
••••••• RECEIVE LIST~EAD •••••••• 
1 1 1 u 
••••••••••••••••••••••••••••••••• 

T.ASTL. 1& 
•••••••• ·AST LISTHEAD·····.·····. 
1 1 20 
••••••••••••••••••••••••••••••••• 

T.EFL.G 1 TASK LOCAL 22 
••••••• EVENT FLAGS 1·32····.···· 
1 1 24 
••••••••••••••••••••••••••••••••• 

T.uee 1 ute ADDR OR REQUEST TERMIN.L 2& 
••••••••••••••••••••••••••••••••• 

T,TCBL. TASK LIST THREAD WORD 
••••••••••••••••••••••••••••••••• 

T.STAT TASI< STATUS WORD 32 
••••••••••••••••••••••••••••••••• 

T.LBN L.OGICAL BLOCK 'T5K STATUS EXT 34 
•••• • ••••••••••••••••••• 

NUMBER OF TASI< LOAD IMAGE· 3& . 
••••••••••••••••••••••••••••••••• 

T.LDV uce ADDRESS OF L.OAD.DEVICE 
••••••••••••••••••••••••••••••••• T.pca , PCB 'ADDRESS OF LOAD PARTITION 1 42 
••••••••••••••••••••••••••••••••• 
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TASK STATUS WORD BIT DEFINITIO~S 

BIT SVMBOL.IC 

o 
1 
2 
3 
u 
5 
& 
7 
8 
q 

10 
1 1 
12 
13 
14 
1S 

TS.CKO C~eckpo4~t Disable 
TS,CKR C~eekco1~t ReQuest 
TS.CKP C~.ekcoi"ted 
TS.OUT Out of co~e 
TS.FXD Fixed 1" memo~y 
TS.8FX T.sk Be1~~ F1Med 
TS,CHK Taak c~eekcoiMtable 
T5.A5T AST in p~og~ess 
TS.ACP Ane1"8~Y control c~oceasor 

Reserved 
Re.e~ved 

TS,REM Remove task at exit 
TS.MSG Abo~t Melsage be1~g outout 
TS.OST AST reecg~.t.o~ disabled 
TS.RON 1/0 ~U"dOWM in crog~ess 
TS.EXE Talk 1M eMeeut10M 

TASK STATUS EXTENSION. BYTE BIT DEFINITIONS 

BIT SYMBOLIC 

0 TS,WFR Tallc 1" WAITFOR 
1 TS,SPN Talle sus"."ded 
2 ,.,one Saved TS.WFR on AST 
:3 l"Io~e Saved TS.SPN on AST 
U TS.MCR Tallc reQuested al MeR funct10M 
5 T5.ABO T.sle m.~ked fo~ abo~t 
& TS.PRV Talle 11 privileged 
7 TS.IooILT Talk be1"g ~a1ted 

1-yes 
lllves 
llives 
l=ves 
laves 
l=yes 
0.ves 
t-ves 
1-yes 

laves 
l-ves 
tayes 
l=ves 
0=ves 

t.ves 
laves 

t-vea 
l=yea 
l=ves 
l=ves 
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5.3 r •• 1c Headel" 

............ -....... -.•...•...... 
CURRENT SP 

••••••••••••••••••••••••••••••••• 
H.HDLN HEADE~ LENGTH IN BYTES 2 .... --.. -.. --.......... -... _ .... . 
H.PCBT TASK PCB ADDRESS ........ -... -.........•.......... 

LOW VIRTUA~ ADDRESS ..........•..•............. -..... 
HIGH VIRTUAL ADDRESS 10 .•..•........•.... -... -.-_ .. -... -

ACCESS USER POR 12 ...... __ ..... -•....•............. 
H.PCBC COMMON PCB ADDRESS 1 14 .....•......••.•......• -.....•... 

LOW VIRTUAL .ADDRESS 1b 
••••••••••••••••••••••••••••••••• 

HIGH VIRTUAL ADDRESS 20 
••••••••••••••••••••••••••••••••• 

ACCESS USER PDR 22 
••••••••••••••••••••••••••••••••• 

COMMON PCB ADDRESS 2 24 
••••••••••••••••••••••••••••••••• 

2& 
••••••••••••••••••••••••••••••••• 

HIGH VIRTUAL ADDRESS 30 
••••••••••••••••••••••••••••••••• 

ACCESS USER POR 32 
••••••••••••••••••••••••••••••••• 

COMMON PCB 40DRESS 3 34 •••........•.•...........•..... -. 
LOW VIRTUAL AODRESS 36 

••••••••••••••••••••••••••••••••• 
HIGH VIRTUAL ADDRESS 40 ....... -.....••....•.•........... 

ACCESS , USER POR 42 ..........•..•.............. -.-.. 
o END OF PCB-S (SENTINEL) 4U ..........•••.•.............. _ ... 
SAVE AREA FOR TASK D5W 4b 

••••••••••••••••••••••••••••••••• 
Fes I~PURE POINTER 50 ........ -.. ~ .••.................. 

H,FORT FORT~AN IMPURE POINTER 52 
••••••••••••••••••••••••••••••••• 

H,OVLY 
••••••••••••••••••••••••••••••••• 

RESERVEO S6 -.............••.•...•. ~ .... -.... 
EVENT FLAG MASK WORDS 
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•••••••• • ••••••••• 
FOR EVENT FLAGS &2 

•••••••• • ••••••••• 

•••••••• ••••••••••• 
bb 

••••••••••••••••••••••••••••••••• 
H,CUIC CURRENT TASI< UIC 7~ 

••••••••••••••••••••••••••••••••• 
H,DUIC DEFAULT TASK UIC 72 

••••••••••••••••••••••••••••••••• 
INITIAL ?S WORD 7t.l 

••••••••••••••••••••••••••••••••• 
H.IPC INITIAL PC WORD 7& 

••••••••••••••••••••••••••••••••• 
H,ISP INITIAL SP 100 

••••••••••••••••••••••••••••••••• 
H,ODVA ODT SST VECTOR ADDRESS 102 

••••••••••••••••••••••••••••••••• 
OOT SST VECTOR LENGT~ 1~1.l 

••••••••••••••••••••••••••••••••• 
H.TKVA TASK SST VECTOR ADDRESS 106 

••••••••••••••••••••••••••••••••• 
H.TKVL TASK SST VECTOR LENGTH 11~ 

••••••••••••••••••••••••••••••••• 
POWER FAIL. AST 112 

••••••••••••••••••••••••••••••••• 
FLOATING PNT EXCPN AST 11" 

••••••••••••••••••••••••••••••••• 
H,FPSA , FP OR EAE REG SAVE AREA AODR 

••••••••••••••••••••••••••••••••• 
11 & 

\~\JE-e5GD 
I ;71 

REVERSED 
••••••••••••••••••••••••••••••••• 

RESERVED 
••••••••••••••••••••••••••••••••• 

120 <:: 

(r vseJ '~GDf 
122 '~) 

RESERVED 12Ll 
••••••••••••••••••••••••••••••••• 

H.GARD ACDRESS OF STACK GUARD WORD 12& 
••••••••••••••••••••••••••••••••• 

H.NLUN COUNT OF LOGICAL UNITS 130 
••••••••••••••••••••••••••••••••• 

H,LUN START OF LOGICAL UNITS 132 
••• EACH LUN CONSISTS OF • ••• 

TWO wORDS, UP TO 255 
••• LUNS CAN BE ACCOMODATED • • 

••• I • ••• 
I I I 
I • I 
I • I 
1 1 
••••••••••••••••••••••••••••••••• 
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•••••••••• LAST LUN ENTRy ••••••••• 

