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'll1e AmlIn OOMAIN Engineering Handbook contains system information 
for the Apollo IJCWJN nodes and related periEherals. This nanual 
is for Apollo personnel only. 

This guide is for Apollo enployees. 

This nanual contains 8 chapters and two appendices. 

Chapter 1 describes principel control blocks associated with 
memory and process nanagenent. 

Chapter 2 describes hardware architecture of Apollo nodes; basic 
processor and Menory Managenent Unit (MMU). 

Chapter 3 describes display hardware including display boards, 
control and status registers, and BL'P registers. 

Chapter 4 describes all system (status) error codes and rressages. 

Chapter 5 describes formats of file objects. 

Chapter 6 describes characteristics of y;:eriPleral I/O devices; 
forrrat of control registers and I/O COImI'iillds. 

Chapter 7 describes miscellaneous inforrration useful to those 
programming in the ro1AIN environrrent. 

Chapter 8 describes system debugging tools, including the mnemonic 
debugger, extensions to the HLL debugger, and system dumps. 

Appendix A describes the ASCII character set. 

Appendix B is a pewers of two table. 

Related Docmnents 

For information about system calls, see &Pl1o System Programmer IS 

Reference Manual 

For information about periItteral driver routines, see GPIO Userls 
~. 

For Shell and m oorrmands see, IX:!M:AIN System Cormnand Reference 
~. 
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COnventions 

+00 

.. ltame 
N = 1 => 
N •• N 
=> 
-> 
-> 

set of o •• 31 
1. .32 
<a> 
[pa I va] 
UPPERCl\SE 
lowercase 

Offset, in hexadecirral 
Unused bit 
Range of lUlused bits 
COntinuation 
Name for tbis field 
If bit N is set~ then 
All bits labeled N 
Implies 
Pointer to 
Pointer to 
Pointer to 
32 bits 
32 values; 5 bits 
Variable 
Physical address I Virtual address 
Uppercase words => literal comrrands or keywords 
Lowercase words => cormand values that you must 
supply 
Square brackets enclose optional itans in formats and 

cormands 
Braces enclose a list from which you must choose an 
itan in formats and comrrand descriptions. 
A vertical bar separates items in a list of choices 
Angle brackets enclose the name of a key on the 

keyboard 
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CHAPl'ER 1 

AEGIS 

AEGIS SYSl'EM RElATIONSHIps 

t ;;(\-:":~:rSi_R_V_E_RUL'D-:-::,::-::=-, 
~

USER 96BIT ADDRESS 

NETWOR~ 

. ~ 
PHYSICAL I 
DISKS 
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ACI'IVE SFiG1ENT TABLE cAST' 

AEGIS 

Am: ARRAY [1. .64] OF ASTE_T 
ACTIVE SErnENr TABLE "ENl'RY (ASTE): 
(type "aste_t" in vrn.ins.pas) 

+--------------------+ 
+00 I UlD OF FILE TO WIIICH I. uid 

I I 
I SErnENr BELOIG'l I 
+---------+---------+ 

+08 IFILE SIlQ!ENl' NUM.I Am Hl\SH LINK I • fsegno , 
+--------+---------+ . link 

+OC I-ccPIF-I-THHHH I roINrER TO ••• I • vtoce.JIddr 
+----+----+------------+ 

+10 I • •• V'lOC EI!lF.Y I roINrER TO ••• I • fIlt addr 
+---------+----------+ 

+14 I ••• FIlE MAP EN1'RY I SYS 'lYPE I FmDDDDD I • sys_type 
+----- I --+--....-t 

+18 I CURRENr LENGm 1---GVVVVloRNNNNNNI .curJen 
+-----------+--------t 

+lC I MTE-'l'IME IDDIFIED (CIDCIUlIGH32) I .dtrn 
+-------------------+ 

+20 I USER 'lYPE I • type_uid 
I I 
+-------------------+ 

+28 I l'CL UlD I .acLuid 
I I 
+-----------------+ 

+30 I PAGE MAP I .p!ap[1..32] 
/ -or- / 
I FIlE MAP I .p!apJm 
I I [1..32] 

-1£0 +------------------+ 
CC - Concurrency control from V'lOC entry (.COlLctrl) 
P - Pennanent segment (.pennanent) 
I - _able segment (. il!l!lUtable) 
F - File trouble (file_trouble) 
T - In transition (.iILtrans) 
H •• H - ASTE mId count (.ehcnt) 
F - File-mop modified (.fnurod) 
0 •• 0 - Blocks added to seg since active (.blocksJlelta) 
G - Global transperent mode sw: no dtrn (.gtrns) 
V •• V - Index in rnrr (. volx) 
o - Il'IM needs updating (.dtnLfl) 
R - Grace flag (.gracef) 
N •• N - Number of pages resident (.npr) 

The Am is a wired systern-wide table that describes the 
current state of active segments. Each ASTE has enough 
information to identify the file segrrent and the location 
of each page of the segrrent. All virtual segrrents mapped 
to the same file segment will use the same ASTE entry. The 
ASTE acts as a cache of the V'lOC entry. 
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AcrIVE SEG1ENr TABLE HEADER 

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

+00 I I I .hashtb[0 •• 60] 
+ + + 
I HASH TAI'LE I 
/ / 
I START RJINI'ERS I 
+ + + 
I I I 
+-------------+------------+ 

+7A I ASTE FREE LIm' I ASTE REPLACE Pl'R1 .free •• 1ru 
+--------------+--------------+ 

+ 7E I----------DDDD I I 
+----------+--------------t 

+80 I PROCESSES PER I .VIlLcnt[1..4] 
I VOLUME I 
+----------------------------+ 

+88 I <XJUNrS IDDS m HASH TAl'LE I. seqJ1um 
+------------------------+ 

+1lC I NUMBER OF DISIDUN1'S + .diSl1LSeqn 
+-------------------------+ 

+90 I EVEN!' CDUN1' FOR I .VllLec 
I DISIDUN1'ER I 
+-------------+-------------+ 

+9<:: I GRACE RPLC PI'R I .1rug 
+9E +----------+ 

DDDD - DiSlTOunt request flags (.drru:eq) 
(bit 16 = volwre 1) 
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IDOT 8HELL CIlMMANDS 

CF 
CHN 
CRD 
CID' 
CRL 
Cl'NODE 
emB 

DEBUG 
DLF 
DLL 
DMTVOL 
EX 
GLOB 
H 
IN 

ill 
LI 
W 

MA 
ffi'\IOL 
NO 
RE 
REL 

SA 

SB 

SHUT 
SI'CX)DE 

TB 
TI 
'IR 

[<patlmame> I -E] 
<patlmame> <compname> 
<pathname> 
<pathname> 
<patlmame> <linkname> 
<leaf> <node_id> 
<patlmame> <uidbi> <uidlo> 

run/end comrrand file 
change name 
create directory 
create file 
add link 
add node to local copy of root 
catalog name with sI;ecified 
!lid 
enable/disable debug IOOde 
delete file 
drop linknarne 

<value> 
<patlmame> 
<linkname> 
{w I 8 I F} 
<patlmame> 

<lvno> [<patlmame>] disnount a logical volune 
execute (rfc) file 
list installed globals 
prints this text 

<pathnarne> [-Il] [-8 I -NS] invoke loader to install named 

[<pathname>] [-A [-D]] [-Il] 
<address> 
<patlmame> [-Il] [-8 I -NS] 

file 
list directory 
set display lites address 
invoke the loader wi the given 
OFC file 

<patlmame> [<1> <sz>] [-E] map file 
{w I S I F} <lvno> [<pathname>] lOOunt a logical volurre 
<patlmame> set naming directory 
<pathname> restore file into static nem 
[-A] release proc--rrgr assigned 

<patlmame> [<1> <h> <s>] 

<patlmame> [<1> <h>] 

<status-code> 

{-IlN I -IlFF} 
<patlmame> <sz> 

storage 
save file given 10, hi, start 
addrs 

save raw data file given 10, 
hi addrs 
shutdown system 
print textual definition of 
status code 
stack trace back 
enable/disable tiIrer 
truncate raw data file to 
given size (hex) 

UCl'NODE <leaf> drop node from local copy of 
root 

uemB 

UMA 

WD 

Key: 

AEGIS 

un-catalog patlmame from 
namespace 

{<pathname> I <1> <sz>} unnap file by name or 
addr/size 

<1> 
<h> 
<s> 
<sz> 
<type> 

low address 
high address 
start address 
size 

set working directory 

{ nil, ree, hdru, obj, dev, pad, undef, rot, 
boot } 
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(type ·clocl<-t" in base.ina.pas) 

1<- - - - - -.high- - - - - ->1<- -.10- - ->1 

47 33 32 
+----------~-------. 

1 

+----------~-------. 

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

1 1 
-+----------+ 

1<- .high16- ->1<- - - - - .low32 - - - - ->1 

Low-order bit represents 4 microsecooos. 

Hardware clock is only 16 bits. llpp'!r 32 bits are 
naintained bY clock interrupt routine. There are 3 
hardware clocks (not counting calendar clock): 

Clock 1: 4 microsecorXls (real-time clock) 
Clock 2: 8 microsecooos (process timer) 
Clock 3: 128 microsecooos (real-time intervals) 

DIS!( CDNlIDLLER TABLE ENl'RY 

(type dcte_t in io.ina.pas) 
31 
~ I -+ 

+00 IOJNIroLLER =1 OJNIroLLER I 1 .ctype, .cnum 
+--------+------+ 

+04 1 0JNIr0LLER STA'lUS 1 .cstatus 
+----------+-----------+ 

+08 1 MUTEX WCK I lOMAP BASE 1 • loclulo , • iomap.J:>ase 
+-- I -+ 

iOC 1 BLOCK HEADER IUINl'ER 1 .blkJldr..,ptr 
+-------------------+ 

+10 1 I/O REX;ISTER PAGE IUINl'ER 1 .csrs..,ptr 
+-------------------+ 

+14 1 EVENl'OJUNr 1 .int_ec 
\ \ 
+---

+20 1 PAGE ZERO INl'ERlUPr VECIDR • vector..,ptr 
+--------------------+ 

+24 1 l\CTUAL IN1'ERlUPr ENl'RY I. inLentry 
I ---+ 

+28 1 DEV DEPENDENl' INl'ERlUPr ImI 1 • inLroutine 
+2C +--------------------+ 
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DISK VOLUME TABLE ENl'RY 

(type d~t in disk.pvt.pas) 
31 
+------+-----+ 

+00 I srA'l'E I DCl'E. • • I. state, .dcte 
+--------+-----+ 

+04 I ••• roINl'ER I DISK UNIT I I .unit 
+--------+---------+ 

+08 I DISK TYPE I BWCKS... I .dtype, 
+--------+------+ .blocks_p!r_ vol 

-IOC I ••• PER P\IOL I BLKS I TRACK I .blocks_p!r_ track, 
+--------+-------+ 

+10 I TRACKS I CYL I CURRENT CYL I .tracks_p!r_cyl, 
+___ 1 ----+ .currenLcyl 

+14 I IDUNrIIl> PROCI BASE DADDR I .ownecproc, .lvj)ase 
+­ .--+--------+ 

+18 I 
+1-------+ 

+lC I UID OF W OR LV 

I .uid 
+ 
I 

+ 
+20 I 

-1--------+ 
I DEVICE srA'lUS I .flags 

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

state: free 
bein9..JOOUIlted 
assigned 
IOOUIlted 

flags: wr ite_ protect 

EVENr aJUNr 

(type eventcount_t of base.ins.pas) 

+---------+ 
+0 I CURRENT EC VALUE I • value 

+----------+ 
+4 I NEXT PROCESS I .nnext 

+----------+ 
+8 I PREVIOUS PROCESS I .nprev 

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

(type ecnode...t of base.in.pas) 

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

+-----------+ 
+4 I NEXT PROCESS I .nnext 

+------------+ 
+8 I PREVIOUS PROCESS I .nprev 

+-----------+ 
+C I PCB OF WAITIIl> PROC I • pcb 

+----------+ 
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FAULT DIAGIDSTIC RECORD 

(type "fault-$dia9-t" in fault.ins.pas) 

15 
~--------+ 

+00 111011111110111111 .pattern (#DFDF) 
+---------+ 

+02 1 Sl'ATOS 1 
+ + 
1 IDRD 1 
+------------+ 

+06 1 1 
/ REGISl'ERS / 
1 1 
-1----------+ 

+46 1- - - - - -RNFFFI 
-1-----------+ 

+48 1 l\CCESS 1 
+ + 
1 ADDRESS 1 
+---------+ 

+4C 1 INSr. REGISTER 1 
+---------+ 

+4E IPIVA------I 
+---------+ 

+50 1 - > SUPERVISOR 1 
+ + 
1 ECB 1 
+---------+ 

+54 1 SUPllRVISOR SR 1 
+-----------+ 

+56 1 SUPERVISOR 1 
+ + 
1 PC 1 
+-----------+ 

• status 

• registers 

.busjnfo 

.accessjiddress 
(fault_$busJnfo_t) 

.instJegister 

.sup"'pc 

+5A 1 SR Nr FAULT 1 .sr (user sr) 
+----------+ 

+5C 1 PC Nr I.pc (user pc) 
+ + 
1 FAULT 1 

+60 +--------+ 
R - Read operation (.writ~op) 
N - Not instruction reference (.not~st) 
FFF - Instruction function code (. functioILcode) : 

001 User data 
010 User program 
101 Supervisor data 
110 Supervisor program 
III Interrupt acknowledge 

P - Permit return from fault (.return-PE'rmitted) 
I - In supervisor (.iILSupervisor) 
V - Registers valid (.registers_valid) 
A - AB valid (fault_$busJnfo_t is valid) (.ab_valid) 
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MAPPED SEG!EW TABlE CMSTl 

AEGIS 

MST: ARRAY[0 •• 15,0 •• 319] OF MSTE 

MAPPED SEGIENT TABLE ENl'RY (MSTE): 
(type nmste" in vm.ins.pas) 

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

+00 I UID OF FILE I • uid 
+-------t-------t 

+08 I FILE SEGMENT # I EMAAAGPPPPPPPPP I • fsegno 
+- r ---+ 

+OC I INDEX OF vroc ENl'RY (=) I .1ocx 
+10 +---------------+ 

E = 1 => File extension allowed (.ext-ok) 
MAAA - l\ccess (.access): 

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

G = 1 => Interrrupt on ref (.guard) 
P - Probable ASTEX (.pastex) 

The MST is a wired per-process table describing the 
process's address spice. Each entry represents one virtual 
!TelOOry segment and describes the object to which this 
segment is napped. 
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MmJRY MAP (MM8P1 

31 
+----------------+ 

+00 1 MMAPE, page 0 1 

+---------------+ 
+04 1 MMAPE, page 1 1 

+---------------+ 
• 1 1 . / / 

1 1 
+-----------------+ 

+4 'pm 1 MMAPE, page pm 1 
+------------------+ 

The MMAP is a system-wide table describing the contents of 
physical lTETOOry. There is one entry per physical plge of 
memory. 

MmJRY MAP ENl'RY (MM8PE1 

(type "rnrrape" in rnrrap.pvt.pas) 

31 24 23 16 15 B 7 
+-------+------+------+-----+ 
1 IANMPRAA 1 AAAAAAAA 1 IJD[)DDDPP 1 PPPPPPPP 1 (page in use) 
+-------+-----t------+------+ 

ssss 
t-------+------+------+-----+ 
1 OO----I------ILLLLLLLL ILLLLLLLLI (free entry) 
+------+----+-----+-----+ 
I = 1 => Entry in use (.inuse) 
A - False if p3.ge wired or in transit (.avail) 
N = 1 => No copy on disk (.null) 
M - Page rod 'ed but dtm shouldn't be updated (.nood) 
P = 1 => Purifier used (.usedp) 
R = 1 => Replacer used (. usedr) 
A •• A - ASTE index (.astex) 
D •• D - Disk addr high (.daddch) 
P •• P - PI'r index (.pttx) 
s .. s - Segrrent page nunber (.msfgno) 
L •• L - Link to next free MMAP entry (.link) 
L .. L*4 to get displacement in table of next entry 

IA Meaning 

00 Free page or penranent non-file system (e.g., PRaoI). 
01 Not used. 
10 Page not available for :paging out. 
11 Page is available -- purifier & replacer will 

look at it. 
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os MAPPING 

AEGIS 

224~---~ 

SINGLE NODE 
PROCESS 
VIRTUAL ADDRESS 
SPACE 

1-10 

232 ,-1------, 

NETWORK 
GLOBAL 
OBJECT SPACE 
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PAGlLMI\!'. 

PMI\P: ARRAY[0 •• 31] OF PMl\PE (IN ASTE_ T) 

PAGE MAP ENl'RY: 
(type "pnape" in vm.ins.ras) 

31 27 16 15 
+---+-----------+-------------+ 
IWWIR 1 PPN 1 DISK ADDR [J:JtI 1 (resident p3.ge) 
+---+--------+---------------+ 

-or-

21 
+--------+--------------------+ 
1--0---1 FULL DISK ADDR 1 (non-resident p3.ge) 
+--------+----------------------+ 

WW - Wired count (.wired) 
I - Page in transition (.in_trans) 
R - Page resident (.resident) 

A rage rrap lives in an PST entry. If resident, the 
high-order bits of the disk address are in the MMAP entry 
for the p3.ge. 

PAGING SYSTEM 

PAGE 

PHYSICAL 
MEMORY 
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PROCESS <DNrnQL BIDCK (PCB) 

AEGIS 

(type "procLt" in PROCl.PAS) 

31 
+------------------------+ 

+00 1 --) NEXT READY PCB 1 .nextp 
+------------------------+ 

+04 1 -) PREV READY PCB 1 .prevp 
+----------------------+ 

+08 1 - > SUPERVISOR Sl'ACK I. stack 
+-------------------------+ 

tOe 1 PIll 1 ASIIl 1 .mypid, .asid 
+--------------------+ 

+1 0 1 RESOURCE IIJCK MlRD 1 • rlock 
+---------+-----------+ 

+14 IT.S. REM.*8MICIFLPl'.PROC.TYPEI .slice, 
+-----------+-----------+ .fpp_type 

+18 1 CPU TIME (clock_t) I) • cpu_total 
+ +-----------+ ) .account 
1 1 PRIORITY I) • prior i t Y 
+----------+------------+ 

+20 1 AIDMIC OP CNrI Sl'ATE: TBPSWI .atomic_op_count, 
+---------+-----------+ . state 

+24 ICWCKH_T AT Sl'ART OF El:_$WAITI .wait--"tart 
+----------------------+ 

State: T - Tine slice end with rlock <> [] (tse_onb) 
B - Bound (bound) 
P - Suspension pending (susP-PE'nding) 
S - Suspended (suspended) 
W - Waiting (waiting) 

procl_$state_t = 8El' OF (waiting, suspended, susp...,pending, 
bound, tse_onb); 

(State is type "procl_$state_t" in procl.ins.p3.s) 
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I'Il2 8Slll Deser i pt ion 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
22 

o 
o 
o 
o 
o 
2 
3 
4 
5 
6 
7 
15 

Initial user process and m 
Null process 
Clock process 
Page pur ifier 
Network-receive server 
Network-p;tging server 
Network~eneral server 
Terminal helper 
First user process 
Second user process 

Last user process 

tbte: Processes whose ASID is 0 run entirely in global 
space. 

Note: If the derogger's lights corrmand has been given, 
there will be a Lights process with id 9 or greater 
with a 0 lISID. 
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RING PACKET roRMAT 

AEGIS 

(----- 8 bits--------) 
+----------------+ 
I byte 3 I 
+-­
I 
+- To Address 
I 

byte 2 

byte 1 

--+ 
I 

--+ 
I 

+- --+ 
I byte 0 I 
+----------------+ 
I byte 1 I 
+- Type Field --+ 
I byte 0 I 
+--------------------+ 
I 0 I 
+-------------------+ 
I Early N:K I 
+---------------+ 
I byte 3 I 
+- --+ 
I byte 2 I 
+-- From Address --+ 
I byte 1 I 
+--- --+ 
I byte 0 I 
+-----------------+ 
I I 
I Header Data 0 - 1012 bytes I 
I I 
+-------------------+ 
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Type Field 

15 14 13 12 11 10 
-\--+--+---+----+---+---+----+---+ 
IBSTI T I TIT I TIT I TIT I 

-+ -+---+--+ 

7 
+----t--+--+--+--+--+--+----+ 
I TIT I TIT I TIT I TIT I 
;---+--+--+---+---+---+---+---+ 

Bit 15 - BST - Broadcast - This bit is set in a p!lcket 
intended to be broadcast to all receivers. 
If it is set, the To Address field is ignored. 

Bit 14 thru 0 - T - Type - This field is used to determine 
whether a p!lcket is to be received. 
Each 1 bit in the received Type field is 
conq:ared to the corresponding bit in the 
controller Type register. If any bit 
selected in the Type register is aI, 
the nessage is received. If all bits 
selected in the Type register are 0 , 
the nessage is ignored. The AroLW I 
only implements Bits 14 through 8, Bit 7 
through 0 never natch. 
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Earl~ ACK Field 

The Early Acknowledge field is inserted by the 
transmitter and Jrodified by the receivers. For the 
purposes of the CRC calculation the early ACK field is 
treated as if it is a byte of 0 'so This is to· allow 
receivers to Jrodify the ACK field without having to 
recanpute the CRC chec~um. 

7 5 4 1 
+----+--+---+---+---+---+ -+ 
10lxlxI0lICPIXIPAR 01 
+- +-1 1-+ 

Bit 7 -0 - This bit is inserted to prevent the renaining 
bits in the late acknowledge byte from 
being IOOdified by 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 - This bit is inserted to prevent the renaining 
bits in the late acknowledge byte from 
being Jrodified by the bit stuffing 
protocol. 

Bit 3 - ICP - Intend to Copy - This bit is set by an 
addressed receiver if it was set up to copy a 
message and the type field retched. A IiIl\K 
(negative acknowledge) condition is indicated 

when lKl receiver sets this bit. 

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

Bit 1 - PAR - Parity - This pority bit is set so that there 
are an odd nUllber of bits in the late 
acknowledge byte. 

Bit 0 - 0 - This bit is inserted to prevent the renaining 
bits in the late acknowledge byte from 
being Jrodified by the bit stuffing 
protocol. 

1-16 PI'OLLO CONFIDENTlAL. INTERNAL USE QN..Y. 



Message Data 

<-------- 8 bits-----------> 
+----------------------------+ 
I I 
I Message Data 0 - 1024 bytes I 
I I 
+-----------------------------+ 

fue Message Data field nay vary in length from 0 to 
1024 bytes but must always be an even number of bytes (on 
the Apollo I the controller always uses word [lolA) • The 
contents of Message Data field is determined by the 
software, it is transmitted verbatim. 

REOOURCE IQCK 

network_$servJock, { 00 1 ) 
rnt_$lock, { 01 2 ) 
rnl_$free3, { 02 4 ) 
rnl_$free4, { 03 8 ) 
rnl_$free5, { 04 10 ) 
file_$lockJock, {05 20 ) 
ec2_$lock, { 06 40 ) 
S!T\CL$respondJock, { en 80 ) 
S!T\CL$request_1ock, { 08 100 ) 
disk_$rnnt_1ock, {09 200 ) 
terTIL$lock, { 10 400 ) 
procL $createJock, { 11 800 ) 
onb_$lock, { 12 1000 faulted to CPUB 
bok_$lock, { 13 2000 runnab1e on B ) 
vtuid_$lock, { 14 4000 ) 
vtoc_$lock, { 15 8000 ) 
bat_$lock, { 16 10000 ) 
ast_$lock, { 17 20000 ) 
pa9-$lock, { 18 40000 ) 
rnl_$free6, { 19 80000 ) 
flp_$lock, { 20 100000 ) 
wilL$lock, { 21 200000 ) 
rin9-$xrnitJock, {22 400000 ) 
rnl_$free7, { 23 800000 ) 

{ the next two locks are highest) 
tirne_$procJock, {24 1000000 clock process only) 
tirne_$lock { 25 2000000 clock process data base 

APOLLO CONFIDENTIAL INTERNAL USE ONLY. 1-17 AEGIS 



STACK FRI\ME 

SP -> Automa.tic 
Storage 

+----------------+ 
SB -> +00 I caller's SB I -------+ 

+----------------+ I 
+04 I -> ECB I I 

+---------------+ I 
+08 I 0 (unit list) I V 

+---------------+ PREVIOUS 
+OC I caller's DB I srACK FRAME 

+---------------+ 
+10 I PC for Return I 

t--------------+ 
+14 I -) ARGI I 

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

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

I I 
+-----------------+ 

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

caller'S DB is an optional field. 'DB not saved' bit in 
ECB signals that it is not present. 

srATUS l\ORD 

(lIstatus_t" in base.ins.fas) 

31 24 23 16 15 
+-------+-------+--------------+ 
I FSSSSSSS IAMMMMMMM IC=== 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 (.module) 
C •• C - Module-specific error code (.code) 

See also CHAPl'ER 4 ERROR CODES. 
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SXSTW DIREClQRIES 

faux 
/bscom 
/rx 
/com 
/core 
/dev 
/ftn 
/gpio 
/install 
/lib 
/pas 
/sau 
/saul 
/sau2 
/sys 

AllX (UNIX) (optional) 
Boot shell CQI1II'aIld directory 
C compiler (optional) 
Shell comnands directory 
Core graphics (optional) 
Peri,neral I/O device definitions 
Fortran (optional) 
General Purpose I/o (optional) 
Instsllation scripts directory 
System libraries directory 
Pascal (optional) 
Stand ..... lone utilities directory 
Stand ..... lone utili ties directory 
Stand-alone utilities directory 

/sys/boot Boot shell file 
/sys/edict Dictionary for FSERR cormand 
/sys/dict Dictionary for FSERR cormand 
/sys/dictdx Index for dictionary 
/sys/drn Display nanager programs 
/sys/dmsnv Coimand to invoke display nanager 
/sys/dm/fonts Display nanager font definitions 
/sys/env Software tools enviromnent (no drn) 
/sys/help Help text files 
/sys/ins User insert files 
/sys/nnde_dats [.nn] Per ncde read/write data files 
/sys/streaI1L$sfcbs Stream ngr control blocks 

/sysboot System boot file 
/systest On-line system tests directory 

o SVC - 0 arguments 
1 SVC - 1 arguments 
2 SVC - 2 arguments 
3 SVC - 3 arguments 
4 SVC - 4 arguments 
5 SVC - any nunber of arguments 
6 Undefined (reflected to user space) 
7 Undefined (reflected to user space) 
8 Undefined (reflected to user space) 
9 Undefined (reflected to user space) 
A Undefined (reflected to user space) 
B Undefined (reflected to user space) 
C Undefined (reflected to user space) 
D Undefined (reflected to user space) 
E Software-<:jenerated fault (pfilL$erro<-trap) 
F Undefined (traps to PIO\ debugger) 
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CHAPrER 2 

CPU AND f'EfoK)RY 

Three of the tables in this chapter -- Addressing Medes, Condition 
Codes, and Corrlitional Tests - are extracted from the ~ 
16-Bit Microprocessor User I s Manual, Second Edition. (Austin, 
Texas: Motorola Semiconductor Products, January 1980) . 

ADDRESS SPACE 

physjcal virtual 

100400 traps 0 
400 prom 400->7FFF (one-to-one) 

100800 phys mem 100800->FFFFF 
700000 ptt 700000->7FFFFF 
100000 md stk,clata EOOOOO 

20000 dispLmem FCOOOO->FDFFFF 
9400 disp 1 FF9800 
9800 ring 2 FF9COO 
9000 dma etl FFAOOO 
9COO flp,win,cal FFA800 
8800 timers FFACOO 
8400 sios FFBOOO 
8000 mmu FFB400 
4000 pft FFB800->FFC7FF 
5000 big pft FFC800->FFF7FF 
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DN4xx and PN600 

physjca1 

100400 traps 
400 prom 

80000 phys IreITI 
100800 phys IreITI 
100000 debug data 

40000 disp2 IreITI 
20000 displJnem 
10000 DUlltibus 

EOOO COlor 
E400 COlor 
E800 COlor 
BOOO PEB ctl 
B400 FPU Qrrl 
COCO FPU CS 
C400 cache W 0 
caoo cache W 1 
FCOO Memory Ctl 
F400 disp 2 
FOOO disp 1 
BCOO ring 2 
B800 ring 1 
acoo floppy 
8800 t:i.ners 
8400 sios 
8000 nmu 
4000 pft 

iomap 

virtual 

o 
400 (one-to-one) 

80000->FFFFF 
100800 
EOOOOO 
FAOOOO->FBFFFF 
FCOOOO->FDFFFF 
FEOOOO->FEFFFF 
FF6000 
FF6400 
FF6800 
FF7000 
FF7400 
FF7800 
FF7COO 
FF8000 
FF9000 
FF9400 
FF9800 
FF9COO 
FFAOOO 
FFASOO 
FFACOO 
FFBOOO 
FFB400 
FFB800->FFF7FF 
FFF800->FFF9FF 
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APDRESSltJ; roPES 

ADDRESSING MODES* 

Effective 
Address Addressing Categories AS5/lmbler 
Modes Mode Reginer Data Memory Control Alterable Syntax 

Do 000 register number X Do 
Ao 00' register number X '0 Ao@ 0'0 register number X (An) 

An@+ 0" register number jAn)+ 
An@- '00 register number X -(An) 

An@(d} '0' registerrlumber X dIAn) 

An@(d,ix} 110 register number X dIAn, Ri) 
xxx.W ", 000 
xxx.L 11' 00' 

PC@(d} ", 0'0 X PC relative 
PC@(d,ix) ", 0" X PC rei. +Ri 

", '00 X 

-Reprinlsdfrom MC68000. page B-1. 

[C400 IFF7COO] [C800 IFF8000] 

TO turn cache off, write a 5 to the PEB control register. 
See Chapter 6, PEB. 
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(type "clock_til in base.ins.ras) 

1<- - - - - -.high- - - - - ->1<- -.10- - ->1 

47 33 32 16 15 
+-------------+-------------+-----------+ 
1 1 1 1 
+-------------+-----------+-----------+ 

1<- .high16- ->1<- - - - - .low32 - - - - ->1 

Low-order bit represents 4 microseconds. 

Hardware clock is only 16 bits. Up..,r 32 bits are 
rraintained by clock interrupt routine. There are 
hardware clocks (not counting calendar clock): 

Clock 1: 4 microseconds (real-tine clock) 
Clock 2: 8 microseconds (process timer) 
Clock 3: 128 microseconds (real-tine intervals) 
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Q)NDITION Q)DES* 

Operations 

ABeD 

AND, ANDI, 
EQR, EORI, 
MOVED, MOVE, 
OR,ORI, 

Special Definitioo ___ _ 

C" Decimal Carry 
Z"Z'Rm' 'RO 
V-Sm' Om" Rm+Sm' Om' Rm 
G"Sm' Dm+Rm' Dm+Sm' Rrii 
v - Sm' Dm' Rm + Sm' Dm' Rm 

C=Sm' Dm+Rm' Dm+Sm' Rm 
Z=Z·Rm· ... ·RQ 

--------

CLR, EXT, 
NOT, T AS, 1ST t-i----::-+-c-:-+-c--- t--:-:--+------------j 
~~------+_+_~~~~u~,~u~'-- _~ 

]
SUB,SUBI ? :? V=Sm'~' R_m+~' Om' Rm 
~BO : C=~'Dm+Rm'~+~'Rm 

COS""Uo;;BXc;------+-;;-t----;-+c;-r-;?- - ~ '"""1 ~-o;;;'.-- Rm + Sm . Dm . Rm 
C=Sm 'Om+ Rm' o;:n+Sm' 

I CMP, CMPI, 
I CMPM 

I DIVS, DIVU 

~---I--;------;-r------;-

NEGX 

BTST, BCHG, 

Z=Z'Rm' 'RO 

8m' Om' Rm + 8m' Om' 
8m' O;:;;+Rm' O;:;;+Sm- Rm 

v - Division Overflow 

? C " Decimal Borrow 

; )~:~:~:~:;:::-
Z=Z·Rm· ... ·RO 

Z - On 

~_CLR_. I----+-----+-___ +:--"-? rV-~.IDm-l+ .. +-~ 
+ Om' IDm_l + + 0m_r) 

C" Dm_rtl 
-A-SL-',-o-OI--- - I ~+-~---C~-::-o-t--o --
lSl, ROXL • i ; -0·_-'7 c'~~-- -,----

ROXR Ir" 01 C - X 

~R~OR~~ ____ t_t-~ ____ +~~~-c_-O!-~-'---------------------------~ 
RDR (r- 0) 

--------

! Other _ se" SpeCI.1 Definition N = Rm 

"Reprinted from MC68000, page A-4 
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WWITIDN!IL :I'llSl'.S* 

Mnemonic Condition Encoding T .. t 

true 0000 

false 0001 

HI high 0010 C·Z 
LS low or same 0011 C+Z 

CC carry clear 0100 

CS carry set 0101 C 

NE not equal 01'0 Z 
EQ equal 0111 

VC overflow clear 1000 V 

VS overflow set 1001 V 

PL plus 1010 N 

MI minus 1011 N 

GE greater or equal 1100 N'V+N'V 

LT less than 1101 N'V+N'V 

GT greater than 1110 N'V'Z+N'V'Z 
LE less or equal 1111 Z+N'V+N'V 

~Reprtn\f!dfrom~.pageA.4. 
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CPNFIG!JRATION 

+----+ +----+ 
1 1 1 1 SBUS 
1 CPU 1=1 MMU 1==================== 
I 1 I I I I I I 1 
+---+ +---+ 1 1 1 1 1 

+---+ +----+ +----+ +----+ +---+ 
1 Main 1 1 boot 1 1 sio 1 1 real 1 1 MMU 1 · 1 Mem 1 1 prom 1 1 1 1 tine 1 1 ctl 1 · 1 1 1 1 1 1 1 clk 1 1 1 
+----+ +----+ +---+ +----+ +---+ · 1 1 1 

1 1 +-keyboard 
1 +--sio 1 
+--sio 2 

<======================= n 

1 1 1 1 1 
1 1 1 1 1 

+---+ +----+ +---+ +-----+ +----+ 
1 Disp 1 1 Disp 1 1 dna 1 1 ring 1 1 dsk/ 1 
1 Mem 1 1 ctl 1 1 ctl 1 1 ctl 1 1 flpy 1 
1 1 1 1 1 1 1 1 1 ctl 1 
+----+ +----+ +----+ +---+ +-----+ 

1 1 1 1 
+ + 1 +- disk 

roonitor network +-- floW}' 
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DN4xx and DN600 

-t---------+ ;-----------+ +--------+ 
I MEIDRY 1=1 MEIDRY 1---1 CPU I 
+--------+ I MANAGEMENr I +---+---+ 

I UNIT (MMU) I I 
+--++------+ I 

II +---+--+ 
PIllEBUS I I ======== I FlOPPY 

+-----------------+ I +------+ 
1+------------------+ (Shugart) 
II 
I I +----------+ 
1+--1 BIDCK 1--------------+ 
I +--1 MULTIPLEXOR 1----++-----------+ I 
I +----------+ I I I I 
I +----+ +-----+ 
I IRIU;I I DISK I 
I +----+ +-----+ 
I (Priam) 
I +-----------+ 
1+--1 roDE FERI- 1---+ 
1+--1 PHERAL ADAPTER 1--+ I 
I I +------------+ I I MULTIBUS 
II II 
I I +------------+ I I 
I += I TIMER I I +------------+ 
I I +-----------+ I +--1 LINE PRINTER I 
I I 1+--1 aJNTROLLER I 
I I +------------+ I +-----++-----+ 
I +== I BCJOr PRCM I I I 
I I +----------+ I +-----++-----+ 
I I I I LINE PRINTER I 
I I +-----------+ I +------------+ 
I +=-1 CAL CIDCK I (Printronix) 
I I +-------------+ I 
I I I (Tapemaster) 
I I +-----------+ I +----------+ 
1+=1 sro LINES 1+--1 MAG TAPE I 
I +--+-+--+--+--+ I +--1 aJNTROLLER I 
I I I I I I +----++----+ 
I 0 I 1 2 3 I II 
I +--+ Spinwriter I +---++--+ 
I I KED I Tablet I I MAG TAPE I 
I +--+ HASP, 3270 I +--------+ 
I I (Cipher-F880) 
I +-------+ +---+ I +---------+ 
I +--+ DISPLAY I = I TUBE I I +------------ I SMIJ I 
1+--+ MEIDRY I +---+ 1+-------------1 aJNTROLLER I 
I I +--++---+ I I +---++---+ 
II II I+-- ThO FREE II 
I I +--++---+ I+-- SIDTS +----++---+ 
1+==1 BLT II I I AMPEX I 
II +------+ II VERSATEC I 300 MB SMIJ I 
I I I I E.'IllERNET +-----------+ 
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EXCEPrION ERBOR STACK FRAME 

BUS/ADDRESS ERBOR srACK FRI\ME EPRMAT 

15 
+----------------+ 

+00 I STATUS REGISTER I 
+-----------------+ 

+02 I PROGRI\M I 
+------------+ 
I ClJUNl$R I 
+------------------+ 

+06 I FRAME EDRMAT/VOR I 
+-----------------+ 

+08 I SPEC. STATUS WJRD I 
+----------------+ 

+OA I FAULT I 
+------------+ 
I l\DDRESS I 
+-----------------+ 

+OE I internal register I 
+-----------------+ 

+10 I lli\TA OUTPUT BUFFER I 
+-----------------+ 

+12 I internal register I 
+-----------------+ 

+14 I DATA INPUT BUFFER I 
+-----------------+ 

+16 I internal register I 
+-----------------+ 

+18 I INSTRUCrrON REGISTER I 
+------------------+ 

+lA I I 
/ internal / 
/ registers / 
I I 

+3A +-----------------+ 

FRAME EPRMATIVECIPR OFFSET WJRD 

15 12 
+---+-+-+----------+ 
I FMT 10101 VEC OFFSET I 
+--+-+-+--------+ 

0000 - 4-word format: SR. PC, VOR 
1000 - 29-word 68010 format. 
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SPECIAL STATUS WR!J 

15 14 13 12 11 10 9 0 
+-------+-------+---------+---+ 
IRRI OIIFIDFIRMIHBIBYIRWI 01 01 01 01 FCN I 
+------+----+-----+--+ 

I I I 
I I 001 - User data 
I I 010 - User program 
I I 101 - Suporvisor data 
I I 110 - Suporvisor 
I I program 
I 0 - Write III - Interrupt 
I 1 - Read acknowledge 
I 
I => Byte transfer 
I 
1 => High byte (valid iff BY on) 

=> Read-modify-wr ite cycle 

- Data store from OOB 
1 - Data fetch to DIB 

=) Instruction fetch 

- Processor will rertm bus cycle on RI'E 
- Software has completed the hus cycle prior to RrE 

CPU and MEMJRY 2-10 APOLLO CONFIDENTIAL. INTERNAL USE Cl'IILY. 



DN4xx and DN6QO 

15 
+------------+ 

SP-> +00 I-------RNFFFI 
+-------------+ 

+02 I ACCESS I 
+ + 

I 

.access~address 
faulLSbusjnfo_t 

I ADDRESS 
+---------------+ 

+06 I INSl'RUcrION REG. I 

I 
Bus/addr excep. 

