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!LOCK plAGRAM Of -TRED- (TYMSHARE REMOTE pIAGNOSIS) 
THIS SYSTEM ~ILL ALLOU THE REMOTE USER TO 
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Main Memory 

ROW ~ •.•••.••......• ROW 7 

INPUT 
.> LATCH 

3464RAH' s 
4164 

3464RAf.1' s 
4164 

l DATA IN 

f 
_~ RlJ/WRT 

7 
A r 

TIV-~TRre 

29841 

, 
, 

DATA IN :> IN 

_---l~~WRr 

, --.w~RAS 
.-.. CAS 

E OUTPUT 
l.-____ ~ LATCH < DATA OUT OUT 

7~ I-:STAT E; 
DATA OUi 

i ADDR (19:21» 

29841 

ROW 
DECODER 

ROW ~ 
ENA , , 

I , 
~--7 

I 

I 
I ...~ 

I 
I 

ROW 7 
'----~ ENA 

1\ 

f\ 

REFRESH EN RAS/CAS 
~--------------------~/J~"I~,~REFR~ 

~~(_22~:~35~) ____________ ~~~ 

~,.i_~;> IN 

/'~ ... WRT 

~ .. RAS 
t----¢.-,~ CAS 

ROW ~ 
RAS/CAS 

1\ 
ROW 7 
RAS/CAS 

I RAS/CAS t----/Il-brL. REFRESH 

R)-> 
r+ MUX CONTROLI---~...c;.~ /~ MUX CONTROL 

HEM START PLS 
------~IN 

RASI---_-J 
CAS....-----..I 

~~-' L~A.;_=..T.:.:CH~S T~R.:.::B:.....____i OUT HUX CONTROL 

TIMING 
GENERATOR 

i?E VISE J) 2.1 JVIV 8S f:;,/.Ii/. 



ROW COLUMN 
ADDRESS ADDRESS 

lYYY."lYY.'i'N I. X"--_ ... ----'/~_-. ,""""","",""""""",",,,"""",,,"!"7'I"W'W' ADDRESS 0-7 XXXXXXXX>\~ __ -J. _ ~ 

RAS ---\\..-_____ ""--/ -J! 
CAS--------------~\~ _________ / 

WR-----------------------------------

01 

DO------------------~(~ ____ ~)~-------
~ VALID DATA OUT 

Read cycle. 

AOOR ESS 0-7 <J:/:lJ:lJl:JA~ __ __JX~ _ ___.J 

RAS \\.-_____ ---'--/ ~7 

CAS ---------., / 
\~ __ ____J 

WR----\~ __________ ~/______J7 

Ol,---~ 

_ VALID DATA IN /7 
00-----------------------------------

write cycle. 

4164 RAM cycles. 



System XXVI 

Memory board isolation 

SYSTEM XXVI MOS MEMORY BOARDS ARE GROUPED IN PAIRS. ONE 
BOARD IN A PAIR STORES HIGH ORDER MEMORY WORD BITS 0-21. 
THE OTHER BOARD IN THE PAIR STORES BITS 22-35, 6 ECC BITS, 1 
WORD PARITY BIT AND HAS 1 SPARE BIT. THE BOARDS ARE DESIGNATED 
0-15H AND 0-15L FOR HIGH AND LOW ORDER. 

THERE ARE 16 PAIRS OF BOARDS POSSIBLE. EACH PAIR STORES 
128K of MEMORY WORDS FOR A MAXIMUM OF 2048K OF STORAGE. 

MEMORY WORD 
ECC 

o 1 2 3 .. 5 1 7 8 8 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 2S 21 27 28 29 30 31 32 33 S4 3510 1 2 3 4 S Iwptsp 

HIGH ORDER BITS I LOW ORDER BITS 

TO ISOLATE A HARD ECC ERROR TO A BOARD PAIR, THE BINARY 
VALUE OF THE FAILING MEMORY ADDRESS MUST BE EXAMINED. 
THE SYSTEM XXVI HAS 21 BIT PHYSICAL MEMORY ADDRESSING. 
BITS 15-18 INDICATE THE FAILING BOARD PAIR. 

16 K BOARD 

MEMORY ADDRESS 

15 18 17 18 :19 2021 22 23 24 25 21 27 28 29 30 31 32 33 S4 35 

842 1 

EXAMPLE: A BINARY VALUE OF 1010 IN BITS 15-18 WOULD 
INDICATE BOARD PAIR 10 AS THE FAILING PAIR 
(BINARY 8+2=10). NOTE THAT COUNT STARTS WITH ~. 
THIS WOULD INDICATE THE PAIR OF BOARDS IN SLOTS 
B06 AND B24. 

ONE OF THE BOARDS WOULD THEN BE SWAPPED WITH ANY 
OTHER BOARD. IF THE FAILING MEMORY ADDRESS REMAINS 
THE SAME, THEN YOU HAVE MOVED TliE GOOD BOARD IN THE 
FAILING PAIR. IF THE MEMORY ADDRESS CHANGES, THEN 
YOU HAVE MOVED THE BAD BOARD. 



Future expansion 
to 2 Meg Word 

NarE: USE CllART 2 10 FIND 

INDIVIDUAL BIT 00 OOARD. 

ADDRESS RANGE OOARD PAIR 

0000000-0377777 = 0 

0400000-0777777 = 1 

1000000-1377777 = 2 

1400000-1777777 = 3 

2000000-2377777 = 4 

2400000-2777777 = 5 

3000000-3377777 = 6 

3400000-3777777 7 

00 pair Row 
Be1ect_ ~e1ect - -. 

Address within chip = 408 Pages 

-
1111 1222 222 2222333333 
5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 

W W W W X X X Y Y Y Y Y Z Z Z Z Z Z Z Z Z 

page page index = 512'10 \\Ord 
address 

BITS 1 , 20, 21 IOV 

000 = 0 
001 = 1 

010 = 2 
011 = 3 
100 = 4 

101 = 5 
110 = 6 

III = 7 

16K BOARD 

IDS ME}K:>RY CHIP lOCA1OR 

CllART 1 



AOORESS RANGE RaV OOARD PAIR AOORESS RANGE ROW OOARD PAIR 

0000000-0037777 ** 0 2000000-2037777 ** 0 
0040000-0077777 ** 1 2040000-2077777 ** 1 
0100000-0137777 ** 2 2100000-2137777 ** 2 
0140000-0177777 ** 3 2140000-2177777 ** 3 
0200000-0237777 ** 4 0 2200000-2237777 ** 4 4 
0240000-0277777 ** 5 2240000-2277777 ** 5 
0300000-0337777 ** 6 2300000-2337777 ** 6 
0340000-0377777 ** 7 2340000-2377777 ** 7 

0400000-0437777 ** 0 2400000-2437777 ** 0 
0440000-0477777 ** 1 2440000-2477777 ** 1 
0500000-0537777 ** 2 2500000-2537777 ** 2 
0540000-0577777 ** 3 1 2540000-2577777 ** 3 5 
0600000-0637777 ** 4 2600000-2637777 ** 4 
0640000-0677777 ** 5 2640000-2677777 ** 5 
0700000-0737777 ** 6 2700000-2737777 ** 6 
0740000-0777777 ** 7 2740000-2777777 ** 7 

1000000-1037777 ** 0 3000000-3037777 ** 0 
1040000-1077777 ** 1 3040000-3077777 ** 1 
1100000-1137777 ** 2 3100000-3137777 ** 2 
1140000-1177777 ** 3 3140000-3177777 ** 3 
1200000-1237777 ** 4 2 3200000-3237777 ** 4 6 
1240000-1277777 ** 5 3240000-3277777 ** 5 
1300000-1337777 ** 6 3300000-3337777 ** 6 
1340000-1377777 ** 7 3340000-3377777 ** 7 

1400000-1437777 ** 0 3400000 ... 3437777 ** 0 
1440000-1477777 ** 1 3440000-3477777 ** 1 
1500000-1537777 ** 2 3500000-3537777 ** 2 
1540000-1577777 ** 3 3 3540000-3577777 ** 3 
1600000-1637777 ** 4 3600000-3637777 ** 4 
1640000-1677777 ** 5 3640000-3677777 ** 5 
1700000-1737777 ** 6 3700000-3737777 ** 6 7 

1740000-1777777 ** 7 3740000-3777777 ** 7 

16 K BOARD 

CHART 2 



Memory board 1801atloD 

MOS MEMORY BOARDS ARE GROUPED IN PAIRS. ONE 
BOARD IN A PAIR STORES HIGH ORDER MEMORY WORD BITS 0-21. 
THE OTHER BOARD IN THE PAIR STORES BITS 22-35, 6 ECC BITS, 1 
WORD PARITY BIT AND HAS 1 SPARE BIT. THE BOARDS ARE DESIGNATED 
0-15H AND 0-15L FOR HIGH AND LOW ORDER. 

THERE ARE 16 PAIRS OF BOARDS POSSIBLE. EACH PAIR STORES 
512 K of MEMORY WORDS FOR A MAXIMUM OF 8 MEG OF STORAGE. 

MEMORY WORD 
ECC 

o 1 2 3 • 1 8 7 8 8 10 11 12 13 1. 11 18 17 18 18 20 21 22 23 2. 25 28 27 28 28 30 31 32 33 34 31 0 1 2 3 .. 1 

HIGH ORDER BITS LOW ORDER BITS 

TO ISOLATE A HARD ECC ERROR TO A BOARD PAIR, THE BINARY 
VALUE OF THE FAILING MEMORY ADDRESS MUST BE EXAMINED. 
THE SYSTEM HAS 23 BIT PHYSICAL MEMORY ADDRESSING. 
BITS 13-16 INDICATE TIlE FAILING BOARD PAIR. 

64 K GOARD 

MEMORY ADDRESS 

13 1. 11 18 : 17 18 182021 22 23 2. 21 28 27 28 28 30 31 323334 35 

842 1 

EXAMPLE: A BINARY VALUE OF 1010 IN BITS 13-16 WOULD 
INDICATE BOARD PAIR 10 AS THE FAILING PAIR 
(BINARY 8+2=10). NOTE THAT COUNT STARTS WITH ~. 
TIllS WOULD INDICATE THE PAIR OF BOARDS IN SLOTS 
806 AND 824. 

ONE OF THE BOARDS WOULD THEN BE SWAPPED WITH ANY 
OTHER BOAHD. I F THE FA I LING ~1E~.1()HY ADDHESS nEMAINS 
THE SAME, TliEN YOU HAVE rJOVEIJ '1'1:1. (;001> BOAHD IN THE 
FA I LING J>A IlL I F TilE MEMOHY AI>I>H ESS CHAN(;ES, THEN 
rOlf HAVE MOVED THI-: BAD nO:\Hll 



I 00 pairl Row I 
J?elect~ ~elect ~4 

Address wi thin chip 

1111111222 2222222333333 
3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 

W W W W X X X Y Y Y Y Y Y Y ~ Z Z Z Z Z Z Z Z 

Nom: USE QIART 2 1D FINO page page index = 512 10 oord 
address 

INDIVIDUAL BIT 00 OOARD. 
BITS 17. 18. 19 RON 

000 a 
AOORESS RANGE roARD PAIR 001 = 1 

010 2 

0000000-1777777 = a 011 = 3 

20CXXJ00-3777777 1 100 = 4 

40CXXJ00-5777777 2 101 = 5 

6000000-7777777 = 3 110 = 6 

III = 7 

64K BOARD 

IDS MElfORY CHIP .LO:ATOR 

CHART 1 



ADDRESS RANGE ROW BOARD PAIR ADDRESS RANGE ROW BOARD PAIR 

4iiOOOOOO-OO177777 ** 0 10000000-10177777 ** 0 
200000-00377777 ** 1 10200000-10377777 ** 1 

00400000-00577777 ** 2 10400000-10577777 ** 2 
00600000-00777777 ** 3 10600000-10777777 ** 3 
01000000-01177777 ** 4 0 11000000-11177777 ** 4 4 
01200000-01377777 ** 5 11200000-11377777 ** 5 
01400000-01577777 ** 6 11400000-11577777 ** 6 
01600000-01777777 ** 7 11600000-11777777 ** 7 

02000000-02177777 ** 0 12000000-12177777 ** 0 
02200000-02377777 ** 1 12200000-12377777 ** 1 
02400000-02577777 ** 2 12400000-12577777 ** 2 
02600000-02777777 ** 3 1 02600000-02777777 ** 3 5 
03000000-03177777 ** 4 13000000-13177777 ** 4 
03200000-03377777 ** 5 13200000-13377777 ** 5 
03400000-03577777 ** 6 13400000-13577777 ** 6 
03600000-03777777 ** 7 13600000-13777777 ** 7 

04000000-04177777 ** 0 14000000-14177777 ** 0 
04200000-04377777 ** 1 14200000-14377777 ** 1 
04400000-04577777 ** 2 14400000-14577777 ** 2 
04600000-04777777 ** 3 2 14600000-14777777 ** 3 6 
05000000-05177777 ** 4 15000000-15177777 ** 4 
~200000-05377777 ** 5 15200000-15377777 ** 5 

400000-05577777 ** 6 15400000-15577777 ** 6 
05600000-05777777 ** 7 15600000-15777777 ** 7 

06000000-06177777 ** 0 16000000-16177777 ** 0 
06200000-06377777 ** 1 16200000-16377777 ** 1 
06400000-06577777 ** 2 16400000-16577777 ** 2 
06600000-06777777 ** 3 3 16600000-16777777 ** 3 7 
07000000-07177777 ** 4 17000000-17177777 ** 4 
07200000-07377777 ** 5 17200000-17377777 ** 5 
07400000-07577777 ** 6 17400000-17577777 ** 6 
07600000-07777777 ** 7 17600000-17777777 ** 7 

64 K BOARD 

CHART 2 



STATUS BIT INTERPRETATION FOR FINDING A BAD BIT VIA THE MONITOR 

USE THE LAST 2 OCTAL DIGITS FOR THE CORRECT CORRESPONDENCE 

ECC CODE == STATUS BITS -- BAD BIT 

(26-MONITOR) 

00 -- 77--NO ERROR 40 -- 37-- ECC 0 
01 -- 76--ECC 5 41 -- 36--21 
02 -- 75--ECC 4 42 -- 35--11 
03 -- 74--32 43 -- 34--33 ' 
04 -- 73--ECC 3 44 -- 33--4 
05 -- 72--27 45 -- 32--28 
06 -- 71--17 46 -- 31--18 
07 -- 70--MULTIPLE ERRORS 47 -- 30--MULTIPLE ERRORS 
10 -- 67--ECC 2 50 -- 27--1 
11 -- 66--24 51 -- 26--25 
12 -- 65--14 52 -- 25--15 
13 -- 64--35 53 -- 24--MULTIPLE ERRORS 
14 -- 63--7 54 -- 23--8 
15 -- 62--30 55 -- 22--MULTIPLE ERRORS 
16 -- 61--20 56 -- 21--MULTIPLE ERRORS 
17 -- 60--MULTIPLE ERRORS 57 -- 20--MULTIPLE ERRORS 
20 -- 57--ECC 1 60 -- 17--0 
21 -- 56--22 61 -- 16--23 
22 -- 55--12 62 -- 15--13 
23 -- 54--34 63 -- 14--MULTIPLE ERRORS 
24 == 53--5 64 -- 13--6 
25 -- 52--29 65 -- 12--MULTIPLE ERRORS 
26 -- 51--19 66 -- 11--MULTIPLE ERRORS 
27 -- 50--MULTIPLE ERRORS 67 -- 10--MULTIPLE ERRORS 
30 -- 47--2 70 -- 07--3 
31 -- 46--26 71 -- 06--NO BOARD RESPONDED 
32 -- 45--16 72 -- 05--MULTIPLE ERRORS 
33 -- 44--MULTIPLE ERRORS 73 -- 04--MULTIPLE ERRORS 
34 -- 43--9 74 -- 03--10 
35 -- 42--MULTIPLE ERRORS 75 -- 02--31 
36 == 41--MULTIPLE ERRORS 76 -- 01--MULTIPLE ERRORS 
37 -- 40--MULTIPLE ERRORS 77 -- OO--MULTIPLE ERRORS 



DESIGN CONSIDERATIONS FOR A DEMAND PAGED ENVIRONMENT: 

The Processor of the 26KL has been designed to provide: 

1. Efficient program working set management and demand 
paging. 

2. Extensive sharing of data and programs on a page-by-page 
basis. 

These facilities are provided through.a combination of micro-code 
and hardware henceforth referred to as the KL pager. The KL pager 
performs all virtual to physical address translations. The majority 
of the pager has been implemented in micro-code to allow future 
enhancements and improvements in performance to be loaded rather 
than requiring hardware modification. 