••••••••••••••••••••••••••••••••• 
I 
•••••• FLOATING POINT OR EAE ••••• 
I SAVE AREA 
•••••••• (3 OR 25 ~ORDS) •••••••• 
I I 
I I 
I I 
I I 
••••••••••••••••••••••••••••••••• 

CURRENT "5 
••••••••••••••••••••••••••••••••• 

CURRENT PC 
••••••••••••••••••••••••••••••••• 

CURRENT RS 
••••••••••••••••••••••••••••••••• 

CURRENT RU 
••••••••••••••••••••••••••••••••• 

CURRENT R3 
••••••••••••••••••••••••••••••••• 

CURRENT R2 
••••••••••••••••••••••••••••••••• 

CURRENT Rt 
••••••••••••••••••••••••••••••••• 

CURRENT R0 
••••••••••••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••• 



CIo4APTER 3 

5.4 1/0 DATA STRUCTURES 

Of a 1 , tt'le eo,.,tr-ol blocks ~ n t~e 1/0 data st,..uetu,..e, only four- 8,..e of 
di"'eet conee,..,., to a d,..iver" 

1 • T~e 1/0 Picket, 

2. T~e DCB, 

3. Tj,e ute, and 

4, Tt'le SCB. 

Altt-loug~ t~." data str-uctur'e. contain an abul"ldal"lce of data cer'tain.~g 
to .n~ut/outcut ooe,..at4onl, driver's 0.,.. se ."'e 11"1volved onlv wit~ a 
subset of t~~. data, MOlt 01 the data w~.e~ is used by a dr-ive,.. 4s 
succlied il"l tt'le data structure souree, .I"Id is not refer-.need du,..il"lg 
d,.1v.r •• ecutiol"l. 

5.4.1 T~e 1/0 Packet 

F1gur'e 3-1 is a layout of tne ie-word 1/0 Packet w~1eh 11 co,.,st~ucted 
8"d claeed in the dr~ve,. 1/0 Queue by QIO d1,..ect4ve ~rocess~"g a,.,d 
lubleaue,.,t,y de'ivered to tt-le driver- bv 8 ca'1 to !GTPKT. Figu,... 3-2 
is tt'le OPB f"'o~ w~1e~ the 1/0 Packet is g.n.r'ated. "' 



I.I.NK 
I.EFN 
I.PRI 

I.TtB 

I.I.N2 

I.Ute 

I.FCN 

I.IOSB 

1.AST 

I.PRM 

PAGE 16 

••••••••••••••••••••••••••••••••• 
I.INK TO NEXT 1/0 PACKET 

••••••••••••••••••••••••••••••••• 
EFN PRI 2 

_ ....•.•.......... -•...•......... 
TeB ADDRESS OF REQUESTER '" ••••••••••••••••••••••••••••••••• 

ADDRESS OF SECOND LUT wORD 
••••••••••••••••••••••••••••••••• 

AOORESS OF REDIRECT UtB 10 
••••••••••••••••••••••••••••••••• 

FUNCTION CODE h10DIFIER 12 
••••••••••••••••••••••••••••••••• 
1VIRTUAL ADDR OF 1/0 STATUS BLKl 14 
••••••••••••••••••••••••••••••••• 

RELOCATION BIAS OF 1058 1& 
••••••••••••••••••••••••••••••••• 

REAL ADDRESS OF IOSB 20 
••••••••••••••••••••••••••••••••• 
IVIRTUAL ADOR OF AST SERVICE RTNl 22 
••••••••••••••••••••••••••••••••• 

••••• ••••• 

••••• DEVICE • •••• 

••••• PARAMETERS • •••• 

••••• • •••• 

••••• • •••• 

••••••••••••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••• 

1/0 Packet Format 
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5.4.1.1 1/0 Packet Oetail.· T~e 1/0 Packet 45 built dv~a~~ea'lv bv 
QIO d4~eet1ve p~eeeas4~g. T~UI, no stat1c fields e-4st wit~ respect 
te a d~1ver. 1/0 Packets are created dv~am1eal'v 8~d, t~ere~ore, t~e 
first Da~a~eter dees ~ot acolv, Fields arft classified aSI 

I.LNK 

I.PRI 

I.EFN 

I.TCB 

""ot "eferel"'ced, 
p'ead-oI"l1y, or 
"ead/wP'1te, 

Linke 1/0 Peckets Queued fO,. a dp'~ver, A ze~o el"lds t~e 
c~e1~, T~e '1st~ead 11 11"1 tne SeB CS.LHO), 

~ot referel"lced. 

DesCfl'1ot1o~1 

Pr40ritv cooied 1,.om t~e TeB of t~e "eauest1ng task, 

Mot r.fe,.enced. 

Descfl'ipt1orq 

Cel"ltai!"lS t~e eve"t f11g !"Iumbe,..1 eoc1ed by QIO d4"ect1ve 
oP'oeel81l"1g fro~ t~. ,.equelte~'s OPB, 

I",,1t1el1zat1oM/AcceSSI 

""ct refe,.enced. 



I,ute 

I.FCN 
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Oeserictio~1 

Contains tne address of tne second word of t"e LUT e~try ~~ 
t"e talk "elder to wn4e~ t~e 1/0 reauest was directed. For 
o~en f~le. o~ f~l. structured devices, t~4s 'wo~d eo~ta4ns t~e 
address 01 tMe w~~dow block, ot"erwise ~t ~s zero. 

Cont •• ~1 t"e address of the ~ed4reet uce 4f t~e .t.rt4~g uce 
ha' bee~ lubJect to • Redirect MeR comma~d, 

In4tia'4za~ion/AcceSSI 

~ot refere~ced. 

Co~t •• ~. t~e fu~ct4o~' code Clee table 3.1) for t~e 1/0 
reQueat. 

1~1tia'iz.t1o~/Aeee8al 

1.1058 

1.10S8 co~t.1~1 t~e virtu.' address of the 1/0 StatuI b'oek 
CIOSB) 41 o~e is scee4f1ed Or zero 1f not. 

I.IOS8+2 I~d 1.1098+4 co~ta4n t~e addreSS doUbleword for t~e 
10S8 Clee Ap~e~diM A for a deta1'~d de.er4~t4o~ of t~e 
address doubleword). O~ a~ u~m.~~ed system, t~e f4rst word 
i, le~o, t~e seco"d word is t~e rea' address of t~e 10SB, 

In I mlPced Iystem, the firat word eo~tainl t~e re'ocatio~ 
bial of t~e lose, t~e bias is, 4~ effect, t~e 3Z-word block 
~umber i~ wh1e~ tMe 10S8 starts, T"11 block ~umber 4s 
derived bv view4~g available rea' memory a. a eol'eetio~ of 
12·wo~d blocks "umbe~ed eo~seeut1ve'v, starting w4th 0. 
ThUI, if the IOSB St8~tl at p~vsie8' locatio~ 3210(8), its 
block ~umber is 32(8), 



I.A5T 

84tl 0-5 
B~ts &-12 
Bits 13-15 

D1sD'aee~e"t I~ Sloek 
A" Zel'l08 

b 
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CoIB) 

