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ibe I\poll 0 lXJIAnt\:ngineerin9 Handbook contains system information 
for the Apollo IXlMI\IN nodes and related peri!ilerals. ihis nanual 
is for Apollo personnel only. 

ihis guide is for Apollo enployees. 

structure .Qf .:!.bi.s ~ 

ihis manual contains 11 cha~ers, three awendices, and an index. 

O!a~er 1 describes princiIBl control blocks associated with AEl3IS 
internal data structures. 

O!a~er 2 describes the formats of file system data structures. 

O!a~er 3 describes miscellaneous information useful for 
programming in the OOWUN environment. 

O!a~er 4 describes all system error (status) codes and lressages. 

Cha~er 5 describes system deoogging tools, including the nnemonic 
deoogger, extensions to the !ILL derugger and system dtunps. 

O!a~er 6 describes characteristics of peri!ileral I/O devices, 
including the format of control registers, and I/O COJ1lllaDds. 

O!a~er 7 describes the harGiare architecture of m300/320 nodes, 
including the basic processor, Memory Management Unit (MMlJ) , 
display harGiare, FRI, ring, and serial I/O. 

O!a~er 8 describes the hardware architecture of m400/420/600 
nodes, including the basic processor, Memory Management unit 
(MIIJ), display harGiare, H:B, ring/disk, and serial I/O. 

O!a~er 9 describes the harGiare architecture of m460/660 and 
IllP160 nodes, including the basic processor, Memory Management 
unit (MIll), display harGiare, ring/disk, and serial I/O. 

Ola~er 10 describes the harGiare architecture of msso nodes, 
including the basic processor, Memory Management Unit (MIll) , 
display harGiare, FRI, ring, serial I/O, KlLTIBUS. and VIolE. 

Cha~er 11 describes the harGiare architecture of 1llF80/A nodes, 
including the basic processor, Memory Management Unit (MIll), ring, 
serial I/O, and KlLTIBUS. 
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Appendix A describes the ASCII dlaracter set. 

Appendix B is a IOWers of two table. 

Appendix C is a list of Field Activity Rep:>rt codes. 

Related Documents 

For information about system calls, see 1..('; d.; SysteDL~ 
Jleference Manual, Order NlmIber 000529. 

For information about periIiteral driver routines, see ~l!sllr..'JI 
~, order Number 000959. 

For Shell and IJoI oornnands see, ~ ComnandReference 
~, order NlmIber 002547. 
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UPPERCASE 
lowercase 
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Offset, in hexadecimal 
Unused bit 
Range of mused bits 
Continuation 
Nllne for this field 
If bit N is set, then 
All bits labeled N 
Equal to 
Implies 
Pointer to 
Pointer to 
Pointer to 
32 bits 
32 values; 5 bits 
Variable 
Physical address I Virtual address 
Uppercase words => literal oornnands or keywords 
Inwercase words => oorrmand values that vou must 
supply. -

Square brackets enclose optional items in formats and 
oomnands. 

Braces enclose a list from which you must choose an 
item in formats and oornnand descriptions. 
A vertiC"ll bar seIBrates items in a list of choices 
Angle brackets enclose the name of a key on the 

keyboard. 
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aelt or lICK - acknowledge 
addr - address 
attn - attention 
attr - attritute 
awe - auxiliary 

char - character 
clk - clock 
and or am - ClOIII1I8Ild 
oonfig - configure 
ctl - control 
ctlr - controller 
cyl - cylinder 

IlI\IIR - direct address 
DI\T - date 
di~M DDG-dia~&i~ 
disp - p!splay 

exp - exponent 
am - extension 

Hld - hold 
hdr - header 

Init - initialize 
I/O - Input/Output 
Ins - In&ruction 
Int - Interrupt 

lpt - line pcinter 

Abbreviations 

I.$ - Least Significant Byte 

lib - megabyte 
man - memory 
MSB - 110& Significant Byte 
mag - nessage 

nun - ntmlber 

HI. - Pwsical address 
PCB - printed circuit board 
Pws man - Pwsical memory 
Ptt - packet 

rev - receive 
revr - receiver 
ref - reterence 
reg - register (s) 
1VW - Read,IWdte 
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Abbreviations (continued) 

sib - should be 
spec - specification(s) 
sync - sychronization or sychronize 

tx - transnit 

uaddr - \.Vl8.ddress 
wrt - write 

xfer - transfer 
xmit - transmit 
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0IAPl'ER 1 

AmIS 

1-1 

MEMORY 

AmIS 



~~ TABLE lMl'1 

AEGIS 

Am': ARRAY [1 •• N] OF Am'E_T 
N=448 or 1984 (DNx60) 

(type naste_t" in vrn. ins.pas) 

+----------------------------------+ 
+00 1 UID OF FILE TO WHIaJ 1 

1 1 
1 SEG1'iENT Bl:.'LOOGS 1 
+--------------+----------------+ 

+08 IFILE SEGMENT NOM. 1 Am' HASH LINK 1 
+------------------\---------------1-

+oC 1 POINI'ER TO VTOC ENTRY , 
+-------,-------+--------------+ 

+l 01 POINI'ER TO FILE ~lIIP 1 
+----------------+-------------+ 

+14 I-ccPIF-I--THHHH ISYS TYPE IFDDDDDDD 1 
+--------------;--------+-------+ 

+18 1 CURRENT LENGTH I--GWWIDRNNNNNN1 
+---------------+----------------+ 

+lC 1 DATE-TIME M)DIFIED (CLOCK_HIGH32) 1 
+---------------+--------------+ 

+20 IIlTl1 ElITN 1-------1 ASTE WENT IDM 1 
+---------------------------------;-

+24 1 TYPE OlD 1 
1 1 
+---------------------------------+ 

+2C 1 ACL UID 1 
1 1 
+-----------------I-----------------!--

+34 1 FILE LOCK KEY 
+-------------------------------+ 

DNx60 also includes: 
+-----------------+---------------+ 

.uid 

• fsegno , 
• link 

.vtoce_addr 

.dtm 

.extdm, 
• event 
.type_uid 

+38 1 ASTE TO ~ISI'E BACK THREAD CHAIN 1 .mst_ thread 
+----------------------------------+ 

+3C 1------1 PHYSICAL ADDR OF Pf-lIIP 1 .!llI"p_phadd 
+----------------+-----------------1-

CC - Concurrency control from VTOC entry (.con_ctrl) 
P - Pennanent segment (.pennanent) 
I - Irrrnutable segment (.immutable) 
F - File trouble (file_trouble) 
T - In transition (.in_trans) 
H •• H - ASTE hold count (.ehcnt) 
F - File-map modified (.fm_mod) 
D •• D - Blocks added to seg since active (.blocks_delta) 
G - Global transparent mode fIN: no dtm (.gtms) 
v .. v - Index in IJ\IT (.volx) 
D - IlTl4 needs updating (.dtm_fl) 
R - Grace flag (.gracef) 
N •• N - Number of pages resident (. npr) 
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ihe AST is a wired system-wide table that describes the 
current state of active segments. Each ASTE has enough 
information to identify the file segment and, through the 
associated~, the location of each p;ge of the 
segment. All virtual segments mapped to the same file 
segment will use the same ASTE entry. 1.be ASTE acts as a 
cache of the V'lOC entry. 1.be table is dynamically 
allocated at startup based on J;ilysical memory size. 

ACTIVE SOOMENT TABIrE !!EADER 

31 16 15 0 
+-- -+ 

f{)0 1 1 .hashtb[0 •• 60] 
+ + + or 
1 HASH = 1 [0 •• 250] 
I I for INx60 
1 START WINTERS 1 
+ + + 
1 1 1 
I I I 

+7A 1 ASTE FREE LIST 1 ASTE REELACE Pl'R1 .free, .lru 
+- 1------+ 

+7E I----oorol 1 .ciILreq 
+---------+-------+ 

+80 1 PROCESSES H:R 1 .VIlL.cnt[1..4] 
1 VCLlJlolE 1 
+--' I 

+88 1 OOUNl'S MJlll it> HASH = 1 .seq..nll1l 
I -----+ 

+8C 1 RllflER OF DISlfXJNl'S + .diSllLseqn 
-+ +-

+90 1 EVENT OXINr FOR 1 • VIlL.ec 
1 DISlfXJNrER 1 
+-- +---------+ 

+9C 1 GRACE RaC Pl'R 1 .1 rug 
+9E +---------+ 

DDDD - Dismount request flags (.ciILreq) 
(bit 16 = vo1une 1) 
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ASr PAGE IW'S 

AST_PMAPS: ARRAY [1 •• 448] OF Pf.1I\PE_T 
Pl'GE MAP ENTRY (PMAPE): 
(type "pnape_t" in vm. ins. pas) 

If page is resident: 
+-----------i---------+ 

+00 1WW'lRIPHY Pl'GE ruMI DISK ADDR UJfI I 
+------------------------+ 

If page is NO!' resident: 
+------------1--------+ 

+00 1WW'lR I--N I FULL DISK ADDRESS I 
+-------------------+ 

WW - Wired count (.wired) 
T - Page is in transition (.iILtrans) 
R - Page is resident in memory ( • resident) 
N - Page is null (no copy on disk) (.null) 

ASTPAGE~~ 

!\mIS 

lIST_PMAPS: ARRAY [1 •• 1984] OF PMAPE_T 

If page is resident: 
+---------+---------+ 

+00 IVUMIlmlW IRNIIHIIIIIIIII PHYS Pl\GE IVM I 
+-------------------+ 

If page is NO!' resident: 
+- -+-------+ 

+00 IVUMIlmlW IRN I FULL DISK ADDRESS I 
+------------------+ 

V - Entry is valid (. valid) 
U - Page has been used, set I::Jf hardware (. used) 
M - Page has been modified, set I::Jf hardware (.pnod) 
I - Indirect entry (.indirect) 
X - Page may be written (.write) 
H •• H - Disk address high bits 
Others as shown above. 

As of SR7, page maps are not part of the lIST. If a page 
is resident, some bits of the disk address are in the 
MMAP entry for the page (depending on the system) • In 
OOx60 systems, these are the page tables used I::Jf the 
address translation hardware. AST_I'MAPS are dynamically 
allocated one-far-one with ASTEs. 
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(type "clock...t" in base.ins.pas) 

1 <- - - - - -.high- - - - - -> 1 <- -.low - -> 1 

47 33 32 16 15 o 
+----------+------------+------------+ 
1 1 1 1 
+-----------1---------1---------+ 
1<- .highl6- ->1<- - - - - .low32 - - - - ->1 

Low-order bit represents four microseconds. 

Clock.high is type clockh....t (base.ins.pas); 
low-order bit represents approx. four milliseconds. 

~e hardNare clock is only 16 bits. ~e upper 32 bits are 
maintained by the clock interrupt routine. ~ere are three 
hardNare clocks (not counting the calendar clock): 

Clock 1 4 microseconds (real-time clock) 
Clock 2 8 microseconds (process timer) 
Clock 3 128 microseconds (real-time intervals) 
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DISK CDNlWLLER TABLE .wm1 

AEXlIS 

(type dcte_t in io.ins.pas) 

31 o 
+------+----------+ 

+00 1<XNrRCLLER?/P1 CXNl'ROLLER. I .ctype, .cmlR 
+---------t-------+ 

+04 I OJlI'm£LLER srA'IUS I' • cstatus 
+----------------+ 

+08 I LOCK NUMBER I .1ock....no 
+--------------+ 

+OC I BLOa< HEADER l'OINl'ER I .b1k....hdr_ptr 
+------------------+ 

+10 I BLOa< HEADER PIlGE i .b1k....hdr_pa 
+-----------------+ 

+14 I I/O REGIsrER Pl\GE l'OINl'ER I .csrELptr 
+----------------+ 

+18 I lWENTaXlNr I . int_ ec 
\ \ 
+---------------+ 

+24 . I PllGE ZERO INl'ERRJPr VECroR I. vector_ptr 
+- -------+ 

+28 I ACruAL INl'ERRJPr ENl'RY I .int_entry 
+-----------------+ 

+2C I DlW DEPENDENT INl'ERRJPr RlN I • int_routine 
+---------------+ 

+30 I DISK DINrr I .disk....dinit 
+-- -------+ 

+34 I DISK FURMAT I ~disk....fmt 
+-------------------+ 

+38 I DISK READ WRrrE I .disk....rct.wrt 
+------~------+ 

+3C IN<DL----I .df1ags 
+3E +-------+ 

DISK FLlGS: 
N - 1 = no headers on device 
C - 1 = do dlecksl.ll1Il\ing for this controller 
D - 1 = driver supports multi-read requests (temp) 
L - 1 = liberty (smd) type winchester 
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DISK l!OL!JME TABLE Em'RY 

(type dlrte_t in disk. pITt. pis) 

15 o 
+---------------+ 

+00 I STATE I • state 
+---------- + 

+02 I DCl'E EOINl'ER I .dcte 
-----------+ 

+06 I DISK UNIT # I .unit t---------____+ 
+08 I DISK TYPE I .dtype 

+---- -----+ 
+OA I BLOCKS FER VCLUME I .blocks_per_ vol 

+--------------+ 
+OE I BLOCKS FER TRACK I .blocks_per_track 

+---
+10 I TRACKS FER CYLINDER 

+-------------------+ 
+12 I CURRENT CYLINDER I .current_"Yl 

+----------------+ 
+14 I Q</NER ffiOCESS I .owner_proc 

I --------+ 
+16 I BASE Il!'JlDR I .lv_base 

+---- + 
+1A I UID OF PJ 00 IJJ I .uid 

+------------------+ 
+22 I llN'l1 .flags 
+24 +-------------+ 
state: 0 - free 

1 - beinq)nounted 
2 - assigned 

flags: U - use_caller_blkhdr 
N - no_ crc_ retry 
W - write_protect 

3 - IllOUnted 

(type eventcount_t of base.ins.pis) 

31 o 
+- ----+ 

+0 I aJRRENT EC VALUE I .value 
+---------+ 

+4 I NEXT mOCESS I .nnext 
+----------+ 

+8 I PRE.VIOUS PROCESS I .nprev 
------+ 
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FA!JLT PIIlGWSTIC RE<DIil 

AmIS 

(type "fault;,.$diag.t" in fault.ins.pas) 

lS o 
I + 

+00 111011111110111111 .pattern (.PFDF) 
I + 

+02 1 ST1fiUS 1 .status 
+ + 
1 WORD 1 
i---------+ 

+06 1 1 • registers 
/ RElJISTERS / 
1 1 
i---------+ 

+26 1- - - - - -mrFFI .bulLinfo 
+------+ 

+2E 1 FLl'GS 1 
+- -+ 

R - Read operation (.wri~op) 
N - Itlt instruction reference (.not;,.inst) 
FFF - Instruction function code (.function..code): 

001 User data 
010 User program 
101 SUpervisor data 
110 SUpervisor program 
111 Interrupt ackno'llledge 
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HilPPED SEXlMENl' ~.lli?1'-LJ.ng~ 

MST: lIRRAY[O •• 26,0 •• 319] OF MSTE_T (16~1b of Vii) 

MAPPED smHENT ~LE ENTRY (MSTE): 
(type "mste_t" in vm.ins.pes) 

31 16 15 o 
~-------------+-------------+ 

+00 I UID OF FILE I .uid 
+--------------+----------------+ 

+08 I FILE SEl3IlENT # IEl\l\l\l\1lGPPPPPPPPP I .fsegno 
+-------------~--------------+ 

+OC I INDEX OF V'IOC ENTRY (V'IDCX) I .1ocl< 
I OR I 
IRcccccs;)QQQQ~lMMN~F~l/o1MM~lHMM~lI'F·1NMr·n11 

+10 +--------------------------------+ 
E = 1 => File extension al1CMed (.ext_ok) 
AAAlIA - l\ccess (.access): 

00000 Nil (access_ $nil) 
00010 Read (access_$r) 
00011 Read-execute (access_$rx) 
00110 Write-read (access_ $;«) 
00111 write-read-execute (access_$wrx) 
10010 Supervisor read (access_ $sr) 
10011 Supervisor read-execute (access_$srx) 
10110 Supervisor write-read (access_ $swr) 
10111 Supervisor write-read-execute (access_$swrx) 

G = 1 => Interrrupt on ref (.guard) 
P - Probable lISTEX (.pestex) 
R - Cbject is remote (.mste_remote) 
C - Touch ahead count (.mste_touch_cnt) 
S - Sequential access 
Q - Next sequential page 
H - Hste-node 

MAPPED sml'1ENI' TABLE .nm~ 

MST: lIRRAY[O •• 26 ,0 •• 7680] OF 11STE_T (256111:> of VA) 

OOx60 MAPPED smllENT ~E ENTRY (NSTE): 
The only difference from mste above is: 

+--.. ----------;--------------0}" 
+08 I FILE smr·lENT t Im-PPPPPPPPPPppl .fsegno 

+------------+-----------+ 
(larger .pastex, no access rights (see SWIPE) 

The MST is a wired per-lISID table describing the process's 
address space. Each entry represents one virtual memory 
segment describing the object to which this segment is 
mapped. 
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MEHlRY II1IP (1H\Pl 

AEGIS 

'lhe MMl\P is a syst_ide table describing the ccntents of 
PlYsica1 memory. 'lhere is one entry per PlYsica1 page of 
memory. 

Ql1!ER 'l.1WI wao 

31 0 
I· -+00 I MI!AB1: I 
1 1 
I I 
/ / 
I I 
1 1 

+4*pp'Lt I MI!AB1: I 
1 -J&6ll 

47 0 
1 

+00 I 
1 1 
I I 
/ / 
I I 
1 

+6*pp'Lt I 
1 
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MEmRYMAP~~ 

CYl'!!ER 'mAN PNx60 (type nmmapen in mnap.ptt.pas) 

31 26 25 1615109 
+----+-------i---+---------+ 
1 IWMPR IMMiIlIAAAAA looIlllOO IPPPPPPPPPP 1 (page in use) 
+---+---------1-----+-------+ 
or 
31 16 15 o 

+------------+-----------+ 
I------------IFFFFFFFFFFFFFFFFF 1 (free entry) 
+-----------i---------+ 
~ 
(type nrnnapen in nmape.ptt.pas) 

47 43 36 32 28 16 15 o 
-1----+----+----+--;--------+-------1-
IlWMPR I--Isssss 1-IMAAl\I\MI-\AAM IlJDlJlXlDDDIDDO 1 
+---+---+---+--+----------i------------+ 
or 

47 32 31 16 15 o 
+-+---------+-----------+---------+ 
1 I 1-----------IIJ.I.I.IJJ.TJ.I.I.I.I.r.r.IJ. 1-------1 
+-+---------1----------------+----------+ 

I = 1 => Entry in use (.inuse) 
W = 1 => Wired 
N = 1 => NO copy on disk (.nul1) 
M - Page modified but dtm shouldn't be updated (.mod) 
P = 1 => Purifier used (.usedp) 
R = 1 => Replacer used (.usedr) 
A •• A - ASTE index (.astex) 
D •• D - Disk address high (.daddr_h) 
P •• P - Pl'T index (.pttx) 
S •• S - Se9Dent page rrumber (.mspgno) 
L •• L - Link to next free MMAP entry (.link) 
F •• F - Free entry 
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os III\PPOO 

,24 ,-____ , 

PER 
PROCESS 

USER 

SINGLE NODE 
PROCESS 

GLOBAL 

VIRTUAL ADDRESS 
SPACE 

AB:;IS 

ADDRESS 
SPACE 

MAPPING 

1-12 

,0'''''---, 

NETWORK 
GLOBAL 
OBJECT SPACE 
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TABLE 



AmIS 

(type ·procl_t" in procl.put.asm) 

31 
----+ 

+00 -> NElCl' REAllY PCB I .nextp 
+--- --+ 

+04 I - > PRE.VICXJS REAllY PCB I. prevp 
+---------------+ 

+08 I DB I .db 
i__---------------+ 

+oc I SB I .sb 
+----- ---+ 

+10 I SP I .sp 
+---------------+ 

+14 I USP I .usp 
+-----------+ 

+18 la:.oa<FLT Nr .STl\Rl' OF EG..IiWAITI .wait_start 
+------------------+ 

+lC I RESOORCE LClCK WORD I .rlock 
.1 ---+-------+ 

+20 I PIO I ASID I .nm>id, .asid 
+------+------+ 

+24 IT.5. REM. *8MIC 1FLPl'. PROC. TYPE I .slice, .fpptype 
1 -+-------+ 

+28 I ACO:XlNl' I .account 
+ 1 ------+ 

+2C I STATE: T8PS'! I PRI BaJNDS I • state, .pri,..bounds 
+------i__------+ 

State: T - Time slice end with rlock <> [] (tse_onb) 
B - Bound (bound) 
P - Suspension pending (susp_pending) 
5 - Suspended (suspended) 
W - Waiting (waiting) 

procl..$state_t = SET OF (waiting, suspended, susp_pending, 
bound, tse_onb); 

(State is type ·procl..$state_t" in procl.ins.pas) 
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ProcESSES 

.PID 1\Slll Descri,ption 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
25 

1 
o 
o 
o 
o 
o 
o 
o 
2 
3 
4 
5 
6 
7 
18 

Initial user process and D'l 
Null process 
Clock process 
Page pJrif ier 
Network-receive server 
Network-p!lging server 
Network-general server 
Terminal helper 
First user process 
Serond user process 

Last user process 

NOl'E: Processes with an ASID of 0 run entirely in global 
Sp!Ice. 

IDTE: If the deoogger I sLights rommand has been given, 
there will be a Lights process with prD 9 or greater 
with a zero ASID. 

RING PACKET FORMAT 

Message Header 

15 0 

+00 ro AI:IlRESS 

+--------+ 
+04 TYPE FIELD I 

t----t-___+ 
+06 I OS IEARLYACKI 

t-----+----+ 
+08 I FROM AIDRESS I 

I I 
t___-----+ 

+OC I HEADER I 
I DATA I 
/ / 

/(0 - 1024 BYTES) I 
I I 

+40C +--
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TyJle Field 

15 14 13 12 11 10 9 8 
+ 

Bsr T T T T T T T I 
-I 1--+ 

7 6 5 4 3 2 1 0 
1_--+ 

T T T T T T I T I T I 
1 1--+ 

Bit 15 - ssr (Broadcast)- '!bis bit is set in a packet 
intended to be broadcast to all receivers. 
If it is set, the To Address field is ignored. 

Bit 14 through 0 - T (Type)- '!bis field determines 
whether a packet is to be received. 
Each 1 bit in the received Type field is 
compared to the rorrespondill9 bit in the 
rontroller Type register. If any bit 
selected in the Type register is a 1, 
the message is received. If all bits 
selected in the Type register are 0, 
the message is ignored. '!be A1OLLO I 
implenents bits 14 through 8 only, bits 7 
through 0 never match. 
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EarlY l\cknawledge Field 

'Ibe Early Acknowledge field is inserted l¥ the 
transnitter and roodified l¥ the receivers. For the 
putp:lses of the CRC calculation, the EARLY ACK field is 
treated like a!:¥te of zeros. 'Ibis allows receivers to 
roodifY the ACK field without having to reoomplte the CRC 
checkslJll. 

7 
+---_r--~I~--+_--_r----~--+_--_+_I ---+ 

6 5 4 3 2 I o 
o xix 0 ICP x PARIOI 

+---_r--~~--+_--_+_I -~---+--~I----+ 

Bit 7-0 - 'Ibis bit is inserted to prevent the renaining 
bits in the late-acknowledge !:¥te from 
being roodified l¥ the bit-stuffing 
protocol. 

Bit 6-X - Don't care - this bit is not used. 

Bit 5-X - Don't care - this bit is not used. 

Bit 4-0 - 'Ibis bit is inserted to p:event 
bits in the late-acknowledge 
being roodified l¥ the 
protocol. 

the remaining 
!:¥te from 
bit-stuffing 

Bit 3-ICP - Intend to (l)I¥ - 'Ibis bit is set l¥ an 
addressed receiver if it was set up to COI¥ a 
message and the type field matched. A NAK 
(negative acknowledge) condition is indicated 
when no receiver sets this bit. 

Bit 2-X - Don't care - 'Ibis bit is not used. 

Bit I-PAR - Parity - 'Ibis p;<rity bit is set so that there 
are an odd number of bits in the late 
acknowledge !:¥te. 

Bit 0-0 - 'Ibis bit is inserted to prevent the renaining 
bits in the late-acknowledge !:¥te from 
being roodified l¥ the bit-stuffing 
protocol. 
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AEX;IS 

<---- 8 bits-----:> 

Message Data 0 - 1024 bytes 

'!be Message Data field varies in length fran 0 to 1024 
bytes tot must always be an even mDber of bytes (on the 
APOLLO I the oontroller always uses word DIA). 'Jhe 
oontents of the Message Data field is deteIlllined by the 
software, it is transmitted verbatim. 

networlL$serv_1ock, { 00 1 I 
mt....$lock, { 01 2 I 
niL$free3, { 02 4 I 
niL$free4, { 03 8 I 
niL$freeS, { 04 10 I 
filEL$lock....lock, {05 20 I 
~$lock, { 06 40 I 
smcL$responQ.J.ock, { CT1 80 I 
smcL$requesUock, { 08 100 I 
disIL$mnt;..J.ock, { 09 200 I 
teDIL$lock, { 10 400 I 
procL-$create.Jock, { 11 800 I 
onI:L$lock, { 12 1000 faulted to CPOB I 
bolL$lock, { 13 2000 can be rim on B I 
vtuid_$lock, { 14 4000 I 
vtocL$lock, { 15 8000 I 
baL$lock, { 16 10000 I 
asL$lock, { 17 20000 I 
PEl9-$lock, { 18 40000 I 
niL$free6, { 19 80000 I 
f1J;L$lock, { 20 100000 I 
wirL$lock, { 21 200000 I 
rill9-$xmiUock, {22 400000 I 
niL$free7, { 23 800000 I 

{ the next two locks are highest I 
timEL$proQ.J.ock, {24 1000000 clock prooess only I 
timEL$lock { 25 2000000 clock process database 
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SF -> 1\!J'ltl>IATIC 
STORl\GE 

+-----------+ 
SB -> tOO I CAILER'S fa I ---+ 

I + I 
t04 I -> EQ3 I I 

+---------+ I 
t08 I 0 (UNIT LISl') I V 

+--------+ PRElTICXJS 
tOc I CAILER'S r.e I Sl'ACK FRAME 

+-------+ 
+10 I PC FOR RE'lURN I 

+---------+ 
+14 I -> ARGl I 

+--------+ 
+18 I -> ARG2 I 

+--------+ 
. I I 
. I I 

I I 
+----------1" 

+10+4*n I -> ARGn I 
+----------+ 
I I 
I I 

The caller's r.e is an optional field. '!he "DB not saved" 
bit in EQ3 signals that it is not present. 

STATUS WORD 

(type "statlllLt" in base.ins.pas) 

31 24 23 16 15 o 
+----+------+--------+ 
IFSSSSSSS IAIoMll<lMMM Iccccca:xx:ccccc I 
+----+----+--------+ 

F = 1 => module couldn't handle error (.fail) 
S •• S - SUbsystem identification (. subsys) 
A = 1 => asynchronous fault; only set during delivery 

of fault (.async) 
M •• M - Module identification (.IOOdule) 
C •• C - Module-specific error code (.code) 

See Olapter 4 - Error Codes and Messages. 
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HOI /S'lSI!I:YJr (records 2-B on track 0) 

(If IJiIx60) /SNJn/II'aI. UC 
IXDIE.UC 
saD.UC 
t1LOl\D 

(microoode file) 
(instr. decode RAM contents) 
(scratdlpad constants and temps) 
(progran to load the above) 

S'lSI!I:YJr /SI\I1n/AEGIS (AmIS load file) 
/SNJn/SNNa. (only if salvage required) 

AmIS [os paging file) (mcatalogued) Ij (UIIlB found and saved by NNIL$INrr) 

/rrM 
/Bm/lDIUlM.'A 
/Bm/PBB.J!IQlOCDIE or l'EB2..JII<lIIJCX)IE(l) 
'IOJUJ\TA,ISIEU.(2) (mapped by ImC4-$mrr) 

smu. /~(3) 
'1OJUJ\TA,I8rl\ImJPJIIELL(3) (and file to override dflts) 
/SYS!BN (SIEU. tells him what to rim) 

Dfl /SYS/DI.!'IIt "00" CXIIIII1III1d or mrmal toot -cR-
/Bm/PD:IJ! "SR" or toot fran sm line -CR-
/Bm/Sl'M/S9I "S1M" or mrmal toot on server rode 

III '~/sm 
/SYS/lJI,IPm.IS 
'1OJUJ\TA,I8l'1\RlUP[.l9L, .<XlLCR) (3) 
/SYS/PD:IJ! 

PD:IJ! /lUiGISl.RY/lUiGISTRY(4) (+Pro,Acoount files pointed to) 
UlCl\t.....R!GISTRY 
UXl\k..Sl'l'E/?" 

/CDJV!II 

IDl'BSI 
(1) PBII is disabled if microoode file rot found. 
(2) If booted fran oartridge tape, the tape is first searched for 

BSalM/RIAIUIIFU. 
(3) op:ional - system will JIIIIlIlge without it. 
(4) If II:) registries are available, you can login only as 

USBR.RBB.RBB. 
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/aux AIlX (UNIX) (optional) 
/bscom Boot shell CXlIII1I!IIId directory 
/00 c CXlIIIP1ler (optional) 
/CIJlII Sbell CXlI1I1IIInds directory 
/core Q)re grapuCB (optional) 
/deN PeriJ;ileral I/O devioe definitiau; 
/install Installation scripts directory 
/lib System lilxaries directory 
/saul stand-alone utilities for 1JMu,/600 
/sa1O. stand-alone utilities for 0000/320 
/sau3 stand-alone utilities for ts1'80 ,ts1'8OA 
/sau4 stand-alone utilities for 1JIX60,tsP160 
/sarD stand-alone utilities for 0050 
/sys 

lays/alarm Alarm server 
/sys/t»ot Boot shell file 
/ays/an Displ2\Y Manager programs 
/sys/&!/fents Displ2\Y Manager fent definitions 
/ays/em Prooess 1 initializer 
/ays/hasp Hasp slJR.lOrt 
/sys/belp Help text files 
lays/ins lJ8er inser!; files 
/sys/ubx ~box helper 
/ays/'MJt Hetman (diskless node SUR;JOrt) 
/sys,/nocJELdata[.llId Per node reacVwrite data files 
lays/sf .store and forward files 
/ays/siolog1n . Sioline login SUR;JOrt 
/ays/souroe Selected souroe files 
/sys/spn Server process manager 
/ays/strllallL.$sfcbs Streerm nanager oontrol blocks 
/ays/subsys Protected systen SIJRlOrt 
/ays/sysdev Stream devioe files 

/sysboot System boot file 
/systest Ql-lin!! system tests directory 
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TRAP qms 

o SlTC - 0 arguments 
1 SlTC - 1 argument 
2 SlTC - 2 arguments 
3 SlTC - 3 arguments 
4 SlTC - 4 arguments 
5 SlTC - any nlJllber of arg1.l1lents 
6 SlTC - from GPIO interrupt routires 
7 Undefined (reflected to user spaoe) 
8 Undefired (reflected to user spaoe) 
9 Undefired (reflected to user spaoe) 
A Undefined (reflected to user spaoe) 
B Undefired (reflected to user spaoe) 
C Undefired (reflected to user spaoe) 
D Undefired (reflected to user spaoe) 
E Sofblare-qererated fault (pfRL$erroctrap) 
F Undefired (traps to l'RC:M deblgger) 
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<lIAPI'ER 2 

Fn.E SYSTEM 

ACLs STR!!ClVRE 

ACLHeader~ 

(type a~$hdr in acJ.s.PlTt.pas) 

15 o 
+---------+ 

+0 I VERSION OF ocr. I. version 
+----------+ 

+02 I TYPE OF CBJECr I .atype 
I FOR WHI<lI iRIS I 
\ CAN BE ocr. \ 
I I 
-+-----------+ 

+OA I I .def...nil 
IDEFAULT IWE LIsr I 
I FUR NEW ENTRIES I 
+-----------+ 

+OE INUM3ER OF ENTRIES I .nents 
+----------+ 

+10 100. OF NODE LIsrs I .nlists 
+---------+ 

+12 I OOT USED I . spare 
+-----------+ 

+14 I I .extra 
\ OOT USED \ 
I I 

+34 +---------+ 

(type a~$rep in acJ.s.PITt.pas) 
15 0 

+-----------+ 
+0 I I .acl_$hdr 

\ HEADER \ 
I I 
+----------+ 

+34 I ENTRIES I .entries 
I array I 
I [1.a~$entrnaxl I 
I of acJ._ $entry I 
+---------+ 
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(type acl_$entry in acl.ins.pas) 

64 o 
+---------------------+ 

;00 I PERSOO UID I .pers in acJ...$sid 
+----------- -+ 

+08 I PROJECT UID I • proj in acl_ $sid 
+----------------+ 

+10 I ORGANIZATION UID I .org in ac:L$sid 
+---------------------+ 

+18 I SUBSYSTEM UID I . subs in acl_ $sid 
+--------+--------+ 

+20 I NJDE ID I EXP DM'E I .node_t, .el<P_date 
+--------+-----------+ 

+28 I Acr. RIGHTS I . rights 
+--------+ 

I!IDCK AVAILllBILITY TABLE lM'l'1 

(type "bat_blk" in vol. ins. pas) 

type bat_blk,..t= array[0 •• 255) of bat_lword...t 

31 o 
+--------------+ 

;-00 I BAT WORD [0) I 
+--------------+ 

+04 I BAT WORD [1) I 
+----------- + 
I I 
I I 
I I -1---------------+ 

+3FC I BAT WORD [255) I 
+400 +---------------+ 

First BAT block pointed to I::¥ BAT header in logical volume 
label (P'l_label). BAT resides in oontiguous reoords. 

Bit 0, BAT WORD [01 corresponds to the first block 
(bat_hdr.base_add) in the logical volume. BAT bit = 1 if 
block is available. 
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BlOCK AVAIrJ\BILITY T8m,.E HEADER 

(type "bat_hdr_t" in vOl.ins.pes) 

31 o 
-1-------------------+ 

+2C INU!eER OF BLOCKS REFRESENl'ED1 .lLblk 
+----------------+ 

+30 I NU!eER OF rnEE BLOCKS I .lLfrP.e 
-1---------------------+ 

+34 I JllUllR OF FIRSI' BAT BLOCK I .daddr 
-1------------------+ 

+38 IBLK t REP BY 1st BIT IN BAT I .bas"Ladd 
-1---------------+ 

+3C IVCB-----I BAT~ I .voLtrouble -1----------1--------+ 
+40 I STEP I I .baLstep 

-1----------+ I 
I I 
/ tNJSED / 
I I 

+4C +-----~----------+ 

V - Volume trouble, set by OS if volume needs 
salvaging, cleared by Sl\LVOL. 

C - Volume mtNOLed 
B - Volume being OlllVOLed 

BAT header lives in logical volume label. 
Offsets given are from start Of label. 
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DIRECl'QRY !ml!!Cl'URE 

~r;y Overview 

(type dir_t in name.PlTt.pas) 

+-------------------+ 
I HFADER I 
+-----------'--+ 
I LINEAR LIST I 
+-------------+ 
I INFO BLOO< I 
+------------+ 
I HASH 'lHREAn'3 I 
+----------------+ 
I Em'RY I 
I BLOCI<S I 
+--------------+ 

D1rector;y Infonnation Block 

(type infoblk_hdr_t in name.P\Tt.pas) 

+-------------------+ 

Directory configuration 
information 

SEquentially used directory 
entries 

ACL manager's intial ACL 
description block 

Pointers to linked lists of 
hashed entr ies 

Holding blocks for hashed 
entries and/or link text 

+00 I VERSION 1MB Z I Info block version number 
+-----------'----+ 

+02 I INFO BLCXX LENG'lH I Total length of info block 
+-----------------+ 

+04 I INFO BLOO< HDR LEN3'lH I Length of info blk hdr (8) 
+-------------+ 

+06 1MB Z I Reserved for future use 
+---------------+ 

+08 I DEFl\lJLT ACL uro I uro of ACL to be applied to 
I FOR DIRECIORIES I di rectories catalogued in 
+-------------+ this directory 

+OC I DEFl\lJLT lCL uro I uro of ACL to be appl ied to 
I FOR FILES I files catalogued in this 
+--------------+ directory 

+10 I 24 muSED BYTES I Reserved for future use 
\ \ 

+30 +----------------+ 

File System 2-4 APOLLO CONFIDENTIAL INTERNAL USE ONLY. 



pirectorv Entry 

+-------------+ 
+00 1 Em'RY NAME 1 32 bytes of entry name 

+-------------+ 
+20 1 UNUSED 1 Reserved 

+---------------+ 
+22 1 UNUSED 1 Reserved 

+----------+ 
+24 1 UNUSED 1 Reserved 

+---------1-----+ 
1 1 1 Name length - # of useful 

+26 INAME LENG'IH 1 EN'lRY TYPE 1 characters' in entry name 
1 1 1 Entry type - 0 = not in use 
1 1 1 1 = narne/Um pair 
+-----+-------+ 3 = name/link-data 
1 1 pa~ 

+28 1 4 WORDS (F 1 If entry type = 1, um 
1 Em'RY ilI\TA 1 Entry type = 3, => 
1 (EITHER um OR LINK 1 Link text: link text len, 
1 ~ DESCRIPrION) 1 Blk holds Ink text chrs, 1-144 
1 1 Blk holds 1nk text chrs, 145-256 
+---------------+ Reserved for future use 

Directory Entry Block 

(type entry_b10clLt in name. pITt. pas) 
total length - 150 bytes 

+-----------+ 
+00 1 NEXT BLOCX mIDER '1 Forward thread - doubly linked 

+------------+ list 
+02 1 PREll BLOCX NUMBER 1 Backward thread - doubly linked 

+-----+------+ list 
1 1 1 Use oount - # of used entries 

+04 1 USE Q)JNI' 1 BLOCK TYPE I in this block 
I 1 1 B1k type - 0 = not in use 
I I I -1 = hash b1k with 3 dir entrs 
+------i-------+ -3 = link text holding block 

+06 I Em'RY BLOCX I Either 3 dir entries or 
1 DATA I Up to 144 chars of link text 
i---------------+ 
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(First part Of type "di(..t" in name. PIt. PIS) 

I 
+00 VDlSlIII Iversion number of this directory (1) 

I 
+02 IIl\SB VALUE I • of hash threads used for entry 

I name hashing 
+04 LISr SIZE I • of entries amfigured into 

I linear list (18) 
+06 l'O(L SIZE I • of entry blocks in this 

I directory (429) 
+08 ENTRIES H!:R BLClCX I • of entries that fit in an 

+OA HIGH BLClCX !IlIBER 
I entry block (3) 
I • of the bighest entry block 
I used so far 

+DC PREE BLClCX 'IJIREAD I • of the first block on the free 
I block list 

+OE llIIJSED I Reserved for future use 
I 

+10 lJIIDSED I Reserved for future use 
I 

+12 lJIIDSED I Reserved for future use 
I 

+14 lJIIDSED I Reserved for future use 
I 

+16 I!I!i'IRY axJN.l' I • of entries currently catalogued 
I in this directory 

+18 MIIXDIlM axJN.l' I • of entries this directory can 
IK>ld (1300) 
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Ngtea go Diregtories 

1. ib add an entEy to a directory. 

A. Look for an mused entry in the linear list. If 
you find ene, \me it and YOU're done. 

B. Bash the IlIIIIII! you want to add: 

-1lIIIIII! is: 
name: array [1 •• 32] of CHl\R 

- length is lmeful length of II!IIIIe 
san. =0, 
For i : = 1 to length IX) 

san • = ord(name[i])+2*slIlI' 
/WIILVAL • = slIlIlIIld /WIILVlILOE, 

c. Get the bash thread for the specified hash value 
and call that value the fomd block. 

D. If the found block nllllber is 0 then we need a ,., 
ent:Ey block, so: 

a) See if there are tIIlr:l blocks threaded 
throU<jl the free block list and, if so, 
take ene of those. Otherwise, I:xJmp the 
high block nllllber and use that. 

b) Initialize the ,.,ly obtained block, add 
it to the end of the appropriate bash 
chain, add the ,., entry as the first 
ent:Ey in the new entry block, and you I re 
done. 

E. If there is an mused ent:Ey in the found block, 
\me it and YOU're rone. 

F. O!ange the found block value to the IUDber in the 
current fomd block's NElIT BLOCK field and go to 
.step D. 

2. '!be seardl!ng rule for a directory is: 
" A. Look in the linear list. 

B. Bash the II!IIIIe you're searching for. 

C. Follow the bash thread for the specified bash 
value to the first entry block with that bash 
synonym. 

D. Search all three of the entries in the found entry 
block. 
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E. Follow the "next block number" in the found entry 
block to get a lID'l found entry block. If the next 
block number is zero, then return NO!' FOUND. 

F. Go to step D with the newly found block • 

.IlI§K. BIDCK HEADER 

(type "blIUxlct" in base.ins.pas) 

31 16 15 o 
+---------------+--------------+ 

+00 I UID OF OOJEcr 'ID mUaJ I. uid 
+ + 
I BL()(l( BELCNGS I 
+-----------------------------+ 

+08 I PAGE NUmER IN FILE I 
+---------------------------+ 

+oc I TIME WRITTEN (clock.high32) I 
+-------1-------+-------------+ 

+10 I BLKTYP I SYSTYP I I 
+------+----+ + 

+14 I UNUSED I 
+-------------+ 

• page 

.dtro 

+ 
+18 I I aJECl<SU11 I. chksum 

+-------------+---------+ 
+lC I DISK ADDRESS I .daddr 
+20 +-------------------------+ 

BLKTYP: 0 - Data block 
1 - Level 1 index block in file nap 
2- n 2 II " " " " 

3 - 3 

SYSTYP: 0 - File 
1 - Di rectory 
2 - System directory 
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DISK SER!gl. INFO 

31 o 

+00 

+04 IlI\IXR 
I I 

+08 B~'JRI( I '.l'RILHLcrL I 
I I 

-tOe RfXlI)lmED I um, page, 
HEAlER I daddr 

+2C RE!ID 
HEAlER 

+4C VOLX Pl'I!I 
I 

+50 STMUS 
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DISKIl!!lW!E EJDlAT 

.... I 

I I BLO(l( 00 OF PH~IOIL VOLIJIoE 
+--1 ~IOIL I (1 BLO(l() 

I-I VOLIJIoE LABEl. I 
+-1 I 
I I + 
.... >1 I BLO(l( 00 OF LOOIOIL VOLIJIoE (1 BWCK) 

I LOOIOIL 1--+ 
I va.UME LABEL 1--+ I 
I I I I 
I I I I 
I I I I BLO(l( 01 OF LV (10 BIOCKS) 
I BOOr I I I 
I FILE I I I 
I I I I 
I I I I 
I I I I BIro( OB OF LV 
I FREE I I I 

II / / I I 
II I BIOCKS I I I 
II I I I I 
II + I I 
II 1<-+ I 
II V'lOC I I 
II I I 
I I I 

1<--+ 
BAT I 

I 
I I 

I I I 
I I FREE I 
I / / 
I I BIOCKS I 
I I I 
I I I 

lCm: all disk addresses 
(1lI\Il:Rs) in a logical vollJne 
are relative to the start 
of a logical volune. 

1+->1 I LI\ST BUXX OF LOOIOIL va.UME 
I I LOOIOIL va.UM! I 
I 1LABEl. (2nd CX>Plt') I 
I I I 
I ... ,== ...... - _ 
_ >1 NEm'LOOIOIL 

I VOLIJIoE 
I 

Badspots may cause the V'lOC to be ron-oontiguous and rot 
adjacent to BAT. 'I!1ere may be dead space between logical 
volunes. 
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+00 

+04 

1-> Il!\.TA BLCXX 1 
+---+1 

1-> IlM'A BLCXX 2 
+1---+1 

+08 I I 
/ / 
I I 
1 1 

+7C I 1-> IlM'A BLCXX 32 
+1----+1 
1 1 LE.VEL 1 

+80 I 1-> 1 1 
1 1 I 1-> Dl\TA BLOCK 33 

+84 I 1-+ 1 1 
+88 1 1 I I 1-> Il!\.TA BLOCK 34 
+-1 I I +--
I 1 I I I 
I I I I 
I I 1 
I I 1-> Il!\.TA BLOCK 288 
I I +-_ 
I I 
I LE.VEL 3 I LE.VEL 2 
+->1 +->+----+ 

I I I 
1256 I 1256 I 
I mUlIERS I ImIN'mRS1 
1'1011'101 
ILE.VEL 21 1LE.VEL 11 
I BLQ(](S I I BLQ(](S I 
I I I I 
1 1 +1-----+ 

Maximun file size,. (32+256+256**2+256**3) *1024 bytes 
,. 17,247,300,000 bytes. 