Advant.ages of Paged Memory Management: 

Execution of programs larger than physical core available 
during execution. 

Improved programmer productivity by removing core size 
constraints. 

Execution of large jobs during prime time. 

Efficiency reduction only to programs with large core 
requirements. 

Sharing bf information for simultaneous usage on a page
by-page basis by multiple users. 

Development of large core systems for future core size 
upgrading without physical memory available. 

Efficient use of all system resources. 

Memory protection to small portions which require security. 

Simultaneous operation of batch and interactive processes 
which may share common data bases. 

Only a portion 0 the monitor need tie up physical core. 

Three pointer types (Immediate, Shared, and Indirect) enhance 
the sharing of pages by making two references' equivalent. 

Dynamic changes in users address space as size requirements 
change during execution. 

1 



Conquences of KL Style Paging: 

Page tables require 1 full page of 512 page pointers. 

Each page pointer requires 36 bits to represent a physical 
page reference. 

Reference to any page is inhibited by any of the access bits 
encountered duting virtual to physical address translation. 

Page pointers are used to address both memory and data 
which may be stored on some other medium. 

SECTIONING OF VIRTUAL MEMORY 

Each user's virtual address space consists of 32 equal sections 
of 256K words per section (512 pages of 512 words per page). 
A section is represented by one of 32 section pointers found 
in the User Process Table (UPT). For EXEC sections, the 32 
section pointers are in the EXEC Process Table (EPT). The 
monitor may divide the EXEC address space into pe,r-process 
and per-job areas through the use of indirect pointers and 
therefore no such division is built into the pager. 

A section pointer will eventually address a page table which 
represents each page of a 256K virtual address space. The 
section pointer may be either: 

immediate, 
shared, or 
indirect 

but must yield a physical address of a page table. 
table represents each page of the section. 

This page 
.c-___ 0_ 

The format of a page pointer may be found in Figure A and 
is divided into three parts: 

1. Type Code 
2. Access Bits 
3. Storage Address 

2 



CODE 

o 
1 
2 
3 

4-7 

BIT 
P = 

UP!' 
USER PFO::ESS TABLE 

SPl' 
OORY 

PAGE TABLE 

roINTER 

PAGE 

t====t-- Physical address 
Requested 

- -
PAGE POINTER 

STORAGE ADDRESS 

Ilrlll~ l 
o 234 56 7 11~ 18 22 23 35 

no access 
immediate 
shared 
indirect 
not used, reserved 

B 12-17 = 0 = page in memory 
B23-35 - physical page no 
B18-22 - must be zero 

~--------------- B 12~17 f 0 = page on disk 
address on disk is found in 
B18-35 

STORAGE ADDRESS 
meaning of 0 in bit position *This example is the most 

elementary type pf page 
mapping. 

PUBLIC 

W = WRITE 
C = CACHE 

reference only from 
concealed or kernel mode 
write references not allowed 
data from page may not be 
placed in cache 

The Section Pointer points 
through the SPT to a page 
table. 

P and C ignored on 26KL 

VIRTUAL TO PHYSICAL PAGE MAPPING 

FIGURE A 
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First follow through the basic pointer interpretation presented 
in Figure A. It is important at this point to realize only 
the sequence of steps taken. 

Step 1 Virtual memory reference addresses a section 
pointer in the User Process Table (UPT) or 
EPT for EXEC references. 

Step 2 The section pointer is used to fetch an entry 
from the Special/Shared Pages Table. 
(This is a pointer to a page table). 

Step 3 The SPT entry points to a location within 
a page table representing 512 pages by one 
page pointer for each page. 

Step 4 The page table holds the physical page 
number required to complete the virtual to 
physical addr-ess mapping. 

These steps are a description of the most elementary and 
immediate type of reference. The complexity of other types 
requires a discussion of pointer types. 

4 



IjSER eASE REGISTER - -
I - .1 

eR PROCESS TABLE PAGE TABLE PRIVATE PAGE 

PRIVATE 

uSE'e T SHARED 

Sf. CTiON '" ~ 

PT 8A~i REGISTER 

I 
SPT 

f CHEl> PAG(~ TABL.E 

"AGE TA8LE 

~ 

INDIRECT .,,, .. ~ 
l SHARED PAGE 

~ 

PRIVATE PAGl 
PAGE TABLE (.tNOIRf.CT) 

UPT T ,----.. --

LAYOUT OF Kl PAGING 

FIGURE B 
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PAGE POINTER 

The pointer type is encoded in bits 0-2 of the page pointer 
(Refer to Figure A). The types are: 

Code 
o 
1 
2 
3 

4-7 

No Access 
Immediate or Private 
Shared 
Indirec 
Not Used, Reserved for future use by DEC 

The immediate pointer holds a 13 bit physical page number 
in bits 23-25. This is also called a private pointer since 
it is private to the page table containing the pointer. This 
should not be confused with the Public bit which describes 
the type of access allowed. 

I #0=> I~mz if I 
in core .1n core. 

o 2 3 456 l2 1718 22 23 35 

IMMEDIATE POINTER (CODE=l) 

The shared pointer contains an index which addresses into 
the Special/Shared Pages Table (SPT). The SPT base register, 
SBR, (reserved AC block) points to the beginning of the SPT. 
The sum of the SBR and SPT index (SPTX) points to a word 
containing the storage address of the desired page. The line 
number from the virtual address is used to complete the reference. 

1010 I IjWI19 SPT INDEX 

18 o 23456 
(SFIX) 

35 

SHARED POINTER (CODE=2) 
Regardless of the number of page tables holding a particular 
shared pointer, the physical address is recorded only once 
in the SPT. Hence, the monitor may move the page with only 
one address to update. 

The indirect pointer indentifies both another page table and 
a new pointer within that page table. This allows one page 
to be exactly equivalent to another page in a separate address 
space. The object page is located by using the SPT index. 

lOll Ipl, tl ~~ J PAGE f~lIDmrIFIm I 
2 3 5 1 18 35 

INDIRECT POINTER (CODE=3) 
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The SPT index, like a shared pointer, allows the physical 
address of the page to be stored in only one place. If the 
associated page is in memory, the page number field of the 
indirect pOinter is used to select a new pointer word from 
the page table. This pOinter may be any of the three types 
or no access and the access bits are ANDed with the access 
bits of the indirect pointer. The indirect chaining may be 
arbitrary in depth but is limited by the requirement to 
service a priority interrupt in the case of long indirect 
chains or indirect loops. 

Study the examples which follow. Remember that TOPS-20 
uses shared and indirect section pointers. This complete 
pointer tracing is performed at each reference. A flow 
chart is provided in Figure D to aid in working through 
the examples. -
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EXAMPLE 1 POINTER INTERPRETATION 
(NORMAL SECTION POINTER-SHARED) 

UBR PAGE TABLE 

USECT+ 
SECTION# 

035 
SDR 

100 
® 

USECT 

o 

VIRTUAL 
SECTION# = 00 
PAGE# = 500 
WORD = 323 

<SliARED> 

1
010 

1 
o 2 

SPI' ENTRY 

2201 
SIYI'X . 0 

5 0 0 1 
4b 0 2 

< IMMEDIATE 

13 17 28 

PHYSICAL 
-~""'SECTION# = 00 
~PAGE# = 367 
----I ... WORD = 323 

PAGE 

WORD 

32 3 
26 27 35 

HARDWARE PAGE TABLE 
500 =>367 

SFt INDEX 'SRI'O 

23 SPI'X=220 35 

PHYSICAL ADDRESS QF :eA~ ~m Ii 

1 0 0 f< SBR+SPTX) 

12 35 
«i)=100 

Stora~e Address of Pa~e 

3 671<D 
12 35 

POINTER (CODE = 1» 
C(UBR,'USECT + SECTION#) contains ;Snr p'rR'with SPTX 
C(SBR + SPTX) contains page table page number N 
C(N'M) contains Imm PTR with storage address of desired page 
(assume page is in core) 
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EXAMPLE 2 POINTER INTERPRETATION (INDIRECT SECTION POINTER) 

UBR 

l!SECT + 
SECTION # 

o 

USECf + 

SECr I ON# 

SPr ENI'RY 

035 172 

INDIRECT> 

1
011

1 
o 2 

SBR :! SPTX, 0 

13 17 18 26 27 

SECflON TABLE INDEX 

I@ 1 02 1 
9 17 18 

PAGE TABLE 

fID'S 1 CAL PAGE 

WORD 

L~==t 

WORD 

562 
35 

SECTION TABLE IDENTIFIER (SPI'X) 

1721 

1

0 

23 

35 

Section table ADDRESS 

22 71 C(SBR+SPTX) 

35 

Physical ADDH of new page table 

1 2 
SECTION TABLE "I I 

2 2 7 1 0 2 ,0 0 '. o ~ O~~2~------~------------------------~ 

I@ 71 C(PtN) 
12 35 

Storage Address of Page 
PAGE TABLE I I 

1 2 7 3 5 6.0 
0 1. 3 4 51 c (A 'M) 

~ ~ ~O~2~------~1~2-------------------------J35 

VMA 

00356562 

(Assume Page in Core) 

= 

9 

PI'viA 

00345562 



EXAMPLE 3 POINTER INTERPRETATION (INDIRECT PAGE POINTER) 

S 

See EXAMPLE 1 Page table pointer now indirect instead 
of immediate. From example 1 the UPT addressed page table 1. 
Now since page table pointer is indirect, we go back through 
the SPT again for a new page table 2. 

r ...... 
PAGE TABLE 1 - -r-

Page# 
.J.... I"'t. _1 

SPT 
\. r PAGE 

T.' r WOhD 

\. PAGE TABLE 2 ..L 
~~ 
-- ~ 

lRIVATE 

e Nunber ~ e table identi her (SP'l'X ') 

210 127 
o 2 9 17 18 35 

SilT OO'HY __ ------.-:~N_il!.\-V _P_l\G_E_'_J'J\l3_LE_'_' P_l\_GI_~ _NtA_Il3_El_i ____ ---, 

I I
~ 

o 3 5 1 2 7 ~---_~. _________ 2_7_7~ 
SUH SPTX I 0 12 35 

PAGE TAULE 2 <,..l_~_~....,...lA-TE-. _> __ -.,.. ______________ -, 

'2 7 7 '2 1 0 10 0 11 107 
~ @ 0----2---------1~2------------------3-5~ 

V M A 

00500 323 

P M A 
00107323 

which is now equivalent to a VMA of 

00 210 323 

® 
with SPTX' = 127 

(assume page in core) 
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PAGE 
NO -

CSTO 

MICRO-OJDE 
STA'ItJS 

AC Block 6 
Word 0 

AC Block 6 
Word 1 

-

CST 1 

STORAGE 
ADDR 

FETCH 
CST 
ENTRY 

STORE 

CST 
ENTRY 

CST2 

SHARED SIYrX 

OR 10m I PAGE NOI 

CST3 

FOIll( 
OWNERSHIP 

CORE STATUS TABLES 

CST4 

mYSIO 

(Each addressed by page number) 

.. 

CST5 

T'EMroRARY 
STA'ItJS 

[3j~page is inaccessible 

Set and Merge 
information fields about 
current reference 

R+-R 
JORed 

DIT 35 
~ Set Modified Bi t 

CST ENTRY UPDATING 

Figure C KL Core Status Tables 
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SPECIAL/SHARED PAGES TABLE (SPT) 

The SPT contains the physical addresses of pages which are 
shared by many page tables or of pages used in a special way, 
e.g., as page tables. They are stored in one common location 
to allow modification to these pages by changing a single entry. 
The SPT index is added to the SPT base address to form a physical 
address of the associated entry. 

(SPT Base Address=reserved AC block 6 word 3) 

NOTE: Under TOPS-20 each section pointer points to a page 
table and as such it requires a special/shared pages 
tables entry. The virtual to physical address translation 
from the UPT must therefore include the SPT translation process. 

CORE STATUS TABLE (CST) 

Virtual Memory management requires information about memory 
references generated by each user's processes. Adding the 
CST base register (AC block 6,word 2) to the physical page 
number from a storage address allows the monitor to address 
and update information regarding the page reference. Figure C 
shows the flow of updating and using a CST Entry. This allows 
pages to be ordered by "age" (time of last reference)' and classified 
by the type of process referencing the page. The reference 
indication is carried by assigning one bit to each active process. 
By placing a 1 in that bit position in the pager data word, when 
a reference is made, the one is placed in the CST word in the bit 
position assigned to the process making the reference. The 
Modified Bit (B35) will be set if the page is modified. Thi~ 
allows the monitor to eliminate the swapping out of pages to 
which only read references are made. 

-12-



tie r (' when Paq inq Cache Requ~res 
transla~ion information 

POINTER INTERPRETATION FLOW 
FIGURE D 

VMA <13-17'> 
srx::Im 00 

VMA<l8-26> 
PAGE NO 

l"'P 
1"'W 
1.e 

YES 
USER 
C( UBR I USECr+ 

SECI'IOO NO) 
--. 

AR 

<0-2>~ 
P.AR<3>-.P 
W.ARo41>~W 

C.AH<6> .... C 

{ section no points to SYMBOLS MEANING 

section table at --. "GOES TOil 
ESECT to ESECT + 37 or • "ANDED WITH" 
USECT to USECT + 37 V "ORED WITH" 

"CONCATENATED WITH" 
4- "ADDED TOil 

Variables 
{ Local Pager c( WORD WHOSE PHYSICAL ADDRESS 

Initialized to 1 

{

AR Contains a 
Section Pointer 

P Public 
W Writable 
C = Cache 

< 
IS GIVEN WITHIN PARENTHESES 

> BITS OF 

{ The entire section has a no access code. 
Section may be non-existant for the 

running process. 

{
Bits 23-35 contain 

Page Table address 

SPT Base Register (SBR) and 
SPT index (SPTX) point to { Page Table Physical Memory Address (P~~) 

as shared except new sectio~pointer 

~" '. AR < 9-17> C( AR<23-35> 1 
-- SEn'IOO NO SJ£TlOO t-l) 

(S3R+AR<18-35» ~ 
~ AR 
AR 

1 of 3 
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lNlJIHECT 

11W"> 
NOr IN 

CDIU:; 

FETCH PAGE POINTER FROM: 

1>1' PALE Page Table in Core AH<23-35>____ { PT PAGE(14-26)and Current Virtual Page(27-3S)' 
Current Virtual Page came from either: C(Cl3H + PI' PAGE use PT PAGE to update 

1) VMA<18-26) or ~ N~ CST information 

P.AR<3>.-P 
W.AR<4> .... W 
C.AR<6>.-C 
AR<O-l>'-TYPE 

2) AR(9-17'>of last Indirect poillt.er 

'11W> 

Modify CST Entry for this 
physical Page Table 

Bit 35 (Modified Bit) is not set 
since page is not being changed 

Now check page pointer found by section 
pointer evaluation. 

'mAP 
NO 
/\cas<:; 

c ~mH+ 
/\H < 18-35> ... 

/\H 

AH <9-17) ...... 
P/\GE NO 

{

Get SPT Entry from SPT Base Register (SBRl i't!,,: •• ~ 
bits 18-35 of thp. Share Pointer . 

{ 

Bi ts 9-1 7 become new Page Numbe rand 
Bits 18-35 are us~d as the SPT index (SPTX) 
to ldentify a n~w page table. 

-14- Figure D 
2 of 3 



AR<23-35) 
~~oo Check and update CST information for this reference 

C (CBR +PAGE NO) 

AA ~~_ 

AR. csn.fSK -t-
An 

W -..s 
-----,,....._-J 

j\;OT 
',\'HITABLE 

= 0 

AR V csr DATA 
-t-- AR 

PESTART 
FAULTID 
REF'ERENC'E 

{ 
"s" 
"W" 

WRITABLE=1 

TRAP 

used by software to indicate logically writable 
indicates to hardware if special action is 
required on a write reference 

O-.w 

1-t-

AR<35> 

{ Load paging memory (paging cache) with the resolved 
VMA to PMA translation. 