.instJeg 
+----------+ 

+08 I STATUS REG. I 
+---_ ... _-------+ 

+DA I PROGRAM I 
+ + 
I CDUNrER I 

Group 1 & 
Exceptions 

I 
+10 +--------------+ V V 

R - Read operation (.write op) 
N - Not instruction reference (.not_inst) 
FFF - Instruction function code (.functioILcode): 

001 User data 
010 User program 
101 Supervisor data 
110 Supervisor program 
III Interrupt acknowledge 

EXCEPrION TYPES 

PROCESSING 

Reset Current instruction is aborted. 
Bus Error 
Address Error 

Trace Exception occurs before 
Interrupt next instruction. 
Illegal Ins. 
Privilege Ins. 

TRAP, TRAPV Processed by nornal instruction 
CHK execution. 
Zero Divide 

Group 0 exceptions are highest priority. 
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EXCEPI'IDN VECroRS 

Exception vector at [ 100400 I 0 J. 
~ (+ => DN300 only; - => unused on DN300) 

Vector Address 

00 000 
004 

02 008 
03 Doe 
04 010 
05 014 
06 018 
07 OIC 
08 020 
09 024 
OA 028 
DB 02C 

Oc-oo 030 
+ DE 038 

OF-17 03C 
18 060 

+ 19-1F 064 
+ 19 064 
+ 1A 068 
+ lB 06C 
+ lC 070 
+ 10 074 
+ IE 078 
+ IF O7C 

20-2F 080 
3O-3F oeD 
4o-8F 100 

- 90-9F 240 
AO-AF 280 

BO 2CO 
Bl 2C4 
B2 2C8 
B3 2CC 
B4 200 
B5 2D4 
B6 2D8 
B7 2DC 

B8-C3 2EO 
C4-cD 310 

- CE-CF 338 
- DO-EF 340 

FO 3CO 
Fl 3C4 
F2 3C8 
F3 3CC 
F4 3DO 

CPU and MEMJRY 

Ass j 9nment 

Reset: Initial SSP 
Reset: Initial fC 
Bus Error 
Address Error 
Illegal Instruction 
Zero Divide 
CHI< Instruction 
TRAP\! Instruction 
Privilege Violation 
Trace 
Unimplemented instruction 
Unimplemented instruction 
(Unassigned, reserved) 
Invalid Stack Format 
(Unassigned, reserved) 
Spurious Interrupt 
Level 1-7 Auto-Vector 
S10 (rcv and xmit) 
Keyboard input 

~ 
1 

Ring 
Display 
Disk/floppy 
Tiners 1.2,3 
Parity error 
TRAP Instruction Vectors 
(Unassigned, reserved) 
User lnt Vectors - unused 
Ring/disk board 
User Int Vectors - unused 
mro/ -
INI'l/ -
1NI'2/ -
1NI'3/ - Tape Controller 
1NI'4/ - Storage Module 
1NI'5/ -
lNI'6/ - Line Printer 
1NI'7/ - Parallel Input 
User Int Vectors - lU1used 
Unused 
Color 

2 
3 
4 
5 
6 
7 

SIO lines (even vectors only 
cx:1d vectors unused) 

P - ECCC (Autorratic vectors) 
O-
N - Display #2 
M - Floppy 
L - Display U (BLT) 
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FS 3D4 K -
F6 3D8 J-
F7 3DC I -

F8-FA 3ED Unused 
FE 3EC Tiners 1,2,3 

FC-FD 3FD Unused 
FE 3F8 CPU B-to-A 
FF 3FC ECCU 

FiliATING roIW FORMAT 

Single Precision Floating Point Format 

Implied norna.lization bit 
V 

31 22 
+-------------------------+ 
ISEEEEEEEEMMMMMMMMMMMMMMI 
+------------------------+ 

S - Sign; S = 1 =) Negative 
E .• E - Exponent plus 127 
M •• M - Mantissa 

Double Precision Floating Point Format 

Implied normalization bit 
V 

31 19 
+---------------------------+ 
ISEEEEEEEEEEEMMMMMMMMMMMMMMI 
+-----------------------------+ 
1--1 
f------------------------+ 

S - Sign; S = 1 => Negative 
E •• E - Exponent plus 1023 
M •• M - Mantissa 
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15 
~------+ 

I-PPPPPPPPPPPP I 
+-------+ 

P •• P - Physical page IlUI1ber (PPN) 
(type "PflLt" in base.spo.bbas) 

IO MAP at [ - I FFF800 I. 

10 nap supplies physical addresses for non-cptJ 
meJOOry references (rin~disk, Pm, display, floppy). 

See also IOMAP in PeriIi>eral I/O Section. 

MEWRY CIlNI'roLISTATUS REGISTERS (MqjRl fPR DN300 

Meupry Control Real steT 

Address: [8004 OFFB404 
+-+-+--+- -+--+ 
17161514 21101 
~~+I--~I---r--+--+--~ 

\ / 
LEOS 

'IDP !lOr 
(RIGIT) (LEFT) 

Mempry status Reaj ster 

I 
I 
I 
I 
I 

I I 
I 1 => Enable parity err traps 
I 
1 => Force right byte parity 

1 => Force left byte parity 

=> Parity during J:W. cycle 

Address: [8006 I OFFB406 I 
15 4 0 
+--- -+--+-~---+--+ 

I FAlLIN:; PPN X I 
I 

I 
I 
I 
I 
I 

I 
I 
I 

=> Parity error traps enabled 

1 ;,,> Right byte parity error 

1 => Left byte parity error 

Writing MSR clears [Brity'error condition. 
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MEWRY CXlNlIDLISTATUS REGISl'EllS (MCSRl roR DN4XX AND DN600 

Board 1: 
Board 2: 
Board 3: 
Board 4: 

[ FC02 I FF9002 1 
[ FD02 I FF9102 J 
[ FE02 I FF9202 J 
[ FF02 I FF9302 J 

MCSR Cpntrol (Write:Onlyl 

15 
+------+ 
i------DCUi 
+--------+ 

D - Lock check bits on write (diag node only) 
C - Enable ECCC interrupts (through 3CO) 
U - Enable ECCU interrupts (through 3FC) 

Any write to this register acknowledges the interrupt. 

MC$R status Register <Read=-Onlyl 

31 24 23 o 
+-----+------------+ 
I SSSSSSNU I PPPPPPPPPPPPPPPPPPPPPPPWI 
+----+--------------+ 

S •• S - Syndrome (valid only for ECCC error): 

DO data bit 00 70 data bit 08 
C8 • 01 68 • 09 
C4 02 58 10 
BO 03 54 11 
AS 04 4C 12 
A4 05 38 13 
94 06 34 14 
EC 07 

2C data bit 15 
F8 check bit 0 
F4 1 
EC 2 
DC 3 
OC 4 
7C 5 

N - No error (0 =) error detected, status valid) 
U - Uncorrectable error CECCU) 
P •• P - High order 23 bits of physical address 

(low order bit is always 0) 
W - Error during read-modify-write OP=ration 
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MEK>RY OOARD JUMPERS FOR DN4XX AND DN6QQ 

~# m JEi l\bi;~ ~~ 

1 in in fe02 ff9002 
2 out in fd02 ff9102 
3 in out fe02 ff9202 
4 out out ff02 ff9302 

Each board tyt::e has an address range that it can sran sp?cified by 
three jurnt=ers, JP13, JP14, and JP15. 

Memory Board Address Ranges 

~~# JIll J.!'li i!l.'l.2 ~~ 

in out out 100000-13ffff 
out out out 140000-17ffff 
in out in IBOOOO-lbffff 
out out in leOOOO-1£ffff 

3' in in in BOOOO-bffff 
4' out in in eOOOO-fffff 

* Use these values if there are 2 S12kb boards or 1 1mb 
board in the system 

.5J.2IS!> JlQgj;Q # JIll J.!'li i!l.'l.2 ~~ 

1 in out out 100000-17ffff 
2 in out in IBOOOO-1£ffff 
3 out in out 200000-27ffff 
4 in in in OBOOOO-Offfff 

J.I1I! JlQar.d # JIll .:!I'.lA JPll ~~ 

in out out 100000-1£ffff 
out in out 200000-2fffff 
out out out 300000-3fffff 
*** not allowed *** 

The memory test program checks that the tables above are 
satisfied. 
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Size 256K 512K 1M. ~'!!!! 512K !!!! 1M!!!!: 

1.0 M 1:100 

2.0 M' 1:100 2:200 

3.0 M' 1: 100 2:200 3:300 

0.5 M 1:100 

1.5 M 1:100 2:200 

2.5 M' 1:100 2:200 3:300 

3 .• M' 4:080 1:100 2:200 3:300 

1.0 M 10100 2,180 

2.0 M' 1:100 2:180 3:300 

3.0 M' 1:100 4:080 2:200 3:300 

1.5 M 1:1002:1803:180 

2.5 M' 1 :100 2:180 4:080 3:300 

1.25M 1:100 2:200 

2.25M 1:100 2:200 3:300 

0.75M 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 

2.25 M 1:100 2:180 4:080 3:300 

1.75M 1:100 2:180 3:200 4:080 

D .• M 1:1002:140 

1 .• M 1:1002:140 3:300 

1.0 M 1:1002:140 3:200 

2.0 M 1:100 2:140 4:080 3:300 

1.5 M 1:100 2:140 3:200 4:080 

0.75M 1:100 2:140 3:180 

1.25M 1:100 2:140 3:180 4:080 

1.0 M 1 :100 2:140 3:180 

*Designatl!s that the configuration requires a DOMAIN DN400 or ON420 cpu. 

If you rec(lI1figure memory boards, you must change the jumpers. Do not move any jumpan other than 
tbD$8auachedatjumperpoinIS3.4. 13. 14. and 15. 
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A 

N 
I .... 
'" 

~ 
M 5 

8 
~ 

i 
~ 
~ 
~ 
~ 
~ 
~ 

6 7 9 10 l' 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

LABEL 

JP3 
JP, 
JP13 
JP14 
JP1S 

COORDINATE LOCATION (APPROXIMATE) 

L-23 
L-23 
M-25 
M·25 
N·25 



MEIDRY MI\NAGEMENl' UNIT (MM!!) 

CHECK 

~ 
32 

PHYSICAL __ ---~ 
MEMORY _--- ~ 

...­
""///' 

PAGE 
FRAME 
TABLE 

/ 
// 

" _/" " / /"" 
PAGE ...........', 

TRANSLATION ................ " 
TABLE ....... 

DN4xx and DN600 DN300 

PID/PRIV !FOWER 8000 FFB400 1 8000 FFB400 
CPU A Control 8002 FFB402 1 
MM!! Status, High 8004 FFB404 1 8002 FFB402 
MMU Status, Low 8006 FFB406 1 
Clear MM!! Status 8008 FFB408 1 
Bus Status 800A FFB40A 1 
Enable CPU B 800E FFB40E 1 

APOLLO CONFIDENTIAL. INTERNAL l.JSf ONLY. 2-19 CPU and MEMJRY 



oroQQ PIDiPRIV Register 

Address: [8000 I OFFB400 
15 8 o 

+--+-----/---+---+--+--+ 
I 0 I ASID 1--1 0 I P I M I 
t--+----+---+-+-+--+ 

I I I 
I I 1 - Enable MMU 
I I 
I 1 - Enable Pl'T access 
I 
o - Donain 0 
1 - llaIrain 1 

DroOP MMU status Register 

Address: [8002 OFFB402] 
-r--+- +1--+--1--+1-+--+--+ 
17161 1211101 
-r--+-

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 

+--+ 
I 
1 => MMU enabled 

1 => Pl'T access enabled 

1 => 4K PFT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

1 => Interrupt pending 

1 => Nonnal !OOde 

1 => Bus timeout 

1 => Page fault 

=) Access violation 

DN4XX and DN60Q PID/PRIV Register 

Address: [ 8000 I FFB400] 
15 8 7 0 

+-t----+---+ 
lEI ASID I-~I 
+-t---+----+ 

E - Enable power-off switch 
DO - Demain: 

00 User donain 0 (least protected) 
01 User donain 1 
10 Supervisor donain 0 
11 Supervisor donain 1 (roost protected) 

P - PrT access enable 
M - Enable MMU (virtual meroory operations) 
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DN4xx and DN600 CPU A Control Register 

Address: [ 8002 1 FFB402 
15 8 7 0 

+------+------+ 
I-----I-----IAI 
+------+------+ 

IA - Interrupt and/or abort: 
00 CPU A will resurre operation 
01 CPU A will abort the attempted bus cycle 
10 CPU A will receive level 6 interrupt 

DN4xx and DN600 MMU StatllS Register 

Address: [8004 1 FFB404 1 
31 24 23 

+-------+----------------------+ 
1 MAFFFRVB 1 FAULTING VIRTUAL ADDRESS 1 
+-------+------------------------+ 

M - PFT miss (ABID and/or VPN not found) 
A - Access fault (protection violation) 
FFF - CPU function code: 

001 User data reference 
010 User procedure reference 
101 Su~rvisor data reference 
110 Su:p?rvisor procedure reference 
III Interrupt acknowledge 

R - Read operation 
V - MMU status register is valid 
B - Miss occurred while CPU B running 

DN4xx and DN6QO Clear MMU Status 

Address: [ 8008 1 FFB408 1 

When written, clears MMU status conditions. 

DN4xx and DN6QO Bus StatllS Regj ster 

Address: [ 800A 1 FFB40A 1 
16 8 7 0 

+------+-----+ 
1------ 1 IMPG'l'B;S 1 
+------+--------+ 

I = 0 => unacknowledged interrupt pending 
M - MMU enabled 
P - PTT enabled 
G - Big PFT (2K entries if not set, 4K if set) 
T - Bus time-out (cleared by a read) 
B - CPU B active 
W - State of power-off switch (1 => ON position) 
S - State of service switch (1 => Nornal p:>sition) 
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DN4xx and QN6QQ Enabl e CPO B Regi ster 

l\ddress: [ 800E 1 FFB40E 1 

Any write will explicitly enable CPU B. Return to CPU A, 
only by Reset. 

PAGE FRAME TIIBLE ENl'RY <Wl'Ill 

(type "pfte" in III!Bp.bbvt.bbas) 

31 24 23 16 15 8 7 o 
+-- I I -+----+ 
IllAAAAAAS I~PP 1 EHm.LLL 1= 1 
+-----+- I -+-+ 

A •• A - Address space ID (0-127) (.elsid) 
S - Supervisor domain (.elccess) 
D - llOOlain (0 or 1) 
W - Write access 
R - Read access 
X - Execute access 
P •• P - Excess virtual page nuniJer (.XSvpl) 
E - End of chain (.eoc) 
M - Page IOOdified (.bbm:xl) 
U - Page referenced (.used) 
G - Page is global (.global) 
L •• L - PFT hash thread (.link) 

PFT at [ 4000 1 FFB800 1 through [ 8000 1 FFFBOO 1. 

One entry per physical page of rremory. 

PAGE TRmlIATIQN TABLE ENTRY <Pl'l'El 

(type "PIXLt" in base.spo.bbas) 

15 
+--------+ 
I--PPPPPPPPPPPP 1 
+----------+ 

P •• P - Physical page nUllber (PPN) 

Page Translation Table at [ n/a 1 700000 1. 

One PPl'E every 1024 bytes in table. 
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REGISTER SET 

31 16 15 8 7 
+--------------+-----+-------+ 
I I I I DO 
+---------------f------f------+ 
I I I I Dl 
t--------------+------+-------+ 
I I I I D2 
+------------+-------1-------+ 
I I I I D3 
+--------------+-----+------+ 
I I I I D4 
+---------------+------+------+ 
I I I I D5 
t--------------f------+-------+ 
I I I I D6 
t--------------f-------+-------+ 
I I I I D7 
+-------------+------1--------+ 

+--------------+----------------+ 
I I I AD 
+--------------+--------------+ 
I I I AI 
t--------------t---------------+ 
I I I A2 
-1---------------+---------------+ 
I I I A3 
+-------------+-------------+ 
I I I A4 
+--------------t--------------+ 
I I I A5 (DB) 
t---------------+-------------+ 
I I I A6 (SB) 
-+-------------t---------------+ 

DB - > Start of Data Section 
SB -) Top of current Stack Frame 

+-----------------+ 
I User Stack Pointer I 
+----------------------------+ A7 (SP) * 
I Supervisor Stack Pointer I 
+-----------------+ 

* Choice rrade on basis of S bit in SR 
+------------------------------+ 
I I PC 
f-------------------------------+ 

System User 
+------+------+ 
IT-S-III I--XNZCJC I SR 
+------+------+ 

T-Trace Mode III-Interrupt Level X-Extend O-Overflow 
S-Sup::!rvisor Mcde OOO-enabled N-Negati ve C-carry 

III - disabled Z-Zero 
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CHAPl'ER 3 

DISPLAY llAIID'IARE 

DISPlAY IPARD JUMPERS 

15 GREEN CRT: 

WOI-DCWN 
W06--!JP 
Wll-UP 
W16-IDP-LEF'I' 
W21-UP 

W02-DCWN W03-UP 
W07-IDP-LEF'I'* WOS-UP 
Wl2-UP Wl3-LEF'I' 
Wl7-UP Wl8-UP 
W22-UP W23-UP 

15 BLACK & WHITE CRT: 

iiDI-IlCMN W02-IlCMN W03-UP 
W06-IlCMN W07-* wos-UP 
WlI-IlCMN Wl2-IlCMN Wl3-LEF'I' 
Wl6-* Wl7-DCWN WlS-UP 
W21-UP W22-aJT W23-DCWN 

19 BLACK & WHITE CRT 

WOI-DCWN W02-UP W03-UP 
W06-IlCMN iiD7- * WOS-IlCMN 
WlI-DCWN Wl2-DCWN Wl3-RIGHT 
Wl6-* W17-IlCMN WlS-UP 
W21-DCWN W22-IlCMN W23-DCWN 

W04-UP 
W09-UP 
Wl4-RIGHT 
Wl9-UP 
W24-UP 

W04-UP 
W09-UP 
Wl4-LEF'I' 
Wl9-IlCMN 
W24-IlCMN 

W04-IlCMN 
W09-IlCMN 
Wl4-LEF'I' 
Wl9-IlCMN 
W24-IlCMN 

WOS-UP 
WlO-UP 
WlS-LEF'I' 
W20-UP 
W31-UP 

iiDS-UP 
lQ-IlCMN 
WlS-LEF'I' 
W20-IlCMN 
W31-UP 

WOS-DCWN 
WlO-DCWN 
WlS-RIGHT 
W20-IlCMN 
W31-DCWN 

* W07 AND Wl6 SIPULD BE SET BY SPECIFICATIONS ON CLO'ill TAG, 
IDUNTED ON PCB. 

DISPLAY BOARD 2 

W2S-DCWN 
W27-IlCMN 
W29-IlCMN 

W26-IlCMN 
W2S-IlCMN 
W30-IlCMN 
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W2S-RIGHT 
W27-RIGHT 
W29-UP 

W26-UP 
W2S-UP 
W30-UP 
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ARRAY BOARD JUMPER PLACEMENT: 

BOARD ORIENTATION: EJECTORS FACING UPWARDS 

JUMP W01 
LOCT -A08 
ARR 1 LEFT 
ARR 2 RIGHT 

W07 WOg 

WOB 

W03 W04 
-A11 -A12 

UP UP 

W02 
-A09 

LEFT 
RIGHT DOWN DOWN 

W05 
-All 

UP 
DOWN 

WOl W02 
W03 W04 

WOS W06 

WOO 
-A12 

UP 
DOWN 

W07 
C02-02 
UP 
DOWN 

WOO 
C02-OS 
UP 
UP 

W09 
C02-l8 
OUT 
IN 

11111111111111111111111 1111111111111111 



~ 
~ CONTROL BOARD JUMPER PLACEMENT. 

~ ~ BOARD ORIENTATION. EJECTORS FACING UPWARDS 

~ JUMPER W01 W02 W03 W04 W05 W06 

~ LOCATION ~B20 ~H19 -H22 ~H25 -L13 ~L15 -L20 

~ i ~ 
~ 

W01 i ~ 
!< 

w ~ 
I ! W 

W02 W03 WO' 

0 W06 W07 
..... W05 W08 

~ 111111111111 1111111111111111111,,11 111'11111,111111111111 

t;;' ORDER OF BOARDS: FACING FRONT OF NODE 
'< C A 

i>I' 0 

" N 

~ 
@ 



DISPLAY mNI'ROL Am STAnTS REGISTER (pcsRl 

!l!illl.Q 

DISPLAY REGISTERS [9400 I OFF9800 1 

WRITE 

+00 DISPLAY ClJNl'ROL DISPLAY srA'lUS 
+02 DEB 
+04 WSSY 
+06 WSSX 
+08 IlCY 
+OA DCX 
+OC WSDY 
+OE WSDX 

DISPLAY CDNl'RDL REGISTER [9400 I OFF9800 

8000 - GO (Start bIt operation) 15 
0020 - Interrupt at end of frame 5 
0010 - Interrupt at end of bIt operation 4 
0008 - Increment Y coordinate 3 
0004 - Incranent X coordinate 2 
0002 - Fill node bIt operation 1 
0001 - Enable display (blank if reset) 0 

DISPLAY S'lroVS REGISTER [9400 I OFF9800 

8000 - BIt operation in progress 
0080 - End of frame interrupt 
0002 - Reserved 
0001 - Reserved 

15 
7 
1 
o 
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[ FOOO I FF9800 1 

15 14 13 12 11 10 
+---------------------------------------------+ 
IGO I x Ix Ix Ix Ix IxlNILI 
t-----------------------------------------------------+ 

+---------------------------------------------------+ 
I FRCloIMM I ro MM I I IDF I IDONE I IDN(J)NF I DECR I FILL I ON I 
t--------------------------------------------------+ 

R/W BIT NAME 

R/W 15 GO 

W NIL 

- When set, this bit initiates a BLT 
operation. When cleared, this bit 
will al:x>rt any BLT in progress. When 
read, this bit will be set so long at 
a BLT operation is in progress. 

- When set, enables non-interlaced 
rrode. In this roode, only the odd 
lines are displayed at 60 frames per 
second. 

W FRCM MM - When set, enables BLT's from rrain 
memory as specified by the source 
box. This bit must be set in advance 
of the write operation that initiates 
a BLT. It should be cleared by a 
sep;9.rate write operation after the 
BLT completes. 

W 'IO MM - When set, enables BLT' 5 to main 
memory as specified by the 
destination box 

W IOOF - When set, enables a 60 hz interrupt 
request after the last line in the 
current field. This request must be 
acknowledged by reading from address 
OCSR + 2. 

W lDONE - When set, enables interrupt request 
when BLT is done. 

W NJN CDNF- When set, enables non-conforrning BLT 

W DECR 

W FILL 

mode. 

- Must be set when doing a BLT that 
decrements the x coordinate. 

- When set, BLT fill roode is enabled. 
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w o ON - When set, display is on; when reset, 
display is blanked. 

CDNlIDL REGISTER [ EOOO I FF6000 1 (System) 
[ E400 I FF6400 1 (User) 

BIT _ ruNCrION 

15 Reserved Set to zero 

14 Reserved Set to zero 

13 Unused 

12 Unused 

11 Unused 

10 Unused 

9 - 4 

2 

Display Hardware 

~<5:0>+ During reads and writes to the 
control store through the control 
store window these bits are used 
as the uwer psrt of the contrOl 
store address. 

VIDENB+ 

RESET-

'Ibis bit is used to enable or 
disable the video to the ronitor. 

When this bit is asserted the micro 
machine is reset, the control store 
may be accessed through its window 
and no micro code is executed. 'lbe 
display will continue to be refreshed, 
no changes will be made to the 
display memory, and no software 
visible state will change. 

CLKRUN+ When this bit is set the micro 
machine clocks will nID. 

CLKSTEP+ When the CLKRUN+ bit is .not set the 
micro-machine clocks can be made to 
go through one clock cycle by 
toggling this bit low to high. 
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Statys Reg; ster 

BIT 

15 

14 

13 

12 

VllLANK-

EUNCl'ION 

ibis bit is asserted by micro oode to 
indicate that the micro nachine is 
ready to handle reads or writes to 
its connand J;8ges 

When this bit is asserted the display 
is currently in the vertical blanking 
period. 

INSl'_0CliIE- 'l11is bit is asserted by micro code to 
indicate that is done executing an 
instruction queue. 

'l11is bit indicates that the micro 
nachine clocks are running. 

11 - 0 NXTAD(11:0>- 'l11ese bits are the state of the next 
address bus at the end of the last 
micro cycle. 'l11is is needed in order 
to know the micro address when micro 
code is being clock stepped. 

APOLLO CONFIDENTIAL INTERNAL USE ONLY. 3-7 Display Bardware 



BLT REGI~ 

(Each has an address used for reading and a separate 
address used for writing.) 

DESTINATION CXJUNT Y REGISTER [ 9414 I OFF9814 1 

15 
+----------+ 
1---==1 
+-------------+ 

= = -1 - ABS(WIlSY - WIlEY) 

= two I s complement of 11= lines in height 
of destination block 

DESTINATION CXJUNT X REGISTER 9416 I OFF9816 1 

15 
t------------+ 
I-----=CI 
+------------+ 

= = -1 - ABS(WIlSX/16 - WIlEX/16) 

= two's complement of # 16-bit aligned 
words involved in x coordinate 

DESTINATION END BIT REGISTER [ 941C I OFF981C 1 

15 7 3 0 
-t-------------+ 
I----OOOOEEEE I 
t-----------+ 

EEEE = WIlEX mod 16 

= bit nl1Illl::ler in word of last bit of X 

Source and De,gtinatjon Contra] Regjster. 

31 16 
t------------+------------+ 
I Y addr. control I X addr. control I 
+--------------+------------+ 
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Y address control: 
X address control: 

~ 
0202 
0020 

(RCS) Read source control reg. 
(WC8) Write source o:mtrol reg. 

~ 
0606 
0060 

os Virtual Address 
$FF988C 
$FF9884 

(RCD) Read destination rontro1 reg. $FF988B 
eWCD) Wcite destination control ceg. $FF9880 

Soucce/Destination StartlEnd Registers· 

31 26 25 16 
+-----+--------+-----+-------+ 
I--VI y 1----1 X I 
+-----+--------+-----+--------+ 

Y-coord. X-coord. (Low order four bits 
are write only) 

v - Used in BLT' s to or from rrain rremory 

(RSS) 
(WSS) 
(RES) 
(WES) 

(RSD) 
(WSO) 
(RED) 
(WED) 

Read source start reg. 
Write source start reg. 
Read source end reg. 
Write source end reg. 

Read destination start reg. 
Write destination start reg. 
Read destination end reg. 
Write destination end reg. 

os Virtual Address 
$FF9B9C 
$FF98AC 
$FF9894 
$FF98B4 

$FF9898 
$FF98AB 
$FF9890 
$FF98BO 

When start or end registers are used to s:p=cify locations 
in main m2>mory, the corresp:>ndence is as follows: 

31 26 19 16 
+----+-------+---+---+----+---+ 
1-----1 IOVPN IBN 1----1 BN 1--1 
+----+----+---+----+----+---+ 

--1--9:7 ~ 

I I I 
I I +-----+ 
I I I 
V V V 

Start or End 
Register 

+--------+--+----+-+ I/O Virtual Address 
I 101 
+--------+----/-----+-+ 
<--B-> <-10-> 

I/O virtual Byte in rage 
page number 
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15 8 7 4 3 
-1-----------------1---------+--------+ 
I x x x x x x x XI HALT STAWSI X IN SY SAl 
-t------------------t--------t-----+ 

IN = 1 Color display is executing an instruction queue 
starting at the address held in the instruction 
queue start location. 

SY = 1 Color display is in system roode and will 
execute system functions. 

SA Most significant address bit of all i/O addresses 
to be used by the oolor display for dna. 

HALT STAWS 

o 0 0 0 
o 0 0 1 
o 0 1 0 
o 0 1 1 
1 1 1 1 

Display Hardware 

Normal completion 
Illegal opcode 
unimplemented instruction 
BLT to main memory out of irrage memory region 
Not halted 
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CHAPrER 4 

ERROR Q)DFS AND MESSAGES 

/\EGIS ERROR CDDES 

31 24 23 16 15 
+-----+------+------------+ 
I FSSSSSSSI_I=CCI 
t------+----+-------------+ 

F = 1 => roodule couldn't handle error 
S .. 8 - Subsystem identification 
A = 1 =) asynchronous fault; only set during delivery 

of fault 
M •• M - Module identification 
C .. C - Module-sr;ecific error code: 

= OK status 
negative = warning 
p::lsitive = error 

("status_$t" in base.spoas) 

00000000 status_$ok 

00000001 - OOOOOOOF Program return codes 

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

OS ! vroc rranager: 
(00020001) vroc not roountecl 
(00020002) vroc is bad 
(00020003) no file lll3.p 
(00020004) no UID 
(00020005) not found 
(00020006) UID not found 
(00020007) duplicate UID 
(00020008) uid misnatch 

OS ! AST rranager: 
(00030001) attempted reference to out-of-bounds address 
(00030003) no replaceable aste's 
(00030004) segment is not deactivatable 
(00030005) write concurrency violation 
(00030006) incomp3.tible request 
(00030007) reference count says unused 
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as / MST Iffinager: 
(00040001) object not found 
(00040002) invalid length 
(00040003) no sp'ce available 
(00040004) reference to illegal address 
(00040005) reference to out-of-bounds address 
(00040006) no asid is available 
(00040007) object is not map,:ed 
(00040008) no rights 
(00040009) insufficient rights 
(0004000A) guard fault 
(0004000B) wrong type - can't map system objects 
(0004000C) ppn list overflow 

os / PMAP manager: 
(00050001) not allocated 
(00050002) already allocated 
(00050003) mismatch 
(00050004) bad wire 
(00050005) bad unwire 
(00050006) bad assoc 
(00050007) p'ges wired 
(00050008) p'ge null 
(00050009) bad disk address 
(OOOSOOOA) read concurrency violation 
(0005000B) changed prods 

as / MMAP manager: 
(00060004) bad avail 
(00060005) bad free 
(00060006) bad unavail 

as / MMU manager: 
(00070001) mmu miss 

os / disk manager: 
(00080001) 
(00080002) 
(00080003) 
(00080004) 
(00080005) 
(00080006) 
(00080007) 
(00080008) 
(00080009) 
(0008000A) 
(0008000B) 
(0008000C) 
(0008000D) 
(0008000E) 
(0008000F) 
(00080010) 
(00080011) 
(00080012) 
(00080013) 

disk not ready 
disk controller busy 
disk controller tirre-out 
disk controller error 
disk equiprent check 
floppy is not 2-sided 
disk write protected 
bad disk format 
disk data check 
DMA overrun 
volume in use 
volume table full 
volume not properly roounted or assigned 
operation requires a physical voll.1ITe 
invalid volume index 
logical volurre not found 
disk block header error 
invalid disk address 
disk toffer is not page aligned 
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(00080014) 
(00080015) 
(00080016) 
(00080017) 
(00080018) 
(00080019) 
(0008001A) 
(0008001B) 

(0008001C) 
(0008001D) 
(0008001E) 
(0008001F) 
(00080020) 
(00080021) 

(00080022) 
(00080023) 

(00080024) 

invalid logical voll.lIre index or list 
disk seek error 
drive tirred out before o~ration completed 
bus error occurred during disk rnA transfer 
invalid unit nurrber 
unknown status returned by hardware 
invalid physical volume label 
floppy door has been opened or storage 
IOOdule has been stopped 

read after write failed 
dma not at end of range 
disk already rrounted 
software detected checksum error 
checksum error in read after write 
too rrany wired pages - storage module 
rranager 

storage nodule nanager logic error 
unknown error status from storage module 
controller 

unrecognized drive id 

os I eventcount rranager: 
(00090001) bad wait list on eventcount 

os / level 1 process nanager: 
(000A0001) illegal process id 
(000A0002) illegal lock 
(000A0003) process not suspended 
(000A0004) process already suspended 
(000A0005) process not bound 
(000A0006) process already bound 
(000AO007) bad atomic operation 
(000A0008) no pcb is available 
(000A0009) no stack space is available 
(OOOAOOOA) process not suspendable 

OS I terminal manager: 
(000B0001) buffer teo small 
(000B0002) end of file entered from keyboard 
(000B0003) invalid output length 
(000B0004) invalid option passed to terIlL$control 
(000B0005) input buffer overrun - characters lost 
(000B0006) quit while waiting for input 
(000B0007) invalid line number supplied 
(000B0008) manual stop: type G<ret>G *+2<ret> to 

continue 
character framing error 
character {arity error 

(000B0009) 
(OOOBOOOA) 
(OOOBOOOB) 
(OOOBOOOC) 
(OOOBOOOD) 

data carrier detect (dcd) changed 
clear to send (cts) changed 
requested line or operation not implemented 

OS I DBDP rranager: 
(000e0001) bad ptr 
(000C0002) bad free 
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os / time manager: 
(00000001) no timer queue entry 
(00000002) entry to be cancelled not found 
(00000003) quit while waiting for event 
(00000004) bad timer interru¢ 
(00000005) bad timer key 
(00000006) alarm fault 

os / naming server: 
(000E0002) directory is full 
(000E0003) name already exists 
(000E0004) invalid !>,thname 
(OOOEOOOS) invalid link 
(000E0006) not a link 
(OOOEOOO?) name not found 
(OOOEOOOA) invalid link operation 
(OOOEOOOB) invalid leaf 
(OOOEOOOC) node is unavailable 
(OOOEOOOO) bad directory 
(OOOEOOOE) branch is not a directory 
(OOOEOOOF) directory is not em¢y 
(000E0010) name is not a file 
(OOOEOOll) illegal directory operation 
(000E0012) bad type 
(OOOEOOl3) no rights 
(000E0014) insufficient rights 
(000E001S) unable to delete system bootstrap (sysboot) 

os / file server: 
(000F0001) 
(000F0002) 
(000F0003) 
(000F0004) 
(OOOFOOOS) 
(OOOF0006) 
(OOOF0007) 
(000F0008) 
(000F0009) 
(OOOFOOOA) 
(OOOFOOOB) 
(OOOFOOOC) 
(OOOFOOOO) 
(OOOFOOOE) 
(OOOFOOOF) 
(000F0010) 
(OOOFOOll) 
(000F0012) 
(OOOFOOl3) 

object not found 
obj ect is remote 
bad reply received from ranote node 
comnunications problem with ranote node 
object is not locked by this process 
obj ect is in use 
illegal lock request 
lock violation detected 
local lock table is full 
remote lock table is full 
operation cannot be done from here 
no rore lock table entr ies 
volurre uid is unavailable 
locking files is blocked for this volune 
locking is already blocked for this volune 
no rights 
insufficient rights 
wrong tj7I:e - can't ore rate on system objects 
objects are on different volurres 

os / I/O manager: 
(00100001) dcte not found 
(00100002) controller not in system 

OS / networ k: 
(00110004) transmit failed 
(001l000?) remote node failed to respond to request 
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unable to route 
network hardware error 
msg header too big 
unexpected reply type 
unknown request type 

(00110008) 
(00110009) 
(0011000A) 
(00110008) 
(0011000D) 
(0011000E) 
(0011000F) 
(00110010) 
(00110011) 
(00110012) 
(00110013) 
(00110014) 
(00110015) 

request denied by local node 
request denied by remote node 
bad checksum 
too rrany transmit retries 
socket not op?n 
receive bus error 
transmit bus error 
bad asknooe version nunber 

as / fault handler: 
(00120001) odd address error 
(00120002) illegal instruction 
(00120003) integer divide by zero 
(00120004) CHK instruction trapped - value out of range? 
(00120005) aritluretic overflow 
(00120006) privileged instruction violation 
(00120007) invalid SVC code 
(00120008) invalid SVC procedure name 
(00120009) undefined TRAP instruction 
(0012000A) unimpl~nted instruction 
(00120008) protection boundary violation 
(0012000C) bus time-out 
(0012000D) invalid user stack pointer 
(0012000E) correctable memory error detected 
(0012000F) uncorrectable rnemory error detected 
(00120010) process quit 
(00120011) access violation 
(00120012) CPU 8 enabled with MMU valid bit reset 
(00120013) null process running on CPU 8 
(00120014) OS-internal quit (with display return) 
(00120015) single step completed 
(00120016) invalid user-generated fault (subsystem 

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

rOu device 
process stop 
process BIAST 
PEB cache r.arity error 
PEB hCS :p;trity error 
unimplemented SVC 
invalid stack fonrat 
nemory };arity error 
process interrur:t 

(00120018) 
(00120019) 
(001200lA) 
(0012001B) 
(0012001C) 
(00120010) 
(0012001E) 
(001200lF) 
(00120020) supervisqr fault while resource lock (s) set 

os / display driver: 
(00130001) invalid display unit nunber 
(00130002) specified font not loaded 
(00130003) internal font table full 
(00130004) invalid use of display driver procedure 
(00130005) font too large 
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(00130006) 
(00130007) 
(00130008) 
(00130009) 
(0013000A) 
(0013000B) 
(0013000C) 
(0013000D) 
(0013000E) 
(0013000F) 
(00130010) 

(00130011) 
(00130012) 
(00130013) 
(00130014) 
(00130015) 
(00130016) 
(00130017) 
(00130018) 
(00130019) 
(0013001A) 
(001300lB) 
(0013001C) 
(00130010) 
(0013001E) 
(0013001F) 
(00130020) 
(00130021) 
(00130022) 
(00130023) 
(00130024) 
(00130025) 
(00130026) 
(00130027) 
(00130028) 

error unloading internal (hdmt) table 
invalid direction from 8M 
unexpected BLT in use 
internal protocol violation 
too rrany pages to be wired 
unsllpt:Orted font version * 
invalid buffer size 
error napping display rremory 
error borrowing display from screen rranager 
tmable to oorrow - display in use 
display borrow request denied by screen 

rranager 
error returning display to screen nanager 
can I t return - display not borrowed 
can't borrow both displays simultaneously 
display already borrowed by this process 
invalid fX)sition argument 
invalid window limits argument 
invalid length argum2nt 
invalid direction argument 
invalid scroll displacement argument 
invalid bIt rode register 
invalid bIt control register 
invalid blt-done interrupt:. 
invalid interrupt routine state 
invalid screen coordinates in bIt request 
font associated with sIEcified id not napped 
display rrernory is already rrap~d 
display rremory is not rrapred 
guit while waiting 
invalid cursor number 
hidden display memory is full 
quit while waiting 
invalid eventcOlmt key 
operation not implemented on color display 
non-ronforming and rrain nemory bIts not 

implemented 

as / volune rranager: 
(OOl4FFFF) warning: disk is write protected 
(00140001) entry directory problems on logical volUIre 
(00140002) unable to dismount the boot volUIre 
(00140003) logical volune is not !lOunted 
(00140004) entry directory is not on s~cified logical 

volune 
(00140005) phYSical volUIre replaced since !lOunt 

as / calendar rranager: 
(00150001) invalid syntax for date or tine 

sf€cification 
(00150002) date or tirre s~cification invalid 
(00150003) an empty string was passed to a decode 

routine 
(00150004) tirrezone spacified is unknown 
(00150005) invalid time-zone difference 
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os / level 2 eventcount rranager: 
(00180001) internal table exhausted 
(00180002) internal error 
(00180003) process quit while waiting 
(00180004) bad eventcount 

as / level 2 process nanager: 
(00190001) process not found 
(00190002) not a level two process 
(00190003) bad stack base 
(00190004) request is for current process 
(00190005) suspend request tined out 
(00190006) process not suspended 
(00190007) process already suspended 
(00190008) child process terminated 
(00190009) another fault is pending for this process 

os / import/export mmager: 
(OOlAOOOl) entry directory is not cataloged in the 

(001A0002) 
(001A0003) 
(00lA0004) 

namesp:ice 
files are locked on this volume 
sp=cified entry directory not on this vollUTle 
volume is not roounted 

os / startup/shutdown: 
(OOlBOOOl) node ID misnatch 

OS / vfmt: 
(OOlCOOOl) 
(00lC0002) 
(001C0003) 
(001C0004) 
(001C0005) 