File map resides in V'ID<E and 1tSJ: entries. 
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+---------------+ 
+0 1 TRANSACl'IOO UID FUR SALVl'GIN:; 1 • ppo_ $xact_ uid 

+--+--1----+---+----+ 
+8 1 elF IHDR LEN INtJIIBER 1 READ 1 

+--+--+----+---+---+ 
+10 1 WRITE 1 1 PW LENIREC LENI .ppo_$rec_len 

+----+----+---------+ 
+18 1 UNUSED 1 UNUSED 1 .ppo_$space, 

+-------+----+ .ppo_$space2 

C = 1 =) comnitted (.ppo_$cotmnitted) 
F = 1 =) local (.ppo_$locaJ....flag) 
IDMBER - IU.I1lber of entries (.ppo_$n\llLentries) 
READ - oldest software that can read this (.ppo_$r_vers) 
WRITE - oldest software that can write new (.ppo_$w_vers) 
l'W LEN - mininuml pasEMord length (. wo_ $mirLplen) 

PPO Record 

(type wo_$record_t in wo.ins.pas) 

+ 
+00 1 

+ 
+08 1 

+ 
+10 1 

----------+ 

PPO IWIE 

1 
+ 
1 .wo_$name 
+ 
1 

+ + 
+18 1 1 

+----+------ + 
+20 1 NlIMLEN 1 UID ••• 1 • ppo_ $namlen 

+----------------+ .ppo_$uid 
+281... 1---------1 

+----1-------------+ 
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(type acct_$header in acct.ins.pas) 

+-----------------------+ 
+00 I TRANSACl'ION UID FOR Sl\LV1GIN3 I .acct_$xact_uid 

+--+--+---,-----+----+ 
+08 I C I F IHDR LEN INUM Em I READ I 

+--+--+-----+------+-----+ 
+10 I WRITE 1------llW LEN IREC LEN I 

+----,----+------+----+ 
+18 ICLCXl<H TIME PERI UNUSED I .acct_$exp_period 

+------------------------+ 

C = 1 => committed (.acct_$committed) 
F = 1 => local (.acct_$local_flag) 
HDR LEN - header length (.acct_$hdclen) 
IUM Em - number of entries (.acct_$mIllLentries) 
READ - oldest software that can read this (.acct_$r_vers) 
WRITE - oldest software that can write new (.acct_!;\,,-vers) 
lW LEN - minimum password length (.acct_$min_plen) 
REC LEN - record length (.acct_$rec_len) 

l;s;count Record 

(type acct_$recorc:Lt in acct.ins.pas) 

+----------------------+ 
+00 I PERSON UID I . acct_ $pers_ uid 

+-------------------------+ 
+08 I PROJEcr UID I . acct_ $proj_ uid 

+-.,.----------------------+ 
+10 I OffiANIZATION UID I .acct_$or9-uid 

+-------------------------+ 
+18 I ACcr lW I .acct_$f"Id 

+------------+ + 
+20 I I EXP Dl\TE I .acct_$exp_date* 

+--------------1------------0\-
+28 1------1 LAST UX;IN 1----1 .acct_$last_login* 

+-----+----------+----+ 
+30 I FLl'GS I roDE I HM LN I 

+-------,------------+------+ 
+38 I I 

\ HOME \ • acct_ $home 
I I 

+138+---------------------+ 

* local registries only 
FLPGS - set of acct_$invalid (local registries only) 

(.acct_$flags) 
NODE - node type (local registries only) (.acct_$node) 
ill! LN - home length (.acct_$home_len) 
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+------+--------+ 
+00 I FIJlGS I roM PNAMES I • rgy_ $count 

+------i-----------+ 
+04 I LENGTH CF RmISTRY NAME I • rgy_ $n1en 

+-----------------+ 
+08 I FIRSI' PNl\ME I .rgy_$ent_name 

\ \ 
-------+ 

MJRE LENGTHS AND NAMES PS I 
INDICATED BY axmr FIELD I 

+-----------------+ 
First ~ is path of original registry; it is used as lock. 
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STREI\M FILE HEl\DER 

31 16 15 o 
+--------+-----------+ 

+00 I HEADER LENGTH I VERSION I • Mr_1gth, 
+--------+-----------+ .version 

+04 I C R C I .crc 
+-------------------+ 

+08 I RECXlRD LEm'IH (SEE BELeN) + • rec_1gth 
+-----------------+ 

+OC I FILE LENGTH (INC. HEADER) I .file_1ength 
+-------------------+ 

+10 I-RRAFSCI--m---I---I----I 
+----+----+------~-----+ 

+14 I I 
/ RESERVED / 
I I 

+20 +-------------------------+ 
CRC = -(integer sum of (1 + 3 through n longwords» 
RR - !lecord type (.rec_type, stream..$rtype_t): 

00 - var len w/counts (stream_ $vI) 
01 - fixed length (stream_$f2) 
10 - no record structure (stream_ $undef) 

A = 0 => Binary, 1 => ASCII (.elb_flag) 
E = 1 => \i/o autooatic type change (.explicit_type) 
S = 1 => File may have holes (.sparse) 
C = 1 => carriage oontro1 (ASCII only) (.cc) 

ill - Concurrency (.conc, stream_$fconc_t): 
00 - N readers or 1 writer (stream_$JLor_1) 
01 - N readers and 1 writer (stream_$n_anCl.1) 
10 - N readers and N writers (steam_$n_and_n) 

RECXlRD LooTH: !leoord length for fixed 
Max:i.mlBll length for variable 
o for undefined record length 

stream file header is the first 32 bytes of a file to be 
accessed by the stream interface. 
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!JNIQI1E IJlENTIFIEB. CllIDl 

(type "uicLt" in base.ins.pts) 

31 1615 0 
I I I 
1~I.alack 
I I I I 
I iiii-l-mNNINNNNIINNNNNNNNII .rode 
I I I 

c .. c - 'lbp 32 bits of alack (4 mSec !nits) 

iiii - A counter if nore than one um is generated 
in one four"1llillisecond interval 

N •• N - Nod!l m 
DIP Bash Algorithn 

x = the four words of the um lDRed together 

INIEX • X mod Tl\BLFLSIZE 

wrere Tl\BLFLSIZE is the size of the table into which the 
um is being hashed (e.g., vtocJ)dr.vtocJlize). 
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UIPs - SliStem 

(from /os/nuc/ui<U.ist.asrn) 

uicL$nil 
acL$nil 

00000000,0 
00000100,0 

disk structure canned UIPs (000002xx series) 

p"_1abeL$uid 
1v_1abeL$uid 
vtoc_$uid 
bat_$uid 

00000200,0 
00000201,0 
00000202,0 
00000203,0 

canned obj ect type UIPs (000003xx series) 

reoords_$uid 00000300,0 
hdcundeL$uid 00000301,0 
objectJile_$uid 00000302,0 
llNIEF_$uid 00000304,0 
pacL$uid 00000305,0 
name_$cannecLrooLuid 00000308,0 
input-PlcL$uid 00000309,0 
sio_$uid 0000030A,0 
ddL$uid 0000030B,0 
mblL$uid 000003OC,0 
nUlldev_$uid 00000300,0 
D3/Larea.....$uid 0000030E,0 
D3lLsciL$uid 0000030F,0 
pipEL$uid 00000310,0 
uasc_$uid 00000311,0 
directory_$uid 00000312,0 
unilLdirectory_$uid 00000313,0 
mt_$uid 00000314,0 
sysbooL$uid 00000315,0 

canned objects UIPs (000004xx series) 

display 1_ $uid 
display2_ $uid 
speciaLse9-$uid 
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00000401,0 
00000402,0 
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canned person. project, organization 
and subsystem UIn3 (OOSxx series) 

canned persons (OO00050x series) 

00000500,0 

canned proj ects (OO00054x series) 

acL$sys-proj_uid 
acL$login...uid 
acL$locksmitILuid 

00000540,0 
00000541,0 
00000542,0 

canned organizations (0000058x series) 

00000580,0 

canned subsystems (OOooosex series) 

oooooseo,o 

canned ACL type UIIls (000006xx series) 

00000600,0 
00000601,0 

canned ACL UIIls (file ACLs) (OOOlxxxx series) 

acL$fni1 
acL$fndwrx 
acL$fillUlWrx 

00010000,0 
0001800F,O 
00018007,0 

canned Aa. UIIls (directory ACLs) (OO02xxxx series) 

acL$dnil 
acL$dndca1 
acL$dirJlcal 

File System 

00020000,0 
0002801F,O 
0002800F,O 
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31 16 15 o 
~-------------I--------+ 

+00 1 VERSION 1 UNUSED I. version 
+--------,-----------+ 

+04 1 1 .name 
/ rmICAL VOLUME NAME / 
1 1 
+---------------+ 

+24 1 UNIQUE ID OF 1 • id 
+ + 
1 rmICAL VOLUME 1 
-1----------------+ 

+2C 1 1 .bat_hdr 
/ BAT HEADER / 
1 1 
-1-------------------+ 

+4C 1 1 • vtoc_hdr 
/ V'IDC HEADER / 
1 1 
+----------------_._---+ 

+BO 1 TIME LABEL WRITTEN 1 • label_ wri te_ time 
+---------------------+ 

+B4 1-----1 LAST MXJNl'ED roDE 1 .1ast_lOOuntecLnode 
+---- -------+ 

+B8 1 TIME SYSl'EM WAS BOOl'ED 1 • node_boot_ time 
+-----------------+ 

+BC 1 TIME '!HIS VOLUME WAS !{)UNfED 1 .lOOuntecL time 
+--------------+ 

+CO ITIME '!HIS VOLUME WAS DISl>roN1'EDl .dismounted_time 
+ ------+ 

+C4 1----loooE OF LAST SALVroEI .salvage_node 
+------------------+ 

+C8 1 TIME SALVroE CDMPLE:l'ED 1 • sal vage_ time 
+-----------1---------+ 

+CC I/O)E OF SALVroE IS!I\J'lOO'1N Sl'ATE 1 .salvage_JOOde, 
+------------,---------+ .sys_shut_state 

+DO 1 TIME ruMP Sl'ARTED 1 • dunp_ start_ time 
+----------------------+ 

+D4 1 TIME ruMP FINISHED 1 • dunp_ end_ time 
+-------------------+ 

+D8 1 UID OF OJRRENT 1 .dunp_cucuid 
+ + 
1 ITEM BEIN; DU~IPED 1 
-I----------~------------+ 
1 rorrmJED CN NEXT ProE 1 
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I 
+EO 1# MINS FRCM UTe I NAME OF ••• • ute_delta 

+- 1 ---+. timezone_name 
+E4 I ••• TIMEZem: I LAST... I .lasLvalitLtime 

1 -----+ 
+EB I ••• VALID TIME I UNUSED I 

+----- 1 -----+ 
+EC I BAD sror BARRIER* .batLspoLParrier 

+--- ------+ 
+FO I BAD sror LIST [60] I .batLspoUist [60] 

+-- ----+ 
I I 
/ / 
I I 

---+ 
+3FC BAD sror LIST [255] I 
+400 +1------, 

salvage.JOOde: currently unused; always = I 

sy!LShutJl;ate: lv_dismounted = 0 
IVJOunted = I 
lv~vaged = 2 

baUJXlLlist allocated from end of list. 

* FFFFFFFF -> no badsJXlt list O'lerfl<»l 
FFFFFFFE -> +FO is Ili\IDR of O'lerfl<»l block 

'!be LV label is the first block of a logical voltmle. '!be 
alternate LV label is a ropy of the LV label and lives at 
or near the end of the logical volune. 
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31 16 15 o 
+--------------+-------------+ 

+00 I VERSION I "A" "P" I 
+-------------+----------+ 
I "a" "L" "LD "0" I 
+---------------------------+ 

+08 I I 
/ VOLUME NAME / 
I I 
+---------------------------+ 

+28 I UNIQUE ID I 
I OF VOLmlJE I 
+--------------t.------------+ 

.version, 
• apollo 

• name 

.id 

+30 I UNUSED I DISK TYPE + • dtype 
+-------------1------------+ 

+34 I =AL BLOCKS IN VOLUME I .blocks_peCP\Tol 
+----------1-----------+ 

+38 IELKS PER TRACK ITRACKS PER CYL I .blocks_pec track 
+-------------1------------+ . tracks_pec cyl 

+3C I DADDR OF La;ICAL VOLUME [1] I .lv_list[l] 
+-----------------------+ 
I I 
/ / 
I I 
+--------------------------1-

+64 I DADDR OF LOOICAL VOLUME [10] I .lv_list [10] 
+-------------------------+ 

+68 I ALTERNATE Ll\BEL DADDR [1] I .alt_Iv_list [1] 
+-----------------------, 

+6C I I 
/ / 
I I 
+----------------------------+ 

+94 I ALTERNATE Ll\BEL DADDR [10] I .alt_Iv_list [10] 
+-----------------------+ 

+98 I START OF BADSror CYLINDER I .phys_badspot_daddr 
+-----------------------+ 

+9C I START OF DIPGIDSTIC CYL I. phys_ dia~ daddr 
+-------------1------------+ 

+AO I SEcroR START I SEcroR SIZE I .phys_sector_start, size 
+--------------1-------------;-

+A4 I PRE-COMP CYL I • pre_ cornp 
+A6 +-------------+ 

'lbe DISK TYPE field describes variants of the physical 
disk, e.g., double density. Today there are none and the 
field contains O. 

'lbe PIT label is the first block (cylinder 0, track 0, 
block 0) of a physical volume. 
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(type "vtoc_bl~t" in vol.ins.pas) 
31 0 

+------------------+ 
+00 I -> NEXT !lLO(l{ IN II1\SH BUCl(ET I .next_add 

+-------- + 
+04 I V'lOC Em'RY[O] I .vtoc[O] 

+-------------------+ 
+00 I V'lOC Em'RY [1] I 

+-------------------+ 
+19C I V'lOC mTRY[2] I 

+--- ------+ 
+268 I V'lOC Em'RY[3] I 

+-----------------+ 
+334 I V'lOC Em'RY[4] I .vtoc[4] 
+400 +----------- + 

-or-

i------------------+ 
+00 I FILE MAP[O] I .fm[O] 

+-------------------+ 
+80 I FILE MAP [1] I 

+-------------------+ 
+100 I FILE MAP [2] I 

+--------------------+ 
+180 I FILE MAP[3] I 

+------------------+ 
+200 I FILE MAP[4] I 

+-------------------+ 
+280 I FILE MAP[5] I 

+-------------------+ 
+300 I FILE MAP[6] I 

+-----------------------+ 
+380 I FILE MAP[255] I .fm[255] 
+400 +------------------+ 

When the V'lOC block contains a file map, the block is 
pointed to I:1i vtoce.fm2[l-3] (see V'lOC mTRY). 
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yroc ENl'1!Y 

(types "vtoce_bdr_t" and 'vtoce" in vol.ins.pas) 

31 24 23 16 15 87 o 
+--_-1--- 1 --+ 

+00 I VERSIOO ISYS...TYPE IUCCPIF-I---I 

---+--+04 I CIlJEX::!' I 
I um I 1 _ 

.version, 
.sys_type 

.uid 

+DC I um OF TYPE DEFINlTIOO CI!JEX::l' I .typ!Luid 
I FOR'!HISCIlJEX::!' I +

+14 I 
I 

um OF N:L CI!JEX::l' 
FOR '!HIS CIlJEX::!' 

1 + 

.acl..uid 

+lC I <IJRRml' LOO'lH (BYTES) I .cur_len 

+ -+20 I BLOatS USED FOR FILE I .blocka.used 
+------------- -

+24 I DATE-TIME Im1' USED I .dtu 

+ -+28 I DATE-TIME Im1' M>DIFIED I .dbn 
+--- 1 

+2C I um OF DlRECl'ClRY I .dir_uid 
I WHERE CIlJECl' IS C1.Tl\LOOUID I 
+---------·----------------~I 

+34 I I .pad2 
/ tHlSEI> / 

(end of vtoCILbdr_t) 
+--.----------------------~ 

+40 I FILE MAP [0] • fin 
+ 1 

I I 
/ / 
+-- ---+ 

+DC I FILE MAP[3l] I 
+------------

+CO I Fn.E MAP2 [I] I .fm2 +
+CA I FILE MAP2 [2] 

~ 

I 1 _ 

+C8 I FILE MAP2 [3] I 
+CC +-1-----· ----------+ 

U - V'lUC .entry in use (. inuse) 
CC - O>ncurrency control (.con..ctrl): 

OO-~ 
01 - Shared 
10 - Exclusive 

P - PIl!tmanent (.peonanent) 
I - Inmutable (.il1Inutable) 
F - File needs salvaging (. trouble) 
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(type "vtoc_hdct" in vol. ins. pas) 

31 16 15 
+-------------+--------------+ 

+4C 1 VERSION NUM3ER 1 # BLKS FOR HASH 1 • version, 
+-------------+-------------+ • vtoc_size 

+50 1 NUmER \!'IDC BLOCKS USED I. vtoc_blocks 
+----------------------------+ 

+54 1 VTOCX OF NE'IHORK ROar 1 .net_x 
+----------------------------+ 

+58 1 VTOCX OF ROar DIR OF mIS VOLUME 1 • root_x 
+---------------------------+ 

+5C 1 VTOCX OF PJlGIN3 FILE FOR AffiIS 1 .os_x 
+-----------------------------+ 

+60 1 VTOCX OF BOOI' FILE I. boot_ X 
+-----------------------------+ 

+64 1 1 .map 
/ V'IDC ~lI\P / 
/ (8 vroc ~lI\P ENTRIES) / 
1 1 
+----------------------------+ 

~I 1 .~ 
/ UNUSED / 
1 1 

+BO +------------------------------+ 
The \!'IDC header lives in the logical volume label. 
Offsets given are from the start of the label. 

(type "vtoc_mape" in vol. ins. pas) 

15 o 
+--------------+ 

+00 1# <Xl'lSEC. BLOCKS 1 .It_blk 
+--------------+ 

+02 1 DISK ADDRESS 1 • bl k.. add 
+ + 
1 OF FIRST EXTENT 1 

+06 +--------------+ 
Each \!'IDC map entry describes one set of contiguous VTOC 
blocks ("e>.tent"). VTOC extents are preallocated by INITOL 
to be near the middle of the logical volume and to avoid 
badspots. 
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vroc INDEX 

(type "vtocx_t" in base.ins.pas) 

31 4 3 0 
I -----+--+ 
10DAlDR (F V'IOC BLK OF OOJECl' IINDX I (local object) 
+---------------+--+ 

-or-

20 
+------r---------------~ 
11 I OOOE ID (renote object) 
+-----+-----------+ 

-or-

+-------------+--+ 
10 IVlLX I (local, but DllIDR 
+ ---+--+ is lIlknown) 

INDX - Index of V'IOC entry in V'IOC block (0-4) 
or File Map index (0-7) 

VOLX - Logical volume number 
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ADDRE~IN!i MODE§:* 

Effective 
Addressing Categories Address Assembler 

Modes Mod. Register Data Memory Control Alterable Syntax 

Dn 000 register number X X On 
An 001 register number X An 

An@ 010 register number X X X X IAnl 
An@!+ 011 register number X X X (An)+ 
An@- 100 register number X X X -IAnl 

A""Cd) 101 register number X X X X diAn) 

An@lld,ix) 110 register number X X X X d(An,Ri) 
X)(x.W 111 000 X X X X xxx 
x)(x.L 111 001 X X X X xxxxxx 

PC"Cdl 111 010 X X X Perttafive 
PC@(d,ix) 111 011 X X X PC rei. +Ri 

#>xx 111 100 X X #>xx 

"Reprinted from McMOOO, page 8-1. 
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ADDRESS SPACE 

Bwsical Address Space 

oon-OOx60 OOx60 
0+----+0 

I 'mAP l'!\GE I 
400 of- I 400 

I PRGI I 
4000 • I 8000 

I/O I 
CeJECl'S I 

20000 I 20000 
DISR.AY BI'IMAP I 

40000 I + 400000 
IDISR.AY2 BI'IMAP I 

80000 I I 
I 0Pl'. 1/2!e MEM I 

100000 I I 200000 
I PROM mTA AREA I 

100400 I I 200800 
I I 
I MAIN I 
I I 
/ / 
I MEIDRY I 
I I 

400000 I I 1000000 
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Virtual Men.,,:y 

non-rliIx60 Il'/x60 
+------+1-

'mAP BlGE I 
400 1 400 

l'RtM I 
8000 1 1 8000 

IGlOW. LlBRARIES I 
I I 

200000 1 1 800000 <-- <UBI\L A BClJNIlI\RY 
I PM STATIC mTA I PRlVATE (USER IDlE) 
I I 

230000 1 1 830000 
I GlIl\RD SEGJoIIiIlT I 

238000 1 838000 
I USER 8l2\CK 
I 

278000 1 1 878000 
I GlIl\RD SEGMENT I 

280000 I· 1 880000 
/ USER RlOOlSS / 
I HUVATE mTA I 

BCOOOO 1 1 F780000 <- PRlVATE (!Ill'ER-
I PER RlOOlSS I VISCR IDlE) 
ISJPERVISCR SPACE I 

COOOOO 1 1 -
I llWSED I 
I I 

BOOOOO 1 1 F800000 <- <UBI\L B BOONIll\RY 
I PRa4 mTA BlGE I 

o 1 1 0 
I 'mAP BlGE I 

BO0800 1 F800800 
I 

AmIS I 
I 

FAOOOO 1 1 FFAOOOO 
I DISl'L!\Y BI'DI!\PS I 

moooo 1 1 FFEOOOO 
I I/o a:JI'lR(L I 
I PllGES & I/O M1U'1 

1000000 1 1 10000000 
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PEA 

PEA 
IV'JE.L 
JSR 
AOO.W 

AR:>n 

AR:>1 
Ea!Al:R,AO 
(AO) 
i4*n,SP 

lUSH AI:lmSS OF LPSr AR:> 

lUSH AIXm2S OF FIRST AR:> 
GET AIllUlSS OF ECll 
JUMP AND lUSH PC 
I'OP AR:> Pl'RS OFF STACK 

Sllhroutine entt;y: 

IV'JE.L 
<LR.L 
IV'JE.L 
IV'JE.L 
LINK 

IV'JE.L 

m,-(sp) SAVE OILLER'S IlI\TABl\SE REX; 
-(SP) lUSH A RESERVED WCIID 
AO,-(SP) lUSH AIllRESS OF MY ECll 
6 (AO) ,m LO!ID MY IlI\TABl\SE ERCJoI ECll 
SB, iautosize LO!ID MY STACK BASE 

& rEFINE l\ll'lOMATIC S'IDRllGE 
20 (1iB),1QlK GET AttR FIRST AR:> 

SUbroutine return: 

UNLK 
AOO.W 
IV'JE.L 
RTS 

SB 
ta,sp 
(sp)+,m 

REL01\D OILLER' S liB 
I'OP LINKl\GE gruFF 
REL01\D OILLER'S m 
REIlURN ID O\LLER 

See also STACK E1W!E, Em. 

NJTE: Registers other than m, liB, SP are not preserved. 
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Operations 

ABCO 

ADD,ADDI, 
ADOQ 

ADDX 

AND,ANDI, 
£OR. EORI. 
·MOVIe. MOVt;. 
OR,ORI. 
CLR. EXT. 
NOT. TAS, TST 

X N v 
u U· 

Spec'" Definition 

C • Decimal Cany 
Z=Z·Fim· ... ·Rii 
V=Sm' Dm' Rm+Sm' 6iR. Am 
C.r:Sm· Dm+ Riii· Dm+Sm° Ani 

CHK u u u 
SUB.SUBI 
SU8Q 

suax 

CMP.CMPI. 
CMPM 

OtVS,OWU 

MULS,MULU 

SBCD,NBCD 

NEG 

NEGX 

BTST, BCHG. 
8SET, BCLR 

ASL 

ASL(r-OJ 

. LSL. ROXL 

LSR (r=OI 

ROXL(r"'O) 

ROL 

ROL(r"'O) 

ASR. LSR, ROXR 

. 'ASR. LSR 1r- 0) 

ROXR (,-0) 

ROR 

ROR (r-Ol 

U 

- Not.rr.clld • G..aI c-: 
UUndlftMd . x-c 
., C)tMr-_SpecIeIEWlnI.ktn N - Rm 

V·Sm·Dm-Rm+$m·Dm-Rm 
C-Sm'Dm+Rm'Dm+Sm'Rm 

v-iii· Om' Rm+Sm' Om' Rm 
C=Sm ·om+.Rm· Dm+Sm' Rm 
Z·Z·fim· ... • .. 
v-Sm' Dm' Rm+Sm·6m· Rm 
C" 8m' Dm+Rm' Dn1+Sm' Rm 

v .= Division o-fIow 

u ,C .. DecimaJ Borrow 
Z·Z-ifoit°oo.olllf 

V-Dm'Rm,C-Dm+Rm 

V-Dm'Rm,C-Dm+Rm 
Z=Z·IIiTi· ... ·im 

C-Dm-r+1 

CoX 

C- Dm-r+1 

1:-°r-1 

CoX 

C' 0,-. 

:lIm-Sclu.-OIMI ..... _ ... Hlclntbi. 

DnI-. Dtafna1Ioa apeJMd mOlt 

sllnlftolntblt 
z· iim· ... · Ai Rm- R"'tbltllhMt~bit 

n - bhnu........ . 
r - thlft.mount 
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Mnemonic Condition Encoding Test 

T true 0000 1 

F 1111 .. 0001 0 

HI high 0010 c·Z 

LS low or same 0011 C+Z 

CC carry clear 0100 C 

CS carry set 0101 C 

NE not equal 0110 Z 

EQ equal 0111 Z 

VC overflow clear 1000 V 

VS overflow set 1001 'V 

PL plus 1010 iii 

MI minus 1011 N 

GE greater or equal 1100 N·V+N·V 

LT leSs than 1101 N· v+iii· V 

GT greater than 1110 N·V·Z+N·V·Z 

LE less or equal 1111 Z+NoV+NoV 

·Rlprintedfrom~pafiJlA.4. 
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(type dtL$ec:b_rec in /us/ins/db.debug$.ins.pas) 

15 o 
+-----------+ 

+00 I JUllP I .jmp 
+ + 
I TO I 
+ + .cs 
I PROCEroRE 
+---------------+ 

+06 I --) DATA I 
+ + .db 

AREA I 
+---------------], 

+OA I - - - - - BIA."IDI .keys 
+---------------+ 

+OC I DEEm I 
+ 
I INFO 

+ .debug 
I 

+10 +---------------+ 

Il = 1 => Stop looking back in stack for inhbt routines 
I = 1 => 'Inhibit async faults for routine 
A ~ 1 => Apollo software 
N = 1 => Debug info present 
D = 1 => DB reg not saved 
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FILENAME SUFFIXES 

&JFFIX 

.l\SM 

.BAK 

.BIN 

.BND 

.BS 

.C 

.Dl'.TA 

.P.m 
• HLP 
• INS 
.rsr 
.MAP 
.ms 
.RR: 

Assembler source 
Backup file 
Binary file 
Binder 
Boot Shell CX>I1Illalld 
C source 
nata file 
FORTRAN source 
Help text 
Insert file 
Listing file 
Map file 
Pascal source 
Run file oonverter 

REOXNIZED BY 

Assembler (input) 
Display Manager (output) 
O>mpilers (output) 

Boot Shell 
CC (input) 

P.m (input) 
HELP command (input) 

Compilers (output) 
Binder (output) 
ms (input) 
RR: COIlIl1aIld (output), 

/sysboot (input) 
D3M &JFFIX 

.w. 
• EM!' 
.rsr 
.RPr 
• OlD 
.RIL 
.ll'lA. xxx 

l\UX &JFFIX 

.C 

.0 

.H 

Schema, subschema, aggregate schema DIL 
Output from the RIL 
ASCII listing of the schema, subschema, 

aggregate schema oompiler 
Output from the D3MlFORMATl'ER 
Executable D3M/Il!I.TAVmv CX>I1Illallds 
Source for report writer 
tMA definition generated by SSCH 

C compiler 
Binary file from compiler 
C insert file 

SCRmE &JFFIX 

.MSS 

. ore 

.LPl' 

.l\UX 
• ERR 

Manuscript: 
Outline 
Line printer 
Auxiliary 
Error listing 

These conventions are not requirements 1 you can give a 
file any name you like, within the syntax rules. '!he 
operating system does not meek a file's oontents against 
its name. lIcMever, some programs assume that the names of 
input files end with a particular suffix. For example, 
the FORTRAN oompiler requires that the names of its input 
files end in • P.m. 
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starting Elliot 

Network root directory 
Node entry directory 
Naming directory 
Parent directory 
Working directory 
/sys/nodILdata [.rml 

Legal cnaracl:ers in names: 

A-Z 
a-z 
0-9 
$ (dollar sign) 

(tmdersoore) 
(period) 

Names cannot start with" _", 

Valid pathnames: 
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STACK FRAME 

SP --> ~fATIC 
SJ:ORl\GE 

t____-----+ 
SB -> -+{)O I CALLER'S S3 ,I -----+ 

+-----------+ I 
-+{)4 I -> E<B I I 

+-----------+ I 
-+{)8 I 0 (UNIT LISl') I V 

+---- + PREITIOOS 
-+{)C I CALLER'S 00 I Sl'1\CK FRAME 

+---------+ 
+10 I PC EOR RE'lURN I 

-1------------+ 
+14 I -> AR31 I 

-------+ 
+18 I -> AR32 I 

-1----------+ 
I I 
+---------+ 

+10+4*n I -> AR3n I 
+----------+ 
I I 
I I 

The CALLER'S 00 is an optional field. The "DB not saved" 
bit in Ern signals that it is mt present. 

STA'lUS WOID 

(type "status...t" in base.ins.pas) 

31 24 23 16 15 o 
-1-----;------1------------+ 
IFSSSSSSS IMMMMIICCCCCCCCCCCCCCC I 
+-----+----;-----------+ 
F = 1 => module oouldn't bandle error (fail bit) 
S •• S - Subsystem identification 
A = 1 => asynchronous fault; only set during delivery 

of fault (.async) 
M •• M - ~tlduJ.e identification 
C •• C - ~Iodule-specific error code 

See OIapter 4, Error Codes and Messages. 
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0lAPI'ER 4 

ERROR aIDES AND mSSl'GES 

.h!mS..EROOR cmES 

31 24 23 16 15 o 
;-------1----;---------+ 
IFSSSSSSS Il\MMMlIu·!MM ICCCCCCCCCCCCCCC I 
+------1-----;--------+ 

F ~ 1 => module couldn't handle error 
S •• S - Subsystem identification 
A ~ 1 => asynchronous fault; only set during delivery 

of fault 
M •• M - l-Iodule identification 
C •• C - Module-specific error code: 

o ~ OK status 
negative = warning 
pasi ti ve ~ er ror 

(type "statlli\..,$t" in base.ins.pes) 

00000000 status_ $ok 

OS / BAT manager: 
(00010001) attempt to free already-freed block 
(00010002) disk is full 
(00010003) attempt to free illegal disk address 
(00010004) BAT not lOOunted 
(00010005) disk needs salvaging 

OS / V'l'OC manager: 
(00020001) V'l'OC not lOOunted 
(00020002) V'l'OC is bad 
(00020003) no file lOOp 
(00020004) no UlD 
(00020005) not found 
(00020006) UlD not found 
(00020007) dupl icate UlD 
(00020008) uid misnatch 

OS / AST manager: 
(00030001) attempted reference to out-of-bounds address 
(00030003) no replaceable aste's 
(00030004) segment is not deactivatab1e 
(00030005) write concurrency violation 
(00030006) incompatible re:juest 
(00030007) reference count says unused 
(00030008) segment not found in bst 
(00030009) segment thread error in bst 
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os I MST manager: 
(00040001) object rot found 
(00040002) invalid length 
(00040003) no spice available 
(00040004) reference to illegal address 
(00040005) reference to out-of-tounds address 
(00040006) no asid is available 
(00040007) object is not mawed 
(00040008) no rights 
(00040009) insufficient rights 
(0004000A) guard fault 
(0004000B) wrong type - can't map system objects 
(000400OC) pt:Il list OITerflow 
(00040000) uid mismatch 
(0004000E) virtual msmory resources exhausted 
(0004000F) ilWalid va for install of io rage 
(00040010) ilWalid se~t oount 

OS I !?MAP manager, 
(00050001) not allocated 
(00050002) already allocated 
(00050003) mismatch 
(00050004) bad wire 
(00050005) bad unwire 
(00050006) bad assoc 
(00050007) rages wired 
(00050008) page null 
(00050009) bad disk address 
(0005000A) read ooncurrency violation 
(0005000B) changed pnods 
(000500OC) invalid pnape 
(00050000) attempt to map i/o page OITer real rage 
(0005000E) bst threads yielded invalid va 

OS I MMI\P manager, 
(00060004) bad avail 
(00060005) bad free 
(00060006) bad unavail 

as I MMJ ,manager: 
(00070001) mru miss 
(00070002) va not in valid III1\U manager range 
(00070003) va does not have oa...pnap 

OS I disk manager, 
(00080001) disk not ready 
(00080002) disk oontroller rusy 
(00080003) disk controller time-out 
(00080004) disk oontroller error 
(00080005) disk equipnent check 
(00080006) flOW! is not 2-sided 
(00080007) disk write 'protected 
(00080008) bad disk format 
(00080009) disk data cbeck 
(0008000A) IX4A overrun 
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(0008000B) volume in use 
(000800OC) volume table full 
(00080000) volane oot properly JlDUI'lted or assigned 
(0008000E) operation requires a I,ilysical volane 
(0008000F) invalid volume index 
(00080010) logical volume oot found 
(00080011) disk block header error 
(00080012) invalid disk address 
(00080013) disk buffer is oot pege aligned 
(00080014) invalid logical volane index or list 
(00080015) disk seek error 
(00080016) drive timed out before operation oornpl.eted 
(00080017) bus error occurred during disk IJoIA transfer 
(00080018) invalid unit nanber 
(00080019) unknown status returned I:¥ harciiare 
(000800lA) invalid I,ilysical volane label 
(OOOOOOlB) floW{ door has been opened or storage 

module has been stopped 
(0008001C) read after write failed 
(00080010) ana not at end of range 
(0008001E) disk already JOOunted 
(ooOOOOlF) software detected checksan error 
(00080020) checKsan error in read after write 
(00080021) too many wired peges - storage JOOdule 

manager 
(00080022) disk driver logic error 
(00080023) unknown error status from storage JOOdule 

controller 
(00080024) unrecognized drive id 
(00080025) msmory perity error during disk read 
(00080026) unrecognized interrupt from disktape controller 

OS I eventcount manager: 
(00090001) bad wait list on eventcount 

OS I level 1 process manager: 
(000ll0001) illegal process id 
(000ll0002) illegal lock 
(000ll0003) process oot suspended 
(000ll0004) process already suspended 
(000ll0005) process oot bound 
(000AO006) process already bound 
(000ll0007) bad atomic operation 
(000ll0008) no pcb is available 
(000ll0009) no stack spece is available 
(000ll000A) process oot suspendable 

OS I terminal nanager: 
(00000001) buffer too snall 
(00000002) end of file entered from keyboard 
(00000003) invalid output length 
(000B0004) invalid option pessed to terDL$oontrol 
(00000005) input buffer OII'errun - characters lost 
(00000006) quit while waiting for input 
(00000007) invalid line number supplied 
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(OOOBO008) manual stop: type G<ret>G *+2<ret> to 
amtinue 

(00000009) character framing error 
(OOOOOOOA) character parity error 
(OOOOOOOB) data carrier detect (dcd) changed 
(OOOOOOOC) clear to send (ets) changed 
(OOOOOOOD) requested line or operation not implenented 
(OOOOOOOE) hangup fault 

ex> / OOUF manager: 
(OOOCOOOI) bad ptr 
(OOOC0002) bad free 

OS / time manager: 
(OOODOOOI) no timer queue entry 
(OOOD0002) entry to be cancelled not found 
(00000003) quit whil e waiting for event 
(OOOD0004) bad timer interrupt 
(OOOD0005) bad timer key 
(OOOD0006) alarm fault 

ex> / naming server: 
(OOOEO002) directory is full 
(OOOEO003) name already exists 
(OOOEO004) invalid pathnarne 
(OOOEO005) invalid link 
(OOOEO006) not a link 
(OOOEO007) name not found 
(OOOEOOOA) invalid link operation 
(OOOEOOOB) invalid leaf 
(OOOEOOOC) node is mavailable 
(OOOEOOOD) bad directory 
(OOOEOOOE) branch is not a directory 
(OOOEOOOF) directory is not empty 
(OOOEOOIO) name is not a file 
(OOOEOOll) illegal directory operation 
(OOOEOOI2) bad type 
(OOOEOOl3) no rights 
(OOOEOOI4) insufficient rights 
(OOOEOOI5) unable to delete system bootstrap (sysboot) 
(OOOEOOI6) directory is in use (locked) 

ex> / file server: 
(OOOFOOOI) object not found 
(OOOF0002) object is remote 
(OOOF0003) bad reply received f rom remote node 
(OOOF0004) comnunications problem with remote node 
(OOOF0005) obj ect is not locked I::r;{ this process 
(OOOF0006) obj ect is in use 
(OOOF0007) illegal lock request 
(OOOF0008) lock violation detected 
(OOOF0009) local lock table is full 
(OOOFOOOA) remote lock table is full 
(OOOFOOOB) operation cannot be done from here 
(OOOFOOOC) no more lock table entries 
(OOOFOOOD) volune uid is mavailable 
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(ooOFOOOE) locking files is blocked for this vo1tl1le 
(OOOFOOOF) locking is already blocked for this voltllle 
(000F0010) no rights 
(ooOF0011) insufficient rights 
(000F0012) wrong type - can't operate on system objects 
(000F0013) objects are on different vo1tl1les 

OS / I/O manager: 
(00100001) dcte not fOWld 
(00100002) controller not in system 

OS / network: 
(00110004) transmit failed 
(00110007) remote node failed to respond to request 
(00110008) unable to route 
(00110009) network bardirare error 
(0011000A) mag header too big 
(0011000B) unexpected reply type 
(00110000) unkoown request type 
(0011000E) request denied by local mde 
(0011000F) request denied by remote node 
(00110010) bad dlecksml 
(00110011) too IlllII1Y transmit retries 
(00110012) socket oot open 
(00110013) receive bJs error 
(00110014) transmit rus error 
(00110015) bad asknode version number 

OS / fault handler: 
(00120001) odd address error 
(00120002) illegal instruction 
(00120003) integer divide by zero 
(00120004) (]II{ instruction trSR;led - value out of range? 
(00120005) arithmetic oyerf1ow 
(00120006) privileged instruction violation 
(00120007) invalid fNC code 
(00120008) invalid fNC procedure name 
(00120009) undefined TRAP instruction 
(0012000A) unimplemented instruction 
(00120008) protection boundary violation 
(001200OC) bus time-out 
(00120000) invalid user stack pointer 
(0012000E) correctable memory error detected 
(0012000F) uncorrectabl.e memory error detected 
(00120010) process quit 
(00120011) access violation 
(00120012) CPU B enabled with I!KJ valid bit reset 
(00120013) null process running on CPU B 
(00120014) 06-internal quit (with display return) 
(00120015) single step oompleted 
(00120016) invalid user-<Je!l!!rated fault (subsystem 

code = 0) 
(00120017) fault in user-space interrupt handler for 

pbu device 
(00120018) process stop 
(00120019) process BLI\ST 
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(001200lA) PEEl cache p!rity error 
(0012001B) PEEl WCS p!rity error 
(0012001C) unimplenented fNC 
(0012001D) invalid stack format 
(0012001E) memory p!rity error 
(0012001F) process interrupt 
(00120020) supervisor fault while resource lock (s) set 
(00120021) spurious p!rity error 
(00120022) floating p:>int inexact result 

(loss of significance) 
(00120023) floating p:>int divide ~ zero 
(00120024) floating p:>int underflow 
(00120025) floating p:>int operand error 
(00120026) floating p:>int O'Ierf1ow 
(00120027) process suspend fault 
(00120028) process suspend from keyboard 
(00120029) process suspend due to background read 
(0012002A) process suspend due to background write 
(0012002B) process continue fault 
(0012002C) fault(s) lost; process suspended or pfllL$enable 
(00120020) pfllL$inhibit mismatch 

a3 I display driver: 
(00130001) invalid display unit nlmlber 
(00130002) specified font not loaded 
(00130003) internal font table full 
(00130004) invalid use of display driver procedure 
(00130005) font too large 
(00130006) error unloading internal (hdnt) table 
(00130007) invalid direction from SM 
(00130008) unexpected BLT in use 
(00130009) internal protoool violation 
(0013000A) too many pages to be wired 
(0013000B) unsupported font version i 
(0013000C) invalid buffer size 
(00130000) error maWing display memory 
(0013000E) error borrowing display from screen manager 
(0013000F) unable to borrow - display in use 
(00130010) display borrow request denied ~ screen 

manager 
(00130011) error returning display to screen manager 
(00130012) can't return - display not borrowed 
(00130013) can't borrow both displays simultaneously 
(00130014) display already borrowed ~ this process 
(00130015) invalid p:>sition argument 
(00130016) invalid window limits argument 
(00130017) invalid length argument 
(00130018) invalid direction argument 
(00130019) invalid scroll displacement argument 
(001300lA) invalid blt mode register 
(0013001B) invalid blt control register 
(0013001C) invalid blt-oone interrupt 
(00130010) invalid interrupt routine state 
(0013001E) invalid screen coordinates in blt request 
(0013001F) font associated with specified id not mapped 
(00130020) display memory is already mapped 
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(00130021) disp1.1\Y memory is not maRJEld 
(00130022) quit while waiting 
(00130023) invalid cursor llllllber 
(00130024) hidden disp1.1\Y lIIIIIIory is full 
(00130025) quit while waiting 
(00130026) invalid eventoolDlt key 
(00130027) operation not implemented on color disp1.1\Y 
(00130028) non-oonforming and main memory blts not 

implemented 
(00130029) invalid JJI window id 
(0013002A) aa;!Uire denied becalme window is obscured 
(00130028) no nDre direct mde window m's available 
(0013002C) process not found . 
(00130020) pad/stream operations not allowed while 

disp1.1\Y aoquired 
(0013002£) disp1.1\Y already acquired 
(0013002F) disp1.1\Y aoquire timed out 

OS / volrme manager: 
(0014FFFF) warning: disk is write pl'OtecI:ed 
(00140001) entry directoty problems on logical 1I01rme 
(00140002) unable to dismount the boot vollJl\E! 
(00140003) logical volrme is not DDUnt:ed 
(00140004) entry directoty is not on specified logical 

volrme 
(00140005) physical volrme replaced since mount 

OS / calendar managers 
(00150001) invalid syntax for date or time 

srecification 
(00150002) date or time srecification invalid 
(00150003) an anpty string was passed to a decode 

routine 
(00150004) timezone srecified is mknown 
(00150005) invalid time-zone difference 

OS / level. 2 eventOOlDlt manager: 
(00180001) internal table exhausted 
(00180002) internal error 
(00180003) process quit while waiting 
(00180004) bad eventCOlDlt 

OS / level. 2 process managers 
(00190001) process not found 
(00190002) not a 1E!17el. tIIO process 
(00190003) bad stack base 
(00190004) request is for current process 
(00190005) suspend request timed out 
(00190006) proeess not suspended 
(00190007) process already suspended 
(00190008) child process terminated 
(00190009) another fault is pending for this process 
(0019000A) invalid process name 
(00190005) bad eventcount key 
(001900OC) attenp: to oomplete vfork on non-vforked process 
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os / import/export manager: 
(0000001) entry directory is not catalogued in the 

namespaoe 
(0000002) files are locked on this volune 
(0000003) specified entry directory not on this volune 
(0000004) volune is not IIIOW'Ited 

OS / startup/shutcbm: 
(00100001) node m mismatch 
(00100001) checksllming already enabled 
(00100001) no os paging file -- please run invol option 8 

OS / vfmt: 
(001COOO1) unterminated control string 
(001C0002) invalid control string 
(001CO003) too few arguments suwJ.ied for read/decode 
(001COO04) field width missing on • (n designator 
(OOlCOOOS) encountered end of string where more text 

expected 
(OOlC0006) encountered null token where numeric token 

expected 
(oolCoo07) non-mneric dtaracter found where numeric 

was expected 
(001C0008) sign encountered in IIlsigned field 
(001C0009) value out of range in text string 
(OOlCOOOA) dtaracter in text string does not match 

control string 
(oolCOOOB) terminator in text string does not match 

specified tecninator 

OS / circular OOffer manager: 
(00100001) invalid block size requested 
(00100002) quit while waiting 
(00100003) OOffer wrap-around error 

OS / p:u manager: 
(001EO001) ddt is larger than one page 
(001EO002) ddt has wrong version 
(001EO003) invalid mit IU1Iber in ddt 
(OOlEO004) invalid car page address in ddt 
(OOlEOOOS) car page is in use 
(001EO006) initialization routine rot in library 
(oolE0007) cleanup routine rot in library 
(001EO008) interrupt library too large 
(00lE0009) interrupt routine rot in library 
(OOlEOOOA) p:u not present 
(OOlEOOOB) too many IW manager pages wired 
(OOlEOOOC) invalid. unit number 
(oolEOOOD) unit in use 
(oolEOOOE) unit not atqUired 
(OOlEOOOF) unit already a<:quired 
(OOlE0010) bad parameter 
(oolEOOll) no roan in ianap 
(00lE0012) requested ianap in use 
(001EO013) ianap already allocated 
(001EO014) . ianap rot allocated 
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(001E0015) invalid iova 
(001EO016) buffer too large 
(001EO017) buffer J;>lge rot wired 
(001EO018) buffer rot mar:ped 
(001EO019) J;>lge already wired 
(OOlEOOlA) J;>lge wired too many times 
(OOlEOOIB) J;>lge rot wired 
(OOlEOOIC) reference to esr J;>lge caused bus timeout 
(OOlEOOlD) trap 6 executed outside of interrupt routine 
(OOlEOOIE) invalid trap 6 oode 
(OOlEOOIF) invalid usp at trap 6 
(001E0020) invalid argument at trap 6 
(OOlEO021) Wlexpected interrupt from Ibu device 
(001EO022) ddf has wrong file type 
(OOlEO023) too many wired J;>lges 
(001E0024) esr rot in device I s esr J;>lge 
(001E0025) oontroller already mar:ped 
(OOlEO026) bad oontroller memory length 
(001E0027) bad OOffer address 
(001E0028) interrupt library not fOWld 
(001E0029) device library not fOWld 
(OOlEOO2A) device is not a shared oontroller 
(001E002B) device rot mar:ped 

OS I line printer module: 
(001F0001) pna board not installed in system 
(001F0002) invalid string length 
(001F0003) invalid string termination 
(001F0004) line printer rot aCXjuired 
(001F0005) line printer already aCXjuired 
(001F0006) internal error 
(001F0007) W'l list overflOW' - internal error 
(001F0008) line printer rot assigned 
(001F0009) no line printer on system 