15 F.igure D 3 of 3 



HARDWARE SUPPORT FOR PAGING 

The paging hardware is designed to be transparent to the 
user. All memory both virtual and physical in both user and 
monitor space is divided into pages. The two main justifications 
for a paged monitor are: 

1. To protect the monitor from unwarranted 
modifications and 

2. To allow efficiency in memory usage by requiring 
only a portion of the monitor to be core resident. 

The virtual address consists of 18 bits; 9 high order bits 
for virtual page number and 9 low order bits (word number) 
which addresses the location within the page. The virtual 
page number is first used as an index into a hardware page 
table. This hardware page table contains up to 512 direct 
virtual to physical address translations. (See Cached Paging 
Data). If the 13 bit physical address is found in the 
hardware page table, a 22~it physical address is formed 
by concatenating this 13 bit physical address with the 9 
bit line number. If the entry does not exist in the 
hardware page table, a sequence of translations are 
initiated to locate a page table in memory which contains 
a physical address for the virtual page if one exists. 

The number 512 in the above statement is for the KL. For 
the 26KL that value would change to 4 K. 

16 



INSTRUCTIONS RELEVANT TO PAGING (PAG device 10 octal) 

1. Load UBR (DATAO PAG,) 
Sets up the paging hardware according 
to the contents of E. 

If B2=1 loads the physical page number in which the processor 
will find the User Process Table. 

2. Load EBR (CONO PAG,) 
This is an immediate instruction. It 
always clears the hardware page table. 

Bit 21 determines the type of paging to be used, however on 
the 26 KL it will always be KL. Bits 23-25 High Order 13 bits 
of the physical address of the Executive Process Table are loaded 
here. 

3. Clear paging Memory (DATAO PAG, CONO PAG,) 
First set the UBR then clear the hardware
page table. 

4. Clear Paging Memory entry for monitor Virtual 
Address E (CLRPT E ) 

5. Paging ON/OFF (CONO PAG,) 
Set Bit 22 to 1 to turn on traps and paging. 
When 0 traps are not permitted and all addresses 
are physical. 

6. Deposit values for paging constants into 
locations in reserved AC block (SPT base 
address; CST base address; CSTMSK: CSTDATA). 

7. Hardware Page Table Invalidate (BLKO PAG,) 
The half word E is interpreted as follows: 

Bit 

18 

19-21 
23-35 

Symbol 

UPI 

MBZ 
VPN 

8. BLKI PAG,E 

Description 

1 =>invalidate a user page 
o =>invalidate an executive page 
Must be zero 
Virtual Page Number whose entry 

in the page table will be 
invalidated. 

E = special 26KL functions see recode listings. 

17 



CACHED PAGING DATA 

The hardware page table referred to at the beginning of this 
section is effectively a cache of paging data which has been 
accumulated by previously fetching this data from memory or 
QY previous pointer interpretation. A virtual address is first 
checked against the current contents of this hardware pager 
and if found returns without delay a physical address. (This 
function was implemented by associative memory on the KI). 
If the physical address is not found, the pointer interpre
tation flow chart in Figure D fetches information from 
memory to resolve the virtual address. When completed, this 
translation may be placed in the hardware page table forming 
the cache of recently used page addresses. 

This hardware page table is handled by the micro-code in KI 
style. It should not be confused with the memory cache of 
a 1080 system, which is normally referred to as the "cache". 
the paging cache is implemented as 4 K entries, one for each 
page of a users virtual address space. The E~EC and USER 
share the same 4 K entries but are offset from each other. 
Therefore, the paging cache at any given time will hold 
translation information about most of the active pages. It 
cannot be guaranteed that the 4 K most recently used pages 
will be addressed by the paging cache but the least recently 
used page will always be there. 

When the monitor takes any action which would invalidate 
information about existing virtual-to-physical address 
translation, the paging cache must be either partially 
or completely cleared. 

Examples of such instances are: 

1. Change of User Process - Clear entire paging 
memory (entire user address space has changed). 

2. One Page Removed from core - Clear entire 
paging mamory cause -(several Shared and 
Indirect pointers may have used the page). 

3. Pointer is Removed from UPT - clear entire 
paging memory (association for many pages 
through UPT is changed). 

4. Monitor Mapped Page to EXEC space for local 
use - only one entry cleared (when page is 
unmapped only that one painter must be cleared. 
Since this facility is provided by the pager, it 
may be used to reduce reload overhead). 

-18-



If the paging data is not found, the flow in Figure D 
must be followed. A special trap is initiated and the 
micro-code saves vulnerable EBox data before starting on 
the pointer tracing algorithm. If the Algorithm is 
successful, the resolved pointer and associated information 
are loaded into the paging memory, the EBOX registers are 
restored, and the memory request is again issued. The micro
code must also handle the first write request trap, inhibiting 
the write until the modified bit can be set (see Core Status 
Table). The pager must maintain this modified bit. The micro
code implements this as follows: 

On a paging ~emory reload, the write 
access (W) bit is set in the paging 
memory only if the current memory 
reference is a write ( and a write is 
legal for the page). Thus if the 
first reference to a page is read, 
the W bit in the corresponding paging 
memory entry will be set to 0, and a 
subsequent write reference will cause 
another trap to the micro-code. On this 
second trap, the pointer interpretation 
will be repeated and the paging memory 
reloaded, this time with the W bit set. 



BASE REGISTERS AND PROCESS TABLES (see Figure E) 

The User Base Register (UBR) and Executive Base Register 
(EBR) are used to locate the User Process Table (UPT) and 
Executive Process Table (EPT). These base registers are 
privileged registers which contain the physical page 
number of the UPT or EPT in bits 14-26. 

The UPT differs from the KI in the following locations: 

Location Usage KL Usage KI 

420 User & Exec Page User page failure trap 
Fail Word instruction 

426 PC Word of Page Fail EXEC Page Fail Word 

427 Page Fail New PC User Page Fail Word 
Word 

(eliminates usage of any trap instruction 
upon page fail) 

500 Prev. Context Section 
and CWSX 

The EPT differs from the KI in locations 0-0137 and 60-177. 

Locations 0-037 are used for built-in channels with a 
quad-word block reserved for each of the eight channels. 

Word 

o 
1 

2 
3 

Definition 

Internal Channel Command Word (CCW) 
Error Status and Command List Pointer 

on errors 
Last Word Count and Address 
Reserved for future use by DEC 

Locations 60-77 compries a block of 4 quad-words one for 
each DTE20. The block contains an "in byte pointer", 
"out byte pointer", an "interrupt vector" and one reserved 
for future use. The KI allows software to use locations 
60-177. The KL reserves the use of locations 100-177 for 
future hardware usage. 

20 



Further information on the UPT and EPT will be givin in 
Book 5 Monitor. 

Summary of Paging Word Formats (see Figure F) 

PAGE FAIL DATA 

The following information is made available upon a page 
fail trap: 

1. Virtual Address of Reference 
2. User bit, Public bit, Write Reference bit 
3. Page Fail Code 

A Page Failure code will be stored by any'of the following 
conditions: 

1. Proprietary Violation 
2. Refill Error 
3. Address Compare 
4. Page Table parity error 
5. Memory Data parity error 

All other Page Fail conditions cause only address, User, 
Public and Write data to be stored for software interpre
tation. 
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t\J 
t\J 

Extended USER PROCESS TABLE 

°lr--------------------------, 
I 
I 
I 
I 

HOT.: 
AaT."II"I ... OICAT. 
LOCA T.O". WHO •• I RESERVED 1.1" 0."".". ""OM 
THO ••• N THI 

411 

420 

421 

422 

4n 

424 

425 

426 

421 

430 

431 

432 
4]] 

4J4 

435 

43. 
4]1 

"-"0 

I 
I 
I 
I 

.... OL-.· •• CTION 
""OClqT".La 
LI.T.O ON TH. 
NUtT p"GI. 

ADDRESS OF lUoo alOCI( 

USER ARITHMETIC OVERfLOW TRA' INSTRUCTION 

USfiR ST ACI( OVERFLOW TR ..... INSTRUCTION 

USER TRA' ] TRA" .NSTAYeTIO .. 

MUUOFLAGS I MUUO 01' COOE A 

MUooOLO'C 

E OF MUUO 

MUUO PROCESS CON TEXT WORD 

KER"El NO TRA' MUue NEW I'C 

KERNEL TRA' MUUO NEW I'C 

SUPERVISOR NO TRA" MUoo NEW I'C 

su'eRVISOR TRA .. MUoo NEW I'C 

CONCEALED NO TRA' MUUO NEW 'C 

CONCEALED TRA' MUUO NEW "C 

'uaLlc NO TRA" MUUO NEW I'C 

puaLic TRAP MUoo NEw I'C 

I RESERvED 
471 

!JOO 'AGE FAil wORD 

501 'AGE FAil FLAGS 

502 'AGE FAil OLD PC 

SOl 'AGE FAil ,..Ew PC 

!104 
USER PROCESS EXECUTION TIME 

!lOS 

!106 USER MEMORY REFERENCE COUNT 
!IO} 

510 
I 
I RESERVED 
I 

~71 
~o useR SeCTION 0 

I 

:1 USER SEeTlO'" 17 

I RESERvED 
177 I 

Figure E TOPS-20 Process Table Configuration 
EXECUTIVE PROCESS TABLE 

o I EIGHT CH"'NNEl. LOGOUT ARE ... , 

I E"'CH: 0 ... ITIAl CHANNEl. COMM ..... D I ' GETSCHAHNEl..STAruSWOAD 
I 1 Gns LAST U'OA TEO COMMAND 

11 I 3 RESERVED 

40 RESERVED 
41 _ 

41 
I STANDARD PR'ORITY INTERRU"T INSTRUCTIONS 

~ I~ ____________________________________ -i 
I FOUR CHANNEL alOCK FILL WORDS :: I . 
I RESERVED 

1]7~ ________________________________________ __ 

140 
I FouR OTE20CONTROl alOCKS 

~'~ ______________________________________ --1 

I 
I RESERVED 

I 
4N~ ____________________ ~~~~~~~~~~ 

421 ExECUTivE ARITHMeTIC OVERFLOW TRA' I"STRUCTION 

422 EXECuTivE STACI( OVERFLOW TRA' INSTRUCTION 

42] ExECUTIVE TRAP] TRAP INSTRUCTION 

424 

RESERVED 

!IOl~ __________________________________ -; 

510 
TIME aASE 

511 ~ ____________________________________ -i 

512 
PERFORMANCE ANAL VSIS COUNT 

513~ ____________________________________ -i 

514 INTERVAL COUNTER INTERRU .. T INSTRUCTION 

515 '" i ."'.V'D 
540 EXECuTIVE SECTION 0 

I 

=1 
I :: I EXECuTIVE SECTION l1 

I RESERVED 

777 IL __________ ------------------------~ 



SECTION POINTER 
OJDE I PAGE TAIlLE IDENrIFIEH 

(SPT INDEX-SPTX ) 

o 2 3 4 5 6 7 17 18 

PAGE POINTERS 
OJDE 

011 P W ~ 

NORMAL SECTION roINrER (OJDE=2) 

SErl'ION SI:crION TABU: IDOO'IFIER 
TAI3LE (SJYI' INDEX SPTX) 
INDEX 

o 2 3 4 5 6 9 17 18 

INDIRECT SECI'ICN roINI'ER (OJDE=3) 

35 

35 

OJDE I 4 PIIYSICAL S'roIU\GE ADDRESS ~ 

o 23456 12 17 18 22 23 35 
IMMIDIATE roINTER (ooD1 =1) 

CX)DE 

o 2 
I SPT INDEX 
. (SPl'X) I 35 

SBR+SPI'X=PHYSICAL ADDRESS OF \\uRD 
HaWING ADDRESS OF PAGE 

Is 
SIlARED roINTER (CODE=2) 

CODE 

011 SAME 
PAGE PAGE TABLE IDENTIFIEH 
NUMBER (SPTX) 

0 2 9 17 18 35 
INDlRECr roINTEH (ooDE=3) PACili NUMBER IS NEW DISPLAW1ENI' INIO 

MUIHER PAGE TABLE 

SPT ENTRY 

OORE STA'IUS TABLE ENTRY 
OJDE 

12 

PHYSICAL ADDru~S OF PAGE 
OR PAGE TABLE 

35 

All CSTs are indexed into by the page 
number. ~ PAGING ~ FOIlMATS 

B 32-34 reserved by DEC· 
B 35 modified bit. 

\1 FIGURE F 

All unused bits are reserved for future use by DEC 
23 



Figure G TOPS-20 Virtual Address Space and Process T'able Layout 

USER 
VIRTUAL 
ADDRESS 

SPACE 
0....-------. 
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EACH 
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5EeTI01l ,7 3 77T1T17~ _____ ..I 
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USER 
PROCESS 

TABLE 

24 

16 

32 

" " 
24 

12 

EXECUTrVE 
V I RT UAL 
ADDRESS 

SPACE 
0,..------"'"'\ 

steTIO" 0 
T1T1T7 

~ 
5ECTIOW 1 

32 
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or 
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l TT77Tn 5EeTI01l 37 ...... _---_-.1 

I 
I 

I 
I 
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\ 
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\ 
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\ 

\ 
\ 

I 
I 
I 

I 
I 

I 

I 
I 

I 

EXECUTIVE 
PROCESS 

TABLE 
C .... "''''E.l 

LOGOUT ARE AS 

INTERRUPT 

I SIt#)(D AlfOS 
I JIf[ "£SE""ED 
I 
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ADDRESS ENGINE 

The address engine is the logic that furnishes memory addresses 
for MOS MEMORY 0 These addresses must be put through the "MAP" 
and converted to physical memory addresses (PMA). Normally the 
addresses are used for fetching instructions, fetching data for an 
instruction, or storing data for an instruction. 

The Map also has another input from the TYBUS that supplies 
memory addresses for "DMA" transfers on the TYBU-S-;------~,--'__ )=-, f3 u.s 
All logic is based on the maximum use of MOS Memory. The 
memory has five basic types of cycles. 

Each cycle type has a priority of it's own. Zero is the 
highest priority. 

Memory Cycle Types 

Priority ----Cycle Type 

o Refresh 

1 DMA read 

DMA Write 

* Special Cycles. CPU cannot use 
* 
* 
* Memory during these cycles 

* 

2 CPU Read-----------Data Fetch and instruction Fetch 
CPU Write----------Data Store 

Cycle TYPE address source ..........•.•.... 

TYPE 
**** 

ADDRESS SOURCE 
************** 

REFRESH------GENERATED BY INTERNAL MEMORY HARDWARE 

DMA READ-----TYBUS I/O ADDRESS LINES 

DMA WRITE----TYBUS I/O ADDRESS LINES 

CPU READ 
(DF)-----EA MUX/MAP 
(IF)-----PPC OR JPPC 

CPU WRITE 
(DS)-----EA MUX/MAP (DATA STORE) 
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B 
U 
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EA BUS 

UNCORR.MEM 

MA 
IR 
PC MUX 

EA BUS 

BO,1,2 

00-17 
32-35 

18-35 

03-35 
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BASIC MAP OPERATION 

1~ 
f'~. 

MAP our P v - M 
p~- A MAIN P 
JP~_ - M .. MEMJRY M . r-

EA U A 

X 
l.1\1A -

V 

IDISP CYCLES 
+ 

MID CYCLE CLOCK 
v 

P 
P ~ 
C 

EA -- MAP ... MAP our ... .. 

J 
P 

P 
~ 

C 
IDISP CYCLES /"\. 

MID CYCLE CLOCK 
& 

NOT JUMP CYCLE 



BASIC MAP OPERATION 

OONTROLS 

I 

} lOA 13:35 , 

VA 
,. F'IW MUX 

) FA 00:35 FAX , 
FAX 

03:17 ~ 

UJiVl:tJ(J a...-

MUX 

,. 

) E 0 BUS 03:26 
• _----I 

.PAHITY 

1 
I 

FA 

/ 

13:17 
18:35 

MAP 

I 

PADR 13:14 19:26 

I PADR MS 0:7 

'" 

I DISP CYCLESI 

+ MIOCYCLE I 

CI.OCK 

PARITY 
i......-

f 1 I 
CHECKER 

p 
MAIN 

M 
MEMORY 

A 

END OF CYCLE 
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I p~ 
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+ 
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GLOSSARY OF TERMS FOR MICROWORD 

ENB EA LEFT Enables left half of EAMUX 

ENB EA From OBUS - Allows OBUS thru EAMUX 

LD MA 

I DISP-RQ 

MEM WAIT 

SEL AA FROM MA 

PAR 0 

SPARE 1 

CARRY IN 

ALU SRC 

ALU FUN 

ALU DST 

ALU1 SEL 

LD AR 

J COND 

REV 

MAPF 

SPC 

- Allows MA reg. loaded from EA BUS 

- Instruction Dispatch Request. Takes a 0 U0! c~p~~ 
Dispatch to (2*OPCODE) + Dispatch Base Reg. GOOL 0 

• '5- (AG oJ' T '_".;L__ ..L. \ T "".,<,,,,,,- .. 
- Inhibits Gated Clock 

- Selects MA for the Address Adder 

- Parity Bit for Microword 

- Not Used 

- Bit Added to ALU 

- ALU SOURCE 

- ALU FUNCTION 

- ALU DESTINATION 

) 
) 
) 
) 
) 

NOTE: 
See Table For 2901C 

- SELECTS THE 2nd ALU GROUP 

- ENABLES LOADING OF AR REG 

- CONDITION FIELD FOR MICROWORD JUMP 

- REVERSE CONDITION OF JCOND. 

