
~.-------, 

I RUG S I 
l ________ J 

Brown Univ ers i ty Graphics Systew 

LEVELO Extended Machine' 

~u ssel l H. Burns 

The Brown University Graphics Project 

Division of Applied Mathematics 

Box F 

BI:cwn University 

providence, Rhode Island 029 12 

Septembe!: 15, 197 6 

' This research is being s upport e d by the National Science 
Pou ndation Grant GJ-28 401X, the Office of Naval Re searc h, 
Co ntract N00014-67-A-0191-0023, and the Brown University Divisi on 
of Applied Mathematics; principal Investigator Andries van Dam. 



LEVELO is the nucleus program of the BUGS extended machin e . 
This document describes the logic and organization of L.EVELO. It 
i s intended for use by systems programmer s debugging alld 
modifying the operating s ystem as a guide to the code. A thorough 
knowledge of the !'lETA 4A Principles of Operation and th e LEVELO 
Extended !'lachine principles of Op eration is assumed. 
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The standard LE VELO module i s assembled from t wo S YSIN 
files , LEVOSUP [CSECT L £1I8LO , entry points L8VELO, DISPATCH, 
SIGNI\L EV l and LEII010S [CSECT EXCP , ent ry points EXep , ZLIOH , 
UPTIME R, QTJ.MER, a n d the Unit Control Blocks ]. Functions of the 
extended machine a r e roughly di ve i ded into supervisor functions , 
i n LEITOSUP , and I/O supe rvisor fu nctions, in L8V0 10S. Both so urc e 
files r eside on the Graphic s archival disk , and th e text in 
BUGSLIB TXTL1B on RWB . 

The 
u pgraded . 
L8VO - 2 all 

f u nc tion s 

version of LEVELO Ear the Null B is no lon ger being 
It consists of one CSECT in two SYSIN fil es , L8 VO- 1 and 

the Graphics archival dis k . I\lthough the super vi sor 
are l argely the sa me , th e I/O s u pervisor has been 

exte ns iv e l y re-writte n in the process of deleting the Null 8 
suppo rt. 

Th e differellces in t he L8VE LO fo r Dynamic Relocation of 
Programs and Data wi ll be di~cussed i n ano ther docume n t2 
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The LEVIlLO s uper: visor hand l es user requests for e xecution 
cont r:ol and cor:e ma nagement. I t is e nter:ed upon pr:ogram checks 
a nd s uper:visor call inte rr:upts. The s u per:vi s or oper:a te s in 
s upervisor: mode, with I/O interr upts d isab led. Global register 
usage i s as fo llo\o1 s : 

R12 --) usee 's stack fr:ame header: 
R15 --) user ' s c ur:rent save a r ea 

S upe rvi so r calls are mer e ly reflected up t o LE VEL1 by 
s i gna lling th e appro priate e vent name. 

lll!!.n:.i. DISP ATC H 

LEVRLO Di s patch i s a si mple priori t y dispatcher, e nter: e d 
only wh e n a r e turn t o a us er would be inadvisable , o .r: ~lhen a 
nEW t ask is contending for tile CPU. It searc hes t he s t ack 
f r: ame qu e ue for the h ig hest pr i o Litv s t ack f .rame v hic h is not 
i n a wait s t a t e , and di s patches it. If al l stack frames are in 
wait state (MSR bit 6 on), Dis pa tch calls UPTIM ER3 to compute 
the running C P U tim e and t e n dispatc hes the top s tack fra me , 
placing the machine in a wai t state. 

&l!j;];.E P GM C IlK 

The user: communicates his r etj uests f o r LEVELO services 
throu gh e xtended inst ruc t ions, which cause operat io n 
except ion s . The LE VEL O progra m check handler reflects all 
othe r p rogra m checks up to LEVEL ·' by signalling the 
appropriate e V<ln t name (X 'll OXx '). 

3 .Yi<l~ Tim e r: Centrol, Sect ion 3.6 
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• I f t i, e reaso n fOL entry was an operati.on except ion, 
th e program check l,andler searches for the offending 
opcode in th e extended opcode table. Upon snccess, 
the program check handler calls the associate d 
routine vi ~ H13, and th en returns to t he user , 
Ilnl ess the routine e x its to the dispatcher. 