OS I OS info supplier: 
(00200001) array too snall for mmplete table 

OS I bads);Xlt manager: 
(00210001) bad checksum in >hYsical bads);Xlt block 
(00210002) bad ooWlt in >hYsical bads);Xlt block 
(00210003) missing minus-one in >hYsical bads);Xlt block 
(00210004) bads);Xlt list too snall 
(00210005) no >hYsical bads);Xlt blocks read or written 
(00210006) physical bads);Xlt list J;>lrtially read or 

written 
(00210007) duplicate entry in badspot list 
(00210008) no >hYsical bads);Xlt information on disk 
(00210009) bad daddr for Iv label bads);Xlt extension 

block 
(0021000A) too many extensions to Iv bads);Xlt list 

OS I magtaJ;>l manager: 
(0022FFFE) warning: taJ;>l rot at load-point 
(0022FFFF) warning: taJ;>l Wlit is offline 
(00220001) invalid rnt mit number 
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(00220002) invalid mode field 
(00220003) invaiid OOffer length 
(00220004) invalid parameter 
(00220005) no mA board installed in system 
(00220006) nagtape mit is not <Dnnected 
(00220007) nagtape not aClJuired 
(00220008) nagtape mit is not ready 
(00220009) unit will not fit thru 25" hatch 
(0022000A) nagtape unit in use 
(0022000B) nagtape not initialized 
(002200OC) nagtape already aClJuired 
(00220000) invalid option 
(0022000E) too many outstanding operations 
(0022000F) invalid OOffer address 
(00220010) invalid <Dunt for erase or space operation 
(00220011) tape drive is hung 
(00220012) ppn list overflow - internal error 
(00220013) <Dnfig page in use - internal error 
(00220014) release problems - internal error 
(00220015) unexpected interrupt 
(00220016) operation attempted before waiting 
(00220017) wait attempted before go issued 
(00220018) go CDIlII1IUId issued while not in batch mode 
(00220019) header or OOffer misalignment on chained r/w 
(002200lA) user quit while in mL$wait 
(0022001B) timeout during wait or release 
(0022001C) header OOffer not on header page 
(0022001D) no room fran mL$write - internal error 
(0022001E) info array (passed to mL$wait) too snal1 
(0022001F) too many pages wired 
(00220020) too many p:.u devices in use 
(00220021) buffer already wired 
(00220022) buffer not wired 

OS / ACL nanager: 
(00230001) no" right to perform operation 
(00230002) insufficient rights to perform operation 
(00230003) exi1;.J;uper called more often than 

enterJluper 
(00230004) wrong type - operation illegal on system 

objects 
(00230005) entry already exists 
(00230006) ACL is remote 
(00230007) ACL is on different vo1t:rne than object 
(00230008) ACL protects wrong type of object 
(00230009) insufficient address space to open ACL 
(0023000A) entry was matched l¥ a wild card 
(0023000B) no entry - entry number too large 
(002300OC) image OOffer too snal1 or incorrect size 
(00230000) ACL object not found 
(0023000E) ACL would be mchangeable 
(0023000F) object may not be readable l¥ backup 

procedure 
(00230010) no right to set subsystem data or subsystem nanager 
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00 / PEEl manager: 
(00240001) fpu is hung 
(00240002) PI!B interrupt: 
(00240003) floating point overflow 
(00240004) floating point mderflow 
(00240005) divide I::P{ zero 
(00240006) floating point loss of significance 
(00240007) floating point hard>lare error 
(00240008) attempted use of l.I'\implemented opoode 
(00240009) wcs verify failed 

00 / network logging manager: 
(00250001) PPl list overflow 

00 / color display nanager: 
(00260001) illegal caller 
(00260002) too many wired pages 
(00260003) virtual address not page aligned in 

ooloc$map 
(00260004) pages unmawed out of order 
(00260005) parameter value out of range 
(00260006) color display not available 
(00260007) instruction queue <bne wait timed out 

00 / vme ws manager: 
(00270001) undefined 11100 interrupt: 
(00270002) vme bJs error 

00 / cartridge tape manager: 
(0028FFFC) warning: tape not at load-point 
(0028FFFD) tape at load point 
(0028FFFE) warning: tape mit is offline 
(0028FFFF) tape power on/reset 
(00280001) invalid ct mit number 
(00280002) unit not a~red 
(00280003) unit already ~uired 
(00280004) unit in use 
(00280005) no tape oontro11er on system 
(00280006) invalid bJffer length 
(00280007) bad bJffer alignment 
(00280008) invalid bJffer address 
(00280009) unreoognized action type 
(0028000A) invalid operation oount 
(0028000B) unit not reaqy 
(002800OC) unexpected ct interrupt 
(002800OD) quit during read or write 
(0028000E) drive timeout 
(0028000F) too many wired pages 
(00280010) no cartridge in drive 
(00280011) drive does not exist 
(00280012) tape is write protected 
(00280013) end of tape 
(00280014) read/write abort 
(00280015) read block error 
(00280016) read filler error 
(00280017) read no data 
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(00280018) read no data and end of tape 
(00280019) read no data and load point 
(002800lA) filemark detected 
(00280018) il1ec]al drive alIII1IBIld 
(0028001C) JlBrgina1 block detected 
(00280010) unreoot,Jlized drive status 
(0028001E) dna mt at end of range 
(0028001F) dna underrtn/overrun 
(00280020) II1II1\Ory J;8rity error during dna 
(00280021) il1ec]al oontroller alIII1IBIld 
(00280022) oontroller timeout 
(00280023) oontroller diagnostic failed 
(00280024) unreoot,Jlized oontroller status 
(00280025) operation already in progress 
(00280026) operation not in progress 
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BOOl' EROORS (PIDIl 

error: boot not found - '!he SYSBOOl' read from records 2 
through B did not have a good 
boot header. 

disk init error <BC> <R<D> <UNIT> <JiI/F/S/C> 
disk read error <BC> <RCD> <UNIT> <JiI/F/S/C> 

sc = status Code 
RaJ = Record Address 
Unit = Disk Unit No. 
W/F/S/C = Winchester/Floppy/SMD/Cartridge tape 

Winchester status Codes 

1 - not res];Xlnding 
2 - not ready 

11 - seek not complete 
12 - CRC, timeout, buserr, 

overrun 
13 - drive faults 

m550 Disk/'I'ape Status Codes: 

Floppy Status Codes 

1 - wrong no. of statuS bytes 
2 - seek not complete 
3 - equipnent dleek 

11 - insufficient status 
12 - seek not complete 
13 - equipnent dleck 
14 - bad seek 
15 - insufficient status 
16 - abnormal termination 
17 -
18 - device not ready 
19 - CRC error 

11 - controller diagnostic failed 
12 - controller timed out 

21 - seek did not complete 
22 - write fault 

13 - illegal controller conrnand 
15 - memory }:8rity during dma 
16 - dma OITerrun/underrun 
17 - dma not at end of range 
IE - disk still busy 
IF - controller still busy 

30 - illegal tape conrnand 
31 - filemark encountered 
32 - read error - no data and BOM 
33 - read error - no data and IDM 
34 - read error - no data 

23 - unit not present 
24 - sector not found 
25 - no index pulse 
26 - drive not ready 
27 - no track 0 on restore 
28 - address mark not found 
29 - ECC error in sector ID field 

35 - read error - filler block transfer 
36 - read error - bad block transferred 
37 - read or write abort 
38 - end of media 
39 - drive not present 
3A - no cartridge in drive 

FF - timeout waiting for controller done 
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error: 
(test m.>(detected at><object addr><data is>(data sb> 

steady state 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

first instruction at "init" 
memory pulsed tests at init 
state saved 
parity cleared in first 2 pages 
sio's have been initialized 
cl~disp called, returned 
dispjnit called, returned 
display init got bJs error 
we're in servioe mode 
character reoeived from keyboard 
character reoeived from line 1 
character reoeived from line 2 
just printed MD's banner JrSg 
ptt enabled (nap routine) 
mmu initialized (nap routine) 
mnu enabled (nap routine) 

Digit 1 Digit 2 
o --- Prom wait ronditions 

2 boot: waiting for disk i/o to romplete 
3 boot: waiting for network transmit to romplete 
4 boot: waiting for network volunteer response 
5 boot: waiting for network reoeive to <X>mpl.ete 
C waiting for rol!ll1and input (servioe mode only) 

1 -- DIllGIDSTIC 1: validate prom checkslllt 
1 prom checksum did not match calculated checkslml 

2 -- DIlIGIDSTIC 2: test PET 
1 verifY failed with data = 0000... (first time) 
2 verifY failed with data = FFFF ••• 
3 verifY failed with data = MM ••• 
4 verifY failed with data = 0000... (serond time) 
5 verifY failed for address uniqueness 

3 -- DIllGIDSTIC 3: test PI'r 
1 verifY failed with data = 0000... (first time) 
2 verifY failed with data = FFFF ••• 
3 verifY failed with data = MM ••• 
4 verifY failed with data = 0000... (serond time) 
5 verifY failed for address uniqueness 

4 -- DIl\GIDSTIC 4: test IOMAP 
1 verifY failed with data = 0000 ••• (first time) 
2 verifY failed with data = FFFF ••• 
3 verifY failed with data = MM ••• 
4 verifY failed with data = 5555 ••• 
5 verifY failed with data = 0000 ••• (serond time) 
6 verifY failed for address uniqueness 

5 --- DIllGIDSTIC 5: test PET, PI'r IOMAP interaction 
1 writing PFT affected PI'r (should be O's and wasn't) 
2 writing IOMlIP affected PI'r (should be 0 's and wasn't) 
3 writing PFl' affected PI'r (should be l's and wasn't) 
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4 writing I<»W' affected Pl"l' (should be l's and wasn't) 
6 -- DI1GIml'IC 6: test rhYsical/virtual memory 

1 verify failed during ~ test with O's 
2 verify failed during word test with l' s 
3 verify failed during long word test with 5's 
4 verify failed during long word test with A's 
5 verify failed during long word test with addresses 

7 -- DIl'GNJSTIC 7: test virtual memory 
1 verify failed during long word test with addresses 

8 -- DIl'GNJSTIC 8: retest memory in rhYsical JOOde 
1 verify failed during long word test with addresses 

9 -- DIl'GI'DSTIC 9: timers, IflLTIBUS, calendar 
1 timer 1 failed 
2 timer 2 failed 
3 timer 3 failed 
4 n1ll.tibus map test failed pattern test 
5 Calendar har&are clock not incrementing seoonds 
6 D!A continuity test for dlannel 0 failed 
7 D!A oontinuity test for dlannel I failed 
8 D!A oontinuity test for dlannel 2 failed 
9 D!A continuity test for dlannel 3 failed 
A D!A test with all cllannels activated failed 

4--
7 Multibus LooJ;iJack Test failed, data non-compsre 
8 Multibus LooJ;iJack Test failed, no Multibus timeout 

9 -- DIl'GIDSTIC 10: test ring board 
B ring board looPJack test failed 

4 -- DIl'GI'DSTIC 11: test VME interfaoe 
9 VME Register Test failed 
A Open VME Bus Test failed 
B Bus Arbiter Logic Test failed 
C VME-to-BRlRT Logic Test failed 

A -- DISK ERROR 
1 not responding 
2 not ready 
B seek not ClO11\Plete 
C CRC, timeout, buserr, overrun 
D drive faults 

B -- NE'lWCI!K ERROR 
C -- SYSBOOl' ERRORS 

1 bad COII'III'aIld line (and not found, missing filename) 
2 unable to read pi' label 
3 volone "n" not found 
4 unable to read Iv label 
5 salvaging boot volone 
Ii auto salvage failed 
7 unable to read root directory 
8 SAOn not found in root directory 
9 SAOn uid not found 
A unable to restore SAOn directory 
B <program> not found 
C <program> uid not found 
D <program> unreadable 
E <program> not a file 
F <program> has wrong machine type 

D -- NE:mOOT ERRORS 
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1 bad COI1IIl8lId line (and not found, missing filename) 
2 ring initialization failed 
3 unable to send load request 
4 no response to load request 
5 unexpected packet (get-reply) 
6 <program> not found 
7 badpathname 
8 insufficient rights 
9 <program> has wrong machine type 
A (other) non-zero status fran netman 
B unable to send uid request 
C no response to uid request 

E-- RmERVED 
F -- AJlX;IS awm 

1 aegis crash 
F normal shutdolm axnplete 

Printed on system crash or other entry to lID. See also 
System Crash Analysis Inder Operational Procedures. For 
Dlx60 a>IO, mnemanic derugger codes are printed just like 
IIOl\"'D!Ix60, except: the qualifier • (a>IO). is also pl'inted. 
For Dlx60 CPU, the qualifier • (CPU)· is also printed to 
identify the environnents. 

A <PC> <SR> <IR> <FA) <Fe> - Address Error 
<PC> <Contents> 

B <PC> <SR> <IR> <FA> <Fe> - Bus Error 
<PC> <Contents> 

E - Operational Error 
F <PC> <SR> - Invalid stack format 

<PC> <Contents> 
I <PC> <SR> - Unexpected Interrupt: 

<PC> <Contents> 
J - Spurious Interrupt: 
0 <PC> <SR> <EW) <FA> - floating point trap 

<PC> <Contents> (Dlx60 CPU) 
p - Parity error (0000 only) 
s <PC> <SR> - Trap instruction or 

<PC> <Contents> breakpoint 
T <PC> <SR> - Trace trap 

<PC> <contents> 
U <PC> <SR> - unimp inst trap 

<PC> <Contents> 
V <PC> <SR> <EW> <FA> - access violation (Dlx60 CPU) 

<PC> <Contents) 
W <PC> <SR> <EW> <FA> - region fault (DIx60 CPU) 

<PC> <Contents> 
X <PC> <SR> <EW> <FA> - segment fault (DIx60 CPU) 

<PC> <Contents) 
y <PC> <SR> <EW> <FA> - page fault (INx60 CPU) 

<PC> <Contents> 
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Z <PC> <sa> - Divide l¥ zero trap 
<PC> <Contents> 

PC = Program Counter 
SR = Status Register 
IR = Instruction Register 
F.!'. = Fault lIddress 
Fe = Fault Code 
FW a Format Word identifies the trap vector 

System User 
+- I I 

SR: 1T-8-IIII-XNZOCI 
I I I 
T - Traoe M:lde x - Extend 
S - SUpervisor M:lde 
III - Interrupt Mask 

N - Negative 
Z - Zero 

000 - enabled 
111 - disabled 

0- Overflow 
C - Carry 

15 0 
I I 

Fe: I RIIFFF I 
+- I 
R = 1 => Read operation 
N = 1 .. > Not an instruction reference 
FFF - Function mde: 

001 User data 
010 User program 
101 SUpervisor data 
110 SUpervisor program 
111 Interrupt acknowledge 

boot error: unable to read prJabe1 
volume "N" not found 
unable to read 1vJabe1 

" 

" 
" 

II II .1 ~dir 

SI\IJ not found in rooLdir 
SI\IJ uid not found 
unable to restore Sl\lLdir 
"FILENlIME" not found 

uid not found 
, , lI'\readable 

not a fUe 
missing fUe name 
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CF 
ClIN 
CRD 
O!F 
au. 
ClNJIE 
ClOO 
lESt(; 
ILF 
ILL 
tM 
Df.l'IICt. 
GUll 
GO 
H 
IN 

LD 
LI 
LO 
MI\ 
MlVCL 
ND 
REt. 
SH 
SHllT 
sm 
ST<DIE 

m 
TI 
m 

0IAP.l'ER 5 

SYS'l'EM IEBIllGIK; 

[<pathname> I -EI 
<pathname> <COJnplilIlIE!> 
<pathname> 
(pathname> 
(pathname> <linkname> 
<leaf> <no~id> 
<pathname> <uidhi> <uidlo> 
<value> 
<pathname> 
<linkname> 

run/end CXlI1'IIIEInd file 
change name 
create directory 
create file 
add link 
add node to local copy Of root 
catalog name with specified um 
enable/disable debug mode 
delete file 
drop linkname 
imroke the display manager 

{w I 8 I F} <lvno> [<pathname>] dismount a logical volune 
list installed gloJ:als 
load as if in normal node 
prints this text 

<pathname> [-0] [-8 I -NS] imroke loader to install named 
file 

[<pathname>] [-A [-011 [-U] list directory 
<address> set display lights address 
<pathname> [-0] [-8 I -NS] imroke the loader with the given file 
(pathname> [<l> <sz>] [-E] map file 
{w I 8 I F} <lvno> [<pathname>1 mount a logical volune 
<pathname> set naming directory 
[-AI release proc-il\9I" assigned storage 

load single-process shell 

<status-code> 

{-<N I -OFF} 
(pathname> <sz> 

shut 00wn system 
load 051'80 server-process manager 
print text definition of 
status oode 
stack trace back 
enable/disable timer 
truncate raw dsta file to 
given size (hex) 

UClNJIE <leaf> 
UClOO <pathname> 

drop node from local oop[ of root 
uncatalog pathname from 

{<pathname> I <l> <sz>} 
<pathname> 

Key: <l>:= low address 
<h> := high address 
<s> : = start address 
<sz> := size 

namespace 
unmap file by name or address size 
set working directory 

<type>:= {nil, reo, hdru, obj, dey, pad, undef, uasc, 
mt, boot } 
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DEBUG aJMMAN!) EXTENSIONS 

'!be fo110111ing corrmands and other items are available in 
the standard !lEBO:;, rut are not advertised to the public. 

New DEBUG Clmnands 

• FPREGS - Display the floating-point registers of 
Il'Ix60s. 

• REGS - Display the registers of the target 
program. 

• III - Invoke the machine-level derugger III (see 
belOll1) • 

New Ootions to DEBUG Comrands 

• OJJ - ibis option is useful to derug C code in 
the C library. It prevents !lEBO:; from running to 
the "main" program when !lEBO:; is invoked. 

• DOO - ibis option is useful only when derugging 
DEBO:; from another lEBO:;. It must be given to the 
target lEBO:; only. When it is given, the target 
lEBO:; will return from the fault handler with the 
"continue fault handling" state, so that the 
master lEBO:; can catch breakpoints and single 
steps. 

Miscellaneous 

!oklre help is available on !lEBO:; comrrands in this file: 

/ /us/latest/sysx/help/derug.hl.p 

Here is some useful information that IS RlBLIC, which 
people often forget how to do. 

'!bere are three derugger names that lEBO:; looks for. If 
it finds them, it does some special things: 

'cr (macro name; made with M1'.CRO command) 
'malLarray_dim (derugger variable; made with SET comrrand) 
'malLvaLlen (derugger variable; made with SET comrrand) 

N:>te that "help examine" explains the 'malL ••• names, and 
"help macro" explains the 'cr name. 
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IE (1!IlC!IINE Ul\IEL IlEBlmERl 

You enter the tB del:11gger by entering the tB ronmand from 
within a shell. 'l!le formats of the internal tB <XlIIIII81'Ids 
follaor. 

dl. 
ef 
fp{.sl.d} 1< >] 
fpc [<value>] 
fps [<value>] 
help 
in <path> 
10 <path> 

inYoke emt 
enter fim 
show any or all floating pi: regs (o-f) 
set/show the floating pi: control reg 
set/show the floating pi: status reg 

install libraxy 
load program 

ma <path> [.-ex] 
pc 

[<start>] map a file (starting location) 

fa 
fc 
sh 
ss 
tb 

displ.~ current pc 
displ.~ last fault address 
displ.~ last fault code 
inYoke new shell 
single step 
traceback current stack 

crash analysis cnnmande: 

a7 <Value> set a7 in Wmp (dflt is from m03FC) 
a{blwll} [e] <sym> access via synilol name 
am <path> load l\egis Map 
as [<asid>] set/displ.~ current asid 
aste <addr> 1 <astex> print contents of aste 
d460, info mique to ch460/660 dumps 
da [<clockh>] displ.~ date (l:11ilcL$time) 
dcte [<index>] displ.~ dcte (all if 00 index) 
df <addr> displ.~ diagnostic fault frame at addr 
q, [<pid>] displ.~ pcb (first ten if 00 pid entered) 
dpt disable pl:t (rEmOl7e from address spice) 
dr displ.~ registers at crash 
ds displ.~ disk statistics 
dV' <addr> convert db address to virtual address 
dV't print disk vol\I1le table 
ept: enable pl:t (map into address space) 
ff [<addr>] txy to find stack frame in addr - addr+1024 
gel <unit> get (pI:11) dcte 
ha <hi> <10> <addr> hash uid to ast 
le list system error log 
lvl <addr> print lv label at addr 
m enter mapped mode 
om <addr>I<ppn> print nmap entxy 
mr print 1IlI!IILrec 
ms <args> mapped search (just like md I s's I ) 

mat [<asid>l<msteaddr>] print mat for an asid (0 for glb, 
omit for curr) 

mste <addr> print mste for a virtual address 
in cut'rent asid 

p enter physical (oormal) mode 
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pf (ppI> I <addr> display pft entry 
pi: <pt:tx> display pl:t entry 
pr <addr> convert PPI to virtual address 
prl <addr> print PI label at addr 
r enter real IOOde 
rl [anything) display resdy list [just check order) 
st display status at crash 
ts <pid or addr>. traoeback stack 
uid <hi> <10> I <addr> interpret uid 
vd <addr> convert virtual address to db address 
ve <addr> print vtooe at <addr> 
vm verify ID1 
vp <addr> oomrert virtual address to PPI 
vv <addr> <data> verify vmtest page 
wh[pldle) <sym or addr> look up [procldataledl) or address 

in aegis map 

Elcealte the IB deOOgger by entering the q CXlI1IIIIIIld in 
response to the I prompt as follows: 

I q 

Lights Program 

Execute the Lights program to show network statuS from 
within the IB debugger as follows: 

ILl OFF9C12 (in IN400/420) {virtual address of 
receive register} 
ILl OFF9C02 (in 0000/320) 
or 
ILl OFFF9C12 (in 1JI460) 

Do not execute the Lights program from a mlor mdel It 
will crash the mdel 

'!be transmit and reoeive status registers are displayed at 
the bottan of the screen. 'lbese registers are described 
in chapters 7, 8, and 9. '1\) use the Lights program do the 
following: 

• Exit from IB with the q CXlI1IIIIIIld. 

• Execute NE'lS'D\T shell <D!IIIIaIlds to send tokens 
across the network. 

• study the status bits in the reoeive status 
register. 

'1\) exit from the Lights program, execute the following 
ccmnande: 

$IB 
I LI 0 
I q 
<ctrl> F 

System Debuggfng 

{to re-enter the IB emrirormient} 
{Provide an address of zero to the Lights program} 
{exit fran the IB emrirolDl1l!llt} 
{remove Lights fran· the bottan Of the screen} 
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~: 
A <location> 
B <location> 
C <start> <end> <target> 
CA <start> 
D <start> <end> <items/line> 
Dr <type><unit> <log vol> 
IX. 
EX <filename> 
EY <filename> 

F <start> <end> <word> 
G <location> 
LD 
LO <filename> 
M 
RE 
S <start> <end> <Value> <mask> 
SH <0-3> 
p 
V <start> <end> <target> 

Access location 
Breakpoint 
Copy IBtory 
CALL SUbroutine 
DlInp Memory 
Define Disk 
D:lwn-line Loader 
Load and Execute File 
Load and Execute File 
with trap after load 

Fill Memory 
JImlP to Location 
Lists Sl\[Jn Directories 
Load File 
Map Address Space 
Reset System 
Search IBtory 
Spindown Winchester 
Unmap Address Space 
Verify Memory 

A [<sizlLSpec>] <location> [<base-.Spec>] 

Accesses <location> and prints the address and contents 
according to <size_speC> and <base-.Spec>. 

B [<location>] 

Sets/clears the breakpoint at the location specified. 
Breakpoint is not inserted until the G command is given. 
Previous instruction is reinstalled on the breakpoint 
entry or vector entry. 

C <start> <end> <target) 

Copies memory defined I:¥ the bounds <start> to <end> onto 
memory starting at <target> through 
<target)+(end>-<start> • 

CA <start> 

Calls the subroutine that starts at <start>. All 
registers saved from the last entry except AO are restored 
imnediately prior to the call. 
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D [<size_spec» <start> <end> 

<it:ems....perJine> [<base...,speC» 

DlInps memory defined ~ the bounds <start> to <end> onto 
the teIlllinal printing address followed by specified 
<it:ems....perJine>. '!he default is one per line. '!be 
<SizeJlIll!c> oontrols the item-size to be dumped: ~te, 
word, long, instruction. 

DI <w>I<F>I<N> [<nn>ll<S> <0-3> <l-10> 

Disk defines the boot device: Winchester, Flom', node 
(nn), storage module mit 0-3, and logical vollmlE! 1-10. 
Defaults are: W, 0, 1. 

Transfers oontrol to the cbm-line loader. 

EX <filename> 

Execute restores the named file from the "SNJ" directory 
of the boot device and transfers oontrol to it. After the 
restore is oompleted, the IIJtI, HIGH, and START addresses 
are displayed. 

EY <f ilename> 

Just like EX except: 

• Just before pessing oontrol to the program, the MD 
will trap, and you can petch the program. '!Ype 
"G", "G*+2" to oontinue. 

• If you are executing AEX>IS, AEX>IS will trap again 
after establishing the OS mapping and before 
calling Q!L$INIT. AEX>IS can then be petched or 
examined USing the virtual addresses from 
AEX>IS.MAP in the aRlropriate SNJ directory. '!Ype 
"G", "G*+2" to oontinue bringing up AEX>IS. 

WlE: Older boot PiIDlis may not support the EY oomnand. 

F <start> <end> [<word> ) 

Fills memory defined ~ the bounds <start> to <end> with a 
word value <word>. 

G [<location» 

JlII1PB to <location> after inserting a breakpoint (if any), 
restoring all registers and SR. 
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ID 

List directory displays the amtents of the "SlIIJ" 
directory of the boot device. 

UJ <f ilename> 

Load restores the named file fran the "SlIIJ" directory of 
the boot device. '!he 'lDI; HIGH, and START addresses are 
displayed. 

M 

Map! address spice and enables !III. Memory is rearranged 
as shown mder Address~ce in Ctapters 7 through 11. 

RE 

Reset exerutes the RESET instruction. If entered while 
rmning on CPU B, a second Reset instruction is exeaJted 
for CPU A. '1he deOOgger will initialize and wait for 
teIlllina1 input. rus 00IIIII8Ild also enables the EOftR-OFF 
key. 

s [<SizltJlPeC>] <start> <end> <Value> 
[<mask>] [<baseJpec>] 

Searches manory defined I:¥ the bounds <start> to <end> for 
<Value> through an optional <mask>. If <mask> is not 
specified it defaults to $FFFFFFFF. '1he <Siz4LSP'!C> 
controls the item-size to be seardled: byte, word, or 
long. 

III <0-3> 

Shuts down the Winchester mit and acknowledges 
outstanding interrupts. !Ibis 00III1I!IIld also enables the 
KWER-OFF key. 

P 

Turns off the mapping. !III is assmted at FEB400. 

V [<Siz4LSP'!C>] <start> <end> <target> [<baseJpec>] 

Verifies equality of two memory areas defined I:¥ <start> 
to <end> and <target> to <target>+<end>-<start>. If a 
discrepancy is found, the address in the first area and 
the contents of each are pcinted in the aJ;PrOpriate 
format. 
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Qmwmds Wid in CEQ ~: 
DC Enabldtsable/show data cadle 
GB Go Back to CPIO enviIOllllellt:, balt: au 
FP Access Floating Point Regist:ers 

Qmwmds Wid in CPIO mmr: 
'lbose marked wit:h an asterisk require t:he micro exec to be 
loaded aruVor rmning. 

UC CLock st:ep au 
"US Micro st:ep <alt: <uaddr:» 
"UT Micro !:raoe <all: <uaddr:» 
OS Halt: t:he au and CPIO becomes master 
OR Run micro code <frau uaddr> 
UXlleBet: micro madline 

"UU Micro !:rap to t:he micro execut:ive 
"UI IPL micro maddne at: uaddr: 0 

UP Display or set: micro pc 
UA Load microoode file set: 
tIL Load one microoode file by IIIII\E! 
UF set: or clear microoode loaded flag 

"IG Start: t:he au <at: \1IIlcro addr> and CPIO 
becomes slave 

"MR Start: t:he au <at: macro addr> and CPIO 
dies 

"MIl Macro st:ep t:he au <alt: <addr» 
• Macro !:race t:he au <alt: <addr» 

MX Load and execut:e );lE09rSll using CPIO 
GF Go Porward to au wit:h reset: 

uception, balt: CPIO 
PR Fill WCB wit:h freeze micro inst:ruct:ions 

*LP set: loop mode for uexec CXlIIIIIIIllds 
11M set: CPIO in mast:er mode 
8M Set: CPIO in slave mode 
IJI set: CPIO in dead mode 
II) Display CPIO master/slave mode 
a; ~ au state 

Qmwmds DHd in bot:h enyirotl!ll!!l!:a: 
AS Display current asid 
B Set: or display lxeskpoint (s) in III!IIIOlY 
m CLear breakpoint (s) 
J:R IlIInp regist:ers . 
EX Load and BlIecut:e program using au 
BY Like EX ellllePl: !:rap first: 
B Help. List: lID CXlIIIIIIIllds 
IC Enable/disable/show inst:ruct:ion cadle 
Pi Qmvert: Ii\YBical addr to virtual 
RR Access Region Regist:ers 
SS Slrigle st:ep a progrSll 
VP Qmvert: virtual addr to P\YBical 
XE lDV'XOl"F enable 
lID lDV'XOl"F disable 
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B [<location [nllllber] >] 

Sets a breakpoint at the location specified. You am set 
up to four breakpoints in the Ilix60 MD. 

m [<location>] 

Clears the breakpoint at <location>, or all the 
breakpoints set, if you anit the arg\DMllt. An error 
message appears if you attempt to clear breakpoints that 
are not set. 

IE 

DJnp. the CPU state. Valid only from the CPIO 
enviroment. It is useful if micranachine freezes 
(UPCxxx). 

EX <filename> 

Loads the named file from the "SlllJn" directory of the disk 
device used (specified i¥the DI ClCIIII8Ild, is a Winchester 
disk if IX) DI ClDIII1IIIIld is given). 

BY <filename> 

Just like EX except:: 

• Just before passing control to the progrllll, the MIl 
will trap, and you am Pltat the pIOgrllll. ~ 
"G", "G*+2" to mntinue. 

• If you are elIIeCUting AmIS, AmIS will trap again 
after establishing the C8 IIIlppl.ng and before 
calling QIL$mrr. AmIS am then be PItched or 
examined using the virtual addresses from 
~IS.IIIU' in the awropc1ate SIIIJ directory. ~ 
"G", "G*+2" to mntinue Ixinging up AmIS. 

Rm:: Older boot PROOs lillY not sllJi{lOrt the BY ClCIIII8Ild. 

Q3 

Go lBck (return mntrol) to the boot processor. tis is 
valid only in the IIIlin processor enviIOlllll!llt. 

GF 

GF start the IIIlin processor with a reset exception. You 
must have loaded microcode before you elCecute GF. 

LP 

LP sets the loop bit on any microemcutive CXIIII1IImd issued 
until the machine is reset. With the loop bit set, the 
CClI1II1BI\ds operate in loop mode. 
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IG [<addr>] 

IG starts the main processor at the address you specify, 
or at the wrrent main processor program counter (PC), if 
you do not give an argument. ~ boot processor cpes into 
slave mode. 

I!R [<addr>] 

starts the . main processor at the address you specify, or 
at the wrrent main processor program counter (PC), if you 
do not give an argument. ~ boot processor 
halts. 

lIS [<Count> [<addr>ll 

Macro steps once or for the rwmber of counts, showing the 
program counter at the end of the steps. A macrostep 
executes one instruction from memory on the main 
processor. 

Ml' [<Count> [<addr>ll 

Macro traces for the nlJllber of counts you specify, or 
until you hit a key. Prints the program counter at each 
step. 

MX <filename> 

Loads and exewtes the program <filename> on the boot 
processor. <filename> is a program in the SAlJ4 directory 
on . the vol\ll1e defined as the disk device ~ the DI 
oomnand. 

PI <PA> <addr> 

Converts the PJysical address to all virtual addresses ~ 
searching the pIlge tables starting at wrrent region 
registers or use region registers at AttR. PA must be 
longo-word aligned. 

RR <region register rwmber (~31, decimal, ~1F hex> 

Accesses the region register you specify in the argument, 
and displays its contents. 

llA 

Loads the microcode loading program (lLOlID) and the entire 
set of microcode fUes needed to bOot the operating 
system. 

UC [<count>] 

Exewtea a clock cycle, or the nIJIlber of cycles you 
specify in the <count> field, on the main processor. ~ 
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boot processor enters slave mode. 

UP [-oFFI 

UP sets or clears the "microoode loaded" flag in the 
PRCM. When the flag is set, the PRCM does not load 
microoode when enabling the main processor. 

UII 

Halts (disables) the main processor and prt:s the boot 
processor into master mode. ~ boot processor now Me 
rus mastership and oontrol of the system. 

UI 

Resets the main processor and rms it from microlocation 
zero. ibis OOITIlIaJld starts the micro executive (if it is 
loaded) • 

IlL <filename> -N 

Reads one microoode data file from the S1\U4 directory and 
the micro-loading program (ULCJ\D) from the boot device, 
and loads the microode. By default, if the microoode file 
is a WCS file, IlL fills the WCS with freezes. Use the -N 
option when you are loading two WCS files separately. 

UP <uaddr> 

Displays or sets the microoode program oomter. If the 
main processor is running, you cannot read or set the 
microoode program oomter. 

OR [<uaddr>1 

Runs the microoode on the main processor, starting at the 
micro address you specify. 'ltIe boot processor enters 
slave mode. If you cb not specify an address, OR uses the 
current microoode program oounter. 

us [<count> [<uaddr> II 

Micro steps once or for the number of counts you give, 
showing the micro program oounter at the end of the 
steps. If you specify <uaddr>, the program starts at the 
micro address you specify. 

lIT [<comt> [<uaddr>)) 

Micro traces for the number of counts you specify or mti! 
you hit a key. ~ micro program comter is displayed at 
each step. If you specify a micro address, the trace 
starts at the micro address you specify. 
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uu 

Causes a micro trap in the main prooessor, and displays 
the microcode program counter. You can use this cxmmand 
to stop the main prooessor. 

ux 
Resets the main prooessor and sets the micro program 
counter to zero. 

VP <VA> <addr > 

Convert virtual address to IilYSical address using current 
region registers at~. VA must be long-word aligned. 

XD 

Disables the X-on protocol used to COI1IIlunicate with dumb 
terminals. 

XE 

Enables the x-on protocol used to c:orranunicate with dumb 
terminals. 
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<ocnnand>[<siz~) [<parameterJist» [~) 

<ocnnand> u= AIBICIDIra:.II!'IGISlvl<empt.y> 

<size.JlPE!C> ::- :IIIBhwhL 

<paremeter.J,ist> u- <pa.remeter> ••• [up to four] 

<paremeter> II- <nlJlLexp>IIlnIAnI~ISRI 
(An) I <nIJILexp> (An) I <nlllLexp>(<1ndelLspec» I 
<nlJlLexp> (An, <indell..JlPeC» 

<nlJlLexp> 11= <nan> I * I <nllllLexp>+<num> I <n1JlLexp>-<num> 

<num> n- <BiDq;IlU\llllber I $<siDq;llU\llllber> I 
<base > $ <BiDq;IlU\llllber>I-<num>I <quoted...string> 

<base> 1:- <BiDq;IlU\llllber> 

<quoted...string> U"' '<letter> ••• <letter>' [up to four) 

<illdelLspec> ::e An.WIIln.WIAn.LIIln.L 

<basiLBpeC> ::- :0I:DI:81:A 

II ::- instr-sized items, output in mnemonic fOIll18.t. 

:B ::= byte-Bized items, output in numeric fOIll18.t. 

:w 11= liOrd-sized items, output in _ic fOIll18.t. 

:L ::= longword-sized items, output in numeric fOIll18.t. 

Parameters are evaluated to a memory location or to an MD 
saved register, [e.g., Ill, An) or to a location aIlI\I?Uted 
fran a saved register [num(An)]. Up to four parameters 
may be required. Unspecified parameters are set to zero. 

:0 :: = IUlllbers and iDmediate amstants printed in octal. 

:D ::- numbers and iDmediate amstants printed in decimal. 

:8 ::= numbers and iDmediate oonstants printed in hel!adecimal. 

:A :1- numbers and 1mnediate oonstants printed in ASCII. 

lIll numeric input defaUlts to hel!adeclmal.. $num iDq;Illes 
hexadecimal.. <base>$num iDq;Ilies that bese is <base> 
[ 8$717 is octal, 2$1001 is binary ]. <base.J!peC> and 
<Bize.JlPE!C> may be specified anywhere in the OOIIIII!IlId line 
as well as anywhere in A 00I!InarId input (except in quoted 
strings) • lIll addresses and offsets are printed in 
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hexadecimal regardless of <baseJlPE!C>. 

CRASH ANALYSIS 

Most fatal errors reoognized by AWlS are reported by the 
craslLsystem routire, which prints a status CX>de (see 
Chal:ll:er 4, Error Codes and Messages), the address of the 
E<B for the failing routire, and the process m (pm) of 
the current process. AWlS then executes a '!RAP 
instruction, causing entry to the mat mnemonic debugger 
with an ·S· code (see IImOiIIC IEBOOGER ERROR CDIES in 
Chapter 4). A dt.unp can then be taken as described belOli. 

If the system awea,rs hung, make sure the NORMAIISERITICE 
switdl is in the SERVICE position and type Clm/<RE'lURN>, 
to piss oontrol to the mnemonic debugger (MD). If this 
fails, press the RESET switch. (You should first verify 
that the hang is not a temporary one caused by a retwork 
failure.) 

Notes on IXix6Q Crash status 

Dlx6Qs are microCX>ded machires. '!hey may crash as 
described above with a <lU!SH SYS'mM message, ending up in 
MD but still running the micromachire (the au - MD prompt 
is '>') or they nay occaSionally freeze, (i.e., the 
micromachire halts), ending up in MD but running the CPIO 
processor (MD prompt is" '). When a freeze occurs, the 
micro FC is printed by CPIC: 

UFC: xxx 

You nay still take a dt.unp from CPIO exactly as described 
belOli. A freeze is a Il\Ore radical failure than a normal 
crash and usually indicates a har&are failure in the 
micromachine • 
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SYS'm! IlUIPS 

AOOIS contains a memory cbnp routine that can be used to 
cbIp the state of !iJysical memory and the MIll to a flom' 
diskette, a cartridge tape, or a file on another mde. rs, 
which tnderstands the format of the cbnp, can then be used 
to analyze the cause of the crash. ()t oompletion, the cbnp 
routine executes a 'mAP instruction and returns to the 
Mnemonic DeOOgger (MD). 

ib use this routine, follow these steps: 

1. ib c'hJnp to a diskette, insert a diskette into the flomr 
diskette drive of the Disk storage Option. 'lhe diskette 
must already be formatted (with INVa.) for 1231 blocks, 
and must be write-enabled. (ib write-enable the diskette, 
cover the write-enable hole with a gummed label.) (Note: 
if <iInping to a flom', only the first 1Mb of memory is 
~.) 

2. ib Wmp to acartridge tape, insert a. cartridge tape into 
the tape drive and ensure that the tape is oot 
write-protected (arrow in upper left should point away 
from "safe"). 

3. ib dump to another mde, uake sure that the other mde is 
rmning NE'DWi and that its disk has enough space for the 
dump (30 blocks plus 1024 blocks for each megabyte of 
memory on the Wmping mde). 

4. ElIecute the following MD COIIII'IBIlds. 

>RE<RE'lURN> 
<RE'lURN> 

>OI F 
>DI C 
>DI N nn 

or 
or 

Beset the IIBchine 

ib dump to a flom' 
ib cbnp to a cartridge tape 
ib cbnp to mde nn 

*** FOR 0lHER 'l!Il\N Dlx60s: *** 
>G lOOCOO 
>G lOOC04 

or 

*** FOR Dlx60s: *** 
>G 20AIIOO 
>G 20l\1104 

or 

Start dump to flom' or tape 
start the dump to another node 

start Wmp to flom 
start the cbnp to another mde 

5. When the <limp routine is complete, it executes a 'mAP $F 
instruction and returns to MD. You should then run SllLVCL 
and reboot AOOIS. 
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IBXlmi:sTIssR lll'IL 

'DIe following COIIIIIiII1ds are available for system debJgging 
in /S!S'mST/SSlLt7l'IL. 

• ALI.....Sl'(Xl[ - Displays a list of all the system 
status aXJes for this operating system revision. 

• am - BINlIRL~ pro&loes a cross 
reference from a list of object moclJl.es, whose 
names are read from standard input. OOy the 
glohlll ByIItlols that can be referenced from outsids 
the mocllJ.e are cross referenced. 

Usage: am 
• CPPLP - A program used to a>B' a file from, or 

to, the 1Ilds' s floppy disk drive. '1b use the 
program, type: Usage: CPPLP (-READ file I -wRl'l'E 
file I -orr [file]) 

• CPl'APE - A program used to ~ a file from, or 
to, ,the lIlds's cartridge tape drive. '1b use the 
progrllD, type: Usage: CPl'APE [-READ file I -wRl'l'E 
file I -orr [file]] 

• mS1t.ERR - Displays infO/l1ll1tion about the last 
rea>rded disk error. 

Usage I mS1t.ERR 

• IJ!PF - IX,IMPJ'ILE cbnpa a file of allY type to 
S'l'IXXJ'l', interpreted in bexadec1mal and ASCII. If 
helLStart;,..offset is given, it specifies the byte 
of the file at which to start dllnping. If 
belLenct.offset is given, it specifies the byte of 
the file at which to stop Waping. 'DIe first byte 
of the file is at offset zero. ~ default 
1IlMP.J'ILE dtmJpI the entire input file. 

Usage: IJII?P i~thname [-Prom helLstarLoffset] 
[-'lb helLencLoffset] 

• IJmIBX - IJIPIIIX fO/l1ll1ts the a>ntents of an leX 
(lI8ilbox) file. tis progrllD gathers infOll1ll1tion 
to document leX bugs or problems. IJIPIIIX must be 
used from the same IIlds as the server of the leX 
file to be cbnped. Normally, you use IJIPIIIX to 
display the a>ntents of the leX file just before 
the bug is tun across and just after the bug is 
induced. In remote cases, both the. server lEX 
file, and the client lIlds's 'noda.Jats/syanbx file 
should be cbqled out. 

Usage: IJIPIIIX DixlLfile [-m] [-QIl!N dI!Innel...list] 
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• FIlIXXII - P'IXCXJI filaes cxmnents in source files so 
that you am use the -aJMOIK option when the file 
is axnptled. Fbr nore information, see the file 
P'IXCXJI.IILP in this directory. 

• JllMl'ER - JIlMEER is an interactive fC09I'am that 
grapucally displ~ the locations and flDctions 
of jaupers on all syst:an p:inted cirouit boards. 
JtlMl'ER, which is c:omp1.etely nBII1-driven, makes use 
of the function keys (Fl to PS). Help is 
available in the file TSYSTEST/SSIUlTII/JUMI?ER.IILP. 

• LSYSERR - IBmERR writes the <XlI1I:ents of a syst:an 
error log to standard output. Help is available 
in the file UM!BRR.IILP in this directory. 

• L'lBL - Prints the debug line IlIIRber table. 

Usage: L"lBL (enter object lOOCllle) 

• CI!JDIP - IlIJItlB an object (.bin) file. 

Usage: CI!JDIP infile [-L[ISr] [outfilel-l] 

• RIIm.CG • ....: Monitors nebiOrk traffic in and out of 
a node. 

Usage: RDGUX; [-start I -stop I -read] 

-start: 
-stop 

-Read 

Activates ring nebiOrk message logging. 
Deactivates ring nebiOrk message logging 
(if active) and displ~ au:rent cxmtent:s 
of the log. ('ltIis is the defaultl) 
Displa,ys Qluent mntsnts of the log. 
(Different from S1'OP because S1'OP 
deactivates logging if it is active.) 

• HML - HML reads one P\YBical disk address at 
a time, and puts it into a IXIffer in 1III!I1lOry. ~ 
fC09I'am first: asks you to specify the mntroller 
q.pe, and then to specify whether you want to read 
(R) or write (W) the disk address. If you plan to 
write to the disk, first: choose the "R" option to 
read the address first. 

When you choose the "R" option, the p:ogram asks 
you to enter the d\vBical disk address (DIIddr:) to 
be read, enter it in-hex. ~ program next asks 
you for the IIII!I1lOry address to be used for the 
blffer mntsining the data it reads from the 
disk. If you are reading only one ramrd at a 
time, issue a <ao to use a default location for 
the IXIffer, whittl HML then displa,ys. If you 
specify a start address. you must specify an end 
address when ~ for it, otherwise, q.pe 
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<CR>. 

After HWa:. displays the "Done" message, you can 
\me IB (if you are rmning online), or the 
Mnemonic Del:ugger (if you are rlD'llling off-line) to 
look at the a>ntents of the reoord that you have 
read, in the location the progrllll displayed for 
the Wffer. 

usage: HWa:. 

• XMr ElIamines magtap!. 'lhis pr<l9r1lll is 
interactive and will print out a list of possible 
CXlIIIDIIlIds that can be elCecuted if help is typed 
once the progrllll has been entered. 

Usage: XMr 
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DEVICE NlQRRS'lRS (PIO) 

0IAPl'ER 6 

PERIFIIERAL I/O 

Refer to the ADDRESS SPACE section of the awropriate 
chapter for each model node. 