(001C0006) 

(00lC0007) 

(001C0008) 
(001C0009) 
(OOlCOOOA) 

(OOlCOOOB) 

unterminated control str ing 
invalid control string 
too few argurrents supplied for read/decode 
field width missing on n (" designator 
encountered end of str ing where more text 

expected 
encOlmtered null token where nurreric token 

expected 
non-nurreric character found where nUITEric 

was expected 
sign encountered in lU1signed field 
value out of range in text string 
character in text string does not rratch 

contro 1 str ing 
terminator in text string does not rratch 
s~cified terminator 

os / circular buffer nanager: 
(OOIDOOOl) invalid block size requested 
(00ID0002) quit while waiting 
(00100003) buffer wrap-around error 

os / pbu mmager: 
(OOlEOOOl) ddf is larger than one lEge 
(OOlEO002) ddf has wrong version 
(001E0003) invalid unit mmioer in ddf 
(00lE0004) invalid csr lEge address in ddf 
(OOlEOOOS) csr lEge is in use 
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(OOlE0006) 
(OOlE0007) 
(OOlE0008) 
(OOlE0009) 
(OOlEOOOA) 
(OOlEOOOB) 
(OOlEOOOC) 
(OOlEOOOD) 
(OOlEOOOE) 
(OOlEOOOF) 
(OOlEOOIO) 
(OOlEOOll) 
(001E0012) 
(OOlE0013) 
(001E0014) 
(001E0015) 
(001E0016) 
(OOlE0017) 
(001E0018) 
(OOlE0019) 
(OOlEOOlA) 
(OOlEOOIB) 
(OOlEOOIC) 
(OOlEOOlD) 
(OOlEOOIE) 
(OOlEOOIF) 
(OOlE0020) 
(001E0021) 
(001E0022) 
(001E0023) 
(001E0024) 
(001E0025) 
(001E0026) 
(001E0027) 
(001E0028) 
(001E0029) 

initialization routine not in library 
cleanup routine not in library 
interrupt library too large 
interru~ routine not in library 
p:,u not present 
too many rhu rranager [ages wired 
invalid unit nurrber 
lU1it in use 
unit not acquired 
unit already acquired 
bad p3rameter 
no room in iomap 
requested iomap in use 
ionap already allocated 
iornap not allocated 
invalid iova 
buffer too large 
buffer page not wired 
buffer not napped 
page already wired 
page wired too many tines 
page not wired 
reference to csr fBge caused bus ti:rreout 
trap 6 executed outside of interrupt. routine 
invalid trap 6 code 
invalid usp at trap 6 
invalid argurrent at trap 6 
unexpected interrupt from };bu device 
ddf has wrong file type 
too rnany wired p;l.ges 
csr not in device I S CSt p:ige 
controller already nappad 
bad controller JreITOry length 
bad buffer address 
interru];t. library not found 
device library not found 

os / line pr inter module: 
(001F0001) pna board not installed in systsn 
(001F0002) invalid string length 
(001F0003) invalid str ing termination 
(00lF0004) line printer not acquired 
(001F0005) line printer already acquired 
(00lF0006) internal error 
(001F0007) ppn list overflow - internal error 
(001F0008) line printer not assigned 

OS / OS info supplier: 
(00200001) array too snaIl for complete table 

OS / badspot nanager: 
(00210001) bad checksum in physical badspot block 
(00210002) bad count in physical badspot block 
(00210003) missing minus-one in physical badspot block 
(00210004) badspot list too snell 
(00210005) no physical badspot blocks read or written 
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(00210006) physical baCispot list portially read or 
written 

(00210007) duplicate entry in baCispot list 
(00210008) no physical baCispot infornation on disk 
(00210009) bad daddr for Iv label baCispot extension 

block 

as / magtape manager: 
(0022FFFE) warning: tape not at load-point 
(0022FFFF) warning: tape unit is offline 
(00220001) invalid rot lU1it nurrber 
(00220002) invalid node field 
(00220003) invalid buffer length 
(00220004) invalid porameter 
(00220005) no PNI\. board installed in system 
(00220006) magtape unit is not oonnected 
(00220007) magtape not acquired 
(00220008) magtape unit is not ready 
(00220009) unit will not fit thru 25" batch 
(0022000A) magtape unit in use 
(0022000B) magtape not initialized 
(0022000C) magtape already acquired 
(0022000D) invalid option 
(0022000E) too many outstanding operations 
(0022000F) invalid buffer address 
(00220010) invalid oount for erase or spoce operation 
(00220011) tape drive is hung 
(00220012) PP1 list overflow - internal error 
(00220013) config 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 oonmand issued while not in batch node 
(00220019) header or buffer misalignment on chained r/w 
(002200lA) user quit while in mt_$wait 
(0022001B) tirreout during wait or release 
(0022001C) header buffer not on header poge 
(00220010) no room from mt_$write - internal error 
(0022001E) info array (passed to mt_$wait) too small 
(0022001F) too many pages wired 
(00220020) too many p,u devices in use 
(00220021) buffer already wired 
(00220022) buffer not wired 

OS / ACL manager: 
(00230001) no right to perform operation 
(00230002) insufficient rights to perform operation 
(00230003) exit---"uper called more often than 

enter_super 
(00230004) wrong type - operation illegal on system 

objects 
(00230005) entry already exists 
(00230006) ACL is remote 
(00230007) ACL is on different volurre than object 
(00230008) ACL protects wrong type of obj ect 
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(00230009) 
(0023000A) 
(0023000B) 
(0023000C) 
(0023000D) 
(0023000E) 
(0023000F) 

insufficient address sr:ace to open ACL 
entry was rratched by a wild card 
no entry - entry nurrber too large 
iIrage buffer too snaIl or incorrect size 
ACL object not found 
ACL would be unchangeable 
object nay not be readable bY backup 

procedure 

os I PEB nanager: 
(00240001) fpu is hung 
(00240002) PEB interrupt 
(00240003) floating point overflow 
(00240004) floating point underflow 
(00240005) divide by zero 
(00240006) floating point loss of significance 
(00240007) floating point hardware error 
(00240008) attempted use of unimplemented opcode 
(00240009) wcs verify failed 

OS I network logging rranager: 
(00250001) ppn list overflow 

as I color display nanager: 
(00260001) illegal caller 
(00260002) too rrany wired pages 
(00260003) virtual address not page aligned in 

coloC$rnap 
(00260004) 
(00260005) 
(00260006) 
(00260007) 

pages unrrapped out of order 
parameter value out of range 
color display not available 
instruction queue done wait tired out 

Streams Modules: 
(OlOlxxxx) stream rranager 
(0102xxxx) stream rranager 
(Ol03xxxx) stream rranager 
(0104xxxx) stream nanager 
(0105xxxx) stream rranager 
(0106xxxx) stream rranager 
(0107xxxx) stream rranager 
(Ol08xxxx) stream nanager 
(0109xxxx) stream rranager 
(OlOAxxxx) stream rranager 
(OlOBxxxx) stream rranager 
(OlOCxxxx) stream rranager 
(OlODxxxx) stream rranager 
(OlOExxxx) stream rranager 
(OlOFxxxx) stream rranager 
(OllOxxxx) stream rranager 
(Olllxxxx) stream rranager 
(Ol12xxxx) stream rranager 
(Ol13xxxx) stream rranager 
(Ol14xxxx) stream nanager 
(01l5xxxx) stream rranager 

Error Codes and Messages 4-10 

open 
create 
get_ree 
get-pr ior_rec 
seek 
createJlere 
tnmcate 
putJec 
replace 
put_chr 
close 
delete 
inquire 
redefine 
op:m_rec 
pacLcreate 
memory nanager 
get_conditional 
internal rrodule 
get_ec 
internal module 
get_fcb.sfcb 
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(0116xxxx) 

(0117xxxx) 
(0118xxxx) 
(0119xxxx) 
(OllAxxxx) 
(Ol1Bxxxx) 
(Ol1Cxxxx) 
(Ol1Dxxxx) 

stream manager I iBEernal roodule 

stream rranager 
stream rranager 
stream nanager 
stream rranager 
stream nanager 
stream rranager 
stream rranager 

get_feb. pfeb 
fork 
dup 
geUouf 
alloc-"lLsk 
free_slLsk 
init-"lLsk-POol 
bYP"ss 

Streams codes: 
(OlxxFFFB) warning: new name added but can It delete 

(OlxxFFFC) 
(OlxxFFFD) 
(OlxxFFFE) 

(OlXXFFFF) 
(OlxxOOOO) 
(OlxxOOOl) 
(Olxx0002) 
(Olxx0003) 
(Olxx0004) 
(OlxxOOOS) 
(Olxx0006) 
(Olxx0007) 
(Olxx0008) 
(Olxx0009) 
(OlxxOOOA) 
(OlxxOOOB) 
(OlxxOOOC) 
(OlxxOOOD) 
(OlxxOOOE) 

(OlxxOOOF) 

(OlxxOOlO) 

(OlxxOOll) 

(Olxx0012) 

(Olxx0013) 

(Olxx0014) 
(OlxxOOlS) 
(Olxx0016) 
(Olxx0017) 
(Olxx0018) 

(Olxx0019) 

(OlxxOOlA) 
(OlxxOOlB) 
(OlxxOOlC) 
(Olxx001D) 

old rIDIle 
warning: fix Igth recs & p"rtial rec at EOF 
warning: close anorraly 
inquire warning - object open on multiple 
streams 

warning: file trouble flag is set 
unused 
operation attempted on unopened stream 
attempted operation illegal on this stream 
nfromn stream not o:p=:n on switch request 
no available target stream for switch 
can I t switch - no available stream ids 
can It open stream to this object type 
no more available streams 
requested obj ect is in use 
end of file 
ran out of address sp3.ce 
permanent files must have names 
"put" of wrong length record 
internal fatal error; table re-verify failed 
parameter combination illegal for this 

stream op:ration 
operation illegal with variable length 

records 
bad position in relative record seek -

cur. PJS. not aligned on record ooundary 
attempt to seek beyond beginning of file 

(key=O?) 
bad character seek (to before start of 

current record) 
bad open_XP - must be already open on 

stream elsewhere 
count field for current record is in error 
name not found 
bad file header - CRC doesn't check 
bad location :r::arameter in create call 
inquire error - can I t open stream to this 
type of object 

object already o:p=:n on another stream by a 
different name 

stream id out of range 
unused 
object not found even though name exists 
unused 
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(01xx001E) 

(OlxxOOlF) 

(Olxx0020) 
(Olxx0021) 
(01xx0022) 
(01xx0023) 
(01xx0024) 
(01xx0025) 
(Olxx0026) 
(01xx0027) 
(01xx0028) 

(01xx0029) 
(OlxxOO2A) 

(01xx002B) 

(01xx002C) 
(01xx002O) 
(01xx002E) 
(OlxxOO2F) 
(01xx0030) 
(01xx003l) 

(01xx0032) 

(01xx0033) 

(01xx0034) 
(01xx0065) 

(01xx0066) 

(01xx0067) 
(01xx0068) 
(01xx0069) 

illegal ISd close - must close input ISd 
first 

attempted name change would require file 
rove 

object deleted while open on tbis stream 
name required - open with no name is illegal 
liF ISd put error - ·put· legal only at liF on ISds 
bad related pad - invalid or not open 
unable to lock needed resources 
tbis object type is illegal for ISd create 
internal memory management error - fatal 
attempted wr ite to read only stream 
replace length error; record size cannot 
change 

cannot redefine this attribute for a fad 
sometbing failed (inq/redef errJIask not 

anpty) 
illegal attempt to open stream to ranote 
device 

no access rights to object 
insufficient rights to object 
invalid data in wr ite to fad 
internal table sfBce error 
rove mode is needed - forced locate is on 
illegal forced locate recuest - legal only 
for disk files 

no rore shared file cursors available on 
this node 

internal error: shared file cursor has bad 
reference count (below zero) 

- (01xx0064) unused 
impl. restr.: char seek outside of current 

record illegal 
imp!. restr.: either record length or 
offset must be <= 65535 

creation of edit ISds unimplemented 
client side p3.d create unimplemented 
inquire for this object t~ not yet 

implemented 

display manager I DM process: 
(02010001) Conurand syntax error 
(02010002) Unknown command name 
(02010003) Too many command arguments 
(02010004) Position specification syntax error 
(02010005) Key definition incomplete 
(02010006) File not found 
(02010007) unable to access file 
(02010008) Text is read-only 
(02010009) No text under cursor 
(0201000A) Too many windows 
(0201000B) Too many pads 
(0201000C) Display manager internal error #1 
(02010000) Unable to write new file 
(020l000E) You must finish current command input 

request before rra.king another 
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(0201000F) 
(02010010) 
(02010011) 
(02010012) 
(02010013) 
(02010014) 
(02010015) 
(02010016) 
(02010017) 
(02010018) 
(02010019) 
(020100lA) 
(0201001B) 
(0201001C) 
(020100lD) 
(0201001E) 
(0201001F) 
(02010020) 
(02010021) 
(02010022) 
(02010023) 
(02010024) 
(02010025) 
(02010026) 
(02010027) 
(02010028) 
(02010029) 
(0201002A) 
(0201002B) 
(0201002C) 
(0201002D) 
(0201002E) 
(0201002F) 
(02010030) 
(02010031) 
(02010032) 
(02010033) 

(02010034) 
(02010035) 
(02010036) 
(02010037) 

(02010038) 

Key definition too long 
CUrsor is not in any window 
Line too long - tnmcated 
CC co:rma.nd requires p:>sition nark 
Unable to create new process 
Unable to create new IBd 
InPlt IBcls cannot be replicated 
Bad font file 
Font table full 
Unknown function key name 
Window too snaIl for any text 
Display nanager internal error #:2 
Pad deleted by client process 
Pad still active 
Illegal grow coordinates 
Display rranager jl3.cls cannot be named 
File is not an ascii file 
Processes still active 
Bad text range 
Paste buffer enpty 
Invalid regular expression pattern 
Pattern too long 
Illegal substitution expression 
No match 
J:*I input window cannot be deleted 
No room for more text at that :pJsition 
Invalid hexadecimal digit 
Invalid tabstop value 
Edit jl3.d alreadY ojl3.n on that file 
File alreadY roodified 
No window se leeted for grow or roove 
Line contains non-editable controls 
Cannot delete .bak file 
Heap file inconsistent during recovery 
Process name already exists 
Search aborted 
Ojl3.ration illegal during search or 
substitute 

Argurrent value out of range 
User logging out 
Error processing user_data/key_defs 
Previous fatal error prevents typing 

(try RW -R) 
Nothing left to UNIX) 

display manager I Heap manager: 
(02020001) heap table full 
(02020002) invalid length for heap get 
(02020003) invalid heap return 
(02020004) heap sIBce alreadY free on return 

display manager I Pad manager: 
(02030001) stream is not a jl3.d 
(02030002) input IBd required for this operation 
(02030003) stream id out of range 
(02030004) operation attempted on unopened stream 
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(02030005) 
(02030006) 
(02030007) 
(02030008) 
(02030009) 
(0203000A) 
(0203000B) 
(0203000C) 
(0203000D) 
(0203000E) 

trans~ript rad required for this operation 
pad not in raw node 
value out of range 
too rrany fonts loaded in this rad 
error loading font file 
unknown function key mrne 
only one input rad allowed per transcript 
illegal p:trarneter a:mbination 
existing pad must be an ascii file 
or;eration illegal with > 1 client process 

process rranager / process nanager: 
(03010001) invalid rarameters to FIiL$invoke 
(03010002) process had a fatsl error 
(03010003) no _ce for Known Global Table 
(03010004) process already named 
(03010005) process has no name 
(03010006) error initializing global read/write storage 
(03010007) error allocating PPM error mask 
(03010008) too rrany libraries - table srace exceeded 
(03010009) mark/release list full 

process rranager / loader: 
(03030001) too rrany undefined globals 
(03030002) object nodule has too many sections 
(03030003) not enough address srace to copy procedure 
(03030004) file is not an object oodule 
(03030005) object nodule format version is obSOlete 
(03030006) not enough address srace to map procedure 
(03030007) not enough address srace for static storage 
(03030008) Known-Global-Table is full 
(03030009) reference to undefined global 
(0303000A) library contains unresolved global (s) 
(0303000B) peb required to execute this Object nodule 

process nanager / process fault manager: 
(03040001) cleanup handler released out of order 
(03040002) invalid cleanup record 
(03040003) cleanup handler established successfully 
(03040004) pfnL$cleanup-,*,t was signalled 
(03040005) no rws srace to create static cleanup 

handler 
(03040006) static cleanup handler not found 

process rranager / program rranager: 
(03050001) argument does not exist 
(03050002) argument is too big for supplied buffer 
(03050003) stream vector is too large (>8) or permutes 

streams 
(03050004) not a program 

process nanager / napped segment nanager: 
(03060001) unsupported access rights requested 
(03060002) attempt to release segment mapped by 

previous level 
(03060003) no object mapped at virtual address supplied 
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(03060004) object already locked in a way that 
precludes' your requested use 

(03060005) no SI=ace 
(03060006) bad length 

process rranager / r/w storage rranager: 
none 

us / file utility: 
(04010001) Object must be a leaf 
(04010002) unrecognized sys_type retur:ned from 

file_$attributes 
(04010003) unrecognized entry type returned from 

naming server 
(04010004) unable to replace or delete a system 

directory 
(04010005) compare failed 
(04010006) destination directory is contained within 

source directory 
(04010007) can't copy a file or tree to itself 
(04010008) source and destination are on different disk 

volurres 

us / print utility: 
(04020001) /sys/print is not a link! 
(04020002) print queue directory specified by link was 

not found 
(04020003) file to be printed is not an ascii text file 

us / DB: 
(04030001) normal exit from debugger 

US / obj ect module IO: 
(04040001) too many IO channels in use 
(04040002) channel is not open 
(04040003) get or put outside file 
(04040004) ran out of free read/write storage 

us / TU58 tape: 
(04050001) bad block number 
(04050002) invalid op code 
(04050003) motor stopped 
(04050004) seek error 
(04050005) data check 
(04050006) write protected 
(04050007) no cartridge 
(04050008) bad unit number 
(04050009) end of tape 
(0405000A) failed self-test 

us / sio: 
(04060001) 
(04060002) 
(04060003) 
(04060004) 

Object on this stream is not sio line 
bad option p;trameter 
illegal stream id 
stream not ofen 
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us I pattern natcher: 
(04070001) too many tag specifiers ("{ 1ft) 

(04070002) too many end-tag characters ("}") 
(04070003) missing end-class character ("J") 
(04070004) invalid use of closure (".') 
(04070005) missing end-tag character ("}') 
(04070006) pattern too big to fit in supplied buffer 
(04070007) invalid escape sequence 
(04070008) bad pattern 
(04070009) given string and pattern do not natch 
(0407000A) output string too snell 

us / wildcard processor: 
(04080001) can't get free space for pathname 
(04080002) invalid wildcard length 
(04080003) invalid wildcard name 
(04080004) invalid use of directory closure 

(04080005) 
(04080006) 
(04080007) 
(04080008) 
(04080009) 
(0408000A) 

("*" or "+") 
too many coInIX>nents 
internal error #1 
circular link detected 
first name found 
excess end taqs (n}n) in wildcard 
missing end tags ("}") in wildcard 

us I font nanager: 
(04090001) font table is full 
(04090002) bad font file 
(04090003) unrecognized font version # 
(04090004) bad font id argunent 
(04090005) bad value id 
(04090006) character is not in font 
(04090007) free storage sp'ce full 
(04090008) character is too large 
(04090009) descriptor or header value is out of range 
(0409000A) invalid character code 
(0409000B) no character irrage 
(0409000C) font is read-only 
(0409000D) one or more irrages are required 
(0409000E) font table is full 

us I shell: 
(040A0001) 

(040AO002) 

(040A0003) 

us I aclm: 
(04000001) 
(040B0002) 
(040B0003) 

(04000004) 

shell program too large: syntax tree space 
full 

shell program too large~ token buffer SIBee 
full 

shell programs nest too deeply (nay invoke 
itself) 

no right to perform operation 
insufficient rights to p;!rform operation 
exit...super called more often than 

entec...super 
wrong type - operation illegal on systen 

objects 
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(040B0005) 
(040B0006) 
(040B0007) 
(040B0008) 
(040B0009) 
(040BOOOA) 
(040BOOOB) 
(040BOOOC) 
(04000000) 
(040BOOOE) 
(040BOOOF) 

(040B0010) 
(040B0011) 
(040B0012) 
(040B0013) 
(040B0014) 
(040B0015) 
(040B0016) 
(040B0017) 
(040B0018) 
(040B0019) 

us / uvtoc: 
(040C0001) 
(040C0002) 
(040C0003) 

entry already exists 
ACL is ranote 
ACL is on different volurre than object 
ACL protects wrong type of object 
insufficient addre.s:s Brace to open ACL 
entry was natched by a wild card 
no entry - entry nunber too large 
image buffer too snaIl or incorrect size 
ACL obj ect not found 
ACL would be unchangeable 
Object nay not be readable by backup 

procedure 
reserved code 10 
reserved code 11 
reserved rode 12 
reserved code 13 
invalid right name 
invalid };erson identifier 
invalid project identifier 
invalid, organization ID 
invalld node ID 
non-existent SID 

object is not a local entry directory 
no available address sface 
end of vtoc 

library / opsn: 
(05010001) do not provide name for SCRAlI:H file 
(05010002) need name of file to opsn 
(05010003) invalid STATUS= option 
(05010004) direct access not allowed with variable 

length records 
(05010005) given record length is not oompstib1e with 

(05010006) 
(05010007) 
(05010008) 
(05010009) 
(0501000A) 
(0501000B) 

this file 
need record length > zero 
invalid ACCESS= option 
invalid FORM= option 
invalid UNIT= spscifier 
no Sp;ice to create requested IO llllit 
FORM= option value not compstib1e with this 
file 

(0501000C) BLI\NK= option not allowed for unfornatted 

(0501000D) 
(0501000E) 
(0501000F) 
(05010010) 

file 
invalid BLANK= option 
illlrecognized spscial name beginning with "-" 
cormrand line arguments are named .... 1 thru "'9 
file not found 

library / close: 
(05020001) KEEl? status not allowed for SCRAlI:H file 
(05020002) invalid STATUS= option 
(05020003) can't delete file 
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library / nark/release: 
(05030001) cannot find old Fortran 10 state record 

library / IO: 
(05040001) no sp3.ce to create IO unit 
(05040002) unit is not connected 
(05040003) recursive use of FORTRAN IO 
(05040004) direct access not allowed to sequential file 
(05040005) need record nuni:>er for direct access 
(05040006) invalid option(s) used to reference internal file 
(05040007) featUre not implanented yet 
(05040008) end of file 
(05040009) unfortl'atted operation not allowed on file 

opened for fOrtl'atted IO 
(0504000A) formatted operation not allowed on file 

opened for unformatted IO 

library / IO transfer: 
(05050001) Internal format error 
(05050002) No edit specifier in forrrat 
(05050003) Improper character in input data 
(05050004) Real exponent too large 
(05050005) Improper format descriptor for variable type 
(05050006) Data overflows buffer size 

library / read: 
(05060001) end of file 
(05060002) record is larger than available buffer 

library / write: 
(05070001) nyi 

library / position: 
(05080001) no sp3.ce to create unit 
(05080002) unit is not connected 
(05080003) recursive IO 

library / floating point: 
(05090001) overflow in add/sub 
(05090002) underflow in add/sub 
(05090003) loss of significance in add/sub 
(05090004) overflOW in multiply 
(05090005) underflow in multiply 
(05090006) overflow in divide 
(05090007) underflow in divide 
(05090008) division by zero 
(05090009) overflow in convert to word integer 
(0509000A) overflow in convert to long integer 
(0509000B) overflow in dp add/sub 
(0509000C) underflow in dp add/sub 
(0509000D) loss of significance in dp add/sub 
(0509000E) overflow in dp multiply 
(0509000F) underflow in dp multiply 
(05090010) overflow in dp divide 
(05090011) underflow in dp divide 
(05090012) dp division by zero 
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(05090013) 
(05090014) 
(05090015) 
(05090016) 
(05090017) 
(05090018) 

(05090019) 

overflow in convert double to single 
underflow in convert double to single 
square root of a negative nurrber 
overflow in exp function 
overflow in dp exp flUlction 
arg of log function less than or equal to 

zero 
op arg of log function less than or equal to 

zero 

library / inquire: 
(050A0001) cm line args are nameo "1 thru "9 
(050A0002) recursive io 
(050A0003) target string too small 

library / format: 
(05080001) left parenthesis expecteo 
(05080002) right parenthesis expected 
(05080003) perioo expected 
(050B0004) corrrra, colon, slash, or right rarenthesis 

(05080005) 
(05080006) 
(05080007) 
(05080008) 

expecteo 
unsigned integer constant expected 
p format not followed by f, e, d t or 9 
bao hollerith or character constant 
unrecognized format st=€cifier 

library / tfp: 
(OSOCFFFF) computed block count mesn't retch that in 

IDF label 
(050COOOl) 
(05OC0002) 
(050C0003) 
(050C0004) 
(050C0005) 
(050C0006) 
(050C0007) 
(05OC0008) 
(OSOC0009) 
(050COOOA) 
(05OC0008) 
(050COOOC) 
(050COOOD) 
(050COOOE) 
(050COOOF) 
(OSOCOOIO) 
(050COOll) 
(050C0012) 
(050C0013) 
(050C0014) 

(050COOlS) 
(050C0016) 
(050C0017) 
(050C0018) 
(050C00l9) 
(050COOlA) 

voll..lm2 not found 
volume not o:r;en 
volume already open 
file not op:!n 
file alreaDy open 
file not found 
tape i/o error 
end of volume encountered 
invalid file section value 
invalid file sequence value 
invalid generation murber value 
invalid generation version number value 
invalid block count value 
invalid block length value 
invalid record length value 
invalid buffer offset value 
no tcb is available (internal table full) 
invalid unit nurrber 
first label on volurre is not VOLI label 
label version nurrber in vaLl label is not 

"3" 
tape drive is already in use by this process 
end of file 
tape limit: eot/bot rrarker encountered 
label size is in error; not 80 characters 
block size is too large 
invalid record format sI,:ecifier 
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(OSOCOOlB) 

(OSOCOOlC) 

(OSOCOOlD) 
(OSOCOOlE) 
(OSOCOOlF) 
(OSOC0020) 

(OSOC002l) 

(OSOC0022) 

(OSOC0023) 

(OSOC0024) 
(OSOC002S) 
(OSOC0026) 
(OSOC0027) 
(OSOC002B) 
(OSOC0029) 

(OSOCOO2A) 

(05OC002B) 

(050C002C) 

(OSOCOO2D) 

(OSOC002E) 

(OSOCOO2F) 

(OSOC0030) 
(OSOC003l) 
(OSOC0032) 

(OSOC0033) 
(OSOC0034) 
(OSOC003S) 
(OSOC0036) 
(OSOC0037) 
(OSOC003B) 
(OSOC0039) 
(OSOC003A) 
(OSOC003B) 

(OSOC003C) 
(050C003D) 

(05OC003E) 
(OSOC003F) 
(OSOC0040) 
(050C004l) 
(OSOC0042) 

unlabeled ol"'ration attempted ona labeled 
volurre 

labeled ol"'ration attempted on an unlabeled 
volurre 

invalid volurre id 
conflicting blocking infornation 
file does not exist on this volmre 
internal or exception procedure returned bad 
new-volune info 

a HDRl label is missing where one is 
required 

an IDFl (or IDVl) label is missing where one 
is required 

a double filemark was encountered 
unexpectedly 

inconsistent file sequence nurrbers 
file sequence nurrber tracking error 
read attempted on file ol"'n for writing 
write attempted on file ol"'n for reading 
block list size is invalid 
an IDVl (or EXJFl) label is missing where one 
is required 

wrong volurre, file header is inconsistent 
with previous trailer 

operation not started due to error in 
previous block list 

record i/o attempted on volurre ol"'n for 
block i/o only 

variable record with invalid record control 
word encountered 

spmned record with invalid segment control 
word encountered 

erroneous sp;uming indicator or segment out 
of sequence encountered 

invalid mode set I"'ssed to tfp_$setJOOde 
invalid envirorunent for rot/status required 
more info returned from mt_$wait that 

expected 
attempt to enqueue too many ol"'rations 
magtal'" is offline or floppy is not ready 
wait not I"'rformed before go 
go called with no work to do 
invalid operation code 
as magtal'" manager out of Po's 
wait called when not required 
as rragtape nanager didn I t purge ops on error 
# ops executed does not match # ops 
completed 

i/o error recovery failed 
invalid recovery value returned by 
execption handler 

zero length block list unexpected 
tape rewind error 
tape s};ece-record error 
tape sf):we-filema.rk error 
tape write-filemark error 
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(050C0043) 
(050C0044) 
(050C0045) 
(050C0046) 

tape or floppy is write-protected 
redundant call to wire i/o buffers 
attempt to already-unwired i/o buffers 
unable to re-open Vol4JDei current fX>sition 
is unknown 

(050C0047) 
(050C0048) 

unable to re-open voll.U'rej info file is bad 
tape read-foreign error 

library / Pascal IO: 
(05000001) too rrany open files 
(05000002) use of unopened file 
(05000003) REWRITE required before writing to file 
(05000004) RESET required before reading from file 
(050D0005) read pest end of file 
(050D0006) real exponent too large 
(050D0007) invalid operation on file 
(050D0008) invalid OPEN perameter 
(050D0009) inconsistent file usage 
(050DOOOA) invalid read data 

library / MBX manager: 
(050EOOOl) size perameter too large 
(050E0002) size perameter too small 
(050E0003) too many channels 
(050E0004) illegal nbx handle 
(050E0005) file already in use 
(050E0006) no room in channel 
(050E0007) msg too big for channel 
(050E0008) no active servers 
(050E0009) open rejected 
(050EOOOA) end of file 
(050EOOOB) no available channels 
(050EOOOC) channel not open 
(050EOOOD) unexpected control message received 
(050EOOOE) remote transmit failed 
(050EOOOF) remote reply wait timed out 
(050EOOIO) remote service currently unavailable 
(050EOOll) invalid mbx handle 
(050E0012) wrong mbx version number 
(050E0013) unknown remote request 
(050EOOI4) remote service denied 
(050EOOI5) channel empty 
(050EOOI6) supplied buffer too small 
(050EOOI7) record was truncated 
(050E0018) no roore resources available 
(050EOOI9) bad key 
(050EOOIA) returned data does not complete a record 

library / ptx plot peckage: 
(050FOOOI) image too small in the x-dimension 
(050F0002) image too small in the y-dimension 
(050F0003) invalid value for horizontal start 

library / floppy seq i/o manager: 
(0510FFFE) warning: record truncated 
(0510FFFF) warning: disk almost full 
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(05100001) 
(05100002) 
(05100003) 
(05100004) 
(05100005) 
(05100006) 
(05100007) 
(05100008) 
(05100009) 
(0510000A) 

(0510000B) 
(0510000C) 
(0510000D) 
(0510000E) 

(0510000F) 
(05100010) 

(05100011) 
(05100012) 
(05100013) 

invalid floppy unit * 
floppy is full 
control block is too large 
end of file 
end of tape 
unit is already open 
unit is not o~n 
attempted write on read~n1y floppy 
invalid rrarker sfecification 
data error: filler expected where none was 

found 
data error: filler fOlU1d where not expected 
data error: invalid control code 
data error: record trailer missing 
data error: record trailer cbesn It natch 

header 
beginning of tape 
data error: beginning of tape found where 

unexpected 
floppy is physically write-protected 
floppy is not ready 
invalid label record -- probably not written 
with WBAK 

library / Ethernet driver: 
(05110001) 
(05110002) 
(05110003) 
(05110004) 
(05110005) 
(05110006) 
(05110007) 
(05110008) 
(0511000Q) 
(051100vA) 
(0511000B) 
(0511000C) 
(0511000D) 
(0511000E) 
(0511000F) 
(05110010) 
(05110011) 
(05110012) 
(05110013) 
(05110014) 
(05110015) 
(05110016) 
(05110017) 

controller does not exist 
invalid ethernet controller nurrber 
controller not online 
invalid buffer size parameter 
invalid statistics t~ 
invalid rrode parameter 
invalid options pe.rarneter 
illegal number of addresses 
address is not a valid group address 
no receive available 
quit while waiting 
receive pe.cket truncated 
too rrany collisions 
device tined out 
operation failed 
internal frame header invalid 
internal drra length error 
unexpected status from device 
NMlO scratchpad test failed 
NMlO dna test failed 
NMlO transmitter test failed 
NMlO receiver test failed 
NMlO 1oopoack test failed 

library / versatec driver: 
(05120001) invalid action code 
(05120002) invalid buffer size 
(05120003) no PBU or Versatec controller is installed 
(05120004) device is offline 
(05120005) device is out of paper 
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library / pipe nanager: 
(05130001) supplied buffer too large 
(05130002) pipe is empty 
(05130003) pipe is full 
(05130004) illegal pipe operation 
(05130005) pipe bas no readers 
(05130006) pipe bas no writers 

library / amlc nanager: 
(05140001) controller roes not exist 
(05140002) bad unit rumber 

library / streams-1\Bgtape nanager: 
(05150001) object is not a nagtape file descriptor 
(05150002) nagtape file descriptor contains invalid 

(05150003) 
(05150004) 
(05150005) 
(05150006) 
(05150007) 
(05150008) 
(05150009) 
(0515000A) 
(0515000B) 
(0515000C) 
(05150000) 
(0515000E) 

data 
invalid attribute specifier 
invalid creation/expiration date 
invalid record fornat 
descriptor file is read-only 
invalid unit rumber 
invalid file sequence rumber 
invalid file section rumber 
invalid block length 
invalid record length 
invalid generation mlIliJer 
invalid generation version nurrber 
invalid buffer offset 

graphics / pdmiti ves: 
(06010001) PrimitiVes not initialized 
(06010002) Primitives already initialized 
(06010003) Wrong display hardware 
(06010004) Operation illegal for IloI frame 
(06010005) Must borrow display for this operation 
(06010006) No attributes defined for bitnap 
(06010007) No JIl)re bitnap spece available 
(06010008) Dirrension too big 
(06010009) Dirrension too snall 
(0601000A) Bad bitnap descriptor 
(0601000B) Bad attribute block descriptor 
(060100OC) WinOOw origin out of bitnap bounds 
(06010000) Source window origin out of bitnap bounds 
(0601000E) Destination window origin out of bitnap 

bounds 
(060100OF) Invalid plane rumber 
(06010010) cannot deallocate this bitnap 
(06010011) Coordinate value out of bounds 
(06010012) Invalid color nap 
(06010013) Invalid raster operation value 
(06010014) Bitnap is read-only 
(06010015) Internal error 
(06010016) Font table is full 
(06010017) Bad font file 
(06010018) Invalid font id 
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graphics / 1lM support: 
(06020001) Invalid bitnap address 
(06020002) Invalid bitnap length 

graphics / cere graphics: 
(06030001) 3D inquiry function needed 
(06030002) Count parameter or array size is less than 1 
(06030003) Array size is less than 3 
(06030004) There is no selected view surface 
(06030005) Inconsistant viewing specification 
(06030006) A segnent is currently open 
(06030007) There is no open segnent 
(06030008) Color attribute not supported by view 

surface 
(06030009) IntenSity attribute not supported by view 

surface 
(0603000A) Requested linestyle attribute not supported 
(0603000B) Requested linewidth attribute not supported 
(0603000C) Requested pen attribute not supported 
(0603000D) Requested font not supported 
(0603000E) String centains undefined characters 
(0603000F) Charplane and charup vectors are parallel 
(06030010) Requested narker symbol not supported 
(06030011) There already is an open segnent 
(06030012) The requested retained segnent name already 

exists 
(06030013) Current inage transformation is of wrong 

type 
(06030014) There is no open retained segnent 
(06030015) There is no retained segnent natching given 

(06030016) 

(06030017) 
(06030018) 

(06030019) 
(060300lA) 
(0603001B) 
(0603001C) 

(0603001D) 

(0603001E) 
(0603001F) 
(06030020) 
(06030021) 
(06030022) 

(06030023) 
(06030024) 
(06030025) 
(06030026) 
(06030027) 
(06030028) 
(06030029) 

name 
There already exists a segment with given 

name 
There is no open tanporary segment 
One or IOOre of the attr ibute values is 

invalid 
All cbarplane normal comIX>nents are zero 
All charup oornp::ments are zero 
Irrage transformation type is invalid 
Drage transformation higher type than 

requested 
Segment mage xform type not comIBtible with 

inq 
Segnent inage xform type higher than inquiry 
Maximum less than minimun value (20) 
View up vector components both equal zero 
Program has already set NDC space 
NDC default space has already been 
established 

A r:arameter is not in NI:C system : 0->1 
Neither width nor height is equal to 1 
Width or height is equal to zero 
VieWfX)rt corner outside of NIX:: spice 
A 3D viewing function was needed, not 2D 
Sp=cified NOC p)sition is outside viewpJrt 
The world coordinate xform is not invertible 
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(0603002A) 

(0603002B) 

(0603002C) 
(0603002D) 
(0603002E) 
(0603002F) 

(06030030) 
(06030031) 

(06030032) 

(06030033) 

(06030034) 

(06030035) 
(06030036) 

(06030037) 
(06030038) 
(06030039) 

(0603003A) 
(0603003B) 
(0603003C) 
(0603003D) 
(0603003E) 
(0603003F) 
(06030040) 
(06030041) 
(06030042) 
(06030043) 
(06030044) 
(06030045) 
(06030046) 
(06030047) 
(06030048) 
(06030049) 
(0603004A) 
(0603004B) 
(0603004C) 
(0603004D) 
(0603004E) 
(0603004F) 
(06030050) 
(06030051) 
(06030052) 
(06030053) 
(06030054) 
(06030055) 
(06030056) 
(06030057) 
(06030058) 

WOrld coordinate position outside clipping 
window 

All 3 comp::ments of view plane nomal are 
zero 

Front distance is greater than back distance 
Parallel projection and direction oomp::ments = 0 
Window naximum less than window minimum 
All 3 viewup normal vector mmp:>nents are 

= 0 
MaximlDll less than rninimm value (3D) 
Projection of world coord. position outside 
window 

WJrld coordinate };X>sition in front of clip 
plane 

World ooordinate fOsition in back of clip 
plane 

l\1:)rld coord. position behind center of 
projection 

Coordinate system type has already been set 
Too late - viewing established or segment 
exists 

View plane nomal and viewup vector p;irallel 
Front plane not between cop and back plane 
Direction of projection aparallel to view 

plane 
Center of projection on or behind view plane 
Front and back clipping planes coincident 
Device already initialized 
Device class or device nurrber is invalid 
Device class is invalid 
Array contains invalid device nurrber 
Device is not initialized 
Device is already enabled 
Member of group not initialized 
Device is not enabled 
Locator device not enabled 
Valuator device not enabled 
Time p:lrarneter is less than zero 
Event device not initialized 
Invalid event device class 
Association already exists 
Event class is invalid 
One or both devices not initialized 
Association does not exist 
Event rep:>rt not from pick device 
Event report not from keyboard device 
Event report not from stroke device 
Needed 3D input function 
Locator not enabled or associated 
Valuator not enabled or associated 
No button devices are initialized 
Specified pick device not initialized 
Specified keyboard device not initialized 
S~cified stroke device not initialized 
Specified locator device not initialized 
Specified valuator device not initialized 
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(06030059) 
(060300SA) 