• Otherwise, an invalid opcode ev en t is s ignalle d up to 
LEVELl. 

The Extended I nstruction Handlers ar e e nter2d either 
through the progra m check hanrHer or t hrou gh inter na 1 ca 11. 
Both the int e rnal calling sequence a nd the e xtended 
instruction format will both be described wher.e appropr iate . 

2.3. 1 EXECUTION CONTROL I NSTRUCTIONS 

The Execution Ceutrol 
scheduling, blocking, cr eation 
BU GS. Ass u c h, the y a x:e 
dispatcher a nd to e ach othe.r. 

I nstructions p roviJe the 
and de struction of tasks in 

intima t ely related t~ the 

lln t.!:y ... S IG N AL EV 

R8 con tains event narue 
R9 --) sta tus info.x:ma tion 
Rl0 contains length of statu s information 

r -------r---------r----r------------y----r- -------, 
"FC I 00 I En I On I Bs I Os I L-______ -i _________ ~_~ ____________ ~~ ____________ J 

a 8 16 20 32 36 47 
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The SIGNAL routin e acts as the s ched uler of 
interrupt processing. It searches the appropriate ev en t 
list for a matching ent cy. If non e is f ound, the low 
o[-d e r hex digits o f the eve nt name a 'ca successively 
ze roed and the list re-seacched. If no entry rna 'tc hes 
eve n purtially, the trap event e nt ,ry is chose n. 

in any case , there ace three possibilities of ev e nt 
list e ntcy types which could be selEcted: 

• If the e ntry indica t es the e vent should be 
ignored, SIGNAL exits to the Dispatch e r. 

• If the entry indicates the Event sould b e 
handled syncronously (immediat e e vent ), SIGNAL 
e xits to EN7 processing to start th e routin e 
running imm ed iat e ly. 

• oth e rwise SIGNAL creates a ne w stack frame 
header, copyi ng the e ntry point,priocity, and 
stack frame size from the e ven t entry and 
ex its to the Dispatcher • 

.--------.----~---T----T------------, 

I 7E I 00 I X w I Bw I Ow I 
'--_______ ..L-___ ..L ____ ...L ___ --1. _____________ .J 

o 8 12 16 20 31 

The iAIT e xtended instruction ch ecks the hi gh orde r 
bit of the I-jait Control Halfword: 

• If the bit i s o n, \,AI T r e turns to the cal l ec . 
(vi a R 13 ) • 

• if th e bit is off , WAIT s tores the caller's 
stack frame address in the WCR, se ts the wait 
bit on in the stack frame MSR, and ex its to 
th e dispa tc he r. 
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!lulu.;. POST 

r--------T---------r----r------------r----r------------, 
I FE I 00 I Be I On I Bw I D. I L-_______ ~ _________ i-___ ~ ___________ _i ___ ~ ____________ J 

o 8 16 20 32 36 47 

The PQST extended instruction sw aps the former 
contents of the WCH wi t h the r e turn code: it then checks 
the f ormer contents of the WCH: 

• If the former: contents were zero, POST r e turn s 
to the caller (via 813 ) . 

• If the 
be a 
MSR 
POST 

contents were non-z e ro, it is assumed to 

En!.!::! ... SYNCHENT 

stack f r ame pointer. It wait bit in 
of that stack f rame i s turned otf, 
returns to the caller: (v ia R 13 ) . 

R2 contains length of automatic s tora ge 

r-------T , 
I BEl 00 Le ngth 
'--_____ --1. ________ _ -1. ______________ ____ J 

o 6 16 31 

the 
and 

The ENT routine computes t he total amount of stack 
st o .cagereg uired b y the user for linkage, s ave d r e a and 
hi s automatic d ata : 

• If the reguirement c au be met from the current 
ex tension, th e ne w r e maining l e ngth is 
cal culated an d star e d. 
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• Else a s t ack fcame pointer i s set ~n 8 15 for th e 
user, and chained ~nto t he stack. 

• If bit 3 is OD in the MSR, SYNCHENT was entered 
due to an interrupt; the status infor ma tion is 
moved into the s tack and ENT exits directly to 
the n ew ro u t ine. 