T~e d4sDlaee~ent i~ b10ck is the offset f~o~ t~e block base, 
I~ t~e above e.ample w~e~e t~e loSe started at 3210C~', t~e 
018 is eQua' to 10(8), 

The value b 1M bits 13-15 ~s CO~st8Mt. It is uaed to cause 
a~ add~esl ~efere~ee t~roug~ Ker"e' Page Address Reg;ster b. 
Aga1", lee ADPe"d1. A for details, 

T~e defe~r.' of·1 d1.euss1o~ of t~e address doubleword to a~ 
a ~ De" d 1 • ~ e f 1 e ct. t "" e fie t t "" a taw 1'1 1- t e ~ 0 fie 0 fill V e /"I t 4 0" a , 
driver hi. almost ~o ~eed to conce~fIII ~4mse'f with t~e 
contents· or fo~mat of t""e address doub1eword. Its 
eonatruct4o~ and subseQuent ~a"4Du'at4o~ are normal'v 
eMterM8' to tne dr4vel'l, subrouti~ea are prov4ded as E.ecut1ve 
services for orogrammed I/O to reMder t""e ~an4ou'at4ons of 
I/O transfers tr.~s~lrent to t""e driver itself. 

not refereneed. 

Descriptiofllli 

Co~t8ins the v4rtual address of t~e AST se~v1ce routine to be 
•• ecuted at I/O com~let10n. If no address ;8 Icee1f1ed, t~e 
field cOMt.i~. zero. 

Initializat4on/Aeeessl 

not refep'enced. 

Oescri.,tio~1 

Deviee decendeMt Da~ameters copied fro~ t~~ DP~. 
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T~e GtO 04~eetive Pa~amete~ Block (OPS) il eo~st~ueted as follows, 

••••••••••••••••••••••••••••••••• 
LENGTH Ole 

••••••••••••••••••••••••••••••••• 
FUNCT CODE MODIFIER 2 

••••••••••••••••••••••••••••••••• 
RESERVED l.UN IJ 

••••••••••••••••••••••••••••••••• 
PRIORITY EFN 

••••••••••••••••••••••••••••••••• 
1/0 STATUS BLOCK AODRESS 10 

••••••••••••••••••••••••••••••••• 
A8T ADDRESS 12 

••••••••••••••••••••••••••••••••• 
DEVICE 1~ 

•••••• • ••••• 
DEPENDENT 1& 

•••••• • ••••• 
PARAt-1ETERS 20 

•••••• • ••••• 
22 

•••••• • ••••• 
1 21.4 
•••••• • ••••• 

2& 
••••••••••••••••••••••••••••••••• 

Figure 3.2 QIO OPB 
J' .. / 
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Le~gt~ C~eQu4~ed)1 

T~. le~gt~ of ope, w~ieh fo~ t~e RSX-l1M QIO d4~ective, is alwavs 
f4xed at twelve words, 

Ole C~eQu1red)' 

D4~eet4ve Id'Mt1f4catio~ Code. For t~e GIQ direet4ve, t~e value 
is a 1. 

FUMCtioM Code (~eQu1red)1 

T~e code of t~e requested 1/0 fUMCt10M (0 t~ru 31.). 

Modi fier, 

Device dependent modifie~ b~tl. 

Relervedl 

Relerved byte I"d must ~ot be used. 

~UN (~eQuired'l 

P r 1 0 r i t .'y • 

Re~ue.t ~r1cr1ty. Ignored bV RSX-l1M, but soaee ~Ult 
be a1 located fop' RSX-l1D ccmoat1b41 4ty. 

EFN (oot1or\al" 

1/0 Status e10ck Addres. (octio~al)1 

T"11 word cent.1M! a Doint.,. to the 1/0 status b10ck w~4c~ is a 
2.word device depeMdeMt 1/0 cameletiCM data cacket fO"~8tted al' 

Byte {21 

1/0 status byte. 

Byte 1 

Bytes 2 and 1 
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T~e eOMtentl of thele bytes de~eMd 0" t~e value of byte ~. 
If byte 0 = 1, theM t~ese bytes usua"v eo~tai~ t~e 
processed byte COU"t. If byte 0 does ~ot eaua' zero, t~.~ 
t~e co"te"ts are device de~e~de~t. 

A5T Address (o~tion.')1 

Deviee Deoe"dent Parameters. 

Up to si~ perameters sceeif4e to t~e device and 1/0 fu~et1o~ to 
be ~erformed. Typiea,'v for data tr.Msfe~ fUMet1o~. t~ese arel 

Buffer address 

Logica' block number 

A"y opt1o~al carameter. that are not specified should be fi,'ed with 
zeros. 
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S.~.2 Oev4ee Co"tro' Block 

The device eo~trc' block (OCBl de11~es geMer1c i~form8t4on about a 
deviee type and the 'owest and highest u~1t ~umbe~s. T~ere 4s at 
least OM. DCB 1o~ eleh dev1ee tYDe 1M 8 system, Fo~ e.am~'e, if there 
are te'etv~es in a system, then t~ere is at 'east OMe DCB with the 
deviee ~Ime 'TT'. If pert of t~e te'etypes we~e 1Mterfaced via 
OLli.A's a~d t~e ~em.1~de~ v4a a DH11, t~e~ t"e~e wou'd be two DCB's. 
One for al' Ol11.A i~t.rfaced teletYQes a~d OMe for I" OH11 
4~te~1eeed te'etyoes • 

O,LNK 

D.uce 

O,UNIT 

O,UCBL 

O,OSP 

••••••••••••••••••••••••••••••••• 
lIN~ TO NEXT DCB (0=LAST) o 

••••••••••••••••••••••••••••••••• 
LINK TO FIRST uce 2 

••••••••••••••••••••••••••••••••• 
GENERIC DEVICE NAME 

••••••••••••••••••••••••••••••••• 
1HIGHEST UNIT *1LOWEST UNIT • 
••••••••••••••••••••••••••••••••• 

LENGTH OF uce 10 
••••••••••••••••••••••••••••••••• 
I AOOR OF DRIVER DISPATCH TABLE 1 12 
••••••••••••••••••••••••••••••••• 

LEGAL FCN MSK BITS e.1S. 14 
••••••••••••••••••••••••••••••••• 

CONTROL FCN MSK BITS 0.15. 1& 
••••••••••••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••• 
ACP FCN MSK BITS 0.15, 24 

••••••••••••••••••••••••••••••••• 
, LEGAL FCN MSK BITS 1&.-32. 2& 
••••••••••••••••••••••••••••••••• 
, CONTROL FeN MSK BITS \&,.32. 30 
••••••••••••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••• 
ACP FeN MSK BITS 1& •• 32. 34 

••••••••••••••••••••••••••••••••• 

Figu~e 3.3 Device CO"t~o' e'ock 
- ~ 

5,4.2,1 OCB Oet •• ', 

O.LNK (Li~k to ~e.t DCB) • 

••••••••••••••• 
* P.r.~the •• zed eo~te~ts i"dicete value to be 1M4t1a1.zed 4n t~e data 
base lou~ce. 



Add~e.s 'i~k to t~e ~e.t DCB. 
t~e last DeB i~ t~e c~a.~. 
.~to t~e system DCB·s v;a t~e 
f.~.t DCB. 