(0603005B) 

(060300SC) 
(0603005D) 
(0603005E) 
(0603005F) 
(06030060) 
(06030061) 
(06030062) 
(06030063) 

(06030064) 
(06030065) 
(06030066) 
(06030067) 
(06030068) 
(06030069) 
(0603006A) 
(0603006B) 
(0603006C) 
(0603006D) 
(0603006E) 
(0603006F) 

(06030070) 
(06030071) 
(06030072) 
(06030073) 
(06030074) 
(06030075) 
(06030076) 
(06030077) 
(06030078) 
(06030079) 
(0603007A) 
(0603007B) 

(0603007C) 
(0603007D) 
(0603007E) 
(0603007F) 
(06030080) 
(06030081) 
(06030082) 
(06030083) 
(06030084) 
(06030085) 
(06030086) 
(06030087) 
(06030088) 
(06030089) 
(060300SA) 
(0603008B) 

Echo tYfe is invalid for s!>,cified class 
Specified device does not accept echo 

segrrent 
lnage xforrn of segment incornp:ltible with 
echo tYfe 

Echo :fX)sition outside of Nee sp:ice 
Pick aperature is less than 01: equal to zero 
Buffer size out of boW1ds 
Cursor start position out of bounds 
Initial string contains undefined characters 
Sp::cified button device is not initialized 
Distance or tire less than or equal to zero 
S~cified locator :pJsition outside of :NIX:: 

srace 
Maximum less than minirnun (3D) 
Locp:>rt corner outside of NIX: srace 
Low value is greater than high value 
Initial value not within defined range 
Associated size less than or equal to zero 
Duplication size less than or equal to zero 
Core has already been initialized 
S!>,cified output level cannot be sUpp:>rted 
S!>,cified input level cannot be sUP>Orted 
S:r.ecified diIrension cannot be supported 
View surface is already initialized 
No output device associated with view 

surface 
No other view surface can be initialized 
View surface is not initialized 
View surface is already selected 
View surface cannot be selected 
View surface has not been selected 
IlTIITediate viSibility state is invalid 
Currently in batch of uplates 
Not in batch of uplates 
Element of segment array does not exist 
Invalid visibility array element 
Core has not been initialized 
Function at a higher level than current 

suP>Ory 
Invalid error log invocation 
Function is not sUPJ;X)rted 
Parameter oount is incorrect 
One or rore fa,rameters invalid 
Vertex array is too srrall 
Intensity value is invalid 
Color value is invalid 
Sp:cified table range is invalid 
l£>w or high table index is invalid 
lDw table index is greater than high 
Too few values to fill specified range 
Invalid intenSity array element 
Invalid color array element 
Origin outside NDC S(Bce 
Array size invalid 
Ar ray row invalid 
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(060300BC) 
(06030080) 
(0603008E) 
(0603008F) 
(06030090) 
(06030091) 
(06030092) 
(06030093) 
(06030094) 
(06030095) 
(06030096) 
(06030097) 
(06030098) 
(06030099) 
(0603009A) 
(0603009B) 

Array co1urm invalid 
Invalid parameter value 
View surface is initialized to intensity 
Invalid index value 
Shading vertex misnatch 
Vertices not coplanar 
Less than three vertices received 
Index range is too large 
Table is too snall 
View surface is of type color 
View surface is of tYfe intensity 
There is no hidden surface support 
The specified m:xle is invalid 
View surface is initialized 
Invalid view surface t~ {Brameter 
In..,t currently not supported in frame m:xle 

graphics / metafile nanager: 
(06040001) Bits/inch p;rameter is negative 
(06040002) X dimension is not positive 
(06040003) Y dimension is not ..,sitive 
(06040004) WOrds/line p;rameter is too snall 
(06040005) Position p;rameter is illegal 

registry nanager / Pro supervisor: 
(07010001) Name not defined 
(07010002) Name already defined 
(07010003) Name is too long 
(07010004) IncOlll{>itib1e program and file versions 
(07010005) No more memory sp;ce available 
(07010006) File open for read, not write 
(07010007) Invalid file, internal error 
(07010008) Pro salvage only p;rtially complete 
(07010009) No valid Pro file found at any registry site 
(0701000A) Name has invalid characters 
(0701000B) cannot delete reserved name 
(070100OC) unable to access wo file at any registry 

site 

registry nanager / Accounts supervisor: 
(07020001) Account not defined 
(07020002) Last entry cannot be deleted 
(07020003) Invalid operation on local registry 
(07020004) Incomp;tible program and file versions 
(07020005) No more memory sp;ce available 
(07020006) File open for read, not write 
(07020007) Invalid file, internal error 
(07020008) Account salvage only p;rtially complete 
(07020009) No valid account file found at any registry site 
(0702000A) Unable to access account file at any 

registry site 

registry manager / Registry supervisor: 
(07030001) Invalid registry file, internal error 
(07030002) Registry already open for that file type 
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(07030003) Registry is open for read. Cannot open for 
write 

(07030004) 
(07030005) 

Index exceeds rumlJer of sites in registry 
Attempt to open two registr ies 

simultaneously 
(07030006) 
(07030007) 

Name is not a site in this registry 
Site pat:hname too long, cannot append 

filename 
(97030008) 
(07030009) 
(0703000A) 

Attempt to delete last site of registry 
Invalid pat:hname 
Full site pathname required for existing 
sites. 

registry nanager / Login supervisor: 
(07040001) Shutting down 
(07040002) Exiting 

D3M data nanagenent / d3mlib: 
(08010001) database not open 
(08010002) dbk for wrong area 
(08010003) database already open 
(08010004) unused 
(08010005) duplicates error 
(08010006) current unknown 
(08010007) end of set or area 
(08010008) unknown name; not in schema 
(08010009) database is open read only 
(0801000A) wrong IBssword 
(0801000B) no disk space 
(080100OC) dbk not available/no good 
(08010000) unused 
(0801000E) no current of this record type 
(0801000F) set has no optional _rs 
(08010010) record is already_r 
(08010011) violation of concatenated set integrity 
(08010012) unused 
(08010013) unused 
(08010014) current of ree wrong type 
(08010015) current of rununit of wrong type 
(08010016) record not IIE!I1ber in set 
(08010017) record not in area 
(08010018) unused 
(08010019) unused 
(080100lA) no record satisfies record selection 
(0801001B) unused 
(0801001C) area already open 
(0801001D) area not open 
(0801001E) delete set not empty 
(080100lF) internal stack overflow 
(08010020) invalid literal argument 
(08010021) invalid virtual itan 
(08010022) unused 
(08010023) Jrod var Igth needs 2 bufs 
(08010024) unused 
(08010025) unused 
(08010026) unused 
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(08010027) 
(08010028) 
(08010029) 
(0801002A) 
(0801002B) 
(0801002C) 
(080l002D) 
(0801002E) 
(0801002F) 
(08010030) 
(08010031) 
(08010032) 
(08010033) 
(08010034) 
(08010035) 
(08010036) 
(08010037) 
(08010038) 
(08010039) 
(0801003A) 
(0801003B) 
(0801003C) 
(08010030) 
(0801003E) 
(0801003F) 
(08010040) 
(08010041) 
(08010042) 
(08010043) 
(08010044) 
(08010045) 
(08010046) 
(08010047) 
(08010048) 
(08010049) 
(0801004A) 
(0801004B) 
(0801004C) 
(08010040) 
(0801004E) 
(0801004F) 
(08010050) 
(08010051) 
(08010052) 
(08010053 ) 
(08010054) 
(08010055) 
(08010056) 
(08010057) 
(08010058) 
(08010059) 
(080100SA) 
(0801005B) 
(080100SC) 
(08010050) 
(0801005E) 

unused 
findv requires sorted set 
findc requires calced record 
record not indexed 
unused 
improper set rrode 
set, record, etc. not in subschema 
unused 
unused 
unused 
unused 
unused 
deleted ree referenced 
key relation mismatch 
HLI:t-1L call error 
HLIJI1L syntax error 
HI..I:ML senantic error 
Hl£ML execution error from D3MLIB 
unexpected HLII-1:L execution error 
HIL.ML internal error 
unused 
unused 
close error 
name not found 
file not found 
required resources not available 
end of file 
wrong object type 
unable to open 
bucket initialization error 
unused 
loc IOOde select required in all sets 
too nany sets in [:6th 
multischema inconsistency 
distributed mL operation not sllpp:>rted 
dynamiC store error 
violation of distributed set integrity 
unused 
unused 
unused 
unused 
internal bad bucket number 
transaction call err 
active transaction required 
unused 
unused 
unused 
unused 
unused 
UWA is too large; insufficient memory 
schema/subschema confusion 
recompile schema 
read error on (sub)schema file 
(sub)scherna file open err 
database write error 
database read error 
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(0801005F) 
(08010060) 
(08010061) 
(08010062) 
(08010063) 

concurrency violation 
device unavailable 
insufficient virtual rreroory 
must preallocate file (use INDB) 
bad bucket adress 

AUX / signal: 
(09010001) 
(09010002) 
(09010003) 
(09010004) 
(09010005) 
(09010006) 
(09010007) 
(09010008) 
(09010009) 
(0901000A) 
(09010008) 
(0901000C) 
(0901000D) 
(0901000E) 
(0901000F) 
(09010010) 
(09010011) 
(09010012) 
(09010013) 

hangup fault 
interrupt fault 
quit fault 
illegal instruction fault 
trace trap fault 
lar instruction fault 
EM!' instruction fault 
floating [Oint exception fault 
process kill fault 
bus error fault 
segmentation violation fault 
bad argument to system call fault 
broken pipe fault 
alarm clock fault 
software termination fault 
user-defined fault (1) 
user-defined fault (2) 
child death fault 
p:>wer failure fault 
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HXJ!' ER!lORS (ProM) 

error: boot not found - The SYSBCOr read from records 2 
thru B did not have a good 
boot header. 

disk init error <Be> <RCD> <UNIT> <w/F> 
disk read error <Be> <RCD> <UNIT> <W/F> 

se = Status COde 
RCD = Record Address 
unit = Disk unit No. 
w/F = Winchester/Flo!'PY 

Winchester Status COdes: 1 - not responding 
2 - not ready 

11 - seek not complete 
12 - CRC, tiIreout, huserr, 

overrWl 
13 - drive faults 

F1o!'PY Status COdes 1 - wrong no. of status bytes 
2 - seek not complete 
3 - equipnent check 

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

DIAGDSTIC ERIDR mres 

error: 
<test no.><detected at><object addr><data is><data sb> 

test 1 = checksum 
2 = PFT 
3 = Pl'T 
4 = IOMAP 
5 = PFT/l'l'T/IOMAP interactions 
6 = First 256KB (..,ysical) 
7 =' • (napped) 
8 = • verify IlBpping 
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MNEWNIC DEBUroER ERroR mDES rOOM) 

Printed on system crash or other entry to MD. See also 
System Crash Analysis under O]:erational Procedures. 

A 

B 

E 

J 
P 
S 

T 

U 

<PC> <SR> <IR> <FA> <PC> 
<PC> <Contents) 
<PC> <SR> <IR> <FA> <PC> 
<PC> <Contents> 

<PC> <SR> 
<PC> <Contents> 

<PC> <SR> 
<PC> <Contents> 
<PC> <SR> 
<PC> <contents> 
<PC> <SR> 
<PC> <Contents> 
<PC> <SR> 
<PC> <Contents> 

PC = Program Counter 
SR = Status Register 
IR = Instruction Register 
FA = Fault Address 
PC = Fault Code 

System User 
-1------+-----+ 

SR: iT-S-III i-XNZVCi 
t-------t---+ 

T - Trace Mode 

- Address Error 

- Bus Error 

- Operational Error 
- Unexpected Interrupt 

- Spurious Interrupt. 
- Parity error (DN300 only) 
- Trap instruction or 

break]X>int 
- Trace trap 

- Unimp inst trap 

- Divide by zero trap 

x - Extend 
S - Sup? rvisor Mode N - Negative 

Z - Zero III - Interrupt Mask 

15 

000 - enabled 
III - disabled 

I --+ 
PC: i---RNFFFi 

i-------+ 

o - Overflow 
C - carry 

R = 1 => Read operation 
N = 1 => Not instruction reference 
FIT - Function code: 

001 User data 
010 User program 
101 SUfervisor data 
110 Su:r:ervisor program 
111 Interrupt acknowledge 
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boot error: unable to read pvJ.abel 
volume "N" not found 
unable to read 1 vJ.abel 

II II II rooLdir 
SAU not found in rocLdir 
SAU uid not found 
unable to restore SAlLdir 
"FILENAME" not found 

uid not found 
unreadable 
not a file 

missing file name 
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CHAP1'ER 5 

FILE SYSl'EH 

ACL Header Rernrd 

(type acL$hdr in ac1s.pvt.p's) 

15 
-----------+ 

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

+02 I 
I 'lYPE OF = IDR 
\ WHICH THIS CAN BE = 
I 

-+ 
I .atype 
I 
\ 
I 

+--------------+ 
-lOA I I .def:..ni1 

I DEFAULT NODE LIST I 
I IDR NEW ENl'RIES I 
I I 
-1---------------+ 

-tOE I NuMBER OF ENl'RIES I .nents 
I I 
-I--

+10 I IiUMBER OF NODE LISTS 
I 

+ 
I .nlists 
I 

-1--------------+ 
+12 I NJT USED I .sp're 

I I 
-+--- --+ 

+14 I I .extra 
\ NJTUSED \ 
I I 

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

ACt. Rerord 

(type acL$rep in ac1s.pvt.p!IS) 
15 0 
-+---------------+ 

+0 I I .acL$hdr 
\ HEADER \ 
I I 
-1-----------------+ 

+34 I' EN'rnIES I .entr ies 
I array[l.acL$entmax] I 
I of acL$entry I 

+ 
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(type acl_ $entry in acl. ins. p;ts) 

64 
+------------------------+ 

+00 I PERSON UID I .pers in acl_$sid 
+-----------------------+ 

+08 I PRCIJECr UID I .proj in acL$sid 
+---------------------+ 

+10 I ORGANIZATION UID I .org in acL$sid 
+----------------------+ 

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

+20 I NODE ID I EXP IlI\TE I .node_t, .exp_date 
+------------+----------+ 

+28 I ACL RIGHTS I • rights 
+---------+ 

BIllCK AVAIIJlBILITY TABLE (BAT) 

(type "bat_blk" in vol.ins.f)as) 

type bat-.J:>lk_t= array[0 •• 255J of batJworCLt 

31 
+-----------------+ 

+00 I BAT \\ORO [OJ I 
+----------------+ 

+04 I BAT \\ORO [lJ I 
+-----------------------+ 
I I 
I I 
I I 
+----------------+ 

+3FC I BAT \\ORO [255J I 
+400 +--------------------+ 

First BAT block pointed to by BAT header in logical voluIIe 
label (pv_label). BAT resides in contiguous records. 

Bit 0, BAT \\ORO [OJ corresponds to first block 
(bat_hdr .base.-add) in logical volurre. BAT bit = 1 if block 
is available. 
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BUlCK AlIAIIABII;ITl!' TABLE !IEIIDER 

31 o 
+--- -+ 

+2C II'llMBER OF BIOCKS REPRESENl'Ell1 .It, .. p1k 
+------------+ 

+30 I NUMBER OF FREE BLOCKS I .l~ree 

+-- -+ 
+34 I llADDR OF FIRSI' BAT BUJCK I .e1ddr 

+-- -+ 
+38 I BLK • REP BY 1st BIT IN BAT I .baseJldd 

+-----+-----+ 
+3C IVCB-----I I .voLtroub1e 

+-----+ + 
I I 
/ 1JIiIJSED / 
I I 

+4C +---------. ---+ 

v - Volume trouble, set by OS if volume needs 
salvaging, cleared by SALva.. 

C - Volume chuvo1ed 
B - Volume being chuvo1ed 

BAT header lives in logical volume label. 
Offsets given are fran start of label. 

Direct.ory Oyeryjew 

(type diet in name.pvI:.\8s) 

header 
-+ 

I 
-+ 

I linear list 
+--- ----+ 
I info block 
+--- ----+ 
I hash threads 

entry 
blocks 

+--- .----+ 
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directory configuration 
information 

sequentially used directory 
entries 

l\CL nanager' s intial l\CL 
description block 

Pointers to linked lists of 
hashed entries 

Holding blocks for hashed 
entries and/or link text 
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Directory Info Bl ock 

(type infoblkJldr~t in name. pvt. pas) 

+----------------+ 
+00 I version 1MB Z I info block version number 

+----------------+ 
+02 I info block length I total length of info block 

+--------------+ 
+04 I info block hdr length I length of info blk hdr (8) 

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

+-------------+ 
+08 I default acl uid I uid of acl to be applied to 
+OA I for director ies I directories catalogued in 

+--------------+ this directory 
+OC I default acl uid I uid of acl to be applied to 
+Oe I for files I files catalogued in this 

+----------+ directory 
+10 I 24 unused bytes I reserved for future use 

\ \ 
+30 +----------+ 

DirectocY EDt ry 

(type dicentry_t in name.pvt.pas) 

+-------------+ 
+00 I entry name I 32 bytes of entry name 

+------------+ 
+20 I unused I reserved 

+-------------+ 
+22 I unused I reserved 

+-----------+ 
+24 I unused I reserved 

+-----+------+ 
I I I name len - i of useful 

+26 I name len I entry type I characters in entry name 

+28 

I I I entry type - 0 = not in use 
I I I 1 = name/uid pair 
+------t--------+ 3 = name/link-data 

4 words of 
entry data 

(either UID or link 
text description) 

pair 
if entry type = 1, UID 
entry type = 3, => 
link text: link text len, 
blk holds Ink text chrs, 1-144 
blk holds Ink text chrs, 145-256 

+-------------+ reserved for futUre use 
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Directory Entry BJock: 

(type entryJ>lock~t in name. pvt. pas) 
total length - 150 bytes 

+-----------------+ 
+00 I next block number I forward thread - doubly linked 

+---------------+ list 
+02 I prev block nlli'Ilber I backward thread - doubly linked 

+----------t----------+ list 
I I I use count - # of used entr ies 

+04 I use count I block type I in this block 
I I Iblktype- o = not in use 
I I I -1 = hash blk with 3 dir entrs 
+--------+---------+ -3 = link text holding block 

+06 I entry block I either 3 dir entr ies or 
I data I up to 144 chars of link text 
+------------------+ 

Pi rectory Header 

(first part of type diet in name.pvt.pas) 

+-------------------+ 
+00 [ version [version number of this directory (1) 

+--------------+ 
+02 I hash value I # of hash threads used for entry 

+-----------------+ name hashing 
+04 I list size I * of entries configured into 

+------------------+ linear list (18) 
+06 I pool size I * of entry blocks in this 

+---------------+ directory (429) 
+08 I entries per block I i of entries that fit in an 

+---------------------+ entry block (3) 
+DA I high block number I i of the highest entry block 

+-------------------+ used so far 
+OC I free block thread I # of the first block on the free 

+-------------------+ block list 
+OE [ unused [ reserved for future use 

+-------------------+ 
+10 I unused I reserved for future use 

t--------------------+ 
+12 I unused I reserved for future use 

+-----------------+ 
+14 I unused 1 reserved for future use 

+-----------------+ 
+16 I entry count I * of enta currently catalogued 

+--------------------+ in this directory 
+18 1 rraximrnn count I #: of entr ies this directory can 

+------------------+ hold (1300) 
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~ on djrectQdes 

1. To add an entry to a directory: 

A. Look for an mused entry m the linear list. If 
you find one, use it and you're done. 

B. Hash the ncune you want to add: 

- name is: 
name: array [1 •• 321 of CHAR 

- lnth is useful lnth of name 
sum: =0; 
For i : = 1 to lnth DO 

SUlll: = ord(name[il)+2*sUlll1 
III\SH VAL : = sum mod III\SH_ VALUE 1 

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

D. If the found block nUlllber is 0 then we need a new 
entry block, so: 

a) See if there are any blocks threaded 
through the free block list and if so, 
take one of those. otherwise, bump the 
high block nurri:Jer and use that. 

b) Initialize the newly obtained block, add 
it to the end of the apprpriate hash 
chain, add the new entry as the first 
entry in the new entry block and you're 
done. 

E. If there is an lIDused entry in the fOWld block, 
use it and you're done. 

F. Change the found block value to the nUlllber in the 
current found block's NETX BLOCK field and goto 
step (d). 

2. The searching rule for a directory is: 

File System 

A. Look in the linear list. 

B. Bash the name you're searching for. 

C. Follw the hash thread for the specified hash 
value to the first entry block with that hash 
synonym. 

D. Search all (3) 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 NEW found entry block. If the next 
block rumiJer is zero, then return IDT FalND. 

F. Goto step (d) with the newly found block. 

PIS!( BUJCK HEAIlER 

(type ~blkJ>dr_t· in base.spo.bbas) 

31 1615 
--+ 

+00 I 
+ 
I 

DID OF 0= ro WHICH I 
+ 
I +----------------------,---+ 

+08 I PlIGE NUMBER IN FILE I 
1 1 

iOC I TIME WRI'l'l'EN (clock.high32) I 
+---+--+-

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

+14 I UIDSElJ I 
+ +--

+18 I I CllECKSUI! 
+-­

+lC I 
1 

DISK l\DDRESS 
+20 +1 ---------------+ 

BLKTYP: 0 - Data block 

.uid 

.bbage 

.dtni 

.chksum 

.daddr 

1 - Level 1 index block in file nap 
2- n 2" " .... 
3 - 3 

SYSTYP: 0 - File 
1 - Directory 
2 - System directory 
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1 
1 PHYSICAL 
1 VOLUME LABEL 
1 
-1==='===01-1 
1 1 BLOCK 00 OF LOGICAL va..UME (1 BLOCK) 
1 LOGICAL 1--+ 
1 VOLUME LABEL 1-+ 
1 1 1 
1 1 
1 1 BLOCK 01 OF LV (10 BLOCKS) 
1 Jrol' 1 
1 FILE 1 
1 1 
1 1 1 
1 1 1 BLOCK OB OF LV 
1 FREE 1 1 
/ / 1 
1 BLOCKS 1 1 
1 1 1 
+------+1 1 

1 
1 
/ 
1 
1 

1 

V'lOC 

BAT 

FREE 

1<-+ 
1 
1 
1 

1<-+ 
1 
1 
1 
1 
1 
/ 
1 
1 

1 LOGICAL va..UME 1 
ILABEL (2nd roPY) 1 
1 1 
-t- 1 
1 NEXT LOGICAL 1 
1 va..UME 1 
1 1 

NJTE: all disk addresses (DADDRs) 
are relative to the start of a 
logical volume. 

Badspots nay cause the V'lOC to be incontiguous and not 
adjacent to BAT. There nay exist dead spice between 
logical volumes. 
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+----+ 
+00 I 1---) DATA BLOCK 1 

+----+ 
+04 I 1---) DATA BLOCK 2 

+------+ 
+08 I I 

/ / 
I I 
+-----+ 

+7C I 1--) DATA BLOCK 32 
+-----'-+ 
+-----+ LEVEL 1 

+80 I 1---) +-----+ 
+------+ I 1--) DATA BLOCK 34 

+84 I 1-+ +--------+ 
+88 -f-------+ I 1--'-) DATA BLOCK 33 
+--1 +------+ 

+-----+ I I 
I I 
+-----+ 
I 1--) DATA BLOCK 288 

LEVEL 3 
+-->+-----+ 

I I 
I 256 I 
IPOINI'ERS I 
I ill I 
ILEVEL 21 
I BLOCKS I 
I I 
+------+ 

+-------+ 

LEVEL 2 
+-->+------+ 

I I 
I 256 I 
IPOINrERSI 
I ill I 
ILEVEL 11 
I BLOCKS I 
I I 
+-------+ 

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

File nap resides in VlOC and N3T entry. 
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REGISTRY FORMAT 

Header Record 

(type !'PO_$headect in !'PO.ins.!>,s) 

+--------------------------+ 
+0 1 TRANSACrION UlD FOR SllLVAGIN:; 1 .!'PO_ $xacLuid 

+--+--+----+-----+------+ 
+8 1 elF IlIDR LEN 1 NUMBER 1 REI\lJ 1 

+--+--+----+------\------+ 
+10 1 WRITE 1 1 PW LENIROC LEN 1 .!'PO_$recJen 

+-----+----+------------+ 
+18 1 UNUSED 1 UNUSED 1 .!'PO_$s!>'ce, 

+-----------+-------------+ .!'PO_$s!>,ce2 

C = 1 => corrnnitted (.!'PO_$corranitted) 
F = 1 => local (.!'PO_$local-flag) 
NUMBER - number of entr ies (.!'PO_ $nllllLentr ies) 
REI\lJ - oldest software that can read this (.!'PO_$cvers) 
WRITE - oldest software that can write new (.PIxLSw_vers) 
PW LEN - minimtnn !>,ssword length (.ppo_$min-plen) 

Pro Record 

(type !'PO_$reconLt in !'PO.ins.!>,s) 

-1---------------------------+ 
+00 1 1 

+ + 
+08 1 Pro NI\ME 1 .!'PO_$name 

+ + 
+10 1 1 

+ + 
+18 1 1 

-\-------+--------------+ 
+20 1 NAMLEN 1 UlD ••• 1 .!'PO_$namlen 

+-------------------+ .!'PO_$uid 
+28 1 ••• 1------------------1 

-\------+------------------+ 
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AccoJmt Header 

1 ----+ 
+00 I TRl\NSI\CJ'ION UID FOR SALVAGIN:i I .acct:;..$xaClt...-uid 

+--+--+-- I I + 
+08 I elF IIIDR LENIWM ENTI REl\D I 

-I-+- I~ ~~I 1 + 
+10 I WRITE I---IIW LEN IROC LEN 1 

-I---t---+----+----+ 
+18 ICLOCKH TIME PERI U1USED I .acct:...$exp-PE!riod 

--+ 

c = 1 =) COIIIllitted (.acct:...$coInnitted) 
F = 1 =) local (.acct_$locaUlag) 
IIDR LEN - header length (.acct:;..$hdrJen) 
NOM ENT - nuni:ler of entries (.acct:;..$nWILentries) 
REl\D - oldest software that can read this (.acct:...$CYers) 
WRITE - oldest software that can write new (.acct:;..$w_vers) 
PW LEN - minimum p!.ssword length (.acct:;..$mirw?len) 
REC LEN - record length (.acct:;..$recJen) 

(type acct:...$record....t in acct.ins.p!.s) 

+--- -+ 
+00 I PERSON UID I .acct:;..$persJlid 

-I- + 
+08 I PRC\JECl' UID I .acct:;..$pro;Luid 

+-------------+ 
+10 I ORGANIZATION UID I .acct:...$orgJlid 

+-------------+ 
+18 I = PW I .acct:...$pwd 

+ -1-------+ 
+20 I I EXP Dl\.TE I .acct:...$exp--<late* 

+------+-------+ 
+28 1---1 IAST IDGIN 1---1 .acct,-$lasUogin* 

-+---r- 1-+ 
+30 I FLl\GS I IiIlDE I lIM LN I 

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

\ II)Io!E \ .acct:...$home 
I I 

+1381 --+ 

* local registries only 
FLl\GS - set of acct:...$invalid (local registries only) 

( .acct_$flags) 
IiIlDE - node type (local registries only) (.acct_$node) 
lIM LN - home length (.acct:;..$honeJen) 
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Reaj atry Record 

(type rgy_$registry_t in rgy.ins.pas) 

-t----------------+ 
+00 I NUMBER OF PNAMES IN REX;ISTRY I .rgy_$count 

-t---------------+ 
+04 I Lmml OF REX;ISTRY NAME I .rgy_$n1en 

I --------+ 
+08 I FIRST PNAME 

\ 
I .rgy_$ent...name 
\ 

t-----------------+ 
I mRE LENG'mS AND NAMES AS I 
I INDICATED BY axJNr FIEID I 
-t----------------+ 

First :r:name is path of or iginal registry, used as lock 
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STREI\M FILE !!EADER 

(type "streaI!L$hdrJec_t" in abase.ins.pas) 

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

+00 I HEADER Lm:i'm I VERSION I .hdrJgth, 
-1--------;---------+ .version 

+041 eRe I.ere 
+---------------------+ 

+08 I REXXlRD Lm:i'm (SEE JlE:[.(M) + • recJgth 
+--------------------+ 

+OC I FILE LENG"IH (INC. HEADER) I .fileJength 
+-----------------+ 

+10 I---ilRAESC 1-aJ---I---I----1 
+-----+-----+-----+----+ 

+14 I I 
/ RESERVED / 
I I 

+20 I ------+ 
CRC = -(integer SUIII of (1 + 3 thru n 10ngwords» 
RR - Record type (.rec_type, streaI!L$rtype_t)' 

00 - var len w/counts (streaI!L$v1) 
01 - fixed length (streaI!L$f2) 
10 - no record structure (streaI!L$undef) 

A = 0 => Binary, 1 => ASCII (.elbJlag) 
E = 1 => No autanatic type change (.explicit_type) 
S = 1 => File nay have holes (.sparse) 
C = 1 => carriage control (ASCII only) (.ee) 

00 - COncurrency (.conc, streaI!L$fconc:...t)' 
00 - N readers or 1 writer (streaI!L$n:...orJ) 
01 - N readers and 1 writer (streaI!L$rumdJ) 
10 - N readers and N writers (steanL$ruInd..Jl) 

REXXlRD Lm:i'm, Record length for fixed 
Maxirnmn 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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UNIClJE IDENUFIER ruID) 

("uid_t" in base.ins.tas) 

31 16 15 
+--------------t-------------+ 
1=====1 
t-----+------+-------------+ 
I=-I--NNNNINNNNNNNNNNNNNNN 1 
+------+-------+------------+ 

c .. c - Top 36-bits of clock (16 msec units) 

N •• N - Node ID 

PIp Hash Algorithm 

x = the four words of the UID XORed together 

INDEX = X mod Tl\BLUIZE 

where Tl\BLUIZE is the size of the table into which the 
UID is being hashed (e.g., vtoc...hdr.vtoc---"ize). 
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PIPS System 

(from /os/nuc/uidJist.asm) 

uid_$nil 
ac1_$nil 

00000000,0 
00000100,0 

canned = uids (file acls) (OOOl.xxxx series) 

acLSfnil 
ac1_$fndwrx 
acL$fileJlwrx 

00010000.0 
0001800F,0 
00018007,0 

canned = uids (directory =s) (0002.xxxx series) 

acL$dnil 
ac1_ $dndca1 
acl_$dirJ1cal 

00020000,0 
0002801F,0 
0002800F,0 

diSk structure canned UIDs (OOOO.02xx series) 

pvJabeL$uid 
1v_1abeL$uid 
vtoc,-$uid 
bat_$uid 

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

canned object type UIDs (0000.03xx series) 

records_$uid 
hdcundeC$uid 
objectJile_$uid 
UNDEF_$uid 
pa<'L$uid 
in!>lt~d_$uid 
sio_$uid 
ddC$uid 
rrbx_$uid 
nu11dev_$uid 
D3M_ar,,",-$uid 
D3M_sclL $uid 
pip",--$uid 
uasc_$uid 
directory_$uid 
unix_directory_$uid 
mt_$uid 
sysbooL$uid 

00000300,0 
00000301,0 
00000302,0 
00000304,0 
00000305,0 
00000309,0 
0000030A,0 
0000030B,0 
000003OC,0 
00000300,0 
0000030E,0 
0000030F,0 
00000310,0 
00000311,0 
00000312,0 
00000313,0 
00000314,0 
00000315,0 

canned objects UIDs (0000.04xx series) 

disp1ayL$uid 00000400,0 
disp1ay2..J;uid 00000401,0 
name_$cannedJoot_uid 00000308,0 

canned p?rson. project, organization 
and subsystem UIDs (005xx series) 
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canned persons (OOOO.OSOx series) 

acL$sysJJSeCuid 00000500,0 

canned projects (0000.054x series) 

acL$sys-pro:L-uid 
acL$logilLUid 
acL$locksmitlulid 

00000540,0 
00000541,0 
00000542,0 

canned organizations (0000.058x series) 

00000580,0 

canned subsystems (0000.05Cx series) 

acL$niLsub£LUid oooooseo,o 

canned ac1 type UIDs (0000.06xx series) 

acL$file ..... c1 
acL$dir ..... c1 

File systen 

00000600,0 
00000601,0 
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VOLUME IJ\IlEL - !/JGlCAL 

(tY!>' "lvJabeLt" in vol. ins.pas) 

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

+00 1 VERSION 1 UNUSED I. version 
+-------------4-------------+ 

+04 1 1 .ltame 
I !/JGICAL VOLUME NAME I 
1 1 
+--------------------------+ 

+24 1 UNIQUE ID OF 1 .id 
+ 
1 !/JGICAL VOLUME 

+ 
1 

;-----------------------------+ 
+2C 1 1 .batJ>dr 

I BAT HEADER I 
1 1 
+------------------------------+ 

+4C 1 1 • vtocJ>dr 
I V'lDC HEADER I 
1 1 
+--------------------------+ 

+BO 1 TIME LASEL WRITTEN 1 .labeLwr i tejime 
+----------------------------+ 

+84 1------1 LAST !>OUNTED NODE 1 .1astJIlOuntedJ'ode 
+------------------------------+ 

+B8 1 TIME SYSl'EM WAS BOOTED 1 .1todeJxjotjime 
-t-----------------------------+ 

+BC 1 TIME 'mIS \iOLUME WAS !>OONIED 1 .mountecLtime 
+---------------------------+ 

+CO ITIME 'mIS \iOLUME WAS DIS!>OONIED 1 .diSJrountecLtime 
t---------------------------+ 

+C4 1---------1 NODE OF LAST SALVAGE 1 . spal vageJ'ode 
t-------------------------+ 

+C8 1 TIME SALVAGE CDMPLETED 1 .sr:alvage_time 
+-----------+------------+ 

+CC I!>ODE OF SALVAGEISBU'IDCWN STATE 1 .spalvage_mode, 
+-----------+------------+ .spys_sut_state 

+DO 1 TIME DUMP STARTED 1 .dunqJ.-start_time 
+-----------------------+ 

+D4 1 TIME DUMP FINISHED 1 .dunqJ_end_time 
+-------------------------+ 

+D8 1 UID OF CURRENT 1 .dunqJ_cucuid 
+ 
1 ITEN BEI~ DUMPED 

+ 
! 

+--------------+-----------+ 
1 CONTINUED ON NEXT PAGE 1 
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I 
+EO I t MINS FlO! lJTC I NAME OF ••• 

+-------+--------+ 
+E4 I • •• TDIEZONE I LAST. • • I +--------------+ 
+ES I ••• VALID TIME I UWSED I 

+- -1-------+ 
+OC I Bl\lJ sroT Bl\RRIER* I 

+-

• ute_delta 
• timezone.....name 

.lasLvalitLtime 

.bacLspol:;J:larrier 

+FO I Bl\lJ sroT Lrsr [60] I .baQ..jlpotJist [60] 
+---
I 
/ 
I 

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

+-- -+ 
+3FC I Bl\lJ SRlT Lrsr [255] I 
+400 +------------+ 

badJ;poLlist allocated from end of list. 
* FFFFFFFF - > no continue 

FFFFFFFE - > +FO is llADDR of continue block 
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\IOLUME LI\BEL - PHYSICAL 

(type "pvJabeLt" in vol.ins .... s) 

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

+00 1 VERSION 1 "A" "P" 1 
+---------+---------+ 
I "0" "L" "L" "'0· I 
+-- -----------+ 

+08 1 1 
I VOLUME NAME I 
1 1 
-t-----------------+ 

+28 1 UNIQUE ID 1 
+ 
1 OF VOLUME 

+ 
1 

-t-------+---------+ 

.version, 
.elpollo 

.ltarne 

.id 

+30 1 UIDSED 1 DISK TYPE + .dtype 
+---------r-----~ 

+34 1 'IOTAL BLOCKS IN VOLUME 1 .blocks-P"Cpvol 
+--------4------+ 

+38 IBLKS PER WACK ITRACKS PER CYL 1 .blocks-P"ctrack 
+-------4---------~ . tracks-P"ccyl 

+3C 1 IlI\DDR OF WGlCAL VOLUME [1] 1 .1vJist [1] 
-t------------------+ 
1 1 
I I 
1 1 
I ----------+ 

+64 1 IlI\DDR OF WGlCAL VOLUME [10] 1 .lvJist[10] 
+- ----------+ 

+68 1 ALTERNATE IJ\BEL IlI\DDR [1] 1 .ellUvJist [1] 
-t----------------+ 

+6C 1 1 
I I 
1 1 
-f--------------------+ 

+94 1 ALTERNATE IJ\BEL IJI\DDR [10] 1 .elltJvJist [10] 
+98 +-----------------+ 

DISK TYPE field describes variants of >hysical disk, e.g., 
double density. Today there are none, and the field 
contains o. 
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V'IQC BWCK 

(type "vtocJ>lk_t" in vol. ins. p"s) 
31 

+------------------+ 
+00 I - > NEXT BLOCK IN HASH BUCKET I .1 texLadd 

+-------------------+ 
+04 I = ENTRY[O] I .vtoc[OJ 

+--------------------+ 
+DO I = ENTRY[lJ I 

+------------------+ 
+l9C I = ENTRY[2J I 

+-------------------+ 
+268 I = ENTRY[3J I 

+-----------------+ 
+334 I = ENTRY[4J I .vtoc[4J 
+400 t------------------+ 

-or-

+--------------------+ 
+00 I FILE MAP[OJ I .fm[OJ 

+-----------------+ 
+80 I FILE MAP [lJ I 

+---------------------+ 
+l00 I FILE MAP[2J I 

+-------------------+ 
+l80 I FILE MAP [3J I 

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

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

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

+-----------------+ 
+380 I FILE MAP[?J I .fm[?J 
+400 t--------------------+ 

When V'IOC block contains a file nap, the block is pointed 
to by vtoce.fm2[1-3J (see = ENTRY). 
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V'IDC Em'Ry 

(types "vtoce.l1dr_t" and "vtoce" in vol. ins.p:ls) 
31 24 23 16 15 8 7 

+------+-------+-----+------+ 
+00 I VERSIONISYS_TYPEIUCCPIF-I--------I 

+----+------+-----+-----+ 
+04 I 0= I 

I UID I 
t------------------------------+ 

+OC I UID OF TYPE DEFINITION OBJEX::T I 
I FOR nus OBJEX::T I 
+-------------------------+ 

+14 I UID OF ACL OBJEX::T I 
I FOR '!HIS OBJEX::T I 
+-------------------------+ 

+ lC I CURRENT LENGTH (BYTES) I 
t------------------------+ 

+20 I BLOCKS USED FOR FILE I 
+----------------------------+ 

+24 I DATE--TIME LAST USED I 
+---------------------+ 

+28 I DATE-TIME LAST IDDIFIED I 
t-----------------------+ 

+ 2C I UID OF DIREX::TORY I 
I WHERE OBJECT IS CATALOGUED I 
+----------------------------+ 

+34 I I 
/ UNUSED / 
+--------------------------+ 

(end of vtoceJ>dct) 
+---------------------------+ 

+40 I FILE MI\P[OJ I 
t---------------------------+ 

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

+BC I FILE MI\P [3lJ I 
-1-----------------------------+ 

+CO I FILE Ml\P2 [lJ I 
+--------------------------+ 

+C4 I FILE Ml\P2 [2J I 
+------------------------+ 

+C8 I FILE Ml\P2[3J I 
+CC +----------------------------+ 

U - V'IOC entry in use (. inuse) 
CC - Concurrency control (.con_ctrl): 

00 None 
01 Shared 
10 Exclusive 

P - Permanent (.bbernanent) 
I - Irrmutable (. mutable) 

.version, 
.spys:....type 

.uid 

.curJen 

.dtu 

.dtrn 

.bbad2 

.fm 

.fm2 

F - File repaired by salvager (.trouble) 
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(type "vtocJ'dct" in vol.ine.pis) 

31 16 15 
I r----------+ 

+4C I VERSION WMBER Ii BLKS FOR lIl\SH I .version, 
+----------+--------+ .vtocJ3ize 

+50 I WMBER V'lOC BLOCKS USED I. vtocJ:>locks 

+----------------------+ 
+54 I V'lDCK OF NE'lIDRK ROOT I .neLroot 

+-------------------+ 
+58 I V'lDCK OF ROOT DIR OF '!HIS VCLUIIE I • root_dir 

r------------------+ 
+5C I V'lDCK OF PAGIN:; FILE FOR AEX;IS I .OSJ 

r---------------------+ 
+60 I V'lDCK OF ROOT FILE l.booLx 

I ---------------+ 
+641 I .... p 

/ V'lOC MAP / 
/ (8 V'lOC MAP ENl'RIES) / 
I I 
+-- --+ 

+94 I I .pid 
/ lJIiIJSED / 
I I 

+BO +--- ---------+ 
V'lOC header lines in logical volume label. Offsets 9i ven 
are from start of label. 

lI'lDC MAP ENl'RY 

(type "vtocJlBpe" in vol.ins.pis) 

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

+00 Ii ClJNSEC. BLOCKS I .1tJ>lk 
+----------+ 

+02 I DISK l\lJllREl3S I .blUdd 
+ + 
I OF FIRSI' EXTENl'1 

+06 +--------~_+ 
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vroc INDEX 

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

31 4 3 
+------------------+--+ 
IODADDR OF V'lDC BLK OF O=IINDXI (local object) 
+-------------------+--+ 

-or-

20 
+------+-------------+ 
II I NJDE ill I (remote object) 
+------+--------------+ 

-or-

+-----------------+---+ 
10 lVOLXI (local, but DADDR 
t-----------------+---+ is tmknown) 

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

VOLX - Logical volume number 

PKllLO CONADENTIAl. INTERNAL USE ONLY. 5-23 File System 



CIIAPl'ER 6 

PERIPHERAL I/O 

DEVICE AIlDRESSES <Pr0l 

DEVICE VIRWAL PHYSICAL VIRWAL PHYSICAL 
DN4xx and DN600 DN300 

Multibus (64 pages) FEOOOO 10000 
Line pr inter ctl FEFCOO IFCOO 
Mul tibus int ctl FEFCSO IFCSO 

MCSRs FF9000 FCOO FF8404 S004 
Display 2 ccntrol FF9400 FOOD 
Display 1 control FF9SOO F400 FF9SOO 9400 
Color control store FF ESOO 
Color user p:3.ge E400 
Color super page EOOO 
PEB FF7000 BODO 
Ring 2 FF9COO BCOO FF9COO 9800 
Ring 1 FFAOOO BSOO 
Floppy controller FFASOO SCOO FFASOO 9C00 
Tirrers FFACOO SSOO 
S10 lines FF8000 S400 FF8000 S400 
MMU FF8400 SOOO FF8400 SOOO 
Page frame table FF8S00 4000 

DISK 1i'ARAME.'l.'RRS 

~ ~ ~ 1QT N.KS. 