• El se th e PC in the interrupted stack frarue is 
set to the former contents of R14, R2 through 
R14 are loaded from the interrupted stack 
frame , and ENT exits directly to the ne w 
routine. 

r--------T----T----' 
I OB I 0 I 0 I 
L-_______ ~ ___ _l ____ J 

o 8 12 15 

The RET exte nd ed instr uction handler sets R15 eq ual 
to the address of the previcus savea ·rea: 

• If there ~s no previous savearea, the stack 
frame header is remov ed from th e active queue 
and freed , and RET exits to the dispatcher. 

Else it computes the new remaining length: 

• If th e address of the next sa vearea in th e 
~a vearea poi ll ted to by R 15 i s the same as the 
[ol:mer contents of !l 15, RET stores the new 
I:emaini ll g length. 

• Else it is popping up from a s tack exten sion, 
a nd frees the e xte nsion. 

• If the new I:emaining length i s equal to the 
total l eng th, the header is dequeued, 
stack fralile f reed, and Rr:T exi ts to 
dispatcher. 

the 
the 

nET t hen checks the status of the routine to which 
contl:ol i s about to be returned: 
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• If it is in a wait state, RET exits to th e 
dispatcher • 

• Else it r e turns directly to the new stack .frame. 

2.3.2 DATil MANAGEMENT 

The free memory is maintaine d in a lin ked list , with 
the pointer to the s ta rter e le ~en ·t i n the 11El'A 4A unit 
control Block . If the low order bit of this semap hore is 
one, t he META 4£ is us ing the gueue , a nd the MET A 4A must 
loop, waiting for the list to be f ree. 

The e ntr ies are s tor ed by ascending add ress , to 
facilitate concate nation of adja c e nt f r ee areas . Eac h en t ry 
is of the format: 

r--------T-------' 
o I n ext pointeT , 

t--------t-------~ 
2 Il e ng th of e ntry I 

L ________ L _______ J 

ne xt pointer: pointe r to the next e leme nt on th e free 
g u eu e . 

l e ngth o f entry: the length of t his e ntry in bytes , 
i ncluding the he ade r. 

l;nlfY';' GET fl EM 

&6 contains amount of storagE r eq uiT ed ( in bytes ) 

65 --) n e w allocated area 
R6 co ntains rou nded length 

• normal -- t o caller vi a 0 14 
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• abnormal -- to PGftCHK 

r-------~----T----' 

0 1 Ila I R 1 I 
L-_______ ..L __ ._..1. ____ J 

o 8 12 1 '5 

r--------,----T----,----r------------, 
I 41 I Ra I X 1 I B 1, 1;1 I 
L ________ ~ ____ ~ ____ ~ ___ ..1. ____________ J 

o B 1 .2 16 2 0 31 

Th e GETMEM routine searches the free memo r y queu e 
for th e £irst entry long enough to sati sfy the r eq ues t : 

• If no entry long enough is found , GETMEN exits 
to PGMCHK to signal a No Free Me mory program 
check. 

• If the entry matched th e requested 
exactly, it is dequeued and 
returne d to the caller. 

l e ng tlt 
its address 

• If th e e ntry i s lon ge r than the re q uest, its 
length is decremented by the requested length, 
and the address of the en try plus th e length 
remaining is retur n ed. 

r--------r----~---, 

I 02 I Ra I Rl , 
L ________ ..1. ___ -L ____ J 

o B 12 15 

'fhe GET tiAX routine searches the free memo r y queue 
ior the largest element: 

• If the gu e ue is null, GETMAX e xits to PG i1CH K to 
signal a No Free Memory progr:am check. 
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~ Else i t degueues the en try fo und a nd re turns i ts 
add r ess to the user, ex iting vi a R1 3 . 

ll.!!ln:. FREEMEM 

R6 --) ar ea to free 
R7 contains length of area to free 

• normal -- to ca ll er via R 14 

• ab normal -- t o PGMCHK 

r--------T----T----' 
I 03 I Ra I Ell I 
L _______ -L-___ ~ ____ J 

o 6 12 1 5 

r--- -----T----T ~--~------------, 
I 43 I Ra Xl I Bl I Dl I 
L _______ --1.. _____ .L ___ .L-___ i. __________ J 

o 8 1 2 16 2 0 

FREEMEM sea r c hes the f r ee memory q ue ue for dn entr y 
with a forward po int e r greater than the address to be 
freed : 

• If unsuccess ful, it selec t s the l as t elemen t on 
the list. 