D.uce (Po4~ter to First UCB) 

De.c~iptio~. 
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A ze~o i~ t~.s field 4~d4eates 
T~e d~iver w~.te~ l4~ks ~4s DeB 
globa' labe' $USRTB O~ ~49 

Addre •• link tc t~e fi~st a~d ~oss;bly t~e oMlv UCB 
associated w4t~ the DCB. A'l UCB's, fo~ a give" DCB, are i~ 
contioYoUI memo~y locations and ~ust all be t~e same 'e~gt~. 

I~itillizatioM/Aeces •• 

initialized, Mot refereMeed. 

O,NAM (ASCII Device Name) 

Oe.eriotio~. 

Ge~er1c device Mame iM ASCII by w~ie~ device uM1ts are 
mMemo"1c.'ly ref.~eneed. 

IMiti.14zat1oM/Acce.l, 

1~it4.'ized, ~ot referenced. 

U~it number raMg, for the device. T~i. ra~ge covers those 
10oica' units available to the user for device ISSigM~eMt. 
Typically, the 'owelt "umbe~ is zero 8Md t~e ~1g"elt is ~·1, 
where n 1, t~e ~umb'r of device-units descr4bed by t~e DCB. 

D.UCB~ CUeB LengtM) 

De.cript1o~1 

The UeB may have any 'engt" to meet t~e needs of the IIA, DeB 
~ust have the •• me 'e"gt~. 
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I~.tia'iz.t1o~/.ecelll 

i~iti8'1zed, ~ot referenced. 

D.OSP CDispate~ Table P01Mte~) 

Oesc~irotio~1 

Address of t~e d~1ver dispate~ table. 

W~eM t~e EKeeutive wis~es to e~te~ t~e dr;ver at any of t~e 
four e"t~v points eo~tained i~ t~. driver disroate~ tab'e, it 
accesse. D.OSP, locate. t~e appropriate address in t~e table, 
and CI"S t~e d~ive~ at t~at address, T~us, ~ul' addrelse. 
Ire ~ot per~itted. If t~e driver does ~ot process a give~ 
fu~ct1o~, t~en it simplv returns, T~e driver writer must 
provide a d~iver dil~atc~ tab'e ~n t~e driver source. T~e 
'abe' o~ t~is table is of t~e for~ $MnTBL and ~ust be a 
global label, T~e designation n~ is the 2·e~araeter gene~ic 
deviee name fo~ tMe device, T"us, STTTBL is the glebal 'abe' 
on the driver d.'Date~ table for t~e gener1e deviee ~a~e TT. 
T~is tab1e is an ordered U.~ord table conta4~ing the 
fol1owing entrY ~ointsl 

1/0 Initiator, 

Canee1 1/0, 

Device Timeout, Ind 

Power failure. 

When a driver i. entered at one of t~e.e e~trv points, entry 
condit1o~1 are a. follow •• 

At Irdt~ator. 

If UC.QUE=l 
R5 = uce address 
Rl = Addr •• s of the 1/0 Packet 

If UC.QUE80 
R5 II uce addr.ls 

I~te~ru~tl are allowed. 

At Cencel 1/0. 

R5 • uce addrels 
R4 II sce add,..,. 
R3 = Co~t~oller 1~de. 
Rt = Add~e'l of TCe of current task 
R0 a Add~e •• of active 1/0 oaeket 



Device iMte~~u~ts a~e locked out. 

At Device T1meoutl 

R5 = uce 8dd~es8 
R4 = see add~e.s 
R3 a Co~t~o'le~ i~de. 
R0 • 1/0 status code IE.DNR (Deviee Not Ready) 

Dev1ce 1~te~ru~tl a~e locked out. 

At Power Failurel 

R5 = uce add~.as 
R4 = see add~es8 
R3 = Co~tro'le~ i"de~ 

IMterru~ta are allowed. 

PAGE 8b 

Th.~e are eight words begi~Mi~g at D.~SK whicn are of e~1ti· 
ee, im~orta"ee to the pro~er fu~ctio~1~9 of a device driver. 
The Executive UI" tnele worda to validate aMd discatcn tne 
1/0 reQuest specified by 8 QIO direet~ve. The d •• c~i~tioM 
which followl a~p'1el O"'V to ~o~·f1'e structureddev~ees, al 
direetio"1 for writi"; drivers for fi,e structured devices 
(drivers which iMterface to FCP) are ~ot 1Mcluded i~ t"i. 
menue', Four meskl, 2-words ~er malk, are described bv t~e 
bit conf1guret1oMs eltablished bV the driver writer for tnese 
words, 

T~e QIO directive a"owl for 32 posa4b1e 1/0 fu"ct4o~s. The 
melka, ea Itated, are f1lte~s to deter~iMe validity end 1/0 
~eQuirem."tl for tne lubJect d~4ver. 

The fUMction value 4M the 1/0 reoueSt is f1lte~ed bv t~e 
EMecutive th~ough the fOur mask words. 1/0 fUMet10n codes 
~a~ge from 0.31. If the fUMet4o~ eo~resoo~~s to a true 
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co~ditioM 4~ a mask word, a bit is set 4~ t~e ~a8k i~ t~e 
oosition w"ie" ~umer4cal'y eor~es~o~ds to t~e fu~ctio~ code. 
T~us, if t"e fu~ct4on S is 'ega', t~e~ bit S i~ t~e LeQal 
Function M.sk is set. 

T~e ma.ks are laid out in me~ory 4n two ~.word grou~s. Eac~ 
~-word grou~ covers 16 funetio~ codes. T~e first four words 
cover the function codes ~.15" tMe second four words cover 
eodes 1&-31. Below;s the exact layout used for t~e driver 
eMample in C~aoter S. 

,WORD 
,WORD 
,WORD 
,wORD 
.WORD 
.WORD 
,WORD 
.wORD 

140033 
30 
1 ~HH~00 
o 
5 
o 
1 

" 

,LEGAL FUNCTION MASK CODES 0-15. 
,CONTROL FUNCTION MASK CODES 0-15, 
,NO-OP'ED FU~CTION MASK CODES 0-15. 
,ACP FUNCTION MASK CODES 0-15, 
,LEGAL FUNCTION MASK CODES 1&.-31. 
,CONTROL FUNCTION MASK CODES 16.-31. 
,NO-OP'ED FUNCTION MA5~ CODES lb,-31. 
,ACP FUNCTION MASK CODES lb.-31. 

T~e mask words f~lter seouentially 81 follows' 

Legal Funetion Maska 

Legal function v81ues "aVe t"e correspond4ng bit p08it1o~ .n 
t~is word set to 1. Funet~o" codes that a~e ~ot 'ega' a~e 
~eJected by GIO di~ective p~ocelsing hy returning IE,IFC i~ 
t"e 1/0 status block, provided an lOSe was s~ecified. 

Control Functio" MaIka 

If any device depende"t date e •• sts 1~ tne OPB, and t~is data 
does not reQu~re 'further e~ee~i~g by t"e QIO directive 
~roceSlO~, the function is cOMs4dered in t"e c11ss <control 
fu~ct.o">. Such 8 function a"ows QIO d4rect4ve orocessi~g 
to eopy the DPB deviee.depe~dent data directly into t~e 1/0 
Packet. 

4 "o-op fu~et4on is a~y fUnetioM t"at is eo"Side~ed 
successful a. 100" a. ~t is issued. If the fu~ction 1s a 
no-op, QIO directive ~~oeess1~q immediately marks t~e reouest 
successful, ~o edd1t1o"a' f4'te~1~g occu~s. 