- MULTIPLE FUNCTION 

- SPECIAL FUNCTIONS 

JADR ) - ADDRESS FOR MICR MEMORY TO JUMP TO 
)-=(ONE IN THE SAME) 

IDISP CONTROL) - INSTRUCTION DISPATCH CONTROLS IF NOT A JUMP CYCLE 

SUB FIELDS • • • • • • .'. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
X MODE 

CND ABRT (02) 

IDX CY 

IND ENB 

CMD ABRT FLAG 

JUMP FLAG 

- NOT USED ALWAYS ZERO 

- 02 Bit of Condition Abort Dispatch 

- INDEX CYCLE TRAP ON INDEX BITS 

- INDIRECT ENABLE 

- CONDITION ABORT FLAG 

- JUMP 

NOT CND ABRT (10)- 10 BIT OF CONDITION ABORT DISPATCH 

-1-



GLOSSARY OF TERMS FOR MlCROWORD 

NOT CND AOORT (04) - BIT OF CDNDITION ABORT DISPATCH 
DISP FROM MEM - EA MUX SOURCE DURING INSTRUCTION DISPATCH (JADR 09) 

FIELD 46 BIT (N/U)-INDICATES AN INDIRECT CYCLE (NOT USED) 

EOl I DlSP - END OF INSTRUCTION 

PRINCIPLE I DISP - MOST DISPATCHES ARE PRINCIPLE 

HOLD PC - HOLD PROGRAM COUNT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
ROT SIZE 

MASK SIZE 

DEST 

SPARE 2 

J CODE 

AC SEL 

D 

CYLEN 

IF RQ * 
DF RQ * 

- ROTATES D BUS LEFT BY VALUE 

- NUMBER OF BITS ON, RIGHT JUSTIFIED 
CAN SPECIFY RIGHT OR LEFT MASK 

- SPECIFIES WHERE OUTPUT OF ALU IS TO GO. 

- NOT USED 

- TYPE OF JUMP 

- SPECIFIES WHAT ADDRESSES THE AC INSIDE THE ALU. 

- SPECIFIES WHAT IS TO BE PUT ON THE D BUS 

- SPECIFIED CYCLE LENGTH 

- SPECIFIES INSTRUCTION FETCH REQUEST 

- SPECIFIES DATA FETCH FROM MAIN MEMORY 

* NOTE BITS ARE INVERTED 
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JCOND Field 
JCOND+REV = 0 OBUS NOT EQUAL 0 

JCOND+REV = 1 OBUS EQUAL 0 

JCOND+REV = 2 OBUS LESS THAN 0 

JCOND+REV = 3 OBUS NOT LESS THAN 0 

JCOND+REV = 4 OBUS NOT GREATER THAN 0 

JCOND+REV = 5 OBUS GREATER THAN 0 

JCOND+REV = 6 TO BE ADDRESSED 

JCOND+REV = 7 TO BE ADDRESSED 

JCOND+REV = 10 OBUS18 

JCOND+REV = 11 NOT OBUS18 

JCOND+REV = 12 QO-35, BIT SHIFTED INTO Q36 

JCOND+REV = 13 NOT QO-35, NO BIT SHIFTED INTO Q36 

JCOND+REV = 14 CRYO 

JCOND+REV = 15 NOT CRYO 

JCOND+REV = 16 HALF 

JCOND+REV = 17 NOT HALF 

JCOND+REV = 20 MM-ACC-COND (FOR DEPOSITING MICRO MEM) 

JCOND+REV = 21 -MM-ACC-COND(FOR DEPOSITING MICRO MEM} 

JCOND+REV = 22 TO BE ADDRESSED 

JCOND+REV = 23 TO BE ADDRESSED 

JCOND+REV = 24 TO BE ADDRESSED 

JCOND+REV = 25 TO BE ADDRESSED 

JCOND+REV = 26 TO BE ADDRESSED 

JCOND+REV = 27 TO BE ADDRESSED 

-1-



JCONDtREV = 30 TO BE ADDRESSED 

JCOND+REV 31 TO BE ADDRESSED = 

JCOND+REV 32 TO BE ADDRESSED = 

JCOND+REV 33 TO BE ADDRESSED = 

JCOND+REV 34 MAPF = 0 NO-MAPF = 

JCOND+REV 35 TO BE ADDRESSED = 

JCOND+REV 36 TO BE ADDRESSED = 

JCOND+REV 37 TO BE ADDRESSED = 

JCOND+REV = 40 BYTE-OVF (LOOKS AT PTR ON EA) 

JCOND+REV = 41 NOT BYTE-OVF 

JCOND+REV = 42 INTRPT 

JCOND+REV = 43 NOT INTRPT 

JCOND+REV = 44 MA < 20 

JCOND+REV = 45 MA > =20 

JCOND+REV = 46 AC EQUAL 0 

JCOND+REV = 47 AC NOT EQUAL 0 

JCOND+REV = 50 EA<20 

JCOND+REV = 51 EA > =20 

JCOND+REV = 52 USER 

JCOND+REV = 53 EXEC 

JCOND+REV = 54 TO BE ADDRESSED 

JCOND+REV = 55 TO BE ADDRESSED 

JCOND+REV = 56 MAPF = 10 R-M-W, USED FOR READ MODIF1 
WRITE DURING D (MEM) CYCU 

JCOND+REV = 57 MAPF = 0 NO-MAPF 
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,JCOND+REV = 60 TO BE ADDRESSED 

JCOND+REV = 61 TO BE ADDRESSED 

JCOND+REV = 62 TO BE ADDRESSED 

JCOND+REV = 63 TO BE ADDRESSED 

JCOND+REV = 64 TO BE ADDRESSED 

JCOND+REV = 65 TO BE ADDRESSED 

JCOND+REV = 66 LAST-COND 

JCOND+REV = 67 NOT LAST-COND 

JCOND+REV = 70 CONTINUE (FORCES . +1 REGARDLESS OF JCDDI 

JCOND+REV = 71 TO BE ADDRESSED 

JCOND+REV = 72 TO BE ADDRESSED 

JCOND+REV = 73 TO BE ADDRESSED 

JCOND+REV = 74 TRUE (DEFAULT) 

JCOND+REV = 75 FALSE 

JCOND+REV = 76 TO BE ADDRESSED 

JCOND+REV = 77 TO BE ADDRESSED 
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MAPF Field 
MAPF = 0 NO-MAPF 

MAPF = 1 TO BE ADDRESSED 

MAPF = 2 TO BE ADDRESSED 

MAPF = 3 TO BE ADDRESSED 

MAPF = 4 TO BE ADDRESSED 

MAPF = 5 TO BE ADDRESSED 

MAPF = 6 TO BE ADDRESSED 

MAPF = 7 TO BE ADDRESSED 

MAPF = 10 R-M-W, USED FOR READ IDDIFY WRITE DURING 
DC MEM )CYCLE 

MAPF = 11 TO BE ADDRESSED 

MAPF = 12 TO BE ADDRESSED 

MAPF = 13 TO BE ADDRESSED 

MAPF = 14_ TO BE ADDRESSED 

MAPF = 15 TO BE ADDRESSED 

MAPF = 16 TO BE ADDRESSED 

MAPF = 17 TO BE ADDRESSED 

-1-



JaDE 

JCDDE 

JCODE 

JCODE 

JCODE 

JCDDE 

JCDDE 

JCODE 

. JCODE 

JCDDE 

JCODE 

JCDDE 

JCX>DE 

JCDDE 

JaDE 

JCDDE 

JCODE -Field 
=0 

=1 

=2 

=3 

=4 

=5 

';:4'> =6 

\ =7) 

=10 

=11 

=12 

=13 

=14 

=15 

=16 

=17 

JUMP, SEE JADR 

JDMPLC, JUMP 'IO JADR IF LAST CDNDITION 

LBJUMP, JUMP TO JADR=l IF TRUE CDNDITION ElSE JADR 

lBJUMPLC, JUMP ro JADR+1 IF LAST CONDITION ELSE JADR 

PUSHJ, JUMP ro JADR AND SAVE MIC ON STACK 

PUSHJI..C, JUMP ro JADR IF LAST CXlIDITION AND SAVE MIC ON 
STACK 

IDISP (SEE IDISP CONTROLS) 

OJNT, CX>NI'INUE AND SELECT MI-BA FROM JADR (DEFAULT) 

roPJ, PULL NEXT MICRO-INSTRUCTION ADDRESS OFF STACK 

roPJLC () 

LBroPJ () 

LBroPJLC () 

@JADR () 

@JADRiC () 

ODISP, BRANCH TO lOCATION ON OBUS 00: 13 (SKIP DISP) 

CDNTl, CONI'INUE BUT SEI.EI' MI-BA FR<ld JMEM 
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SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC Field 
= o 

= 1 

= 2 

= 3 

= 4 

= 5 

= 6 

= 7 

= 10 

= 11 

= 12 

= 13 

= 14 

= 15 

= 16 

= 17 

= 20 

= 21 

= 22 

= 23 

= 24 

= 25 

= 26 

= 27 
-1-

NO-SPEC (DEFAULT) 

AMEM-P-DECR (DECREMENT AMEM PDL ADDR. 
eNTR. ) 

MU-PUSH (INCREMENT JMEM PDL ADDR. CNTR.) 

MU-POP (DECREMENT JMEM PDL ADDR. CNTR.) 

MM-ACCESS (RD/WRT MM SECTION MAPF AT 
LOCATION JADR) 

PC=PC+1 

MA-FROM-MEM (FORCES EAMUX TO SELECT MEM) 

AMEM-P-INCR (INCREMENT AMEM PDL ADDRESS 
COUNTER) 

LD-LOOP (LOAD LOOP-CTR FROM EOBUS, DEST 
MUST BE 0) 

MU-INDEX (MICRO INDEX) 

MAP-ENABLE 

MAP-DISABLE 

REENABLE-TRAP1 

NOP 

UHS-ENABLE (TURN ON MICRO HISTORY SYSTEM) 

USH-DISABLE (TURN ON MICRO HISTORY SYS~J 

SUPPRESS-FETCH-TRAPS 

MRS-DISABLE (TURN OFF MACRO HISTORY 
SYSTEM) 

MHS-ENABLb (TURN ON MACRO HISTORY SYSTEM 

CLR-DMA-ERR 

FAKE-DFWAIT CD o AND D 1 READ PORTIONS 
OF TRAPPED MA) 

NOP 

NOP 

NOP 



SPC = 30 lOB-IN 

SPC = 31 lOB-OUT 

SPC = 32 PMASTAT-SELO 

SPC = 33 PMASTAT-SEL1 

SPC = 34 PMASTAT-SEL2 

SPC = 35 SEL-PMA-STAT 

SPC = 36 TO BE ADDRESSED 

SPC = 37 SEE D 

SPC = 40 CLR-DEV-FROM-INTR 

SPC = 41 CLR-PC-TRAP-FLAGS 

SPC = 42 CLR-AROV-TRAP-FLAGS 

SPC = 43 CLR-HALF 

SPC = 44 S~1:~FC-FI.AGS (SET FC FLAGS FROM ALU RESULT) 

SPC = 45 TO BE ADDRESSED 

SPC = 46 CLR-MAP-SR (DOES SET PC FLAGS, MUST DO 
D+O TO PREVo CRYS) 

SPC = 47 BUS RESET (DOES SET PC FLAGS, MUST DO 
D+O TO PREV CRYS) 

SPC = 50 CLR-DEV-FROM-INTER 

SPC = 51 CLR-PC-TRAP-FLAGS 

SPC = 52 CLR-AROV-TRAP-FLAG 

SPC = 53 CLR-HALF 

SPC = 54 SET-PC-FLAGS (SET PC FLAGS FROM ALU 
RESULT) 

SPC = 55 TO BE ADDRESSED 

SPC = 56 CLR-MAP-SR (DOES SET PC FLAGS, MUST 
DO D+O to PREVo CRYS) 

SPC = 57 BUS-RESET (DOES SET PC FLAGS, MUST DO 
D+O TO PREVo CRYS) 
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SPC = 60 TO BE ADDRESSED 

SPC = 61 TO BE ADDRESSED 

SPC = 62 TO BE ADDRFSSED 

SPC = 63 TO BE ADDRESSED 

SPC = 64 TO BE ADDRESSED 

SPC = 65 TO BE ADDRESSED 

SPC = 66 TO BE ADDRESSED 

SPC = 67 TO BE ADDRESSED 

SPC = 70 TO BE ADDRESSED 

SPC = 71 TO BE ADDRESSED 

SPC = 72 TO BE 'ADDRESSED 

SPC = 73 TO BE ADDRESSED 

SPC = 74 TO BE ADDRESSED 

SPC = 75 TO BE ADDRESSED 

SPC = 76 TO BE ADDRESSED 

SPC = 77 TO BE ADDRESSED 
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ROT SIZE Field 
ROTATER SIZE = 0 ROTATED BY THIS VALUE 

ROTATER SIZE = 1 ROTATED BY THIS VALUE 

ROTATER SIZE = 2 TNOBIDN 

ROTATER SIZE = 3 TNIRIBN 

ROTATER SIZE = 4 ROTATED BY THIS VALUE 

ROTATER SIZE = 5 ROTATED BY THIS VALUE 

ROTATER SIZE = 6 TNODOBN 

ROTATER SIZE = 7 TNIROBN 

ROTATER SIZE = 10 TN I ROBNPO 

ROTATER SIZE = 11 ROTATED BY THIS VALUE 

ROTATER SIZE = 12 ROTATED BY THIS VALUE 

ROTATER SIZE = 13 ROTATED BY THIS VALUE 

ROTATER SIZE = 14 ROTATED BY THIS VALUE 

ROTATER SIZE = 15 ROTATED BY THIS VALUE 

ROTATER SIZE = 16 ROTATED BY THIS VALUE 

ROTATER SIZE = 17 ROTATED BY THIS VALUE 

ROTATER SIZE = 20 ROTATED BY THIS VALUE 

ROTATER SIZE = 21 ROTATED BY THIS VALUE 

ROTATER SIZE = 22 ROTATED BY THIS VALUE 

ROTATER SIZE = 23 ROTATED BY THIS VALUE 

ROTATER SIZE = 24 ROTATED BY THIS VALUE 

ROTATER SIZE = 25 ROTATED BY THIS VALUE 

ROTATER SIZE = 26 ROTATED BY THIS VALUE 

ROTATER SIZE = 27 ROTATED BY THIS VALUE 
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ROTATER SIZE = 30 ROTATED BY THIS VALUE 

ROTATER SIZE = 31 ROTATED BY THIS VALUE 

ROTATER SIZE = 32 ROTATED BY THIS VALUE 

ROTATER SIZE = 33 ROTATED BY THIS VALUE 

ROTATER SIZE = 34 ROTATED BY THIS VALUE 

ROTATER SIZE = 35 ROTATED BY THIS VALUE 

ROTATER SIZE = 36 ROTATED BY THIS VALUE 

ROTATER SIZE = 37 ROTATED BY THIS VALUE 

ROTATER SIZE = 40 ROTATED BY THIS VALUE 

ROTATER SIZE = 41 ROTATED BY THIS VALUE 

ROTATER SIZE = 42 ROTATED BY THIS VALUE 

ROTATER SIZE = 43 ROTATED BY THIS VALUE 

ROTATER SIZE = 44 ROTATED BY THIS VALUE 

ROTATER SIZE = 45 ROTATED BY THIS VALUE 

ROTATER SIZE = 46 ROTATED BY THIS VALUE 

ROTATER SIZE = 47 ROTATED BY THIS VALUE 

ROTATER SIZE = 50 USE ROT SIZE REGISTER 

ROTATER SIZE = 51 ROTATED BY THIS VALUE 

ROTATER SIZE = 52 ROTATED BY THIS VALUE 

ROTATER SIZE = 53 ROTATED BY THIS VALUE 

ROTATER SIZE = 54 ROTATED BY THIS VALUE 

ROTATER SIZE = 55 ROTATED BY THIS VALUE 

ROTATER SIZE = 56 ROTATED BY THIS VALUE 

ROTATER SIZE = 57 ROTATED BY THIS VALUE 
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ROTATER SIZE 60 ROTATER DISABLED (DEFAULT) 