DISK PARAMETERS 

Winchester Dtype Class 000 - 14" Ring/disk PRIAM interface 

001 PRIAM 3350 
006 PRIAM 6650 
007 PRIAM 15450 

561 
1121 
1121 

3 
3 
7 

18 
18 
18 

30294 (7656) 
60534 (EC76) 

141246 (227BE) 

Winchester Dtype Class 100 - 8" ANSI Interface 

103 Micropolis 1203 580 (1) 5 
104 PRIAM 3450 525 5 
105 PRIAM 7050 1049 5 

13(2) 
12 
12 

37700 (9344) 
31500 (7BOC) 
62940 (F5OC) 

Winchester Dtype Class 200 - 8" Ring/disk SM!) Interface 

201 NEC D2246 
202 NEe D2257 

687 
1024 

6 
8 

18 
18 

74196 (12lD4) 
147546 (24000) 

Winchester Dtype Class 300 - 5 1/4" ST412 Interface 

301 Micropolis 50IB 830 6 8 39840 (9BAO) 
302 Micro. 86MB 1024 8 8 65536 (10000) 
303 Fujitsu 86MB 754 11 8 66352 (10330) 
304 Maxtor 140IB 918 15 8 110160 (lAESO) 
305 Maxtor 190IB 1224 15 8 146880 (23OCO) 
306 Vertex 86MB 1166 7 8 65296 (FF10) 

Flom Controller (Cl'YPE=1) 

001 F10m 77 2 8 1232 (400) 

Intel Storage Module Controller (SMD I/F) (Cl'YPE=4) 

000 300IB SMD 823 19 18 281466 (44B7A) 

Xy10gics File Server Controller (SMD I/F) (Cl'YPE=4) 

001 COC (JX1 3863) 711 24 
002 NEC (JX1 5100) 760 19 
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26 
31 

443664 (6C510) 
447640 (6D498) 

PeriPieral I/O 



(1) Software uses only 525 cylinders. 
(2) Software uses only 12 sectors. 

SEEK TIMBS (nSecs) AVG mANSFER 1WG 
mD?B lIDiL !I!:::tO::::r A'IlIi JmX .Bl'H ~.BI\'m1llllS) l!IW2(*) 

001 HUAM 3350 8 45 85 3100 9.7 1.04 55.7 
006 HUAM 6650 8 45 85 3100 9.7 1.04 55.7 
007 HUAM 15450 8 45 75 3100 9.7 1.04 55.7 

103 Micropolis 1203 12 42 85 3600 8.3 0.92 51.6 
104 HUAM 3450 8 42 75 3600 8.3 0.8 51.4 
105 HUAM 7050 8 42 75 3600 8.3 0.8 51.4 

201 NBC 02246 7 25 50 3510 8.55 1.2 34.5 
202 NBC 02257 5 20 40 3510 8.55 1.2 29.5 

301 Micropolis 50111 ? ? ? 3600 8.3 .625 ? 
302 Micropolis 86MB 6 28 62 3600 8.3 .625 38.0 
303 Fuj itsu 86MB 5 30 65 3600 8.3 .625 40.0 
304 Maxtor 140111 5 30 52 3600 8.3 .625 40.0 
305 Maxtorl90111 5 30 52 3600 8.3 .625 40.0 
306 Vertex 86MB ? ? ? 3600 8.3 .625 ? 

001 Flom' ? ? ? 300 10.0 ? ? 

000 300lIl SII) 6 29 55 3600 8.3 1.2 38.18 

001 ale (pn 3863) 5 20 45 3600 8.3 1.8 28.9 
002 NEC (pn 5100) ? 15 ? 3070 9.8 1.8 25.4 

(*) Average read = Avg. Seek time + Avg. latency + Sector Time 
(?) Exact specifications not available at time of printing. 
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O!\IXR(hex)/CYL(dec) CYLS BLKS 
~ DIAGOOSTIC .llSI:i!l .!!SI'.iD(*) 

001 PRIAr43350 7620/560 75AE/559 556 30024 (7548) 
006 PRIAM 6650 EC40/1120 ECOlI/1119 1116 60264 (EB68) 
007 l'RIAH 15450 22740/1120 226C2/1119 1116 140616 (22548) 

103 Micropolis 1203 9303/579 92C2/578 520 31200 (79m) 
104 PRWI 3450 7ADO/524 7A94/523 52Q 31200 (79m) 
105 PRIAM 7050 FSAO/I048 F564/1047 1044 62640 (F4BO) 

201 NEe 02246 12168/686 l20FC/685 682 73656 (l1FBB) 
202 NEe 02257 23F70/1023 23EEO/I022 1019 146736 (23030) 

301 Micropolis 50foll 9870/829 9BlO/827 827 39696 (9BlO) 
302 Micropolis 86MB FFCO/1023 FF40/1021 1021 65344 (FF40) 
303 Fujitsu 86MB 10208/753 10228/751 742 65296 (FFI0) 
304 Maxtor 140foIl lAOOB/917 lACE8/9l5 915 109800 (lACE8) 
305 Maxtor 1901Il 23048/1223 23C58/1221 1221 146520 (23C5B) 
306 Vertex 86MB FEDB/1165 FE68/1163 1163 65128 (FE68) 

001 Flom 11 1232 (400) 

000 300foll SlID 44Ba:/821 44A24/822 821 280782 (44Ba:) 

001 ax: (pl 3863) 6C030/709 6C2AO/710 709 442416 (6C020) 
002 NEC (pl 5100) 6CFFE/758 6024B/759 751 442339 (6BFE3) 

(*) Cy1s, blocks used reflect loss of badspot and diagnostic 
cylinders and cylinders excluded for matching of secondary sources. 
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16-bit address 
from CXlntroller: 

0-2 bits "strawed" 
per CXlntroller I 

18-bit virtual 
DIA address: 

mma.r.m 
I 
I 

15 V 0 

I 
i-I-+ I 
I I I I 
+-+-+ I 

I I 
I I 

17 V 10 9 V o 

!DORY 

I/o M!\P has 256 ollEHiOrd entries from FFFSOO-FFF9FE. 
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110 MAP ALUlCATION 

FloPPi 
Unused 
Winchester 
Ring Transmit 
Ring Receive 
Ring 2nd RCIT Olan 
Unused 
Color DIA 
Bit bUt 
Unused 
Multibus 

PeriJ;i1eral I/o 

I/O PAGES 

0-1 
2-3F 

40-41 
42-45 
46-49 
4A-40 
4E-5E 
5F-7F 
80-9F 
AO-BF 
Co-FF 

6-5 

I/O .w JiiIl'mX AIlPRF§lfjS 

FFF800-FFF802 
FFF804-FFF87E 
FFF880-FFF882 
FFF884-FFF88A 
FFF88C-FFF892 
FFF894-FFF89A 
FFF89C-FFF8BC 
FFF8BE-FFFSFE 
FFF900-FFF93E 
FFF940-FFF97E 
FFF980-FFF9FE 

( 2 pages) 
(62 pages) 
( 2 pages) 
( 4 pages) 
( 4 pages) 
( 4 pages) 
(17 pages) 
(33 pages) 
(32 pages) 
(32 pages) 
(64 pages) 
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L1 L2 L3 F1 

L. L5 L6 

L7 L8 L. TAB 

LA LB LC 

LD LE LF 

R2 I R31 R4 R5 



880 Ke:lb<>ard Chart - Bjysical 

High Order Nibble 
o 1 2 3 

.. ..,. 
BtNK 0 

"A "0 I 1 

.. .. 2 

"C "s • 3 

.. ." $ • .. .. • S 

"F -V & • 
"G ... 7 

." "X ( B 

", "Y I , 
"J "z · , 

.. "I + , 
"'L < 

. .,. ") - = 

.. ". > 

"0 

@ p 

A 0 

B R 

C s 

D T 

E U 

F V 

G W 

H X 

, y 

J Z 

K { 

L 

• ) 

N 

0 -
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. 
b 

C 

d 

e 

f 

9 

h 

i 

j 

k 

1 

m 

n 

0 

A 

P R1 NO RID NOJ F1 F19 Fill F]J; 

q L1 N1 Lill Nill F2 F2S F2U no 

, L2 N2 L2U N2U F3 FE FD F3: 

8 L3 N3 LD ND F4 F4S FOJ F4C 

t L' N' L" NOJ F5 F58 F!iJ F!O: 

u LS NS L!iJ N!iJ F6 FSS FW FSC 

v L6 N6 L6U N6U F7 F18 F1U F1C 

w L7 N7 L7!I N7!I FB Fill FO! FI<: 

x LB NB L8J N8J \ \S tpad "\ 

Y L> N' L'" N'IJ I Is IC 

z LA N. LAU N.O "lWl TABS "lWlC 

( '" N- LBO N-o CR CllS CXC 

LC N+ LCU N-KJ / ? "/ 

I LD N- LOU N-<J R2 RS R2U R!iJ 

. LE N* LEU N*U R3 BS RD 

IE N/ LFU Nt\! R' R4tJ 
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880 ~rd Chart - Translated (User It:ldel 

High Order Nibble 
o 1 2 3 

" '1> SP 0 

'. '0 I 1 

"B 'R 2 

'c '. • 3 

'0 'r $ • 
'E 'u • 5 

'F 'v · , 
'u 'W 7 

'1l 'X ( 8 

", .., ) , 
"J "z , , 

"R "[ + , 

"L "\ < 

.. "J - = 

"II "- > 

"0 "I I 7 

PeriIi'teral I/O 

, p 

A Q a 

B R b 

C • c 

D T d 

E U e 

F V f 

U w 9 

H X h 

, y i 

J Z j 

K [ k 

L \ 1 

M J m 

N " n 

0 - 0 

A 

P Rl RlIJ Fl FIS FlIJ FIC 

q Ll R2 LlIJ R2lI F2 F2S F2lJ F2C 

, L2 R3 L2lJ Rll F3 F3S Fll .:£ 

s L3 R' Lll R4U F4 F4S FOJ F4C 

t L' R5 L4U R5U F5 F'" F5U FO;: 

u L5 BS L5U F6 FOS F6U FOC 

v L' CR L6U F7 F"IS F1I1 F>: 

w L7 TIIB L1I1 F8 FlO F .. Fa:: 

x L8 sr .. L" NO N8 NO! NOJ 

Y L' cr .. LO! Nl N' NlIJ NO! 

z LA LAO N2 N. N2lJ N.U 

( Ul UlU N3 N= Nll No<) 

I 1£ I£U N' N+ NOJ N+u 

J LD LIXI N5 N- N5U N-U 

- LE LEU N' N' N6U N'U 

"I LF LFU N7 NI N7U N'" 
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1L1 L2 "I I F1 I F2 I F3 I F4 I I F5 I F6 I F7 I F8 I I .21 1.4 1.5 1.'1 
L1A '2A l3A I I I:~;~el 

1.8 L9 

'" .l, LA LB I LC 

I 
TAB I 'H ICTAL I IRETURN __ 

I I Rl I 
'D "I I SPACE I 



Im:ProfUe I!e.l/bQIrd g:..rt - .iQl!1 

Ri9l1 ~ Nibble 
o 1 2; 3 

"sp "p sp • 
"A "Q I 1 

.. "R 2 

"C .. • 3 

.." ." $ • .. "II • • 

... "V • , 

.. "W 7 

.. "X ( 8 

", "Y I • 
"J .. · · 
"R I!SC + , 
.. < 

.. "' - · 
"II - > 

"0 

Peritileral I/O 

, p 

A Q · 
B • b 

C S c 

D T • 
• U · 
• V f 

G W • 
• X b 

, y l 

J • j 

• ,( k 

, 1 

• , m 

• " n 

0 - 0 

P Rl RIS Rill ,]A '1 'IS 'Ill .]t: 

q Ll LIS LIIl L2A n '2B '2lJ P2C 

, L2 L2B L2lJ LJA '3 ,:S .JJ F:>:: 

· L3 L:S LJJ ., P4 '4S , .. ,., 
t L' L4S L4IJ .lAS ,. .'" "'J ~5C 

u L' L'" LSU L2I\S 1'6 'IB "'J F6C 

V L6 LIB L6U L3iIS P7 F7S FlU "" 
· .7 L7S L7U ROB '8 ,'"' ,au .a: 

· L8 LIIl LIIJ LlAII \ I .... "\ 

y L' ,!IS .. , ...., I ... 
· LA LOS ..., 

''''' "" .... • :s ....c 

I !B !BS !BU R6U CR CHI ... CR: 

u: u:a IDJ , ? .'" "' , III LDS "" R2 •• .'" .'" 
- I.E .... !aJ .3 BS .JJ 

... LP LPS ,." •• .... ... 
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Ipw-PrQfil e JW!board Chart ~ Trans] i!l;ed (User Mpde\ 

A 

High Oreer Nibble 
o 1 2 ·3 

"£p "p SP 0 

"A "Q I 1 

"B .. 2 

"c "8 • 3 

"D 'r $ 4 

"E "u • 5 

"F "V , 0 

"G .. 7 

.." "X I 8 

", "y J , 
"J ", · , 

", ESC + , 

"r. "\ < 

.." "J - . 

." "- > 

"0 ", I ? 

• p p 

A Q a g 

B R b , 

C 8 c . 
D T d t 

E U e u 

F V f v 

G • 9 w 

B X h x 

, y i y 

J , j z 

K I k { 

L \ 1 I 

M J rn } 

N n -

0 0 DEL -
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Rl RID Fl PIS PID FJ£ 

Ll R2 LID R2IJ F2 F2S F20 F2C 

L2 R3 L2U RD F3 FlS FD F>:: 

L3 R' LD R4U F4 F4S FOl F4C 

L' R5 L4IJ R'" F5 FSS F'" FOC 

L5 BS LSU R2S FO F6S F6U F6C 

LO CR L60 RlS F7 F?S F1IJ F7C 

L7 TAB L1IJ R4S F8 F8S FlIl Fa:: 

L8 STAB LIIl RSS RIS L8S LlA LOO 

L, crAB L!l! LIS U, L2A L2AU 

LA Ll\lI L2S LAS L'" L31<J 

ra LBO LlS ras R' R'" 
LC LeU L<S LCS LlAS 

ill LOO L58 IDS L2AS 

LE WI L6S LIlS L3I\S 

LF LFU L"IS IES R6S 

PeriIireral I/o 



o:mtro11er control page: FEBOOO 
Interrupt vector II1IIRJer: B3 ($2CC in page 0) 
IIlLTIBUS interrupt level.: 3 (See MIe) 
I/OMIIP entries: FFF980-FFF9FE (64 pages) 

Sl!St:em Cgnfiguration Foiater (at xxxPlIjl 

+00 +01 +02 +04 
I I I I 
1000000011000000001 -> <nIFIG BLOat 1 0 
I 

s:oum Cpnfiguration Block 

+00 +01 +02 +04 
I I I I 
1 000000111 00000000 I-XlIlIN <nIFIG BLK 1 0 
I I I I 

Q)annel O!ntrol Block 

lS 87 

+00 COi 1 GAm 
I 

+02 -> fARM BLOat 

+04 0 

+06 0 

o 

'l'Q initiate an Qgeration 

(set up parameter block) 

KIllE. W l$llFF ,GATE 
KIllE. B 10,$FE80M 

COil set to $11 for noJ:llllll. 
operations. set to $09 to 
clear active interrupt. 

GAm: set to $FF before starting 
an operation. set to 00 by 
controller on completion. 
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'lb ac!cnowledge tape interrypt: 

'$09FF,GATE <LOSE GATE 
i$20,0ID_ID:'l'E lXHUIlIII{; CDMMAND 

IUJE.W 
IUJE.B 
IUJE.W 
IUJE.B 
TST.B 
BNE 

lV_urr,CXNlRCL fNruRE NmRRJPl' BIT OFF 
'00, $FE80M WAJ(E UP a:tm«JLI.m 
GATE+1 WAIT roR ACX TO FINISH 
*-4 

Parameter Bl ock 

15 8 7 o 
+- I I 

+00 IOID BY're I 00000000 I 
+I------~I~-----+ 

+02 I 0 I 
+------+--------+ 

+04 IWG-SllR-IDLIKltr-1 (CXNlR<L - SEE BELCW) 
+- 1---+ 

+06 I ACl'UAL aJUm I 
1 --+ 

+08 I aJUm ro IVW (*) I 
1 -+ 

+OA I REillROO/O\IERIUN I 
+- ---+ 

+DC I BUFFER IOIN'IER I 
+1-------------+ 

+OE I 0 I 
+- 1 

+10 I SC-EEEEEl-<LmBp-1 (STA'IDS - SEE BELeW) 
+------+ 

+12 I Im OR LINK Pl'R I 
1 

+14 I 0 
+---------+ 

* Manufacturer reoonntends 4K-8K. 

CIJ!IWID BliTE 

00 Initialize 3C Edit (rewrite prior reoord) 
20 No operation 40 Write filenark 
28 Return status 44 Skip to filenark 
2C Read 48 Space "n" rerords 
30 Write 70 Space "n" or to filenark 
34 Rewind 4C Erase fixed (3.5" * "n") 
38 Rewind/Unload 50 Erl\se from here to IDl' 

APOLLO CONFIDENTIAL. INTERNAL USE ONLY 6-13 Perij:beral I/O 



(appropriate value) 

W 8000 Bus width (0 => 8 bits, 1 -> 16) (1) 
G 4000 Grab We before tape IIIDI7EIIII!IIt (0) 
S 1000 Operate in streaming mode (1) 
H 0800 Belect high speed (100ipe) (0) 
R 0400 Reverse direction for operation (?) 
D 0080 Grab We cmring IJIA transfers (0) 
L 0040 Link (e> ignore I and M bits) (?) 
I 0020 Interrupt when mne (1) 
M 0010 1 -> use mailbox interrupts (0) 
W OOOC unit select (00 through 11) (00) 

(normal state at oompletion) 

S 8000 Exlerution (of IBrm block) started (1) 
C 4000 ExleaJtion oompleted ()l( (1) 
E •• E lFOO Error mdel (00) 

00 No lI'Irecoverable error 
01 Timed out waiting for Dilta Busy false 
02 Timed out waiting for Data Busy false, 

Formatter Busy false and Reat\' true 
03 Timed out waiting for Ready false 
04 Timed out waiting for Ready true 
05 Timed out waiting for Dilta Busy true 
06 Memory time-out <bring system memory reference 
07 mank tape enoountered 
08 Error in micro-diagnostic 
09 tmexpected end of tape 
OA Tape read/wri te error 
OB Tape OU'errll'l 
OD Read IBrity error 
OE Checkstn error 
OF Tape timeout (read on blank tape or 

reading larger block "than written) 
10 Tape not ready 
11 Write attempted on pnltected tape 
13 Diagnostic mode jumper not installed 
14 n1egal attempt to link 
15 Filemark enoountered cilring read operation 
16 Parameter error (byte munt zero or too large) 
18 Hardware error 
19 Read or write terminated I:¥ OS or disk 

o 0040 Ckt-1ine (1) 
L 0020 IQad point (?) 
E 0010 End of tape (1) 
R 0008 Reat\' (1) 
B 0004 Formatter bJay (0) 
P 0002 Tape is write protected (?) 
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MllLTIBUS DEIlICES 

IIlI'ERRIlP1' .I1IWK:T RllOOl!C'r RARrH:2 .CSIh'\WR M:Im~ 
LIML <DIE IESOUPI'IOO (PAGE) AI£.QESS&9 

0 Reserved for 0-3COO 00Oo-7COO 
custaners 

1 <DJLE'lH Interlan 003613 8O-8F 
Ethernet Ctlr 

1 FPS array proc. - 7400 

2 <DM-X25 'IT.m X25 Ctlr 002858 700o-7FFF 

3 MSD1600 Rimfire Trans- 001012 7800 
port Ctlr 

4 MSD-300 Intel SMIl Ctlr 001380 6COO 

4 MSD-500 Xylogics FSD 003864 
Ctlr 

5 SFl'-VER IroN 10071-5 400 
!!bus Versatec 
(WO) Ctlr 

6 Printronix 7COO 
Parallel Pl::r. 
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REmSTER SET 

31 16 15 87 0 
I I 
I I DO 

D1 

D2 

D3 

D4 

DS 

D6 

D7 

lIIl 

A1 

A2 

A3 

A4 

AS ([8) 

A6 (liB) 

[8 -> Start of Data Section 
liB -> Top of current Stack Fr_ 

I . I 

I USER STACK l'OIN'lER I 
+- - - - - - - - - - - - - - - - - + A7 (SP) * 
I SUPERVISCR STACK l'OIN'lER I 
I I 

* Choice made on basis of S bit in SR 
I 
IPC 

System User 
I I I 
I~S--IIII-XNZOCI SR 
I I I 

'J.'-Traoe II:lde III -Interrupt Level. X-Extend o-<lverf1ow 
S-&lpervisor Mode 000 - enabled .Negative O<arry 

111 - disabled z-zero 
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Write au or 00 
Rd status, Write CR2 
Read/Write Timer 1, High 
Read/Wri te Timer 1, Iai 
Read/Wri te Timer 2, High 
Read/Wri te Timer 2, Iai 
Read/Write Timer 3, High 
Read/Write Timer 3, Iai 
Calendar Control 
Calendar lata Write 
Calendar lata Read 

[ 8800 I FFACOO I 
[ 8802 I FFAC02 I 
[ 8804 I FFAC04 I 
[ 8806 I FFAC06 I 
[ 8808 I FFAC08 I 
[ 8BOA I FFACOA I 
[ 8BOC I FFACOC I 
[ 8BOE I FFACOE I 
[ 8880 I FFACSO I 
[ 8882 I FFAC82 I 
[ 8884 I FFACS4 I 

'!be touchpad sends awroximate1y 30 data );X)ints per second 
through the same SIO );X)rt (zero J as the keyboard, at a 
speed of 1200 baud. Each data );X)int has four bytes, as 
follows: 

escape code low 8 I low 4: high 4 high 8 
bits I bits : bits bits 

E8 of X I of Y : of X of Y 
--+ 

4-7 0-3 
byte 0 byte 1 byte 2 byte 3 

'!be range of X and Y coordinates is awroximate1y 30 to 
1100. 
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100400 traps 

0IAPl'ER 7 

0000,0020 

virtual 

o 
400 l'RCII 

100800 phys man 
700000 Pl'T 

40o->7FFF (one-to-one) 
10080o->FFFFF 
700ooo->7FFFFF 

BLT REGISTERS 

100000 II) STK,I:'IM.'A 
20000 displ.Jnem 

BOOO FPU ct:l 
8400 FPU and 
BaOO FPU os 
9400 disp 1 
9800 ring 2 
9000 IJ!A ct:l 
9COO P'LP, WIN, OIL 
8800 timers 
8400 sios 
8000 IIlIIU 
4000 pft 

EOOOOO 
R:ooOo->FDFFFF 
FF7000 
FF7400 
FF780D 
FF9800 
FF!lCOD 
FFAOOO 
FFl\800 
mcoo 
FFSOoo 
FEB400 
FFBSOo->FFF7FF 

(Each has an address used for reading and a Separate 
address used for writing.) 

DES.rINI\TICti axm y BEXaI9l'ER [ 9414 I OFF9814 I 

15 9 0 
I I 
l--cccm:xxx::cl 
I I 

cxxxxx: = -1 - ABS(WI'SY-wIli:Y) 

.. two I S oomplement for lII.IIIber of lines in height 
of destination block. 
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PESrINATIClN mtJNl' X REXiISTER [ 9416 I OFF9816 1 

15 5 o 
I --+ 
1--ccaxx:1 
I 

CCCCCC = -1 - ABS(WOSX/16-wDEX/16) 

= two's romplement for number of 16-bit aligned 
words il'l'lolved in X coordinate. 

!lESl'INATION END BIT REXiISTER [ 941C I OFF981C 1 

15 7 3 0 
I I 
I---OOOOEEEE I 
I I 

EEEE = WlEX moo 16 

= bit number in word of last bit of X. 
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+---+ +---+ 
I I I I SIlUS 
I CPU 1=1 MMU 1=============== 
I I I I I I 
+---+ +---+ I I 

+----+ 
I BOO!' I 
I moM I 
I I 
-1---+ 

< 
I 
I 

+----+ 
I MAIN I 
I MEM I 
I I 
+----+ 

I 
I 

+----+ +----+ 
I DISP I I DISP I 
I MEM I I Cl'L I 
I I I I 
+----+ -1---+ 

I 
+ 

monitor 
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-1----+ -1---+ 
I SID I I REAL I 
I I I TIME I 
I I ICLOCK I 
+---+ -1---+ 

I I I 
I I -I-keyboard 
I of--SID 1 
+---SID 2 

+---+ • 
I MIIIJ I • 
1Cl'L1· 
I I· 
+---+ • 

-1----+ +----+ -1---+ 
I D!A I I RIN3 I I DSK/ I 
I Cl'L I I Cl'L I I FLPY I 
I I I I I Cl'L I 
-1---+ +-----+ -1---+ 

I I I 
+ I -I- disk 

network of-- floppy 
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DISK (FIllPPXt'\mp!Es WI'BOIliiR 

Address: ( 9COO I OFFASOO I 

WRITE READ 

+00 ANSI <DIIIl\ND I AT'lniTIOO Sl'A'lUS I 
I I 

+02 ANSI H\RM arr I ANSI H\RM IN I 
I I 

+04 I mmrE 00. OF STMUS I 
I I 

+06 SECroR I~ 8l'M'-HIGHI 
+07 I ~ 8l'M'-WilI 
+08 CYLINIER-HlGH I I 
+09 CYLINIER-Wil I I 
+OA HEAD I I 

I I 
+DC IN'lERRJPl' <rN1RCL I I 

I I 
+OE 1~<XHIl\ND I I 

I 
+10 I I FLOPPY STMUS 

I I 
+12 I FWPPr WRITE IlM'A I FLOPPY READ IlM'A 

I I 
+14 I FWPPr <XJfJR(L I 

I 
+20 I OILENaIR <XJfJR(L I 

I I 
+22 10\LENllIR WRITE IlM'AI I 

I I I 
+24 I I I OILENaIR READ IlM'A 

cnmallim STATUS [ 9C06 I OFFAB06 I 
~ 

8000 15 Controller b.tsy Se1f-cl.earing 
4000 14 Drive b.tsy (from bus) Self-clearing 
2000 13 Drive attention (from bus) Ctlr, if status 

avail enable 
1000 12 Status available interrupt aead attn status reg 
0800 11 End of operation interrupt Write to ctIr and reg 
0400 10 Flom'" interrupting aead f1opp( status reg 

0080 07 Time-out Write to ctIr and reg 
0040 06 Overrun Write to ctIr and reg 
0020 05 CRC error Write to ctl r and reg 
0010 04 Controller bus parity error Write to ctIr and reg 
0008 03 Illegal conf iguration Write to ctIr and reg 
0004 02 Status time-out aead attention status 

register 
0002 01 Parity error wring tMA Write to oontro11er 

alI1I1IBIld register 
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ANSI <XJtWIlS [9000 I OFFABOO I 

l'lIlWIE'mR arr <DIIMANIE 
81.r~1: 

40 Attention control Bit 7 • 0 -> enable attention 
1 => disable attention 

41 Write oontrol Bit 7 = 0 => write protect 
1 -> write enable 

42 Load cyl addr high MSB of cylinder address 
43 Load cyl addr low LSB of cylinder address 
44 Select head Bead ntmiber Mandatory 

50 Load attrilx1te nuriler Attribute naober Optional. 
51 Load attribute Attribute 
53 Bead control Bits 7,6 - Ox - naninal strobe 

10 - strobe early 
11 - strobe late 

54 Offset oontrol Bits 7,6 • Ox - no offset 
10 - offset forward 
11 - offset reverse 

55 Spin oontrol Bit 7 • 0 - spin down 
1 - spin '" 

56 Load sect/trk high MSB of sectors/track 
57 Load sect/trk median IIedSB of sectors/track 
58 Load sect/trk low LSB of sectors/track 
59 Load l¥teS/sect high MSB of l¥teS/sector 
SA Load l¥teS/sect median MedSB of l¥teS/sector 
5B Load l¥teS/sect low LSB of l¥teS/sector 
6B Load read.pennit high MSB of read enable on cyl >-
6C Load read pennit low LSB of read enable cyl 
6D Load write pennit high MSB of write enable on cyl >-
6E Load write pennit low LSB of write enablecyl 
6F Load test I:¥te Test I:¥te 
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PARAMETER IN CDMMANL\S 

00 Re];Xlrt illegal oorrmand 
01 Clear fault 
02 Clear attention 
03 Seek 
04 Rezero 
00 ReJ;Xlrt sense I:¥te 2 
OE Re];Xlrt sense I:¥te 1 
OF Re];Xlrt general status 

General statu,. 
General status 
General status 

* General status 
* General status 

Sense l¥te 2 
Sense l¥te 1 
General status Mandatory 

10 ReJ;Xlrt drive attrioote Drive attrioote Optional 
11 Set attention * General status 
14 Selective reset * General status 
15 Seek to landing zone * General status 
16 Reformat track * General status 
29 Re];Xlrt cyl addr high MSB of cylinder address 
2A ReJ;Xlrt cy 1 addr lOW' LSB of cylinder address 
2B Re];Xlrt read permit high MSB of cylinder address 
2C Re];Xlrt read permit high LSB of cylinder address 
2D ReJ;Xlrt wrt permit high MSB of cylinder address 
2E Re];Xlrt wrt permit high LSB of cylinder address 
2F Re];Xlrt test I:¥te Test I:¥te 

* Time-dependent oorrmand; attention set on completion. 

ATl'ENl'ION STA'l11S [9000 I OFFABOO I 

Cleared by 

7 80 Normal oornpletion * Clear attention oonmand 
6 40 Busy Self clearing 
5 20 Read sense I:¥te 2 See sense l¥te 2 
4 10 Read sense l¥te 1 See sense I:¥te 1 
3 08 Illegal parameter * Clear fault command 
2 04 lllegal oommand * Clear fault oonmand 
1 02 ControLoos error * Clear fault command 
o 01 Not ready· Self clearing 

* Zero to one transition sets attention. 

SENSE BYTE 1 nand/opt 

7 80 vendor mique errors * 0 
6 40 Other errors * 0 
5 20 Conmand reject * M 
4 10 Speed error * 0 
3 08 1VW permit violation * 0 
2 04 I'Ower fault * 0 
1 02 Read/write fault * M 
0 01 Seek error * M 
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SENSE BYTE 1 rnand/opt 

7 80 Vendor unique attns * 0 
6 40 In write-protected area M 
5 20 Attr table IOOdified * 0 
4 10 Dev rsrved to al t port 0 
3 08 Foroed release * 0 
2 04 Dev rsrved to this port 0 
1 02 Ready transition * M 
0 01 Initial state * M 

* Zero to one transition sets attention. 

INlERRUPl' aJNTllOL [9COC 1 OFFABOC 1 

t---I--+- 1 1 1 -+---1---+ 
17161514131211101 
+--1--·-+1 -+--11-'-+--+---1---+ 

1 1 1 1 
1 liEnable End of Op int 
liEnable Status Avail int 
1 Enable Attention int 
Overall interrupt enable 

mwror r,m cmMANDS [9COE 1 OFFABOE } 

00 - No-op 
01 - Read record 
02 - Write record 
03 - Format track 
04 - Seek 
05 - Execute ANSI COIIIlIaJld sequence 
06 - Execute drive select sequence 
07 - Execute attention in sequence 
08 - Select head 

hrI oonmand clears the controller status register. 

9Cl4 1 OFFA814 1 

1 1 0 1 
+--------------.+ 

1 
1 
1 
1 

1 
o - Read 
1 - Write 

1 => Enable flom interrupt 
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DISPLAY CXlNlmL AND WMUS RmIS'lIR IOCSRl 

DISPLAY REGISTERS [9400 OFF9S00 I 

WRITE RFAD 

+00 DISR.AY cnma. DISR.AY STMUS 
+02 DEB 
+04 WSSY 
+06 WSSX 
+08 DCY 
+OA IlCX 
+OC WSDY 
+OE WSDX 

DISPLAY amror. REGIS'lIR [9400 I OFF9S00 I 

SOOO - 00 (start BLT operation) 15 
0020 - Interrupt at end of frGlllEl 5 
0010 - Interrupt at end of BLT operation 4 
0008 - Increment Y coordinate 3 
0004 - Increment X coordinate 2 
0002 - Fill IOOde BLT operation 1 
0001 - Enable display (blank if reset) 0 

DISPlAY WMUS RmISTEB [9400 I OFF9800 J 

SOOO - BLT operation in progress 15 
7 
1 
o 

OOSO - End of frame interrupt 
0002 - Reserved 
0001 - Reserved 
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IlIA tx'IDB'I rp 

DIAC page at [ goOD I OFFAOOO 1 

IH\. controller is a Ibtoro1a M68450. 

goOD-go3F - ring receive Mader 
9040-go7F - ring receive data 
9080-goBF - ring transmit 
goOD-goFF - winchester/flClpP.{ 

Begister IIImIl!UY (for each dlanne1) I 

-HID Channel status register (CSR) 
+01 Cbanne1 error register (<ER) 
-Hl4 Device control register (DCR) 
+05 Operation control register (00t) 
+06 Seq\alce control register (SQ{) 
+07 Cbannel control register (cx:R) 
-HlA Memory transfer counter (Hl'C) 
+DC Memory address register (MIIR) 
+14 Device address register (not used) 
+1A Base transfer counter (Jm::) 
+lC Base address register (BAR) 
+25 Normal interrupt vector (not used) 
+27 Error interr':ll?t vector (not used) 
+29 Memory fmction code register (MFCR) 
+21> Cbannel priority register (CPR) 

R/W 
R 
B/W 
B/W 
B/W 
R/W 
B/W 
B/W 

B/W 
B/W 

B/W 
B/W 

+31 Device fmction code register (not used) 
+39 Base function code register (BPCR) B/W 
+FF General Control Begister (not used) 

CBl\NNEL SJMUS RmISTER ICSR) [9000 I OmaDO 1 

7654321 0 
I I I I I I I I I 
1ax:IB'OCINlIrIERRIACI.'I 0 1Pl'CIPCSI 
I I I I I I I I I 

I I 
I I state Of input: PCL line 
I I 1 -> PCL transition occurred (*) 
I I 1 .. > Cbanne1 active 
I I 1 => Error as coded in <ER (**) 
I I 1 .. > Nonnal Device teIJDinatioo (*) 
I 1 => mock transfer oomplete and continue (*) 
1 -> Cbannel operation oomplete (*) 

(*) Bit cleared by writing a one bit to CSR. 
(H) Ditto; clearing also clears am. 
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CHl\NNEL EROOR RtXlISTER (CER)~1lLU!FFAru)J..J 

7 6 5 4 3 2 1 0 
+--1---/---1------------+ 
I 0 I 0 I 0 I ERR 0 Reo D EI 
1 ------+ 
00 - No error 
01 - Configuration error 
02 - Operation timing error 
03 - (undefined, reserved) 
05 - Address error: memory address or memory counter 
06 - Address error: device address 
07 - Address error: tase address or tase counter 
09 - Bus error: memory address or memory counter 
OA - Bus error: device address 
OB - Bus error: tase address or tase counter 
OD - Count error: memory address or memory counter 
OE - Count error: device address 
OF - Count error: tase address or tase cnunter 
10 - External abort 
11 - Software abort 

DEVICE cmJ.roL RtXlISl'ER (OCR) [9004 OFFA004 

7 6 543 2 1 0 
+-- -1----11-' +---1----+ 
I XRM m'YP lops I 0 I PCL I (=28) 

1---+----+ 
I I I I I I I 
I I I I I 0 o - PCL = status input 
I I I I I 
I I I I 1 - 16-bit p:lrt 
I I I I 
I I 1 o - Device with ACK, impliCitly addressed 
I I 
0 o - Burst mode transfers 

OPERATION amm:. RtlliSl'ER (OCR) 9005 OFFA005 

7 6 5 4 3 210 
+--1---1----1--- 1 1 
IDIRI 0 I SIZE I (]lAIN I RB:!G I (=92) 
+--t--_I___-+----+----+ 

I I I I I I I 
I I I I I 1 0 - REXl line initiates "fcr 
I I I I I 
I I I 0 0 - Chain operation disabled 
I I I 
I 0 1 - Word transfers 
I 
o - Transfer from memory to device 
1 - Transfer from device to memory 
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mlfjllQ <DmD. RliliIEmijR ISCR) [ 9006 OFFA006 I 

7 6 5 4 3 2 1 0 
I I 

0 0 0 1 0 1 MAC mc (-04) 
I I 

1 1 1 1 
1 1 0 0 - tVA (Device address reg) 
1 1 
o 1 - Memory address reg counts up 

C!!l\NNEL aHllD. RliJiIEmijR 1q:Rl [9007 1 OFFM07 I 

7 6 543 210 
I I I I I I I I 
1B'lRI<lITIIILTISlIBIINTI 0 1 0 1 0 
I I I I I I 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 1 
1 1 => Enable interrupts 
1 
1 => SOftware abort 

1 => Halt operation 

1 => Continue operation 

1 => Stsrt operation 

MfHlRY 'lW\NSPER anmm. 1Jm:1 [900&-9ODBIOFFMIlA-OFFAOPBI 

15 8 ° 
I I I 
IWORDCOUNTI 
I I I 

(E.g., 512 to transfer a pige.) 

MOORX' A!DRESS RliJiIEmijR IMARl [900CHlOOFIOFFMOc-oFFMOFI 

31 24 16 8 0 
I I I I 
1 HIGH 1 UP-MID 1 ID-MID 1 1.0 
I I I I 
9018 90lA 901C 901E 

Load with MJIlEP.L 110,9018. 

DEVICE l\JJlIffl.$ RliJiISTER ID!IRl [901H0171!1FfAQ14-oFFM171 

Not used. 

BI\SE :ml\NSFER anmm. 1Bl'C1 [901A-901BIOFFA01A-QFFA01BI 

same as Memory Transfer Counter. 
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BI\SE NIlRESS RliGIS'lIiR (WI !901CHOlF I OFFAOICHIFFAQIF J 

SlIme as Memory Address Register. 

tIBIAL INl'I!RR!JPl mmlB RliGIS'lIiR ! 9025 I OFP1lO25 J 

lbt used. 

I!RIQ IlfM!R!!l!T mmlB RliGIS'lIiR ! 9027 I DmlO27 J 

lbt used. 

IIIBlRY !.'QtaI<Ii <mE RliGIS'l'EB. (MFCR! ! 9029 OFFAQ29 J 

7 6 5 4 3 210 
I I I I I I I I I 
101010101011"11"IFI 
I I I I I I I I I 

1 1 1 
o 0 0 - ring trl!lllSl1lit data 
o 0 1 - ring trllllBlDit lEader 

Function mde is not used on other dlannels. 

aJAtIiIE[. pBIQBTTi RImS'lJjR (CPR! ! 9020 1 OFFAQ2O J 

7654321 0 
I I I I I I I I I 
101010101010lPIPI 
I I I I I I I I I 

1 
0Iannel0: 0 

0Iannel1: 0 
0Iannel2: 1 
0Iannel3: 1 

1 
O-ring receive header 

(highest) 
1 - ring receive data 
O-ring trllllBlDit 
1 - W1nchester/flOPP.f 

(lowest) 

IlIMCB !.'QtaI<Ii <mE RJiGISl,'ER (DfCR! ! 9031 1IFFA031 J 

lbt .-d. 

BI\SE I!!m'ICIl <mE I!IilGISm!, (BIQ! ! 9039 1 DmlO39 J 

lbt used. 
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FA!JLT Ii'RI\ME 

B!!SIlIIIlRESS ERQ STl\CK PJWIE PQRMl\T 

15 0 
1 1------

+00 I S'lWI.US ROOIS'l'ER I A A 

1 1 I I 
+02 I HmRNI I SIrm I .... -----------+ FRlIIIE I 

I CXXJNmR I I I 
1 I I 

+06 I FRlIIIE RlRIIi\T/'..'m v I 
1 1--- I 

+08 I Sli'EC. 8lW.ruS 1iQU) I I 
III 

+OA I JmlILT I I 
.... -----------+ I 
I ~ I I 
1 I 

+OE I IN'JERNlIL Rl!GIS'l'ER I 
1 BUS 

+10 I IlII.TA 00'.l'RlT IIllFEm ERH:R 
1 FRlIIIE 

+12 I DI'l'ERNAL ROOIS'l'ER 
1 

+14 I D!I.TA INlUl' IIllFEm 
1 

+16 I IN'lERNAL Rl!GIS'l'ER 
1 

+18 I INS'lWcr:taI ROOIS'l'ER 
1 1 

+1A I I 
/ DI'l'ERNAL / 
/ RmISTERS / 
I I 

+3A 1 1 -------

1512 9 o 
1 III 1 
I JMl' 10101 VEe OFFSET I 
1 III 1 

0000 - four-wrd fOI\llll.t: SR, PC, VCR 
1000 - 29-wrd 68010 fonnat. 
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15 14 13 12 11 10 9 8 3 0 
I I I I I 
IRRI OIIF DFIRM IIBIBYI~I 01 01 01 01 m>l I 
I I I I I 

I I I 
I I I 
I I I 

1 -I 1 
I I I 
I I 0 - Write 
I I l-Read 
I I 
I 1 -> Byte transfer 

I 
001 - User data 
010 - User program 
101 - Supervisor data 
110 - Supervisor 

program 
111 - Interrupt 

acknowledge 

I 
I 
I 

=> High byte (valid if BY on) 

1 ~> Read-ioodify-wri te cycle 

o - Data store from IX:B 
1 - Data fet:dl to DIB 

=> Instruction fetcll 

o - PrOcessor will rerun bls cycle on RrE 
1 - Software has oompleted the OOS cycle prior to RrE 

FAIlLT TXPF.S 

o Reset Olrrent instruction is aI:lorted. 
Bus Error 
Address Error 

1 Trace Exception occurs before 

2 

Interrupt next instruction. 
nlegal Instruction 
Privilege Instruction 

'mAP, mAW 
am: 
zero Divide 

Processed by normal instruction 
execution. 

Group 0 exceptions have the higheSt priority. 
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FAllLT VEC'lPRS 

Exception vector at [ 100400 I 0 1 
(+ => 00300 only) 

Vector Address Assignment 

00 000 Reset: Initial SSP 
004 Reset: Initial PC 

02 008 Bus Error 
03 OOC Address Error 
04 010 Illegal Instruction 
05 014 Zero Divide 
06 018 <lIK Instruction 
07 01C 'mAN; Instruction 
08 020 Privilege Violation 
09 024 Trace 
OA 028 Unimplenented instruction 
OB 02C Unimplenented instruction 

OC-OO 030 (Unassigned, reserved) 
+ OE 038 Invalid stack Fonnat 

OF-17 03C (Unassigned, reserved) 
18 060 Spurious Interrupt 

+ 19-1F 064 Level 1-7 Auto Vector intetnmt; l~l 
+ 19 064 SID (receive and transmit) 1 
+ 1A 068 Keyboard input 2 
+ 1B 06C Ring 3 
+ Ie 070 Display 4 
+ 10 074 Disk/floPPl 5 
+ IE 078 Timers 1,2,3 6 
+ IF 07C Parity error 7 

20-2F 080 mAP Instruction Vectors 
3O-3F OCO (Unassigned, reserved) 
40-8F 100 User Interrupt Vectors - unused 
AO-AF 280 User Interrupt Vectors - unused 
BS-C3 2EO User Interrupt Vectors - unused 
C4-cD 310 unused 
Fa-FA 3EO unused 
FC-FD 3FO unused 
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Single-Precision FlOAti!llM'Pint Forma!; 

Implied normalization bit 
V 

n ~ 0 
I I 
IS~I 
I I 

S - Sign; S = 1 => Negative 
E •• E - Exponent plus 127 
M •• M - Mantissa 

DoybJe-Precision Floati!llM'Pint FoDMt 

~ied normalization bit 

31 19 0 
I I 
I~I 
I --+ 
I~I 
I I 

S - Sign; S = 1 => Negative 
E •• E - Exponent plus 1023 
M •• M - Mantissa 

ihe Fl'U is essentially the same as PEB without the cadle 
(and different rnicroa:>de). Refer to the PEB section of 
Chapter 8, IN400,IN420,IN600. 

Menr,,:y Omtrol Register 

lIddress: [ 8005 1 0Fl'B405 1 
I I I I I I I 
17161514131211 
I I I I I I 

o 
\ I 1 

1 
1 
1 
1 

1 1 

'IDP 
(RIGHT) 

BOT 
(LEPr) 

1 1 => Enable p!lrity error trap! 
1 
1 => Foroe right l¥te PIl"ity 

1 => Foroe left l¥te p!Irity 
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Menpr;y Status Register 

Address: [8006 1 OFE1l406 1 
15 4 0 

FAn-IN; PPN 3 2 
I I 

1 1 0 1 

1 
1 
1 

1 
1 => Parity error traps enabled 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 => Right I:¥te .parity error 

1 => Left I:¥te parity error 

1 => Parity during Il4A cycle 

Writing MSR clears the parity error rondition. 

MMlRY MANI\!V!ENl' !lNIT (mu) 

PID/PRIV/PCMER 
mu Status 

[ 8000 1 FFB400 1 
[ 8002 1 FFB402 1 

PIDIPRIY Register 

Address: [8000 1 OFE1l400 1 
~ 8 0 

I I 
o ASID 1--1 D 

I I 

I I 
P 1 M 1 

I 
1 1 
1 1 - &!able M!>IJ 
1 

1 
1 
1 
1 
1 

1 - &!able Pl'T access 
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It!!J status Regi!!ter 

llddress: [ 8002 1 OFFB402 1 
I I I I I I 
17161514131210 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

1 1 1 
1 1 1 => 1M! enabled 
1 1 
1 1 => Prr access enabled 
1 
l=>llRJSED 

1 => Interrupt pending 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 => Normal IOOde 

&> Bus timeout 

-> Page faul. t 

1 => Access violation 

(Type "pfte" in mnpft.pvt:.pas) 

312423 161587 0 
I I I I I 
1l\AMl\l\AS IDiRXPPPP IFJWWLILLLLLLLL 1 
I I I I I 

A •• A - llddress space ID (0-127) (.elsid) 
S - Supervisor cbrnain (.elccess) 
D - IXlI!I\JN (0 or 1) 
W - Write access 
R - Read access 
X - Execute access 
P •• P - Excess virtual page number (.XSYpl) 
E - I!nd of dlain (.eoc) 
M - Page modified (.bbnod) 
U - Page referenced (.used) 
G - Page is global (.global) 
L •• L - PFl' hash thread (.link) 

PFl' at [ 4000 1 FFBBOO 1 through [ 8000 1 FFF800 1. 