33MB 561 IS 30294 (7656) 
66MB 1121 IS 60534 (EC76) 
154MB 1121 IS 141246 (2Z7BE) 

300MB S23 19 IS 2S1466 (44B7A) 

S" PRIAM 3450 525 5 12 31500 (7BOC) 
S" PRIAM 7050 1049 5 12 62940 (FSDC) 
S" MICROPOLIS 5S0 5 13 37700 (9344) 

FLOPPY 77 1232 (400) 
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SllQ mNlT SJ;&~ SllQ~ .ill 

33MB 34 1118 1 
66MB 34 1118 6 
154MB 34 1118 7 

300MB 34 (?) 1118 (?) 

8" PRIAM 3450 0 1120 3(?) 104 
8" PRIAM 7050 0 1120 3(?) 5 
8" MICroPOLIS 0 1181 3(?) 1203 

FLOPPY 146 1202 

~~ AllllR. ~ M8Z.~ 

33MB 8 msec 45 msec 85 msec 
66MB 8 msec 45 msec 85 msec 
154MB 8 msec 45 msec 75 rnsec 

300MB 

8" PRIAM 3450 8 msec 42 msec 75 msec 
8" PRIAM 7050 8 msec 42 msec 75 msec 
8" MICROPOLIS 12 msec 42 msec 85 msec 

FLOPPY 

EI:'M AllllR. W ~~ 

33MB 3100 9.7 msec 1.04 MBS 
66MB 3100 9.7 msec 1.04 MBS 
154MB 3100 9.7 msec 1.04 MBS 

300MB 

8" PRIAM 3450 3600 8.3 msec 0.8 MBS 
8" MICROPOLIS 3600 8.3 msec 0.92 MBS 

FLOPPY 
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~1lllI\!l. 

33MB 45+9.7+1.0 = 55.7 
66MB 45+9.7+1.0 = 55.7 
154MB 45+9.7+1.0 = 55.7 

300MB 

S" PRIAM 3450 42+S.3+1.3 = 51.6 
sn MICROPOLIS 42+S,3+1.1 = 51.4 

FI1lPPY 

~!!I\IlIlR !lII\Q !)l!Ilm 

33MB 7620 (cyl 560) 75AE (cyl 559) 
66MB EC40 (cyl 1120) ECOA (cyl 1119) 
154MB 22740 (cyl 1120) 226C2 (cyl 1119) 

300MB 44BCE (cyl S21) 4004 (cyl S22) 

Sn PRIAM 3450 7ADO (cyl 524) 7A94 (cyl 523) 
Sn PRIAM 7050 FSAO (cyl 104S) F564 (cyl 1047) 
sn MICROPOLIS 9303 (cyl 579) 92C2 (cyl 57S) 

FI1lPPY 4CO (cyl 76) 
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IN CONJBJIIER (DN300 ONLY) 

rMl\C page at [ 9000 , OFFAOOO 1 

IJoIA controller is a Motorola M68450. 

9000-903F - ring receive header 
9040-907F - ring receive data 
9080-90BF - ring transmit 
9000-90FF - winchester/floppy 

Register sWIIIBry (for each channel): 

+00 Channel status register (CSR) 
+01 Channel error register (CER) 
+04 Device control register (OCR) 
+05 Operation control register (OCR) 
+06 Sequence control register (SCR) 
+07 Channel control register (CCR) 
+OA IIenory transfer counter (m'C) 
+OC IIenory address register (MAR) 
+14 Device address register (not used) 
+lA Base transfer counter (B'R:) 
+1e Base address register (BAR) 
+25 Nomal interrupt vector (not used) 
+27 Error interrupt vector (not used) 
+29 IIenory function <Xlde register (MFCR) 
+20 Channel priority register (CPR) 

R/W 
R 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

R/W 
R/W 

R/W 
R/W 

+31 Device function <Xlde register (not used) 
+39 Base function code -register (BFCR) R/W 
+FF General Control Register (not used) 

C!!/\NNE[, S'lM'!!S REGISTER (CSR) [9000, MAGOO 1 

7 5 2 
1 1 1 -1--+---1-1 -I-I -I-I -+1 

'<DC ,B'R: 'NOT' ERR 'lICT , 'P1'C' PCB , 
i-+--+--~-+---+--+--+ , , , " " 

, , , " 'State of input PCL line 
, , , " 1 => PCL transition occurred (*) 
, , , , 1 => Channel active 
, , , 1 => Error as <Xlded in CER (**) 
, , 1 => Nomal Device termination (*) 
, 1 => Block transfer complete and continue (*) 
1 => Channel operation complete (*) 

(*) Bit cleared by writing a 1 bit to CSR. 
(**) Ditto, and clearing also clears CER. 
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CHANNEL ER!lOR REGISTER (CER) 9001 I OFFAOOl 

+--+--+--+----------+ 
101010 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: base address or base counter 
09 - Bus error: memory address or memory counter 
OA - Bus error: device address 
DB - Bus error: base address or base counter 
OD - Count error: memory address or memory counter 
DE - Count error: device address 
OF - Count error: base address or base counter 
10 - External abort 
11 - Software abort 

DEVICE Q)NI'ROL REGISTER (!lCR) (9004 OFFA004 

-t------t----t---+--+----+ 
I XRM I DTYP IDPS I 0 I PCL I (~28) 
-t-----t-----+-+--+-----+ 

I I I I I I I 
I I I I I 0 0 - PCL ~ Status input 
I I I I I 
I I I I 1 - 16-bit port 
I I I I 
I I 1 0 - Device with N:;K, implicitly addressed 
I I 
o 0 - Burst mode transfers 

OPERATION Q)N1'ROL REGISTER (OCR) 9005 OFFA005 

t--+--+------+-----+-----+ 
IDIRI 0 I SIZE I CHAIN I REQ:; I (~92) 
+--+--+------+----+----+ 

I I I I I I I 
I I I I I 1 0 - REQ line initiates xfer 
I I I I I 
I I I 0 0 - Chain operation disabled 
I I I 
I 0 1 - Word transfers 
I 
a - Transfer from memory to device 
1 - Transfer from device to memory 
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SEQJENCE (X)N!'roL REGISTER (SCRl 9006 OFFAOP6 

-t--f--+--+---+----+-----+ 
I 0 I 0 I 0 I 0 I MI'C I DAC I (=04) 
+--i--t---+--+-----f-----+ 

I I I I 
I I 0 0 - N/A (Device address reg) 
I I 
o 1 - Memory address reg counts up 

CHANNEL CONl'ROL REGISTER (CCRl [9007 I OFFA007 1 

7 
+---f--+--+--+--+--+--+--+ 
ISTRICNrIHLTISABIINI'I 0 I 0 I 0 I 
+--+--+--+---;.---+--+--+--+ 

I I I 
I I 1 => Enable interrupts 
I I 
I 1 => SCftware abort 
I 
1 => Halt operation 

1 => COntinue opration 

1 => Start operation 

MmJRY T!W!SFER (x)UNl.'ER (Ml'Cl [900A 900B I OFFAOQA-OFFAPOBl 

15 
+-----+-----+ 
IWORDCOUNTI 
-1-----+------+ 

(E.g., 512 to transfer a page.) 

MErol\Y ADDRESS REGISTER IMARl [9OOC-goOF I OFFAOOC-OFFAOOFl 

31 24 16 
+-----+-----+------+------+ 
I HIGH I UP-MID I ill-MID I ill I 
+------+------+------+------+ 

9018 90lA 901C 901E 

Load with MJVEP.L AO,9018. 

DEVICE A!IDRESS REGISTER (DARl [9014-9017 IOFFA014-0FFAOl7l 

Not used. 

BASE TRlINSFER COUNl'ER- (JJl'Cl [9OlA-9OIBIOFFAOlA-OFFAOlBl 

same as Memory Transfer Counter. 
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BASE AOORESS REGISTER (m) (901e-901f OffA01C-Qff~ 

Same as Memory Address Register. 

NJRMAL INl'ERRUPT VECIDR REGISTER 9025 OFFA025 

Not used. 

ERROR INTERRUPr VECl'QR REGISTER 9027 OPfA027 

Not used. 

MOORY F\JNCI'ION CXJ!)E REGISTER (MECR) 9029 QfFA029 

+--+--+--+--+---+--+--+---+ 
1010101010lflfifi 
i--t--+--+---t--t--+--+---+ 

I I I 
a 0 0 - ring transmit data 
o 0 1 - ring transmit header 

Function code not used on other channels. 

CHANNEL PRIORITY REGISTER (CPR) 902D I OffA02D 

+--+--+--+--+---+--+---/--+ 
101010101010lPIPI 
+--+---+--+--+---+--t--+--+ 

I I 
Channel 0: 0 0 - ring receive header 

Channell: 0 
Channel 2: 1 
Channel 3: 1 

(highest) 
1 - ring receive data 
a - ring transmit 
1 - winchester/floppy 

(lowest) 

DEVICE F\JNCI'ION CXJ!)E REGISTER roPCR) [9031 I OPfA031 

Not used. 

BASE FUNCl'iON CODE REGISTER (BFCR) 9039 OPfA039 1 

Not used. 
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FIDPPX CXlNl'ROLLER 

DmOO 

Address: [ 9C00 I OFFASOO 
WRITE REI\D 

+00 ANSI <XlMMAND I ATI'ENTION STATUS I 
I I 

+02 ANSI PARM OUT I ANSI PARM IN I 
I I 

+04 I DRIVE # OF STATUS I 
I I 

+06 SECroR ICDNl'ROLLER STAT-HI I 
+07 I CDNl'ROLLER STAT-WI 
+08 CYLINDER-HI I I 
+09 CYLINDER-W I I 
+OA HEAD I I 

I I 
+OC INI'ERRUPr CDNl'ROL I I 

I I 
+OE CDNl'ROLLER 01ND I I 

-+===========================+ 
+10 I I I FWPPY STATUS I 

I I I I 
+12 I FWPPY WRITE [lI\TA I I FWPPY REI\D DATA I 

I I I I 
+14 I FWPPY CDNl'ROL I I I 

t=========================+ 
+20 I CALENIlI\R CDNl'ROL I I I 

I I I I 
+22 I CALENIlI\R WRITE [lI\TA I I I 

I I I I 
+24 I I 1C7\LENDI\R REI\D [lI\TA I 

CQU!'.EQLI.t:Il S'JbTlJS 9C06 I OFFA806 
~ 

8000 15 Controller rosy Self clear ing 
4000 14 Drive busy (from bus) Self clear ing 
2000 l3 Drive attention (from bus) entr, if status 

avail emb 
1000 12 Status available interrupt Read attn status reg 
0800 11 End of operation interru:r;:t. write to ctlr cnrl reg 
0400 10 Floppy interrup:ing Read floppy status reg 

0080 07 Tineout Write to etlr cniI reg 
0040 06 Overnm Write to ctlr cnrl reg 
0020 05 CRC error write to ctlr cniI reg 
0010 04 Controller 005 p:lrity error Write to cUr cniI reg 
0008 03 Illegal configuration Write to ctlr cniI reg 
0004 02 Status timeout Read attention status 

reg 
0002 01 Parity error during CMA Write to oontroller 

cormrand reg 
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/\IIlI <llMMAN!JS [9000 I OFFABOO 1 

PARAMETER OOT o:wJANOO 
~ 

40 Attention control Bit 7 = 0 => enable attention 
1 => disable attention 

41 Write control Bit 7 = 0 => write protect 
1 => wr ite enable 

42 Load Cyl. Addr. high KSB of cylinder address 
43 Load Cyl. Addr. low ISB of cylinder address 
44 select bead Head nllIlDer Mandatory 

50 Load attribute nIlIIDer Attr ibute nIlIIDer Optional 
51 Load attribute Attribute 
53 Read control Bits 7,6 = Ox - nominal strobe 

10 - strobe early 
11 - strobe late 

54 Offset control Bits 7,6 = Ox - no offset 
10 - offset forward 
11 - offset reverse 

55 Spin control Bit 7 = 0 - spin down 
1 - spin up 

56 Load sect/trk high KSB of sectors/track 
57 Load sect/trk Iredium MedSB of sectors/track 
58 Load sect/trk low ISH of sectors/track 
59 Load bytes/sect high KSB of bytes/sector 
SA Load bytes/sect medium MedSB of bytes/sector 
5B Load bytes/sect low ISH of bytes/sector 
6B Load read permit high MBB of read enable on cyl >= 
6C Load read permit low ISB of read enable cyl 
6D Load write permit high KSB of wr ite enable on cy 1 >= 
6E Load write permit low ISB of write enable cyl 
6F Load test byte Test byte 
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PARAMETER IN <mMANIJS 

00 Report illegal conmmd 
01 Clear fault 
02 Clear attention 
03 Seek 
04 Rezero 
DO Report sense byte 2 
DE Report sense byte 1 
OF Report general status 

General status 
General status 
General status 

* General status 
* General status 

Sense byte 2 
Sense byte 1 
Gene ral status Mandatory 

10 Report drive attribute Drive attribute Optional 
11 Set attention * General status 
14 Selective reset * General status 
15 Seek to landing zone * General status 
16 Refonnat track * General status 
29 Report cyl. addr. high MSB of cylinder address 
2A Report cyl. addr. low ISB of cylinder address 
2B Report read permit high MSB of cylinder address 
2C Report read permit high LSB of cylinder address 
2D Report wrt permit high MSB of cylinder address 
2E Report wrt permit high LSB of cylinder address 
2F Report test byte Test byte 

Tine dependent comrrand, attention set on completion. 

ATr'ENrION STAWS [9000 I OFFA800 1 

80 Normal completion * 
40 Busy 
20 Read sense byte 2 
10 Read sense byte 1 
08 Illegal parameter * 
04 Illegal command * 
02 Control bus error * 
01 Not ready 

Cleared by 

Clear attention comrrand 
Self clear ing 
See sense byte 2 
See sense byte 1 
Clear fault comrrand 
Clear fault command 
Clear fault command 
Self clear ing 

* Zero to one transition sets attention. 

Smsll !lXTll l mand/opt 

7 80 Vendor unique errors * 0 
6 40 Other errors * 0 
5 20 Command reject * M 
4 10 Speed error . 0 
3 08 R/W ~rmit violation 0 
2 04 Power fault 0 
1 02 Read/write fault • M 
0 01 Seek error * M 
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SENSE BYTE 1 nand/opt 

7 80 Vendor unique attns * 0 
6 40 In write-protected area M 
5 20 Attr. table modified * a 
4 10 Dev rsrved to alt port a 
3 08 Forced release * 0 
2 04 Dev rsrved to this port a 
1 02 Ready transition * M 
a 01 Initial state * M 
* Zero to one transition sets attention. 

INTEERUPr OONl'ROL [9COC 1 OFFA80C 1 

+--+---t---+----I---t--+--t--+ 
17161514131211101 
+--+--+--+--+--+---+--+--+ 

1 1 1 1 
1 liEnable End of Op int 
liEnable Status Avail int 
1 Enable Attention int 

Overall interrupt. enable 

CCNl'ROLLER CXJMMAN!JS [9COE 1 OFFA80E } 

00 - No-op 
01 - Read record 
02 - Write record 
03 - Format track 
04 - Seek 
05 - Execute ANSI comrrand sequence 
06 - Execute drive select sequence 
07 - Execute attention in sequence 
08 - Select head 

Any comrrand clears the controller status register. 

FLOPPY CDNTRQL [9C14 1 OFFA814 1 

t---------------+ 

1 1 1 1 0 1 
-t---------------+ 

1 1 
10-Read 
1 1 - Write 
1 
1 => Enable floppy interrupt 
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DN4xx and !l!!600 

Floppy Status 
Floppy I/O 
Floppy IMA 

BCOO FFASOO I 
BCOO I FFASOO I 
BC80 I FFAS8Q I 

FJ 0w,y Status Registers 

Main Status Register 

D7 - {ROIl Data register ready to send/receive data from 
Processor. 

D6 - {DID I I/O Direction, 1 = Data Reg to Processor, 0 = 
Processor to Data Reg. 

D5 - {EXMI Execution IOOde for non-mA transfers 
D4 - {CB I BUSY, a Read or Write Cannand is in process 
D3 - {D3BI FW 3 is in Seek Mode 
D2 - {D2BI FW 2 is in Seek Mode 
Dl - {DlB I FW 1 is in Seek Mode 
DO - {DOB I FW 0 is in seek Mode 

=S REXiISTER 0 

IOOI~I~I~lmlmlmlool 

D7 - D6 
o 0 Normal Termination of Comnand 
o 1 
1 0 
1 1 

Abnormal Term {COIIIIBIld started, not canpletedl 
Invalid Cannand { conurand issued never started ) 
Abnormal Termination{ FW went not ready during 
COIIIIBIld execution ) 

D5 - Set when Seek ~leted 
D4 - Set if FW issues Fault Signal or Track 0 Signal 

fails to occur after 77 Step Pulses. 
D3 - Set if FW Not Ready 
D2 - Head Address 
m - unit Select 1 Status 
DO - Unit Select 0 Status 

STA'lUS REXiISTER 1 

D7 - End of Cylinder 
D6 - 0 
D5 - Data Error 
04 - OverrlID 
D3 - 0 
D2 - No Data 
D1 - Not Writable 
DO - Missing Address Mark 
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STA'lUS RffiISTER 2 

07 - 0 
06 - COntrol Mark 
05 - Data Error in Data Field 
04 - Wrong Cylinder 
03 - Scan Equal Hit 
02 - Scan IDT satisfied 
01 - sad Cylinder 
DO - Missing Address Mark in Address Field 

STATUS RffiISTER 3 

07 - Fault from FDD 
06 - Write Protected 
05 - Ready from FDO 
04 - Track 0 
03 - Two Side 
02 - Head Address 
Dl - Unit Select 1 Status 
00 - Unit Select 0 Status 
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<XlNI'ROLLER 
I 
I 

15 V 
16-bit address +-------------+ 

from controller: I I 
+{ {---------J J+ 

0-2 bits "strapped" 
per controller: 

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

I 
I 

17 v 10 9 V 
18-bit virtual -t-----+-------+ 

IJMA address: I I 
+{{-----J J+{ { ---------J J+ 

I 
I 

8-bit VPN I 
+--------------+ 

IOMAP 
+00 +---------+ 

I I 
I I 
+-+----+ 

10-bit page 
displacement 

-/--> 1//1 1--+ 
-/---/---+ I 
I I I 
I I I 12-bit PPN 
I I I 
I I I 

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

21 V 10 9 V 
22-bit physical -/-----------1------------+ 

address: I I 
+{{ -----------/---------J J-+ 

I I 
I -/--> Byte 
V Select 

MEMJRY 

IOMAP has 256 one-word entr ies from FFF800 - FFF9FE. 
FFFAOO-FFFCOO reserved for future expansion (IOMAP 2). 
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I/O MAP ALLOCATION 

Floppy 
Unused 
Winchester 
Ring Transmit 
Ring Receive 

lQ~ 

0-1 

Ring 2nd Rev Chan 
Unused 

2-3F 
40-41 
42-45 
46-49 
4A-4D 
4E-5E 

Color OOA 
Bit bUt 
Unused 
Multibus 

5F-7F 
80-9F 
AO-BF 
CO-FF 
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FFFOOO-FFF802 
FFF804-FFF87E 
FFF880-FFF882 
FFF884-FFF88A 
FFF88C-FFF892 
FFF894-FFF89A 
FFF89C-FFF8OC 
FFF8BE-FFF8FE 
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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Ll L2 L3 F1 

L' L5 L6 

L7 La L" TAB 

LA LB LC 

LD L' LF 

A2 I A3 I A4 I A5 I 

App1 -to J Keyboard - Map 



WHo I Keytpard OJart - flrlsjca1 

Apollo I Keyboa!:d Char-t - Physical 
High order Nibble 
0 1 2 J 

'p Blm{ 0 RI NO RlU NOO no ne 0 

1 'A 'Q ! LI NI LlU NlJJ 

2 " 'R , i L2 N2 L2U N2!J FJ F:IS FJJ FX 2 

J 'e " • NJJ F4C J . 'D 'T $ N' L4U F5 F50 F>: . 
5 " 'u , L5 N5 LOJ NOJ F6 HS F6U FiC 5 

6 'F 'V , L6 N6lJ F": 6 

7 -G 'W L7!J ". F!lJ 

8 'H 'X ! L8 N8 LOO HaJ \ \, tpad '\ 8 

, 'J 'y I L' N3 LJ;] H3J Is Ie , 
A 'J 'z 

B 'K '[ , 

c L I£ I£U Nffi / '/ C 

D 'M 'J ROJ D 

, 'N -- .. "0 RJU 

F '0 H! H,TI 
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Ap:dlo I Keyboard QJart .... Translated (user IIK:ldel 

Apollo I Keyboard Chart - Translated (user node) 
High Order Nibble 
0 1 2 3 

"p SP 0 R1 RlU Pi FIS FlU F1C 0 

1 ", "Q L1 Lill R2U F2 F2U 

2 "B "R L2 R3 L2U R" F3 F3S '" 2 

3 "c "s • L3 R' L" R4U F' F4S F4D FOC 3 . "D "T $ L' R5 L'U R5U F5 F56 F5U FSC • 
5 "s " 

, L5 L5U F6 FOS F6U FOC 5 

6 "F -V , L6 L6U F7 F7S FlU FX 6 

7 "G -w F8 Fill FlO Fa: 7 

8 "R -X ( L8 STI\B La! N8 Nili Nru B 

3 ", .., 
I L3 crl\B Lru N1 N3 Nill N'<J 3 

, "J "2 LA N2 N. N20 

B ", ", N:U 

C -" "\ N' 

D .. "J N5U 

F " N6 NOO N'Ii s 

F "0 "I I "' LF N7 NI NlU NAJ F 
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I " I " I " I " I I " I " I D I " I I "' I 1'41,,1,,1 
I L1A L2A I L3A I I~:;~EI 
I L4 Lsi L6 

III LB I L9 

I '" I 'H 1",,1 IRETURN_ 

I LA LB I LC I I" I 
I LD LE I LF I SPACE I 

Apollo II Keyboa rd Map 



fe:!JJo II Kenmrd Chart .... Pl}ysica1 

Apollo II Keyboard OJart - Physical 
Hign Order Nibble 
0 1 2 3 

0 'SP 'p SF 0 Rl5 RlU Fl Fl5 flU 

1 'A 'Q I L1 C2 F2S F2U F2C 1 

2 " " L2 L2U L3' F3 ell F" FlO 2 
~ ~ 

3 'c 's • L3 LJS L>J R6 F4 F4S F4U F4C 3 

4 'D " , LlM 

5 'E " % L5 Lm; F6U 

6 'F 'V , L6S n FOS F7C 6 

7 'G "W R6S C8 Fill F'" 7 

8 'H 'X I L8 Las LOO LOO \ tp. '\ 8 

3 '1 '{ I L3 L>J Lm 1 R2S 

A 'J " L3AlJ TAB 

B 'K "" 
, R6U CR CRC B 

C I 'L = raJ R5S '; C 

0 " 'I R5 R2U 

E 1< -- R3 

F '0 Pi 
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Apollo II KeyOOard Cllart - Translated 'user rrpdel 

0 

1 

2 

Hlgh Order Nlbble 
o 1 2 3 

'" 'p Sp 0 

'A 'Q I 1 

'B ~R ! " 

C- [--" 
3 'c 's! • 

• AD I AT $ 

5 AE: lJ % 

6 'F 'v , 

7 'G " 
8 'Hi 'X ( 

] ',i" ) 

'J " 

B 'K 

C 'c '\ 

D 'M 'I -

8 'N 

f---
F '0 " / 

Apollo II Keyboard Chart - Translated (user rn:xle) 

Fl FlU Fl FlU 

A 10 C,1 ClU R2U I F2 iF2S 

C2 F3 C2U FD F3 FE F:JJ 

'C ! s C3 R' CD 'R40 ! F4 F4S F<J 

t i L4 c4U " F5S 

u I L5 C50 F2S F6 F6S FEr 

CO RlS 

W IE F4S Fa; 

I L8 STAB cOO F1S cas ClA 

C, crAB c'!J C1S c>l C2A 

I.AU C2S ClA 

iK illS R6 

UlJ 

C5S C2AS 

cmj C6S C6S ClAS 

RBS 

F1C 

F2C 

F3: 

F4C 

CC" 

FO: 

FX; 

coo 

C2AU 

C3AlJ 

APOLLO CONFIDENTIAL. INTERNAL USE ONLY. 6-21 Peripheral I/O 

0 

1 

2 

3 . 
5 

6 

8 

, 
A 



Controller control !>'ge: FE8000 
Interrupt vector nuntJer: B3 ($2CC in !>'ge 0) 
Multibus interrupt level: 3 (See me) 
IOMAP entr ies: FFF980-FFF9FE (64 !>'9es) 

FE80AA 
FE80AB 

CHANNEL A'l'l'ENTION (do sanething useful) 
CXJNl'ROLLER RESET 

System Qmfiguration Pointer (at xxxml 

+00 +01 +02 +04 
+----/----1-------+---------+ 
I 000000011 00000000 I -) <DNFIG BLOCK I 0 I 
+----1-----/---------/--------+ 

system Configuration Block; 

+00 +01 +02 +04 
-/----___i___ I -+--------+ 
I 000000111 00000000 I ~ >CHAN <DNFIG BLK I 0 I 

<:haMel Control Bl ock 

15 8 7 
-/-----/-----+ 

+00 I CQ;' I GATE I ----+ +02 I -) PARM BLOCK I 
-1--------+ 

+04 0 I 
-1-------+ 

+06 I 
+ 

'lb initiate an operation 

(Set up !>,rameter block) 

MJVE.W #$11FF ,GATE 
MJVE.B #0,$FE8OAA 

-+ 

CQ;': Set to $11 for normal 
operations. Set to $09 to 
clear active interrupt. 

GATE: Set to $FF tefore starting 
an operation. Set to 00 by 
controller on completion. 

ClDSE GATE 
Wl\KE UP CDNl'ROLLER 
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'lb acknpwJedge tape interrupt: 

t$09FF ,GIITE CLOSE GA'lE 
1$20.CKl....BYTE DO-ID'lHIIiG aHWID 

MJ\IE.W 
KlVE.B 
MJ\IE.W 
MJ\IE.B 
TST.B 
BNE 

IOJJlIT,<XlNI'ROL ENSURE INTERlUPr BIT OFF 
iOO. $FE80M WAKE UP <XlNI'ROLLER 
GA'lE+ 1 WAIT FOR lICK ro· FINISH 
*-4 

Parameter B] ock 

15 
+----1----+ 

+00 I CKl BYTE I 00000000 I 
+---+---+ 

+02 I 0 I 
+- I I 

+04 I~SHR-I DLIMlJU-1 (<XlNI'ROL - SEE ilEL<l'I) 
+-----+---+ 

+06 I l\CTUAL = I 
+---------+ 

+08 I = ro R/W (*)1 
+---------+ 

+OA I REXXlRDS/CJVERR[JN I 
+-- --+ 

+OC I BUFFER 1'OINrER I 
I -+ 

+OE I 0 I 
-t---------+ 

+10 I SC-EEEEE 1-oLERBP-1 (srA'lUS -- SEE ilEL<l'I) 
+-------+ 

+12 I INl' OR LINK Pm I 
+-----------+ 

+14 I 0 I 
+--------+ 

• Manufacturer recontrends 4K - BK. 

aHWID BYTE 

00 Initialize 3C Edit (rewrite prior record) 
20 No operation 40 Write filanark 
28 Return status 44 Skip to filanark 
2C Read 48 Spice In I records 
30 Write 70 Spice 'n' or to filanark 
34 Rewind 4C Erase fixed (3.5" * In') 
38 Rewind/unload 50 Erase from here to roT 
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<Xl1ll'ROL mRD (appropriate value) 

W 8000 Bus width (0 => 8 bits, 1 => 16) (1) 
G 4000 Grab bus before tape lOOVement (0) 
S 1000 Operate in streaming IOOde (?) 
H 0800 Select high speed (lOOips) (0) 
R 0400 Reverse direction for operation (?) 
D 0080 Grab bus during IX-IA transfers (0) 
L 0040 Link (=> ignore I and M bits) (?) 
I 0020 Interrupt when done (1) 
M 0010 1 => use mailbox interrupts (0) 
UU oooe unit select (00 through 11) (00) 

srAWS mRD (normal state at completion) 

S 8000 Execution (of parm block) started (1) 
e 4000 Execution completed ok (1) 
E •• E IFOO Error code: (00) 

00 No unrecoverable error 
01 Timad out waiting for Data Busy false 
02 Tined out waiting for Data Busy false, 

Formatter Busy false and Ready true 
03 TillEd out waiting for Ready false 
04 Timad out waiting for Ready true 
05 TiIred out waiting for Data Busy true 
06 Memory time-out during system memory reference 
07 Blank tape encountered 
OS Error in micro-diagnostic 
09 Unexpected end of tape 
OA Tape read/write error 
DB Tape overrun 
OD Read parity error 
DE Olecksum error 
OF Tape timaout (read on blank tape or 

reading larger block than written) 
10 Tape not ready 
11 Write attempted on protected tape 
13 Diagnostic IOOde jumper not installed 
14 Illegal attempt to link 
15 Filemark encountered during read operation 
16 Parameter error (byte count zero or too large) 
18 Hardware error 
19 Read or write terminated by as or disk 

a 0040 Online (l) 
L 0020 Load point (?) 
E 0010 End of tape (?) 
R 0008 Ready (1) 
B 0004 Formatter busy (0) 
P 0002 Tape is write protected (?) 
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Multibus (64 pages) 
line pr inter ctl 
Multibus int ctl 

1m 

[ BOOO I mooo 1 

CACHE Pages: [C400 mcoo 

Def"ini tions 

peb_ctrl 
peb...status 
fpcLCITd 
~tatus 
fpcLCSJll 
fpcLcs_ea 
wcs:...lk....size 
wcs_4k....size 
fpoUlefalth 
fpoUIefaltl 
wcserr_vec 
xcpJnt_vec 
ldJa 
rd...fa 
ld...fah 
ldJal 
rd...fah 
rd...fal 
ld...fth 
dp...JllUl 

sp_div 
rcLexp 
lcLexp 

XCPJeg 
cscheJll 
cache_ea 
memorYJll 
memory_ea 
tag.jnval 
ta9-valicLbit 

[CSOO FFOOOO 

mooo 
mooo 
m400 
FF77FC 
mooO 
mcoo 
1024*S 
4096*S 
00B2000E 
500079E3 
Fl«2 
2e0 
l*4+fpILCITd 
3*4+fpILCITd 
19* 4+fpILCITd 
20*4+fpILCITd 
23*4+fpILCITd 
24*4+fpILCITd 
39*4+fpILCITd 
40*4+fpILCITd 

l7*4+fpILCITd 
55*4+fPlLCITd 
253*4+fpILCITd 

6l*4+fpILCITd 
FF7COO 
FF8400 
120000 
l20S00 
SOO 
11 
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VIImJAL 
FEOOOO 
FEFCOO 
FEFCSO 

PHYSICAL 
10000 
lFCOO 
lFCSO 

peb oontrol register 
peb status register (sys space) 
fpu COIlIIlHId register 
fpu status register (user space) 
fpu oontrol store sa 
fpu oontrol store ea 
fpu oontrol store bytes 
fpu oontrol store in bytes 
fpu default microword, high 32 
fpu default microword, low 32 
weB error interrupt vector 
Fpu Exception Interrupt Vector 
load fa sp 
read fa sp 
load fah dp 
loadfal dp 
read fah dp 
read fal dp 
load ftl dp 
load fth and start a dp multiply, 
to look at busy setting ,clearing, 
reading 

load ftl sp div. 
read farn register as raw 32 bits 
load, farn register as raw 32 bits 
and do NA(=EXP 

load farn register as raw 32 bits 
cache window start 
cache window end 
IIBI\Ory start 
IIBI\Ory end 
invalid tag word 
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PEB Control Register Bi ts 

peb_fpu_en 
pebJpu_step 
peb_fpuJeset 
pebJpu_xie 
peb_fpu_csad 
peb_cache_a 
peb_cacheJ> 
peb_tesLt 
peb_test_d 
peb_cache_tpe 
peb_cache_dpe 

0001 
0002 
0004 
OOOB 
OOlF 
0200 
0400 
OBOO 
1000 
2000 
4000 

fpu enable 
fpu step 
fpu reset 
fpu interrupt enable 
upp=r control store address bits 
cache A (0050) 
cache B (0051) 
test tag ram (0052) 
test data ram (0053) 
cache tag parity enable (0054) 
cache data parity enable (0056) 

Useful Combinations 

peb_cache_tta 
peb_cache_ttb 
peb_cache_tda 
peb_cache_tdb 
enab_ta9-a 
enab_tagJl 
enab_data_a 
enab_da taJ> 
enab_cache_a 
enab_cacheJ> 
enab_cache 

peb_cache_a+pab_test_t (0060) test tag A 
peb_cacheJ>+peb_test_t (0061) test tag B 
peb_cache_a+peb_tesLd (0062) test data A 
peb_cacheJ>+peb_test_d (0063) test data B 
peb_cache_tta+peb_cache_tpe+peb_cache_dpe (0065) 
peb_cache_ttb+peb_cache_tpe+peb_cache_dpe (0066) 
peb_cache_tda+pab_cache_dpe+peb_cache_tpe (0067) 
peb_cache_tdb+peb_cache_dpe+peb_cache_tpe (006 B) 
peb_cache3+peb_cache_dpe+peb_cache_tpe (006 9) 
peb_cacheJ>+peb_cache_dpe+peb_cache_tpe (0070) 
enab_cache3+peb_cacheJ> (0071) 

FEB Status Register Bits 

peb_fpu_cspe 
peb_cache-Pe 
pebJptU<ip 
pebJpu_upc 
peb_fpuj)usy 

0001 
0002 
0004 
07FF 
BODO 

control store parity error 
cache p3.rity error 
fpu exception interrupt ~nding 
fpu program counter bits 
fpu busy 

PEBComrrands 

(from fpp. ins.pas) 

FPP_$TSTX 

FPP_sssrx 
FPP_$EXIT 

FPP_SSAV 
FPP_SSAA 
FPP_SSAC 

Test S.P. or D.P. FAC for -,0,+; set CCIS & DO.L 
then exit 

Same as FPP_$SsrA but exits when done (sets ecls) 
Return to caller beginning with instruction in next 

word 
FAC := (SP)+ 
FAC := ((SP) +) 
Address) 

(Single precision Load Value) 
(Single precision Load using 

FAC := Next four bytes in instruction stream 
(Constant) 

((SP) +) := FAC 
Addr) 

{Single precision srore using 

FAC = FAC + (SP) + (Single precision Add Value) 
FAC = FAC + ((SP) +) 
FAC = FAC + Next four bytes (Constant) 
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FPP_$SSV 

FPP_$SSA 
FPP_$SSC 
FPP_$SISV 

FPP_$SISA 
FPP_$SISC 
FPP_$SMV 

FPP_$SMA 
FPP:::.$SMC 
FPP_$S1J\l 
FPP_$SIlA. 
FPP_$SOC 
FPP_$SIIJ\l 

FPP_$SIDA 
FPP_$SIDC 
FPP_$SCVX 
FPP_$SCAX 
FPP_$SCQ{ 

FPP_$SLWV 
FPP_$SLWA 
FPP_$SLLv 
FPP_$SLLA 
FPP_$ssrwx 
FPP_$SS'l'LX 
FPP_$NEG 
FPP_$ABS 

FPP_$DlA 

FPP_$DLC 
FPP_$DSTA 

FPP_$DSl'X 

FPP_$DAA 
FPP_$DAC 
FPP_$DSA 
FPP_$DSC 
FPP_$DISA 
FPP_$DISC 
FPP_$mA 
FPP_$I:MC 
FPP_~ 
FPP_$DIJC 
FPP_$DIllA 
FPP_$DIDC 
FPP_$DCAX 