ROTATER SIZE = 61 ROTATED BY THIS VALUE 

ROTATER SIZE = 62 ROTATED BY THIS VALUE 

ROTATER SIZE = 63 ROTATED BY THIS VALUE 

ROTATER SIZE = 64 ROTATED BY THIS VALUE 

ROTATER SIZE = 65 ROTATED BY THIS VALUE 

ROTATER SIZE = 66 ROTATED BY THIS VALUE 

ROTATER SIZE = 67 ROTATED BY THIS VALUE 

ROTATER SIZE = 70 ROTATED BY THIS VALUE 

ROTATER SIZE = 71 ROTATED BY THIS VALUE 

ROTATER SIZE = 72 ROTATED BY THIS VALUE 

ROTATER SIZE = 73 ROTATED BY THIS VALUE 

ROTATER SIZE = 74 ROTATED BY THIS VALUE 

ROTATER SIZE = 75 ROTATED BY THIS VALUE 

ROTATER SIZE = 76 ROTATED BY THIS VALUE 

ROTATER SIZE = 77 ROTATED BY THIS VALUE 
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MASK Field 
MASK = 01 SEE MASKER VALUE 

MASK = 02 SEE MASKER VALUE 

MASK = 03 SEE MASKER VALUE 

MASK = 04 SEE MASKER VALUE 

MASK = 05 SEE MASKER VALUE 

MASK = 06 SEE MASKER VALUE 

MASK = 07 SEE MASKER VALUE 

MASK = 10 SEE MASKER VALUE 

MASK = 11 SEE MASKER VALUE 

MASK = 12 SEE MASKER VALUE 

MASK = 13 SEE MASKER VALUE 

MASK = 14 SEE MASKER VALUE 

MASK = 15 SEE MASKER VALUE 

MASK = 16 SEE MASKER VALUE 

MASK = 17 SEE MASKER V AWE 

MASK = 20 SEE MASKER VALUE 

MASK = 21 SEE MASKER V AWE 

MASK = 22 SEE MASKER VALUE 

MASK = 23 SEE MASKER VALUE 

MASK = 24 SEE MASKER VALUE 

MASK = 25 SEE MASKER VALUE 

MASK = 26 SEE MASKER VALuE 

MASK = 27 SEE MASKER V AWE 
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MASK = 30 SEE MASKER VALUE 

MASK = 31 SEE MASKER VALUE 

MASK = 32 SEE MASKER VALUE 

MASK = 33 SEE MASKER VALUE 

MASK = 34 SEE MASKER VALUE 

MASK = 35 SEE MASKER VALUE 

MASK = 36 SEE MASKER VALUE 

MASK = 37 SEE MASKER VALUE 

MASK = 40 SEE MASKER V AllJE 

MASK = 41 SEE MASKER V AIlJE 

MASK = 41 SEE MASKER VALUE 

MASK = 43 SEE MASKER VALUE 

MASK = 44 SEE MASKER VALUE 

MASK = 45 SEE MASKER VALUE 

MASK = 46 SEE, MASKER VALUE 

MASK = 47 SEE MASKER VALUE 

MASK = 50 USE MASK SIZE REGISTER 

MASK = 51 SEE MASKER VALUE 

MASK = 52 SEE MASKER VALUE 

MASK = 53 SEE MASKER VALUE 

MASK = 54 SEE MASKER VALUE 

MASK = 55 SEE MASKER V AUJE 

MASK = 56 SEE MASKER V AIlJE 

MASK = 57 SEE MASKER VALUE 
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MASK = 60 SEE MASKER VALUE 

MASK = 61 SEE MASKER V AWE 

MASK = 62 SEE MASKER VALUE 

MASK = 63 SEE MASKER VALUE 

MASK = 64 SEE MASKER VALUE 

MASK = 65 SEE MASKER VALUE 

MASK = 66 SEE MASKER V AIlJE 

MASK = 67 SEE MASKER V AWE 

MASK = 70 NO-MASK (DEFAULT) 

MASK (ENDCX.>NN ) = 71 ACO_SIGN, Q35_0 

MASK (ENDCDNN) = 72 ACO_O,Q35_0 

MASK (ENDCX.>NN ) = 73 ACO _ OVF#SIGN, Q35 _ -SIGN 

MASK = 74 SEE MASKER VALUE 

MASK = 75 SEE MASKER VALUE 

MASK = 76 SEE MASKER VALUE 

MASK = 77 SEE MASKER V AWE 
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DEST Field 
DEST = 0 TO BE ADDRESSED 

DEST = 1 JMEM-MIC, DATA IS MICROINSTRUCTION CDUNTER 

DEST = 2 JMEM, DATA IS EOBUS 

DEST = 3 JMEM-P, WADS JMEM STACK PTR FROM OBUSO: 9 

DEST = 4 SPARE 2 = 0 NOT USED 

DEST = 5 AMEM-P, WADS AMEM STACK Pm FRavI OBUSO: 9 

DEST = 6 SPARE 2 = 0 NOT USED 

DEST = 7 CDND-AC-STO, FORCE 2 BIT OF ALU DST IF AC ADD 
<> 0 

DEST = 10 VA-MODE, ADDRESS ENGINE MA SOURCE ())NTROL 

DEST = 11 CPU-MODE, XMCDE AND K!C, ~rNHmlT-·_AND MAP oo~ 

DEST = 12 IDISP-REG, INTERPRETER BASE ADDRESS 

DEST = 13 SELECT-HOLD, CAUSES HOLD TO APPEAR ON MEM BUS 

DEST = 14 SELECT-MB, CAUSES MB TO APPEAR ON MEM BUS 

DEST = 15 SPARE 2 = 0 NOT USED 

DEST = 16 SPARE 2 = 0 NOT USED 

DEST = 17 SPARE 2 = 0 NOT USED 

DEST = 20 . MAP-EXEC-SR 

DEST = 21 PC-FLAGS, JUST THE FLAGS 

DEST = 22 ROTR, ROT SIZE REGISTER 

DEST = 23 DEV-ADR, DEVICE ADDRESS REGISTER 

DEST = 24 MASKR, MASK SIZE REGISTER 

DEST = 25 TO BE ADDRESSED 

DEST = 26 MAP-MA, HALF OF MAP MEMORY 

DEST = 27 MAP-TAG; HALF OF MAP MEMORY 
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DEST = 30 EXEC-CTXT, ONE OF TWO 

DEST = 31 USER-CTXT, ONE OF TWO 

DEST = 32 HS-ADR, MACRO BREAK COMPARISON ADDRESS 

DEST = 33 HS-c:rRL, MACRO BREAK CONrROL FLAGS AND RECORD 
ADDRESS 

DEST = 34 HS-COUNT, MACRO BREAK HIT COUN'IER AL'ID BREAK 
DELAY 

DEST = 35 MERGE, CAUSES EAG3: 17 10 BE MERGED WITH 
EAl8:35 

DEST = 36 CLR-ECC-ERR 

DEST = 37 TO BE ADDRESSED 

DEST = 40 AMEM 0 

DEST = 41 AMEM 1 

DEST = 42 AMEM 2 

DEST = 43 AMEM 3 

DEST = 44 AMEM 4 

DEST = 45 AMEM 5 

DEST = 46 AMEM 6 

DEST = 47 AMEM 7 

DEST = 50 AMEM 10 

DEST = 51 AMEM 11 

DEST = 52 AMEM 12 

DEST = 53 AMEM 13 

DEST = 54 AMEM 14 

DEST = 55 AMEM 15 

DEST = 56 AMEM 16 

DEST = 57 AMEM 17 
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DEST = 60 IR-ALL, LOADS OF THE IR 

DEST = 61 LD-IR-23, LOADS IR13:35 

DEST = 62 IR-ADR, LOADS IR18:35 

DEST = 63 LD-PC 

DEST = 64 HOLD, LOAD HOLD REG WI'IHOUT STARTING MEIDRY 
CYCLE 

DEST = 65 IOD 

DEST = 66 SPARE 2 = 0 NOT USED 

DEST = 67 MEMSTO, STORE INfO HOLD REG AND START WRITE 
CYCLE 

DEST = 70 TO BE ADDRESSED 

DEST = 71 NO-DEST (DEFAULT) 

DEST = 72 S'IR-WRT, START WRITE WI'llIOUT LOADING HOlD 

DEST = 73 .FORCE-MMAD SQ, FORCE IDISP TO USE SQ MM AD FOB 
MM AD 

DEST = 74 AMEM@P, ADDRESS AMEM VIA AMEM-P 

DEST = 75 TO BE ADDRESSED 

DEST = 76 TO BE ADDRESSED 

DEST = 77 MM-PRE-WRT, WRITE INTO MICRO MEMCRY ON NEXT 
CYCLE 
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D Field 
D = 0 EOBUS ONTO D MUX (HS-ADR) 

D = 1 EOBUS ONTO D MUX (HS-CTRL) 

D = 2 EOBUS ONTO D MUX (RS-COUNT) 

D = 3 EOBUS ONTO D MUX (MAP-MA) 

D = 4 EOBUS ONTO D MUX (MAP-TAG) 

D = 5 IDBUS ONID D MUX (DMA-STAWS, ERROR DATA FOR 
TYBUS) 

Ii = 6 ]X)BUS CNIO D MUX (MB-STA'IUS) 

D = 7 Ea3US ONIO D MUS (MUHS-CNr) 

D = 10 IDBUS ONIO D MUX (AMEM-P 00: 09 I.C 10 MBFF 11) 

D = 11 EDBUS ONIO D MUX (LOOP-CTR) 

D = 12 EDBUS ONID D MUX (MI-BA, WHERE WE WOUlD GO IF 

BRANCH) 

D = 13 EDBUS ONID D MUX (JMEM-P) 

D = 14 EDBUS Q'UO D MUX (PC-FLAGS) 

D = 15 IDBUS 0Nf0 D MUX (DEV ADR, INrADR, USER SR) 

D = 16 ENABLE DBUS :FROd MASK 

D = 17 TO BE ADDRESSED 

D = 20 TO BE ADDRESSED 

D ICI 21 TO BE ADDRESSED 

D = 22 TO BE ADDRESSED 

D = 23 TO BE ADDRESSED 

D = 24 TO BE ADDRESSID 

D = 25 TO BE ADDRESSED 

D = 26 TO BE ADDRESSED 

D = 27 TO BE ADDRESSED 
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D = 30 AR (DEFAULT) 

D = 31 MEM, :ro8SIBLY HOlD RffiISTER 

D = 32 LITERAL VALUE (000030266022) INTO D MUX 

D = 33 CDNSTANT VALUE INID D MUX FROM MASK (000000000 
22 

D = 34 R:: 

D = 35 MA 

D = 36 lOO 

D = 37 IR 

D = 40 AMEM 0 

D = 41 AMEM 1 

D = 42 AMEM 2 

D = 43 AMEM 3 

D = 44 AMEM 4 

D = 45 AMEM 5 

D = 46 AMEM 6 

D = 47 AMEM 7 

D = 50 AMEM 10 

D = 51 AMEM 11 

D = 52 AMEM 12 

D = 53 AMEM 13 

D = 54 AMEM 14 

D = 55 AMEM 15 

D = 56 AMEM 16 

D = 57 AMEM 17 
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D = 60 AMEM-ABS (ABSOilJTE AMEM ADR, SEE JADR) 

D = 61 ID BE ADDRESSED 

D = 62 ID BE ADDRESSID 

D = 63 ID BE ADDRFSSID 

D = 64 ID BE ADDRESSED 

D = 65 ID BE ADDRESSED 

D = 66 ID BE ADDRESSED 

D = 67 'IO BE ADDRESSED 

D = 70 AMEM@P (ADR AMEM VIA AMEM-J>-j 

D = 71 'IO BE ADDRESSED 

D = 72 TO BE ADDRESSED 

D = 73 TO BE ADDRESSED 

D = 74 ID BE ADDRESSED 

D = 75 'IO BE ADDRESSED 

D = 76 TO BE ADDRESSED 

D = 77 ID BE ADDRESSID 
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EVEN 
BANK. 
00000 

TRAP 

RAM 

16 LOC 

00036 

BANK2 
04000 

IK 

RAM 

07776 

BANK 4 
10000 

4K 

RAM 

37776 

000 

BANI< 1 
00001 

TRAP 

RAM 

16 LOC 

00037 

BANK3 
040011 

I 
IK 

RAM 

07777 

SANK5 
100011 

I 

4K 

RAM I 

377771 

00 ... JI 

880 • MMA 
I. MMA 

810,. MMB 
II .. MMB 

I 10:< MMB 
I I I : MMB 

4 2 I SPECIFIE'S ODD OR EVEN 
o 0 052 I ~ 
9 84 2 I 5 Z 6 3 I ~ BANK 
642684268421 

M Ie 0 I 12 3 4 15 6 7 Is 9 10 II I 12 13 yy- ..,., 

I 
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1~'J C[;;.. -12 zr1 ~ N"+ 
/"" J.. .. 
~ I'¥-'/t:. 'S S' j = Jlk-

MMB 

Ir-......---~ 
.... BANK 

0000 0 
000 I I 
00 /0 2 
00" 3 

MMA 

1J.£ BANK 
~Ol 00 4 

0101 5 
0110 4 
0, I I 5 MMB 'f 00 4 
110 1 5 

" 10 4 
II I r 5 

00- 37 TRAP RAM BANK 0 OR SANK I 

40 -37 7 7 REALL Y DOES NOT EXISTj WRAPS AROUND 
20000 -27 777 REALL Y DOES NOT EXISTj WRAPS AROUND 
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EVEN 
BANKe 
00000 

TRAP 

RAM 

16 LOC 

00036 

· BANI<2 
04000 

I K 

RAM 

07776 

BANK 4 
10000 

I K 

RAM 

13776 

BANK 6 
14000 

I t< 

RAM 

17776 

-----. --................ ..,. 

ODD 

BANK! 
00001 

TJ.AP 

RAM 

16 LOC 

00037 

BANK3 
04001 

IK 

RAM 

07777 

SANKS 
10001 

I K 

RAM 

13777 

BANK7 
14001 

I K 

RAM 

17777 

MIC 

go ..... A 
I. MMA 

10 ... MB 
I I • MMB 

4 S I SPECIFIES ODD OR EVEN 

I a I I ! t : I ~ 8 4 2 t BANK 

'!'I!' 3 415 6 718 9 1011112 ~ 

o 
001 
010 
01 r 
100 
10 I 
110 
III 

I 
2 
3 
4 
S 
6 
7 

00-37 TRAP RAM BANK 0 OR BANK I 
40 -37 7 7 REAL L Y DOES NOT EXIST; WRAPS AROUND 

MRCDONNELL DOUGLAS ........ ..,. 
... n, 8-22-83 Don MARTIN 

--.., HRK 
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JADR 12,13 DEST[20, 40J 
JADR 8,9,10,11 

JADR 4,5,6,7 
JADR 0,1,2,3 
~~K SIZE [10,4,2,1] 

MASK SIZE[40,20J HOT SIZ(2,IJ 
ROT SIZ[40,20,10,4] 
SPC CI0,4,2,IJ 
IF, DF CYLEN (2,1) --
D (2,llCYLENOO,4J 
D C 40 ,20, 10,4 J 
AGSEL (4,2,1 J DEST (10J 

BANK # 

JOOND r4,2,I,RJ 
JOOND [20,10) SI=C (40,20) 
JOODE (10,4,2,lJ 
DFSI' (4,2 , 1 J SPARE 
MAPF o.O,4,2,1J 
ALUDST [ 2, ~ AllJl SEL ill AR 
ALUDST [4J ALU FUNt4,2,lJ 
AI.lJ SHe (4,2, 1 j CARRY IN 
AA fran MA-MEM WAIT-PAR-SPl 
mISP RQ, ill MA, END EA LEFT 

EA FRav1 OBUS 

13-46 
15 
17 
19 
21 
23 
25 
27 
31 
33 
36 
40-46 

7 

50-46 
52 
54 
56 
58 
60 
62 
64 
66 
68-48 

t 

13-35 
15 
17 
19 
21 
23 
25 
27 
31 
33 
36 
40-35 

6 

50-35 
52 
54 
56 
58 
60 
62 
64 
66 
68-35 

13-24 
15 
17 
19 
21 
23 
25 
27 
31 
33 
36 
40-24 

5 

50-24 
52 
54 
56 
58 
60 
62 
64 
66 
68-24 

MMB MMA 

13-13 . 9-46 
15 19 
17 13 
19 15 
21 17 
23 19 
25 21 
27 23 
31 25 
33 27 
36 31 
40-13 •. 33-46 

4 

50-13 • 
52 
54 
56 
58 
60 
62 
64 
66 
68-13 • 

3 

50-46 
52 
54 
56 
58 
60 
62 
64 
66 
68-46 

I L$ I t 

9-36 
11 
13 
15 
17 
19 
21 
23 
25 
27 
31 
33-36 

2 

50-36 
52 
54 
56 
58 
60 
62 
64 
66 
68-36 

I 

9-18 
11-18 
13-18 
15-18 

25-18 
27-18 
31-18 
33-18 

1 

54-18 
56-18 

62-18 
64-18 
66-18 
68-18 

t 

~ 

9-9 
11-9 
13-9 
15-9 

25-09 
27-09 
31-09 
33-09 

54-09 
56-09 

62-09 
64-09 
66-09 
68-09 

I 



Note 1 
Trap Logic Forces Bypass 
During Trap Cycles with 
a value of "70" 

TRAP 
IffiIC 

MMAM13 

MM MASK SIZE·' 
10,20,40 

3 BIT (SEE IDrE1) 

ED BUS 

MI 

00:18,30:35 

MM MASK SIZE 
1,2,4,10,2r 1:0 

MICRO 
MEM 

MMA,BR08 

rum 2 
MM MASK SIZE BITS 
BF.mdES DBUS 30: 35 
S~ mNST BF.mdES D BUS 17. 