If 8 fu"ct10n code 11 'ega', but ne4t~er co~t~ol nor ~o.oc, 
the~ it 1. e1t~er a~ ACP function o~ a tra~.fer function. If 
a function code may reauire 1nterve~t1o~ of a~ Anc1"a~y 
Cont~ol Processor (ACP), the corresponding bit in the ACP 
funct1o" malk must be set. 
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I~ t~e s~ec1f1c case of ~ead/w~ite vi~tua' fu~et1o~s, t~e 
co~re'Do~d1~g ~a.k bits may be set at t~e d~.ve~ w~1ter'. 
option. If t~e cor~esDo~dinq ~ask bits for a ~ead/wr1te 
vi~tu8l fu~ction are set, QIO directive oroees8i~g wi" 
~ecogM1ze t~8t a fi1e.or1e~ted fu~ct~on is be4~g reouested to 
8 Mo~·f1'e structured device and eonve~t t~e ~eouest to a 
~ead/w~1te 100iea' fUMet1o~. 

This cOMvers1o~ is ~art1cu'8rlv ulefu1. CO~91der a 
read/write virtual function to a spee1fie device: 

1. If t~e dev4ee 18 file structured 8~d a f1'e is ODeM 
OM t~e s~eeified LUN, the bloek ~umber sDee1f1ed ~I 
COMverted from a virtual block number in t~e f1'e to 
a logica' block ~umber o~ the medium a~d the reQuest 
1s queued to t~e driver 8S ~eld/write logical. 

2. If the dev1ee is file structured and no file is ope" 
on t~e 'un, the~ a~ error 11 retur~ed 8Md ~o furt~er 
action ~s take~. 

3. If the device 1s not f1,. structured theM the reQuest 
il simp1v traMsfor~ed to read/write logica' 8~d 
Queued to t~e driver. (S~eeif4ed block ~u~ber il 
unchanged). 

F~~a"v, if the funet10n is not an ACP function, t~en bv 
default, it is a tran.fe~ fu"et40~. A" tranlfer funet40ns 
elUI. t~e QIO directive Droeeaaor to e~eek t"e aceeified 
buffe~ for 'ega'ity C1.e., 11 it w1t~1n t~e address spice of 
t"e reauelti"9 t.sk), and crocer ,'4gnme~t (1,e., word or 
byte). A'IO, t~e number of bytes be1~g transfered is c"ecked 
fo~ croper modulus C1,e., ~O"Zero and & ~ro~er ~u't1c'e). 

I"1t1alization/Accesl' 

1. Eltab'4.~ t"e 1/0 functions ava11ab1e on t~e deviee for w~.e~ 
d~1ver su~port is to be ~~ov1ded. 

2, C~eck the st8"dard RSX.l1M fu"et4o~ code values 1~ table 3.1 
for eau1v81e"cie.. O"'y functio" code 0 is ~.~datorv. 
Funct1o~ codel 3 a~d ~, 1f uled, must ~ave the RSX-l1M SV.stem 
1~terDret.tio". It is suggested that fu~ct10~9 ~avi~g 8~ 
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RSX-l1~ syste~ cou~ter~lrt ule t~e RSX-11M code, but t~is is 
~ot reQu~red •• ee~t ~~ t~e Clle w~ere t~e device is to be 
used i~ eonJu~etio~ w4th a~ ACP. F~om t~e sUPDorted ~u~ctio~ 
141t, t~e two leg" fUMet1o~ m8S~ ~ords ca~ be built. 

3. G~ven the 'egl' fu~ct1on m8s~, 

Does t~1s fu~ct1o~ carry a standard buffer address a~d 
byte count i~ the first two device depe~de~t ~arameter 
words? 

If it does Mot, then it e4t"e~ Qua'1f4es as a eontro' 
funet1o~, or the driver itself must effect t~e e"eek~ng and 
conversion of any addresses to t"e format reQuired bv t"e 
dr4ver. (Buffer addresses in standard format are 
automatically converted to Address Ooub'eword format.) 

Co~trol functions are, essentially, t~ose w~ose OPB's do not 
contain buffer addresses or counts, 

3b. T~e No-op Function Mask 11 created bv dec1ding w"1e~ 'eg.' 
functions are to be no-oD'ed. Tye1ca"v, for File Control 
Service. (FtS) eom~.t4b1lity on nOM-file structur@d devices, 
t~e f11e eccees/d •• cces. fu~ct1o~s are selected IS 'e9a' 
functions even though ~o spec4f1e act1o~ is reou1red to 
Icce.s or deacee •• a Mon-file structured device, t~u., the 
aceeal/deaceea. fu"ct4c"s are ~o-o~-ed. 

3e. F1"a"y, the ACP fu~ct1on' Wr1te Virtua' Block and Read 
V1~tu.' Block mav be 4"c1uded, Ot~er ACP functio", t~at 
mig~t be 1"cluded fl" into the ~on.co"ventiO"8' dr~ver 
cl.lsificetio" and a~e beyond t~e seope of t~1. doeu~ent. 

3,1.2,2 I/O Funet1o" Cod.s - The f1'ter4~g ~roce.s w~ic~ eascades 
throuQ" the fu"ctien mask words 1" the Dee uses the function code byte 
supplied in the QIO directive OPB as t~e ~.tch value, Tab'e 3-1 
co"t.4ns t"e function v81uea used fer DEC-sucP'ied d~ive~s. 



FUNCTION 
VAl.UEC!) 

1£1 

1 
2 
3 
t.4 

5 
& 
7 

10 
1 1 
12 
13 
1~ 
15 
lb 
17 
20 
21 
22 
23 
2~ 
25 
2& 
27 
3~ 

31 
32 
33 
3" 
35 
3b 
37 

TABLE 3-1 
STANDARD I/O FUNCTION CODES 

EQUATED 
SyMBOLIC 

IO,KIL 
IO,wLB 
IO.RL.B 
IO.ATT 
IO.OET 

IO.FNA 

IO.RNA 
IO.ENA 
IO.ACR 
IO.ACW 
IO.ACE 
IO.OAC 
IO.Ave 
IO.WVB 
IO.EXT 
IO.eRE 
IO.DEL 
IO.~AT 
IO,WAT 

1/0 
FUNCTION 

CANCEL I/O 
WRITE LOGICAL BLOCK 
READ LOGICA~ BLOCK 
ATTACH DEvICE 
OETACH DEVICE 
UNUSED 
UNUSED 
UNUSED 
UNUSED 
FIND FILE IN DIRECTORV 
UNUSED 
REMOVE FIl.E FROM DIRECTORY 
ENTER FILE IN DIRECTORV 
ACCESS FILE FOR READ 
ACCESS FILE FOR READ/WRITE 
ACCESS FILE FOR READ/WRITE/EXTEND 
DEACCESS FILE 
READ VIRTUAL BLOCK 
WRITE VIRTUAL BLOCK 
EXTEND FILE 
CREATE FIL.E 
MARK FILE FOR DELETE 
READ FILE ATTRIBUTES 
WRITE FILE ATTRI8UTE~ 
UNUSED 
UNUSED 
UNUSED 
UNUSED 
UNUSEO 
UNUSED 
UNUSED 
UNUSED 

;).~ .: 

Of t~e fu~ct.o" code va1ues '~Ited i~ Table 3.1, o~'v IO,KIL. il 
m8"dato~y and ~a. a fi~ed' i"te~p~etat1o". ~owever, if IO,ATT a~d 
IO.DET are Uled, they mUlt ~ave the st.~da~d ~ea~4~g. If QIO 
direet4ve proeesa.~g eneOu"te~s 8 fu~etio~ code of 3 or U a~d tn, code 
i. "ot ~o·op·.d, it wi" alsume t~ev ~.~~elent .ttle~ device a~d 
Oetacn device, ~eloeet4v.'v. T~e ot~er eode' are sugoelted but ~ot 
~.nd.to~v. T"e d~1ver wr.te~ 1. free to eltab1isn a" otner fu~ctio~ 
code v.'ue. o~ no~.f1" .t~uctured devices. Tne mask words must 
obv4ously ~ef'.ct t"e Q~o~e~ f4'ter1~g procels. 