FPP_$DCQ{ 

FPP_$DLWIl 

FAC : = FAC - (SP) + (Single precision Subtract 
Value) 

FAC := FAC - ((SP) +) 
FAC : = FAC - Next four bytes (Constant) 
FAC : = (SP) + - FAC (Single precision Inverse 
Subtract Value) 

FAC := ((SP)+) - FAC 
FAC : = Next four bytes (Constant) - FAC 
FAC := FAC * (SP) + (Single precision Multiply 
Value) 

PAC := PAC * «SP) +) 
FAC := ,FAC • Next four bytes (Constant) 
FAC := FAC / (SP)+ (Single precision Divide Value) 
FAC := FAC / ((SP)+) 
FAC := FAC / Next four bytes (Constant) 
FAC := (SP)+ / FAC (Single precision Inverse Divide 
Value) 

FAC := ((SP) +) / FAC 
FAC := Next four bytes (Constant) / FAC 
CorriIare FAC : (SP)+1 set cc's & DO.L then exit 
CorriIare FAC : ((SP)+) 1 set cc's & DO.L then exit 
CorriIare FAC : Next 4 bytesl set cc's & DO.L then 
exit 
FAC := Float [ (SP)+] (Float 16 bit integer) 
FAC := Float [ ((SP)+)] (Float 16 bit integer) 
FAC := Float[(SP)+] (Float 32 bit integer) 
FAC := Float[((SP)+)] (Float 32 bit integer) 
DO.W := Fix [FAC]1 then Exit with cc's set 
DO.L := Fix [FAC]1 then Exit with cc's set 
FAC : = -FAC (Single or Double Precision) 
FAC : = Abs [FAC] (Absolute value Single or Double 
Precision) 

D.P. FAC := ((SP)+) (Double precision Load using 
Address) 

D.P. FAC : = Next 8 bytes (Constant) 
D.P. ((SP)+) := FAC (Double precision Store using 

Address) 
D.P. Same as FPP_$DSTA but exits when done 

(sets cc's) 
D.P. FAC := FAC + ((SP)+) 
D.P. FAC := FAC + Next 8 bytes (Constant) 
D.P. FAC := FAC - ((SP)+) 
D.P. FAC := FAC - Next 8 bytes (Constant) 
D.P. FAC := ((SP)+) - FAC (Inverse Subtract) 
D.P. FAC := Next 8 bytes (Constant) - FAC 
D.P. FAC := FAC * ((SP)+) 
D.P. FAC := FAC • Next 8 bytes (Constant) 
D.P. FAC:= FAC / ((SP)+) 
D.P. FAC := FAC / Next 8 bytes (Constant) 
D.P. FAC := ((SP)+) / FAC (Inverse Divide) 
D.P. FAC := Next 8 bytes (Constant) / FAC 
D.P. CorriIare FAC ((SP)+) 1 set cc's & DO.L then 
exit 

D.P. CorriIare FAC : Next 8 bytesl set cc's & DO.L 
then exit 

D.P. FAC := Float [ (SP)+] (Float 16 bit integer) 
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FPP_$DLWA 
FPP_$DLLv 
FPP_$DLLA 
FPP_$DS'lWX 
FPP_$D8I'LX 
FPP_$SCNV 
FPP_$DCNV 
FPP_$SSQR 
FPP_$Il6QR 
FPP_$SEXP 
FPP_$DEXP 
FPP_$SLOG 
FPP_$DLOG 
FPP_$SSIN 
FPP_$Il6IN 
FPP_$SCDS 
FPP_$IXDS 
FPP_$SI'AN 
FPP_$DTAN 
FPP_$SATAN 
FPP_$Ill\= 
FPP_$SATAN2A 
FPP_$SATAN2V 
FPP_$SATAN2C 
FPP_$Ill\TAN2A 
FPP_$Ill\TAN2C 
FPP_$E$21V 
FPP_$E$22A 
FPP_$E$22V 
FPP_$E$22C 
FPP_$E$61V 
FPP_$E$62A 
FPP_$E$62V 
FPP_$E$62C 
FPP_$E$66A 
FPP_$E$66C 
FPP_$STRUNC 
FPP_$SNINT 
FPP_$DTRlJNC 
FPP_$DNINT 
FPP_$SMINIT 
FPP_$SMINA 
FPP_$SMINC 
FPP_$SMAXV 
FPP_$SMAXA 
FPP_$SMAXC 
FPP_$[MlNA 
FPP_$[MINC 
FPP_$[MAXA 
FPP_$CMAXC 
FPP_$CLA 
FPP_$CLC 
FPP_$CI\A 
FPP_$CAC 
FPP_$CSA 
FPP_$CSC 

D.P. FAC := F1oat[«SP)+)] (Float 16 bit integer) 
D.P. FAC := F1oat[(SP)+] (Float 32 bit integer) 
D.P. FAC := F1oat[«SP)+)] (Float 32 bit integer) 
D.P. DO.W := Fix[FACl1 tben Exit 
D.P. DO.L := Fix[FACl1 tben Exit 
COnvert D.P. FAC to Single Precision 
Convert Single Precision FAC to D.P. 
Take square root of FAC 
Take square root of DFAC 
EXP«FAC» 
DEXP (<DFAC» = «FAC» 
DLOG (<DFAC» 
SIN «FAC» 
DSIN (<DFAC> ) 
CDS (<FAC» 
DOJS (<DFAC> ) 
TAN «FAC» 
DTAN (<DFAC> ) 
AmN«FAC» 
DAmN (<DFAC» } 
AmN2(<FAC>, «sp+» 
ATAN2(<FAC>, (sp+) 
AmN2 (<FAC> ,<CONS!'» 
DATAN2 (<DFAC> , ( (sp+) ) 
DATAN2 (<DFAC>, <CONS!'» 
E$21 (<FAC> , (sp)+) 
E$22 (<FAC> , ( (sp) +) ) 
E$22(<FAC>, (sp)+) 
E$22 (<FAC> ,<CONS!'» 
E$61 (<DFAC> , (sp) +) 
E$62 (<DFAC> , ( (sp) +) ) 
E$62 (<DFAC> , (sp) +) 
E$62 (<DFAC> ,<CQNST» 
E$6"(<DFAC>, «sp)+» 
E$66 ( <DFAC> ,<CONS!'» 
FAC : = Int [FAC] 
FAC : = Nint [FAC] (Nearest integer) 
D.P. FAC := Int[FAC] 
D.P. FAC := Nint[FAC] (Nearest integer) 
FAC := Min[FAC, (SP)+] 
FAC := Min[FAC, «SP)+)] 
FAC := Min[FAC, Next 4 bytes] 
FAC := Max[FAC, (SP)+] 
FAC := Max[FAC, «SP)+)] 
FAC := Max[FAC, Next 4 bytes] 
D.P. FAC := Min[FAC, «SP)+)] 
D.P. FAC := Min[FAC, Next 8 bytes} 
D.P. FAC := Max[FAC, «SP)+)] 
D.P. FAC := Max[FAC, Next 8 bytes] 
Complex FAC := «SP)+) 
Complex FAC : = Next 8 Bytes 
Complex FAC : = FAC + «SP) +) 
Complex FAC : = FAC + Next 8 bytes 
Complex FAC := FAC - «SP)+) 
Complex FAC : = FAC - Next 8 bytes 
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Canplex FlIC ,= ((SP)+) - FlIC 
Canplex FlIC ,= Next 8 bytes - FlIC 
Canplex FlIC ,= FlIC • ((SP)+) 
Canplex FlIC ,= FlIC * Next 8 bytes 
Canplex FlIC ,= FlIC / ((SP)+) 
Complex FlIC ,= FlIC / Next 8 bytes 
Canplex FlIC ,= ((SP)+) / FlIC 
Canplex FlIC ,= Next 8 bytes / FlIC 
Canplex Store FlIC thru (SP) + 
Complex Store FlIC thru (SP) + and exit 
complex ExChange Real and Irraginary Pirts of FlIC 
Convert Single Pree to Complex (set inagFlIC ,= 0) 
Complex Conjugate (inagFlIC ,= -inagFlIC) 

0000 RinglDjsk 

+00 

+02 

+04 

+06 

Rml Pige at [ 9800 I OFF9COO 1 

WRITE FUNCl'ION REI\!) FUNCl'ION 

15 0 
--+ 

XMIT~ I 
--+ 

RC\T~ I 
I -+ 

'!MASK I unused I 
I -+ 

DIAG~ I 

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

+00 I XMIT STAWS I 
I I 

+02 I ROI STAWS I 
t------t-----+ 

+04 I 'lMASK I unused I 
I 

+06 I 
I 

DIAG STAWS 
-+ 

I 
--+ +----------+ 

+08 I Rml I +08 I Rml I 
+------------+ +------------+ 
I ID I I ID I 
+-- +----------+ 

+DC I unused I 
I -----+ 

+OE I unused I 
+-----+-----+ 

+10 I ID3 I unused I 
I --+ 

+12 I ID2 unused I 
+--- + 

+14 I IDl unused I 
+---- --+ 

+16 I IDO unused I 
+- -+ 
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TRI\NSMIT <IHIAND [9800 I OFF9COO 1 

4000 xmit interrupt enable 
2000 xmit enable (start the xmit) 
1000 force xmit 

ID'l'&S: 
1. To start a xmit nornally. use 6000. 
2. To force XIIIit, use 7000. 
3. To stop a xmit that has already started, clear the 

xmit enable bit. 
4. Writing anything to this register clears the XIIIit 

interrupt. 

RtPlIVE Wo!MANJ)[9802 OFF9CQ2 1 

4000 enable interrupt 
2000 enable receive (start the receive) 

NJTES: 
1. To start a norml receive, use 6000. 
2. To stop a rev that has already started. clear the 

rev enable bit. 

TRI\NSIUT S'l2\TUS [9800 I OFF9COQ 1 

8000 interrupt pending 
4000 interrupt enabled 
2000 busy 
1000 disconnected 
0800 bi~ error 
0400 elastic store bfr err 
0200 no rtn (a complete I*t frame never arrived) 
0100 crc error 
0080 ack parity error (O=no error, l=error detected) 
0040 external error (err during mA, e.g. parity, bus-error) 
0020 protocol error (the I*t hdr with FRO! ID never came back) 
0010 icopy (sanebody Intended to roPY - was willing 

to rev) 
0008 ack byte errbit (sanebody (anybody!) set the "error 

0004 copy 
0002 wack 
0001 underrun 

NJTES: 

detected" bit) 
(sanebody did ropy the I*t) 

(mA didn't keep up with xmit data rate) 

1. A successful XIIIit will have a xmit status of 0014 
2. A WJICK will have a xmit status of 0012 
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RECEIVE STA'lVS [9802 I OFF9C02 J 

8000 interrupt pending 
4000 interrupt enabled 
2000 busy 
1000 disconnected 
0800 biphase error 
0400 elastic store bfr err 
0200 tirreout (The hdr of a msg was seen, but it never ended) 
0100 crc error 
0080 ack par ity error (9=00 error, l=error detected) 
0040 external error (err during r:t4A., e.g. parity, bus-error) 
0020 [YoIA end of range 
DOlO icopy 
0008 ack bYte errbit 

0004 copy 
0002 wack 
OOOI overrun 

(scmebody before me Intended to mPY) 
(scmebody before me set the "error 

detected" bit) 
(somebodY before me did mpy the pkt) 
(scmebody before me Wl\CKed the ptk) 
([YoIA dido't keep up with rev data rate) 

DIAGN.'lSTIC STA'IDS [9806 OFF9C06 J 

8000 interrupt pending (bac'Lpkt_cnLoverflow interrupt) 
4000 interrupt enabled (bac'LpkLcnt_overflow interrupt) 
2000 connected to the network 
1000 sticky biphase error 

0800 delay on 
0400 sticky gooclJleen 

(error seen since bit was 
cleared) 

(the delay is enabled) 
(good pkt seen since bit was 

cleared) 
0200 sticky elastic store bfr err (error seen since bit was 

OIFF bad packet count 

ID'l'ES: 

cleared) 
(9-bit counter for 1st detecting 

errs) 

1. Counter is number of times this node found an 
error in a pkt going by (regardless of pkt target 
node ID), found the error bit in the ackbyte 
clear, and so was the first to set the error bit 
to a one. 

2. The baCLpkt_cnt interrupt occurs when the counter 
counta from 255 to 256 (i.e. first uses its 
highest order bit). 

3. 'llie oounter sticks at 511 if rrore than 511 errors 
are seen. 

4. Writing anything to low byte of diagnostic command 
register (see below) clears interrupt and all 
sticky bits. 
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DIIIGNJSTIC aH!AIIl [9806 I 0FF9C06 J 

8000 dIre test 
4000 enable interrupt 
2000 connect 
1000 disconnect 
0800 delay off 
0400 delay on 
0200 snoop 

=. 

(loop xmit D!A to rev DIA) 
(bad..P<Lcnt overflow intterupt) 
(to the network) 
(from the network) 
(disable the delay) 
(enable the delay) 
(accept all p..ts but only set ackbyte 
for packets actually addressed to ne) 

Writing anything to low byte of clears interrupt and all 
sticky bits in diagnostic status register. 

'lW\SK [9804 I OFF9CQ4 J 

80 broadcast 
40 hardware diagnostic 
20 thank you 
10 please 
08 paging 
04 user 
02 software diagnostic 
01 xtype3 

=. 
Except for BROI\DCAST, these bits are software defined. 
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DN4XX and DN600 RinglDisk 

address: Controller #2 
Controller n 

[BCOO FF9COO 
[B800 FFAOOO 

( today' s Controllers are #2' s ) 

Address Write function 

Cylinder MSByte 

Cylinder ISByte 

Disk command register 

(reserved hole) 

Head number 

Sector 

Controller comrrand 

(reserved hole) 

Network type mask 

Networ k receive oomnand 

Network transmit cormrand 

Disk Interrupt ACK 

Read function 

Cylinder MSByte 

Cylinder ISByte 

Disk status register 

Node ID 1 

Node ID 2 

Node ID 3 

Disk status MSB 
Disk status ISB 
Network rev stat MBB 
Network rev stat ISB 
Network tx status MSB 
Network tx status LSB 

OOBCOO 
OOBCOI 
OOBC02 
OOBC03 
OOBC04 
OOBC05 
OOBC06 
OOBC07 
OOBC08 
OOBC09 
OOBCOA 
OOBCOB 
OOBCOC 
OOBCOP 
OOBCOE 
OOBCOF 
OOBClO 
OOBCll 
OOBC12 
OOBC13 
OOBC14 
OOBC15 
OOBC16 
OOBC17 
OOBC18 
OOBC19 
OOBClA 
OOBClB 
OOBClC 
OOBClD 
OOBClE 
OOBClF 

Network Trans Interrupt ACK -

Network Ree Interrupt ACK 
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Address Write function Read flIDction 

OOllC40 Disk IJ.1A address Disk OOA address 0 
OOllC4l 
OOllC42 Disk IJ.iA count 0 Disk OOA count 0 
OOllC43 
OOllC44 Disk OOA Address 1 Disk DMA Address 
OOllC4S 
OOllC46 Disk OOA count 1 Disk OOA count 1 
OOllC47 
OOllC48 Transmit DMA Address Transmit r:r.tA Address 0 
OOllC49 
OOllC4A Transmit IJolA count 0 Transmit rnA count 0 
OOllC4B 
OOIlC4C Transmit J:MA address Transmit IJ.1A address 1 
OOllC4D 
OOllC4E Transmit I»1A count 1 Transmit IJ.1A count 1 
OOllC4F 
OOIlCSO DMA comrrand OOA status 
OOIlCSl 
OOllCS2 OOA request 
OOllC53 
OOllC54 DMA single ma.sk 
OOIlCSS 
OOllCS6 OOA roode 
OOllCS7 
OOllCS8 DMA clear byte pointer DMA tanpor ary 
OOllCS9 
OOIlCSA DMA master clear 
OOIlCSB 
OOIlCSC 
OOIlCSD 
OOIlCSE OOA all nasks 
OOIlCSF 

Peripheral I/O 6-34 APOLLO CONFIDENTIAL INTERNAL USE ONLY. 



Address Write function Read fW1Ction 

00BC60 Receive 0 IlMA address Receive 0 IlMA address 0 
00BC61 
00BC62 Receive 0 r.m oount 0 Receive 0 IlMA count 0 
00BC63 
OOBC64 Receive 0 IlMA address Receive 0 IlMA address 
00BC65 
00BC66 Receive 0 DMA oount 1 Receive 0 IlMA count 1 
00BC67 
00BC68 Receive 1 IlMA address Receive 1 IlMA address 0 
OOBC69 
OOBC6A Receive 1 DMA count 0 Receive 1 ~ cOlmt 0 
OOBC6B 
00BC6C Receive 1 Il-1A address Receive 1 DMA address 
OOBC6D 
00BC6E Receive 1 DMA count 1 Receive 1 DMA count 1 
00BC6F 
00BC70 IlMA ccmnand IlMA status 
OOBC71 
OOBC72 IlMA request 
00BC73 
00BC74 DMA single mask 
00BC75 
00BC76 IlMA IIDde 
00BC77 
00BC78 DMA clear byte pointer rnA tanpor ary 
00BC79 
OOBC7A IlMA rester clear 
00BC7B 
00BC7C 
OOBC7D 
00BC7E IlMA all nasks 
00BC7F 

Cy1 index- Address Re~d stet 

MSB address: [ BCOO I FF9COO 

15 14 13 12 11 10 
+----+-----+----+---+----f---f-----+-----+ 
I 0 I 0 I 0 I 0 I 0 I CIO I C09 I COB I 
+---+----f-----+----+----+----+---f-----+ 

LSB address: [ BC02 I FF9C02 I 

15 14 13 12 11 10 
+----i-----+-----f----+----+-----+----+----+ 
I C07 I C06 I C05 I C04 I C03 I C02 I COl I COO I 
+----+----+------+----f----+---+---+-----+ 
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addr:ess; [BC04 I FF9C04 

15 14 

-I- 1 
Sequence Up = 
Sequence Down = 
Restore = 
Seek = 
Fault Reset = 

l3 

o 

PRIAM status se,pster 

12 

address: [ BC04 I FF9C04 1 

15 14 13 12 

11 10 9 

o 
+----+--+ 

o 0 1 
o 1 0 
o 1 1 
1 0 0 
1 0 1 

11 10 
1 I I +-----+- I I I --+ 
I ODRJT1WRITPl'IDRIIFLTI BUSY I en. o I SEEKFT I SEEKOK I READYI 
-1---1 1 1 1 1 1 1 1 
READY - '!he drive is up to speed, servo is locked on 

track, and the unit is in a state to read or 
write. 

SEEKOK- SEEK CX»!PLE'lE - '!his bit indicates the seek bas 
completed successfully. 

SEEKFT- SEEK FAULT - A £aul t was detected dur ing a seek 
operation. 

en. 0 - Head on cylinder O. 
BllSY - '!he drive is in the process of executing a 

camand and will not accept any other COIlIIaIlds. 
DRIIFLi'- DRIVE FAULT - A fault was detected dur ing a wr ite 

operation or a drive unsafe condition was 
detected. 

WRI~ WRITE PROTECl' - '!he bead selected is wr ite 
protected. Write protection is set by switches in 
the drive or when the drive isn't sequenced up. 

ODRJT- Control or register load oomnand received while 
drive is not ready, or ~oper oommand received. 
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HeadlDrive SeJ ect 
address: [BC08 I FF9C08 J 

15 14 13 12 11 10 
+_--f----+----+----+----+----+----+--+ 
I SEL3\1 SEL2\1 SELl\1 SELO\I x I H2\ I Hl\ IHO\ I 
+----+----+---+----+----+-----+---+---+ 
SEL3-SELO select the DRIVE: 

Drive *0 = 
1 = 
2 = 
3 = 

H2-HO select the HEl\D: 

Head *0 = 
1 = 
2 = 

Sector Select 
address: [BCOA I FF9COA J 

15 14 13 12 

1 
o 
1 

11 

o 
1 
1 
1 

10 
+---+---t----+----+-----+----+---f-----+ 
I x I x I x I S4 I S3 I S2 I Sl I SO I 
f-----t-----f---t---+----f----f---+----+ 
S4-S0 select the SECIDR(0-17): 

Sector to = 0 
1 = 0 
2 = 0 
3 = 0 

etc. 

Disk Controller Q;mmmd 
address: [BCOC I FF9COC J 

15 14 13 12 11 10 9 

+---+----+----+----+----+---t----+----+ 
I READ I WRITE I FORMAT I x I x I x I x I INI'E I 
f---+----t----f----t-----f----f----f---+ 
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Pisk Controller status 
address: [BClO I FF9ClO 

15 14 13 12 11 10 
+----+----+-----f-----+----f----+----+----+ 
I BUSY IREADY\ICRCERRITOOUTI 0 I 0 IBUSERRI OVRUNI 
+----+----+------+---+----+-----+----f----+ 
76543210 

t-----+----f----f-----t----+-----f-----t------+ 
10101 xl xl xl xl xl xl 
f-----t----f----f----f-----t----t-----t-----+ 
BUSY - Controller has a disk READ, WRITE or FORMAT 

request :p=nding or in progress. 
READY - PRIAM ready bit, indicates that the PRIAM is 

sequenced up, on CYlinder and ready to accept 
READS, WRITES or FORMATS. 

CRCERR- CRC on the last disk o:p=ration was in error. 
This bit is tmdefined except for disk READs. 

Tn.nUT- The last disk o:p=ration didn It finish before 3 
revolutions of the disk. During a REI\D or WRITE 
operation it is an indication that the drive has 
has been positioned to the wrong cylinder, 
sector nmnber is too large, surface is unforma.t­
ted, or there was a CRC error on tile disk header. 

BUSERR- A BUS error occurred during last OOA transfer. 
DMA address register points past the erroring 
address. 

OVRUN - OOA overnm occurred during last disk operation. 

Status 

Controller busy 
PRIAM not ready 
Time out-sector error 
DMA bus error 
DMA over run 
CRe error 
Disk operation ok 

Packet '.rn>e 

1111110000000000 
5432109876543210 

lxxxOOxxOOxxxxxx 
xlxxOOxxOOxxxxxx 
OOxlOOOOOOxxxxxx 
OOxOOOlxOOxxxxxx 
00x0000100xxxxxx 
0010000000xxxxxx 
OOOOOOOOOOxxxxxx 

address: [ BCl0 I FF9Cl0 I 

15 14 13 12 11 10 
+----+-----t---+-----t-----t-----t----t-----+ 
IBROCSTI T6 I T5 I T4 I T3 I T2 I Tl I TO I 
-t---t----t----t-----t---+---+----t----+ 
BROCST - Accept broadcast messages 
T6-TO - Type rrask, accept message if any bits in type 

field of mesS3.ge are set in corresponding bit of 
type rrask. 
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Receive Command Register 

address: [ BC12 I FF9C12 1 

15 14 13 12 11 10 
+---+-----+----+-----+----+-----+------+-----+ 
I REC I STOP I CDN I DIS I x I x I x I INl'E I 
+-----+----+----+----+----+-----+-----+-----+ 
REC - Enable receive. This informs the controller 

that the registers in the controller are set up 
to receive a message. 

STOP - Abort a previously posted REC. This will be 
successful if the controller has not already 
seen a message begin. 

CDN - Connect to the ring. 
DIS - Disconnect from the ring. This also happens 

on reset. 
INl'E - Enable interrupts to happen after a receive. 
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Receive Status Register 

address: [ BC12 I FF9C12 J 

15 14 13 12 11 10 
+---+----+-----+---+----+----+----+----+ 
I BUSY I CDN I CRCERRITIMJUTI 0 I EDRERR IBUSERR I OVRJNI 
+----+----+----+---+----+---+---+----+ 
76543210 

+----t---t----+---+-----f----f---+---+ 
I MSGER\ I ACKPE\ I PKTERR I 0 I 0 I 0 I ESBERR I BPHERR I 
+----+---+----+----+---+---+---+---+ 

BUSY - rrbe oontroller is currently observing a 
message or a request is still pending. 

OON - The controller is currently cormected to the 
ring. 

CRCERR - The last message received had a CRe error. 

TDOUT - The last message received started but didn't 
finish in 2**12 byte tines. 

EXJRERR - End of range error. One or both of the 
message fields was bigger than the r:MA channel was 
set up for. 

FUSERR - A BUS error occurred during the rnA 
transfer. The rnA address register is pointing 1 
location past the point of the error. 

OVRUN - A r:MA overrun occurred during the last 
receive. 

MSGER\ - No nessage error occured during the last 
receive. A rressage error is any error that can be 
detected by the microcode of the controller. 
Generally it checks for the packet protocol. 

ACKPE\ - Ack parity OK. No parity error was 
discovered in the ack bytes in the last receive. 

PKTERR - Either the transmitter or another receiver 
had an error in the p3.cket. 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 
BPHERR - Bi -Phase Error 
OVRJN - a-\A Overrun 
BUSERR - D1A bus error 
ACKPAR - Ack byte P'lrity error 
SITABT - Software abort 
NOJPY - No receiver enabled to copy this msg 
MSGERR - Message error 

If the receiver had an error in the reception of 
the p3.cket, one of the following errors occurred 
in the receiver: 

ESBERR - Elastic store Buffer Error 
BPHERR - Bi -Phase Error 
OVRJN - a-\A Overrun 
BUSERR - IIom bus error 
IDHERR - End of Range error in a-\A channel 
CRCERR - CRC error in packet 
ACKPAR - Ack byte P'lrity error 

ESBERR - An error occurred in the m:x1ems elastic 
store buffer. 

BPHERR - An error occurred in the m:x1ems decode of 
the Bi -phase encoded data. 

Status 

Controller busy 
Connected to ring 
I*tA bus error 
rnA over run 
Biphase error 
Elastic buffer error 
Tine out error 
Sync protocol error 
Ack byte P'lrity error 
CRe error 
End of range error 
packet error 
received ok 

1111110000000000 
5432109876543210 

lxxxOxxxxxxOOOxx 
xlxxOxxxxxxOOOxx 
OxxxOx1xxxxOOOxx 
OxxxOxOlxxxOOOxx 
01xxOxOOxxxOOOx1 
01xxOxOOxxx00010 
01x10xOOxxxOOOOO 
01xOOxOOOxxOOOOO 
01xOOx0010xOOOOO 
01100x0011xOOOOO 
0100010011xOOOOO 
0100000011100000 
0100000011000000 
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Transmit Coxmrand Register 

address; [ BC14 I FF9C14 

15 14 13 12 11 10 9 
+----+----+---------+----+----+----+----+ 
I 'I'm' I STOP IFl'RANSICHIDISI x IDELAY INDELAYI IIm: I 
+----+-----+----+---+----+----+----+----+ 
'lMl' - Enable transmit. This bit informs the controller 

that all the registers are set up for a message 
to be transmitted when the next token is 
received on the network. 

STOP - Stop a previously posted TMr. This will abort a 
request for a transmit. It will abort a packet 
if currently being transmitted. 

FffiANS - Force transmit. AllCM the 'lMl' to start even 
though no token has been seen. This bit must be 
accompanied by the TMr bit. 

CHIDIS - Disable the second transmit ~ channel from 
putting out any data. This will nake for a 0 
length data field in the message. 

DEL/IY - Enable an additional 7 bit delay into the length 
of the network. This nay be required to support 
the recirculation of the token, which is 9 bits. 

NDEL/IY - Disable the 7 bit delay. 
INl'E - Enable an interrupt to be generated at the 

completion of the transmit. 
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Transmit Status Register 

address: [ BC14 I FF9C14 1 

15 14 13 12 11 10 
+---+-------\------1----+-----1------1---+----+ 
I BUSY I 0 I 0 I TIIDUT I 0 I 0 IBUSERRI OVIDNI 
+-----+----+----+-----I------I-----I------i----+ 
76543210 

-1------1------\------1----+-----+------1-----\----+ 
IMSGER\ IACKPE\ I PKTERR I N(!)PY I (!)PY I WACK I ESBERR I BPHERR I 
-/-----+------1------+----+---+-----+-----+------+ 
BUSY - The controller is currently transmitting a 

message or the request is still t:ending. 
TIf.t)UT - The last message transmitted started but didn't 

finish in 2**12 byte times. 
OOSERR - A BUS error occurred during the OOA transfer. 

The rnA address register is pointing 1 location 
pa.st the point of the error. 

OVRUN - A mA overrun occurred during the last transmit. 
transmiL A rressage error is any error that can 
be detected by the microcode of the controller. 
It is generally the P3cket protocol that is 
checked for. 

MSGER\ - No message error occured dur ing the last 
receive. A message error is any error that can 
be detected by the microcode of the controller. 
Generally it checks for the p3.cket protocoL 

ACKPE\ - Ack P3rity OK. No P3rity error was disccvered 
in the ack bytes in the last transmit. 

PKTERR - Either the transmitter or the receiver had an 
error in the p.1cket. 
If the transmitter had an error in the 
transmission of the p:lcket, one of the 
follOWing errors occurred in the transmitter: 

FSBERR - Elastic Store Buffer Error 
BPHERR - Bi-Phase Error 
OVIDN - OOA OVerrun 
BUSERR - IX-1A tus error 
ACKPAR - Ack byte P3rity error 
SFTABT - Software abort 
NCDPY - No receiver was enabled to copy this 

rressage 
MSGERR - Message error 

If the receiver had an error in the reception 
of the :r;:acket, one of the follow-ing errors 
occurred in the receiver: 
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FSBERR - Elastic Store Buffer Error 
BPHERR - Bi-Phase Error 
OVRJN - rI1A OVerrun 
BUSERR - rMA bus error 
EX)RERR - End of Range error in IJ.1A channel 
CRCERR - CRe error in racket 
ACKPAR - Ack byte rarity error 

NCDPY - No receiver observed his node address in this 
racket and/or was enabled to copy tbis message. 

MSGCPY - The receiver successfully copied the message. 
WACK - A receiver observed his node id, but wasn't 

enabled to copy tbis message. 
ESBERR - An error occurred in the rocrlem I s elastic store 

buffer. 
BPHERR - An efror occurred in the modem I s decode of the 

Bi-phase encoded data. 

Status 

Controller busy 
rnA bus error 
DMA over run 
Biphase error 
Elastic buffer error 
TiIre out error 
Sync protocol error 
Ack byte rarity error 
Negative ack 

Wack 
Packet error 
Message copied 

tbde 1D Register 
address: [ BCOA 

[ BCOC 
[ BCOE 

15 14 13 

1111110000000000 
5432109876543210 

lOOxOOxxxxxxxxxx 
OOOxOOlxxxxxxxxx 
OOOxOOOlxxxxxxxx 
000xOOOOxxxxxxx1 
000xOOOOxxxxxx10 
00010000xxxxxxOO 
OOOOOOOOOxxxxxOO 
0000000010xxxxOO 
0000000011x10000 
0000000011xxx100 
000000001110xxOO 
0000000011001xOO 

FF9COA 1 
FF9COC 1 
FF9COE 1 

12 11 10 8 
+---f----+---f----+----+----+---+----+ 
I=I=I=I=I=I~I=I~I 
-t----t---+-----+----t----t---f----+----+ 
I ID15 I ID14 I ID13 I ID12 I IDll I ID10 I ID9 I ID8 I 
-i----t-----t----t----t----+----+---f----+ 
I ID7 I ID6 I IDS I ID4 I ID3 I ID2 I ID1 I IDO I 
+----+----t---t----t---+---t---+---+ 
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~ Control/Status Regi sills 

JJMA Address address: [base+OJI 
[ + 4 J 
[ + 8 J 
[ " + C J 

IS 14 13 12 11 10 
t----t---t---t----t----t----t---t----+ 
I AOS I A07 I A06 I AOS I A04 I AD3 I AD2 I ADI I 
+----t-----+----+----t-----t-----t-----t---+ 
I IVAl61 IVAlSI IVA141 IVAl3 I IVAl21 IVAlll IVAlO I A09 I 
-t----t----+--+----+----t-----t----t----+ 
Notice that the address is shifted right by 1. 

~address: 

IS 14 13 

[base+2J 
[ " + A J 
[ + E J 

12 11 10 
t----t----t----t----t-----t-----t----t----+ 
I C(J7 I C06 I COS I C04 I C03 I C02 I COl I COO I 
t---t---t----t----+-----i-----t-----+----+ 
I CIS I C14 I Cl3 I C12 I Cll I CIO I C09 I C08 I 
+----+---+---+----t-----t----+----+-----+ 
C(lS-OO) is the desired count in words minus 1. 

DMA Coumand Resister 

address: [ base + 10 J 

IS 14 13 12 11 10 
+---t----t---+----+---+-----t---t---+ 
101111101 Olxl 01 01 
t----t---t---+----+---+---+----+----+ 
BIT 7 - !lACK sense active high 

6 - DREQ sense active low 
S - Extended write 
4 - Rotating Priority 
3 - Compressed timing 
2 - Controller disable 
1 - Channel 0 address hold enable 
o - Memory to memory enable 
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IlMA tt>de Register 

address: [ base + 16 

15 14 13 12 11 10 
+---+----+----r--__+_~ + 
101010lxlxlx x xl 
+----t-----t---+----+---t---t---f----+ 
BIT 7,6 - 00 - Demand JOOde 

01 - Single JOOde 
10 - Block JOOde 
11 - cascade JOOde 

5 - l\ddress decranent 
4 - Autoinitialize 
3,2 - 00 - Verify transfer 

01 - Write transfer 
10 - Read transfer 
11 - undef 

1,0 - channel select 

address: [base+12] 

15 14 13 12 11 10 8 
+___+---+___+.,---+---I---+___+---+ 
Ixlxlxlx x xlxlxl 
r--+---f--I -+- -+----+ 
BIT 2 - Request bit 

1,0 - channel select 

DMA Mask Register 

address: [ base + 14 ] 

15 14 13 12 11 10 
+- I +---+-----+----i---+----+ 
Ix xlxlxlxlxlxlxl 
+-----+---+----+---+----+---+----+----+ 
BIT 2 - Set nask bit 

1,0 - channel select 
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DMA AIL Mask Register 

address: [ base + IE 

15 14 13 12 11 10 
+-----+-----+------t----+-----t------f----t----+ 
I xl xl xl xl xl xl xl xl 
+-----+----+-----t-----t----t----+-----t---+ 
BIT 3 - Set channel 3 rrask bit 

2 - Set channel 2 rrask bit 
1 - Set channel 1 rrask bit 
o - Set channel 0 rrask bit 

DMA Status Register 

address: [ base + 10 

15 14 13 12 11 10 
+----f-----t-----+-----t-----t-----t----t----+ 
I I I I I I I I I 
+---t----t----+----+------t------t---+----+ 
BIT 7 - Channel 3 request 

6 - Channel 2 request 
5 - Channel 1 request 
4 - Channel 0 request 
3 - Channel 3 has reached TC 
2 - Channel 2 has reached TC 
1 - Channel 1 has reached TC 
o - Channel 0 has reached TC 
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SERIAl. 1-(0 TNl'mFACE roR. PN3QQ 

SIC page at [ 8400 I OFFBOOO J 

Sio lines implemented with a Signetics SC2681 DUART. 
Display keyboard interface implemented with a Motorola 
MC6850. 

Register sl..1J'fUTary: 
READ WRITE 

8400 OFFBOOO Mode Reg. A (MRA) Mode Reg. A (MRA) 
8402 OFFB002 Status Reg. A (SRA Clock Select Reg. A (CSRA) 
8404 OFFB004 Comnand Reg A (CRA) 
8406 OFFB006 Rcv HId Reg. A (RHRA) Transmit Hld Reg. A (THRA) 
8408 OFFB008 Input Port Olange Reg. Aux. Control Reg. (ACR) 

(IPCR) 
840A OFFBOOA Interrupt Status Reg. Interrupt Mask Reg. (IMR) 

(ISR) 

8410 OFFBOIO Mode Reg. B (MRS) Mode Register B (MRS) 
8412 OFFB012 Status Reg. B (BRE) Clock Select Reg. B (CSRB) 
8414 OFFB014 Cornrrand Reg B (CRB) 
8416 OFFB016 Rcv HId Reg. B (RHRB) Transmit HId Reg. B (THRB) 
84lA OFFBOlA Input Port Register OUtput Port Config. Reg. 

(IPR) (OPCR) 
841C OFFBOIC Set Output Port Reg. (OPR) 
841E OFFBOIE Reset Output Port Reg. 

(OPR) 
8420 OFFB020 Display Keyboard Status/Comnand Register 
8422 OFFB022 Display Keyboard Data I/O Register 

Peripheral I/O 6-48 APOLLO CONFIDENTIAL INTERNAL USE ONLY. 



WOE REGISTER 1\, first access [ 8400 OFFBQOO 

+-----------r ~ 

17161514131211101 
+------------r-----------+ 

1 
1 
1 
1 
1 
1 
1 
1 
1 
o 
o 
1 
1 

1 1 1 1 
1 1 0 0 = 5 bits/char 
1 1 0 1=6 " 
1 1 1 0 = 7 
1 1 1 1 = 8 
1 1 
1 0 = even parity 
1 1 = odd " 
1 
o = check parity 
1 = force parity 
o = no parity 
1 = special multidrop mode 

o = rep:>rt error on each char 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 = accumulate error info since last reset err 
corrmnand 

, 0 = interrupt on receiver ready 
1 1 = inter rupt on input FIFO full 
1 
1 = drop RTS (OPO) when input FIFO is full 

tIDE REGISTER A. second & s'IDsequent accesses 
(until mode register pointer reset) 

-t------i---------+ 
17161514131211101 
-1-----------+------------+ 

1 1 1 1 1 1 1 1 
1 1 1 1 0 1 1 1 = 1 stop bit 
1 1 III 0 0 0 = 1.5 stop bits 
1 1 III 1 1 1 = 2 stop bits 
1 1 1 1 
1 1 1 0 = transmit regardless of crs (IPO) 
1 III = wait for crs to transmit 
1 1 1 
1 1 0 = leave RTS as is 
III = drop RTS (OPO) after transmitter disabled 
1 1 
o 0 = normal mode 
o 1 = auto echo mode 
1 0 = local loop mode 
1 1 = rE!llOte loop mode 
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STATUS REGISTER A [!!402 I OFFOO02 

+-----------1-------------+ 
17161514131211101 
+---------f-----------+ 

I 1 1 
1 1 1 = input data ready 
1 1 (reset by reading RHR) 
1 1 
1 1 = input FIFO full (reset when 
1 RHR and no data in shift reg) 
1 
1 = transmitter ready (reset when 

'rnR loaded) 
= transmitter under run (reset when 

'rnR loaded) 
= rever overrun (reset by reset error 

status cmd) 
= rev pa:rity error (reset by reset error 

status cmd) 
= receive framing error (reset by reset err status 

cmd) 
= break received (reset by ???) 