D BUS 
00:35 

SMRSIO 

ex; 
SERIAL 
I/O 

MI MASK SIZE 

1,2,4,10,20,40 4 

MASK 

SIZE 

00:35 LCL ED BUS 

MASK SIZE 

'40 120 110 I 4 h I 1 I 

SQ1 MSH 

SHIFfER 

MASK 

GEN; 

MASK 
BI 

AID RAMSHIFT 

SEE ROT SIZE 

SMMSK2 



NCY.rE 2 
'!RAP lOOIC FORCES 
BYPASS OF ROTAIDR 
DURING '!RAP CYCLES 
wrrn A VALUE OF 
"60" 20,40 

NOTE 2 

TRAP 
lOOIC 

2 BITS MM ROT SIZE 

MMAM13 

MM Rar SIZE 
20,40=60 

1 2 4,10,20,40 

MI 

8M RSIO 

CC 
SERIAL 
I/O 

MI ROT SIZE 
1,2,4,10,20,40 

SMRSIO 

ROT 

6 BITS+ 
aIHER FI 

B2AMO 

SM MSK 2 
- DR 

SMSKO,1 

lCL ED BUS 

MM ROT SIZE 

1,2,4,10,20,40 

MICOO 

MEM 
MM 
A,BRO 7,8i 6 BITS 

30:35 
ROTA1OR 

SIZE 
SHC 

~...LL~W-___ ., S S S 00: 35 
H H HI..... __ _ 

I--~~:...---....,. ABC 

ROT SIZE 

140 I 20 ) 10 I 4 I 211 I 

~ .. __ .~ 0, 1 ,._~,~."~ 

IDTE 1 
DESTINATION :F.ROO: 
THIS MUX IS 'IHE 'D" 
INPUT OF TIlE ALU' S ON 
1HE B SLICE OOARDS 



OVERALL ALUBLOCK 

t- o- ~ .. l- I- -- I-

~ :: ~: ~ ~ ~: ~ 
I- - roo:- I- ... -i- t-
I- 4-7 - 8-11 -:- 12-15 I- 16-19 0- 20-23 -:- 24-27 I- '28-31 
~ f= ~~ ~ ;::: t=~ ~ 
~ ~ ~~ ~ :: ~~ ~ 

~ t il 
~ t II 

~ t L1 1 t II : I I J I II 1 t Ll 

I I 
I 

B2 
i \. i 
: I 00 I Bl I ______ ........... + I I --------------------------------------------------------r----------------------------------------------------r------------------------------------------------------·t .... ~·+++t_.---------. 

CPUl BO i Bl I B2 
I 1 ! 

I I cruo 

I i 

~ 
J::::::::::t - l- I- 1"4 l- I- I- roo 

-=== 1= 1= ~ ~ 1= ~ ~ 
0-3 I- . 4-7 I- 8-11 H- 12-15 I- 16-19 I- 20-23 

~ 
24-27 ~ 28-31 roo 32-35 

l- I-

~ 
l- I- t- I-

1= 1= ~ 1= ~ ~ t--t 
r- ~ ~ ~ 1= F:F 1= 1= r L! 

IL 1 t II 1 t II I J t I J t :J : I I I I I II 1 1 J J 1 ~ I I I i I 
-.t I ~ .~ 3 -j i I I ~ 
I I I / j 

I I i wrV I 
I I I ! ! 

AIlJ 
SRC 
RJN 



ALU OBUS DESTINATION 
r1C 
"LCL EOBUS" 

MCCC~ 
AMEM/// --

~1MB A 0 \ 
"LCL EOBUS" 

/ " 

AM~,AMl ,-... 

B 
,.' 0) 

L AR s:: 
ro 

I,. , r-I MM,BEOB RIR ,j,"" , 
~ 

U U ~ 

EOBUS EOBUS c.> MP ro 

0 S EOB ..0 
'-" DESTINATION 

TO/FROM EAMUX ARIR 
MANY THINGS & PCMA LA 

1 HOLD SM ~~I"::, ,_ ..t," T' RGSW 
, 

LCL EOBUS & 
laD C U) OTHER THINGS :::> 
RGSW H t::Cl SMEOB -

ALU~ ALU0 ONSOLE 
C) 

SQ LLJ 
ALUI ALUI ERIAL "LCL EOBUS" NIERFA 

EOB B0 1 2 
SQEOB 



= 

-cc 

GND 

UNGATFD 
CLK L 

G2A 
G2B 

I 
I BXAl1J~ 
• I 
I 

Em 9BUS I 
FIOt ~ L! 

8175 
D3 

~ 

~--__ ~ __________ ~CLK 

UNGATED 
S'IBL 

AR 

SHIFT Rffi. 

BXARIR 

ALUI 

ALU1 
STB 

AMEN 
SCRATCH 

PAD 

3 --
mus 31:35 

EOBUS 

DI 

DRAWN BY: 
DAN MARTIN 

DATE: 
10/3~/81 

BXEOB 

BXRGSW 

SHEET 1 OF 1 
Q1lllS 

SOURCE & DEST. 



MICROCODE 

ALU FIELD 

I DST I FUN 
I I I I 

ALU CONTROL 

DST FUN .---r Ch 

Fr:US R+S I (+l)H 
I 
I 

1 F...ooUS S-R 1(-l)L 
© • I 

2. A--<l3US R-S • 1(-l)L 
F .... AC(B) • • 

3 F~) RVS 

4- F-.(]3US RAS 
~/2.AC(B) @ 
~/2..Q 

5 F....oBUS liAs 
f4'/2..AC(B) 

F....rntJS R¥S 2F-.AC(B) 
6 

2Q-tQ 

7 F....oBUS RY.S 
2F.-.AC(B) 

I SRC 
I I 

SRC 
R S 

A,Q 

A,B 

~,Q 

~,B 

~,A 

® 

D,A 

D,Q 

D,~ 

I 
DR 

MUX 

NOTES: 

ALU DST ) 

,A.LU FUN ) 

ALU SRC ) 

AC 
SEL. 

ALUOE 

1. The ALU DST,FUN,SRC Controls are 3 lines each for a total 0 
9 lines. They relate directly to the 9 bits in the micro
code "ALU" field. 

2. An "ALU" field value of 144 
would do the following: 
@' Select"<7>"as R source (<7> means R source is unused) 

Select"A" output of AC as S source 
@. Perform RA S funct ion (passes "A" through S selector 

since R is unused) 
©. Passes "A" output of AC through F and onto OBUS. 

/\ =AND V =OR ~ = EXCLUS.IVE OR 



MICROCODE ACSEL Field 

The AM2901B accumulators (ACS) are numbered 0-17 for a total of 

16 registers. 

The ACs have two sets of address lines (A&B) and two 36 bit data 

outputs (A&B). There is also one data input (Din). 

"A" addresses are read only. "B" addresses may be read or write 

depending on the ALU "DST" microcode field. 

Any two accumulators addressed by A&B address lines may be displayed 

simultaneously on the A&B data outputs or if the ALU "DST" field is octal 

2-7. then the AC addresses by "A" address lines will be displayed on the 

"A" data output and the AC addressed by the "B" address will be written 

into via "Din". 

"A"&"B" addresses may be the same. The octal code 

in the microcode ACSEL field specifies the source for "A"&"B" 

accumulator addresses. 

ADDRESS SOURCES 

Value (octaD A B 

0 ~lA 32 :35 • IR 09:12 
1 IR 09:12 • MA 09:12 
2 IR 14:17 • IR 14:17 
3 IR 09:12+1 
4 IR 02:05 
5 IR 09:12 
6 D 10:01 • At1EM-P • 
7 D 10:01 • DEST 10:01 • 



,. .?r 
~ J 

I I 

~ 
,... .... 

... ...... r '~ ...... 
..,'" ~ At ... 

.. {~~ ., ... 
< .... 

... .. ,. ..,.. 

., 

.. .. 
>-
>-
>-

... 

Oa 

OA'AOUT 

.. A,,,, At 

• A lATCH 

"0 AI '" A, 

1 

f 
, .... 
IIUII 

rV 
A 

l' <",..., 
,-<~ 

I I 

1 .. I:M r'f't, I ."-,"HI ... ... tIUII '" 

!~ I I : I I 0, 0, 0, lit .. 

~~l I J I ~II 1.,110 
II II' I .... lIT ,fOIt' II_ I 1=4J' 

k., AGOII!. 
I 'HI '"." "HI ,.... K: 

OATaOUf 1-<" W. w. tIUII .. II 
IIMI I .. • • .. I, ., ., 

I I I 
De 0, 0, 0, 

I I I 

.. 

f--< 
1M11='" • IlA'CH ~ QII(GISUII 0 •• f--< -.. I, ., ., f--< 1'1 Oa 0. 0, OJ 

" 

I I I I 
2·. J .... J.IN J·IN I .. " .HI .... .IN I~ r--<" w. ... ... .... W. WII tIUII 

_ r-

.' AlU 

I I 1 --r -,- ::: i........<', 
O(toOf 

~'2 
1 I . lie II, .., ", .. " It ., f-<I 

f-<' r 
41111' ..... '1( lOOlt UNI' !Aun r--<c.. .• 

~ '. " " " f-<0YII 

I I I 
I I 

I 
I 

',U ~ [ .. I 1 
I I '00 

,." I 
IOIIC. , ... J·IN 

.. II MUll WII I 

rV ~ 1 
Note: LSB il numbered "0"; MS8 il numbered "3". 

A A 
", 

Figure 1. Detailed Am2901 B Microprocessor Block Diagram. 
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EP 
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TITLE 
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DATE AUGUST 23. 198" I SHEET , OF 1 

• I ? I 6 I s I .. I 3 2 I , 



CC BUS 

CONTROLS/CLOCK 

CC STATUS LOOP A 8Q IN -----------------------------------------------------------------------------------------, . 
I 

i 
i 
i 

: i '----------------------------------------------------------------------------------------------- -----.. 
CC STATUS LOOP A 8M IN ,----------- ------------------------------------------------------------------------------------------

i~M 
I': CC SRB DATI 

----------- ------------------------- -----------------------------------------' 
DATA LOOP B2 OUT 
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r--------
iBt 
I 
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! 
i 
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-------------------1 
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I . ______ J. 

CC LOOP DRIVE B.1 -----------------------------, 
i 

I 
i -----_.1. L ____________________________________ _ 
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I ~____________________________________ _ _____ .J 
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------------1 
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-------------------------------1 
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,-----
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-------------------------------------------------------1 
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I 
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i . t ___________________________________________________________ ..;. _______________ J 
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BIT o.us o.us o.us 01tUlJ o.us o.us 0_ ~:t. I«O~ r-o~1I IIrOIlU. ~~11 ~=. ~o=, ~o::, lito .... 0ItUS OMIS o~ 01tUlJ OIlUS II SLICE • .. . , • a •• ... •• .. 07 •• •• ,. " ... •• ,. " 
aJARD 

- 1--

SHI FT COUHT OF 64 

(READ WITH PORT 3) (READ WI'I1i PORT 4) (READ WI TH PORT S) 

c OBUS BVI'E 3 ODUS BVI'E 4 OBUS Bvm S 
C 

I I I I I I I 

BIT 
, 
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DISK DRIVE DAISY CHAIN CONFIGURATION 

DISK VO 'A' CABlE - ... -- - - CONTROL _t CONTROLLER P 

~ t • A 
411 4 -- N ~ 

'B' CABLE -- DISK DRIVE 
;. - READ/WRITE - 00 E ---. ~ 
;;; L 
~ -- ~II 

'A' CABLE 
CONTROL 

~, 

'B' CABLE - DISK DRIVE 
READ/WRITE - 01 

jll 

'A' CABLE 
CONmOL 

NOTE: 
,r 

(1) A TERMtiATOR MUST BE PLUGGED INTO 
THE THE 'A' CABLE OUTPUT CONNECTOR OF 'B' CABLE - DISK DRIVE 
THE LAST DISK DRIVE IN THE DAISY CHAIN. READ/WRITE - 02 

J~ 

'A' CABLE 
CONTROL 

~, 

'B' CABLE -- DISK DRIVE 
READ/WRITE - 03 
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Disk Controller 
Micro Instruction 

Flow Chart 

Start 

CPU Loads 
DA,MA & 
CMD 

CPU sets 
Busy & 
MBusy F/F 

;:;> 
Controller 

Send 
Cyl addr 
to 
Disc Drive 

NO 

Disc Is selected 
by loading 
the DA 

Done by loading 
ECC & 
TV Bus 
Bit 35 

1) Set Cyl Tag 
2) Set Cyl Tag & Tag Enb 
3) Set Cyl Tag 

Send 1) Set Head Tag 
Head Addr 2) Set Head Tag & Tag Enb 
to - 3) Set Head Tag 
Disk Drive 

Send 
Control 
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Walt for 
good data ~_ 
& clock 

Enable 
Sector 
Overrun 

Raise 
Control 
with 

Read Gate 

Clr 
Read Shift 

Reg 

No 

No 

No 

Control Tag 
with Bit 1 
on Bus 

Select Bit CLC 
Clr Bit Co t 
Clr ECC 

CLC 
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Teat 
Header 

Read ECC 
(4 Bytes) 

D,op Read 
Gate 

Header EC 

No 

Yes 

NO 

Servo CLC 

No 
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Take Byte 
from 

Data Field 

Read ECC 

No 

2 MII.ec 
-- long 

No 

Ve. 
STOP 
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THIS FILE IS DCTRL.DOC --- DESCRIPTION OF DISK CONTROLLER 

DISK CONTROLLER OPCODES I.E. PDP-10 I/O INSTRUCTION CODES 
======================= 
715 READ CMD 
716 READ MA 
717 READ DA 
720 READ ECC 
721 LOAD CMD 
722 LOAD MA 
723 LOAD DA 
724 LOAD ECC 

LOAD ECC 
======== 
PRIMARILY CLEARS ERROR CORRECTING CODE LOGIC. 
ALSO, DOES SPECIAL FUNCTION DEPENDING ON CONTENTS OF E. 

CONTENTS OF E 

1 
2 

LOAD DA, READ DA 
================ 

FUNCTION 

START A COMMAND 
INITIALIZE CONTROLLER 

LOAD AND READ DISK ADDRESS. SELECT UNIT. 

BITS CONTENTS 

04-06 
07 

UNIT NUMBER 
SELECT UNIT 

--" 
(SEND BEFORE STARTING CMD) 

08-19 
20-27 
28-35 

THIS BIT MUST BE CLEARED, THEN SET, TO SELECT UNIT 
CYLINDER NUMBER 
HEAD NUMBER 
SECTOR NUMBER 



DETAIL FOR LOAD CMD: 
BIT t FUNCTION 
===== ======== 
15 USE SECTOR COUNTER 

FOR ROTATIONAL POSITION SENSING - TELLS CONTROLLER 
TO LISTEN TO SIGNALS FROM DRIVE TO TELL WHERE IT IS. 