• It then c hecks to see if the e n d add ress of the 
se l ected e l eme n.: i s ad jace nt to the area to be 
Ereed . 

• I f so , the length of that e l ement is incr:emented 
by the l e ngt h to be freed . 

• Else , the new e l~ment is e nq ue ued at that poin t . 

PREEME M tne n examines the next elem e nt on the g ue ue : 
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• If it is adjacent to the new e l ement, it is 
degueued and the ne w e l ement ' H l ength ad juste d 
accordingly. 

2.3.3 INTEHPROCESSOR COMMUNICA1IONS 

ll.!!.t£Y.i. S H OU L DE R 

r------T---T---·-r----r------------, 
I 6 3 I 00 I X t I Bt I D t I L _______ ~ __ ~ __ ~_~ _ ___________ J 

o 8 1 2 It) 20 31 

The INT B extended 
start I/O to the IPI to 
has been acknowledged by 

i Ilstr uction handler issues a 
d e termine if the last interr: upt 
the META 4B: 

• If the la st interr:upt is still pending, the 
routine loops until the !ETA 4B acknowledges 
the interrupt. 

• Otherwise, it stores the in terr upt code in t h e 
META 41\ UCB Hni t ~ta t us Half word, a nd issues a 
start I/O to interrupt the META 4B. 

2.4. 1 STACK FRA ME HEADER 

r-------~------, 

o Ip arallel queue I 
J--------+-----~ 

2 Ipriorityl!!!!!!! 1 
\-------+----j 

4 I stack frame size l 
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~------+ ------~ 
16 SJ'P sa ve I 

L _____ ~ _____ " 

parallel 'l u e ue : th i s pointe r: is used oy .LEVELO to maintain 
a q ueue of the stac k f rames of e acl, o f the para lle l 
routines curre nt ly running o n th e system . The head o f 
thi s queue i s in memory location X'60 '. 

priority: This byte contains the priority assigned to thi s 
pa rallel e ve nt. T he priority i s used by LE'E LO to 
decide which parallel e ve nt should he given control 
each time s uch a decision mu s t be made. 

s t ack frame size : This ha lfword contains the stack f rame 
s i ze estimation made by the progr:ammer:. 

SFP sa ve : Whe ne ver th e pa ralle l routine is not exec uting, 
its current SFP is sa ved ill this halfword. 
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2.4.2 STACK FRAME 

SFP 
1 
V 

r----------------, o 1previous pointe r1 
\---------------l 

2 1 next pointer 1 
/-----------1 

4 1 1 
s av E area 

1 1 
\--------·------1 

22 1 I 
automatic 
storage 

previous poi nt e r: this half word contains th e address of 
the stack frame sectio n of thE routine exec ut ing 
dynamically prior to this routine. 

ne xt poi n ter: this point e r i s u s ed byLEVELO to mai ntain 

sa ve 

the dynamic link of s tack frame SEctions and i s of no 
dir ec t use to th programmer. 

area : these 1 5 halfwords aJ:e used to sto r e the 
routine's !IS R t hrou gh regi s ter 14 at any t ime hi s 
execution is dElayed due to an actual lUach in e 
interrupt or to a subrout in e ca l l. 

autom at ic storage: This space is th e actual automatic 
storage requested by t he rou ti ne. It can VDJ:Y in size 
from 1 t~ n hal f word s ; this s iz e is aetermine~ by the 
e xt e nde d instruction ENT, wh ich must b e th e f!.£§.l 
instr uction of e very routine that either saves th e 
r eg isters o f the prev iou s routine o r r eq uire s 
a u tomatic storage or both. 
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~ 
I 
I 
I 

I 

" 

2.4.3 CPU UNIT CONTROL BLOCKS 

U ni t control Bloc ks The CPU 
in terprocessor 
I /O unit nCB's. 

communications and vary 

r--------,-------, 
o I 7 I 
1-------~-----j 

2 IInterrupt Code I 
r------+-------~ 

4 I --) MULTICOM4 I 
~--------+-------j 

6 1 Freelist Flag5 1 
r-------+-------~ 

8 1--) I'ree li st He ad 1 
L. _______ --L ______ -' 

are used for 
in format from the 

4Initialized by MULTIPIC at execution t i me . 
SLow order bit used a s F~eel ist se maphore . 
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The 110 S uper visor handles all local IIC interrupts, and 
processes the EXCP extended instruction. Si nc e the supervisor 
simUlates a virtual channel, the HCP and interrupt )J1:ocessing 
are intimately related. 