~re is one entry per IitYSical page of memory. 

0000,0020 APOUD CONFIDENTIAL INTERNAL USE ONlY. 



(type "ppn..t" in base.ins.pas) 

15 o 
+----------+ 
IxxxxPPPPPPPPPPPP I 
+---------+ 

P •• P - Physical page number (PPN) 

xxxx - Junk - ignore 

Page Translation Table at [ nla I 700000 1 
through [ n/a I 800000 1 

One PTTE every 1024 bytes in table. 

Refer to FPU section. 

PmM ENrR'l POINrS 

100: dc.w 2,0 2 => swallCM, no aux info 
104: ac getc returns char in dl 
108 ac putc prints char in dl 
10C ac init_dsk initialize disk 
110 ac read_dsk read a record from disk 
114 ac reload_font reload font 
118 ac pollc returns char in dl, else -1 
llC ac quiet_ret quiet return to prom 

in dl.w 
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ROO p!lge at [ 9800 I 0FF9C00 J 

WRlTB PIlNCl'Iai 

15 o 15 

-100 XMl'l' CDINND -100 I 

o 

+I--------------~ 
-102 I!JY CDINND 

1 
-104 'D!I\SR I lJRJSBD 

1 

-108 ROO I 
+------------+ 
I m I 
1 1 

-102 I 
+1--------+1--------+ 

-104 I 'D!I\SR I lJRJSED 
1 1 

+06 I DIlG SJMUS 
+I--------------~ 

-108 I ROO 
+------------+ 
I m I 
1 1 

+DC I lJRJSED I 
1 

-IOEI 
1 

+10 I ID3 
1 

+12 I m2 
1 

+14 I ml 

+16 lllO 

lJRJSED 
1 
I lJRJSBD 
1 
I lJRJSBD 
1 
I lJRJSBD 
1 
I lJRJSED 
1 

TRAN!!III'l <XJIWI) [9800 I omeno J 

4000 trllMnit interrupt aable 
2000 transmit enable (start the transmit) 
1000 force transmit 

IOJES. 
1. 'lb start a transmit mrmal1y, use 6000. 
2. 'lb force transmit, use 7000. 
3. 'lb stop a transmit that has alreaqy started, clear the 

transmit enable bit. 
4. Writing anything to this register clears the trlllllllllit 

interrupt. 

0000 ,0020 7-20 APOUD CONADENnAL INTERNAL USE ONlY. 



RIilCEIJlE <XJI!WI) [9S02 I 0FF9CX!2 ) 

4000 enable interrupt: 
2000 enable receive 

IOJES: 

(start the receive) 

1. 'lb start a mnnal receive, \Be 6000. 
2. 'lb stop a receive that has alreaqy started, clear the 

receive enable bit. 

'l'IWISMl'l' 8lMUIl [9S00 I OmenO ) 

SOOO interrupt pending 
4000 interrupt: enabled 
2000 busy 
1000 diBalnnected 
0800 bi-pwJe error 
0400 elastic store before error 
0200 m return (a compl.ete packet frsne never arrived) 
0100 crc error 
0080 ack parity error (Oono error, l=error detected) 
0040 external error (error dlring IlIA, e.g. parity, bJs-error) 
0020 protocol error (the packet hdrwith flQI ID never came back) 
0010 icopy (sanebody Intended to (XlPI!' - was willing 

to receive) 
OOOS ack ~ errbit (sanebody (anyl:loc¥l) set the "error 

detected" bit) 
(sanebody did (XlP'i the packet) 0004 copy 

0002 wack 
0001 underrun (IlIA dim't keep up with xmit dtlta rate) 

IOJES: 
1. A successful transmit will have a transmit status of 0014. 
2. A WACK will have a transmit status of 0012. 

RIilCEIJlE 8lMUIl [9802 I 0mg!2 ) 

BOOO interrupt: pending 
4000 interrupt: enabled 
2000 busy 
1000 diBalnnected 
0800 bi-pwJe error 
0400 elastic store before error 
0200 timeout ('l!le hdr of a message was seen, mt: it never ended) 
0100 erc error 
0080 ack parity error (0=00 error, l=error detected) 
0040 external error (error dlring IlIA, e.g. parity, bJs-error) 
0020 IlIA end of range 
0010 icopy 
OOOS ack ~ errbit 

0004 copy 
0002 wack 
0001 overrun 

(sanebody before me Intended to (XlPI!') 
(sanebody before me set the "error 

detected" bit) 
(sanebody before me did (XlPI!' the packet) 
(sanebody before me WACKed the packet) 
(IlIA dim't keep up with receive dtlta rate) 
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DIllGWSl'IC eM [9806 I 0FF9CD6 I 

8000 interrupt pending (ba<U;lkt....cnLoverflOlf interrupt) 
4000 interrupt enabled (bad...pkLcnLOV'erflOlf interrupt) 
2000 connected to the network 
1000 sticky bi -IilaSe error (error seen sinoe bit was 

cleared) 
0800 delay on 
0400 sticky gocxLseen 

(the delay is enabled) 
(good packet seen sinoe bit was 

cleared) 
0200 sticky elastic store before error (error seen sinoe bit was 

cleared) 
OlFF bad packet count (nine-bit counter for first detecting 

of errors) 
WJES: 

1. Counter is the number of tI.mes this node found an 
error in a packet g:>ing by (regardless of packet 
target node m), found the error bit in the ack 
byte clear, and so was the first to set the error 
bit to a one. 

2. '!be ba<U;lkt....cnt interrupt occurs when the counter 
counts fran 255 to 256 (i.e., it first uses its 
highest-order bit). 

3. '!be counter sticks at S11 if lime than S11 errors 
are seen. 

4. Writing anything to the diagnostic COI1I1I!U\d 
register (word) (see be!0If) clears the interrupt: 
and all sticky bits. 

DUG!mJ.'IC o:JolM&NI) [9806 I 0FF9CD6 I 

8000 D!I\ test 
4000 enable interrupt 
2000 connect . 
1000 disconnect 
0800 delay off 
0400 delay on 
0100 snoop 

rom: 

(loop transmit D!I\ to receive D!I\) 
(ba<U;lkt....cnt overflOlf interrupt:) 
(to the network) 
(fran the network) 
(disable the delay) 
(enable the delay) 
(accept all packets but only set ack byte 
for packets actually addressed to me) 

Writing anything to the register (lI'Ord) clears interrupt 
and all sticky bits in the diagnostic status register. 
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'1W!SK [9804 I OFf9<D4 1 

80 broadcast 
40 har&are diagnostic 
20 thank you 
10 please 
08 piging 
04 user 
02 software diagnostic 
01 xtype3 

IDlE: 
Except for BlO\OCAST, these bits are software defined. 

SERIAL I/O lNl'ERFACE 

SID pige at [ 8400 I OFEBOOO 1 

SID lines are implemented with a Signetics SC2681 IllART. 
'!be display keyboard interface implemented with a fot)torola 
MC6850. 

When both SID lines are being used, it is possible to have 
incompatible baud rates due to limitations of the SC2681 
chip. Ole SID line can't have a baud rate from Group A 
while the other SID line is set from Group B: 

.GmllP A .Grllup .B 
50 75 

7200 150 
2000 
19.2K 

Register stmrary: 
READ WRlTE 

8400 OFEBDOO fot)de Reg A (MRA) fot)de Reg A (MRA) 
8402 OFEB002 Status Reg A (BRA Clock Select Reg A (CBRA) 
8404 OFEB004 Camnand Reg A (CRA) 
8406 OFEB006 Rev Hold Reg A (RBRA) Transmit Hold Reg A ('llIRA) 
8408 OFEB008 Input !'Ort Olange Reg Aux Control Reg (ACR) 

(IPCR) 
840A OFEBOOA Interrupt Status Reg Interrupt Mask Reg (IMR) 

(ISR) 
8410 OFEB010 fot)de Reg B (MRS) fot)de Register B (MRS) 
8412 OFEB012 Status Reg B (~) Clock Select Reg B (CBRB) 
8414 OFEB014 ComtIand Reg B (CRB) 
8416 OFEB016 Rev Hold Reg B (RHRB) Transmit Hold Reg B (~) 
84lA OFEBOlA Input !'Ort Register output !'Ort Conf ig Reg 

(IPR) (OPCR) 
841C OFEBOIC Set output !'Ort Reg (OPR) 
841E OFEB01E Reset Output !'Ort Reg 

(OPR) 
8420 OFEB020 Display Keyboard Status/Camnand Register 
8422 OFEB022 Display Keyboard Data I/O Register 
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IDE REmS'l'EB A. first access [ 8400 OFHlQOO) 

I -+ 
I 7 I 6 5 4 3 2 1 o I 
+-

I I I I I I I I 
I I I I I I 0 o .. 5 bits/char 
I I I I I I 0 1 .. 6 " I I I I I I 1 0 .. 7 " I I I I I I 1 1 .. 8 " 
I I I I I I 
I I I I I o = even parity 
I I I I I l .. odd " 
I I I I I 
I I I 0 o = check parity 
I I I 0 1 .. force parity 
I I I 1 o .. no parity 
I I I 1 1 .. special. IIIl1 tidrop mode 
I I I 
I I o = report error on each character 
I I 1 .. aCCllllulate error infonnation since last reset error 
I I oonmnand 
I o .. interrupt on receiver ready 
I 1 .. interrupt on input flEe full 
I 
1 .. drop RTS (OPO) when input flEe is full 

IUii WIilmu A. second sma SJ'bas:aJml.t a.cceses 
(until the mode register p>inter is reset) 

I 
7 6 5 4 3 2 1 I 0 I 

I 
I I I I I I I I 
I I I I 0 1 1 1 = 1 stop bit 
I I I I 1 0 0 o .. 1.5 stop bits 
I I I I 1 1 1 1 .. 2 stop bits 
I I I I 
I I I o .. transnit regardless of Cl'S (IPO) 
I I I 1 .. wait for Cl'S to transmit 
I I I 
I I o .. leave RTS as is 
I I 1 .. drop RTS (OPO) after transnitter disabled 
I I 
0 o = nonna! II'Ode 
0 1 .. auto echo mode 
1 o .. local loop mode 
1 1 .. renote loop mode 
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STMUS RmIS'l'ER A [8402 I 1lFPM02 J retJd...only 

I I 
171 151413121 1 0 1 

I I I 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

1 
1 
1 
1 

1 
1 • inplt data reaqy 

(reset by reading RIIR) 

1 = inplt FIIO full (reset when 
RIR and no data in shift reg) 

1 1 - transmitter ready (reset when 
1 mR loaded) 
1 - trananitter \1'lderrun (reset when 

mR loaded) 
- .receiver overrun (reset by reset error 

status CXlI1I1I!IlId) 
= receive parity error (reset by reset error 

status oomnand) 
- receive framing error (reset by reset error status 

ClOI1IIIlIIld) 
= break received (reset by m) 

WX'K fin RIiIiIS'JER A [8402 1 PmlOO2 J writ:e-qnJ,y 

7 43 o 
I I 

receive clock 1 transmit clock 1 
I I 

N::R[7] =0 N::R[7]-1 N::R[7] =0 N::R[7]-1 

0- 50 75 8- 2400 2400 
1- 110 110 9 - 4800 4800 
2 - 134.5 134.5 A- 7200 1800 (??) 
3- 200 1SO B- 9600 9600 
4- 300 300 c- 38.4K 19.2K 
5 - 600 600 D- Timer Timer 
6 - 1200 1200 E - IP4-16X IP4-16X 
7 - 1050 2000 F - IP4-lX IP4-lX 
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<DlMlIND RtXlIS'l.'ER A [8404 I OFFBQ04 write=onJ.y 

I 1---+ 
171651413121101 

t-- -+ 
I I I I I I I 
I I I I I I 1 = enable receiver 
I I I I I I 
I I I I I 1 = disable receiver 
I I I I I 
I I I I 1 = enable transmitter 
I I I I 
I I I 1 = disable transmitter 
I I I 
o 0 O=ncH>p 
o 0 1 = reset mode register pointer 
o 1 0 = reset and disable receiver 
o 1 1 = reset transmitter 
1 0 0 = reset error status 
1 0 1 = reset break-change interrupt 
1 1 0 = start transmitting break 
1 1 1 = stop transmitting break 

must be zero 

RECEIVEITRANsMIT I!OI.!)OO WISTER A [8406 OFFBQ06 

I ---+ 
I D A T A I 
+----------------------+ 

REIID = top byte in input FIFO 
WRITE = byte of data to transmit 

INPlJl' mIlT C!iAN>E m;IS'l.'ER [8408 I OFFBQ08 read-only 

change in IPx: state of IPx: 
t-- I --+ 
13121110131211101 
+- I -+ 

00300, 1lI320 

IPO - Clear it) Send (crs) - A 
IFI - Clear it) Send (crs) - B 
IP2 - Data Carrier Detect (DCD) - A 
IF3 - Data Carrier Detect (DCD) - B 
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AIlXILIARX cmJJIl[, l!IiGI8JER I 8408 I oFF!lOO!l J wri!;e-:onJ,y 

I I I 
17161514131211101 
I I I 

1 
1 
1 
1 
1 

1 1 
1 enable int on dlange in IPO 
1 
_ble int on change in !P1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

_ble int on dlange in IP2 

1 enable in on change in IP3 
1 1 1 
oounter/timer stuff 

baud rate generator set select (see clock select reg) 

INl'ERRIlPl sm:rus R1mS'lER I 840A 1 OFFBQOA J . reacHmly 

1 7 1 6 1 
I 

I I 
514131211101 

I I 
1 1 1 1 1 
1 1 1 1 transmitter ready A 
1 1 1 +-reoeiver ready or input PIFO full A 
1 1 +---beginning or end of break A 
1 1 
1 I counter ready (not !med) 
1 

1 transmitter ready B 
+--reoeiver ready or input PIFO full B 

beginning or end of break B 

+----input p>rt dlange status 

INJERRIJPl'MASK R1mS'lER 184M 1 DFFBQM J wril:!Hmly 

I I I 
17161514131211101 
I I I 

Each bit enables the oorresp>nding bit 
in the Interrupt Status Register. 

!QlE R1m8JER B I 8410 1 OFmQ10 J 

ffl'l\'IVS/<U1C SRr.fIT R1mS'lER B I 8412 1 OFF1lO12 J 

See S'l'A'lUS/WJCI{ SELECl' RB:>ISl.'ER A. 
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W!IWm WISTER B [8414 I OFFBQ14 I 

See COMMAND RECIS'mR A. 

RE!CEIVEITRANsMIT HPTpOO WISTER B [8416 OFFBQ16 I 

INP!1l l'OI!T WISTER [841A I OFFBQlA I read=ml,y 

I I I 
1 IJTI 1 11'6 1 11'5 1 IP4 1 IPJ 1 11'2 1 IP1 1 IPO 1 
I 

IPO - Clear to Send (Cl'S) - A 
IP1 - Clear to Send (Cl'S) - B 
IP2 - Data carrier Detect (IXD) - A 
IP3 - Data carrier Detect (IXD) - B 
IP4-IP7 - Undefined 

0!!TP!ll' l'OI!T !lllFIGIlRA'l'IOO REX?ISTER [84lA 1 OFFBOlA I 

write-only 
I I I 
17161514131211101 
I I I 

IDad with zero. 'ibis selects: 

OPO = Beady to Send (R'lS) A 
OP1 = Beady to Send (R'lS) B 
01'2 = Data Tennina1 Beady (DIR) A 
OPJ .. Data Tenninal Beady (DIR) B 
0P4 - 0P6 - Unused 
0P7 .. Speaker oontro1 

SET 0!!TP!ll' RlRT I!ElGWlm 10PRl [841C 1 OFFBQ1C I 

write-only 
I I I 
1 0P7 1 01'6 1 01'5 1 0P4 1 OPJ 1 01'2 1 OP1 1 OPO 1 
I I 

0000,0020 

CPO - Beady 'lb Send (RTS) A 
OP1 - Beady 'lb Send (R'lS) B 
012 - Data Tennina1 Beady (DIR) A 
OP3 - Data Tenninal Ready (DIR) B 
OP4-o1'6 - Unused 
0P7 - 'nlrn off speaker 
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RFSET 0!1l'P!1r PORr REXlISTER (OPR! [841E OFFl101E 1 

write-only 
I I I 
1 0P7 1 0P6 1 OPS 1 01'4 1 OP3 1 0P2 1 OP1 1 OpQ 1 
I I I 

OPO - Ready ib Send (RIS) A 
OP1 - Ready ib Send (Iml) B 
0P2 - Data Terminal Ready (I7IR) A 
OP3 - Data Terminal Ready (I7IR) B 
O1'4-DP6 - Unused 
OP7 - TUrn on speaker 

DISPlAY KEYBOi\RD S'lM.US!!WISTER [8420 OFFl1020 1 

read-only 
I 
171654321110 

1 
1 
1 

I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 1 
1 receive data register full 
1 
transmit data register empty 

no DCD (always 0) 

no Cl'S (always 0) 

receive franing error 

receive overrlD1 (reset by reading data) 

eceive parity error 

interrupt request (cleared by data read or write) 
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DISPLAY KEXBO!\R[) CXJ!!W!D REGISTER [8420 OFftl!l20 J 

writ:e-only 
I 
I 7 I 6 I 5 I 4 3 2 1 0 
I 

I I I I I I I 
I I I I I 0 o = clock/l 
I I I I I 0 1 "' clock/l6 
I I I I I 1 o .. clock/64 
I I I I I 1 1 - master reset 
I I I I I 
I I 0 0 o =7 bits, even parity, 2 stop bits 
I I 0 0 1 =7 bits, odd parity, 2 stop bits 
I I 0 1 o =7 bits, even parity, 1 stop bit 
I I 0 1 1 -7 bits, odd parity, 1 stop bit 
I I 1 0 0=8 bits, 2 stop bits 
I I 1 0 1 =8 bits, 1 stop bits 
I I 1 1 o -a bits, even parity, 1 stop bit 
I I 1 1 1 -a bits, odd parity, 1 stop bit 
I I 
L 0 o = Set RTS, disable transmitter interrupt 
I 0 1 = Set RTS, enable " " 
I 1 o • Reset RTS, disable 
I 1 1 .. Set RTS, transmit break, disable transmitter 
I interrupt 
1 .. &!able reoeiver interrupts (reoeive data register 

full, overrun, loss of !lCD). 

PISPLAY I!EXBO!\R!) !WD\, REGISTER [&422 I OFFl1022 J 

0000,0020 

OAT A 

REIID "' empties reoeive data register 
WRl'm' -,loads transmit data register 
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0!APl'ER 8 

[11400,[11420,00600 

AOORESS SPACE 

ptwsicaJ 

100400 trap;! 
400 prom 

80000 phys men 
100800 phys men 
100000 debug data 

40000 disp2Jn!m 
20000 displJrem 
10000 rnultibus 

EOOO Color 
E400 Color 
ESOO Color 
BOOO PEB ctl 
8400 Fl?U and 
COOO Fl?U Ql 
C400 cache w 0 
caoo cache W 1 
FCOO Memory ctl 
F400 disp 2 
FOOO disp 1 
BeOO ring 2 
BSOO ring 1 
8COO floppy 
8800 timers 
8400 sios 
8000 IlIIlU 

4000 pft 
io map 
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virtual 

o 
400 (one-to-one) 

80000->FFFFF 
100800 
EOOOOO 
FAOOOO->FBFFFF 
R:OOOQ->FllFFFF 
FEOOOO->FEFFFF 
FF6000 
FF6400 
FF6800 
FF7000 
FF7400 
FF7800 
FF7COO 
FF8000 
FF9000 
FF9400 
FF9800 
FFgeOO 
FFAOOO 
FFA800 
FFACOO 
FFBOOO 
FFB400 
FFB800->FFF7FF 
FFF800->FFF9FF 
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Srnjrce DOd Destination Control Register; 

31 16 0 
I I I 
I Y addr contro!l X addr oontro11 
I I I 

Y address oontro1: 
X address oontro1: 

:tncreuent 
0202 
0020 

Decll!lll!!!t: 
0606 
0060 

(II virtual Mdrus 
(ReS) Read source mntrol reg $FF988C 
(1iai) Writs source mntro1 reg $li'F9884 

(Ral) Read destination mntrol reg $li'F9888 
(1ia» Writs destination oontro1 reg $FF9880 

31 26 25 16 9 0 
I I I I 
I--ITI Y 1--1 x 
I I I 

Y-ooordinats X-ooordinats (IDw-order four bits 
are writs only) 

IT - USed in BIlll!! to or from main memory 

(RES) Read source start reg 
(WSS) Writs source start reg 
(RES) Read source end reg 
(WEB) Writs source end reg 

(RSD) Read destination start reg 
(WIlD) Writs destination start reg 
(RED) Read destination end reg 
(WED) Writs destination end reg 

(II yir!:gAl Mdrus 
$FF989C 
$li'F98AC 
$li'F9894 
$FF9884 

$FF9898 
$FF98II8 
$FF9890 
$FF98BO 
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When start or end registers are used to specify locations 
in main memory, the CXlrrespondenoe is as follows: 

31 26 19 16 9 4 0 
I I I I I I I Start or &ld 
I-I IOVI.'N IBN 1--1 BN I-I Register 
I I I I I I I 

I 9.7 6:1 
I I I 
I I ---I I I 
V V V 

I I I I I/O Virtual Address 
I 101 
I I I I I 
<~> <-10--> 

I/O virtual Byte in pilge 
pilge number 

15 8 7 4 3 o 
I I I I 
IX X X X X X Xxi HALT S'lMUSI X IN S'l SAl 
I 

IN a 1 Color display is executing an instruction queue 
starting at the address held in the instruction 
queue start location. 

S'l • 1 Color display is in system JOOde and will 
uecute system functions. 

SA Itlst significant address bit of all I/O addresses 
to ~ be IiBed by the CXllor display for IMA. 

HALT S'lMUS 

0000 
0001 
0010 
o 011 
1111 

NoIllllll. completion 
Illegal opoode 
ll'IimPlanented instruction 
~1ILT to main memory out of image memory region 
Ndt halted 
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+--------+� ~I--------~I ~I--~ 

I-I II!KlRY I-I 
+----~ I III\N1GJHNT I +--+-~ 

I UNIT (1Ml) I 
I II I 

AIOEBUS 
II +--+---+ 
11-...... -1 ELOPPl!' I 

~I-------~II I I 
I~I-------+ (Shugart) 
II 
II I I 
1+-1 BLQ(l( 1--------+1 
1+-1 IIJLTIH.IMlR I---+I~I----+II 
II I I II II 
II +---+ +---+ 
II I ROO I I DISK I 
II +---+ +---+ 
II (Priam) 
II I I 
1+-1 l«XE mRI- I_ 
I+-IAIERAL AIl!\Pl'ER 1--+ I 
II I I II IIJLTIBUS 
II II 
II I II 
1+=1 TIMER II I I 
II I I+-I LINE BUN'lER I 
II 1+-1 <XNJM.Lm I 
II I II I II 
1+=1 BOO.r HOI II II 
II I II I II I 
II II I LINE BUN'lER I 
II I II I I 
I_I aIL a:.ocK II (Printronix) 
II I II 
II II (Tapemaster) 
II I I II I I 
I_I S10 LINES I I+-I Ml'.G '.rAH; I 
II I I I I I + 1+-1 cx:mRa.LER I 
II I I I I II I II I 
II 01 1 2 3 II II 
II +--+ Spil'!lfriter II I I I I 
II I I(BD I Tablet II I M!\G '.rAH; I 
II +--+ IIl\SP, 3270 II I I 
II II (CiPler-F880) 
II I I +--+ II I I 
1+--+ DISPLAY 1=1'lUBE1 II I SMD I 
1+--+ BDRY I +--+ II I cx:mRa.LER I 
II I II I II I .. II I 
II II I+- iWO FREE II 
II +-++--+ Ii-- lI.C7.l'S +--H---+ 
1+=1 BLT I II I I AMlU I 
II II VERSMEC I 300 Ie SolD I 
II II E'lBmNET I I 
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DISPlAY OON!D JUMPERS 

IS GREEN~: 

WOI-OCWN 
W06-tlP 
Wll-UP 
Wl6-'lOP-LEFT 
W21-UP 

W02-OCWN W03-UP 
W07-'lOP-LEFT* WOB-UP 
Wl2-UP Wl3-LEFT 
Wl7-UP WlB-UP 
W22-UP W23-tlP 

IS BLACK & WHITE CRT: 

WOI-OCWN 
W06-IXlVN 
WlI-OCWN 
Wl6-* 
W21-UP 

W02-OCWN 
W07-* 
Wl2-OCWN 
Wl7-OCWN 
W22-aJT 

19 BLACK & WHITE ~ 

WOI-IXlVN 
W06-IXlVN 
WlI-OCWN 
Wl6-* 
W21-OCWN 

W02-UP 
W07-* 
Wl2-OCWN 
Wl7-OCWN 
W22-OCWN 

W03-tlP 
WOB-UP 
Wl3-LEFT 
WlB-UP 
W23-IXlVN 

W03-tlP 
W08-iXJolN 
Wl3-RIGHT 
Wl8-UP 
W23-IXlVN 

W04-UP 
W09-tlP 
Wl4-RIGIIT 
Wl9-UP 
W24-UP 

W04-tlP 
W09-UP 
Wl4-LEFT 
Wl9-OCWN 
W24-IXlVN 

W04-OCWN 
W09-OCWN 
Wl4-LEFT 
Wl9-OCWN 
W24-IXlVN 

W05-UP 
Wlo-UP 
WlS-LEFT 
W20-UP 
W31-UP 

WOS-UP 
10-0CWN 
WlS-LEFT 
W20-IXlVN 
W31-UP 

W05-OCWN 
Wlo-OCWN 
Wl5-RIGIIT 
W20-OCWN 
W31-IXlVN 

* W07 AND W16 SllCXJLD BE SET BY SPECJ:FICATIONS CN CLO'l1I 'l2\G, 
IIXlN'lED CN PCB. 

DISPLAY BO!\RD 2 

W2S-IXlVN 
W27-IXlVN 
W29-OCWN 

W26-OCWN 
W28-IXlVN 
W30-0CWN 

APOLLO CONFIDENTIAL INTERNAL USE ONLY. B-S 

DISPLAY BO!\RD 1 

W25-RIGIIT 
W27-RIGIIT 
W29-tlP 

W26-UP 
W28-UP 
W3o-UP 
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ARRAV BOARD JUMPER PLACEMENT: 

BOARDORIENTAnON: EJECTORS FACING UPWARDS 

JUMP W01 
LOCT -A08 
APR' LEFT 
APR! RIGHT 

__ 
woe 

W02 W03 
-A08 -AU 

LEFT UP 
RIGHT DOWN 

wo, W02 

1111111111 

111400,111420,500 

WOO WO& 
..... A12 .... AU 

UP UP 
DOWN OOWN 

W03 woe 

WO& WO& 

woe 
-A12 

UP 
DOWN 

1111111111111111111111 

W07 woe W09 ...... ....... COZ·18 
UP UP OUT 
DOWN UP IN 
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Control Board Jumper Placement: 
Board orientation: ejectors facing upwards 

W01 

Order of Boards: 
Facing Front of Node 

wrJ' wrJ3 wrJ4 

wrJ6 W07 
wrJ' 

Jumper 
Orientation 

wrJl WO, W05 WOg 

< Rev 12 
)c: Rev 12 

U, "'"' U, "' 800 lile o,~ Oown Down 0- Rig", U, U, Down Down 
1024 LIne Do"" Down Down 0_ Right U, U, Down Up 
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DISPLAY amoor. AND Sl'A'lUS REmSTER (DCSRl 

[FOOO FF9800 

15 14 13 12 11 10 9 8 
f
IGO x 1 x x x 1 x 1 x NIL 
+---------------- -+ 

7 6 5 4 3 2 1 o 
+---------.------------------_. 
IFRCJoIMMI 'ro MM I EDFI IWiEINCNa:tIFI OEm 1 FILL 1 ON 
I ---+ 

IV'W BIT NAME 

IV'W 15 GO 

w 8 NIL 

- When set, this bit initiates a BLT 
operation. When cleared, this bit 
will abort any BLT in progress. When 
read, this bit will be set so long as 
a BLT operation is in progress. 

- When set, enables non-interlaced 
mode. In this mode, only the odd 
lines are displ2\Yed at 60 frames per 
second. 

W 7 FRCM MM - When set, enables BLTs from main 
mEmOry as specified by the source 
box. 'Ibis bit nrust be set in advance 
of the write operation that initiates 
a BLT. It should be cleared by a 
separate write operation after the 
BLT completes. 

W 6 'roMM - When set, enables BLTs to main 
mEmOry as specif ied by the 
destination box. 

W 5 IEOF - When set, enables a 60 Hz interrupt 
request after the last line in the 
current field. 'Ibis request nrust be 
acknowledged by reading from address 
IlCSR + 2. 

W 4 IWiE - When set, enables interrupt request 
when BLT is oone. 

W 3 NCN a:tIF- When set, enables non-conforrning BLT 
mode. 
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w 

w 

w 

1 FILL 

o Qi/ 

- ftlst be set when doing a BLT that 
decrements the X ooordillilte. 

- WIlen set, BLT fill IOOde is enabled. 

- When set, display is on, when reset, 
display is blllllked. 

IDllRlL RmISTER [ EOOO I FF6000 I (System) 
[ E400 I FF6400 I (User) 

BIT NAME iUNCl'I(JI 

15 Reserved Set to zero 

14 Reserved Set to zero 

13 unused 

12 Unused 

11 unused 

10 Unused 

9 - 4 WCSAIII(S.O>+ DIring reads and writes to the 
control store through the control 
store window, these bits are used 
as the 19l5r put of the control 
store address. 

3 VIIEIiB+ ibis bit is used to enable or 
disable the video to the moo! tor • 

2 RESE'l'- WIlen this bit is asserted the micro 
mactline is reset, the control store 
may be accessed through its window 
and no micro code is elClecuted. '!be 
display will continue to be refreshed, 
no ctIIIIlges will be made to the 
display memory, and no software 
visible state will ctIIIIlge. 

1 CLRRDNt- When this bit is set the micro 
mac:hlne clocks will run. 

o a.KS'l'EPt- When the CLRRDNt- bit is not set the 
micro-mactline clocks CIIIl be made to 
go through one clock cycle I:¥ 
toggling this bit low to high. 
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BIT 

15 

14 VBLI\NK-

'Ibis bit is asserted I:¥ microex>de to 
indicate that the micro-nachine is 
ready to handle reads or writes to 
its ex>nmand pages. 

When this bit is' asserted, the display 
is currently in the vertical blanking 
period. 

13 INST...JX;m- 'Ibis bit is asserted I:¥ microex>de to 

12 

indicate that it is done executing an 
instruction queue. 

'Ibis bit indicates that the micro
machine clocks are running. 

11 - 0 NXTAD<11:0>- 'lbese bits are the state of the next 
address bus at the end of the last 
micro cycle. 'Ibis is needed in order 
to know the micro address when micro
ex>de is being clock stepped. 
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FAULT FRAME 

15 o 
+--------------+ 

SP-> +00 I--------RNFFFI } 
+------------+ } 

+02 I ACCESS I} .access_address 
+ + } faul t_ $bus_ info_ t 
I AOORESS I} I 
+-----------+ } Bus/addr excep. 

+06 IINSTRUCl'ION ROO. I} .inst_reg I 
+-----------+ I 

+08 I STATUS ROO. I I 
+------------+ I I 

+OA I PROORAM I Group 1 & 2 I 
+ + Exceptions I 
I roJNl'ER I I I 

+10 +------------+ Y. Y. 

R - Read operation (.write_op) 
N - Not instruction reference (.not_inst) 
FFF - Instruction function code (.function...code): 

001 User data 
010 US!'r program 
101 Supervisor data 
110 Supervisor program 
111 Interrupt acknowledge 

FAULT TYPES 

o Reset CUrrent instruction is aborted. 
Bus Error 
Address Error 

1 Trace Exception occurs before 
Interrupt next instruction. 
Illegal Ins. 
Privilege Ins. 

2 TRAP, TRAPIT Processed by noonal instruction 
<llK execution. 
zero Divide 

Group 0 exceptions are highest priority. 
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FNJLT VECIDRS 

Exception vector at [ 100400 I 0 I 

Vector Address Assigrment 

00 000 Reset: Initial SSP 
004 Reset: Initial PC 

02 008 Bus Error 
03 OOC Address Error 
04 010 Illegal Instruction 
OS 014 Zero Divide 
06 018 <lIK Instruction 
07 OIC iW\l'\T Instruction 
08 020 Privilege Violation 
09 024 Trace 
OA 028 unimplemented instruction 
OB 02C Unimplemented instruction 

OC-DD 030 (unassigned, reserved) 
0F-17 03C (unaSSigned, reserved) 

18 060 Spurious Interrupt 
20-2F 080 '!RAP Instruction Vectors 
30-3F oeo (unassigned, reserved) 
40-8F 100 User Interrupt Vectors - unused 
90-9F 240 Ring/disk board 
AO-AF 280 User Interrupt Vectors - unused 

BO 2CO INl'O/-
Bl 2C4 IN'l'l/ -
B2 2C8 INT2/ -
B3 2CC INT3/ - Tape Q:>ntroller 
B4 200 INT4/- storage It:>dule 
B5 2D4 005/-
B6 2D8 INl'6/ - Line Printer 
B7 2DC Im:T/ - Parallel Input 

BB-C3 2EO User Interrupt Vectors -- unused 
C4-cD 310 unused 
CE-cF 338 Color 
DO-EF 340 SID lines (even vectors only; 

odd vectors unused) 
FO 3CO P - ECCe (Automatic vectors) 
Fl 3C4 0-
F2 3C8 N - Display #2 
F3 3CC M - FloPJ:7i 
F4 300 L - Display n (BLT) 
F5 304 K-
F6 308 J-
F7 3DC I -

F8-FA 3EO unused 
FB 3EC Timers 1,2,3 

FC-ro 3FO unused 
FE 3F8 CPU B-to-A 
FF 3FC ECClJ 
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Refer to the FLOM'INJ-IOINT!ORIII\T section of 0IAPrER 7, 
1JI300,1JI320 for this information. 

FIDPPX lDlIKIl.J!R 

Flopp,r status 
Flopp,r I/o 
Floppy IlIA 

[ BCOO I FFl\800 I 
[ 8COO I FFl\800 I 
[ 8C80 I FFl\880 I 

FlOlR{ statllB l!egiB!;erB 

Main status Register 

1~1~1~1~lool~lrolool 

07 - {lOt} Data register ready to send/reoeive data from 
Processor. 

~ - {oro} I/o Direction, 1 ~ Data Reg to Processor, 0 • 
Processor to Dsta Reg 

~ - {EXM} Execution JOOde for ron-IlIA transfers 
~ - {CB} BUSX', a Read or Write ClOIIII1II1'Id is in process 
D3 - {03B} FIJ) 3 is in Seek Mode 
~ - {02B} FIJ) 2 is in Seek Mode 
ro - {OlB} FIJ) 1 is in Seek Mode 
00 - {DOS} FIJ) 0 is in Seek Mode 

STMUS REGIS'MR 0 

I 07 I ~ I os I ~ I 03 I 02 I 01 I DO 

07 - ~ 
o 0 - Normal Termination of Qmnand 
o 1 - AI:normal Term {ClOIIII1II1'Id started, rot oompleted} 
1 '0 - Invalid Comnand{ conmand issued never started } 
1 1 - AI:noD!lal Termination { roo went rot ready during 

conmand execution } 
OS - Set when Seek Olmpleted 
~ - Set if FIJ) issues Fault Signal. or Track 0 Signal 

fails to occur after 77 Step Pulses. 
D3 - Set if FIJ) Not Ready 
~ - Bead 1\ddress 
ro - Unit Select 1 status 
00 - Unit Select 0 status 
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STAWS REGISl'ER 1 

Iml~I~I~lroloolmlool 

D7 - End of Cylinder 
D6 - 0 
D5 - Data Error 
~ - OITerrtm 
D3 - 0 
D2 - No Data 
D1 - Not Writable 
DO - Missing Address Mark 

STAWS REGISl'ER 2 

ImlD6I~I~lroloolmIDOI 

D7 - 0 
D6 - Control Mark 
D5 - Data Error in Data Field 
~ - Wrong Cylinder 
D3 - Scan Equa1 Hit 
D2 - Scan 1m' Satisfied 
D1 - Bad Cylinder 
DO - Missing Address Mark in Address Field 

Iml~I~I~lroloolmlool 

D7 - Fault from Em 
D6 - Write Protected 
~ - Ready from Em 
D4 - Track 0 
D3 - 'l\io Sided 
D2 - Head Address 
D1 - Unit Select 1 Status 
DO - Unit select 0 Status 
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15 o 
+-----------+ 
I---PPPPPPPPPPPP I 
+-------------+ 
P •• P - Physical page number (PPN) 
(type "PP/Lt" in base.ins.pas) 

I/O MAP at [ - I FFF800 J. 
I/O MAP for DN460/660 at [ 9000 I FFFF800 J. 

I/O map suppl ies physical addresses for non-CPU 
memory references (ring/disk, PNA, display, flopw). 

See also I/O IW> in Peripheral I/O section, Cllapter 6. 

Board 1: 
Board 2: 
Board 3: 
Board 4: 

15 

[ FC02 I FF9002 J 
[ FD02 I FF9102 J 
[ FE02 I FF9202 J 
[ FF02 I FF9302 J 

o 
+-----------+ 
1----------1Xll1 
+------------+ 
o - Lock check bits on write (diag mode only) 
C - I21able Ecce interrupts (through 3CO) 
U - 121ab1e ECCU interrupts (through 3FC) 

Any write to this register acknowledges the interrupt. 
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tK:SR status Register !Read-O!lyl 

31 2423 o 
I I I 
ISSSSSSIIJ IPPPWPPPPPPPPPPPPPPPPPlW I 
I I I 

s •• s - Syndrane (valid only for EO:x: error): 

DO data bit 00 
C8 • 01 
C4 02 
eo 03 
AS 04 
A4 05 
94 06 
8C 01 

70 data bit 08 
68 • 09 
58 10 
54 11 
4C 12 
38 13 
34 14 

2C data bit 15 
F8 check bit 0 
F4 1 
EC 2 
DC 3 
BC 4 
7C 5 

N - No error (0 -> error detected, status valid) 
U - Uncorrectabl.e error (Ecm) 
P •• P - High-order 23 bits of PtYsical address 

(I01HlIder bit is always 0) 
w - Error during read-loodify--wri te operation 
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MOOl!Y OOARD J!lMPEI!S 

~. .IN .:ml AbsllJ.ute !ddresl! ~!ddresl! 

1 in in fc02 ff9002 
2 out in fd02 ff9102 
3 in out 'fe02 ff9202 
4 out out ff02 ff9302 

Each board type has an address range that it can span specified by 
three junpersl JP13, JP14, and JPlS. 

Memory Board Address Ranges 

25m JlQar.d t .ml mi .n>ll ~lli!nge 

1 in out out 10000o-13ffff 
2 out out out 140000-17ffff 
3 in out in 180000-1bffff 
4 out out in lcOOOo-lfffff 
3* in in in 8000o-bffff 
4* out in in cOOOG-fffff 

* Use these values if there are two Sl2KB boards or one Ulb 
board in the system. 

5l2m JlQar.d # .ml Jl'l.4. .n>ll i\dd=s lli!nge 

1 in out out 100000-17ffff 
2 in out in 18000G-lfffff 
3 out in out 200000-27ffff 
4 in in in 080000-offfff 

lim JlQar.d i .:zm Jl'l.4. Jl'l.i ~lli!nge 

1 in out out 10000o-lfffff 
2 out in out 200000-2fffff 
3 out out out 30000G-3fffff 
4 *** not allowed *** 

The memory test program checks that the tables above are 
satisfied. 
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!!! ~ ill! !!!!. ~~ ill!!!!!: 3M!!!!: 
1.0 M 0 1:100 

2.0 M' 0 0 1:100 2:200 

3.0 M' 0 0 1:100 2:200 3:300 

0.5 M 0 1:100 

1.6 M 1:100 2:200 

2.6 M' 0 1:100 2:200 3:300 

3.6 M' 0 4:080 1:100 2:200 3:300 

1.0 M 2 1:1002:180 

2.0 M' 2 1:100 2:180 3:300 

3.0 M' 0 1:100 4:080 2:200 3:300 

1.5 M 1:100 2:180 3:180 

2.5 M' 0 1 :100 2:180 4:080 3:300 

1.25M 1:100 2:200 

2.26M 2 1:100 2:200 3:300 

0.76M 1:100 2:180 

1.75M 1:100 2:180 3:300 

2.75M 1:100 4:080 2:200 3:300 

1.25M 1:100 2:180 3:200 

2.25M 1:100 2:180 4:080 3:300 

I.75M 1:100 2:180 3:200 4:080 

0.6 M 1:100 2:140 

1.5 M 0 1:100 2:140 3:300 

1.0 M 1 1:100 2:140 3:200 

2.0 M 1:100 2:140 4:080 3:300 

1.6 M 2 1:1002:140 3:200 4:080 

0.76M 3 0 1:100 2:140 3:180 

1.25M 1:100 2:140 3:180 4:080 

1.0 M 4 0 1 :100 2:140 3:180 

-Daignetas1bat the configuration requires a DOMAIN DN400 01 DN420 cpu. 

If you I'8configuN memarv bcIanh. you must change tIM jumperL Do not mow. any Jumpen other than 
thDleIttllch"atjum .. rpoln1l3.4.13.14.and I&. 
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0 
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K 

! M 
\0 
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LABEL 

a JP3 
b JP4 

JP13 
JP14 
JP15 

a 
b 

9 10 l' 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

COORDINATE LOCATION (APPROXIMATE) 

L-23 
L·23 
M-25 
M-25 
N·25 

; 
~ 



IIOORY MI\Nl\GE%1EN1' UNIT (an 

CHECK 

~ 
32 

PHYSICAL ............... -~ 
MEMORY _--- ~ 

..-
/,/ 

PID/PRIV /ID'IER 
CPU A Control 
MMU status, High 
MMU status, UM 
Clear M!oIJ status 
Bus status 
Enable CPU B 

PAGE 
FRAME 
TABLE 

8000 I FEB400 1 
8002 I FEB402 1 

[ 8004 I FEB404 1 
[ 8006 I FEB406 1 
[ 8008 I FEB408 1 
[ 800A I FF840A 1 
[ 800E I FEB40E 1 

VIRTUAL 
MEMORY 
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PIDIPRIV Register 

lIddress: [ 8000 I FE1l400 I 
15 87 0 

+-_1__-1---+ 
lEI MID I-OOPMI 

+-1 + 

E - Emble p:>WE!r-off switch 
00 - IlOMI\IN: 

00 User cbnain 0 (least protected) 
01 User cbnain 1 
10 SUpervisor cbnain 0 
11 SUpervisor cbnain 1 bIDst protected) 

P - Pl'T access enable 
M - Emble MKl (virtual nanory operations) 

CPU A Control Register 

lIddress: [ 8002 I FFB402 I 
15 87 0 

1 1 1 
I---I--IAI 
_�__-rl------~ 

IA - Interrupt and/or abort: 
00 CPU A will resl.11\E! operation 
01 CPU A will abort the attempted rus cycle 
10 CPU A will receive level 6 interrupt 

MMU status Register 

lIddress: [8004 I FEM04 I 
31 24 23 o II _ 

IMAFFFRVBI ImlLTm; VIR'lUAL AImESS I 

M - PFT miss (MID and/or vm not found) 
A - Access fault (protection violation) 
FFF - CPU function rode: 

001 User data reference 
010 User procedure reference 
101 SUpervisor data reference 
110 SUpervisor procedure reference 
111 Interrupt acknowledge 

R -!lead operation 
V - M!oIJ status register is valid 
B - Miss occurred while CPU B running 

Clear MMU Status 

lIddress: [ 8008 I FFB408 I 

When written, clears MIll status ronditions. 
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Bus status Register 

Address: [ SOOA 1 FHl40A I 
16 87 0 

I I I 
1---IIMIG'lBWSI 
I I 

I = 0 => unacknowledged interrupt pending 
M - !HI enabled 
P - Pl'l' enabled 
G - Big PFl' (2K entries if rot set, 4K if set) 
T - Bus time-out (cleared ~ a read) 
B - CPU B active 
W - State of p:>wer-off switch (1 => CJi position) 
S - State of service switch (1 => Normal position) 

Enable CPU B Register 

Address: [ SOOE 1 FHl40E I 

krr write will explicitly enable CPU B. Return to CPU A 
using Reset only. 
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!O!l'roR TI!!Il\l2 1M",,) 

I I I I 
IAxisl Item I Duration I Duration 
I I I SOO Lines I 1024 Lines 
I I I I I 
I 1H I IIORIZCNl2\L I 31.2 uSee I 31.2 uSee I 
I I FRIXlUDlCY I@ 32.051 Hz I@ 32.051 liz I 
IB I I I I 
10 I B-FP I IIORIZCNl2\L I I 
IR I I FRQlT RlROI 0.7 uSee I 0.7 uSee I 
I I I I I I 
I Z I S-BmC I I!CIRIZCNl2\L I I 
10 I I SYNC 3.0 uSee I 3.0 uSee I 
IN I I 
IT I B-BP I 1IORIZCNl2\L 
IA I I Bl\C( RlROI. 3.5 uSee 3.5 uSee 
I L I I I 
I I B-BL I 1IORIZCNl2\L I 
I I I IILANI(D:G I 7.2 uSee 7.2 uSee 
I I I I I 
I I B-DISP I IIORIZCNl2\L I I 
I I DISPLAY ARFA I 24.0 uSee I 24.0 uSee 
I I I I I 

11V I VERl'Ia.t. I 13.2 mgec I 16.7 mgec 
I I FRIXlUDIa I @ 75.70 liz I @ 60.0 Hz 
I I 
I V-FP I VERTIa.t. 