RELEASE 16 

17 
RELEASE DRIVE FOR USE BY ANOTHER COMPUTER 

RECALIBRATE 
SIDE EFFECT: RESETS SEEK ERROR 

18 FAULT CLEAR 
SIDE EFFECT: RESETS SEL UNIT FAULT 
USE BITS 17,18 WITH COMMAND=4 

19 DATA STROBE LATE 
20 DATA STROBE EARLY 

21 SERVO OFFSET MINUS 
22 SERVO OFFSET PLUS 

BITS 15-22 ARE 0 BY DEFAULT 
BITS 19-22 ARE FOR READING MARGINAL DATA 

23--- CMD FROM MEMORY 
COMMAND SENDS DATA FROM MEMORY TO DISK 
(USE WITH WRITE COMMANDS) 

24 CMD 0 
25 CMD 1 
26 CMD 2 

BITS 24-26 ARE DISK CONTROLLER SEQUENCER START ADDRESS 1_--___ --
27 32 BIT MODE 
28 *** 
29 *** 

30 ANY ATTENTION INTERRUPT ENABLE 
ALLOWS INTERRUPT WHEN ANY UNIT IS AT ATTENTION 

31 *** 
32 DONE INTERRUPT ENABLE 

33 *** 
34 *** 
35 *** 

DETAIL FOR CMD (BITS 24-26) 
CMD FN 

o 
1 
3 
4 
5 

-READ 
WRITE 
WRITE ALL 
CONTROL FUNCTIONS 
(WILL BE 'SEEK') 

(SECTOR + FORMAT DATA) 
(RECAL, FAULT CLEAR) 



DETAIL FOR READ CMD: 
BIT #- FUNCTION 
===== 

01 
02 

======== 
SELECT ERROR 

IF 0, SUCCESSFULLY TALKING TO A DISK UNIT 
IF 1, BITS 01-06 NOT VALID. 

SEL UNIT WRITE PROTECTED 
-SEL UNIT READY 

-READY LIGHT ON DRIVE 

03 SEL UNIT ON CYLINDER 
SEEK COMPLETE 

04 SEL UNIT SEEK ERROR 
DETECTED BY DRIVE 

05 SEL UNIT FAULT 
DETECTED BY DRIVE 

06 SEL UNIT ATTENTION 
SET BY LEADING EDGE OF BIT 03 (ON CYL) 

07 HEADER COMPARE ERROR 
SECTOR COUNTER /= SECTOR HEADER 
(FOR USE WITH ROTATIONAL POSITION SENSING) 

08 NOT BUSY 
DISK CONTROLLER SEQUENCER IS STOPPED 

09 FIFO EMPTY -- SHOULD BE ON AFTER NORMAL READ OR WRITE 

10 
11 

12 
13 
14 

15-17 

18-20 

21-23 

24-26 

*** 
READ OVERRUN ERROR 

WRITE OVERRUN ERROR 
SECTOR OVERRUN ERROR 
INTERNAL PARITY ERROR 

BITS 11-14 ARE DETECTED BY CONTROLLER 

(SAME AS LOAD CMD) 

(SAME AS LOAD CMD) 

(SAME AS LOAD CMD) 

(SAME AS LOAD CMD) 

27 (SAME AS LOAD CMD) 
28 ANY ERROR 

OR OF ALL ERROR BITS EXCEPT 14 (INTERNAL PARITY) 
29 ANY ATTENTION 

AY UNIT IS AT ATTENTION 

30 (SAME AS LOAD CMD) 
31 -ACTIVE 

SEQUENCER STOPPED AND FIFO EMPTY (ON INPUT TO MEMORY) 
32 (SAME AS LOAD CMD) 

33 READ COMPARE ERROR 
CONTROLLER COMPARES MEMORY TO DISK (NOT IMPLEMENTED) 

34 TIMOUT ERROR 
*** NOT IMPLEMENTED *** 

35 MEM PAR ERR 



BYTE PACKING BY HARDWARE: 
1ST 4 BYTES GO TO (OR COME FROM) WORD N, BITS 0-31. NEXT BYTE 
GETS SPLIT 4 BITS TO WORD N, BITS 32-35, AND 4 BITS TO WORD N+1, 
BITS 32-35. LAST 4 BYTES TO WORD N+1, BITS 0-31. 

32 BIT MODE: DATA TAKEN FROM HIGH ORDER 4 BYTES ONLY. 



Load U 

MT File 6 . 

MG 140 

CTY 
EDDT 
RD Esc G 
Prints Information 

Help ESC G 

fc*UnitL -1 o LF 

*CYL# L -1 1777 LF 

*HEAD # L -1 17 LF 

#L-l *SECTOR 7 LF -
MAXCYL #L 0 1777 LF 

MAXHED #L 0 17 LF 
MAXSEC #L 0 7 LF 

MINCYL #L 0 LF 
MINHED #L 0 LF 
MINSEC #L 0 LF 
MINSAF #L 0 LF 
MAXSAF #/ 0 1777 LF 

BAT1CY #L 0 LF 
BAT1HD #L 0 LF 
BAT2SC #L 0 .i. LF 
BAT2CY #L 0 LF 

BAT2HD #L 0 LF 
BAT2SC #/ 0 .i. LF 

FMT ESC G 

CTR T 
UNIT,CYL HEAD, SECTOR, 

PS=SYSTEM STRUCTURE 

FORMAT DISC FROM EDDT 

Disc Test (DT) 

Start Mos.Mem. 

** = Changeable for another 
unit 

* = must be reset 
each run. 

Not Read Only 

Indicate where format is 
& COMMAND 
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After a write channel 
must be adjusted for. 
write deskew circuitry 
81 is for track O. 
82 is for track 1. 
83 is for track 2. 

KENNEDY WRITE AMP DESKEW 

card is changed the electronic write deskew 
The 4 channel write board contains the 
for tracks P,O,1,2 (P has no switch settings). 

The 5 channel write board contains the write deskew circuitry for 
tracks 3,4,5,6,7. 
81 is for track 3. 
S2 is for track 4. 
83 is for track 5. 
84 is for track 6. 
85 is for track 7. 

The correct switch settings should have been placed on a sticker. 
To set a track to proper deskew remove the write channel amp. 
Find the switch setting on top of the card cage. If you wanted 
to set a switch to 7 the switch would look like the example below. 

1 2 3 4 
The value of this switch is 7. 

0 x x x The switches are in binary. n 
1 is the l's column. 

x 2 is the 2's column. 
3 is the 4's column. 
4 is the 8's column. 

As the head wears these switches may have to be changed. This 
can be done with an extender card. 
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LSI-ll TYMBAS[ Hardkare Confi£. Spec. 
Components 

~ 

i'ecomponents 

Sept. 15 1982 Page 3 

The folLowin~ is a list of ccrr.ponents ~hich can be inteqrated into 
TVMBAS( ccn1iguraticns. 

2.1 Processcrs 

Three processor boaros can be us~d in a TYMBASE configuration, two 
are revisions ot the Ku11 mooule ana the third is the KDFll module. 
These are the M72£~ Quad height board with on board memory. the 
M7270 dual height boare. and the ~8186 dual height board. All three 
are aescriocd in the 1979-80 eo1tion of ·~icrocomputer Processor 
Handbook" by Digital EQu;p~ent Corporation. 

2.2 Bootstraps 

The bootstrap board used in a TYMBASe configuration is the 8DVII-AA 
(MBOl2). 

The ROVI1 board is described in the 1978-1979 edition of "~emor1es 
and Peripherals". 

The bootstrap has a prom developed by Tymshare which resides on the 
board. This bootstrap allows the down line loading of the lY~BASE 
from TYMNET using LOADII or equivalent program, or from a connected 
host. Hosts currently supported are:-

1. DEC-~020 Tymcom-X 

2. PUP-Il RSX-IIM 

3. PDP-ll RSTS 

4. F:3 Tenex 

5. F4 Tenex 

The BOVll ;s a Quad height board. 

2.3 Memory 

The TYMBASe is provided with a 64K byte dual height HSY11-D (M8044) 
or MSYI1-E (Me045) 18 bit MOS memory board. 

The MSVll memory ;s described in the 1978-1~79 edition of wMemories 
and Peripherals". 
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There arc two poss1~Le configurations that can be supported by the 
TYMBASE sott~are. Thes~ are oeta1leo below. 

3.1 Large [30)( 

The modules in the large bc~ are insertec as follows:-

1. KD11 or KDFll processor 

2. MSV11 memory boarb 

3. 0-2 DPV (or OUV11) synchronous serial interfaces 

4. 1-5 DLVll-J asynchronous serial interfaces 

5. o-~ DZVll asynchronous multiplexors 

6. 1-2 DRVll parallel interfaces 

7. BDVll bootstrap boara (with prom) 

+---------------+---------------+ KD11 1. 

MSVll 

+---------------+----~----------+ D PV 11 
+-~~---------~~-+~-------~~-----+ 
I DPVll I DLVll-J 4. 

+-~~-~-~-~--~------------~------+ 
, DLVlI-J I DZVll I DRVll 5. 

+~-----~-~---~---------------~-~+ . DLVll-J I DZVll I DRVll 6. 

+--~---------~---~~-~~--~-----~-+ 
DLVIl-J I DZV11 I DRV11 7. 

+-~----~------~------~-~---~~-~-+ 
DLVll-J I OZV1l I DRVll 8. 

+---~-------~--------~--~-------+ BOVll 
+-~-~-~--~--~-----~-~--~--~~-~--+ 

The OPVll(s) (or DUV1l(s» must be installed in the bus closest to 
the processor because it is the most time critical device. The 
DRVll(s) must be installed last in the bus (but before the BOVI1) in 
order for the node to perform well. The BOVIl acts as bus 
terminator, so it must always be inserted in the last slot after the 
other boards. (i.e. there must not exist any 'holes' between 
~nterrupt1ng devices in the bus; the BOVll is not an interrupting 
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The insertion of boards in the small box (with expander) is as 
folLows:-

1. KD11 or KDFll processor 

2. MSVll memory module 

3. 1-2 DPV11 (or DUVll> s~nchronous serial interfaces 

4. 1-5 DLVI1-J ~ SLU mooule 

5. 0-4 DZV11 asynchronous multiplexors 

6. 1-2 DRVll parallel interface 

7. 1 G bUS expander 

KDll MSVll 
+--~----~--~---~+-~~----------~+ 

DlVlI-J DPVll 

(2 x DlVIl-J) I DZVll 3. 
+-----~~--~----~~~~----~-------+ 
I •• · • • • • · • • · · . . . . . . . . . . . . OLV11-J 
+-::::::::::::---~~--~~---~~~--+ 

::Expander:: 
+-::::::::::::-----------------+ 
I •••••••.•••• DLVIl-J I~. . . . . . . . . . . . . -
+--~-~-~--~~-~-----~-~-~----~--+ 

DZVlI I DRVl1 I 6. 

+------------------------------+ eZVl1 I DRVl1 7. 

+~--~----~-----~~---------~--~-+ 
SOVII B. 

+-~----~-~~---~~-----~-~-----~-+ 

All boards must be contiguous from slot 1. The OPV1l(s) must be 
installed in the slot(s) closest to the processor because it is the 
most time critical device. The DRVlI(s) must be instal(ed last in 
the bus (but before the 80VIl) in order for the node to perform 
well. If no bus expander is provided. then the BOVIl must be 
inserted into slot 4, ana the DPVll in slot 2 (right side). 
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17&650 210 
17066[' 220 
17f:670 230 

DLV11 5 1.7~)70C 240 
17671C 250 
17t.720 26U 
17f,730 270 

Sept. 15 1982 

These addressrs and vectors ~UST be observed for consistency. 

Page 9 
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~21 switches are set as follows:

:21 
+--------------~--~-+ 
101 0 rot 1 III 

On (Closed) = 1, Off (Open) = 0 

C15 switch settings are as follows:-

E15 

Sept. 15 1982 

+---~------~~-------------~--~--+ I 1 I 1 I 0 I 0 I 1 101 0 101 

Page 11 
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~2. Address and vector switches are set to the standard values. 

~38 

+-~~--~~-~-~~--~-~~---------~-~-+ 
101010,0101010'1 x I 
.--~--~-~---~-------~---------~-+ 

1 2 :3 4 7 

E 39 

+----~----~--~----~~---~----~---+ , )( I x I 1 t 0 I 0 I 0 I x , x , 
.-------------------------------+ 

1 2 3 tt 5 6 7 8 
[38-8 => 1 for DUVll number 4 
else => 0 
[39-1 => 1 for UUVll nurr.her 2 and ~ ... 
else => C 
(39-2 => 1 for DUVll number 1 and :3 
else => 0 
E39-~ =) 1 for all DUVlls 
else => 0 
E39-7 => 1 for DUVll nurr.ber :3 and 4 

else => 0 
[39-8 :> 1 for DUV11 number 2 and 4t 
else => 0 

o is the off or open position; 1 is the on or closed position of 
the switch. 

Switch E55 is on the "handles M end of the board, (38 at the 
"fingers" 
end, and E39 is in between. 



LSI-ll TYMBAS[ Hardware Conii9. Srec. 
Configurin; the Boares 

Sept. 15 1982 Page 15 

C4tc 0 L V 11 - J t f"1 8 0 '+ :t ) a r. d 0 Z V 1 1 ( ~~ 7 C; 5 7) A s y n c h ron c u sIn t e r f ace s 
4.6.1 DLVll-J 

To set up the standarc addresses and vectors for the 4 ports on 
the DLV1I-J, it is necessary to jumper the board accordingly. 

1. Adoress selection 

0 A12 => X to 1 

0 All => x to 1 

0 AID => X to 1 

c A9 => X to 0 

0 AB => X to 1 ---
0 A7 => remove j umpe r for OLV11 1 and 2 otherwise install 
jumper. 

0 A6 => remove jumper for DLVll :5 and 4 otherwise install 
jumper. 

o A5 => X to 0 for DlVll 1, 3 and 5 otherwise X to 1. 

2. Vector selection 

3. 

4. 

o V7 => Installed for DlVll 1, 
rerrioved 

2 • 4 and 5 otherwise 

o Vo => Installed for DLV11 1 t 2 and 3 otherwise removed 

o V5 => X to 0 for DlVl1 1 

V5 => X to 1 for DlVl1 2 • 3 and 5 otherwise removed 

Console selection 

o Cl => X to 1 for DlVll 1 otherwise X to 0 

o C2 => X to 1 for DlVll 1 otherwise x· to 0 

o 8reak selection (8 X H) => Remove jumper 

Ch anne l parameters 

For channels 0 through 3; 
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.... 6.2 D2Vll 

Adcresses and vectors for ~ZVl1s are set up cS folLows:-

1. Adoress selrction 
E30 

t 0 I 0 I C I 0 I 0 lot 1 I 0 I x I x I 

+---------------------------------------+ 1 2 3 4 5 6 7 8 C; 10 
E!O-9 => 1 for eZVll number 3 and 4 
else => 0 
[30-10 => 1 for OZVll number 2 and 4 
else => 0 

2. Ve ct or selection 
E2 

+-~-----~~-~~-~-~----~--~~~----~+ 
I 1 I 0 I 0 J 1 , x I )C I 0 I 0 I 
+-~------~-~--~------~~~-~~-----+ 

1 2 3 '+ c: 6 7 8 .... 

E2-5 => 1 for D2Vl1 nUMber 3 and 4 
else => 0 
£2-6 => 1 for DZVll number 2 and 4 
else => (l 

0 is the eff or open position, 1 ;s the on 
of the switch. 

or closed 

Page 17 

position 



W ::l a: 
~ < 
:i Cl.. 

UJ 

-W16 
-W17 

REYC 

~Wl1 
c::::s If 0 Wt If 

t- ..J 
Z 0 
0 c:c 
~ t-

Z 
CJ 0 Z 0 t= ..... 
4( 4( 

0 .... 
4( ..J 0 LL. 

W\~ -=Wl, 
W12 =Wll 
WlO =wn 
WI =W, 

-W7 -w~ 
W. =W, 

_"It' 

W3-

W2 -

KOF1'-AA Jumper Locations (Rev. C) 



~ .. Y 

MTTI • .,aacllUl' {--•... 
~........ ;..e-"V 

• • • I , J 

'-.-J .... ., 
--.-tl. 