Some of the general pu rpose registers i,ave fix e d c ontents 
during operation of the 110 Super visor: 

R3 --) cu·rrent CPC 
R 10 --) Unit Control Block 
H1S --) user's current save area 

] nl£Y.i r~ X C PDr S P 

R10 --) HCB 
R5 contains current operation 

The possible operations are: 

• 0 EXCP 

• 1 R Ell D 

• 2 WRITE 

• 3 NOP 

• 4 SENSE 

• 5 SEN SE with reset 

• 6 SPECIAL 
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• 7 - - In ter:r: upt 

T he dispatcher: uses the code in 85 a s an in d ex into t he IhAr: e 
to Go tabl e in the UCB. It then uses th e byte at t ll at offs e t 
in the UCB I TG table to inde x into the global ITG tabl e. Since 
III any of the entries, e. g. NOP, SEN SE , SEN SE with re set, ar A 
identical, this saves s pace fr:om i ndividual WTG tabl e s. 

3.2. 1 EXCP ROUTINES 

Th e 
insur:ing 
opera tion. 

EXC P 
that 

routine s 
the unit 

are ge ner:a l ly r: e sponsi b le for 
i s r e ad y b e for e starting an I /O 

R3 --) cu r:ren t CPC 
R 10 --) UCB 
RD --) re tur:n point 
R 15 -- ) user's c ur:re nt save a rea. 

J;;!LtIY~ COM SIO 

unit: 
Th e cornman s tart I/O routine is s u es a se nse to th e 

• If th e USH r e turn e d indicate s that the unit i s 
bus y or offl i ne, COMSI O sets the c o ndition 
6 0de appro pr iat e ly in th e u se r:' s s ta c k fr:a me 
a nd exits via R13. 

• Else CO BSIO continues into CeMRDY. 

]nlIY';' COl1RDY 

EXCP 
COM ROY is entered 
Dispatc her:, if 

from COMSIO or dir:e ctly fr om th e 
the devic e cannot be o f fline . I t 

-15-



set.s the "logically busy flay on in the ueB and calls 
CPC processing 6 via R9. 

3.2.2 INTERR UPT ROUTINES 

R 3 --) cur:rent CPC 
R10 --) [JCB 
R 15 --> inte rrupted task's current save area 

The interrupt routines are completely unit depende nt. 
l'hey do share some cemmon character:istics: 

• They check for error:s, and either retry th e 
operation or set the device Don-busy and exit to 
SIGNALEV to signal an er ror event. 

• Else they check f or operation complete: 

• If the operation on the CPC is complete, th e y call 
CPC processing via 89 at entry COMINTEN to 
con tinue processing on the CPC chain. When 
control is r:estored, they exit to SIGNALEV to 
signal the operation complete event. 

• El se, they issue the next start I/O in the seq uenc e 
and exit to the interrupted task. 

3.2.3 META 4B INTERRUPT PROCESSING 

When the I/O Supervisor recognizes an interrupt from 
the META 4B, it retrieves the interrupt code from the USH 
in th e tlETlI 4B UCB, acknowledges the intErrupt, and e xits 
to SIGNlILEV to signal event X'1031', with th e interrupt 
code as its stat us . 

6Yig~ Section 3.4 

-16-



J , 

,i ]ni£Y.i EXCP 

,r------,.----- ---r----,----- ------T----T-----------, 
I PO I 00 I Bu I Du I Be I De I 
L ______ ~ _____ __ i__~ .i ________ ____ J 

o 6 16 20 32 36 07 

The BXCP routin e sets 8 10 to pointer to the proper DCB, 
sets R3 to point at the use r' s CPC, then t es ts th e UC B flags: 

• If the unit is logically busy, it se t s the condit ion 
code appropriate ly in th e user's stack frame and 
ex its via R 13. 