V I I FRQlT RlROI 0.0 0.5 USee 
E I I I I 
R I V-smC I VERl'Ia.t. I I 
T I I SYNC I 93.6 uSee I 93.6 uSee 
I I I I I I 
C I V-BP I VERl'Ia.t. I I I 
A I I Bl\C( RlROI I 600.0 uSee I 616.0 uSee I 
L I I I I I 

I V-BL I VERTIa.t. I I I 
I I BLIINKIfr; I 693.6 uSee I 710.0 uSee I 
I I I I I 
I V-DISP I VERTIa.t. I I I 

I DISPLAY ARFA I 12.516 mgec1 15.956 mSeel 
I I I I 
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I <-z-BL-I < x-DISP --->1 
- I I /////1 1/////////////////////////////1 
/////1 1/////////////////////////////1 
_I II_ 

I I I I I 
1+-+ +-+ 
II I I I 

x-FP-> 1-1-1-1 <-x-BP I 
I ~ I 
I _x-BYNC I 
1< lx:------:>I 

x=VorH 

PAGE F1WlE TABLE END!Y CPFl'E1 

Refer to the HlGE PRl\IoE ~ EmRY (PFl'E) secl:ion of 
ClIAPl'ER 7, 0000,0020, for this information. 

PAGE ~ TABLE ENmY CPl'JE1 

Refer to the HlGE 'lRl\NSLATiai ~ EmRY (Pl'l'E) secl:ion 
of ClIAPl'ER 7, 0000,1]1320, for this information. 
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.PEl! 

[ BODO I PP7000 I 

CAaIE Pages: [<:400 I FP7COO I 
[ CBOO I FP8000 I 

Pefiniticms 

pel:Lctrl 
pelLsl:atus 
fplLand 
fPQ....S1:atus 
fplLaua 
fplLcs_ea 
wcs....lk....size 
wca..4k....size 
fp!Ldefalth 
fplLdefaltl 
wcserLvec 
XCILinLvec 
lcLfa 
rcLfa 
lcLfah 
lcLfal 
rcLfah 
rd..fal 
lcLfth 
C\>...JI1lll 

lIlLdiv 
rd..exp 
Id..exp 

XClL[eg 
ca~ 
cachELea 
memory....sa 
memory_ea 
tag..J.nval 
ta9-valicLbit 

FP7000 
FP7000 
FP7400 
FP77FC 
FP7800 
FP7COO 
1024*8 
4096*8 
00B2000E 
500079E3 
Pl«2 
2eO 
l*4+fplLand 
3*4+fplLand 
19*4+fplLand 
20*4+fplLand 
23*4+fplLand 
24*4+fplLand 
39*4+fp\Land 
40*4+fplLand 

17*4+fplLand 
55*4+fplLand 
253*4+fplLand 

61 *4+fplLand 
FP7COO 
PFQ400 
120000 
120800 
800 
11 
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J.l9l oontrol register 
J.l9l status register (system space) 
PP!l 00II'IIIlIIld register 
PP!l status register (user space) 
PP!l oontrol store SI\. 
PP!l oontrol store EA 
PP!l oontrol store l:1ftes 
PP!l oontrol store in l:1ftes 
PP!l default microword, high 32 
PP!l default microword, low 32 
wa; error interrupt vector 
PP!l Exception Interrupt Vector 
load m sp 
read m sp 
load ENI· Ill? 
load FIlL DP 
read ENI Ill? 
read FIlL DP 
load FTL DP 
load FJ]! and start a Ill? multiply 
to look at I:JJsy setting, clearing, 
reading 

load FTL sp div. 
read PAM register as raw 32 bits 
load PAM register as raw 32 bits 
and do NA<-EXP 

load PAM register as raw 32 bits 
cadle window start 
cache window end 
memory start 
memory end 
imTalid tag word 
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PER Qmt;mt Register Bits 

0001 
0002 
0004 
0008 
00lF 
0200 
0400 
0800 
1000 
2000 
4000 

FPti enable 
PPU step 
FlU rsset 
FlU interrupt enable 
IJRlIIr control store address bits 
cadle A (0050) 
cadle B (0051) 
test tag RAM (0052) 
test data RAM (0053) 
cache tag parity enable (0054) 
cadle data parity enable (0056) 

!1aeful PEl! <lQId:>inations 

pelLcadloLa+petLt:est....t (0060) test tag A 
pelLcad\U)tpelLt:est....t (0061) test tag B 
pelLcacM-lI+pelLt:est....d (0062) test data A 
pelLcad\U)tpelLt:est....d (0063) test data B 
pelLcadloLtta+pelLcadloLt:pe+pelLcacluLq,e (0065) 
pelLcacM-ttb+pelLcacM-t:pe+pelLcadloLdpe (0066) 
pelLcacM-tda+pelLcadloLq,e+pelLcacM-tpe (0067) 
pelLcacM-tdb+'peILcacM-q,e+pelLcadloLtpe (0068) 
pelLcadloLlI+pelLca~cacM-tpe (0069) 
pelLca~lLcacluLctJel-pelLcacM-tpe (0070) 
enalLcadloLlI+pelLcaclMLb (0071) 

PEB status Register Bits 

0001 
0002 
0004 
07FF 
8000 

control store parity error 
cadle parity error 
FlU exception interrupt pending 
FlU program countar bits 
FlU I:lJsy 

(from fpp.ins.pas) 

FPP_$'l'ImC Test S.P. or D.P. I1\C for -,0,+; set ee's and DO.L 

FPP_$SSl'X 
FPP_$EXl'l' 

FPP_$SLV 
FPP_$SI'A 

FPP_$SLC 

FPP_$SS.rA 

FPP_$SAV 
FPP_$SM 
FPP_$SI!C 

then exit. ' 
Same as FPP_$SS.rA Ilut: exits when done (sets ee's). 
Return to caller begiming with instruction in next 
word. 

I1\C .= (SP)+ 
I1\C I- «SP)+) 

(Single-Precision Load Value) 
(Single-Precision Load using 

Address) 
I1\C I- Next four bytes in instruction stream 

(Constant) 
«SP)+) :- I1\C (Single-Precision Store using 

Address) 
I1\C I- I1\C + (SP)+ (Single-Precision Add Value) 
I1\C I- I1\C + «SP)+) 
I1\C :- FA<: + Next four bytes (Constant) 
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FPP_$SSv 

FPP_$SSA 
FPP_$SSC 
FPP_$SISIT 

FPP_$SISA 
FPP_$SISC 
FPP_$BMIT 

FPP_$SM 
FPP_$BMC 
FPP_$SW 
FPP_$SIl!\. 
FPP_$SDC 
FPP_$SIW 

FPP_$Sllll\ 
FPP_$SIIlC 
FPP_$SCVX 
FPP_$SCAX 
FPP_$SCCX 

FPP_$SLWIT 
FPP_$SLWA 
FPP_$BLLV 
FPP_$SLLA 
FPP_$S8lWX 
FPP_$SS'lLX 
FPP_$NEG 
FPP_$ABS 

FPP_$DLA 

FPP_$DLC 
FPP_$OOI'A 

FPP_$DSTX 

FPP_$DM 
FPP_$mC 
FPP_$OOA 
FPP_$DSC 
FPP_$DISA 
FPP_$DISC 
FPP_~ 
FPP_~C 
FPP_$DDI\. 
FPP_$DDC 
FPP_$DIDI. 
FPP_$DIOC 
FPP_$DCAX 

FPP_$DCCX 

FPP_$WiV 

mc := FAC - (SP)+ (Sill9le-Precision Subtract 
Value) 

mc := FAC - «SP)+) 
mc := mc - Next four bytes (Constant) 
mc := (SP)+ - mc (Single-Precision Inverse 

Subtract Value) 
mc := «SP)+) - mc 
mc := Next four bytes (Constant) - mc 
mc := mc * (SP) + (Single-Precision Multiply 

Value) 
mc := FAC * «SP)+) 
FAC := FAC * Next four bytes (Constant) 
mc := FAC / (SP)+ (Single-Precision Divide Value) 
mc := FAC / «SP)+) 
mc := mc / Next four bytes (Constant) 
mc := (SP)+ / mc (Single-Precision Inverse Divide 

Value) 
mc := «SP)+) / FAC 
mc := Next four bytes (Constant) / mc 
canp:.re mc : (SP)+; set ee's & DO.L then exit 
canp:.re mc: «SP)+); set ee's & DO.L then exit 
Comp!Ire mc : Next 4 bytes; set ee.' s & DO.L then 

exit 
mc := Float[(SP)+] (Float 16 bit integer) 
mc := Float [ «SP)+)] (Float 16 bit integer) 
mc := Float [ (SP)+] (Float 32 bit integer) 
F1\.C := Float[«SP)+)] (Float 32 bit integer) 
DO.W := Fix [FAC] ; then exit with ee's set 
DO.L := Fix [FAC] ; then exit with ee's set 
mc := ",FAC(Single- or Double-Precision) 
mc := Abs [mC] (Absolute value Single- or Double

Precision) 
D.P. mc := «SP)+) (Double-Precision Load usill9 

Address) 
D.P. mc := Next 8 bytes (Constant) 
D.P. «SP)+) := mc (Double-Precision store using 

Address) 
D. P. Same as FPP_$OOI'A but exits when ibne 

(sets ee's) 
D.P. mc := mc + «SP)+) 
D.P. mc := FAC + Next 8 bytes (Constant) 
D.P. mc := FAC - «SP)+) 
D.P. mc := mc - Next 8 bytes (Constant) 
D.P. F1\.C := «SP)+) - mc (Inverse Subtract) 
D.P. mc := Next 8 bytes (Constant) - mc 
D.P. mc := mc * «SP)+) 
D.P. mc := F1\.C * Next 8 bytes (Constant) 
D.P. mc := mc / «SP)+) 
D.P. F1\.C := mc / Next 8 bytes (Constant) 
D.P. mc :=( (SP)+) / mc (Inverse Divide) 
D.P. mc := Next 8 bytes (Constant) / FAC 
D.P. canp:.remC : «SP)+); set ee's and DO.L then 
exit 

D. P. canp:.re mc : Next 8 bytes; set ee's and DO.L 
then exit 

D.P. mc := Float [ (SP)+] (Float l6-bit integer) 
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D.P. FAC :- Float[«SP)+)] (Float 16-bit integer) 
D.P. FAC :oo Float[(SP)+] (Float 32-bit integer) 
D.P. FAC :00 Float[«SP)+)] (Float 32-bit integer) 
D.P. IlO.W :e Fix[FACII then exit 
D.P. IlO.L :00 F1x[FAC] I then exit 
Cbnvert D.P. FAC to Single-Precision 
Cbnvertsingle-Precision FAC to D.P. 
Take square root of FAC 
Take square root of IlFAC 
EXP(<FAC» 
IEXP( <DFAC» 
M.m(<FAC» 
a.oo (<DFAC» 
SIN (<FAC» 
IEIN( <DFAC» 
<DS(<FAC» 
D<DS( <DFAC» 
'17IN (<FAC» 
Ill'AN ( <DFAC» 
ATAN( <FAC» 
lM'AN (<DFAC» } 
ATAN2 (<FAC>, ( (apt-) ) 
ATAN2(<FAC>, (apt-) 
ATAN2 (<FAD , <<DIsr> ) 
mTl\N2 (<DFAC>, ( (spt-) ) 
mTl\N2 (<DFAC> , <CDIS'!'> ) 
E$21(<FAC>, (sp)+) 
E$22(<FAC>, «sp)+» 
E$22(<FAC>, (sp)+) 
E$22( <FAC>' <<DIS'!'» 
E$61(<DFAC>, (sp)+) 
E$62(<DFAC>, «sp)+» 
E$62 (<DFAC>, (sp)+) 
E$62 (<DFAC> ,<<DIS'!'» 
E$66(<DFAC>, «sp)+» 
E$66 ( <DFAC>, <<DIS'!'» 
FAC := Int [FAC] 
FAC := Hint [FAC] (Nearest integer) 
D.P. FAC :oo Int[FAC] 
D.P. FAC := Nint"[FAC] (Nearest integer) 
FAC :00 Min[FAC, (SP)+] 
FAC :00 Min[FAC, «SP)+)] 
FAC :- Min[FAC, Next 4 bytes] 
FAC := Max [FAC, (SP)+] 
FAC :00 Max[FAC, «SP)+)] 
FAC := Max [FAC, Next 4 bytes] 
D.P. FAC := Min[FAC, «SP)+)J 
D.P. FAC := Min[FAC, Next 8 bytes] 
D.P. FAC :e Max[FAC, «SPH)] 
D.P. FAC := Max[FAC, Next 8 bytes] 
Olmplex FAC := ("(SP)+) 
Olmplex FAC := Next 8 Bytes 
Olmplex FAC :e FAC + «SP)+) 
Cbmplex FAC :e FAC + Next 8 bytes 
Olmplex FAC :e FAC - «SP)+) 
Cbmplex FAC := FAC - Next 8 bytes 
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RIlGIDISK 

Complex PAC := ((SP)+) - FAC 
Complex FAC :E Next 8 bytes - FAC 
Complex FAC := PAC * ((SP)+) 
Complex PAC := FAC * Next 8 bytes 
Complex FAC := PAC / ((SP)+) 
Complex FAC := FAC / Next 8 bytes 
Complex PAC := ((SP)+) / PAC 
Complex PAC := Next 8 bytes / PAC 
Complex Store PAC through (SP)+ 
Complex Store FAC through (SP)+ and exit 
Complex Exchange Real and Imaginary parts of PAC 
Convert Single-Precision to Complex (set imagFAC := 0) 
Complex Conj ugate (imagFAC := -imagFAC) 

address: Controller 12 [BCOO I FF9COO I 
Controller il [0000 I FFAOOO I 

( today's Controllers are 12's ) 

Address Write function 

Cylinder MSByte 

Cylinder ISByte 

Disk Command Register 

(reserved hole) 

Head Nunber 

Sector 

Controller COnunand 

(reserved hole) 

Network Type Mask 

Network Receive Command 

Network Transmit Command 

Disk Interrupt N:K 

Read function 

Cylinder MSByte 

Cylinder LSByte 

Disk status Register 

Node ID I 

Node ID 2 

Node ID 3 

Disk status MSB 
Disk status LSB 
Network rev stat MSB 
Network rev stat LSB 
Network tx status MSB 
Network tx status LSB 

OOBCOO 
OOBCOI 
00BC02 
00BC03 
00BC04 
OOBCOS 
00BC06 
00BC07 
00BC08 
00BC09 
OOBCOA 
OOBCOB 
OOBCOC 
OOBCOD 
OOBCOE 
OOBCOF 
OOBClO 
OOBClI 
00BCl2 
00BCl3 
00BCl4 
OOBClS 
00BCl6 
00BCl7 
00BCl8 
00BCl9 
OOBClA 
OOBCIB 
OOBClC 
OOBClD 
OOBClE 
OOBClF 

Network Trans Interrupt N:K -

Network Rec Interrupt N:K 
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Address Write fmcticn Read fmcticn 

0080&0 Disk DP.Address 0 Disk DP. Address 0 
0080&1 
0080&2 Disk IlIA (bmt 0 Disk DP. (built 0 
00BC43 
OOBC44 Disk IlIA Address 1 Disk IlIA Address 1 
0080&5 
0080&6 Disk DP. (bmt 1 Disk IlIA Q:)unt 1 
0080&7· 
0080&8 Trananit DP. Address Trananit DP. Address 0 
0080&9 
OOBC4A Trananit DP. (bmt 0 Trananit DP. (bunt 0 
OOBC4B 
OOBC4C Trananit DP. Address Trananit IlIA Address 1 
0OBC4D 
OOBC4E Trananit DP. (bmt 1 Trananit DP. (bunt 1 
OOBC4F 
OOBCSO DP. Qmnand IlIA Status 
OOBCS1 
OOBCS2 IlIA Request: 
OOBCS3 

DP. Single mask 00BCS4 
OOBCS5 
00BC56 DP. Itlde 
00BCS7 
OOBC58 DP. Clear Byte l'binter DP. 'l'emporary 
00BCS9 
OOBCSA DP. Master Clear 
OOBCSB 
OOBCSC 
OOBCSD 
OOBCSE DP. All Masks 
OOBCSF 
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lIddress Write function 

00BC60 Receive 0 II!!\. lIddress 
00BC61 
OOBC62 Receive 0 II!!\. (bunt 0 
00BC63 
OOBC64 Receive 0 II!!\. lIddress 
00BC65 
00BC66 Receive 0 II!!\. Cbunt 1 
00BC67 
00BC68 Receive 1 II!!\. lIddress 
00BC69 
OOI!C6!'. Receive 1 II!!\. (bunt 0 
0OBC6B 
0OBC6C Receive 1 II!!\. lIddress 
OOBC6D 
0OBC6E Receive 1 II!!\. (bunt 1 
0OBC6F 
00BC70 II!!\. Cl:lmland 
00BC71 
00BC72 II!!\. Request 
00BC73 
OOBC74 II!!\. Single mask 
00BC75 
00BC76 II!!\. Itlde 
00BC77 
00BC78 DIA Clear Byte Fointer 
00BC79 
0OBC7A DIA Master Clear 
0OBC7B 
OOBC7C 
OOBC7D 
OOBC7E DIA All Masks 

·00BC7F 

C¥lini!er Address Register 

Read function 

Receive 0 II!!\. lIddress 0 

Receive 0 II!!\. (bunt 0 

Receive 0 II!!\. Address 1 

Receive 0 II!!\. (bunt 1 

Receive 1 IJIA lIddress 0 

Receive 1 IJIA (bunt 0 

Receive 1 IIoJA lIddress 1 

Receive 1 IJIA Cbunt 1 

IJIA Status 

IJIA Temporary 

MSB address: (BCOO I FF9COO J 

15 14 13 12 11 10 9 8 
I I I 

o o o o o ClO I C09 I C08 I 
I I I 

L5B address: [BC02 I FF9C02 J 

15 14 13 12 11 10 9 8 

C06 cos C04 COl I CO2 COl coo 
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PRIAM ConJnand Register 

address: [ BC04 I FF9C04 1 

15 14 13 12 11 10 9 8 
f----+- -I 0 I 0 0 0 0 0 0 0 I 
I I 
Sequence Up = 0 0 1 
Sequence IkMn = 0 1 0 
Restore = 0 1 1 
Seek = 1 0 0 
Fault Reset = 1 0 1 

Ji!llIl\M stAtua Regiat!u 

address: [ BC04 I FF9C04 1 

15 14 13 12 11 10 9 8 
I I I I I I I I I 
I <N:IDT IwRlTPl' IDRITELT I BUSY I en. 0 I SEEKET I SEEI«)K I READY I 
I I I I I I I I I 
READY - 'lbe drive is up to speed, servo is locked on 

track, and the mit is in a state to read or 
write. 

SEEKOK- SEEK <DMFLE'IE - nus bit indicates the seek has 
completed successfully. 

SEEKFl'- SEEK FWLT - A fault was detected during a seek 
operation. 

en. 0 - Head on cylinder O. 
BUSY - The drive is in the process of executing a 

a:mnand and will not accept any other oorrmands. 
DRIIELi'- DRIVE FWLT - A fault was detected during a write 

operation or a drive msafe condition was 
detected. 

WRITPl'- WRITE IROTEcr - 'lbe head selected is write 
'protected. Write protection is set I:¥ switches in 
the drive or when the drive isn't sequenced up. 

0IIlUT- Control or register load comnand received while 
drive is not ready, or improper conrnand reCeived. 
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Head/Drm :lel~t 
address: [ BC08 I FF9C08 I 

15 14 13 12 11 10 9 8 
I I I I I I I I 
I SEL3\1 SEL2\1 5EL1\1 SELO\I x I H2\ Hl\ 180\ I 
I I I I 
SEL3-SELO select the Iru:VE: 

Drive to = 1 1 1 0 
1 = 1 1 0 1 
2 = 1 0 1 1 
3 = 0 1 1 1 

H2-HO select the HFAD: 

Head to = 1 1 1 
1 = 1 1 0 
2 = 1 0 1 

sectot :lelG 
address: [ BCOA I FF9COA I 

15 14 13 12 11 10 9 8 
I I I -+---+ 

x I x I x I 54 53 52 51 I SO I 
I I I I --t--
54-SO select the 5ECIOR(o-17) : 

Sector to = 0 0 0 0 0 
1 = 0 0 0 0 1 
2 = 0 0 0 1 0 
3 = 0 0 0 1 1 

etc. 

Disk Clmtmll ~t crnmand 
address: [ BCOC I FF9COC I 

15 14 13 12 11 10 9 8 

I I I I I I I --+ 
RFAD I WRITE I FORM!'\T I x I x I x I x I IN'lE I 

I I I I I I 
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Dilill Qmtmll!l[ IitlItuII 
address: [ BelO [ FF9ClO 1 

15 14 13 12 11 10 9 8 
I I I I I I I I 
I BUSY 1RFAI1i'\I atCERR ITIKXlT I 0 0 IBUSERRI 0IIHlN1 
I I I I I I I I 

7 6 5 4 3 2 1 0 
+--~I----+I-'--I- I I I I I 

o Olxlxlxlxlxlxl 
I I I I I I I I 
BUSY - Controller has a disk READ, liRITE or FORM!\.T 

request pending or in progress. 
RFAI1i' - PRIAM ready bit, indicates that the PRIAM is 

sequenced up, on cylinder, and ready to accept: 
REAOO, WRITES, or FORM!\.TS. 

atCERR- atC on the last disk operation was in error. 
'!his bit is tndefined except for disk REIIIB. 

TIKlUT- '!he last disk operation didn't finish before three 
revolutions of the disk. nu:ing a READ or liRITE 
operation it is an indication that the drive 
has been poSitioned to the wrong cylinder, the 
sector number is too large, surface is mfonnat
ted, or there was a atC error on the disk headP.r. 

BUSERR- A BUS error occurred wring the last IJIIA transfer. 
'!he IJIIA address register points pu;t the address 
with the error. 

aTHlN - IJIIA OI7errun occurred wring last disk operation. 

status 1111110000000000 
5432109876543210 

Controllerbusy 1xxxOOxxOOxxxxxx 
PRIAM not ready x1xxOOxxOOxxxxxx 
Time-out sector error 0 0 x 1 0 0 0 0 0 0 x x x x x x 
IJIIA bus error 0 0 x 0 0 0 1 x 0 0 x x x x x x 
IJIIA OI7errun 0 0 x 0 0 0 0 1 0 0 x x x xx x 
atCerror 0010000000xxxxxx 
Disk operation OK 0 0 0 0 0 0 0 0 0 0 x x x x x x 

Pacl<!lt 2.YJil!I 

address: [BelO I FF9C10 1 

15 14 13 12 11 10 9 
I I 

8 

IBROCSTI T6 T5 T4 T3 T2 T1 TO 
I I I I I I --+ 
BROCST - Accept' broadcast messages 
T6-TO - Type mask; accept message if atr;{ bits in type 

field of message are set in oorresponding bit of 
type mask. 
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address: [BCl2 I FF9Cl2 I 

15 14 13 12 11 10 9 8 
I I I I I 

REC I SlOP I em DIS x I X I X I IN'lE 
I I I I I I I I 
REC - Enable receive. '!bis informs the mntro11er 

that the registers in the mntro11er are set Ill? 
to receive a message. 

SlOP - Abort a previously posted REC. '!bis will be 
successful if the mntrol1er has not already 
seen a message begin. 

em - Connect to the ring. 
DIS - Disconnect fran the ring. '!bis also happens 

on reset. 
IN'lE - Enable interrupts to ba];pen after a receive. 
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Receiye stAtus Register 

address: [ 1lCl2 I FF9Cl2 I 

15 14 13 12 11 10 9 8 
1 1 1 1 1 1 1 1 1 
I BUSY I aJi 1CR<ERRITIMXlTI 0 IIOClRERR IBUIDR I 0I1HlN I 

1 1 1 1 
7 6 5 4 3 2 1 0 

1 1 1 1 1 1 1 
IMS;ER\IACKPE\IPl\TERRI 0 0 0 I ESBERRIBHlERRI 
1 1 1 1 1 1--+ 

BUSY - '!he controller is currently observing a 
message or a request is still pending. 

aJi - '1he controller is currently connected to the 
ring. 

CR<ERR - '!he last message received had a CRC error. 

TIMXlT - '!he last message received started but didn I t 
finish in 2**12 byte times. 

EDRERR - &!d of range error. (he or both of the 
message fields was bigger than the IJoIA dlannel 
was set up for. 

BUSERR - A BUS error occurred during the IJoIA 
transfer. '1he IJoIA address register is 
pointing one location past the point of the 
error. 

0I1HlN - A IJoIA overrun occurred during the last 
receive. 

bIlGER - No message error occurred during the last 
receive. A message error is any error that 
can be detected i:¥ the microcode of the 
controller Generally it checks for the 
packet protocol. 

J\CKPE - Acknowledge parity OK. No parity error was 
discovered in the acknowledge i:¥tes in the 
last receive. 

PI\TERR - Either the transmitter or another receiver 
had an error in the packet. If the 
transmitter had an error in the transmission 
of the packet, one 'of the following errors 
occurred in the transmitter: 
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ESBERR - Elastic store' Buffer Error 
BFHERR - Bi-Phase Error 
0IRlN - IlIA Overrun 
BUSERR - IlIA Bus Error 
ACKPAR - lick Byte Parity Error 
SF1'ABT - Software Abort 
NO)F.{ - No Receiver &!ab1ed to Cow this Message 
M.$ERR - Message Error 

If the receiver had an error in the reception of 
the packet, one of the following errors occurred 
in the receiver: 

ESBERR - Elastic Store Buffer Error 
BFHERR - Bi -Phase Error 
0IRlN - IlIA Overrun 
BUSERR - DIA Bus Error 
EORERR - End of Range Error in DIA <llanne1 
CR<ERR - CRC Error in Packet 
ACKPAR - lick Byte Parity Error 

ESBERR - An error occurred in the modem's elastic 
store l:uffer. 

BFHERR - An error occurred in the modem' s decode of 
the Bi -];base encoded data. 

status 1111110000000000 
5432109876543210 

ControllerBusy 1xxxOxxxxxxOOOxx 
Connected to Ring x 1 x x 0 x x x x x x 0 0 0 x x 
IlIA Bus Error OxxxOx1xxxxOOOxx 
DIA Overrun 0 x x x 0 x 0 1 x x x 0 0 0 x x 
Bi-Phase Error 0 1 x x 0 x 0 0 x x x 0 0 0 x 1 
Elastic Buffer Error 0 1 x x 0 x 0 0 x x x 0 0 0 1 0 
Time-out Error 01x10xOOxxxOOOOO 
Sync Protocol Error 0 1 x 0 0 x 0 0 0 x x 0 0 0 0 0 
lick Byte Parity Error 0 1 x 0 0 x 0 0 lOx 0 0 0 0 0 
CRC Error 0 1 1 0 0 x 0 0 1 1 x 0 0 0 0 0 
End of Range Error 0 1 0 0 0 1 0 0 1 1 x 0 0 0 0 0 
Packet Error 0100000011100000 
Received OK 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 
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Transmit Cpmnand Register 

address: [BCl41FF9Cl4 I 

15 14 13 12 11 10 9 8 
I I I I I 

'lM1' S'IDP IFl'RAIIslOIlDISI X IIELAY INIELAYI INTE 
I I I I I I I I I 
'lMr - &!able transmit. '!his bit informs the oontroller 

that all the registers are set up for a message 
to be transmitted when the next token is 
received on the network. 

S'IDP - stop a previously J;Xlsted TM'l'. '!his will abort a 
request for a transmit. It will abort a packet 
if currently being transmitted. 

Fl'RAIIS - Force transmit. Allow the 'lMr to start even 
thouqh no token has been seen. '!his bit must be 
acoompan1ed ~ the 'lMr bit. 

OIlDIS - Disable the seoond transmit IlIA channel from 
putting out any data. '!his will nake for a zero 
length data field in the message. 

IELAY - &!able an add1 tional seven-bit delay into the length 
of the network. '!his may be required to support 
the recirculation of the token, whim is nine bits. 

NIELAY - Disable the seven-bit delay. 
INTE - &!able an interrupt to be generated at the 

completion of the transmit. 
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Transmit status Regia!;er 

address: [ 0Cl4 I PF9Cl4 ) 

15 14 13 12 11 10 9 8 
1 1 1 1 1 1 1 
I BDSY I 0 0 ITIIOJTI 0 0 IBllSIm.l 0ITRlN1 
1 1 1 1 1 1-

7 6 5 4 3 2 1 0 
1 1 1 1 1 1 1 1 1 
III$ER\IACl<PB\lP1\!L'BRR1 NCDPrI CDPr I lflICK IESBERRIBHlERRI 
1 1 1 1 1 1 1 1 1 
BUSY - i1Ie amtrol1er is rurrently tranan1tting a 

message or the request: is still pending. 
TIIOJT - i1Ie last message trllllSlllitted started I:ut dim' t 

finish in 2**12 byte times. 
BUSERR - A BUS error occurred Wring the DIA transfer. 

i1Ie DIA address register is pointing one locatim 
past the point of the error. 

0ITRlN - A DIA cwerrun occurred Wring the last receive. 
A message error is aqy error that am 
be detected ~ the microaxJe of the controller. 
It is generally the packet p:otocol that is 
checked for. 

II$ER\ - No message error occurred wring the last 
receive. A message error is aqy error that am 
be detected ~ the microaxJe of the controller. 
Generally it dlecks for the packet protocol. 

lICKPE\ - Ack parity OK. No parity error was discovered 
in the ack ~ in the last transmit. 

P1\!L'BRR - Either the transmitter or the receiver had an 
error in the packet. 

If the trllllSlllitter had an error in the 
transmission of the packet, one of the 
folloving errors occurred in the trllllSlllitter: 

ESBERR - Elastic store Buffer Error 
BHIERR - Bi-HIase Error 
0ITRlN - DIA Overrun 
BUSERR - DIA Bus Error 
ACKPI\R - Ack Byte Parity Error 
SP.l'AB'l' - &>ftware Abort 
NCDPr - No Receiver was Enabled to CbP.{ this 

Message 
!B;D!R - Message Error 

If the receiver had an error in the reception 
of the packet, one of the fol1oving errors 
occurred in the receiver: 
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ESBERR - Elastic Store Buffer Error 
BJ:HERR - Bi-Phase Error 
CNHJN - IlIA Overrun 
BUSERR - IlIA Bus Error 
IDRERR - End of Range Error in IlIA <llannel 
CR<ERR - CRe Error in Packet 
l\CICPAR - Ack Byte Parity Error 

NWPY - No receiver observed his node address in this 
packet and/or was enabled to copy this message. 

MS3CPY - ihe receiver successfully copied the message. 
WACK - A receiver observed his node 10, tnt wasn't 

enabled to copy this message. 
ESBmR - An error occurred in the modem's elastic store 

tnffer. 
BmERR - An error occurred in the modem's decode of the 

Bi~ encoded data. 

Status 1111110000000000 
5432109876543210 

Cbntro11eroosy 100xOOxxxxxxxxxx 
IlIA Bus Error OOOxOOlxxxxxxxxx 
IlIA Overrun 0 0 0 x 0 0 0 1 x x x x x x x x 
Bi-Phase Error 0 0 0 x 0 0 0 0 x x x x x x x 1 
Elastic Buffer Error 0 0 0 x 0 0 0 0 x x x x x x 1 0 
Tirne-outError 00010000xxxxxxOO 
Sync Protocol Error 0 0 0 0 0 0 0 0 0 x x x x x 0 0 
Ack Byte Parity Error 0 0 0 0 0 0 0 0 lOx x x x 0 0 
Negative Ack 0 0 0 0 0 0 0 0 1 1 x 1 0 0 0 0 

Wack 0000000011xxxl00 
Packet Error 000000001l10xxOO 
Message Cbpied 0000000011001xOO 

Node 10 Register 
address: [ BCOA I FF9COA 1 

[ BCOC I FF9COC 1 
[ BCOE I FF9COE 1 

15 14 13 12 11 10 9 8 -----+ 1023 1022 1021 1020 1019 1018 I 1017 I 1016 I -----+ 1015 1014 1013 1012 1011 1010 I roo I IDS I 
I +----I----+---t 

107 106 IDS 104 I 103 I 102 I 101 I 100 I 
I --1------+------+ 
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DMA Control/status Registers 

~ Ilddress address: [base + 0 1 
[ " + 4 1 
[ + 81 
[ " + C 1 

15 14 13 12 11 
I 

A08 A07 ! A06 A05 A04 
I I I I I 

10 9 8 
I -A03 A02 ! AOI ! 

I I I I 
I IVAl61 IVAl5! IVAl4! IVAl31 IVAl2! IVAlll IVAlO I A09 ! 
I I I I I __1_- I 
Notice that the address is shifted right l:1i one. 

DMA Count address: [base + 2 1 
[ " + A 1 
[ + E 1 

15 14 13 12 11 

C07 C06 C05 C04 C03 

CI5 C14 C13 CI2 Cll 
I I I I -I-

10 9 8 
__1__ 

CO2 COl! COO ! 
I -+ 

CIO C09 I C08 I 
I 1--1---+ 

C(15-o0) is the desired oount in words minus one. 

DMA Comnand Register 

address: [base + 10 1 

15 14 13 12 11 10 9 8 
+-----r---~----~----4__·__I_----+I----~--__+ 

o 1 1 o O!xIO 0 
~'----+I----~I~---+I----~----+-I --1-_ 
BIT 7 - DACK Sense Active High 

6 - DRB;l ,Sense Active Low 
5 - Extended Write 
4 - Rotating Priority 
3 - ContIressed Timing 
2 - Controller Disable 
1 - Clannel 0 Ilddress Hold Enable 
o - Memory to Memory J;bable 
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00 Ib:Ie Register 

address: [base+16] 

15 14 13 12 11 10 9 8 
I I I 

0 0 0 X I X I X I X X 
I I I I I_-
SIT 7,6 - 00 - Demand ~ 

01 - Single ~ 
10 - Block ~ 
11 - Cascade ~ 

5 - Address Decrement 
4 - Autoinitialize 
3,2 - 00 - Verify transfer 

01 - Write transfer 
10 - Read transfer 
11 - undefined 

1,0 - <llannel Select 

~ Request !.legis.te, 

address: [base+12] 

15 14 13 12 11 10 9 8 
I I I I I I I - I I 
I X I X I X I X I x I x I x I x I 
I I I I 
BIT 2 - Bequest Bit 

1,0 - Olannel Select 

~ IWlk !.legist!:, 

address: [ base + 14 ] 

15 14 13 12 11 10 9 8 
I I I I I I I 

X I x I x I x I x I x I x I x 
I I I I 1---+ 
BIT 2 - Set Mask Bit 

1,0 - 0lanne1 Select 

!:N400 ,!:N420 ,!:N600 8-42 APOLLO CONFIDENTIAL INTERNAL USE ONLY. 



IJ!A ALL Mask Register 

address: [base + lE ) 

BUD U II ~ 9 8 
I I I I I I I I 

xl xl xl xl xl xl xl xl 
I I I I I 
BIT 3 - Set <llannel 3 Mask Bit 

2 - Set Cllannel 2 Mask Bit 
1 - Set <llannel 1 Mask Bit 
o - Set Cllannel 0 Mask Bit 

00 status Register -1 

address: [base + 10 ) 

15 14 13 12 

I I I I 
BIT 7 - Channel 3 Request 

6 - Channel 2 Request 
5 - Channel 1 Request 
4 - Channel 0 Request 

II 

3 - Channel 3 has Reached TC 
2 - Channel 2 has Reached TC 
1 - Channel 1 has Reached TC 
o - Channel 0 has Reached TC 

APOLLO CONFIDENTIAl. INTERNAL USE ONLY. 8-43 

10 9 8 

00400,00420,00600 



SERIAL I/O nm:RF1lCE 

Data Inpd:;t>ut:put, Line 0 [ 8400 
Control/status, Line 0 [ 8402 
Data Inplt/OUtput, Line 1 [ 8404 
Control/status, Line 1 [ 8406 
Data Inpd:;t>ut:put, Line 2 [ 8408 
Control/status, Line 2 [ 840A 
Data Inpd:;t>ut:put, Line 3 [ 840C 
Control/status, Line 3 [ 840E 
Bit-Rate Generator ,Line 0 [ 8482 
Bit-Rate Generator, Line 1 [ 8486 
Bit-Rate Generator,Line 2 [ 84SA 

. Bit-Rate Generator,Line 3 [ 848E 

Data 
03 02 01 00 
o 000 
o 0 0 1 
o 0 1 0 
o 0 1 1 
o 1 0 0 
o 1 0 1 
o 1 1 0 
o 1 1 1 
1 000 
1 0 0 1 
101 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
III 0 
1 1 1 1 

Di!JP1QY Speaker 

Bit-Rate 
SO 
75 
110 
134.5 
ISO 
300 
600 
1200 
2400 
2000 
2400 
3600 
4800 
7200 
9600 
19200 

FPBOOO J 
FPB002 J 
FPB004 J 
FPB006 J 
m008 J 
mOOA J 
mooc J 
FPBOOE J 
m082 J 
m086 J 
FPBOSA J 
m08E J 

SIP line 0 is wired to the Displl\Y Speaker. 

- asserting Rl'S will emit a constant sound 
- toggling Dl'R with Rl'S set emits different tones 
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SID Write Control/status l!e9isters 

WRITE RmISTER 0 

\07\06\05\04\03\020100 

0 0 0 Reg 0 Select 
0 0 1 " 1 " 
0 1 0 " 2 " 
0 1 1 " 3 
1 0 0 " 4 
1 0 1 " 5 " 
1 1 0 " 6 " 1 1 1 7 

0 0 0 lULL Code 
0 0 1 Send Abort 
0 1 0 Beset External status Int 
0 1 1 Channel Beset 
1 0 0 Enable Interrupt on next Rx Char 
1 0 1 Beset Tx Interrupt Pending 
1 1 0 Error Reset 
1 1 1 Beturn from Interrupt (OI-A only) 

0 0 lULL <hde 
0 1 Reset Rx CRC Otecker 
1 0 Reset Tx CRC Generator 
1 1 Reset Tx Underrun/n»! Latch 

WRITE RmISTER 1 

\M\~\re\~\ro\oo\m\oo\ 

07 - Wait/Ready Enable 
D6 - Wait/Ready Function 
re - Wait/Ready on F/T 
~ - 03 
o 0 Rx Interrupt Disable 
o 1 Rx Interrupt on 1st Character 
1 0 Int. on all Rx Chars (Parity affects vector) 
lIn n.." n "does not It It) 

02 - status affects vector (OI-B only) 
01 - Tx Intel:rupt only 
00 - EXT Interrupt Enable 

WRITE RmISTER 2 (OIANNEL B CJilLY) 

\M\~\re\~\ro\oo\m\oo\ 

07 - 00 = Interrupt Vectors V7 - W 
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1001~1~1~1001~lmI001 

D7 -~ 
o 0 111: 5 Bits/Olaracter 
o 1 111: 7 Bits/Olaracter 
1 0 111: 6 Bits/Olaracter 
1 1 111: 8 Bits/Olaracter 

D5 - Auto BnIIbles 
~ - &Iter Hint l'base 
00 - Rx CRC BnIIble 
~ - Mdress Seardl Ibde (SD:.C) 
D1 - SllNC OIaracter Load Inhibit 
00 - 111: BnIIble 

1iR1'm RmIS'mR 4 

OO-~ 
o 0 
o 1 
1 0 
1 1 
D5-~ 
o 0 
o 1 
1 0 
1 1 

D3 - D2 

n Clock Mode 
n6 Clock Ibde 
X32 Clock Ibde 
X64 ClO:Ck Ibde 

8 Bit Prograned S!NC 
16 Bit ProgrIl1llll!d SllNC 
SII.C mode (01111110 flag pattern) 
Bxternal SllNC Ibde 

o 0 SDlC Ibdes Bnable 
o 1 1 stop Bit/Olaracter 
1 0 1.5 stop Bits/Olaracter 
1 1 2 stop Bits/alaracter 

m - 0 • Odd Parity, 1 = Bven Parity 
00 - Bnable Parity 

1iR1'm RlCIS'mR 5 

1001~1D51~1001~lmI001 

00 -MR 
~-D5 
o 0 'l'z 5 Bits(or less) Olaracter 
o 1 Tx 7 Bits/alaracter 
1· 0 Tx 6 Bits/alaracter 
1 1 Tx 8 Bits/alaracter 
~ - Send BREAK 
00 - 'l'x Bnable 
~-~16 
m - RIB 
00 - 'l'z cae Enable 
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WRl'm REUIS'lER 6 

IMI~lool~lroloolmlool 

D7-DO = SYNC Bits 7-0 

WRl'm REUIS'lER 7 

IMI~lool~lroloolmlool 

D7-DO = SYNC Bits 15-8 

sro Read Control/status Registers 

READ REUIS'lER 0 

D7 - BREAK/ABORl' * 
~ - Tx Underrtm/EX)M * 
00 - Cl'S * 
~ - SYNC/Hunt * 
D3-DCD* 
D2 - Tx Buffer Empty 
DI - Interrupt Pending(OI-A only) 
00 - Rx Character Available 

* Used with External/status Interrupt M:>de 

READ REUIS'lER I 

D7 - End of Fr!lDe (SILC) 
~ - CRC/Frll\ling Error 
OS - Rx OI7errun Error 
~ - Parity Error 
ro D2 DI I Field Prey Byte 

I 0 0 0 
o I 0 0 
I I 0 0 
o 0 I 0 
I 0 I 0 
o I I 0 
I I I I 
000 2 

DO - All Sent 

I Field 2nd Prev Byte * 
3 
4 
5 
6 
7 
8 
8 
8 

* Residue data for 8 Rx bi tsl character progranmed. 

READ REUIS'lER 2 

D7-DO = Interrupt Vectors V7-VO 
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0IAPl'ER 9 

W460 ,1JI660 ,alP160 

g1piqa] 

200800 traps 
400 pran 

200800 phys _ 
200000 deblg data 

40000 d1sp2.Jnem 
20000 displ..Jnem 
10000 IIUJl titus 

EOOO color 
ESOO color 
0000 sequencer 
COOO wcs 
B400 deooder i/o 
0000 LcactleO i/o 
0400 Lcacbel i/o 
0000 Lcadle2 i/o 
OCOO Lcadle3 i/o 

sftw chkstll\ bJffer 
sftwzeroing. bJffer 
pt;00 memory ctl 
F400 disp 2 
FOOO disp 1 
BCOO ring 2 
BBOO ring 1 
8COO flOW{ 
8800 timers 
8400 Bios 
8000 control panel 
9000 10 map 
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virtual 

o 
0400-> 7FFF 

0000400->FF7FFFF 
F800000->F8007FF 
FFAOOOO->FPBFFFF 
Fpt;OOOO->FFDFFFF 
FFEOOOO->FFEFFFF 
FFF6000 
FH'6800 
(not maRJed) 
(not maRJed) 
(not mRJed) 
(not maRJed) 
(not inaRJed) 
(not maRJed) 
(not maRJed) 
FFF8800 
FFFBCOO 
FFF9000 
FFF9400 
FFF9800 
FFF9C00 
FFmlOO 
FmUlOO 
FFFACOO 
FftBOOO 
FFFB400 
FFFFSOO 
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BLT RmISTERS 

Refer to the BLT RmISTERS section of CHAPl'ER 8, 
m400 ,1lI420 ,1lI600, for this information. 

MD COIIIl1aJlds (DC, Ie) are used to turn data and instruction 
caches on and off. Machine must be in IiJysical node to 
toggle the instruction cache. Il!1ta cache is not 
controllable from CPIO. Sysboot (when running in au) 
turns both caches on. 

m460 ,1lI660 ,mP160 9-2 APOLLD CONFIDENTIAL INTERNAL USE ONlY. 