If I d~iver~. b.i~g writte~ for 8 f11e structured dev1ee, the 
sta~d.rd fu~et1o~ codes of Tab'e 3.1 ~ust be used. 



T~e status co~trol block (SCS) defines t~e status of a deviee 
cont~olle~. T~ere 18 o~e see for e8e~ co~t~oller 4s a .yste~. T~e 
see is ~oi~ted to by unit control blocks, To e.ca~d on t~e te'etyce 
••• mo1. above, e.c~ teletype i~terf8ced via a DL11.A would have a seB 
sine •• ae~ OL11.A is an independent interface u~;t. T~e teletypes 
4~t.~f.eed via t~. OH11 would also ~ave a~ see since t~e OH11 4s a 
lingl. controller but ~u't1~'.xea ~any units i~ pera"el, 

S,LHO 

S.PRI 
S.VCT 
S,CTM 
S.ITM 
S,CON 
5.STS 

S,CSR 

S.PKT 

S.FRK 

••••••••••••••••••••••••••••••••• 

••••• 
OEVICE 1/0 QUEUE 

l.ISTHEAO 
• •••• 

••••••••••••••••••••••••••••••••• 

o 

2 

lVECTOR AOOR/~ ,DEVICE PRIORITV 1 a 
••••••••••••••••••••••••••••••••• 
lINT TMEOUT CNT1CURNT TMOUT CNT 1 6 
••••••••••••••••••••••••••••••••• 
1 CTRl.R STATUS 'CONTROLLER **2 10 
••••••••••••••••••••••••••••••••• 
1 ADDRESS OF CONTROL STATUS REG 1 12 
••••••••••••••••••••••••••••••••• 
lAOORESS OF CURRENT IIO PACKET 
••••••••••••••••••••••••••••••••• 

FORK LINK WORD 1& 
••••••••••••••••••••••••••••••••• 

FORK PC 20 
••••••••••••••••••••••••••••••••• 

FORK R5 22 
••••••••••••••••••••••••••••••••• 

FORK RLa 
••••••••••••••••••••••••••••••••• 

Figure l.U StatuI Co"tro1 B10Ck 
c, - <1 

5.~.3,1 sce Oeta4'. 

S.l.HD (first wo~d eauI'. zero, .eco~d wO~d ~c1~t. to fi~lt) 

Two wo~d. w~1e~ fo~m t~e 1/0 Queue '1st~eld, T~e first word 
~o1~t. to the fi~st 1/0 ~acket ~~ tMe oueue e~d the seco~d 
wo~d ~01"tl to t~. lalt 1/0 Packet 4~ t"e oueue. If t~e 
oueue is emoty, the first word 1s zero 8"d t~e seco~d word 
~o1~t. to t~e f1~st wo~d, 
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I~1ti.'1z.tio~/AcceSSI 

iM1t18'.red, ~ot ~efe~e~eed. 

S.PRI (device ~~4o~ity) 

IM1t~a14zatio~/Accesal 

1~1tia14zed, Mot ~efere~ced. 

s.veT Ci~te~ruot veetor divided by four) 

Deser4ct1o~1 

I~te~ru~t veeto~ address divided by four. 

1~itia'iz.d, ~ot ~efere~eed. 

S.CTM C1~1t1.'1ze to zero) 

RSX-llM suppo~ts dev~ee timeout, which e"ab'e. a d~1ver to 
'4~1t the time that e'.~.es betwee~ t~e .ssu1~g of .~ 1/0 
ope~.t1o" a~d its ter~1nltio~. T~e eur~e~t t4~eout cou~t (i~ 
aeconds) .s i~it1.1ized by movi~~ S.ITM Ci~it1a' timeout 
cou~t) 1~to S.CTM. The EMecutive e'oek service wi" eMamine 
active timel, decrement them a"d~ if they reae~ 0, ca" t~e 
driver at its device ti~eout e~try ~04Mt. 

The i~ter".' clock count 11 ke~t 1" l-lecoMd 1~erements. 
ThuI, a t4me count of 1 41 ~ot oree1ae, si~ce the i"ter~a' 
clock4ng mechanism 1s o~erat1~q a.ynehro~ous'v wit~ driver 
••• cutio", The on'v mea~4"gful m1n.mu~ c10ck i"terva' 41 2 
1f the programmer intends to treat t1~eout as a eo~sistent'v 
detectable error co~d.t1o". Note, if the cou~t 1, 0, that ~o 
timeout wi" occur, 4t ii, 4n fact, .~ 1~die8tio~ that 
timeout 11 not ooerative. The ma_1mum. eount 4. 255. The 
dr1ve~ w~iter is ~espo~s~b'e fo~ gett1~g t~.s f4eld. 
Re.etti~; 18 at actual timeout C~ w.t~1~ SFOR~. 
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O •• c~1ct~o~1 

S.CON (co~t~o'le~ ~umber times 2) 

Oese~iotiO~1 

Co~t~o"er numbe~ multipl~ed by 2, Used by d~~ve~1 w~1c~ a~e 
w~itte~ to 'UPpo~t mo~e t~an one co~trol'er. S.CON may be 
used by the drive~ to i~de. into 8 controller tab'. e~eated 
a~d maintained inte~~a' to the driver itself. Inde.~ng the 
control'e~ table enables the drive~ to le~vice the correct 
co~tro"er w~en 8 dev4ce interrUPts. 

S.STS (initialize to ze~o) 

Desc~1pt10nl 

E.tablishes the eont~ol'e~ 81 bu.y/not bUIY. This byte 4s 
t~e i"te~10ek mec~a~ism for merki~g a driver 8S busy for a 
specific co"tro"er, Tested and set bv !GTPKT and relet by 
SIODON, 

s.eSR (Control St.tUI Register addrels' 

Contains the addrels of the Control StatuI Register (CSR) for 
the deviCe eo"tro'le~. S,eSR AI USed by the d~1ver to 
initiate 1/0 oDeratio"s and to access, v~a 1~dew4ng, ot~e~ 
reg1ste~1 re,ated to the device t~at 8~e located i~ the 1/0 
page. This address need ~ot be a CSR, it ~eed only be a 
member of the deviee's register set. It 4, accessed at 
IVltem bootstrap time to determine if the 1nte~faee eWists on 
the IVltem hosting tMe E.ecutive. TMe Eweeutive uses t~1s to 
set the off.'ine bit at bootstrap so system software ca~ be 
1~te~ch."ged between systems without.~ ~~terve~1"g SVltem 
generat1o". Ot"e~wis., 1t 1s only accessed by t~e driver 
ftself. 