CUJeK SELECr REGISTER A[ 8402 ± 0FfB()02 J write=-only 

4 3 
+----------f-----------+ 
1 receive clock 1 transmit clock 1 
+------------+----------+ 

ACR[7]=0 ACR[7] =1 ACR[7]=0 ACR[7]=1 

o - 50 75 8 - 2400 2400 
1 - 110 110 9 - 4800 4800 
2 - 134.5 134.5 A - 7200 1800 (??) 
3 - 200 150 B - 9600 9600 
4 - 300 300 C - 38.4K 19.2K 
5 - 600 600 D - Timer TiIrer 
6 - 1200 1200 E - IP4-16X IP4-16X 
7 - 1050 2000 F - IP4-lX IP4-lX 
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CXJMMAN!) REGISTER A [8404 I OFFBQ04 writ=ly 

+--------t----------+ 
17161514131211101 
+------------+------------+ 

1 1 1 
I I 1 = enable receiver 
1 1 
1 1 = disable receiver 

o 0 
o 1 

1 
1 = enable transmitter 

= disable transmitter 

= no-op 
1 = reset mode register p:>inter 
o = reset & disable receiver 
1 = reset transmitter 
o = reset error status 

o 1 
1 0 
1 0 
1 1 
1 1 

1 = reset break-change interrupt 
o = start transmitting break 
1 = stop tranmsmitting break 

must be 0 

RECEIlIEtrnANsMIT !!OIWNG REGISTER A 8406 I OFFBO06 

t-------------------------+ 
1 D A TAl 
+---------------------------+ 

REI\D = top byte in input FIFO 
WRITE = byte of data to transmit 

INPUT PORI' 0lANGE REGISTER [8408 1 OFFBQ08 J read=l.Y 

change in IPx: state of IPx: 
-r-------------t-----------+ 
13121110131211101 
t-----------t----------+ 

IPO - Clear to Send (eI'S) - A 
IPl - Clear to Send (CTSI - B 
IP2 - Data carrier Detect (DCDI - A 
IP3 - Data carrier Detect (DCDI - B 
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AUXILIARY CDNl'ROL REGISTER [WOB QFFBQOll J write=OD1y 

+----------+-------+ 
17161514131211101 
-l------------+---------+ 

1 1 1 1 1 1 1 
1 1 1 1 1 1 enab int on change in IPO 
1 1 1 1 1 1 
1 1 1 1 1 enab int on change in IPl 
1 1 1 1 1 
1 1 1 1 enab int on change in IP2 
1 1 1 1 
1 1 1 enab in on change in IP3 
1 1 1 
1 counter/timer stuff 
1 
baud rate generator set select (see elk select reg) 

INl'ERRUPr STATUS REGISTER . [ !MOb 1 OFFBOOb ) read=ODl,y 

t----------t---------+ 
17161514131211101 
i------------t------------+ 

1 1 1 1 1 
1 1 1 1 transmitter ready A 
1 1 1 -f-rcver rdy or inpt FIFO full A 
1 1 -f-~-beginning or end of break A 
1 1 
1 -f--------counter ready (not used) 
1 
transmitter ready B 

+--receiver ready or input FIFO full B 
-f-----beginning or end of break B 

-f-------input port change status 

INl'ERR!JPI' MASK REGISTER [84Ob 1 OFFBOOb ) write-on1y 

-f-------+-----------+ 
17161514131211101 
+------------+-------+ 

Each bit enables the corresponding bit 
in the Interrupt Status Register. 

ropE REGISTER B [!Mla 1 aFFB01a ) 

See roDE REX3ISTER A. 

STATUSICIDC!( SEI.ECl' REGISTER B [B412 OFFBm 2 

See STATUS/CIOCK SELECT REX3ISTER A. 
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0?M!WlP REGISTER B [8U4 OFFBOJ 4 

See aJMMAND =ISTER A. 

EECEIVEITRANSMrT HOLDING REGISTER B [8416 OITB016 

See REX::EIVE/I'RANSMIT IDLDIIiG =ISTER A. 

INPllT FORT REGISTER [lI4lA I OrFBOlA J read-wlY 

+------ +------------+ 
1 IP7 1 IP6 1 IP5 1 IP4 1 IP3 1 IP2 1 IPl 1 IPO 1 
+--------------t--------------+ 

IPO - Clear to Send (CI'S) - A 
IPl - Clear to Send (CI'S) - B 
IP2 - Data carrier Detect (lXD) - A 
IP3 - Data carrier Detect (lXD) - B 
IP4-IP7 - Undef ined 

OUTPUT FORT CPNFIGPRATIDN REGISTER 84lA OITBO] A J 

write-only 
+--------r---------+ 
17161514131211101 
+--------+--------+ 

Load with O. This selects: 

OPO = Ready to Send (RTS) A 
OPl = Ready to Send (RTS) B 
OP2 = Data Terminal Ready (DTR) A 
OP3 = Data Terminal Ready (DTR) B 
ON - OP6 - Unused 
OP7 = Speaker control 

sm ()[JTPQT FORT REGISTER [OPR) 84lC OFFJlQIC J 

write-only 
+--------------i---------------+ 

I~I~I~I~I~I=I~I~I 
+--------------i--------------+ 

OPO - Ready To Send (RTS) A 
OPl - Ready To Send (RTS) B 
OP2 - Data Terminal Ready (DTR) A 
OP3 - Data Terminal Ready (DTR) B 
OP4-oP6 - Unused 
OP7 - Turn off speaker 
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RESET OUTPUT ffiRT REGISTER (OPE) t 841E + QfFBO-lE J 

write-only 
+--------------1--------------+ 
1 OP7 1 OP6 1 OP5 1 OP4 1 OP3 1 OP2 1 OPl 1 OPO 1 
+---------------+-----------------+ 

OPO - Ready To Send (Rl'S) A 
OPl - Ready To Send (Rl'S) B 
OP2 - Data Terminal Ready (IlTR) A 
OP3 - Data Terminal Ready (IlTR) B 
OP4-oP6 - Unused 
OF7 - Turn on speaker 

DISPL/\YKEXIDARD STATUS REOISTER- 8420 PFFB020 

read-only 
+-----------+----------+ 
17161514131211101 
-t------------t------------+ 

1 1 1 1 
1 1 1 receive data register full 
1 1 1 
1 1 transmit data register enpty 
1 1 
1 no lXlJ (always 0) 
1 
1 no crs (always 0) 
1 
I receive framing error 
1 
1 receive overrun (reset by reading data) 
1 
I receive p:irity error 
1 
interrupt request (cleared by data read or write) 

Peripheral I/O 6-54 APOLLO CONFIDENTIAL. INTERNAL USE ONLY. 



DISPLAY KEXIDARIl OJMMAND REGISTER 1\420 0fFBQ2O 

write-only 
+---------t---------+ 
17161514131211101 
t-----------+-----------+ 

I I I I I 
I I I 0 o = clock/1 
I I I 0 1 = c1ock/16 
I I I 1 o = c1ock/64 
I I I 1 1 = master reset 
I I I 
0 0 o =7 bits, even :r;:arity, 2 stop bits 
0 0 1 =7 bits, odd parity, 2 stop bits 
0 1 o =7 bits, even plrity, 1 stop bit 
0 1 1 =7 bits, odd parity, 1 stop bit 
1 0 o =8 bits, 2 stop bits 
1 0 1 =8 bits, 1 stop bits 
1 1 o =8 bits, even p3.rity, 1 stop bit 
1 1 1 =8 bits, odd parity, 1 stop bit 

o = Set RTS, disable transmitter interrupt. 
1 = Set RTS, enable I I I I 

o = Reset RTS, disable 
1 = Set RTS, transmit break, disable transmitter 

interrupt 
1 = Enable receiver interrupts (receive data register 

full, overrun, loss of DCD) • 

DISPLAY KEYOOJ\R!) DATA REGISTER [8422 OFfB022 

+-----------------------+ 
I D A T A I 
t-------------------------+ 

READ = empties receive data register 
WRITE = loads transmit data register 
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SERIAL I/O INl'ERFACE FOR !lN4XX I\N!l DN6QQ 

Data Inp.1t/Output, Line 0 
Control/Status, Line 0 
Data Inp.1t/Output, Line 1 
Control/Status, Line 1 
Data Inp.1t/OUtput, Line 2 
Control/Status, Line 2 
Data Inp.1t/Output, Line 3 
Control/Status, Line 3 
Bit-Rate Generator ,Line 0 
Bit-Rate Generator ,Line 1 
Bit-Rate Generator,Line 2 
Bit-Rate Generator ,Line 3 

Data 
03 02 01 00 
o 0 0 0 
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 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

Di splay Speaker 

Bit-Rate 
50 
75 
no 
134.5 
150 
300 
600 
1200 
2400 
2000 
2400 
3600 
4800 
7200 
9600 
19200 

8400 
8402 
8404 
8406 
8408 
840A 
840C 
840E 
8482 
8486 
84SA 
848E 

FFBOOO 1 
FFB002 1 
FFB004 1 
FFB006 1 
FFB008 1 
FFBOOA 1 
FFBOOC 1 
FFBOOE 1 
FFB082 1 
FFB086 1 
FFBOSA 1 
FFB08E 1 

SID line 0 is wired to the Display Speaker. 

- asserting RTS will emit a constant sound 
- toggling DTR with RTS set ani ts different tones 
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SIa Write COntrQllStatus Regi sters 

WRITE =ISTER 0 

0 
Pa 

0 Reg 0 Select 
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 

NULL code 
Send Abort 
Reset External Status Int 
Channel Reset 
Enable Int. on next Rx Char 
Reset Tx Int. pending 
Error Reset 
Return from Int (CH-A only) 

NULL oode 
Reset Rx CRC Checker 
Reset Tx CRC Generator 
Reset Tx UnderrunjEJJM Latch 

WRITE =ISTER 1 

D7 - Wait,/Ready Enable 
D6 - Wait/Ready Function 
D5 - Wait/Ready on R/'r 
D4 - D3 

o 0 Rx Int. Disable 
o 1 Rx Int. on 1st Character 
1 0 Int. on all Rx Chars (Parity affects vector) 
1 1 " "" n R "does not " "} 

D2 - Status affects vector (CH-B only) 
D1 - Tx Int. only 
DO - EXT Int. Enable 

WRITE =ISTER 2 (CHANNEL B ONLY) 

I D7 I D6 I D5 I D4 I D3 I D2 I D1 I DO I 

D7 - DO = Interrupt Vectors V7 - va 
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WRITE =1STER 3 

D7 - D6 
o 0 Rx 5 Bits/Character 
o 1 Rx 7 Bits/Character 
1 0 Rx 6 Bits/Character 
1 1 Rx 8 Bits/Character 

D5 - Auto Enables 
D4 - Enter Hunt Phase 
D3 - Rx eRC Enable 
D2 - Address Search Mode (SDLC) 
Dl - SYNC Character Load Inhibit 
DO - Rx Enable 

WRITE =ISTER 4 

D7 - D6 
o 0 
o 1 
1 0 
1 1 

D5 - D4 
o 0 
o 1 
1 0 
1 1 

D3 - D2 

Xl Clock Mode 
X16 Clock Mode 
X32 Clock Mode 
X64 Clock Mode 

8 Bit Programrred SYNC 
16 Bit Programrred SYNC 
SDLC roode (01111110 flag pattern) 
External SYNC Mode 

o 0 SYNC Modes Enable 
o 1 1 Stop Bit/Character 
1 0 1.5 Stop Bits/Character 
1 1 2 stop Bits/Character 

Dl - 0 = Odd Parity, 1 = Even Parity 
DO - Enable Par i ty 

WRITE =1STER 5 

Iml~IMlwlroloolDllool 

D7 - D'IR 
D6 - D5 
o 0 Tx 5 Bits (or less) Character 
o 1 Tx 7 Bits/Character 
1 0 Tx 6 Bits/Character 
1 1 Tx 8 Bits/Character 

D4 - Send BREAK 
D3 - Tx Enable 
D2 - SDLC/CRC-16 
Dl - RTS 
DO - Tx eRC Enable 
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WRITE RroISTER 6 
-----

Iml~I~I~lmloolmIOOI 

---------------------------
D7 - DO = SYNC Bits 7 - 0 

WRITE RroISTER 7 

D7 - DO = SYNC Bits 15 - 8 

SID Read Cor¢roJ Istatus RfWsters 

RFJ\D RroISTER 0 

D7 - BREAK/AOORl' * 
D6 - Tx Underrun/EXll * 
D5 - CTS * 
D4 - SYNC/HlUlt * 
D3-DCD* 
D2 - Tx Buffer ~y 
Dl - Interrupt Pending (Cll-A only) 
DO - Rx Character Available 

* Used wi til External/Status Interrupt Mode 

RFJ\D RroISTER 1 

D7 - End of Frame (SDLC) 
D6 - CRC/Framing Error 
D5 - Rx OverrlUl Error 
D4 - Parity Error 
D3 D2 Dl I Field Prev Byte 

1 0 0 0 
o 1 0 0 
1 1 0 0 
o 0 1 0 
1 0 1 0 
o 1 1 0 
1 1 1 1 
o 0 0 2 

DO - All Sent 

I Field 2nd Prev Byte * 
3 
4 
5 
6 
7 
8 
8 
8 

* Residue data for 8 Rx bits/character prograIlllled 
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REI\[) RmISTER 2 

------------------
Iml~lrelwlmlmlmlool 

D7 - DO = Interrupt Vectors V7 - VO 

Write CRl or CR3 
Rd Status, Wr CR2 
Rd/Wr TOOr 1, Hi 
Rd/Wr TOOr 1, Lo 
Rd/Wr TOOr 2, Hi 
Rd/Wr TOOr 2, Lo 
Rd/Wr TOOr 3, Hi 
Rd/Wr TOOr 3, Lo 
calendar Control 
calendar Data Wr 
calendar Data Rd 

8800 
8802 
8804 
8806 
8808 
880A 
880e 
880E 
8880 
8882 
8884 

FFACOO 1 
FFAC02 1 
FFAC04 1 
FFAC06 1 
FFAC08 1 
FFACOA 1 
FFACOC 1 
FFACOE 1 
FFAC80 1 
FFAC82 1 
FFAC84 1 

'lbe touchpad sends approxinately 30 data points per 
second, through the same SIO port (zero) as the keyboard, 
at a speed of 1200 baud. Each data point consists of four 
bytes, as follows: 
+----------------------------------+ 
I escape code I 108 Il04:hi41 hi8 I 
I I bits I bits : bits I bits I 
I E8 I of X 10fY:ofXI ofY I 
+-- ------------+ 

4-7 0-3 
byte 0 byte 1 bYte 2 byte 3 

The range of X and Y coordinates is approxinately 30 to 
1100. 
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ClIAPl'ER 7 

AOORESS SPAm 

Rws;ca1 &XJress Space 

+- ,----,-+ 
o I I 0 
+--------+ 

16K I 10 <DNl'ROL I 4000 
I PAGFS I 
+-------+ 

128K I DISPLAY BI'IMl\P I 20000 
+-------+ 
/ / 
+-------+ (-- FIRST MJM)RY BOI\RD 

1M I I 100000 
I MAIN I 
I I 
I I 
I IIEMlRY I 
I I 

2M +--------+ 200000 
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Virtual memory 

+-------__+ (-- GlDBAL A a:xJNIlI\RY 
TRAPS & PR(lo\ I 0 

+--------+ 
4K I UII.lSED I 5FFF 

+---------+ 
6K I UMPllI:C I 6FFF 

+----------+ 
7K I UMMPEB I 7FFF 

-f--------+ 
8K I GlDBAL ~ DATA I 

I I FFFF 
+---------+ 

1M I GlDBAL LIBRARIES I 
I I lFFFFF 
+--------+ (-- PRVATE (USERfoODE) 

2M I PM Sl'ATIC DATA I 
I I 207FFF 
+----~-----+ 
I WARD SEGMENT I 
I I 20FFFF 
+----------+ 
I USER Sl'M;K I 

3M I I 28FFFF 
+-------+ 
I USER PROCFSS I 
I PRIVATE IlI\TA I BBFFFF 

11. 75M +--------+ (-- PRIVATE (SUreRVISOR MJDE) 
I f£R ffiOCESS I 
ISUreRVISOR SPlICE I BFFFFF 

12M +--------+ 
I UJiUSED I 
I I 800000 
+----------+ (-- GlDBAL B a:xJNIlI\RY 

14M I DEIIlG IDRK PR(lo\ I EOOOOO 
+----------+ 

14.1M I I E00400 
I IiUCLEUS I 
I I 
+--------+ 

15.75M I DISPLAY BImAPS I FAOOOO 
+---------+ 

15. 8M I 10 CDNrnOL I FEOOOO 
I PAGES & 10 MAP I 

16M +___----+ 1000000 
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Program format 

PROGRI\M name,start-addr [,proc-sect [,data-sect]] 
MJDULE name [,proc-sect [,data-sect]] 

PI<OC 
pure code and data (no variables, no relocation) 

DAm 
read/write code and data (including all address 
constants) 

roore P.Rt'X and MTA sections, as desired 

END 

1. These pseudo-ops I1UlSt not start in column 1. 

2. Use PROGRI\M when writing a nain program, to specify 
the start address. Use IDDULE otherwise. 

Camrent: * any characters up to end of line. 

Instruction or Pseduo-op: 
[label] "opcode" [operandl [,operand2]]" [COIIIIlEnt] 

Notes: 

• * of coJ11llent field I1UlSt be in first character 
position of line 

• label field if present I1UlSt begin in first 
character position of the line 

• ... means one or IOOre spaces 

• [] encloses optional portions 

• Assembler is not case-sesi ti ve 
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Expression S$tW 

* means current location 

# means iIYtlediate operands 

$ means hex constants 

DB, SB, and SP are synonyms for registers AS, A6, and A7 
respectively 

Operators in decreasing priority: 

*, / 
+, -
<, >, <=, >=, =, <> relationals 
«, » shifts 
& bitwise and 

bitwise or 

~ 

AIlCD BSEl' DBT IDVE/\ SEQ UNLK 
ADD BSR DBVC IDVEM SF 
ADDA BT.3T DBVE IDVEP SGE 
ADDl BVC DCNr IDVEQ SGT 
ADDQ BVS DEPOS MUIB SHl 
ADIJX CHK DEFS MULU SLE 
AND CLR DIVS NBCD SLS 
ANDl CMP DIVU NEG SLT 
ASL CMPA ELSE NEGX SMl 
ASR CMPl ENOC N:)p SNE 
BCC CMPM roR NJT SPL 
BCHG DBCe roRI OR sr 
BCLR DBCS EXG ORI srop 
BCS DBEQ EXT PEA SUB 
BEQ DBF IFEQ RESET SUBA 
B:;E DBGE IFF ROL SUBI 
SGT DBGT IFNE ROR SUBQ 
BHI DBHI IFT ROXL SDBX 
BLE DBLE JMP ROXR BVC 
SLS DELS JSR RTE svs 
BLT DBLT LEA RTR i:MAP 
OOI DOOI LINK RT.l TAS 
BNE DBNE LSL SBCD '!RAP 
BPL DBPL LSR sec TRAPV 
BRA DBRA IDVE SCS = 
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PrumdQ=Ql§ 

PC 
DA[ .x] 
DATA 

OC[.x] 

DEFOS 

DEFS 

expr 
'string' [, ... ] 

Define address constant 
Def ine ASCII str ing 
Set location sector to end. of 
data section 

[repeat-cnt@] Define constant 
const-expr [ , •••• ] 

expr 

expr 

Define symbols in descending 
order 

Define symbols in ascending 
order 

name DFSECT [attributes] Define section (attributes 
are: READONLY, OVERLAY, 

DroP 
OS [.x 
EJECT 
END 
ENDS 
ENTRY[.y] 
label ECU 
EXTERN[.y] 
LIST 
KlDULE 

An 
expr 

name 
expr 

name 

INSTRUCrrON, ZERO) 
furl static range of using 
Define unintialized storage 
Do top of form 
Errl of source 
End of DEFS or DEFOS 
Declare entry point 
Def ine label as expr 
Declare external 
Enable listing 

name Module header 
[,proc-sect-name [,data-set]] 

IDLIST 
ORG 

!'ROC 

PROGRAM 

USm:; 

Notes: 

expr 

name [,start-addr 

Inhibit listing 
Set location counter within 
section 

Set location counter to end 
of named section 

[,proc-sect-name [, 
data-set-name]]] Program header 

name Set location counter to eoo 
of named section 

An,expr Instruction I s addressing 
rrodes 7 fie Ids can assllJlE 
expression in register An 

.x -) .B, .W, or.L (Byte, Word, Long) 

.y -) .0, .P, or.F (Data, Procedure, Function) 

1. Only comrrents, EJECI'S, and ECUs can precede the 
PROGRAM or KlDULE pseudo-op. 

2. Th.e USHl; pseudo-op generates no instructions. It 
sinply tells the assembler that the address of the 
expression is in address register Ax. The assembler 
uses this information in forming the effective address 
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fields of instructions. Program instructions must 
load the address register with the address of the 
expression and and preserve it over the static range 
that begins with the USIN} pseudo-op. The DROP 
pseudo-op ends the static range. 

3. There is an implicit USIN} at the beginning of each 
assembly language roodule. The assembler assUIIeS that 
AS contains the address of the start of the IlI\TA$ 
section. DROP can be used to disable this. 

Register usage 

AS - DB 
A6 - SB 
A7 - SF 

Structures 

DEE'S defines a structure, addressed in ascending order. 
DEFDS defines a descending structure. ENDS narks the end 
of a definition. 

For example: 

DEFS 4 (sp) 
a ds.w I 
b ds.l I 
c ds.l I 
ENDS 

An assembly language roodule rray have any number of 
sections. The assembler creates two sections 
automatically - a read-only, concatenate, instruction 
section named PR(XE)URE$, and a read/write, concatenate, 
data section named DATA$. The names PROCEDURE$ and IlI\TA$ 
can be changed in the PROG!W\ or IDDULE statenent. 

Sections and labels nay have the same n3It\e. The name is 
recognized as a section name only in the context of DFSEcr 
and SECI' statements. 

DFSECl' defines a section. Its syntax is: 

section-name DFSECI' section-attr ibutes-list 

e.g. DEBUG$ DFSECl' REI\DONLY 

Valid section attr ibutes are READONLY, OVERLAY, ZERO, and 
INSI'RUCl'ION. If no attributes are specified, the section 
will be a data, concatenate, read/write section. OVERLAY 
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sections overlay FORI'RAN (DM)N blocks and Pascal 
sections of tbe same name. ZERl instructs tbe loader to 
initialize the section to zero before loading. 

SEer directs tbe assembler to use a named section. Its 
syntax is: 

SEer section-name 

e.g. SEer DE!lJG$ 

This pseudo-op directs tbe assembler to put data or 
instructions in tbe specified section. It is similar to 
tbe PROC and DATA pseudo-ops, except tbat any section may 
be used. 

Usage Information 

Conmmd line: 

l\SM source-file [options] 

Options: (* indicates default options) 

* -L [<listing file>] 
-NL 

* -B [<binary file>] 
-NB 
-XREF 

* -NXREF 

Generate assembly listing 
Suwress assembly listing 
Generate binary file 
Suwress binary file 
Generate cross reference listing 
Suwress cross reference listing 

Source file names nust end in .asm. OUtput listing files 
and binary files end in .lst and .bin, respectively. For 
example, asm foo looks for foo.asm as input, and creates 
foo.bin and foo.lst. 

Conditional I\ssembly ~ 

Note: ASH has conditional processor directives similar to 
PASCAL (see (l)NDITIONIIL l'roCESSIliG below) • 

IFEQ expr 
IFNE expr 
IE'!' expr 
IFF expr 
ELSE 
moe 

II!lWi 

1. IE'!' and IFNE assemble if expr <> O. 

2. IFF and IFEQ assemble if expr = o. 
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~: 

PEA 

PEA 
IDVE.L 
JSR 
ADD.W 

ARGn 

ARGI 
ECBADR,AO 
(AO) 
#4*n,SP 

PUSH ADDRESS OF LAST ARG 

PUSH ADDRESS OF FIRSr ARG 
GET ADDRESS OF ECB 

JUMP AND PUSH PC 
FOP ARG Pl'RS OFF srACK 

SUbrolltioe entry: 

IDVE.L 
CLR.L 
IDVE.L 
IDVE.L 
LINK 

IDVE.L 

DB,-(SP) SAVE CALLER'S llI\TA BASE REG 
- (SP) PUSH A RESERVID IIDRD 
AO ,- (SP) PUSH ADDRESS OF MY ECB 
6(AO) ,DB WAD MY DATA BASE FRCM ECB 
tautosize,SB LOAD MY STACK BASE 

& DEFINE l\lYlmATIC sroPAGE 
20 (SE) ,IIDRK GET ADDR FIRST ARG 

SUbroutine return: 

UNLK 
ADD.W 
IDVE.L 
RI'S 

SB 
*8,SP 
(SP)+,DB 

REWAD CALLER'S SE 
FOP LINKAGE STUFF 
REWAD CALLER'S DB 
RE.WRN '!O CALLER 

See also srACK FRAME, ECB. 

Note: registers other than DB, SB, SP not preserved. 
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CPNDITION/\L ProCESSING 

Conditional processing applies to both PAS and ASM. 

Conmmd Line S$¢ax 

F"s [filename] -<XlNFIG namel name2 

Coooitional Compilation Control Structure Syntax 

%if <predicate> %then 
text 

%elseif <predicate> %then 
text 

%else 
text 

%endif 

<predicate> is of the form: 
name 
not <predicate> 
<predicate> and <predicate> 
<predicate> or <predicate> 
«predicate> ) 

Additional Syntax: 
%var namel narne2 ••• ; 

%enable namel name2 .•• ; 
%config 
%error I string I 
%warning I str ing I 
%exit 

%ifdef <predicate> %then 
text 

%elseifdef <predicate> %then 
text 

%else 
text 

%endif 

- attr ibute name 
-- highest precedence 
- "and" higher than "or" 
- lowest precedence 
- grouping 

- enumerate (declare) set of 
valid attr ibutes 

- enable attr ibutes 
- predeclared attribute 
- generate compiler diagnostic 
- generate compiler diagnostic 
- Stop processing this file 

( (%elsif, %elsifdef, and %end nay also be used» 

Syntax Restr j ctions 

• Lines must exclusively contain either oonditional 
compilation directives or language source text. 

• Only attribute names given on the oomrrand line 
and names created with %var nay be used in a 
<predicate>. 

• %error and %warning must be on lines by 
themselves. 
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• Names must be declared in a %Vl\R statanent before 
being used. Names given on the comnand line with 
-aJNFIG rust also appear in a %Vl\R statanent 
before being used in a predicate. 

• A name evaluates to '!RUE in a %IF /%ELSEIF 
statanent if it is enabled on the comnand line 
with the -aJNFIG option, or enabled with a %ENABLE 
statanent. 

• A name evaluates to '!RUE in a %IFDEF/%ELSEIFDEF 
statanent if-and-only-if it is declared with a 
%Vl\R statanent. 

• '!be pre-declsred attribute name %<DNFIG is 'mIJE 
iff a -aJNFIG option was given on the COITI1Blld line 
with non-null arguments. 

• Declaring an alreadY declared name will resUlt in 
a warning. Using an undeclared name will result 
in a warning. Enabling a name that is alreadY 
enabled will result in a warning. 
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mrRY mN:mDL BI.DCK CECal 

(type db_$ecbJec in /us/deoog/db.deoog$.ins.J;as) 

15 
+-------+ 

+00 I JUMP I • jrnp 
+ + 
I TO I 
+ + .cs 
I PROCEDURE I 
-t--------+ 

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

+OA I - - - - - BlAND I .keys 
+----------+ 

+OC I DEBUG I 
+ + .detug 
I INFO I 

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

B = 1 =) Stop looking back in stack for inhbt routines 
I = 1 =) Inhibit async faults for routine 
A = 1 =) Apollo software 
N = 1 =) Detug info present 
D = 1 =) DB reg not saved 
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FlLEJ:0ME SnFFIXES 

SUFFIX 

.l\SM 

.BIIK 

.BIN 

.BND 

.BS 

.c 

.DATA 

.FIN 

.HLP 
• INS 
.ISr 
.MAP 
.PAS 
.RFC 

Asserrl::>ler source 
Backup file 
Binary file 
Binder 
Boot Shell ccmrand 
C source 
Data file 
FORl'RAN source 
Help text 
Insert file 
Listing file 
Map file 
Pascal source 
Run file converter 

REXXlGNIZID BY 

Asserrl::>ler (inp.1t) 
Display nanager (output) 
Canpilers (output) 

Boot Shell 
CC (inp.1t) 

FIN (inp.1t) 
HELP 00IIlIIBIld ( inp.1t ) 

Canpilers (output) 
Binder (output) 
PAS (inp.1t) 
RFC 00IIlIIBIld (output), 

/sysboot (inp.1t) 
D3M SUFFIX 

.DDL 

.EMr 

.ISr 

.RPl' 

.CMIJ 

.RDL 

.llWA.xxx 

AUX SUFFIX 

.c 

.0 

.H 

Schema, subschena, aggregate schena DDL 
Outp.1t from the RDL 
ASCII listing of the schena, subschema, 

aggregate schema COIIPiler 
Outp.1t from the D3M/FO~ 
Executable D3M/IlATAVIEW COJDI1BI1ds 
Source for report writer 
llWA definition generated I:'f SSCH 

MEANrn:; 

C conpiler 
Binary file from conpiler 
C insert file 

SauSE SUFFIX 

.MSS 

.arc 

.LPI' 

.AUX 

.ERR 

Manuscript 
Outline 
Lineprinter 
Auxillary 
Error listing 

'Ibese conventions are not requirenents i you can give a 
file any name you like, within the syntax rules. The 
operating system does not check a file's contenta against 
its name. However, sane programs assume that the names of 
inp.1t files end with a p>rticular suffix. For example, 
the FORl'RAN conpiler requires that the names of its inp.1t 
files end in • FIN • 
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PATHNI\ME SYNr/\X 

Starting Point SynOOl 

// 
/ 

\ 
or none 

Network root directory 
Node entry directory 
Naming directory 
Parent directory 
Working directory 
/sys/node_data [.nn] 

Legal characters in names: 

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

(tmderscore) 
(period) 

Names cannot start with 

Valid pathnames: 

/PASCAL 
\MISC/SAU_SCURCE 

. . - , 

/ /US/INS/STREAMS. INS. F"lN 
-com 
-liniularne 

PASCAL EXTENSIONS 

or digits • 

PAS compiler: Features for internal Ap:>11o use only are 
marked with (*). 

A Pascal "procedure" or "function" may be given a variety 
of attributes or options which may be used to change the 
behavior of the routine or the system usage of the 
routine. 

llllIi...I'lIIW: (*) 

"VAL.-_PARAM" is an attribute which can be specified for a 
procedure or function. When it is given, argurrents which 
are not to be changed by the called routine (Le. 'value' 
argurrents and 'IN' argtJm:!nts) and which are 32 bits or 
less, are passed by "value" instead of by "reference". 
'Ibis makes the code a little more efficient. If you use 
this attr ibute, you may WI' invoke the routine from 
Fortran or C. Note that VAIcPARAM is superfluous if the 
INrERNAL attribute is used, or the routine is nested. 
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Example: 

FUNCTION fnCLname (IN!'li'ffie : IDNLN_ROC; 
IN p:lefJlag : BOCLEAN) OBJEO'_Pm; 
VAIJ'ARl\M; EXTERN; 

OPl'IONSO clause 

The "OPl'IONS" clause is another way of giving procedure or 
flmction attributes. It allows you to group your 
attributes in one place. If you use the "OPl'IONS"' clause, 
you nay WI' have attributes outside it. Furthermore, the 
"OPl'IONS" clause ~rmits additional attributes. 

In the example above, the function could have been 
specified as follows: 

FUNCTION fnCLname (IN ~ : IDNLN.- ROC; 
IN p:lefJlag : 13OOLE1\N) : OBJECT_Pm; 
OPrIONS(~PARl\M, EXTERN); 

Note that the attr ibutes of VAL_PARAM. and EXTERN are 
separate by comras in the OPI'IONS clause. 

Furthenoore, the following attributes, if desired, nay 
ONLY be given in an OPl'IONS clause. These are; 

IN!illUT: (*) 

The inhibit attribute sets a bit in the OCB flags which 
inhibits asynchronous faults for the routine. 

~:(*) 

The backstop attribute sets a bit in the OCB flags which 
stop looking back in stack for "inhibit"ed routines. 

Yl\IUl\.!ll.& : 

The variable attr ibute allows a variable nurrber of 
arguments to be given to the routine invocation. The 
number of arguments may be less than or equal to the 
number of parameters in the declaration. It nay IDT be 
more. It is up to the writer of the routine to know how 
roany arguments were actually passed. Generally, scme kind 
of argument count should be given as one of the arguments 
(such as the first one). 
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STACK FRAME 

SP -> Automatic 
Storage 

+----------------+ 
SB -> +00 I Caller's SB I ------+ 

+-----------------+ I 
+04 I -> ECB I I 

+---------------+ I 
+08 I 0 (unit list) I V 

+------------------+ PREVIOUS 
+OC I Caller's DB I STACK FRAME 

+---------------+ 
+10 I PC for Return I 

-1----------------+ 
+14 I -> ARGI I 

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

+------------------+ 
I I 
t--------------+ 

+l0+4*n I -> ARGn I 
-f--------------+ 
I I 
I I 

caller'S DB is an optional field. 'DB not saved' bit in 
ECB signals that it is not present. 

STATUS WIlD 

("status_til in base.spo.bbas) 

31 24 23 16 15 
+------+-------+-------------+ 
I FSSSSSSS IAMMMMMMMI c==I 
+------+-------+--------------+ 

F = 1 => module couldn't handle error (fail bit) 
So oS - Subsystem identification 
A = 1 => asynchronous fault; only set during delivery 

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

See also CIlAPJ'ER 4 ERROR CDDES 0 
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CHAPrER 8 

DEBUG QJMMANP OOENSIONS 

The following oormands and other items are available in 
the standard DEBUG, but are not advertised to the public. 

NewCoummds 

• REGS -- Display the registers of the target 
program. 

• DB - Invoke the rrachine-level debugger DB (see 
below) • 

• VA -- Soow the Virtual Address of current program 
location, one named routine, or a list of 
variables: 

VA [{ var [, .... var 1 I -Routine [<routine-name>]} J 

VA by itself sbows the current symbolic location 
and the virtual PC. 

VA -Routine [ <routine-name>] shows the starting 
address of the named routine, or the current 
routine if the name is omitted. 

VA var [ , ••. , var J shows the address of each 
variable. 

Options to Current Corrmmds 

Breakpoint 

Breakpoint has an option to set a breakfX)int on a virtual 
address. The formats are: 

Breakpo iot -VA va_nUITber 
or 

Breakpoint -VA routine-name\rva.Jlurrber 

The -VA option must be given. Then, if "va....nurrber" is 
given, this is take to be some virtual address where a 
breakpoint will go. 

If "routineJ)alTle\rva...nwrber" is given, then the routine is 
found, and the "rva.J1l.lIIber" is assuned to be a 
ZEro-RELATIVE tlUlTber which is added to the start of the 
named routine to rrake a virtual address breaklx:dnt. 
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Remember that DEBUG assures base 10; hexadecinal llUIlbers 
must be given with a leading "161". Also, N.) CHEQ{ is 
done to see if the nunber supplied is legal. 

Delete has an ol'tion to renove breakpoints nade with the 
-VA option. The fornats are: 

Delete -VA WLnumber 
or 

Delete -VA routine-name\rva_nurnber 

MisceJ Janeous 

The List oormand is lU1Changed; you cannot list these -VA 
breakp:>ints exclusively. Listing all breakIX>ints will 
show them, however. 

DEBUG has another invocation option which will show a 
brief section nap of the loading of the tsrget program. 
The option is "-snap", and it must come BEFORE the target 
name. Example: 

$ debug -snap zd/z.63.bin 
Section Map: 
#; Location Size Name 
1 002EA768 000002F4 PROCEDllRE$ 
2 00300000 OOOOFEDO IlATA$ 
3 002EAASC 00000A76 DEBUG$ 

The section rrap is always displayed on ERRCXJT. 

Also, here is some useful infornation wich IS PUBLIC, but 
which people often forget how-\"o do. 

There are 3 debugger names which DEBUG looks for. If it 
finds them, it does same special things: 

'cr (mera namej made with MPCRO oomrrand) 
'max_array_dim (debugger variable; made with SEl' cornrrand) 
'nax ... sarJen (debugger variable; nade with SET comrrand) 

Note that "help examine" explains the 'max_o.. names, and 
"help macro" explains the 'cr name. 
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DB (MAOUNE LEVEr, DEBUGGER) 

You enter the DB debugger by entering the DB oomrrand from 
within a shell. The fonnats of the internal DB commands 
follow. 

dl 
ef 
help 
in <path> 
10 <path> 
rna <path> [-ex] 
pc 
fa 
fc 
sh 
ss 
tb 

crash analysis 

invoke ant 
enter fim 

install library 
load program 
nap a file 
display current pc 
display last fault address 
display last fault cede 
invoke new shell 
single step 
traceback current stack 

comrrands: 

a{blwll) tel <sym> access via symbol name 
am <!",th> load Aegis Map 
as [<asid>] set/display current asid 
aste <addr> I <astex> print contents of aste 
dp [<pid>] display pcb (first ten if no pid 

dv <addr> 

ff [<addr>] 

gd <unit> 

entered) 
convert db address to virtual 

address 
try to find stack frame in 
addr - addr+ 1024 

get (!bu) dcte 
rn enter rrapped :rrode 
ms <args> napped search (just like rnd I SiS I ) 

P enter physical (normal) mode 
pv <addr> convert ppn to virtual address 
st display status at crash 
ts <pid or addr> traceback stack 
uid <hi> <10> <addr> interpret uid 
vd <addr> convert virtual address to db 

address 
vp <addr> convert virtual address to ppn 
wh[pldle] <sym or addr> look up [proc I data lecb] or 

address in aegis map 

You execute from the DB debugger by enter ing the q command 
in resp:mse to the ! prompt as follows: 

! q 
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1.; ahts Program 

Execute the lights program to show network status from 
within the DB debugger as fOllows: 

!LI OFF9C12 {virtual address of receive register} 

Do not execute the lights program from a color nooe. It 
will crash the network. 

The transmit and receive status registers are displayed at 
the bottom of the screen. These register are described in 
Chapter 6 PeriJileral I/O. To use the lights program do 
the follCMing: 

• Exit from DB with the q conurand. 

• Execute NEI'STAT shell corrmmds to send tokens 
across the network. 

• Study the status bits in the receive status 
register. 

To exit from the lights program execute the follCMing 
comrrands: 

$ DB {to re-enter DB environment} 
! LI 0 {Provide address of zero to lights program} 
! q {exit from DB environment} 
<ctrl> F {remove lights from bottom of screen} 
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MNOONIC DEBUGGER 

~: 
A <location> 
B <location> 
C <start> <end> <target> 
CA <start> 
D <start> <end> <items/line> 
DI <type><unit) <log vol> 
DL 
EX <filename> 
F <start> <end> <word> 
G <location> 
ID 
ill <filename> 
M 
RE 
S <start> <end> <value> (nask> 
SH <0-3> 
p 

V <start> <end> <target> 

Access location 
Breakpoint 
Copy Memory 
CALL Subroutine 
Dump Memory 
Define Disk 
Down-line lDader 
Load and Execute File 
Fill Memory 
Jump to Lcx::ation 
Lists SAUn Director ies 
Load File 
Map Address S!>,ce 
Reset System 
Search Mallory 
Spindown Winchester 
Unmap Address SIBee 
Verify Memory 

A [<sizeJ<p=c> 1 <location> [<baseJ<p=c> 1 

Accesses (location) and prints address and contents 
according to <Size3fec> and <base.-Spec>. 

B [<location> 1 

Sets/clears brealq;x:lint at location specified. Breakpoint 
is not inserted until G cormand. Previous instruction 
reinstalled on breakp:>int entry or vector entry. 