• El se it e nters the EXCP dispatcher with a 0 in 85 . 

llni£Yl C 0i'1I N'r ED 

Il3 --) current CPC 
R9 --) r e tur n point 
Rl0 --) UCB 
ll 15 --) UEer's current sa ve area 

COMINTRO i s 
t he current CPC 
CPC , clears o u t 
t.hem in R1 4: 

the common CPC int erpret ing loop. It stores 
address in the UeB , picks t.h E opcode from th e 
the high crde r fo ur bits, and places a copy of 

• If the opcode i s greater than 7, it exits to SIGNALEV 
to signal an I.nvalid CPC program check (X '0024 ' ). 

• I i th e opcode i s egua l to 7 (TIC ) , it picks up the ne" 
epc address and goes back to the start of th e loop. 

• Els e it calls EXCPDIS P via R4, with t.he CPC opcode in 
R5 t.o call the unit dependent routine . 

Whe n it ret.nrns, it. checks the immediate operation flag in the 
flC B: 
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I 
II 

---. 

• If it i s off, an interr upt is expected , and COMINTRD 
~et u~ns to the caller via R9 . 

• If it is on .. co r1INTRD checl{s for chaining in th e epc 
fla gs: 

• If chaining i s indicated, COMINTHD tumps R3 by 6 and 
~e-enters the leap. 

• Else it resets th e "logically b usy" f l ag in tlte UCB 
ano exits via R9. 

3.4.1 UlH'r DEPENDEN'L ROUTINES 

R3 --) current (PC 
H 4 --) return point 
R9 RESERVED 
11 10 - - > UCB 
R14 contains mooifier fie l d of CPC 
R 15 --) useL" s current save a rea 

The uni t 
operation, set 
is in prog ress 

dependent routines generally start an I/O 
a f lag in the UCB to indicat e what operat ion 
a no the n e xi t via R4: 

• If the operation completes immediately, th e 
immediate operation flag is se t in the DCB flags. 

llni£Yl ZLI OH 

ZLIOH sets R10 and R3 to point to the interrupting unit's 
DCll and cur~ent CPC respectively. It th e n checks the I/O old 
NSR: 

.. If the iutel:r up ted task lias in 
the expected CPU interval 
contents of the timer • 

a wait sta t e , it sets 
egual to the c urrent 

. It t hen c hecks the inte '~rupting unit's address: 
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• If the interrupt was from the META 48, it goes to the 
META 48 interrupt handler 7 

• El se it branches to EXCPD~SP with d 7 in R5, 
indicating an int er rupt. 

The Timer contrel cede allows th e LEVEL l us~r to keep 
track of running and CPU time, and to set time intervals. 

3.6 .1 T~MER INTERRUPT ROUTINE 

~!li£Y.:. GRANDDAD 

The Timer Interrupt Rou tine calls UPTIMER to upda te 
the CPU and Running til1'es. It then sets a ne w time interval 
in the Timer, and checks to see if a time interval set by 
the user has expi red: 

• If th e user's interval has not expired, it r e turns 
directly to the interrupted routine • 

• Else it exits t.o SIGNALEV to s i gnal e vent X'200 1 '. 

3.6.2 Q'l'IMER INSTR ucnON 

1ll!1I.E QTI MER 

r--------T---T----.------r-----------, 
I 64 I () a I xt I 8 t I Dt I L ______ -L ____ ~ ____ ~ ___ ~ ____________ J 

o 6 12 l~ 20 31 

The QTIMER routine calls UPTIMER to get. the up to dat.e 
time, then mov e s the RUNNING ani! CPU times from the DC!3 

7~~1~ Section 3.2 . 3fo1: de tail s. 
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extension to the user ' s aeea , a nd exits dieectly to the 
use r .. 

3.6. 3 UPTIMER RO UTINE 

12nll:.Y.i U PT I lIE R 

lKli§.i to c al l ee via R13 

UPTIMER i s cal l ed by th e dispatcher wchen it is about 
to go i nto a wait sta t e ; it i s cal l ed by the Timer: 
I n ter eupt Ro utin e to update the c loc ks ; an d it is called by 
QT I MER to get the corrected times. 