+-------~I ~I--------~ 

CPU 1 I I MEKlRY 
+-------~I ~I--------~ 

CPU 2 1----11 

CPID 

+-------~I +I~I-----------+ 

II 
FHOEBU8 II I I 

+1---------------+11========1 no~ 
I~I---------------+I I I 
II (Shugart) 
II I I 
I_I BWCK 1-------+1 
I_I IIJLTIPLEXOR I-----+I~I --------+11 
II I I II II 
II 
II 
II 
II I I 

+---+ 
I ROO I 
+---+ 

I_I NOQi: PERI- I_ 
I_I PIIERAL AIl!\PrER 1--+ I 
II I I II IIlLTIBUS 
II II 
II I II 

+----+ 
I DISK I 
+----+ 

1-=1 TIMER II I I 
II I+-I LINE HUNTER I 
II I+-I CXJi'.Il«LLER I 
II I II I II 
1-=1 BOO!' mcM II II 
II I II I II I 
II II I LINE HUNTER I 
II I II I I 
1-=1 OIL CLOCK II (Printronix) 
II II 
II II (Tap!IMster) 
II I II I I 
1-=1 8ID LINES 1+-1 Ml!G 'l1Il'E I 
II I I I I +-+ I+-I CXJi'.Il«LLER I 
II I I I I II +--++----+ 
II 01 1 2 3 II II 
II +--+ Spinwriter II I II I 
II I RBD I Tablet II I Ml!G 'l1Il'E I 
II +--+ Hl\SP, 3270 II I I 
II II (CiPter-F880) 
II I I ~ II I I 
1+--+ DISR.AY 1=I'lUBE I II I SMD I 
1+--+ I£IoIlRY I ~ II I cnma.LER I 
11111 I II I II I 
II II 1_ 1IfO m:E II 
II I II I+-- ILC1J.'S I II I 
1-1=1 BLT II I I AMmX I 
II II VERSATEC I 300 IS SMD I 
II II~I I 
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CPU romq. REX>IS'l'ERS 

ibe IJIx60 is a rnicro-roded machine with a forward-napped 
address translation trechanisn (using in-memory ~ge 
tables). ibere is no Pl'T or PFr. Some of the MIof.J Control 
Register functions described above are in the Control 
Panel Registers, while much of the oontrol of the CFU is 
achieved through the KJIIEC instruction. ibe following 
control register definitions are of interest: 

* 120-13F - CUrrent Region Registers (0-31) 
* IlF - CUrrent MID 

llE - CUrrent Floating liOint MID 
lID - Purge Translation Buffer. Values defined: 

1 => purge VA in Control Register lle 
2 => purge entire m 
4 => purge half of m oontaining VA in lle 

lle - VA used in m purge 
* 119 - Address Translation and Data Cache 

Bit 0 : Enable/Disable Address Translation 
Bit 1 : Enable/Disable Data Cache 
Bit 7 : Domain Bit 

113 - Read Har&are and Microoode Revision Levels 
(Requires Micro Exec) 

* These registers/functions are directly supported l¥ the mGt. 
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ammr. PANEL (CPIOl REXlISJERS 

CPIO Ctmtrol Register 

/lddress: [ 8000 I FFF1l400) 

15 87 o 
11_ 
IK--I-K-I!SMI 
1 1 

K - &lab1es p:>Wer-down switdl (in two places) 
H - Halts CPIO 
S - CPIO becomes rus slave 
M - CPIO becomes IVT bus master 

CPIO status Register 

/lddress: 

15 87 

8002 I FFFB402) 

o 
1 1 1 
I K--C IBINK-I!SM I 
1 

K - El:Jwer-down switdl enabled (in two places) 
C - 0 => This is CPIO nmning 

1 => This is CPU rmning 
B - Bus timeout 
I - Interrupt pending 
N - Normal m:xle, 0 => service !ot:>de 
H - CPIO is hal ted 
S - CPIO is slave 
M - CPIO is IVT master 

LED Register 

/lddress: [8004 I FFF1l404) 

15 87 o 
1 1 1 
I---ILED Il\.TAI 
_II 
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Micrp-""",,!ne Omtrpl Beglat;era 

None Of these registers have 1IlIlJ;p!d addresses. 

'Ibese are used for loading microcode I 

Q Cbntrol Registerl C003 
Decode Rams Cbntrol I 8400 
Decode Rams Data I 8404 
Microsequenoer I BODO 

Q Data/Address I COOS 
Decode Rams Mdress : 8402 
Decode Rams Shift I B406 
CPlO/Microaxec Port I B003 

Micro Machine Control and Status [BOO4J I 

15 87 0 
I I I 
Iabc:de-fg ITIIMSCRE I 
I I I 

IAlft I:¥te is read-<mly status: 

a - Micro mac:hine is frozen 
b - Micro _chine is in trap routine 
c - Micro IIlIlchine traps are aabled 
d - Micro maclline is fetdling 
e - 0 -> micro 1IlIlc:hine is raming 

1 -> hit freeze on last instruction 
f - CPlO data available in IiOrt for Micro BlII!c 
9 - Micro BlII!c data available in IiOrt for CPlO 

Right I:¥te may be written for control or read for status: 

T - cause Trap to Micro BlII!c 
I - &!able Instruction caclle 
P - &!able Pipeline Register 
M - Macro step the micro 1IlIlc:hine 
S - Micro step the micro 1IlIlc:hine 
C - Clock step the micro JIlIlc:hine 
R - Start c:loc1cs (rIDS at address in pipeline) 
E - Enable micro 1IlIlc:hine (0 -> r_t) 
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Refer to the IlISl'LAY BOIIRD JUMPERS section of QIAPrElI. 8, 
IIMOO ,IIM20 ,01600, for this information. 

Refer to the mSl'LAY <XIIm(L lIND S'l'A'lUS Rl!GISlER (DCSR) 
section of <lIlIl'mR 8, IIMOO,IIM20,0I600, for this 
information. 

UIG fIllLT F1W!E 8B!l4' 

CPIO fault fraoes are the same as 0000 (68010). au 
sbort fault fraoes are also the same as 0000. IDng 
fault frame used for bls error, addr_ error, access 
violation, and region, segnent and page faults is: 

15 

+00 I S'l'A'lUS Rl!GISlER 
I 

o 

+02 I PRCG1WI I -t------------+ 
I CXXJIf.mR I 
I I 

+06 101110 I 0 I VEClOR OFFSET I 
I I 

+08 I R:l'r USED I 
I I 

+OA I FAlIL'.mC I 
-t-.,.----------+ 
I mmss I 

+OE I I 
I 'OJW)' SIGNAL I 

+10 I I 
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FA!Wl' TYPES 

,Group ExceJ±ion 

o Reset 

1 

2 

Bus Error 
lIddress Error 

Trace 
Interrupt 
nlegal Ins. 
Privilege Ins. 

~,~ 
CHi{ 

zero Divide 

Processing 

CUrrent instruction is aborted. 

Exception occurs before 
next instruction. 

Processed ~ normal instruction 
execution. 

Group 0 exceptions have the highest priority. 
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FA!!LT VEC!DRS 

Exception vectors at [ 200800 I 0 1 

Vector lIddress 

00 

02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 

OC-OO 
OE 

0f-17 
18 

l!I-lF 
20-2F 

30 
31 
32 
33 
34 
35 

36-3F 
4O-7F 

80 
81 
82 
83 
84 

85-8F 
9O-9F 
AO-AF 
BO-B2 

B3 
54 
B5 
B6 
p;J 

88-<:3 
C4-{]) 
CE-CF 
DO-EF 

FO 
Fl 
F2 
F3 

000 
004 
008 
OOC 
010 
014 
018 
01C 
020 

, 024 
028 
02C 
030 
038 
03C 
060 
064 
080 
OCO 
0C4 
0C8 
OCC 
ODO 
0D4 
0D8 
100 
200 
204 
208 
20C 
210 
214 
240 
280 
2C0 
2CC 
200 
2D4 
2D8 
2DC 
2EO 
310 
338 
340 
3CO 
304 
3C8 
3CC 
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Reset: Initial SSP 
Reset: Initial 1'C 
Bus Error 
Address Error 
lllegal Instruction 
Zero Divide 
QIK Instruction 
'lllAP\T Instruction 
PrivUege Violation 
Trace 
Unimplanented instruction 
Unimplanented instruction 
(Unassi!J1ed, reserved) 
Invalid Stack Fomat 
(Unassi91E!d, reserved) 
Spurious Interrupt 
(Unassi!J1ed, reserved) 
'lBAP Instruction Vectors 
(Unassigned, reserved) 
Floating Point Inexact Result 
Floating Foint Divide by Zero 
Floating Point UnderflCM 
Floating Point Operand Error 
Floating Point OverflCM 
(Unassigned, reserved) 
user Interrupt: Vectors - unused 
Region Fault 
Se<,Jnent Fault 
Page Fault 
Access Violation 
Floating Point ASID Trap 
(Unassigned, reserved) 
Ring/disk board 
user Interrupt Vectors - unused 
mro/ IN'12 -
IN'l'3/ - Tape Controller 
INT4/ - storage ModIle 
IN'l5/ -
IN'1'6/ - Line Printer 
nm/ - Parallel Input 
user Interrupt Vectors - unused 
lk1used 
Color 
Unused 
P - ECXX: (Autanatic vectors) 
o-
N - Display 12 
M - Flom 
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F4 
F5-n 

Fa 
F!}-FA 

FB 
Fe-FE 

FF 

300 
304 
3m 
3FA 
3Ee 
3FO 
3Fe 

L - Display i1 (BLT) 
K, J, 1-
lblsed 
Sio Lines (2 lines/ITector) 
Timers 1,2,3 
lblsed 
ECaJ 

Singl .... Precision Floating-Point Fonnat 

Implied no~ization bit 
V 

31 22 0 
I I 
IS~I 
I I 

S - Sign, S = 1 -> Negative 
E •• E - Exponent plus 127 
M •• M - Mantissa 

Doubl .... Precision Floating-Point FOrmat: 

Implied no~ization bit 
V 

31 19 0 
I I 
ISP,EEEF:e:EEF:Ee~1 
I I 
1~1I9H1MMIIM!oM41 
I I 

S - Sign; Sal => Negative 
E •• E - Exponent plus 1023 
M •• M - Mantissa 
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rrDPPX tDlI'D'lP 

Refer to the PLOPPf <XJI'DICUJ!R section of aJAP.rER 8, 
1lM00 ,1lM20 ,1li/600, for this information. 

'lbere are 64 p:>ssible IDI!III()ry amtrol register addresses, 
beginning at [PC02 I FFF9002). Within each range of $100 
addresses, only one' board DIllY resp:>nd, I:ut owing to the 
variety of boards ElllRX>rted ('old', 'raJ', interleaved, 
n:m-interleaved) , a board may resp:>nd at any one of 8 
addr_ within that range (at intervals of $20) • Also 
boards do mt have to resp:>nd at mntiguous ranges. '.Ihere 
c:an be at moat 4 IDI!III()ry boards. 

Refer to OIapter 8, 1lM00 ,tn420 ,1JI600, for mntrol and 
status format. 
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MOORY OO!\RD JOO>ERS 

101-IN'reRLFAVED IN'lERLEAVED 
AOORESS SB\.<E AOORESS SB\.<E 

1-Mb 2-Mb 1-Mb 2-Mb 
1 2 3 4 2 4 2 2 4 4 0 0 2 2 
0 0 0 0 0 0 0 0 0 0 8 8 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 2 0 2 0 2 0 2 
I I I I I I I I I I I I I I 
1 2 3 4 3 5 3 3 5 5 3 3 5 5 
f f f f f f f f f f f f f f 
f f f f f f f f f f f f f f 
f f f f f f f f f f f f f f 
f f f f f f f f f f f f f f 
f f f f f f d f d f d f d f 

wp1 u u u u u u u u u u u u u u 
wp2 u u u u u u u u u u u u u u 
wp3 u u u d u u u u d d u u u u 
wp4 u d d u u d d d u u u u d d 
wp5 d u d u d u u d u d u d u d 
wp6 u u u u u u u u u u u u u u 
wp7 u u u u u u d d d d d d d d 
wp8 u u d d u d u d d u u u u d 
wp9 u d u d d d d u d u d u d u 
wp 10 u u u u d d u u u u d d d d 
wpll u u u u u u u u u u u u d d 
wp 12 d d d d d d d d d d d d d d 
wp13 d d d d u u d d d d u u u u 
wp 14 d d d d d d u d u d u d u d 
wplS d d d d d d d u d u d u d u 
wp 16 u u u u u u d d d d d d d d 
wp 17 u u u u u u d d d d d d d d 
wp 18 u u u u u u u u u u u u u u 
wp 19 u u u u d d u u u u d d d d 
wp 20 u u u u d d u u u u d d d d 
wp 21 u u u u d d u u u u d d d d 
wp 22 u u u u d d u u u u d d u u 
wp 23 Rev. 01 Rev. 01 

u u u u 0 0 u u u u 0 0 0 0 

Rev. 02 Rev. 02 
d d d d d d 

wp 24 u u u u d d u u u u d d d d 
wp 25 u u u u u u u u u u u u u u 
wp 26 u u u u u u u u u u u u u u 
wp 27 d d d d d d d d d d d d d d 
wp 28 u u u u u u d d d d d d d d 

u=UP d=llOiN o=aJT 
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IEIDIY BOl\RD 

ADM60 

1,2 

28 

1,6 

13 18 20 

27 

17 

111111 ...... 1111 
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21 23 811 22 25 8 

............. 
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REXiION REXiISTER ARRAYS 

RI\RS: ARRAY[0 •• 26,0 •• 31] OF RAIL'l' 

REXlIQi REXiIB'MR (RA1L'l'): 
(type "rar_t" in VIII.ins.pas) 

31 16 15 0 
I I I 

tOO IVG--IPIIYS AIm OF SFJ3IoEN'l' II1\PI .sna~&3 
I I I 

v - Region is valid (.valid) 
G - Region is global (.global) 

RI\RS is a dynamically-allocated per-asid table whose 
entries mntain the region register values for that 
prooess. !!here are 32 hard.tare region registers, each 
myers 8Mb of VA. !!he region registers are used ~ the 
address translation hard.tare. 

9W'S: ARRAY[0 •• 26,0 •• 7680] OF SMM'!L'l' 

SB:lMENl' II1\P mIRY (SIIiIl'E): 
(type "smaPLt" in VIII. ins. pas) 

31 1615 0 
I I I 

tOO IVAMM-I PHYS AIm OF HlGE II1\P I .pna~ 
I I 

v - Entry is valid (. valid) 
A - Access rights as given in 16Mb MS'm 

!!he SII1\P is a dynamically-allocated per-ASID table whose 
entries match one-for-one with a prooess's mstes. It is 
used ~ the a&3ress translation hard.tare and is organized 
in 256 seCJlle!lt mits, so that one page of anapes 
represents one REXlICN (8Mb of VA) of one a&3ress space. 

See also the HlGE MI\PS and MS'l' sections of <lIap:er 1, 
AWIS. 
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IDII'JDR moo l1IIIj60) 

:Refer to the ~ITOR 'l'II([R; section of CHAPl'ER 8, 
IN400 ,IJI420 ,IJI600, for this infonnation. 

RImlDISK 

:Refer to the ROO/DISK section of CHAPl'ER 8, 
1JI400,IN420,IJI600, for this infonnation. 

SERW. I/O INl'ERFACE 

sm page at [ 8400 I Fm3000 I 

INx60 uses bto SC2681 chips providing four sm lines, with 
oontrol at Fm3000 and FFmOlO. '!be first line (make B at 
FFftIOOO) is used for the display keyboard. 

Due to limitations of the SC2681 chip, when both sm lines 
of a cbip are being used, it is p>ssible to have 
incompatible baud rates. <me sm line can I t have a baud 
rate fran Group A while the other sm line is set fran 
Group B: 

.GmupA 
50 

7200 

.Gmup .8 
75 

150 
2000 
19.2K 

Lines 0 (the keyboard, whicb runs at 1200 baud) and 1 are 
paired on one cbip, and lines 2 and 3 are on the other 
chip. 

:Refer to the SERIAL I/O III'lEREnCE section of CHAPl'ER 7. 
0000,0020, for IIDre information. 
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J\OORESS SPACE 

<lIAPl'ER 10 

00550 

IilYsical 

400 prom 
4000 pft 
8000 mnu 
8400 sios 
8800 timers 
9800 ring 
9COO disk, tape, 
MOO pbu ctl 
BOOO fpu ctl 
B400 fpu and 
B800 fpu ts 
BCOO VME control 
EOOO co1ocsup 
E400 color_user 
ESOO co1ocwts 
FOOO displ.Jlup 
F400 dispLuser 
F800 dispLwts 

10000 iomap 
14000 pr0m2 
20000 displJnem 
40000 co1ocnen 
70000 pbu if 0 ref 
80000 pbu 1st half 

100000 nen: md data 
100400 nen: trape 
100800 mern 
380000 pbu 2nd half 
700000 ptt 

virtual 

400-3FFF (one-to-one) 
FJffi800-FFF7FF 
FFB400 
FmOOO 
FF2\COO 
FF9COO 

cal FF2\800 
FF7COO 
FF7000 
FF7400 
FF7800 
FF9400 
mooo 
FF6400 
FF6800 
FF9800 
FF2\000 
FFlI.400 
FF5000-FF5FFF 

FCOOOo-FDFFFF 
Fl\.OOOo-mFFFF 
FEOOOO-FE7FFF 

EOOOOO 
o 

100800 

700000-7FFFFF 
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+----I
I I 
I P'l'Il I 
I I 
+----I-

+----I- II 
I I ssus II 
I Cl'U I I 
I I I II 
+----I- B-IOR'l'I II 

I I I II 
I I I II 
I I I II 
I I +----I- +----I-
I II BXP II VIlE I \1MB BUS 
I +-I MEM I 1IN'l'- I-I 
I I I I FACE I II 
I +----I- +----I- II 
I II 
I II 
I II 
I +----I- +----I- II +----I- +----I-
I I I 1<DLat1 II I VIlE I I NB'l' I 
_I sm I-I ami=- 1-=1 ro I-I XOTRI 

I I I I I I ROO I I I 
+----I- +----I- I +----I- +----I-

1111 DISl'LIIYII I I 
1111 BUS II I I 

sm 1 -+111 II I +-- ro ROO 
sm 2 -+11 +----I- I +----I-

II 1<DLat1 I I VIlE I 
vum -:-+1 IARRAYI I-I 'ro 1-- 'ro mSK 

I I (S) I I ID/l'/CI-- 'ro TAl'E 
KElBO!\RD -+ +----I- I +----I

I 

1JiS50 

I +----I
I I VIlE I 
1-=1 'ro I 
I IIIILTII 
I +----I-

(TERIIINA'roR) II 
II IIILTIBUS 

< > 
I I I I 

(ams FOR lIla.LO CR USER 
SUPliLIED IEVICES) 
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CPU BO!\RD J!M'ERS 

DN550 CPU Board (APNs 4141. 4145) 

W7 WI W2 W9 
W12 

Wl0 

APOLLO CONFIDENTIAl. INTERNAL USE ONLY. 10-3 m550 



DISPlAY 00i\R!) J!JMPERS 

ARRAY 00i\R!) 

W2 

W' 

W1 (Timing Delay) W2 (Board Select) 
Right,.. Normal, Left = 3 nSec delay Right = Board 1, Left,.. Board 2 
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DN550 Color Controller (APN 3954) 

J1 J2 J3 

J4 J5 J6 J7 J8 J9 JA 

JO J1 J2 J3 J4 J5 J6 J7 J8 J9 JA 
Out L~ft Right Right Out Out In Out Out Out Out 
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DIS!1IAY RIGSIS!S [ moo [ om8QO 1 

displJup [POOO [ 1lPP9800) (also second CXIlor display) 
displ.JJser [ F400 I OFFAOOO ) 
displ.Jlcs [FBOO I OFFMOO ) 

CXIlOl'.JlIIP [BOOO I OFF6Q(0) (also second 
co1oLuser [£400 I OFF6400 ) black and white display) 
CXIlor_WIlB [ESOO I OFF6BOO ) 

Display controller will be a 600 with microcode changes. 

b VIlE interface is pt"-m:J.y Imdefined. 

15 87 o 
I I I 

+00 I---m I OlD REG I 
I I I 

OD-OF - Disk ClOIIIDBIIdB I 

00 Nap (ignored I¥ controller) 
01 Seek 
02 lIeaQ/write sector (s) 
03 FOrmat track 
04 Read sector m(s) (into I/O PBs) 
05 Restore (to cylinder zero) 
06 FOrce ECX: error (s) 
07-oF Reserved (illegal. disk ClOIIIDBIIdB) 

la-IF - Tape ClOIIIDBIIdB: 

10 Select tape drive 0 
11 Select tape drive 1 
12 Select tape drive 2 
13 Select tape drive 3 
14 Read status 
15 RBlrind to IIOl' 
16 Erase entire tape 
17 Initialize (retension) tape 
18 Write block(s) 
19 Write <count> filanarks 
1A Read block (s) 
lB Space forward <C01mt> blocks 
1C Space reverse <comt> blocks (not 1mp1.amt:ed) 
1D Space forward <COmt> filanarks 
1£ Space reverse <comt> fllanarks (not huplamt:ed) 
IF Reset drive 

2D-2F - Controller alI1IIIIIIIds: 
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20 Reset controller 
21 Execute controller diagnostics 
22 Calibrate memory timing loop 
23 Calibrate BX timing loop 

,24 Enable foroe mderrm/overrun (on nextCOll'lD!ll'ld) 
25 Disable • • 
26-2F Reserved (illegal 00II'II1IIIlds) 

30-n - Reserved (illegal 00II'II1IIIlds) 

I = 1 => controller interrupting (reset to get next interrupt) 
E = 1 => enable controller interrupt 

15 o 
I 

-102 I CXII'1Ra.LI!R S'lMUS 
I I 
15 8000 - controller rusy 
14 4000 - disk rosy 
13 2000 - tape rosy 
12 1000 -
11 0800 - disk op complete 
10 0400 - disk status valid 
9 0200 - tape op complete 
8 0100 - tape status valid 
7 0080 - IJoIA not at end of range 
6 0040 - IJoIA OI7errm/underrun 
5 0020 - memory parity during IJoIA 
4 0010 -
3 0008 - illegal controller connand 
2 0004 - controller timeout 
1 0002 - controller diagnostic failed 
0 0001 -
15 87 0 

I I I 
-104 I D3K <m' 1D3K 81M' I t sectors to transfer, disk status 

I I I 
01 Seek did not complete 
02 Write fault 
03 Unit not present 
04 Sector not found 
05 No index pulse 
06 Drive not ready 
07 No track zero 
08 l\ddr mark not fOlJ:ld 
09 Ea: error in ID field 
OA Cbrrectable IilOC error in data field 
OB Unoorrectabl.e ECC error in data field 
OC Recovered ECC error (see dslLecx:....cnt) 
OD Recovered OI7errun/underrun (see dslLllI'lLcnt) 
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15 87 o 
1 1 1 

+06 ITAPE (NT ITAPE mv I i blocks to transfer, tare drive i 
-1-----1----+ 

+08 I IIEAIER WUID (NT I (For tare, multiple blocks 
1 --+ nrust all have the same length.) 

+OA I D1\.TA WUID (NT I 
-I- ---+ 

+OC I HEAlER END CNl' I (disk or tape, will contain 
1 -+ ending counts for last two 

+OE I D1\.TA END (NT I blocks transferred) 
_t__-+----+ 

+10 lID mIT 0 1----1 Drive 0 parameters 
1 1 1 (for IDs, see DISK PARAMETERS) 

+12 I NOM CYLINlERS 0 I 
1 1 + 

+14 I HEAtS 0 ISECroRS 0 I 
11---+ 

+16 I HlE-<DMP CYL 0 I 
+-----1-----+ 

+18 lID mv 1 1----1 Drive 1 parameters 
-I- 1 --+ 

+lA I NOM CYLINlERS 1 I 
1 1 + 

+1e I HEAJE 1 ISECroRS 11 
1 1 1 

+lE I PRE-<XlMP CYL 1 I 
+ 

15 87 o 
1 1 1 

+20 I Cl'LR ID 1---1 
1 1 1 

+22 I DISK rom OFFSET I 
1 1-+ 

+24 I ECC CNT I UNR CNT I 
1 1---+ 

+26 I DISK ECC OFFSET I 
+- ---+ 

+28 I DISK EO:: Ml\SK I 
+-

1liS50 

controller ID 

disk retry counters 

offset to cor rection 

mask 
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+2A 

15 87 0 
I I I 
ITAPE gr OITAPE gr 11 status fran drive 
I 

7 80 
6 40 
5 20 
4 10 
3 08 
2 04 
1 02 
0 01 

I I 
Status byte 0 bits 
cartridge not in place 
Unselected drive 
Write-protected cartridge 
End of media (EOM) 
Unrecoverable data error 
Bad block not located 
FUemark detected 

7 80 Status byte one bit 
6 40 Illegal. alIII1IUld 
5 20 It! data detected 
4 10 Marginal block detected 
3 08 Beginning of media (BC»I) 
2 04 leserved for bus parity error 
1 02 leserved for end of recorded media 
o 01 POwer on/reset occurred 

TAPE gr 0 TAPE gr 1 8rA'lUS SlMMI\RY 

11110001 00000000 Drive not ready (controller generated) 
l1OXOOOO 00000000 It! cartridge 
11110000 00000000 It! drive 
10010000 XOOOXOOO Write protected 
10001000 00000000 End of media 
10OXOIOO 10001000 !lead or write abort 
10OXOIOO 00000000 !lead error, bad block transfer 
10OX0110 00000000 !lead error, filler block transfer 
10OXOll0 10100000 !lead error, no data 
10OXl110 10100000 !lead error, no data and EOM 
10OX0110 10lXlXXO !lead error, no data and BCM 
l00xOOOl 00000000 Filemark read 
XXXXOOOO 110OXOOO Illegal. alIII1IUld 
XXXXOOOO 100OXOOl POwer on/reset 
10OXOOOl 00010000 Marginal block detected 

15 0 
I I 

+2C I TAPE ERR:R QllR I tape error oounter 
I I 

+2E I TAPE llNIERHJN QllR I tape underrun oounter 
I I 

+30 I ClJ..R TII!EXllT 8rA'lUS I timeout status 
I I + 

+32 ILAST 00> I PI most recent CX>IIIIIlIInd executed 
I I -+ P => precomp enabled 
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+----------+ 
+34 I DIl\G ERROR LOC I location of diagnostic failure 

+----------i 
+36 I DIl\G ERROR SB I what data should have been 

t-------------+ 
+38 I DIl\G ERROR IS I what data was 

t---------+ 
31 16 15 87 o 

I -----_+_ I ---_+ 
+80 I CYLINIERO I HEl\DO I SEClORO I 

+-----------+------t------t 
I JIEI\IER AOORESS 0 I 
+------------+-~-------------+ 
I D!l.TA Pm 0 I--------CIWOOI 
+----------+------------+ 
+------------+-------+-------+ 

IF4 I CYLINIER31 I HFAD3l I SEClOR31 I 
+- ------t------i-----+ 
I JIEI\IER AOORESS 31 I 
+-------------t------------+ 
I D!\.TA Pm 31 I---------awool 
+--------,------t-------------i 

200 C - continue on error 
I - interrupt when done 
W - write (else read) 
DO - unit number (00 or 01) 

CALEN!lIIR CXlNlllOLS [ 9EPO I OFFMOO 1 
15 8 7 0 

+----+------i 
9EOO 1~Cl'L I~RD/WRI calender control and 

+----+----_+ read/write registers 

DISKTAPE VME ADDRESS IrnIFIERS 9FO.!) I OFFABQO 1 

15 87 o 
t--------------I-------------+ 

9FOO ILWI-IMSIM41M31M2IMIIMOI-I-I-I-I-IM2IMlIMOI 

1E550 

+------------i---------------I 
\ /\ / \ / 

II 111 Supervisor sequential (not imp) 
II 110 Supervisor program 
II 101 Supervisor data 
II 010 User program 
II 001 User data 
II 000 State after reset 
II 
III Standard 
101 Short 
001 Extended 

(24 bits) addressing 
(16 bits) 
(32 bits) 

UtI = 1 => use 32-bit transfers 
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FA!JLT FRAME 

Refer to the EMLT FRAME section of QIAPl'ER 7, 
0000,0020, for this information. 

FA!JLT TYPES 

Refer to the EMLT TYPES section of QIAPl'ER 7, 
0000,rN320, for this information. 

FAULT VEC'IDRS 

Exception vector at [ 100400 I 0 I 

Vector Address 

00 

02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 

OC-()D 
OE 

OF-17 
18 

19-1F 
19 
lA 
1B 
1C 
10 
IE 
IF 

20-2F 
30-3F 

40 
41 
42 
43 
44 
45 
46 
47 

000 
004 
008 
OOC 
010 
014 
018 
01C 
020 
024 
028 
02C 
030 
038 
03C 
060 
064 
064 
068 
06C 
070 
074 
078 
07C 
080 
OCO 
100 
104 
108 
lOC 
110 
114 
118 
llC 
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Assignment 

Reset: Initial SSP 
Reset: Initial PC 
Bus Error 
Address Error 
n1egal Instruction 
Zero Divide 
OIK Instruction 
TRAl"l Instruction 
PrivUege Violation 
Trace 
Unimplemented instruction 
Unimplemented instruction 
(Unassigned, reserved) 
Invalid Stack Format 
(Unassigned, reserved) 
Spurious Interrupt 
level 1-7 Auto Vector interrupt: level 
SID (rC17 and xmit) 1 
Display keyboard 2 
Pm 3 
VIolE 4 
VIolE bus error 5 
Timers 1,2,3 6 
Parity error 7 
~ Instruction Vectors 
(Unassigned, reserved) 
Machine 10, auxiliary information 
gete 
pute 
iniLdsk 
reac'Ldsk 
re1oac'Lfont 
pelle 
quieLret 
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48 120 wri~dBk 
49 124 l~error 
4A 128 crash 
4B 12C led...update 

4C-5F 130 
60 180 VIlE peeudo-YeCtors 0 (unused) 
61 184 ring 1 
62 188 disktape 2 
63 18C display 3 
64 190 4 
65 194 Plu 5 
66 198 6 
67 19C 7 

68-6F l.l\O 
70-FF 1CO 

FUlo\TDlHOINl' FOiI!M' 

Refer to the ~TOO-lQINT];'()llMT section of QIAPl'ER 7, 
0000,0020, for this infomation. 

Refer to the FPIJ section of QIAPl'ER 7, OO00,Dl320, for 
this infomation. 

Refer to the IIEIDRY <XJnMI8.r1dUS Rlil3ISTERS (MCSR) 
section of QIAPl'ER 7, 0000,0020, for this infonnation. 
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WI 
Up = CPUIM0rn-2MB, 
Down. CPU/MerrFO.5MB 

APOLLO CONFIDENnAL INTERNAL USEONlY. 

W3 W2 WI 

W2 
Out 
Out 

In 
In 
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Refer to the IlEl·DRY ~lI\NM;E/oIENT UNlT section of alAPl'ER 7, 
,DUOO ,00320, for this information. 

+----.J------------------------:---------+--------.;-
'Axis' Item , Duration 'Frequency' 
,----1-------1------'--------1------------;--------1-, , 'lI! , , HORIZCNrAL 

, FREJ;)tmilCY 
, , , 
, 29.53 uSee , 33.855 Ilz , 

'II +------+------------_1_---------·1--------.;-
'0 'II-FP 'IIORIZCNrAL' , , 'R , , FROm' !ORal '0.75 USee' N/A , 
, I 
, Z 

'0 'N 'T iA 
'L , , , , , 

+----_1_-------------;--------;------+ 
, II-SYNC , 1I000ZCNrAL' , , 
I , SYNC , 2.75 USee' N/A , 
+-------:-~------------I----------·I------+ 
'Il-BP '1l0RIZCNrAL' , , 
, , BACK !ORal '3.5 USee' N/A , 
·,.-------·1----------_·1------+--------+ 
'lI-BL 'IIORIZCNTAL' , , 
, , BLANKOO '7.0 USee' N/A , 
-:------+----------------1----------1----------:. 
, II-DISP , IIORIZCNrAL' , , 
, , DISPLAY AREA ,22.53 USee' N/A , 

+----1------+-----------1----------+-------+ 
, IV , VERTICAL' , , 
, , FREJ;)UENCY , 12.75 rnSee , 78.400 Hz , 
.1------+--------------.... _------_.\._------+ 
'V-FP , VERTICAL' , , 

V , I FRCNr roRaJ ,88.6 USee' N/A , 
E ·i-----~·-·I--·-------------·:--------_I--------I· 
R 'V-SYNC, VERTICAL' , 
T' , SYNC , 88.6 uSee' N/A 
I +-------1-------------1-------1---------+ 
C 'V-BP I VERTICAL' I , 
A' , BAO{ roRaJ , 708.0 uSee' N/A , 
L +------+----------+-------;------+ 

,V-BL , VERTICAL' I I 
I I BLANKOO I 885.0 uSee I N/A I 
-1---------:---------------1-------1--------1-
I V-DISP I VERTICAL I , I 
I I DISPLAY AREA '11.865 rnSee I N/A I 

+----_1_----_1_----------+-------;------+ 
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I <-x-BL-I < x-DISP ---> I 
---+ I I 
/1///1 1// / / / / / / / / / / / / / / / / / / / / / / / / / / /1 
/1///1 1/////////////////////////////1 
--+-+ I I II +-

II I I I I 
I +-+ I +-+ 
II I I I 

x-FP-> 1-1-1-1 <-x-BP I 
I ~ I 
I +-x-SYNC I 
1< 1x------:>I 

x=VorH 

MllLTIBUS RJ:XlISTEBS 

MllLTIBUS <WImL STATUS RJ:XlISTER [MOQ FF7COO J 

15 14 13 12 11 10 9 8 
I I I 
I r I r I 
I I I 

I \-/ I 
I reserved I .... UlOp::ack data (see be101i) 
I +- XACK on time-out 

mJn'RO (diag use only) 
&lable early release (should be 0) 

...... ---- Time-out (when multibus master talking 
to another mul tibus device; write 0 
to clear) 

...... ---------- watchdog Timer 

7 6 5 4 3 210 
~~-~_+-...... _r-~~I~·~ 

I I 
I I 

I I 
UlOkback enable I I I 
Xchangesim (diag Only)_ I 
ower IIlLTIBUS Ehable I 
Lower IIlLTIBUS Ehable I 
Force interrupt enable (diag only) I 
IIlLTIBUS IlIltip>rt Memory Lock Enable I I 
Inck IIlLTIBUS Arbiter (asserted when zero) _ 
Multibus INIT (asserted when zero) --------t 

(set to one to drop reset) 
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M!!LTIBUS INTERR!!P1' <XlNlWL STA'lVS REXiISl'ER [ M02! mC02 1 

IS 87 o 
I I I 
10000000000000000000 I Mask for lines 7-0 I 
I I I 

(Interrupt level. now in VMIl interrupt/ID register 5 fo11CMing interrupt 
acknowledge cycle.) 

MULTIBUS AmRESS !mIFIER REXlISl'ER [M04 FnC04 1 

IS 'lRANSMI'l'l'ED 8 7 RE<EIVED 0 
I I I 
1-1-1~1~1~1~lml~I-I-I-I-I-I~lml~1 
I I I 

\ /\ / \ / 
II III SUpervisor sequential (not imp.) 
II 110 SUpervisor program 
II 101 SUpervisor data 
II 010 User program 
II 001 User data 
II 000 State after reset 
II 
111 Standard (24 bits) addressing 
101 Short' (16 bits) 
001 Extended (32 bits) 

MULTIBUS MAP [ 10000 I FCiOOO 1 

IS o IS o 
I I I 

------:2101151-1 PPN (13:0) 

lOOPBACK np.:m 

I 
III I 
III 1 => Page is mawed 
III Swap It>de: 
100 - no swap 
101 - swap words 
110 - swap !:¥tes 
III - both 
I 
o => SaH;lhire page is read-only (was 1) 

(No longer exists.) 
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PAGE FRAME TABLE EImlY (P!j'Dj! 

Refer to the H\GE FJWI;: 'DIBLE ENlRY (PFl.'E) section of 
ClIAPl'ER 7, 0000,0020, for this information. 

Refer to the H\GE ~ 'DIBLE ENlRY (Pl"l'E) section 
of ClIAPl'ER 7, 0000,0020, for this information. 

100: dc.w 5,0 5 -> stingray 
104: ae gete returns dlaracter in Dl 
108 ae putc prints dlaracter in D1 
lOC ae iniLdsk initialize disk 
110 ac readJlsk read a remrd from disk 
114 ac reload...font reload font 
118 ac po11e returns dlaracter in D1, 

else -1 in dl.w 
11e ac quiet....ret quiet return to HQoI 
120 ac wri~disk 
124 ac 109-error on/off 
128 ac crash 
12C ac lecLupdate 
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RIoo REGISTERS 

-ICO 

-IC2 

-IC4 

-IC6 

-IC8 

RJm Plge at [ 9800 I OFF9C00 1 
WRITE roNCl'IOO READ roNCl'IOO 

15 0 

'mANSMIT <lJIoIMAND 

RECEIVE <lJIoIMAND 
1 

'DIl\SK I UNUSED 
1 1 
I DIl\G <lJIoIMAND 
1 1 
I RJm I 
+------------+ 
I ID I 
1 

-ICO 

-IC2 

-IC4 

-IC6 

-IC8 

15 0 

TRl\NSMIT STMUS 

RECEIVE STMUS 
1 

it4ASK I UWSED 
1 1 

DIAGCNAL STMUS I 
1 1 
I RnG I 
+------------+ 
I ID (*) I 
1 

+DC I UWSED 

(*) gat4Larray only. Must be +OE UWSED 
written after a reset. +------11_----+ 

+10 103 I UNUSED 

+12 ID2 UWSED 
+--------+--------+ 

+14 I IDI UWSED 

+16 roo UWSED 
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ROO HAPIl«lRD cmm: RmI8.l'ERIl [9820 OFF9C20 J 

31 15 o 
9820 RECEIVE HEAlER A!DU!SS XXXXXXXXXXI (*) 

1 1 
9824 I RECEIVE !lATA AID!ESS XXXXXXXXXX I 

+1--------------------------------------+1 
9828 I 'mANSMIT HEAlER AID!ESS XXXXXXXXXX I 

+1--------------------------------------+1 
982C I 'mANSMIT !lATA AID!ESS XXXXXXXXXXI 

1 1 1 
9830 I RECEIVE JI[R liCRD <XXJNl' I RECEIVE JI[R BID <XXJNl' I (**) 

1 1 1 
9834 I RECEIVE IJ\T liCRD <XXJNl' I RECEIVE IJ\T BID <XXJNl' I 

1 1 
9838 I (***)XI!IT JI[R wam <XXJNl' I 'mANSMIT JI[R BID <XXJNl' 

1 1 
983C I 'mANSMIT IJ\T liCRD <XXJNl' I TRANSMIT IJ\T BID <XXJNl' 

1 1 

(*) 101t-0rder 10 bits are ignored 
(**) bits 15:10 of COlmts are ignored, read as jlD'lk 

(***) bit 11 of transmitter header COlmt = 1 => data length - 0 

ROO AmRESS !QlIFIER RmI8.l'ERIl [9840 0FF9C40 J 

15 87 o 
1 1 1 1 1 1 1 1 1 
I-I-IMS 1M4 1M3 1M2 IMlIMO 1-------
1 1 1 1 1 1 1 1 1 

\ /\ / 
II 111 SUpervisor sequential (not imp.) 
II 110 SUpervisor progrl!llll 
II 101 SUpervisor data 
II 010 User ptogrl!llll 
II 001 User data 
II 000 State after r_t 
II 
111 Standard (24 bits) addressing 
101 Short (16 bits) 
001 Extended (32 bits) 

9840 Receive nr:ldifier (I\IW) 
9848 Transmit nr:ldifier (I\IW) 
9850 Slave (PIO) DDdifier (W/O) 

(bit 3 = 1 -> 1011q"1i0rd transfers) 
9860 Ia! address colmter (!VO) (bits 9:0 of word) 

Refer to the ROO REGISmRS section of C8AP1'ER 7, 
0000,0020 for <DIIII1IIIld and status definitions. 
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SERIAL I/O IN1'ERF1lCE 

aefer to the SBRIl\L I/O IN'mRFA<E section of ClIAPl'ER 7 , 
Dl300,Dl320, for this information. 

VME R!iXiIS'M!S [PO FF9400 1 

lIME INl'ERRIlPl' S'WUSIm R!iXiIS'lIRS [ P2 I FF9402 1 

15 8 7 0 (read to clear VIlE interrupt) 
I I I 

BCD2 1---ILEIIl m 1 unavailable 
I I I 

BCD4 1---ILEV2 miring 
I I I 

BC06 1---ILI!.V3 10 1 diaktape 
I I I 

BCD8 1---ILEI74 m 1 display 
I I I 

BCOA I---ILEI/S m 1 mused 
I I I 

BCOC 1---11011nnnnl PBU nnnn=level, llll=>device 
I I I timeout 

BCDE 1---ILE117 10 1 mused 
I I I 

lIME INl'ERRIlPl' LEllEL RIiXlISTER [BOO muD 1 

15 87 o 
I I 

BOO ------IL7I6L5L4L3L2Ll-1 
I I 

lHli t => that level. is interrupting 
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"lIME AIDRESS IQllFIER RmIS'l'ER [ BC2Q I FF9420 ) 

15 'I1WiSMIT AIM 8 7 RECEIVE AIM 0 
I I I 

BC20 I-A5A4A3A2AlAO I A2AlAO I 
I 

\ 1\ / \ / 
II II 111 SUpervisor 
II II 
II II 
II II > 

sequential. (not imp) 
110 SUpervisor program 
101 SUpervisor data 

II 010 User progrsn 
001 User data III standard (24 bits) 

101 Short (16 bits) 
001 Extended (32 bits) 

000 State after reset 

VME !!OO!!Y SIZE llmIS'l'ER [ BC30 FF9430 ) 

15 87 o 
I I I 

BC30 1-'------I---EWS2SlSO I 
I I 

/ \ / 
/ 010 0.5 Mb 

/ 011 1.0 Mb 
/ 100 1.5 Mb 

/ 101 2.0 J.lb 
/ 110 2.5 Mb 

/ 111 3.0 Nb 
IW - 1 => enable p:lWer off 000 State after reset 

VME Ill:AlXl.9l'IC <D1'l'lU. BEGIS'lIRS [PO FF9440) 

~ 8 
+---------------+1 - -

BC40 1-1-1-1-1-1-1 I +--------------_1 - -
7 o 

- - I I 
ILOOPI ELAI - IFA231FA22IFA211FA20IFAl91 

- - f I 

~ 8 
I I 

&SO I - I I - IEEl3RImR3IFBR2IFBRllmROl 
I I --

7 0 
- - I I 

I FIR71FIR6IFIRSIFIR4IFIR3IFIR2IFIRlIEFIRI 
- - -1-1---------------+ 
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U 8 
I I 

BC60 IB'lO*IPAR*1 AMSI AM41 AM31 All21 AMI I AIIOI add. nod 
I I 

7 0 
--I I 

1A23 lU61 
--I I 

15 o 
I I 

BC70 IlU5 -----------,l!Ol AS*I 
I I 

15 8 
I 1--

BCSO 10011000 IWRr* ILWD* lomcK* IBBSY* ISYSRS* IACFAL* I 
I I 

7 

1-1-1-1-1-1 

U 8 

o 
I-I 

I 

I I I 

BC90 1BR3*IBR2*IBR1*IBRO*IBG3*IBG2*IBGl*IBGO*1 
I I 1--

7 o 
--I I 

I lACK· IIR7* I IR6* I IRS· I IR4* I 00* I IR2* I IR1 * I 
--I I 
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PtYsical 

QIAPl'BR 11 

1SP80,1SP80A 

virtual 

100400 traI;B 0 
400 pran 40o->3FFF (one-to-one) 

14000 pr0m2 
100800 PtYs mem 10080o->FFFFF 
700000 ptt 70000o->7FFFFF 
380000 pbJ 2nd half 
100000 lID stk,data 800000 

80000 pbJ 1st half 
70000 pbJ i/o ref FEOOOo->FE7FFF 
10000 ianap FF500o->FFSFFF 
MOO pbJ ctl FF7Coo 
ASOO 1pr FF8000 
9800 ring FF9C00 
9000 ana ctl m\OOO 
AOOO calendar FFA400 
8800 timers FFACOO 
8400 Bios FPBOOO 
8000 nmu FPB400 
4000 pft FPBSOo->FFF7FF 

APOUD CONFIDENTIAL INTERNAL USE ONLY. 11-1 1SP80,1SP80A. 



+---+ +---+ 
I I I I SBUS 
lau I--Iav 1=======--======---=--===----
I I I I I 
+---+ +---+ I I 

----+---+ -- +---+ I IIIUN I I BOOr I I SID I I REAL I I MIll I 
1_ IIHOIII I I TIlE I 1C'lL1 
I I I I I I I a.K I I I 

----+---+ -- +---+ I I I 
I I +--SID 1 
I +--sm 2 
I 
I 
I 
I 
I 
I 
I -I M.B. I 

I CJI/ I 
111M' I --I 

I 

I 
I I I 

+---+ +---+ +---+ 
I PAR I I IJIA I I ROO I 
I LPr I I C'lL I I C'lL I 
1C'lL11 II I 
+---+ +---+ +---+ 

I I 
line network 

printer 
IIlLTIBUS 

<:===============--================> 
I 

I I I I I 
( Slots for Apollo and mer-supplied devices) 
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CPU WI\RIl JUMPERS 

DSP80/A CPU Board (APNs 2422, 4834) 

W7 W1 W2 W9 W'2 

W'O 
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J:'MAC page at [ 9000 I OFmOOO I 

The J:'MA controller is a It>torola M68450. 

9000-907F - ring receive header 
9080-90FF - ring receive data 
9100-917F - ring transmit 
9180-91FF - Unused 

Refer to the J:'MA <ni'.l'RILLER section of CHAPl'ER 7, 
0000,rN320, for more information. 

FA!!LT FRAME 

Refer to the JmJLT HWIE section of CHAPl'ER 7, 
0000,0020, for this information. 

FAULT TYPF$ 

Refer to the JmJLT Tn'ES section of CHAPl'ER 7, 
0000,0020, for this information. 
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PAlILT YfCIP!!S 

Elroeption vector at [ 100400 I 0 I 

Vector Address 

00 

02 
03 
04 
05 
06 
rn 
08 
09 
OA 
DB 

OC~ 
OE 

01'-17 
18 

19-1P 
19 
lA 
lB 
lC 
10 
lE 
lP 

20-2P 
3D-3P 
4O-8P 
9D-9P 
AO-AP 

SO 
Bl. 
B2 
B3 
54 
B5 
B6 
B7 

88-<:3 
C4-<:P 
DO-m' 
ED-EP 

PO 
PI 
F2 
P3 
P4 
P5 
P6 

000 
004 
008 
OOC 
010 
014 
018 
01C 
020 
024 
028 
02C 
030 
038 
03C 
060 
064 
064 
068 
06C 
rno 
rn4 
078 
rnc 
080 
OCO 
100 
240 
280 
2CO 
2C4 
2C8 
2a: 
2DO 
2D4 
2D8 
2DC 
2EO 
310 
340 
380 
3CO 
3C4 
3C8 
3CC 
3bo 
3D4 
3D8 

APOUO CONFIDENTIAL INTERNAL USE ONLY. 