I~itill~zat~o~/Aecelsl 

4~1tia'4zed, ~eld/oMlv, 

S.PKT (Rele~ve o~e wo~d of Itorage) 

Address of t"e eurre~t 1/0 Packet e.tab'is~ed bv $GTPKT, 
T~i. field 18 used to ret~1eve t~e 1/0 Packet address uco~ 
t~e com~let1o~ of a~ 1/0 reQuest. 

I~1t1al~l.t40~/Accessl 

S.FRK (~elerve fou~ words of storage) 

Descr1Dt4o~1 

T"e four· words start1Mg at S,FR~ are Uled for fork block 
storage 4f and wheM the d~~ver deems it necessary to 
establish itself II a Fo~k ~rocess. Fork block storaqe 
~relerves t"e state of the driver wh1e~ ~s restored w~e~ t~e 
dr4ve~ reg.4M8 co~tro' at fork leve', This area 4, 
automat1callv uled if the driver cal's SFQRK, 



S.~.4 U~it CO"t~o' Block 

T~e uM4t CO"t~o' block (UeS) defines t~e statuI of a~ 1~d4vidua1 
deviee uM4t IMd 41 t~e eont~ol block t~lt is Doi~ted to by t~e first 
wo~d of a~ als1g~ed LUN, T~e~e is o~e uce for elc~ deviee unit of 
e.e~ DCB, T~e UCB's associated w;t~ a ca~t4eu'8~ DCB a~e eo~t4ngoU8 
i~ memo~y and are DoiMted to by the DCB. UCB's .~e variable 'e~gt" 
betwee" deb', but a~e of the same 'e~gt" for a .Dee~f1e DCB. To 
f 1 M 4 s,h t" e t e 1 e t y ~ e e II( am D 1 e 8 b 0 v e , e a c '" U ~ 1 to,., bot'" i '" t e ,. f ace s w 0 U 1 d 
~av. a uce, 

U,Dca 

U.REO 
U.CTI. 
U.ST! 
U,ST2 
U.UNIT 

U.CWl 

U.CW3 

U.CW,", 

U.SCB 

U.ATT 

U.BUF 

U.CNT 

••••••••••••••••••••••••••••••••• 
BACK POINTER TO DCB o 

••••••••••••••••••••••••••••••••• 
REDIRECT POINTER TO uce 2 

••••••••••••••••••••••••••••••••• 
'CONTROL FLAGS , UNIT STATUS 
••••••••••••••••••••••••••••••••• 
, STATUS EXT IPHVSICAL UNIT # 1 b 
••••••••••••••••••••••••••••••••• , CHARACTERISTICS wORD #1 10 
••••••••••••••••••••••••••••••••• 

CHARACTERISTICS WORD .2 12 
••••••••••••••••••••••••••••••••• 

CHARACTERISTICS WORD *3 14 
••••••••••••••••••••••••••••••••• 

CHA~ACTERISTICS WORD *4 ib 
••••••••••••••••••••••••••••••••• 

POINTER TO sce 1 20 
••••••••••••••••••••••••••••••••• 

TeB OF ATTACHED TASK 22 
••••••••••••••••••••••••••••••••• 

BUFFER RELOCATION BIAS 24 
••••••••••••••••••••••••••••••••• 

BUFFER ADDRESS 1 2b 
••••••••••••••••••••••••••••••••• 

BYTE COUNT 
••••••••••••••••••••••••••••••••• 
1 DEVICE 
•••••••••• • •••••••• 

••••••••••• 

••••••••••• 

DEPENOENT 

• 
• 
• 

STORAGE 

••••••••• 

• •••••• 

••••••••••••••••••••••••••••••••• 

30 



~.4.4.1 ueB Oet8ils 

U.DCB (.,o1~te .. to associated DeB) 

Delcr1.,tiorll 

Back.,oir1ter to t~e corre,~orld4"9 DCB. S1~ce t~e uce 18 
block i~ tMe 1/0 dlta st .. ucture, acceS8 to ot~er 
usual'y occurs via 11~ks 1mc1aMted 1~ t~e utB. 

Init1al1zatioM/ AcceSSI 

1~1ti8lized, ~ot refere~ced. 

U.RED C1nitialized to ~01nt to U,DCB of t~e ute) 

COMta1MS a ~oi"ter to the UCB to which t~1s device u~~t ~as beeM 
redirected. this fie1d is updated 8S the result of 8" MeR Redirect 
com~.nd. The redirect c~.iM eMds wheM this word DoiMtS to the UCB 
4tlelf. 

IM1t18'izat1oM/Accelsl 

U.CTL eset by driver writ,r' 

U,CTL aMd the fUMctioM mask wordS 1M the DCB drive QIO directive 
proces.1Mg. The driver writer is tota"v re,~oMs1b'e for settiMg uc 
this btt Qattern. A"y 1Mlceu .. aev 4M the bit lettiM; of U.CTL wi" 
~ .. oduee e .... OMeou. 1/0 c .. oee •• iMO. Bit symbo', a"d t~e1r meaM1M9 a .. e 
.s fol'owsl 

UC.ALG • AliQMmeMt bit. 

If th1. bit = 0, then byte I11QMmerlt of data buffe .. s 11 
.l'owed. If UC,ALG = 1, theM buffers ~ust be wo .. d 
.11g".d. 

ue.ATT • Attec"/Detach notificatioM. 

If this bit 11 .et, then the driver will be ca"ed wheM 
arl Attlch/Oetach 1/0 fu"ct1on 11 croee.sed by $GTPKT. 
Tv~1Cll'y, the drive~ hi. MO ~.ed to obt.~~ eo~tro' for 
Attlch/O.tae~ reaueltl a~d the EMeeut4ve pe .. forms t~e 

.rlt1~e fu~etion w4thout a~Y al.1.tl~ce from t~e d~1ve~. 



If set, t~e d~iver is to be cal'ed O~ a Ca~ce' 1/0 
re~uest eveM if t~e u~it specified is ~ct busY, 
Tyo~cal'y, t"e d~iver is ca"ed OM CaMee' 1/0 oMlv 1f aM 
1/0 ooeratioM 4s i~ orOQreS8, 

UC,QUE - Queue bvoass bit, 

If set, t~e GIO d~rect1ve o~oceS80r ~s to ca" the driver 
or4or to Queueing t~e IIO Packet, O~ee ge.~i~9 
to-be-Queued eOMtrol, the d~soositio~ of the 1/0 Packet 
is the dr~ver's relooMs~b~'1tv, Tyo.ca"v, a~ 1/0 Packet 
is Queued orior to 8 ea" to t~e driver, w~ie~ later 
retrieve. it by a cal' to !GTPKT. 

If set, the driver 11 always to be ce"ed whe~ oowe~ is 
restored after a oower fa4lure occurs, Tv~iea"v, t~e 
driver •• ce"ed O~ power restorat1o~ o~'v whe~ a~ 1/0 
ooeratioM is in progress, 

UC,NPR - NPR device bit, 

If set, the device is aM NPH de¥ice, T~is bit determi~el 
t~e format of the two word address i~ U,BUF (details 
give" u~der the d1lcU8Sio~ of U.BUF). 

UC.LGH • Buffer size m.lk bits C2-bits). 

The •• two bits Ire uled to e~eck if the byte count 
Ipeetfied i~ 8" 1/0 re~uest 4s I lege' buffer modulus. 