It s u bteacts th e contents of the Timer fro m the 
e xpected inteeval, the n a dds the computed value to t he 32 
bit c locks. It then replaces the expected inteeval wi th the 
contents of t he Timer. This code , c ombi ned with th e setting 
of the CPU expected inter val by th e I /O inter eupt hand l er 
shoul d maintain the CP U a n d Ru nnin g t i me 32 bit clocks. 
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3.7.1 UNIT CONTROL BLOCK 

T he unit Co ntLol Bloc k contains the device independent 
information for each dev ice and illost of the residua l 
control info.rmation needed to simula te the virtual channel: 

r--------~------, 

o I unit addLess 1 
~------+ 1 

2 1 unit statu s I 
l--------+-------~ 

lj Irese Lved lfor Gf1S 1 
I--------+-----~ 

6 1 flag bytes I 
l-------+-----~ 

8 1--) current cpe 1 
\-------+-----~ 

101 sense race 1 
t--------+-------~ 

121 II w/reset I I 1 
\-------+------1 

141 offlinel flagsj 
t--------+-------~ 

161 j 1 

where to go 
table 

1 1 
\---------+-------1 

24 1 u nit dependent I 
extens ion 

• 
• 

unit address: vi 'Ltual unit addLess. 

unit status: USH from las t SIO or inteLrupt. 

reserved for GMS: unu sed in all ueB's except fer disk. 
wheLe it is used for Dr . Memory communications. 

f lag bytes: residual control bits: 
byte 0: 

bit 0: logically busy; set at start of EXCP; reset 
at operation complete 
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I 

bit 1: i mmedi at.e; set if CPC o pe r ation was 
i mmedia teo 

bit 2: v erify (di s k onl y) .; c yl indec address must be 
veri f i e d before write . 

b i t 3: mul tisector ( di sk only ) ; mu lt i sec t or: 
operation in pro g r:ess. 

bits 4-7: unused. 
by te 1: 

bit 0: write .; l~rite operatio n in progress. 
bit 1: r ead; read ope ration in pr:ogress. 
bi t 2: verifying (disk o nly) ; cylinder address is 

bei ng ve.rified . 
bit 3: contr:ol; contr:ol operation in progress . 
bits 4- 7: un used. 

The BUGSU CB macro i s u se d to gene r:a t e t he Unit 
Control Blocks and to gen er at e a DSEC'r of the UC B ' s: 

l abel BUGSUCB addr,off line,se ns e , senser, 
( wtg - list) [ ,ONITX=si ze] 

l abel: n a me of UC B. 

add r : virtual unit. address 

offline: se l f def inin g t er m fo r bits which if set 
ind i cate that the de vice is bu s y or off l i ne . 

sense: hex code for 2nd half of sense Iecc. 

senser: he x code fo r 2nd h a lf of se nse w/re set 10CC . 

wtg - list: names o f pointers in global Whe r e to Go Tab l e 
for: de vice depende nt r:cutines .• 

size: num ber: of halfwor: d s for uni t depend e n t extensions 
to UCB. 

If TYPE=DSECT is spec i fied, a DS ECT rath e r tha n a r: e al 
UCB will be assembled. 
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The nCB de vice deFe nde nt extensti o n 
lnt erva l Timer co I;t a ins the running clocks 
information n eccessary to control th e m. 

r- -------~-----, 

24]time pr ec ision ] 
~------+-----~ 

26 ]time interval ] 
~--------~-------~ 

28 1 RESER VED 1 
~------+-------~ 

30 1 C PU int e rval 1 
~ -t-- - ---l 

32 1 running ,I 
~-------+----~ 

1 time 1 
~------t-----l 

36 1 CPU I 
r------+-----~ 
1 time 1 
~-------+ -l 

401 expirat i on ] 
~---+------~ 
I time I 
L ______ -'-___ ~ 

for the 
a n d th e 

tim e r pr:ecision: 'tim e inte ,rlfa l to be se t 'Ihen 'l'ime 'r: ­
ex pires . 

t ime int e r:val: amount of t ime expecte d to have passed 
when a Timer interr upt occ u rs. 

CPU inter vdl : amount of CPU tim e expected to have passed 
wIlen a T imer inte rruFt occ ur s . 

runnin g t i me : t ime in timer u nits s ince IP L. 

CPU time: CPU time in time r units si nce IPL. 

expira t.ion time: time at which LEVEL l ',/ish es t o receive 
a n i nt err u pt. 
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