C <start> <end> <target> 

Copies rremory defined by bounds (start> to <end> onto 
memory starting at <target) through 
<target>+<end>-<start> • 

CA <start> 

calls the subroutine which starts at <start>. All 
registers saved from the last entry except AD are restored 
:innEdiately prior to the call. 
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D [<sizlLspec> J <start> <end> 

Dump' rremory defined by bounds <start> to <end> onto 
terminal printing address followed by specified 
<iterns--I,:erJine>. Default is one fer line. The <sizeJ5~c> 
controls the item-size to be dumped: byte, word, long, 
instruction. 

Dr <w>1<F>I<N> [<nn>ll<S> <0-3> <1-10> 

Disk defines the boot device: Winchester, Floppy, Node 
(nn), Storage Module unit 0-3, and logical volume 1-10. 
Defaults are: W, 0, 1. 

DL 

Transfers control to the down-line loader. 

EX <filename> 

Execute restores the ranted file from the "SAU" directory 
of the boot device and transfers control to it. After the 
restore is oomplete, the IDW, HIGI, and STARr addresses 
are displayed. 

F <start> <end> [<word> 1 

Fills rremory defined by bounds <start> to <end> with a 
word value <word>. 

G [<location> 1 

JU!TIfB to <location> after inserting breakpoint (if any), 
restor ing all registers and SR. 

ill 

List directory displays the contents of the "SAU" 
directory of the boot device. 

ill <filename> 

Load restores the raIned file from the "SAU" directory of 
the boot device. The lOW, HIGl, and STARr addresses are 
displayed. 

M 

Maps address spa.ce and enables mnu. Memory rearranged as 
shown under Address Sp:ice in Chapter 2. 
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RE 

Reset executes the RESET instruction. If entered while 
nmning on CPU B, a second RESET instruction is executed 
for CPU A. The debugger will :initialize and wait for 
terminal input. This comrrand also enables the :EOWER-DFF 
key. 

S [<size_spec> 1 <start> <end> <value) 
[<nask>] [<base_spec>] 

Searches rremory defined by bounds <start> to <end> for 
<value> through optional <mask>. If <mask> is not 
sfecified it defaults to $FFFFFFFF. The <size_spec> 
controls the item-size to be searched: byte, 'I<Klrd or 
long. 

SH <0-3> 

Shuts down Winchester unit and acknowledges outstanding 
interrupts. This conmand also enables the IOWER-DFF key. 

p 

Turns off rrapping. mu is assurred at FFB400. 

v [<size_spec> 1 <start> <end> <target> [ <base_spec> 1 

Verifies equality of two rremory areas defined by <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 printed in the appropriate format. 
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Connand Forroo.ts: 

<col!It\3.nd> [<size_spec> J [<psrameteLlist> J [<base_spec> J 

<cornrrand> ::= AIBICIDIDLIFIGISIVI<empty> 

<size_spec> ::= :II:BI:wl:L 

q:arameterJist> ::= <parameter> ••• [up to 4J 

<parameter> :: = <nUJlLexp> I Dn IAn I CCR I SR I 
(An) I <nUJlLexp> (An) I <nUJlLexp> «index_spec» I 
<nUJlLexp> (An, <indelLspec» 

<nUJlLexp> :: = <num> I * I <nUJlLexp>+<num> I <nUJlLexp>-<num> 

<num> :: = <simpleJ)umioer I $<simple_number> I 
<base>$<simple_numioer> I-<num> I <quoted_str ing> 

<base> :: = <simpleJ)umioer> 

<quoted_string> ::= '<letter> ... <letter>' [up to 4J 

<index---"pec> ::= An.wIDn.wIAn.LIDn.L 

<base_spec> :: = :0 I :D I :H I :A 

~: 

:1 ::= instr-sized items, output in mnemonic format. 

:B ::= byte-sized items, output in num::;ric format. 

:W ::= word-sized items, output in nl.lITeric format. 

:L ::= longword-sized items, output in nllITEric format. 

Parameters are evaluated to a memory location or to an MD 
saved register, [e.g. On, AnJ or to a location computed 
from a saved register [num (An) J. Up to four parameters 
nay be required. Unsp=cified p;trarneters are set to zero. 

:0 :: = nurrbers and irrmediate constants printed in octaL 

:D ::= nurrbers and irrmediate constants printed in dec. 

:H ::= numbers and imnediate constants printed in hex. 

:A ;;= numbers and imnediate oonstants printed in ASCII. 
All nllITEric input defaults to hexadecirral. $nurn implies 
hexadecinal. <base>$num implies base is <base> [ 8$777 is 
octal, 2$1001 is binary J. <base_s:r;:ec> and <size_sfec> 
may be s:r;:ecified anywhere in the cormand line as well as 
anywhere in A cormrand input (except in quoted strings). 
All addresses and offsets are pr inted in hexadecirral 
reg~rdless of <base_s:r;:ec>. 
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CRASH AN/ILYSIS 

Most fatal errors recognized by Aegis will be reported by 
the crash......system routine, which will p:>int address 
register 0 (AO) at a standard error code (see <l!apter 4 
ERIDR (DDES) and execute a TFAP instruction, causing entry 
to the PR(l.1. mnemonic debugger with an "S" code (see 
MNEIDNIC DEBUGGER ERroR CODES in Chapter 4). Type 

A (AO):L 

and look up the resulting long-word displayed in the list 
of Aegis error oodes. If AD is p:>inting to a standard 
code, you have the i.rntediate reason for the crash; if it 
doesn't, something strange has hapfened. In either case, 
A6 (SH) will probably point to the stack frame of (1) the 
routine that called craslLsystem (which doesn't push a 
frame) or (2) the routine that blew up. Refer to Stack 
Frame fonrat to trace back the OCB addresses of the 
callers leading to the crash. 

other useful things to look at: 

Bit 2 of the Bus Status Register (word at FFB40A): 
if set then CPU B was running. 

MMU Status Register (long word at FFB404): 
Contains virtual address of last MMU miss (see MMU 
Status Register). 

In AEGIS' IlI\.TA$ section (see nap of AEGIS): 
PRI:X_$CURRENI' (word) = PID of current process. 
PCBR + (current PID*4) = PCB of current process (see 
PCB) • 
CPUB_STATUS (long word) = last error code from CPUB 
(only if now on CPUA) • 
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SYSTEM PIMPS 

This routine saves the state of the system at the tine of 
the crash and allows you to write the saved infonnation to 
one of the follOwing: 

• A floppy diskette 

• A file on another node 

The dump routine copies the MMU, RIN3, and DISK registers 
to rrain rremory, and then writes their contents to disk or 
file. After the registers have been copied, physical 
ITeIIlOry is dunped, starting at $100000 and rontinuing 
through $200000 (1 Mb), skipping missing memory boards 
where necessary. On completion, the dump routine executes 
a TRI\P instruction and returns to the Mnemonic Debugger 
(MO) • 

If a disk error occurs while the dump routine is 
executing, the operation that encountered the error is 
retried 25 times. If, after 25 attempts, the operation 
has not successfully completed, the dump routine skips the 
current record and p3.ge and resUITes processing with the 
next sequential J'Bge. 

To use this routine, follow these steps: 

1. To dump to a diskette, insert a diskette into the 
floppy diskette drive of the Disk Storage Option. 
The diskette must already be fonnatted (with 
INVOL) for 1231 blocks, and must be write-enabled. 
(To write-enable the diskette, cover the 
write-enable hole with a gummed label.) 

2. Issue the sequence of r4) commands listed below. 

System Debugg ing 

The commands listed below use the following 
conventions. 
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Conventions 

Press the Return key <REI'URN> 
[junk] 
[SP] 

Irrelevant value returned by nnernonic debugger (MIl) 
Nt.nrber representing the Stack Pointer value 

$ Prefix used to identify nurrbers as hexadecinal to MD 

>0 A 7: L<REI'URN> 
nnonnnnn: xxxxxxxx 

>RESET<REmJRN> 
>(RETURN> 
MIl rmrv'dd/yy 

Get Stack Pointer 
N,)te value displayed (xxxxxxxx); 

it is the 
Stack Pointer in hexadecirral. 

Reset the system 

>A 100000:L<RETURN> store Stack Pointer 
100000: [junk] $xxxxxxxx [SP]/ Replace junk with Stack Pointer 

value (xxxxxxxx) from above; 
enter I 

Then execute either 

>G 100COO<RETURN> Start DUMP to floppy 

or 

>01 N nn rm is the node id of the node on 
which the dump file is created. 
The memory dump 
routine returns the ncune of 
the dump file. 

>G 100C04 Start the DUMP to a file 

3. When the dump routine is complete, it executes a 
TRAP $F instruction and returns to MD. 

If the system appears hung, nake sure the NJRMAL/SERVICE 
switch is in the SERVICE p)sition and type Cl'RL/<REruRN), 
to fass control to the mnemonic debugger (MD) . If this 
fails, press the RESET 
switch. 
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IsYsTEST/sSB I:rrIL 

The following cornrrands are available for system debugging 
in /SYSl'ESI'/SSILIJrIL. 

• OCR -- BINARY_CROSS_REFERENCE produces a cross 
reference from a list of object rrOOules, \<tlose 
names are read from standard input. Only the 
global symbols referencable from outside the 
nodule are crOss referenced. 

Usage: OCR 

• DISKJ;RR Displays information about last 
recorded disk error. 

Usage: DISKJ;RR 

• mw -- Dump_file dumps a file of any type to 
Sl'OOUT interpreted in hexadecinal and ASCII. If 
hex.....start_offset is given, it sp:=:cifies the byte 
of the file at which to start dumping. If 
he}Lend_offset is given, it sr:ecifies the byte of 
the file at which to stop dumping. The first byte 
of the file is at offset O. By default Dump_file 
dumps the entire input file. 

Usage: mw input-f'ltbname [-From hex-start_offsetJ 
[-To hex_end_offsetJ 

• !'MID -- FORMATJ'RQCESS DUMP formats a process dump 
and writes the formatted dump to standard output. 
Process dumps are rrade by the process rranager when 
a process terminates abnormally and ap};ended to 
the file ""ncx1e_data/proc_dump". Information 
included is similar to that provided by the 
FAULT....5TATUS (FST) and TRACE_BACK (TB) cornrrands. 

The pstbname (s) are the name (s) of files 
containing unforrratted process dumps. If none is 
given, ""nooe_data/proc_dumpll is assurred. The 
explicit dump file name facility allows dumps to 
easily be saved by copying the 
"'node_dsta/proc_dump" file. 

Usage: !'MID [pathname ••• ] 

• LTBL -- Prints the debug line number table 

Usage: LTBL (enter object roodule, the help) 
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• NETEX - Provides netwrk statistics for all nodes 
in the networ k. 

Usage: Nill'EX 
<ctrl> Z to stop and display information 

• OBJrnP - Durrps an object (.bin) file 

Usage: OBJrnP infile [-L[IST] [outfilel-]] 

• RIN3WG - Monitors network traffic in and out of 
a node 

Usage: RI= [-start I -stop I -read] 

-Start activate ring network roossage logging 
-Stop deactivate ring network nessage logging 

(if active) and display current oontents 
of the log. (This is the default!) 

-Read display current contents of the log. 
(Different from STOP because STOP 
deactivates logging if it is active. 

• ~L -- RWVOL reads one !ilysical disk address at 
a tirre, and puts it into a buffer in rremory. The 
program first asks you to specify the a:mtroller 
type, 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 nRn option to 
read the address first. 

When you choose the "R" option, the program asks 
you to enter the !ilysical disk address (Daddr:) to 
be read; enter it in hex. The program next asks 
you for the rremory address to be used for the 
buffer containing the data it reads from the 
disk.. If you are reading only one record at a 
tirre, you can issue a <CR> to use a default 
location for the buffer, which ~L then 
displays. If you specified a start address, you 
must specify an end address when prompted for it; 
otherwise just type <CR>. 

After IWVOL displays the nDone 1 n message, you can 
use DB (if you are running online), or the 
Mnemonic Debugger (if you are running offline) to 
look at the contents of the record that you have 
read, in the location the program displayed for 
the buffer. 

Usage: RWVOL 

APOLLO CONFIDENTIAL INTERNAl USE ONLY. 8-13 Systen Debugging 



• SALT -- SALT finds all uncatalogued pennanent 
objects in a vo11..1llE. It uses or creates a 
directory 0RPIIl\NS in the root of the volune and 
enters the names of all objects not catalogued 
elsewhere. Uncatalogued director ies are found 
first, so no redundancy occurs. SADr will catalog 
the OS peging file which should not be deleted, 
but simply uncatalogued. Only use SALT if you 
have full llCL rights. 

Usage: SADr [ -OIJ I -VERIFY ] [ volune...pethname ] 

The options are: 

-v verify only; don't catalog any orphans 
-VERIFY 

• SIOIDGIN -- SIOIDGIN listens to an sio line, 
invokes the login sequence and if the login is 
successful, runs the program, prog. If prog is 
not specified, /conv'sh is invoked. DevJ)all'e is the 
sio device descriptor pe.thname and nust be 
specified. Options, if, specified, must precede 
the prog and its argunents. 

SIOIDGIN is JOOst useful in conjunction with 
SIOMJNlT. 

Usage: SIOIDGIN devJ)all'e [[-DIALIN] [-N name] 
prog [ args ••• ll 

Options: 
-oIALIN The sio line cxmnection is remote. If 

the line is a dialup, SIOIDGIN asks for 
an access password before invoking the 
login sequence. The access pe.ssword is 
a single string read from 
·nod~.data/siologiILaccess. Also for 
ranote lines, SIOIDGIN waits for 
carrier detect and hangs up after the 
invoked progran returns. If the 
connection is local, siologin waits for 
a cr before beginning the login 
sequence. SIOIDGIN logs invalid 
logins in ·nod~ta/siologin...log. 

-N name specifies the name to give the process. 
(Takes precedence over the cpo option -n 
when siologin is cpo'd directly instead 
of through siOIOOnit.) 

• SIOMJNIT - SIOIDNIT allows repeated logins over 
sio lines, independent of login/logout activity 
at the node keyboard. The file, filename, 
contains argunent lists to be pe.ssed to 
invocations of siologin (see the description of 
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siologin for rrore informa.tion). A naximum of 
three argument lists (one fer sio line) are 
processed. SIOM)NIT must be cfO I d from the Jl.1' s 
startup file ('node_data/startup or 
/sys/drn/startup) to enable the logins to work. 

Usage: SIOIDNIT filename 

Each argullEllt list in the file must have the form: 
[-Repeat] siologin_argJist 

where: 

-R[epeat] means re-invoke this process 
when it returns. 

siologin-.ar9-list is an siologin argument list 
of the form: 

dev--!>'thname [[ -dialin] [-n procname] 
prog [ args ••• J] 

For each argunent list, sioroonit invokes: 
/com/siologin siologin.....ar9-1ist 

Arguments are p:issed to siologin uninspected. If 
a pg1lL$invoke fails, it is removed from the 
list. If a process returns from its first 
invocation within 15 seconds or if it returns 
from subsequent invocations within 15 seconds, it 
is removed from the list. COOlI'I"ents nay be 
included in the file and must begin with 
Siomonit writes a log of its problems in 
'node_data/siomonit_log. 

This program idles, waiting for a fault when it 
has no processes left to wait for or ret:eat. 
Receiving a 'stop' fault causes it to exit; a 
'quit I fault causes it to resum:; from the 
beginning. (If not idling, guit fault acts like 
stop fault). If siologin processes fail to stay 
up, check both siologin_log and siornonit_log, 
correct the problem (s) and issue 'sigp siomonit' 
to begin again. Use 'sigp siornonit -stop' to kill 
siomonit. 

• XMl' Examines rragtape. This program is 
interactive and will pr int out a list of ,p)ssible 
commands that can be executed if help if typed 
once the program has been entered. 

Usage: XMr 
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A-I ASCII CIIARl\CTER SET 

lld;. !lex. E lld;. hex. del;. lld;. !lex. E 

00 00 NUL 00 60 30 0 48 140 60 % 
01 01 SOl 01 61 31 1 49 141 61 a 97 
02 02 STX 02 62 32 2 50 142 62 b 98 
03 03 ETX 03 63 33 3 51 143 63 c 99 
04 04 EOT 04 64 34 4 52 144 64 d 100 
05 05 ENQ 05 65 35 5 53 145 65 e 101 
06 06 1\CK 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 lIT 09 71 39 9 57 151 69 i 105 
12 OANL(LF) 10 72 3A 58 152 6A j 106 
13 DB VT 11 73 3B 59 153 6B k 107 
14 OC FF 12 74 3C 60 154 6C 1 108 
15 CD CR 13 75 3D 61 155 6D 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 XON 17 101 41 A 65 161 71 q 113 
22 12 HLF 18 102 42 B 66 162 72 r 114 
23 13 XOFF 19 103 43 C 67 163 73 s 115 
24 14 HLR 20 104 44 D 68 164 74 t 116 
25 15 NAK 21 105 45 E 69 165 75 u 117 
26 16 SYN 22 106 46 F 70 166 76 v 118 
27 17 ETB 23 107 47 G 71 167 77 w 119 
30 18 CAN 24 110 48 H 72 170 78 x 120 
31 19 E)\ 25 111 49 I 73 171 79 Y 12l 
32 lA SUB 26 112 4A J 74 172 7A 122 
33 lB ESC 27 113 4B K 75 173 7B 123 
34 1C FS 28 114 4C L 76 174 7C 124 
35 lDGS 29 115 4D M 77 175 7D 125 
36 lERS 30 116 4E N 78 176 7E - 126 
37 IF US 31 117 4F 0 79 177 7F DEL 127 
40 20 SP 32 120 50 P 80 
41 21 I 33 12l 51 Q 81 
42 22 n 34 122 52 R 82 
43 23 II 45 123 53 S 83 
44 24 $ 36 124 54 T 84 
45 25 % 37 125 55 U 85 
46 26 & 38 126 56 V 86 
47 27 . 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 

i 
46 136 5E 94 

57 2F 47 137 SF 95 
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B-1 IDWERS OF 'lw:J 

2**n n hex 
I 

1 I 0 1 
2 I 1 2 
4 I 2 4 
8 I 3 8 

16 I 4 10 
32 I 5 20 
64 I 6 40 

128 I 7 BO 
256 I 8 100 
512 I 9 200 

1 024 1 10 400 
2 048 I 11 BOO 
4 096 I 12 1000 
8 192 I 13 2000 

16 384 I 14 4000 
32 768 I 15 BOOO 
65 536 I 16 1 0000 

131 072 I 17 2 0000 
262 144 I 18 4 0000 
524 288 I 19 8 0000 

1 048 576 I 20 10 0000 
2 097 152 I 21 20 0000 
4194 304 I 22 40 0000 
8 388 608 I 23 BO 0000 

16 777 216 I 24 100 0000 
33 554 432 I 25 200 0000 
67 108 864 I 26 400 0000 

134 217 728 I 27 BOO 0000 
268 435 456 I 28 1000 0000 
536 870 912 I 29 2000 0000 

1 073 741 824 I 30 4000 0000 
2 147 483 648 I 31 8000 0000 
4 294 967 296 I 32 1 0000 0000 
8 589 934 592 I 33 2 0000 0000 

17 179 869 184 I 34 4 0000 0000 
34 359 738 368 I 35 8 0000 0000 
68 719 476 736 I 36 10 0000 0000 

137 438 953 472 I 37 20 0000 0000 
274 877 906 944 I 38 40 0000 0000 
549 755 813 888 I 39 80 0000 0000 

1 099 511 627 776 I 40 100 0000 0000 
2 199 023 255 552 I 41 200 0000 0000 
4 398 046 511 104 I 42 400 0000 0000 
8 796 093 022 208 I 43 800 0000 0000 

17 592 186 044 416 I 44 1000 0000 0000 
35 184 372 088 832 I 45 2000 0000 0000 
70 368 744 177 664 I 46 4000 0000 0000 

140 737 488 355 328 I 47 8000 0000 0000 
281 474 976 710 656 I 48 1 0000 0000 0000 
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/SYSTmT/SSR .. JlTIL, &-12 

-1<-

Account Header, 5-11 
l\ccount Record, 5-11 
acct......$header in 
acct. ins .pas, 5-11 

acct......$record.....t in 
acct. ins .pas, 5-11 

l\CL Entry, 5-2 
l\CL Header Record, 5-1 
l\CL Record, 5-1 
acL$entry in acl.ins.pas, 5-2 
acL$hdr in acls. pvt. pas, 5-1 
acL$rep in acls.pvt.pas, 5-1 
l\CLS 8ffiUCl.'URE, 5-1 

l\CL Header Record, 5-1 
l\CL Record, 5-1 
l\CL Entry, 5-2 

l\C1'IVE SEGlENI' mIlLE, 1-2 
l\C1'IVE SEGlENI' mIlLE HEADER, 1-3 
AIJDREES SPlICE, 2-1, 7-1 

DN300, 2-1 
DN4xx and DN600, 2-2 
Physical Address Space, 7-1 
Virtual memory, 7-2 

l\IlDRESSI~ IDDES, 2-3 
AEGIS, 1-1 
AEGIS ERROR OJDES, 4-1 
AEGIS SYsrm RELATIONSHIPS, 1-1 
Apollo I Keyboard - Map, 6~16 
Apollo I Keyboard Chart -
Physical, 6-17 

Apollo I Keyboard Chart -
Translated (user !lDde), 6-18 

Apollo II Keyboard - Map, 6-19 
Apollo II Keyboard Chart -

Physical, 6-20 
Apollo II Keyboard Chart -
Translated (user !lDde), 6-21 

ASSEJIBLER Ll\lGJAGE SUMMARY, 7-3 
Program format, 7-3 
Statement Syntax, 7-3 
Expression Syntax, 7-4 
Op Codes, 7-4 
Pseudo-ops, 7-5 
Usage Information, 7-7 
Conditional Assembly 

Pseudo-ops, 7-8 
asts t in vm.ins.pas, 1-2 

BrIT, 5-2 
bat.....blk in vol.ins.pas, 5-2 
bat.....bdr_t in vol.ins.pas, 5-3 
blk.....bdr_t in base.spo.bbas, 5-7 
BlOCK AVAILABILIn' mIlLE 

(BrIT), 5-2 
BlOCK AVAILABILIn' mIlLE 

HEADER. 5-3 
llLT RElGISTERS, 3-8 

DN300, 3-8 
DN4xx, 3-8 
DN600, 3-9 

OO(JT ERRORS (PRaoI), 4-31 
OO(JT SHELL an\I\IIDS, 1-4 

-c-

CACHE, 2-3 
CALLI~ SEOJENCE, 7-8 
Channel Control Block, 6-22 
crocK, 1-5 
crocK, 2-4 
clocil......t in base.ins.pas, 1-5 2-4 
Camand Line Syntax (conditional 

processing), 7-9 
OJNDITION OJDES, 2-5 
Conditional Assembly 

Pseudo-ops, 7-8 
OJNDITIONAL PKlCESSIN3, 7-9 

Camand Line Syntax, 7-9 
Syntax Restrictions, 7-9 
Semantics, 7-10 

OJNDITIONAL TESTS, 2-6 
<XlNFIaJRATION, 2-7 

DN300, 2-7 
DN4xx and DN600, 2-8 

CPU AND MElDRY, 2-1 
CRASH ANALYSIS, 8-9 

DB (Ml\CIIINE LEVEL DEWOOER), 8-3 
Lights Program, 8-4 

db_$ecbJec in 
/us/debug/db.debug$.ins.pas, 7-11 

IlCSR, 3-4 
dcts .. t in io.ins.pas, 1-5 
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DEBUG CCNU\ND EXTENSIONS, 8-1 
New Comrrands, 8-1 
Options to Current 

Co!mrends, 8-1 
Definitions, PEB, 6-25 
DEVICE ADDRESSES (PIO) , 6-1 
DIAGIDsrIC ERroR CDDES. 4-31 
dir_entry_t in name.pvt.pas, 5-4 
diet in name.pvt.pas, 5-3 
dir_t in name. pvt. p3.s, 5-5 
Directory Entry, 5-4 
Directory Entry Block, 5-5 
Directory Header, 5-5 
Directory Info Block, 5-4 
Directory Overview, 5-3 
DIRECIDRY Sl'RUCl'URE. 5-3 

Directory Overview, 5-3 
Directory Info Block, 5-4 
Directory Entry, 5-4 
Directory Entry Block, 5-5 
Directory Header, 5-5 
Notes on directories, 5-6 

DISK BLOCK SEADER. 5-7 
DISK CCNI'ROLLER TABLE ENTRY, 1-5 
DISK PARAMETERS. 6-1 
DISK VOLUME TABLE ENTRY, 1-6 
DISK/IIOLUME FORMAT. 5-8 
DISPlAY l3Ol\RD JUMPERS, 3-1 

DN4xx, 3-1 
DN600. 3-2 

DISPlAY CDNl'ROL AND srA'lUS 
REX;IsrER (DCSR), 3-4 

DN300, 3-4 
DN4xx, 3-5 
DN600, 3-6 

DISPlAY fllIRI:MARE. 3-1 
lW\ Control/Status 

R!>gisters, 6-45 
lW\ CDNl'ROLLER (DN300 ONLY), 6-4 
DN300, address space, 2-1 

m.T registers, 3-8 
oonfiguration, 2-7 
display control and status 

reg, 3-4 
exception error stack 

frame, 2-9 
floppy controller, 6-8 
MMU Status Register, 2-20 
PID/PRIV R!>gister. 2-20 
RingjDisk 6-29, 
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DN4xx, 8LT registers, 3-8 
display board jumpers, 3-1 
display control and status 

reg, 3-5 
DN4xx and DN600, address 

space, 2-2 
Bus Status Register, 2-21 
Clear MMU Status, 2-21 
configuration, 2-8 
CPU A Control R!>gister, 2-21 
Enable CPU B R!>gister, 2-22 
exception error stack 

frarne, 2-11 
floppy controller, 6-12 
MMU Status Register, 2-21 
PID/PRIV R!>gister, 2-20 
RingjDisk, 6-33 

DN600, display board jurrp=rs, 3-2 
BLT registers, 3-9 
display control and status 

reg, 3-6 
Double Precision Floating Point 

Fornat. 2-13 
dvte_t in disk.pvt.p3.s, 1-6 

-E-

Early ACK Field, 1-16 
ECB, 7-11 
ecnode_t of base.in.pas, 1-6 
ENl'RY CDNl'ROL BLOCK (ECB), 7-11 
entryJ>lock_t in 

name.pvt.p3.s, 5-5 
ERroR CDDES AND MESSAGES, 4-1 

AEGIS ERROR CDDES. 4-1 = ERroRS (PRa-l), 4-31 
DIAGIDsrIC ERROR CDDES. 4-31 
MNEMONIC DEBUGGER ERroR 

CDDES (PRa-l), 4-32 
SYSBOCI!' ERroR CODES. 4-33 

EVEN!' CDUNI', 1-6 
eventcount_ t of base. ins. pas, 1-6 
EXCEPI'ION ERROR srocK FRAME. 2-9 

DN300, 2-9 
DN4xx and DN600. 2-11 

EXCEPI'ION TYPES. 2-11 
EXCEPI'ION \/ECIDRS, 2-12 
Expression Assembler Syntax, 7-4 
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-F-

FAULT DIAGIDS'I'IC REXXlRD, 1-7 
fau1t_$bus_info_t in 
fault.ins.pas, 2-11 

fau1t_$diagJ in 
fault.ins.pas, 1-7 

FILE MAP, 5-9 
FILE SYS'I'EM, 5-1 
FlLENIIME SUFFIXES. 7-12 
FLOATI~ POINI' FORMAT. 2-13 

Single Precision Floating 
Point Format, 2-13 

Double Precision Floating 
Point Format, 2-13 

FIDPPY aJNl'ROLLER. 6-8 
DN300, 6-8 
DN4xx and DN600, 6-12 

-H-

Header Registry Record, 5-10 

-1-

I/O MAP, 6-14 
I/O MAP ALIDCATION. 6-15 
infob1kJJdct in 
name.pvt.pas, 5-4 

INSERr FILES. 
acct.ins.pas, 5-11 
acl.ins.pas, 5-2 
acIs.pvt.pas, 5-1 
base.ins.pas, 1-5, 2-4, 5-14, 

5-23 
base.spo.bbas, 2-14. 2-22. 

5-7 
disk.pvt.pas, 1-6 
ecnode_t of base.in.pas, 1-6 
eventcount t of 
base.ins.pas, 1-6 

fault.ins.pas, 1-7, 2-11 
ia.ins.pas, 1-5 
IlIllBp.bbvt.bbas, 2-22 
IlIllBp.pvt.pas, 1-9 
name.pvt.pas, 5-3 to 5-5 
pp:>.ins.pa.s, 5-10 

proc1.pas, 1-12 
rgy.ins.pas, 5-12 
sbase. ins. pas, 5-13 
vrn.ins.pas, 1-2, 1-8, 1-11 
vaLins.pas, 5-2, 5-3, 5-17, 

5-19, 5-20 to 5-22 
IO MAP, 2-14 

-K-

KEYI3OI'.RD. 6-16 
Apollo I Keyboard - Map, 6-16 
Apollo I Keyboard Chart -

Physical, 6-17 
Apollo I Keyboard Chart -
Translated (user mode), 6-18 

Apollo II Keyboard - Map, 6-19 
Apollo II Keyboard Chart -

Physical, 6-20 
Apollo II Keyboard Chart -
Translated (user mode), 6-21 

-L-

Lights Program, 8-4 
1vJabel-t in vo1.ins.pas, 5-17 

-M-

MACHINE LEVEL DElUGGER. 8-3 
MAGrAPE aJNl'ROLLER. 6-22 

System COnf iguration Pointer 
(at xxxFF6), 6-22 

System Configuration Block, 
6-22 

Channel Control Block, 6-22 
Parameter Block, 6-23 

MAPPED SEGMENT TABLE (M,S'I'), 1-8 
MCSR Control (Write-{)n1y), 2-15 
MCSR Status Register (Read-Only), 

2-15 
MEMORY BOI\RD JUMPERS FOil DN4XX 

AND DN600. 2-16 
Memory Control Register, 2-14 
MEMORY CONl'ROL/S'I'A'lUS REGIS'I'ERS 

(MCSR) FOR DN300, 2-14 
Memory Control Register, 2-14 
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Memory Status Register, 2-14 
MEMlRY Q)NI'ROL/STA'lUS REGISTERS 

-P-

(MCSR) FOR DN4XX AND DN600, 2-15 PAGE FRAME TABLE ENTRY 
MCSR Control (Write-only), (PFTE), 2-22 

2-15 PAGE MAP, 1-11 
MCSR Status Register PAGE TRANSLATION TABLE ENTRY 

(Read-only), 2-15 (PTTE), 2-22 
MEMORY MANAGEMENT UNIT PAGING SYSTEM, 1-11 

(MMU), 2-19 Parameter Block, 6-23 
DN300 PID/PRIV Register, 2-20 PASCAL EXTENSIONS, 7-13 
DN300 MMU Status Register, PATHNI\ME SYNIAX, 7-13 

2-20 PCB, 1-12 
DN4xx and DN600 PID/PRIV PEB, 6-25 

Register, 2-20 Definitions, 6-25 
DN4xx and DN600 CPU A Control PEB Control Register Bits, 
Register, 2-21 6-26 

DN4xx and DN600 MMU Status Useful Combinations, 6-26 
Register, 2-21 PEB Status Register Bits, 

DN4xx and DN600 Clear MMU 6-26 
Status, 2-21 PEB Comrrands, 6-26 

DN4xx and DN600 Bus Status PEB Comrrands, 6-26 
Register, 2-21 PEB Control Register Bits, 6-26 

DN4xx and DN600 Enable CPU B PEB Status Register Bits, 6-26 
Register, 2-22 PERIPHERAL I/O, 6-1 

MEMlRY MAP (MMAP), 1-9 PFTE, 2-22 
MEMlRY MAP ENI'RY (MMAPE) , 1-9 pfte in nnap.bbvt.bbas, 2-22 
Memory Status Register, 2-14 Physical Address Sj)3.ce, 7-1 
Message Data, 1-17 PIO, 6-1 
Message Header, 1-14 j:I!B.pe in vrn.ins.j)3.s, 1-11 
MMAP, 1-9 PPlLt in base.spo.bbas, 2-14, 
MMAPE, 1-9 2-22 
"""pe in mnap.pvt.j)3.s, 1-9 Pro Record, 5-10 
MNEMONIC DEBUGGER. 8-5 ppo_$headect in ppo.ins.j)3.s, 5-10 
MNEMONIC DEBUGGER ERROR Q)DES pp,,-$recoriLt in ppo.ins.j)3.s, 5-10 

(PRCM), 4-32 procl t in procl.j)3.s, 1-12 
MMU. 2-19 PROCESS mNTROL BIDCK (PCB), 1-12 
MST, 1-8 PROCESSES, 1-13 
mste in vrn.ins.pas, 1-8 Program fornat, assembler, 7-3 
MULTI BUS DEVICE ADDRESSES, 6-25 PROGRAMMIN3 INFORMATION, 7-1 

-N-

New debug Cornrmnds, 
Notes on director ies, 

8-1 
5-6 

OF (Assembler) Codes, 7-4 
Options to Current Debug 

Comrrands, 8-1 
OS MAPPIN3, 1-10 

PRCM, 4-31 
Pseudo-ops, assembler, 7-5 
PTTE, 2-22 
pvJabeLt in vol.ins.j)3.s, 5-19 

-R-

REQ)RD TYPES. 

index-4 

acct_$header in acct.ins.pas, 
5-11 

accL$recoriLt in 
acct.ins.pas, 5-11 
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ac:L$entry in acl.ins.pas, vtoce in vo1.ins.pos, 5-21 
5-2 vtoceJldet in vol.ins.pas, 

aQ$hdr in ac1s.pITt.pos, 5-1 5-21, 5-22 
aQ$rep in ac1s.pITt.pos, 5-1 vtoclLt in base.ins.pos, 5-23 
aste_t in vm.ins.pos, 1-2 REGISTER sm, 2-23 
batJl1k in vo1.ins.pos, 5-2 REGISTRY FORMAT, 5-10 
batJldr_t in vo1.ins.pos, 5-3 HE!ader Record, 5-10 
b1kJldr_t in base.spo.bbas, pro Record, 5-10 

5-7 l\ccount Header, 5-11 
c1ocJ<--t in base.ins.pos, 1-5, l\ccount Record, 5-11 

2-4 Registry Record, 5-12 
dcte_t in io.ina.pas, 1-5 Registry Record, 5-12 
dieentry_t in name.pITt.pos, RESCXJRCE IDCK, 1-17 

5-4 rgy_$registry_t in rgy.ins.pos, 
diet in name.pITt.pos, 5-3 5-12 
diet in name.pITt.pos, 5-5 RIIiG PACKET FORMAT, 1-14 
dvte_t in disk. pITt. pos, 1-6 Message Header, 1-14 
ecnodLt of base.in.pas, 1-6 Type Field, 1-15 
entryJ>locJ<--t in name.pITt.pos, Early N:.K Field, 1-16 

5-5 Message Data, 1-17 
eventcounL t of base.ins.pos, RIIiG/ilISK, 6-29 
1-6 DN300 Ring/Disk, 6-29 

fau1L$busjnfo_t in ON4xx and 0N600 Ring/llisk, 
fau1t.ins.pos, 2-11 6-33 

faulL$dia9-t in I:t!A Control/Status Registers, 
fault.ins.pos, 1-7 6-45 

infob1kJldet in 
name. pITt. pos, 5-4 

1vJ.abeLt in vo1.ins.pos, 
5-17 -S-

IIIIBpo in ..... p.pITt.pos, 1-9 
.... te in vm.ins.pos, 1-8 Semantics, 7-10 
pfte in IIIIBp.bbvt.bbas, 2-22 SERIAL I/O INl'ERFACE FOR DN300, 
{lIBpe in vm.ins.pos, 1-11 6-48 
PlXLt in base.spo.bbas, 2-14, SERIAL I/O INl'ERFACE FOR 0N4XX 

2-22 AND DN600, 6-56 
ppo_$header_t in ppo.ins.pos, SID Write Control/Status 

5-10 Registers, 6-57 
ppo_$recorCLt in ppo.ins.pos, SIO Read Control/Status 

5-10 Registers, 6-59 
proc1 t in procl.pos, 1-12 Single Precision Floating Point 
pvJabeLt in vo1.ins.pos, Format, 2-13 

5-19 SID Read Control/Status 
rgy_$registry_t in Registers, 6-59 
rgy.ins.pos, 5-12 SID Write Control/Status 

streanL$hdrJec_t in Registers, 6-57 
sbase.ins.pos, 5-13 &TN:.K FRAME, 1-18 

uiCLt in base.ins.pos, 5-14 &TJ\CK FRAME, 7-15 
vtocJ>lJ<--t in vo1.ins.pos, Statement Syntax, Assembler, 7-3 

5-20 STAWS mRIl, 1-18 
vtocJIBpe in vo1.ins.pos, &TA'lUS mRIl, 7-15 

5-22 STREl\M FILE HEADER. 5-13 
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stream_ShdrJec_t in 
sbase.ins.pas, 5-13 

Syntax Restr ictions, Assembler, 
7-9 

SYSllOOr ERROR CODES. 4-33 
System Configuration Block. 6-22 
System Configuration Pointer 

(at xxxFF6). 6-22 
SYSTEM DEBUGGIN::. 8-1 
SYSI'EM DIRECIDRIES. 1-19 
SYSI'EM DUMPS. 8-10 

-1'-

TIMERS. 6-60 
IDJQlPAD. 6-60 
lliAP CODES. 1-19 
Type Field. 1-15 

-u-

um Hash Algorithm, 5-14 
uicLt in base.ins.pas, 5-14 
ums -- System, 5-15 

um Hash Algorithm, 5-14 
ums -- System, 5-15 

UNIOOE mENrIFIER (um) , 5-14 
Usage Inforrration, Assembler, 

7-7 
Useful PEB Combinations, 6-26 

-v-

Virtual memory, 7-2 
WLUME Ll\BEL -- LOGICAL. 5-17 
WLUME Ll\BEL -- PHYSICAL, 5-19 
V'IOC BLOCK, 5-20 
V'IOC ENTRY, 5-21 
V'IOC HEADER. 5-22 
V'IOC INDEX, 5-23 
V'IOC MAP ENTRY, 5-22 
vtocjJlk_t in vol.ins .... s, 5-20 
vtOCJTl8.pe in vol-ins.pas, 5-22 
vtoce in vol.ins.pas, 5-21 
vtoce..1ldr_t in vol.ins.p:is, 5-21, 

5-22 
vtOC)Lt in base.ins.pas, 5-23 
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REi'llER' S RESFONSE 

Apollo Computer uses readers I COImrents in revising and improving 
our doct.nnents. 

Document Title: AFOllo IXlMAIN Engineering Handbook 
Doct.nnent Revision: 01 
Order Number: 002398 

What is the best feature of this nanual? 

Please list any errors, omissions, or problem areas in the manual. 
(Identify errors by page, section, figure, or table number wherever 
FOssible. ) 

What type of user are you? 

_ Systems progr amrre r; language 
_ Applications programrrer; language _____ _ 
_ AFOllo SSR 

How often do you use the AFOllo system? __________ _ 

Nature of your work on the Apollo system: 

Date 

Organization 

Street Address 

City -----::cSt"·ate--------=zc:ip-/"cc:'o-un-:-tr-y 
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