00 • _ny buffer modulus valid 
01 • ~Ult have word a'ig~meMt modulus 
11 • must have double word .'1g~me"t modulus 
10 • combi~at1on 4"va'id. 

UC,ATT, Ue.KIL, Ue.QUE, I"d UC.PWF w4" usua"y be zero, 
•• ~.c1el'y fo~ co~veMt1on8l drivers. 

Eve~y dr4ve~ must, however, be eo~ce~~ed with its 
vllues for UC.ALG, UC.NPA, and Ue.~GH. 

The driver wr4ter is totally responsible for t~e 
thel. bitl, a~d .rro~eoU. values are like'Y 
u~pred4ctlble result •• 

I"iti.l11It1o"/Aecell' 

~a~t~eu'ar 

values ~n 
to oroduee 
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U.STS (4~it111ize to ze~o) 

Dese~ictionl 

T~1s byte contains dev1ee·i~de~ende~t status i~fO~~8t1on. 
T~e bit meanings a~e al 1ol'ows, 

US.BSV - If set, device·u~1t 4s busy, 

US.MNT • If set, volume is ~ot MOUnted. 

US.FOR - 11 set, volume is foreign 

US.MOM - 11 let, device 18 ~ark.d for d1s~ou~t, 

T~e unused bits 1M U.STS are reserved for 
exoa~.10M, US.~DM, US.MNT, a~d US.FOR 
MOUntable devices, 

Initialization/Accelll 

Initialized, ~ot ~eferenced, 

Descriptionl 

system 
a~p'y 

us. and 
o~ly to 

T~il byte conta1"1 the p~YI1ca' unit Mu~ber 01 t~e 
device-unit. If t~e cOMtro',e~ for t~e device lupcortl OM'Y 
a s4ng'. uM4t, t~e unit number is always lero, 

~Mit1111Ied, read-only, 

U.ST2 (1n1ti.'1ze to ze~o) 

Descriptionl 

This byte contliM' add4t40Mal deviee-1ndecendent 
1M1ormaticM, The bit meaMings are al fo'lowsl 

statuI 

US,OFL - If let, t"e device 41 offline (that 4s, Mot in 
the cOMfigu~atioM).· 

initialized, ~ot refere~eed. 
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U,CWl (let bv drive~ writer) 

U.CW2 

U,cw3 

Deseript40~t 

T~e first of a 4-word co~ti9uOUS cluster of device 
c~8racteristics 1~for~at1o~. U,CW1 a~d U,C~~ are dev4ce 
indepe~dent. U.CW2 a~d U.CW3 are device deoe~de~t, T~e four 
c~aracter1st1e words are ret~~eved from t~e UCB a~d placed 1~ 
t~e reQU8ste~'s buffer o~ ;ssul~ce o~ a GLUN~ Executive 
d4~ect1ve (Get LUN Information), It is t~e respons;b111ty o~ 
t~e driver writer to supply t~e contents of t~e.e four words 
in t~e 8 •• e~bly source of t~e driver data structure. 

U.CWl is defined .1 follows, 

DV.REC 
DV,CCL 
OV,TTV 
DV.OIR 
DV.SDI 
OV.SQO 
OV,PSE 
DV.COM 

DV,Fl1 

OV.MNT 

Bit 0-.Record·Orie~ted OevieeCl=yea' 
Bit 1 •• Carriage Control DevieeClaves) 
Bit 2··Terminal OevieeCl=ves) 
Bit 3.·0irectorv Device(t=yes) 
Bit 4 •• Sing1. Ot~eetory Oevice(la~e.) 
Bit S •• SeQuential OeviceCl=ves' 
Bit 12·.Paeudo Device(l=ves) 
Bit 13··0evice Mountable as 8 

Communicatio~s C"annelCl.ves) 
Bit l4·.Deviee mountable 81 a FILES.l1 

dev1eeC1-"'s) 
B1t 15·.0ev1ee mountable(1=ves) 

I"it1.1irat40M/Acce.s. 

i"1t4.'4zed, not refereneed. 

(tn4tia1ize to re~c) 

Oe.er1Dtio~1 

Specific to • g1v." device d,..1ver (avaf'able 
Ito,..age 0,.. ccnlt.~t.). 

1"tt4a1izlt10"/Acce.l, 

initialized, ,..ead/wr1te, 

Cf,.liti.11ze to ze,..o) 

Oelcr1Dtion. 

Specific to • g1ve"" device driver Cavai'ab1e 
Itorlge or co~st."t.), 

) 

I~it •• lizatio"/Acce •• 1 

fo,.. worki"g 

fo, workil"1g 
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4~itia'ized, read/w~1te. 

u:,w4 
4 (set bV d~4ve~ w~1ter' 

Defau't buffe~ s1ze. 

I~;t1alizatio"/AcceS'1 

(}.~c.0 
B (See I'o4"ter) 

Oescr1t:)tio~1 

T~4. field eo~tai~s 8 "ointer to t~e seB fo~ t~4s ute. In 
ge~era', RU O~ e~t~y to tke d~4ver v4a t~e dr~ver d1soate~ 
tab'e wi" co~tI1~ t~e value 4~ t~1' word, s1~ce t~e SeB is 
freQue~tly ~efere~eed by service rout1~es. 

1~4tia'izat1o~/Acceaal 

V,PrTf' 
initia'ized, read-o,,'v. 

rT (1~it1a'1ze to zero) 

Deac,..1otionl 

If a talk ~as attached it,e'f to a device-un4t, t~4s f4e1d 
co~ta1~s its TeB address. 

initia'ized, not referenced 
V. \?Uf-
UF (reserve two wo~ds of ato,..age) 

U.BUF 'Ibe'. two consecutive words w"1e~ serve I. I 
communication region betwee~ !GTPKT 8"d t~e d~ive~. If 8 ~o~ 
transfer function 11 i"d1cated, the~ U.BUF, U.BUF+2, a~d 
U.CNT receive the first three paramete~ word. fro~ t~e IIO 
Packet. 

For transfer o~erat1o~s, the format of t~ese two wo~d. 
·depe~d. on the sett1"Q of UC.NP~ 1" U.CTL. T~e d~4ve,.. does 
~ot fo~~at t~e words, a" fo~~att4"g is com~'etedor1or to 
the driver receiving co~trol. For u~~ap~ed systems, t~e 
first word 4s zero a"d t~e second word is the o"ys4ca' 
add"e •• of t~e buffer. For ma,,~ed systems, the for~8t is 
deter~i"ed bv t~e UC.NPR bit w~1c~ 4. set for a~ NPP dev1ce 
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V,CNT (~ese~ve o~e wo~d of storage) 

Description' 

Conta1na the byte count of t~e buffe~ dese~1bed by U.BUF. 
The dr4v.~ wi" use this field 1~ eo~st~uet1~g t"e actual 
deviee ~.Qu.st. 

U,BUF aMd U.CNT are used to kee~ track of t~e curre~t data 
item 1" the buffer for t~e current t~ansfe~ (e_ceDt for NPR 
transferal. Since t~is field 11 being altered dy~a~1ca"y, 
the 1/0 Picket mlY be needed to reissue an I/O oDerat4on. 

not initialized, read/write. 
Device Dependent Wordsl 

DescriPtio"' 

The field .1 variable in 'engt~ end is e.tab'il~ed bv the 
drfve~ writer to IU.t driver.speeific reou4re~ent •• 