Reset: Initial SSP 
Reset I Initial PC 
Bus Error 
Address Error 
lllegal. Inatruction 
Zero Divide 
QIK Instruction 
mAP\7 Instruction 
PrivUege Violation 
Trace 
Unimp1.anented instruction 
Unimp1.anented instruction 
(unassigned, reserved) 
Invalid stack Format 
(unassigned, reserved) 
Spurious Interrupt 
Isvel 1-7 Auto-Vector 
sm (rev and lIII1it) 
(Keyboard input) 

tnt leyel 
1 

Ring 
l'BU 
Line printer 
'l'imers 1,2,3 
Parity error 
mAP Instruction Vectors 
(unassigned, reserved) 

2 
3 
4 
5 
6 
7 

User Interrupt Vectors - unused 
Ring/disk board 
User Interrupt Vectors - unused 
INTO/ -
INTl/ -
IN1'2/ -
IN'l'3/ - Tape Controller. 
IN'l'4/ - Storage lbWl.e 
IN'l5/ -
III'l'6/ - Line Printer 
nm/ - Parallel Input: 
User Interrupt Vectors - unused 
lhused 
am lire!! 
unused 
P - BCXlC (Autanatic vectors) 
o-
N - Display 2 
M - PlOJ)P.{ 
L - Display 1 (lILT) 
1-
J-
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F7 
F8-FA 

FB 
FC-FD 

FE 
FF 

3DC 
3EO 
3EC 
3FO 
3F8 
3FC 

I -
Unused 
Timers 1,2,3 
Unused 
CPU B-to-A 
ECQJ 

Refer to the MEIDRY a:mR<L/SI'MUS RWIS'l'ERS (MCSR) 
section of ClIAPJ.'ER 7, 0000,0020, for this information. 

MOORY MANAGW:NT !lNIT (MMlJ) 

Refer to the MEIDRY MIINllGFJ!EN'l' UNIT section of ClIAPJ.'ER 7, 
0000,0020, for this information. 

M!lLTIBUS REXlISl'ERS 

M!lLTIBUS <XlNlBlL S'l14US REXiIS'l'ER [MOO I FF7COOl 

15 14 13 12 11 10 9 8 
1 1 
1 r 1 r 

+---+-----11---+1 -+1 --1---+-1 -
\--v-/ \--/ 1 

1 reserved 1 - loo>back data (see be101i) 
1 r--- XACK on time-out 
+---------- CUrrent bls master: 

o - 1lSP80 
1-5 - controller in slot 1-5 

(bottan slot is 1) 
+1------------ Watchdog Timer 
1 ____ read only ____ I 

7 6 5 4 3 2 1 0 
-r~~~-+--+__r--~~_+ 

1 
- - -+---+---il--+---i--II-'--+---+--+ 

1 1 1 1 1 
Lookback enable -------t 1 1 1 1 
LooPlack shift clock 1 1 1 
Upper IIlLTIBUS Enable 1 1 1 
Lower IIlLTIBUS Enable 1 1 1 
Lock Enable for SaR'hire Memory 1 1 1 
IIlLTIBUS !olJltiport Memory IDck Enable _+ 1 1 
IDck IIlLTIBUS Arbiter (asserted when zero) 1 
IIlLTIBUS INIT (asserted when zero) 1 

(set to one to drop reset) 
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MllLTIB!!S INl'ERRUPl.' a:mror. S'm'lUS REXiISl'ER !M02! mC021 

15 87 

lInt lines 7-0 
1 

MllLTIB!!S MI\P ! 10000 

15 11 

I Mask for lines 7-0 
1 

FFSOOO 1 

o 15 
1 1 1 1 1 1 

o 

115 1141131121 MULTIBUS Pm I wlUsed 
-I---I--+--I 1 1 

I I I I Swap~ 
I 10 O-noSW'ap 
I I 0 1 - SW'ap words 
I I 1 0 - SW'ap !:¥tes 
I I II-both 
I I 
I 1 => Sa~ire p!lge is read-only 
I 
1 => Page mawed 

o 

~ % ~ « ~ ~ Q ~ ~ H n ~ ~ H n ~ 
1 

\-v--I 
Master 

INIT (Reset) -+ 
BIIEN -----+ 
Memory Qfcle ---+ 
Read Qfcle ------+ 
XACK 1 

I r I r I r I r 

\--v--I 
I 
I 
I 
I 
I 
I 
I 

Reserved for Multibus Address(23:20) 

\-v--I 
I 
I 
I 
I 
I 
I 
I 
I 

Multibus Address (20:16) ------------+ 
31 30 29 28 27 26 25 24 23 22 21 20. 19 18 17 16 

1 
Mul tibus Address (15: 0) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
-I--

I 
1 1 

Mul tibus Leta (15: 0) 

APOLLO CONFIDENTIAl. INTERNAL USE ONLY. 11-7 OOPSO ,OOPSOA 



Refer to the HIGE ftIAIIB ~ III'lRY (PPTB) Bection of 
CBAPl'BR 7, 0000 ,0020, for this information. 

Refer to the HIGE mANlU.TIQII 'BIBLE III'mY (Pl'm) section 
of CBAPl'BR 7, 0000,0020, for this information. 

100: dc.w 3,0 3 -> MP80, no aWl info 
104: ae gate returns dlaracter in D1 
108 ac pute prints dlaracter in D1 
lOC ac iniLdsk initialize disk 
110 ac reaQ..clsk reads a record fran disk 
114 ac reloacLfont reloads font 
118 ac po11e returns dlaracter in D1, 

else -1 in dl.w 
11C ae quiet,..ret quiet return to PlOt 
120 ac wri~disk 
124 ac l09-error on/off 
128 ae crash 
12C ae 1ed..update 

Refer to the ROO m;IS'.mRS. ssetion of CBAPl'BR 7, 
0000,0020, for this information. 

'1tIe MP80,alP80A uses only the Signet:ics SC2681 IXJAR!l' 
(there is no keyboard interface). 

Refer to the SERIAL I/O IN'.IERPP.(E ssetion of CBAPl'BR 7, 
0000,0020, for SlO information. 
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APPENDIX A - ASCII OIARACI'ER SET 

.Qd:. .bIIx -.Qd:. llex - .Qd:. .bIIx -00 00 !IlL 00 60 30 0 48 140 60 96. 
01 01 lUI 01 61 31 1 49 141 61 a 97 
02 02 S'l'X 02 62 32 2 50 142 62 b 98 
03 03 ETX 03 63 33 3 51 143 63 c 99 
04 04 OOT 04 64 34 4 52 144 64 d 100 
05 05 ENJ 05 65 35 5 53 145 65 e 101 
06 06 ACK 06 66 36 6 54 146 66 f 102 
07 07 BEL 07 67 37 7 55 147 67 9 103 
10 08 BS 08 70 38 8 56 150 68 h 104 
11 09 Ill' 09 71 39 9 57 151 69 i 105 
12 OA NL(LF) 10 72 3A 58 152 6A j 106 
13 OBV'l' 11 73 3B 7 59 153 6B k 107 
14 OCFF 12 74 3C < 60 154 6C 1 108 
15 ODCR 13 75 3D • 61 155 50 m 109 
16 OE RRS 14 76 3E > 62 156 6E n 110 
17 OF BRS 15 77 3F ? 63 157 6F 0 III 
20 10 RCP 16 100 40 64 160 70 P 112 
21 11 XOO 17 101 41 A 65 161 71 q 113 
22 12 IILF 18 102 42 B 66 162 72 r 114 
23 13 XOFF 19 103 43 C 67 163 73 s 115 
24 14 IILR 20 104 44 0 68 164 74 t 116 
25 15 NI\K 21 105 45 E 69 165 75 u 117 
26 16 SYN 22 106 46 F 70 166 76 v 118 
27 17 E'lB 23 107 47 G 71 167' 77 w 119 
30 18 O\N 24 110 48 H 72 170 78 x 120 
31 19 EM 25 111 49 I 73 171 79 Y 121 
32 lA SJB 26 112 4A J 74 172 7A z 122 
33 lB ESC 27 113 4B K 75 173 7B { l23 
34 lC FS 28 114 4C L 76 174 7C I 124 
35 lOGS 29 115 4D M 77 175 7D } 125 
36 lERB 30 116 4E N 78 176 7E 126 
37 IF US 31 117 4F 0 79 177 7F IEL 127 
40 20 SP 32 120 50 P 80 
41 21 I 33 ill 51 0 81 
42 22 . 34 122 52 R 82 
43 23 • 45 123 53 S 83 
44 24 $ 36 124 54 T 84 
45 25 % 37 125 5.5 U 85 
46 26 & 38 126 56 V 86 
47 27 I 39 127 57 W 87 
50 28 ( 40 130 58 X 88 
51 29 ) 41 131 59 y 89 
52 2A * 42 132 SA Z 90 
53 2B + 43 133 5B [ 91 
54 2C , 44 134 5C \ 92 
55 2D - 45 135 50 1 93 
56 2E 46 136 5E 94 
57 2F / 47 137 SF 95 
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APPENDIX B - rovERS OF TI,O 

2**n n hex 

1 0 1 
2 1 2 
4 2 4 
8 3 8 

16 4 10 
32 5 20 
64 6 40 

128 7 80 
256 8 100 
512 9 200 

1 024 10 400 
2048 11 800 
4096 12 1000 
8192 13 2000 

16 384 14 4000 
32768 15 8000 
65536 16 1 0000 

131 072 17 2 0000 
262 144 18 4 0000 
524 288 19 80000 

1 048' 576 20 10 0000 
2 097 152 21 20 0000 
4 194 304 22 40 0000 
8 388 608 23 80 0000 

16 777 216 24 100 0000 
33 554 432 25 200 0000 
67 108 864 26 400 0000 

134 217 728 27 800 0000 
268 435 456 28 1000 0000 
536 870 912 29 2000 0000 

1 073 741 824 30 4000 0000 
2 147 483 648 31 8000 0000 
4 294 967 296 32 1 0000 0000 
8 589 934 592 33 2 0000 0000 

17 179 869 184 34 4 0000 0000 
34 359 738 368 3S 8 0000 0000 
68 719 476 736 36 10 0000 0000 

137 438 953 472 37 20 0000 0000 
274 877 906 944 38 40 0000 0000 
549 755 813 888 39 80 0000 0000 

1 099 511 627 776 40 100 0000 0000 
2 199 023 255 552 41 200 0000 0000 
4 398 046 511 104 42 400 0000 0000 
8 796 093 022 208 43 800 0000 0000 

17 592 186 044 416 44 1000 0000 0000 
35 184 372 088 832 45 2000 0000 0000 
70 368 744 177 664 46 4000 0000 0000 

140 737 488 355 328 47 8000 0000 0000 
281 474 97 6 710 656 48 1 0000 0000 0000 
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CODE DESCRIPTION 

A Remedial Maintenance 

Preventive Maintenance 

Modification/Aetrolit 

o Installatfon 

E Move 

G New equipment Warranty 

H Service Warranty 

I Pre-Contract Inspection 

J Pre-Installation Planning 

K Training (Formal) 

L Apollo ResponSibility 

M Customer Liaison 

N Stand-by (on-site) 

o Unit Re-bulld 

P TrainIng (informal) 

Q Presales 

A Other 
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APmNDIX C 

F.A. R. <DIES 

EXPLANATION 

Customer requested repair of 
Apollo supported equipment 

Apollo initiated PM eltort 

Add-on, ECO update, etc. 

Self-explanatory 

Self-explanatory 

equipment is warrantied free of 
manufacturing and material defects 
for iii period of 90 days after 
installation, on standard terms 
of sale. 

Serviced equipment is warrantled 
30 days from repair date. Warranty 
only covers the "repaired area 
of defect". 

Covers time spent inspecting, 
diegnosing, etc. system prior to 
contract acceptance. 

Time spenl planning site specifIcs 
for customer (at customer request
billable) layout, power require
ments, etc. 

Customer training given in a formal 
environment at customer request 
(needs approval by Director of 
Technical Support). Billable 
to customer. 

Activity performed on equipment 
to correct a problem caused ,by 
Apollo personnel, media, etc. 

Used to cover a situation Where a 
shipment, in the opinion of the cus
tomer, contains missing, Incomplete 
or incorrect equipment, supplies, 
software, documentation, etc. 

Covers time spent on-site observing 
equipment functioning (billable If 
customer requested) 

Time spent in office repaIrIng 
machines sub-assembties for re-use 
or return to home office. 

Covers time spent answering 
questions about hOW the system 
works. 

Time spent seiling equipment {i.e., 
technicel presentationsl or re
searching sales information. 

If none of the aforementioned 
activity codes sufficiently explains 
your repair activity. usethiscategory 
and explain It in the "comments" 
section. 
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O\!JSE ODES 

CODE DESCRIPTION 

01 Adjustment 
02 Alignment 
03 Cable connection 
04 Component malfunction 
05 Connector 
06 Customer Supplied Option 
07 Dirty 
08 Documentation 
09 Incomplete 
10 Media 
12 No Problem Found 
13 Operator Problem 
15 Defective PC8lAs~mbly 
16 Re-sealed PCB/Assembly 
19 Unknown 
20 Vendor Problem 
21 Wiring Error 
22 Worn 
23 Defective Switch/Pushbutton 
24 Handling/Shipping 
28 Other - Explain in 

"Comments" section 
29 Customer Initialed 
30 Apollo Initiated 
98 Corrective Action 

Rectifies Otherwise DOA 
99 DOA System, Assy, or Spare Part 
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TYPE CODE DESCRIPTION 

DN400/420!600 

PCBS 

Keyboards 
(HIgh Prof.) 

CATS 

Power Supplies 

Drives 
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'20 

'" 2001 
422 

2083 

'" '" 755 
ADM~HMB 

757 
ADM-1MB 

97' 
PEB 

'" 74. 
1161 
1166 
1012 
1380 
2670 

15' 
750 
885 

155 

70' 
8" 

1193 
1170 
1449 
2831 
2832 
2131 
2132 

93 
88 

1767 
691 

1428 
1593 
4951 
2603 

89 
585 
87 

1616 
783 
780 
633 

8 MHZ CPU Board 
10 MHZ CPU Board 
10 MHZ CPU Board Rev 6 
Ring Disk Board 
Ring Disk Board 
Display Board 
1/4 MB Memory Board 
1/2 MB Memory Board 
1/2 MB Memory Board 
1 MB Memory Board 
1 MB Memory Board 
Performance Enhancement Board 
Performance Enhancement Board 
NPA Board 
PBA Board 
Array Board 
Control Board 
Mag-Tape Controller Board 
SMD ContrOller Board 
PCB Modem - "BNC" Type 
PCB Modem - 'F" Type 

Keyboard 
Keyboard 
Keyboard w/Touchpad 

IS" Gre~nlBlaCk 60HZ 
15" Green/Black 50HZ 
15" Black/White 60HZ 
15" Black/White 50HZ 
19" Black/White 60HZ 
19" Black/White 50HZ 
19" Black/White 60HZ F.C.C 
19" Black/White 50HZ F.C.C 
19" Color 60HZ 
19" Color 50HZ 

24 Volt linar 
Joule P/S-Dual 
Todd Power Supply 
PNA Power Supply-Single 
Todd Multi-Output - Color 
5+ Color PIS 
5+ Color PIS F.C.C. 
Todd Retrofit PIS Kit 

Floppy Drive 60HZ 6" Dual Side 
Floppy Drive 50HZ 6" Dual Side 
34 MB Winchester 14" Priam 
34 MB Winchester 8" 
68 MB Winchester Priam 
154 MB Winchester Priam 
Cipher Mag Tape Drive 
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TYPE 

Cables 

Otho. 

Appendix C 

CODE DESCRIPTION 

DN4OOJ4201600 (CONT., 

438 
439 
85' 

'470 
.. 10 
1471 , ... 
2734 ... 
3482-00 .... ..." .... 
......." .... 
'60 
780 

2011 , ... , ... 
'5,. 
'426 
1730' , ... .... .... 
00' 

'730 
2826 
2684 
'702 
26" 

Winch.ater 
Floppy 
NPAIPBA 
BIW CRT/Node 20' (Old Style) 
BIW CRT/Node 20' (F.C.C.) 
B/W CRT/Node 507 
Color CRT/Node (Old Style) 
Color CRT/Node IF.C.C., 
CPu/SID Board 
SMD Control 20' 
80M Control 50' 
SMD ReadlWrite 20' 
SYO RudfWrlte 50' 
SMD Ad.pter 
Magtape CnUr/Drive 
NPAlLIne Prlnt.r 24' 
NPAILlne Printar 40' 
Array/Control Color 
2 Array/Control Color 
Top Hat 2 Board 
Top Hat 3 Board 
Backpanel 10 Slot 
Color Con\/l8rgen~ 
Backplane Shield 

Grounding Kit 
SIOC.rd 
10 Slot Backplane 
Universal Backptan. 
Backplane Shield 
Panel Unlv. ChUi. Push Buttons 
cable Adapter tor aNC Modem 217 

DN480J680 (TERN) 

3044 .... 
3054 

327" .... 
25'. 

A0M80-1MB 
ADM80-2M8 

3408 

CPU 1 Board 
CPU 2 BoIrcI 
IIObl'd 
TOPHAT 
ACD6It.eoHZ 
ACOiaI:.60HZ 
1 MS Memory Board 
2MB MemcMY Board 
Standoff 1/4~ 
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LIBERTY DISK DRIVES ASSY 

PCBSJASSY 
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3328 Fan Assembly 
3312 Fan 
3329 80 MB Comp Drive 
:1330 167 MB Comp Drive 
2670 Modem Board 
2748 Adaptor Board 
3195 Cable, Control 
3196 Cable, Data 
3197 Cable, POW 
3198 Cable. POW 
3199 Cable. POW 
3201 Cable 

ETHERNET 

3613 
3614 
3615 

COM·X.25 

PCB 
Cable 
Tranceiver 

ON550 (STINGRAY) 

335' 
4141 
4145 
3354 
3774 
3954 
3583 
4151 
3349 
3105 
3107 
3106 
3104 

308' 
3561 
4522 
4021 
4155 
3357 
3525 
2846 
3101 
3088 
433. 
4335 
3083 

TTL Ring PCB 
CPU .5MB 
CPU 2MB 
VME1MB 
600 VME Color 
Color Control 
Transceiver 
VMe .5MB 
CPU Power Supply 
5114 Disk 
DIsk/Tape Controller 
1I4H Cart. Tape 
Disk/Tape Module 
Processor, Sub Mod 
Multibus Module 
PCB, Fan Brd. 
VME Terminator 
VUE Memory 
MlB VMe Interface 
Filter Assembly 
FloatIng Pt. PCB 
Triac Assembly 
PCB, SIO 
PCB, Surge Suppressor 
pce, Ale DiS!. 
SIO Mod. 
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TYPE CODE DESCRIPTION 

ON550 (STINGRAY CONT.) 

Power Supplies 3794 Disk/Tape Power Supply 
3251 MIS Power Supply 

Backplanes 3112 Backplane 
4011 Backplane 

Cables 3572 Tape Gable 
3575 Cable,Oisk 
3576 Cable 
3577 Cable, Ribbon 
3922 Cable 
3923 Cable 
3925 Cable, 110 
3948 Ceble, Backpanel 
4655 Cable,Fan 
4278 Cable, Disk Conlroller 
4279 Cable 
3090 Cable 
4090-002 Ceble, Fan 
4091-002 Gable, Fan 
4800 Cable, Fan 
3100 510 Cable 

Other 3550 Dual Vault Fan 
3532 Filter 
3536 VME Flex Cir. 
3539 Conlrol Panel 
3545 0/0 SWitch 
4583 Fan Assembly 
3544 Switch 

540 Fuse 

DN300/DN320 

PCBS 1496 CPU/Memory Board 
1496-002 CPU/Memory Board (DN320 Only) 
1492 RlnglDlsplay Board 
1494 ,5 MB Memory Board 
2297 1 MB Memory Board 
2018 Touchpad-Low Profile 
1652 Disk Controller Board 
2181 TTL/Ring Board 
2146 Network Transceiver Board 
2282 Networi< Transceiver Assy. 
2.48 Floating PI. Board (DN320 Only) 

CRTS 1654 17" Black/While 50/60 HZ 

Keyboards 1660-000 Keyboard 
1666-001 Keyboard w/Touchpad 
1666-002 Keyboard for use wlMouse 

Power Modules 1645-000 CPU Power Module 60HZ (4-5101 BlP) 
1645-001 CPU Power Module50HZ (4-S101 BlP) 
3940-000 CPU Power MOdule 60HZ (5-Slol BlP) 
3940-001 CPU Power Module 50HZ (5-Slol BlP) 
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TYPE 

Power SUpplies 

DiakOrives 

floppy Drive 

Disk Drive Units 

Disk/Floppy Drive 
Units 

Cables 

Backpanels 
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CODE DESCRIPTION 

DN3OOJDN320 (CONT.) 

1785 CPU Power Supply 
17 .. oisll Power Supply 

2009 34 MB Disk Drive 
2009-001 70 Me Disk Drive 

'020 Floppy DrIve 

2290~ 34 MB Disk Unit 60HZ 
2290-00' 34 MB Disk Unit 50HZ 
2290-003 70 M8 Disk Unit 80HZ 
2290_ 70 M8 Disle Unit 50HZ 

2516-000 34 MB Disk/Floppy Unit 60HZ 
2516-001 34 MB DlskfFloppy Unit 50HZ 
2516-003 10 MB Disk/floppy Unit 60HZ 
2516-004 70 MS Disk/Floppy Unit 50HZ 

2370 Disk Ribbon Cable 
2371 Floppy Ribbon Cable 
2372 Mem Exp Ribbon Cable 
2388 Ribbon Cable 
1850 DC Power Cable (4 Slot) , 
1929 Keyboard Ribbon Cable 
2545 VOU Brightness Cable 
3160 CAT Cable 

1838 Upper Backpanel (4 Slol) , ... Lower Backpanel (4 Slot) 
3489 Backpanel (DN320 5 Slot) 

DSPeO SPARES 

2422 
4590 
2811 
2420 

246' , ... -
2360 

'445 ,,-
2451 
2459-000 

"" 1765 
2425-{)OO 
2181 

"" 21 .. 

'282 

CPU Board 
CPU Extension Board 
HMB Mem Expan Board 
Lower Back Panel 
Multibul Back Panel 
Alsambly Chaslls 
cable 28A 
Top Plate 
Facia Sapphire 
Switch 
Bottom Plate 
Chassis Module 
Procesaor Cover 
Multi-Power Supply 
DSP80 Power Supply 
TTURlng Board 
Network, PCB 
Network Transceiver Board 
Network Tranacefver Assy. 
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TV" CODE DESCRIPTION 

OTHER HARDWARE PRODUCT CODes 

'5Q 
15' 
'52 
171 
17' 
173 
'00 
19' , .. 

,Net-SWl-1 
1518 .. " .... 

Comm HlW 
X.25 
Ethernet 
GE PrInter 
Spinwriter PrInter 
Printronix Printer 
Tape Drive 
Motor Control PCB for 190 
Mise H/W 
Networfl; SwilCh 
"F" Type Connectors 
BNC Type Connectors 
Mou .. 

F.A:R. PROOUCT COOES - SOFTWARE 

NOOES 

DN300 
IlN320 
0N400 
0N418 ...... 
D .... 
DN560 
DNOOO 
D ..... 

Appendix C 

281 Network SlW 
282 Network Administration 
351 Aegll 
352 Fortran 77 
353 Pascal 
354 e 
3S5 D3M 
356 51g Core 
357 AUK 
358 DPSS 
... OSEE 
360 VERSATEC 
381 TePIlP 
3B2 GPIO 
383 LISP ... 
370 MiSe S/w 

F.A.R. MOOEL TYPES 

SEAVERS ..... ...... 
DSP110 
D ...... M 
DFS-l000M. 

PAINTERS 

HCD-MMP 
HCD--LQP 
He ..... 
HCI>«JO 

STORAGE DEVICES 

MS ..... M 
MSD-SOOM 
M80-1oooM 
MSD-lt1OOM 
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1Sl/5'reST/SSlLlJl'IL, 5-16 

-A-

access, 1-9 
Account header, 2-13 
Account record, 2-13 
accL$header in 
acct. ins. JiBs, 2-13 

accL$record...t in 
acct.ins.JiBs, 2-13 

N:L entry, 2-2 
N:L header record, 2-1 
N:L recor\'l, 2-1 
acl...$entry in acl.ins.);8S, 2-2 
acL$hdr in acls.prt.JiBs, 2-1 
acl...$rep in acls.prt.JiBs, 2-1 
Aa.S 8lKlClURE, 2-1 

N:L Header Record, 2-1 
N:L Record, 2-1 
N:L &>try, 2-2 

ACTIVE SE&!IENT 'lfIBLE, 1-2 
ACTIVESE&!IENT 'lfIBLE IIFAIER, 1-3 
lIIIlRESS Sl'ACE, 

0000/320, 7-1 
00400/420/600, 8-1 
DN460/660/OSP160, 9-1 
1lIS50, 10-1 
DSP80/BOA, 11-1 
physical address SJiBoe, 3-2 
virtual memory,3-3 

AlI:RESSIIG IDlES, 3-1 
AB3IS, 1-1 
AB3IS mRCR <DIlES, 4.-1 
AB3IS smTEM RELATIailSIIIPS, 1-1 
NJr page maps, 1-4 
ast~t in vm.ins.JiBs, 1-2 

-B-

BAT, 2-2 
bat...blk in vol-ins.JiBs, 2-2 
bat_hdct in vol.ins.JiBs, 2-3 
bllLhdr_t in base. ins. JiBS, 2-8 
BLKTYP, 2-8 
BI£XI( AVAIIJlBn.ITY 'lfIBLE 

(BAT), 2-2 
BI£XI( AVAIIABn.ITY 'lfIBLE 

IIEAIER, 2-3 
BLT REXllS'l'ERS, 

01'1300/320, 7-1 
00400/420/600, 8-2 
00460/600/DSP160, 9-2 

BCXlT ERIOlS (PI04), 4-13 
BCXlT FILES, 
see smTEM BOOT FILES 

ruoEX 

BCXlT PRCM DIl\GNJSTIC EIOCR 
<DIlES, 4-14 

BOOT SHW. CDMMI\NDS, 5-1 

-c-
CAOIE, 9-2 
CALLIIG SEQUENCE, 3-4 
<llannel Control Block, 6-12 
CLOCK, 1-5 
cloclLt in base. ins. JiBS, 1-5 
clockiLt in base.ins.JiBs, 1-5 
aJIDITIllN <DIlES, 3-5 
aJIDITlDNl\L 'lES'l'S, 3-6 
CXlWIGllRATIllN , 

0000/320, 7-3 
00400/420/600, 8-4 
00460/600/DSP160, 9-3 
00550, 10-2 
DSFSO/80A, 11-2 

Qll\SH l\Nl\LYsIS, 5-14 

..[)-

I:B (MOlINE LtVEL IE3UlGER), 5-3 
Lights Program, 5-4 

d!L$eci:Lrec in 
lus/ins/db.debug$.ins.);8S, 3-7 
~t in io.ins.JiBs, 1-6 
1E3t.C WI!MI\ND ElcrENSIllNS, 5-2 

New IEBll3 Omnands, 5-2 
New Options to 
IEBll3 Comnands, 5-2 

Definitions, FEB, 7-25 
DEVICE AII:RESSES (PlO), 6-1 
dicentry_t in name. prt. JiBs, 2-5 
diLt in name.prt.pas, 2-4 
diLt in name. prt. JiBS, 2-6 
Directory entry, 2-5 
Directory entry block, 2-5 
Directory header, 2-6 
Directory information block, 2-4 
Directory overview, 2-4 
DIREClORY S'mLlClURE, 2-4 

Directory overview, 2-4 
Directory information block, 2-4 
Directory entry, 2-5 
Directory entry block, 2-5 
Directory header, 2-6 
Notes on directories, 2-7 

DISK BLOCK IIEAIER, 2-8 
DISK ClJIi'ma.LER 'lfIBLE ENlRY, 1-6 
DISK Pl\Rl\ME'lERS, 6-1 
DISK/rAI'EIc:JII.mIl!\R <IlNlRCU.ER, 10-6 
DISK VILUME 'lfIBLE aI'lRY, 1-7 
DIS1V\ItLUME FORMI\T, 2-10 
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DISHAY BOI\RIl JUIIl'ERS, 
tN4xx, 8-5 
IJi6xx, 8-6 
1JIS50, 10-4 

DISHAY cnrma. lIND STAiUS 
RmIS'J.'ER (DCSR) 

0000/320, 7-8 
tN400/420/600, 8-8 
tN460/660, 9-7 

IlIA control/status 
registers, 8-41 

IlIA a:NlR!LLER (lE300 and J:SP80) , 
7-9 

1E300/lE320, address spaoe, 7-1 
BLT registers, 7-1 
configuration, 7-3 
disk (flq:pr,IWin:ilaster) 
controller, 7-4 

display control and status 
register, 7-8 

1M\. controller, 7-9 
fault frllll\e, 7-13 
fault types, 7-14 
fault vectors, 7-15 
floating-point format, 7-16 
FPU, 7-16 
MCSR, 7-16 
MIll, 7-17 
PFrE, 7-18 
PID/PRIV Register, 7-17 
PI.'m, 7-19 
ring registers, 7-20 
SERIAL I/O INIERE'l'CE, 7-23 

1Ji1400/D!420/lJl600, address SIlfloe, 8-1· .. . 
BLT registers, 8-2 
configuration, 8-4 
display board j l!IIpers, 8-5 
display control and status 
registers, 8-8 

fault frame, 8-11 
fault types, 8-11 
fault vectors, 8-12 
float11ig-po1nt foruat, 8-13 
floppy controller, 8-13 
I/o map, 8-15 
II:SR, 8-16 
memory board jl!llpers, 8-17 
MIll, 8-20 
IOOIIitortiming,8-23 
PEB, 8-25 
PFl'E, 8-24 
PID/l'RIV Register, 8-21 
PI.'m, 8-24 
Ring/Disk, 8-29 
SERIAL I/O INIERE'l'CE, 8-44 

tN460/lJil66O/DSP160, addreEis SIlfloe, 
9-1 .. 

ASr page mapa, 1-4 
BLT registers, 9-2 
cache, 9-2 
configuration, 9-3 
control panel registers, 9-5 
CPIO status register, 9-5 
Cl'U O>ntro1 Registers, 9-4 
display board jl!llpers, 9-7 
display control and status 
reg, 9-7 

fault frllll\e, 9-7 
fault types, 9-8 
fault vectors, 9-9 
floating point format, 9-10 
floppy controller, 9-11 
ma);p!d IJI!9IlI!Ilt table (lIST), 1-9 
1ClR,9-11 
IIII!IOOry I:oard jl!llpers, 9-12 
micro-madline control 
registers, 9-6 

IHJ, 9-14 
l1DIIitor timing, 9-15 
region register arrays, 9-14 
ring/disk, 9-15 
I!e91M!Dt map, 9-14 
SERIAL I/O INI'ERFJ>CE, 9-15 

1Jil550, adaress S!l!Ioe, 10-1 
configuration, 10-2 
Cl'U I:oard jl!llpers, 10-3 
display board j l!IIpers, 10-4 
dislYtape/ca1endar controller, 
10-5. 
fault frllll\e, 10-11 
fault types, 10-11 
fault vectors, 10-11 
floating-point format, 10-12 
FPU, 10-12 
IICSR, 10-12 
IIII!IOOry board jl!llpers, 10-1:3 
MIll, 10-14 
nont1or timing, 10-14 
IIIl1tiOOs registers, 10-15 
PFl'E, 10-17 
PI.'m, 10-17 
l'RQt entry points, 10-17 
ring registers, 10-18 
serial i/o interfaoe, 10-20 
1M!: registers, 10-20 

rsP80/A, address spaoe, 11-1 
configuration, 11-2 
Cl'U board jl!llpers, 11-3 
IlIA controller, 11-4 
fault frllll\e, 11-4 
fault types, 11-4 
fault vectors, 11-5 
MCSR, 11-6 
MIll, 11-6 
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multioos registers, 11-6 
PF'l'E, 11-8 
1Tl'E, 11-8 
PRCM entry ~ints, 11-8 
ring registers, 11-8 
SERIAL I/O INIERFl'CE, 11-8 

dvte_t in disk.p.rL]l'ls, 1-7 

-E-

Early acknowledge field, 1-17 
ENlRY WN'm<L BLQ(l( (Ern), 3-7 
entryJ>locJct in 

name.p1t.]l'ls, 2-5 
ERROR WIlES AND MESSllGES, 4-1 

AEGIS ERRCR WDES, 4-1 
BOOT ERRORS (PRCM), 4-13 
DIAGN)STIC ERROR WIlES, 4-14 
MNEKlNIC IEBmGER ERROR 

WIlES (PRCM), 4-16 
SYSBCXJr ERRCR WIlES, 4-17 

E.VENl' CDUNI', 1-7 
eventcounLt of !:ase. ins.]l'ls, 1-7 
EXCEPI'ION ERROR STACK rnAME, 

see FAULT rnAME 
EXCEPI'ION TYPES, 

see Fl\IJLT TYPF.'l 
EXCEPI'ION VECroRS, 

see FAULT VECroRS 

-F-

Fl\IJLT DIAGN)STIC RE<DRD, 1-8 
Fl\IJLT rnAME, 

1l'l300/320, 7-13 
1l'l400/420/600, 8-11 
1l'l460/660/llSP160, 9-7 
1l'l550, 10-11 
OOPSO/80A, 11-4 

FAULT TYPF.'l, 
1l'l300/320, 7-14 
1l'l400/420/600, 8-11 
1l'l460/660/llSP160, 9-8 
1l'l550, 10-11 
OOPSO/80A, 11-5 

Fl\IJLT VEcroRS, 
1l'l300/320, 7-15 
1l'l400/420/600, 8-12 
1l'l460/660/llSP160, 9-9 
1l'l550, 10-11 
OOPSO/80A, 11-5 

faulL$bus_info_t in 
fault.ins.]l'ls, 8-11 

faulL$dia9.-t in 
fault.ins.]l'ls, 1-8 

FILE M1\P, 2-11 

FILE SYSTEM, 2-1 
FILmAME SlFFlXES, 3-8 
Ft.CV\Tm:;-IDINI' FORMAT, 

1l'l320, 7-16 
00400/420/600, 8-13 
IN46O/660;t:GP160, 9-10 
1l'l550, 10-12 

FLOPPY WN'mCLLER 
1l'l300/320, 7-4 
1l'l400/ 420/600, 8-13 
00460/660/llSP160, 9-11 

FRI, 7-16, 10-12 

-If-

Header Record, 2-12 

-1-

I/O M1\P, 6-4 
I/O M1\P ALLOCl\TION, 6-5 
infobliLhd<-t in 
name. p.rt. ]l'ls, 2-4 

INSERT FILES, 
acct. ins.]l'ls, 2-13 
acl. ins. pas, 2-2 
acls.p.rt.]l'lS, 2-1 
!:ase. ins.]l'ls, 1-7, 2-8 
disk.p.rt.]l'ls, 1-7 
eventcounLt of 
!:ase.ins.]l'ls, 1-7 

faulLins.]l'ls, 1-8 
io. ins.]l'lS, 1-6 
nmap.p.lt.]l'ls, 1-11 
name.p.lt.]l'ls, 2-4 to 2-6 
po:x>. ins. pas, 2-12 
procl.p.lt.asn, 1-14 
rgy. ins.]l'ls, 2-14 
s!:ase. ins.]l'ls, 2-15 
vm.ins.]l'ls, 1-2, 1-9 
vol.ins.pas, 2-2, 2-3, 2-19 
to 2-24 

IN'l'ERNlJPI' VECroRS, 
see FAULT VEcroRS 

-K-

KEYBOI\RD, 6-6 
880 keyboard - map, 6-6 
880 keyboard chart -
!*>ysical, 6-7 

880 keyboard chart -
translated (user mode), 6-8 

l<M-profile keyboard - map, 6-9 
l<M-profile keyboard chart -
Physical, 6-10 
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.. :tow-pwfile Irey\loard c:bart -
trMBlated (IIMr mode), 6-11 

-It-

Lights ptOgrIID, 5-4 
1v..label...t in vol.ins.pes, 2-19 ... 
MllQlIIIE LBIIEL 1:'I!I!OOG&t, 5-3 
1II!G'l'AE£~, 6-12 

system configuration pointer 
(at lIDFP6), 6-12 

system configuration block, 
6-12 

cbannel amt:rol. block, 6-12 
par.a:er block, 6-13 

IIM'l'BD SIiJlIII!IIT 'IN!LB (MST), 1-9 
IIiXlRX I!OI\RI) JIIIPBRS, 

I11400/420/600, 8-17 
I11460/660/t6P160, 9-12 

., msso, 10-13 
IIBIIm: <DI'lRCI.,IBl7I1US R!l3ISTERS 

1JI300/320, 7-17 
III400/420/600, 8-15 
I11460/660/DSP160, 9-11 
!lIS50, 10-12 
DSP80/SOA, 11-6 

IIEIIlRY 1llllli'GJHm' tJNl'l' (MIll), 
.0000/320, 7-16 
I11400/420/600, 8-20 
I11460/660/t6P160, 9-14 
1lI550, 10-14 
t6P80/8OA, 11-6 

IIEIIlRY MAP (IIIIU», 1-10 
II!KlRY MAP EN.IRY (IIMI\l'B), 1-11 
Message data, 1-18 

. Message header, 1-15 
IIIIIlpe in auap.pvt:.pes, 1-11 
IDiImR TIMDC 

I11550, 10-14 
_xx, 8-23 

IIIIDDIIC 1J!IItIJGER, 5-5 
IIBDIIC IJ!IItIJGER ERR(R a:u:s 

(PlOI) , 4-16 
1IS'l, 1-9 
mst'Lt in VID.ins.p!ls, 1-9 
IIJLTIBOS IEl7ICBS, 6-15 
IIJLTIBOS REGISTERS 

!lIS50, 10-15 
DSP80/SOA, 11-6 

-It-

New IDa;~, 5-2 
New Options to IDa; 
~,5-2 

Notes on directories, 2-7 
Notes 01\ l1Ix60 crashes, 5-14 

..0-

CII 1IIIl'PIN3, 1";12 

-1'-

1'I!GE !1WE 'IN!LB IiRlRY 
(Prl'E) 

1JI300/320, 7-18 
I11400/ 420/600, 8-24 
!lIS50, 10-17 
t6P80/8OA, 11-8 

Pia: MAPS, 1-4 
1'I!GE 'IlWISLATIOO 'IN!LB IiRlRY 

(Pl'm) 
000/320, 7-19 
I11400/ 420/600, 8-24 
I11550, 10-17 
DSP80/8OA, 11-8 

HlGOO S!S'mM, 1-13 
l'iU.a:er Block, 6-13 
PA'DIIWE Sl/N'DIX, 3-9 
l'QI, 1-14 
Pm, 8-25 

definitions, 8-25 
Pm am.ndB, 8-26 
Pm amtrol register bits, 
8-26 

IIMful axnbinations, 8-26 
Pm status register bits, 
8-26 

PERIPHERAL I/O, 6-1 
pfte in JIIIllft.pvt:.pes, 7-18 
H1ysiCiU address BI;lI!loe, 3-2 
PlO, 6-1 
poapILt in vm.ins.pas, 1-4 
PPLt in base.ins.pes, 7-19, 8-15 
PlO reoord, 2-12 
PJ!O_$headel:o-t in PJ!O.ins.pes, 2-12 
PJ!O_$reoord...t in PJ!O.ins.pes, 2-12 
procLt in procl.pvt:.aan, 1-14 
l'ROCBSS CINJRa. BLOat (l'QI), 1-14 
mocESSBS, 1-15 
~ IIIFORM!\.TIQi/, 3-1 
HOI EN.IRY 1OIN'lS 

0000/320, 7-19 
1Ji550, 10-17 
DSP80/BOA, 11-8 
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pvJabeLt in vo1.ins.pas, 2-21 

-R-

RECORD T!PES, 
accL$header in acct.ins.pas, 
2-13 

accL$recoreLt in 
acct. ins. pas , 2-13 

acL$entry in ac1.ins.pas, . 
2-2 

acL$hdr in ac1s.pvt.pas, 2-1 
acL$rep in ac1s.pvt.pas, 2-1 
astELt in vrn.ins.pas, 1-2 
baLblk in vol. ins. pas, 2-2 
baLhdet in vo1.ins.pas, 2-3 
b1k ... hdet in base.ins.pas, 
2-8 

c1oc1Lt in base.ins.pas, 1-5 
dctELt in io.ins.pas, 1-6 
dir_entry_t in name. pvt. pas, 
2-5 

diet in name. pvt. pas, .2-4 
diet in name.pvt.pas, 2-6 
dvte.....t in disk.pvt.pas, 1-7 
entry.J:lloclLt in name. pvt. pas, 
2-5 

eventCXlllllLt of base. ins. pas, 
1-7 

faulL$bus....info_t in 
fault.ins.pas, 8-11 

faulL$dia9....t in 
fault.ins.pas, 1-8 

infoblk...h<lct in 
name.pvt.pas, 2-4 

1vJabeLt in vol. ins. pas, 
2-19 

mnape in mnap.pvt.pas, 1-11 
nste in vrn. ins. pas, 1-9 
pnape in vrn.ins.pas, 1-4 
wo_$header_t in wo. ins. pas, 
2-12 

wo_$recoreLt in wo. ins. pas, 
2-12 

procLt in procl.pvt.asm, 1-14 
pvJabeLt in vo1.ins.pas, 
2-21 

r9\,-$registry_t in 
rgy.ins.pas, 2-14 

streaI1L$hdr_rec:....t in 
sIlase. ins.pas, 2-15 

uieLt in base.ins.pas, 2-16 
vtoc.J:llk....t in vol. ins. pas, 

2-22 
vtoc ... hdet in vo1.ins.pas, 2-24 
vtoc..Jnape in vol.ins.pas, 2-24 

vtooe in vol. ins. pas, 2-23 
vtocELhdr_t in vol. ins.pas, 
2-23 

vtoclt..t in base. ins.pas, 2-25 
Region registers arrays, 9-14 
RB:;ISlRY roRIIM', 2-12 

Mader record, 2-12 
Pro record, 2-12 
ac:oount header, 2-13 
ac:oount record, 2-13c 
registry record, 2-14 

Registry record, 2-14 
RfSWRCE L()(l(, 1-18 
rgy_$registry_t in rgy.ins.pas, 
2-14 
~ Pl\CRET FOl!M!lT, 1-15 

message mader, 1-15 
type field, 1-16 
early l\CK field, 1-17 
message data, 1-18 

RIN;jDISK, 
m400/420/600, 8-29 
m460/660/DSP160, 9-15 
~ RB:;ISrERS, 

0000/320, 7-20 
m550, 10-18 
DSP80/80A, 11-8 

-8-

Sec}nent mars, 9-14 
smuAL I/o IN'lERFACE 

. 0000/32OX, 7-23 
m400/420/600, 8-44 
m460/660jOOP160, 9-15 
m550, 10-20 
[SPSO/BOA, 11-8 

9rACI( mAI!E, 1-19, 3-10 
STAWS liaID,1-19, 3-10 
statWLt in base.ins.pas, 1-19, 
3-10 .-
statWL$t in base.ins:pas, 4-1 
smFJ\II FILE 1IEAIlER, 2-15 
str'!!allL$hdr_rec_t in 
sIlase.ins.pas, 2-15 

S'iS TYPE, 1-2, 2-8 
~ ERRCR <DIES, 4-17 
SmTEM BOOr FILES, 1-20 
System Cbnfiguration Block, 6-12 
System Cbnfiguration Pointer 

(at xxxFF6), 6-12 
SY5"lEM IEBmGIIG, 5-1 
SYS'lEM DIRECroRIES, 1-21 
SYS'lEM WMPS, 5-15 
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TIlERS, 6-17 
'lalClll'l\D, 6-17 
'mAP (J)JES, 1-22 
'mAP HlGES, 
see FlWLT VBCroRS 

'l'YPe Field, 1-16 

-0-

UID Hash Algorithm, 2-16 
uicLt in base. ins.p!ls, 2-16 
UIJlg - System, 2-17 

um Hash Algorithm, 2-16 
UIJlg - System, 2-17 

lINIQUE IIEII'l'IFIER (UID), 2-16 
Useful HB CXlI1Ibinations, 8-26 

-v-

Virtual memory, 3-3 
VlLlI!E LI\BEL - ImIOIL, 2-19 
VlLtlME LllBEL - PllYSIOIL, 2-21 
VIE REGISTERS (0050), 10-20 
V'lOC BLOCX, 2-22 
V'lOC IlII'lRY, 2-23 
V'lOC IIFAIER, 2-24 
V'lOC INIEX, 2-25 
V'lOC IIi\P mJRY, 2-24 
vto<:...bllLt in vol.ins.pas, 2-22 
~t in vol.ins.pas, 2-24 
vI:oc;Jnlpe in vol. ins. pas, 2-24 
vtooe in vol. ins. pas , 2-23 
vtooLhdr_t in vol.ins.pas, 2-23 
vtoclLt in base. ins. pas, 2-25 
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REIIIER'S RESKNSE 

Apollo O:lmputer uses readers' comnents in revising and 
imprOlling our cbcuments. 

Document Title: Apollo 00MAlN Engineering Handbook 
Document Revision: 03 
Order Nunber: 002398 

What is the best feature of this manual? 

Please list any errors, omissions, or problem areas in the manual. 
(Identify errors I¥ ptge, section, figure, or table nunber wherever 
possible.) 

What type of user are you? 

_ Systems programmer; language _________ _ 
_ Applications programmer; language _______ _ 
_ Apollo SSR 

How often cb you use the Apollo system? _________ _ 

Nature of your work on the Apollo system: _________ _ 

Your name Date 

Organization 

street Address 

City state Zip/CoWltry 
No postage necessary if mailed in the u. S. 
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