...... ~I 

.,., 
r---::w. __ - .,., 

C:Jfo-t-- It·) 
.... ..19'-..... _.,~ 

.,., 

•• ~1T'lMO."'1T"t 
.. } 

ON MY'" 7. 

MSV11-0, MSV11-E Switch and Jumper Locations 



;;.1 

O:I):O:O:I~I~I 
.. - • 0 

• • • i 

~ 
·'1 

c:::J .'l 

".. U" 

Gl 

BDVll Switch and Jumper Locations 



TP, C? 

.. , .. 
,·Y'. 

TP2 0 

DLV11 

c 
INSERT .OO!»,.F CAPACITOR WtfOi .::: 
THE SERIA~ LoINE OEVICE IS A 
TELoETYPEWRITER I~T33 OR ~T3~1 

..... -' .... 
»»> 

t 1111 

"._N • .... ...... 
"ZZHZ 

11111 

0--:::: 

1111 

DlV11 Jumper Locations 



C""AND { 
CHI EtA 

SELECTION 

CHO{ 

COMMUNICA TlON 
CH.{ 

liNE 
PARAMETERS 

CH2{ 

CH3{ 

2XlR 
MO .... 
NO ..... 
M1 .... 
Nl ..... 

R'O 
CHO~ 

E ...... 
0 .... 
s ...... 
P .... 

CH' , ...... 
C .... 
! ... 
I .... 

CH2 
:: ... 
0 .... 
sl"n 
P .... 

CH3 
i ..... 
I) .... 
~ ..... ...... 

A!> ..... 
Ai ...... 

AI' .... 
A10 .... 
An .... 
AS .... 
0 .... 
C1 .... 
vs ..... 

01)( 

R3x, 
....M2 

Jl J2 ~ ..... ,." 
.... M3 :-- OV} .23 

~ 1m: 'AUD.ATE 

..... N3 

2 .v S£lECTION 
3~N 
lUT 

CH' TERM RESISTOR 
CHO TERM RESISTOR 
CH2 TE RM RESISTOR 
CH3 TERM RESISTOR 

{

A6'" 
A7 •• 
V6'" 
V7 ... . ... 

M 

1 

B x H 
'-v-' 

BREAK SELECTION 
ICHANNEl3l 

DL V11-J Jumper Locations 

} CH2 AND 
CH3EIA 
SELECTION 



AOCNIISSlYIC'O" 
fIOC •• Il .,,"CMU 

DUV11 

DUV11 (M7951) Major Components 

,,,.HSMt"'" 
CMI~ 



c 
c 

u 
,/, 

U 
.12 

r------, 
v[CTOIt JUMP[ItS 

I 1 
I ",a__ --.,S I 
I I 

I 
1 ",1-- _.,.1 
L ___ =-:.y~ 

;- ~Oo';( SSJU;P[;.S- -: 5L.I. SL2 
~ .. ~~-.~ 

'.,_ - ... 
I .a__ -- &10 I 

'H= =::z I , &,-- I L &.! -=-= _____ .-J 

OPTIONAL. £llT£ItNAL 
CAPACITOR 

1117", [TCM It[V C 

DRV11 Jumper Locations 
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0 E => x to a 

0 D :> ': to 1 

0 S :> X to 0 

0 P :> X to 1 

S. Sp ec d selection 

0 U = 150 Baud 

0 T = 300 Baud 

0 V = 600 Baud 

0 W = 1200 Baud 

0 y = 2400 Baua 

0 L = 4800 Baud 

0 N = 9600 Saud 

0 K = 19200 Saud 

0 Z = 38400 Baud 

vumper from 0, 1 , 2 or 3 to one of the above to select 
appropriate clock rate. 
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To set UP the standard a~dresses and vectors on the DRV1l, it is 
necessary to install and/or remove several wire straps. 

4.5.1 Aodress Selection 

The DRVll address is encoded in 10 address straps A12 through A3, 
Al2 oeing the most significant. 

A3 0 0 0 0 A9 
A4 0 0 0 0 Ale 
AS 0 0 0 0 All 
A6 0 0 0---0 A12 
A7 0 0 

AB 0 0 

0 A3 =} install jumper for DRVll 2 and 1+ 
0 A4 => install jumper for DRVll 3 and 4 
0 Al2 => install jumper for all DRV1Is 

4.5.2 vector selection 

vector selection is accomplished by installing and/or removing 
straps between v7 through v3. 

VI; 0 0 0---0 V5 

V3 0 0 0 0 V6 
0 0 V7 

0 V3 =) install jumper for DRV 11 2 
0 VI; => install jumper for DRVlI 2 and 3 
0 V5 =) install jumper for DRVll 1 
0 V6 => install jumper for DRVlI 2, 3 and 1+ 
0 V7 => install jumper for CRV11 2, ;3 and '+ 
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4.4 QPV-ll (~S020) ~nd ~UV-l1 (M7S51) Synchronous Interfaces 

Page 12 

The DPVll is now the DEC stanaard synchronous interface board for 
the LSI-Il. It is configured usin~ wire-wrap straps. The following 
are standard straps that ~re factory set and need only be checked. 

The 

vJI-W2 
w3-W4 
\J 5 -1.16 
W8-W9 
ltJ'18-W20 
W19-W21 
w22-W23 
w24-W26 
W25-W26 
1,J27-W26 
\.I28-W26 

follo~ing are addressing 

W29-iJ35 for DPV 1 and .3 
W2~-W34 for DPV 2 and .3 
1J29-W31 for DPV 4 

W43-W46 for all DPVs 
W45-W46 for DPV 2 and 4 
W44-W46 for D?V 3 and 4 

straps and are unique for each CPVll. 

W31,W32,w33,w36.W38.1J39,~40.W41,W42 should not be connected 
to anything. 

The DUVll is an older synchronous serial interface supported for 
compatibility. The following defin~s the switch settings that must 
be used. 

l~ Option switches are set to allow single character synchronizin~ 
unless the connection is Micro-node to Micro-node (Remote 
nodes). 

E55 

I 1 101 0 I x I a lot 0 101 
+----~--~---~--------~~---~-~---+ 

1 234 5 618 
x <= l(on) if connection is to TYMNET otherwise a (off). 
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~.3 BDV-ll (MbC12) Cootstrap 

1. Remove jumper ~5 

2. Install jump~r W13 

Seat. 15 1CJB2 Page 10 

<If ~13 does not exist on. your board, carefully 1nstall the 
jumper as inoicatec in the DEC installation guide). 

3. Install the EPROM in the SOCKet inoicated (49). 

~. Configure both switches as incicated. 

Halt Run 
I I I \:/ 

-----------~~-~----~------~~~~------~~---I/-~-I------~----~---
( J c: J o 0 

I I I f I I t I t I I t 51 52 
I I I I I I I I I t I I 
I J I I I t I I I t I I I E I 

III 
(5 I 

I I I I I I I I I I I I 
I I I t I I I I I I I I 
I I I I I I I f I I I I 

11 

I 
I 
'I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

0 •••• 0(--- Install a Jumper here 
--- --- (W13) 

I I 101 1*' t I I t I I 
I I I E I I*I<----~----~------- Install EPROM here 
I I I C I I * I I I I f , I 

J , E I 
I --- 131 
I I I I I I 0 I I I I I I I 0-1 2 I 
I I I I I I E I I I I I , I • --) : 
I I I I I lei I I I I I I I : 
t --- --- --- --- --- I 0-0 lEt 
I Remove this I I I 121 
I Jumper (~5) -_. III 
I J E I 
I '13 I 
I 11 I 
I ----

o a a 

.. ~ .... --- .. --
--



LSI-11 TY~BASE Hardware Config. Srec. 
:onf1gurin9 the 90aros 

~.o Configurin~ the Boards 

S e pt. 15 1982 Page 8 

This section describes the way in which the component boards must be 
configured to make them work in a TYMBASE. 

It ;s assumed that the reaoer has nearby a copy of the relevant DEC 
reference hancbook. 

~.1 Processor ooarc 

The processor must be configured to jump to location 173000 upon 
power-up. This is aone by the insertion of jumper W5 and the 
removal of jumper W6. On the LSI-11/23 the jumpers W~ and W7 must 
be removed and the jumper we must be installed. 

+.2 External Interfaces 

The following is a li~t of 'standard' addresses and vectors that can 
be assigned to various interface boards in a TYMBASE configuration. 

Device Address Yector --_-.- .... -_ ......... -. .. - .. -----~ ------ ~----- .... -~ .. -... -
DRV11 1 167770 330 
D~V11 2 167760 40 
DRVll 3 107750 50 
DRVl1 4 1677'+0 70 
DPV11 1 160010 '+00 
DPVll 2 160020 410 
DPVll :3 160030 420 
DPV11 '+ 160040 '+30 
DUV11 1 160010 400 
DUV11 2 160020 410 
DUVll :3 160030 420 
DUV1l '+ 160040 430 
DZVll 1 160100 '+'+0 
CZVll 2 160110 '+50 
eZVl1 3 160120 '+60 
eZV11 '+ 160130 '+70 
DlV11 1 176500 300 

17&510 310 
176520 320 

(ety) 171560 60 
DlV11 2 176540 3~0 

116550 350 
116560 360 
176510 370 

DlV11 :3 116600 1'+0 
176610 150 
17&620 160 
176630 110 

DlVll '+ 176640 200 
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device). Tr~ line time cLock must be enabled (i.e., jumper Wl on 
the backolane Must be installec>. 
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Two serial asynchronous port options can be used in a TYMBASE. 
These are the OLVII-J (M8043) and tne DZVll (M7957). 

The DLVII-J is a duaL hei~ht module with 4 separate serial line 
units (SLu). A DLVll SLU interfaces one asynchronous serial line 
1/0 device (either 20ma or EIA) to tne LSI-l! bus (without modem 
control). One DLV11 port must be configured as a console terminal 
(cty>. 

A DZVll multipleAes asynchronous serial line I/O for 4 deviees. It 
is a quad height module ana has fuLL modem control. 

2.5 Synchronous Interfaces 

Two synchronous serial Line interfaces are available for the TYM8ASE 
configuration. the DPV-ll (M8020) and the DUV-ll CM7951). 

The DPV-ll is a dual height board and the DUV-ll is 
board describeo in the 1978-1979 edition of 
Peripherals". 

2.6 BackpLanes 

a Quad height 
"Memories and 

Two boxes can be used tor the TY~BASE configuration, the BAI1-N or 
large 9 sLot, and the PDP-I1/03 or small 4 slot box (BAI1-M) with an 
optional expansion bOX (SAll-ME). These boxes are described in the 
1979-1980 edition of "~icroeomputer Interfaces Handbook-. 

For the 9 slot box, the slots serviced by the Q-bus. are the 
leftmost two (as viewed from the rear of the box). The rightmost 
two slots do not interface to the bus. 

All slots in the 4 slot box (and the expansion box), are serviced by 
the Q-bus. 
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This document aescribcs the hardware configuration specification for 
the TYMSASes based on LSI-I1 comouters. 

It is assumed that the reader is fa~iliar with the architecture of the 
LSI-II and that the appropriate DEC hardware manuals are at hand and 
available for r~ference. 



Por tymshare employees only 

IIICROHOD£ 

FAILURE RECOVERY PROCEDORES 

October 1980 
J·Qurnal Humber 75421 

Office Automation Division 
Tymshare, Inc. 

20705 Valley Green Drive 
Cupertino, California 95014 



Introduction 1 

IHTRODUCTIOI 

The document tells you how to b~lnl up • a1cponode. also 
called an LSI1'. that 1s down. the prooedure documented here 1. 
very simple. but vef"/ laportant. tor t.he micronode is what connecta 
the 5yst_ XXV (. "Foon11" machlne) to TYMHET. the eetwork that 
attaches users to bost. and bosts to each other. All lftto~.tloD 
passed to alld frCD ttl. 5,stea XXV and tn. otber AUGMEHT bosts ••• 
well a. all lnteractlon with individual users at their 'er.ai •• ls, 
must &0 tbroulb· ttMlET and tbus .ust be ted tbroulb tne alcronode. 

Tbere 1s one exception ~ tbis rule. While-virtuallyeverrtbinl 
~lcat •• vltb the S,stem XXV by lolne tnrouch TtKHEt to the 
a1cronode and thea t~ouch tbe al=ronode to the 5yst .. XXV. the 
console ter.=lnal 1. wired directl, to the Syst .. XXV. This me.ns 
the console te~lDal and the S,st .. XXV communicate with each other 
w1tbout lo1nl through the a1cronode aDeS TYKHET. thua the, ean 
continue to 1Dteract even vben TtMHEf and the .lc~onod. are Dot 
tunctlonial co~rectl1. 

Syst.em XXV cal15 the microDotS. TtM!1SE and uses a software .04,,1. 
called TYMSIV to connect to 1t. Thus. when you see the ters 
-TtKBASE- in • console aeasase. it means the e1cronode; the t.~ 
TIMSRt meaDS tbe Syst~ XXV prolras that communicat ••. with tbe 
m1cronode. 

HOW 10 TELL IF THE MICaOHODE IS DOWM 

there ia no one sure way to tell it the m1cronode 1 •. down, but the 
tol1owiftl symptc=s probably mean it 1. not tunet1on1na p~ope~ly. 

1) The console i. pr1nt1D& messas.s indicating p~oblem. with 
TYMBlSE or TntSRV. For example. wTrMBASE APPA!EJm.t DISABLED
or -TYMSIY: FAILED TO IESlHe WITH IODEn. 

2) tou are lettinl lrat.e calls t~oa use~s who cannot reach tbe 
S,st_ XXV or bave been detached. 

3) The lUi 11Sht 1s ott. 
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81UGDCi UP tHE "%CIOIODI 

Introduotion 

tbe II1croaode·is what connecta "sers to the Systea XXV and 
allows ~b .. to use it. For thts reason, you should never brinl 
up tbe .i.eronede and open tbe syateD to uae~s unless you a~. 
s .... ,be. s,at. .. la 1:1 load sMpe.. It you are recyc11na the 
llioroaode att.,. • syst_ orash, .ake su... the s1sta !aaa OCIII_ up 
00""'11 .a cl.sc~1bed in t.he docUllent. "Syst... XXV AuaMEHT Hoat 
Failure leooyerr 'roc.du~ •• ·t 1n t.he .ection called "Hormal 
BrlDCUp·. 

The tol1ow1nc procedure tor brillCing up the 1I1cronocie (also 
r.t.r~ed to as "~.bootlftl·) has two parts. Flrst, you act.ually 
'rln& up the aioronode. This 1s described in step. 1 th .. OUlft 1 a 
ot tbe -Procedure Sumaarr-. tne process 1. not compllcated; 
bove.,er, the procedure • ., not alvays work the tlrst. t1m.. It 
JOu trJ to brinl up tJ2e _i.cronoeS. and do not succeed, limpl, 
retry ~he lea. procedure .everal t~es. It fOU still do, not 
aucceed. you a., vant to have tbe 1I1cronode ex_lne 1 U Dlemory 
to~ hardware probl.... To rind out how to do thiS. ••• ~e 
.ection titled -Repeated Failure- under tbe head1=a "Errors and 
"oo.,.r1a." • 

once JOu are successtul in ~r1nl1nl up the m1cronode. you then 
need to check tbe m1crcnode and TYMNET by attemptln& to loS in 
to "a.ditterent A~1!BT host. th1s p~cedure ls. documented 1ft 
steps 19 throuCh 21 in ~. ·P~ocedu~e Summary-. 

Pr-ocedu ... Sualary .---
1) Make lure the switch Oft tbe side ot the console te.-=1Dal 1. 
at t.he poaition lIarked "FOOA1,· and type • few can-iase returfts. 
tou aboU14 ue tbe prOllp' ·t· or "t-. It 101.1 let w." t you are 
DO' enabled. Typ. ·eaa<CI). to enable )'Ourself: 10U should theft 
.et the -'" pra.pt. 

2) TFPe ·(ct!L .)tymnet<SP>ott<CI) •• 

3) Check the power 11&h', the r1,bt 11sht on the ~Oftt ot the 
81cronode. to ensure that the .1oronode haa power. When the 
power 1s Oft, the powe~ l1&bt 1s lit. It the light 1s orr. tu~n 
Oft tbe power switch on the back ot the m1c~oned •• 

• ) Put ott (down) the three switches Oft the trent ot the 
IIIler-onede. 

5) Put the switch on tn. Side ot the console terminal to the 
poSition marked "m1eroocd.-. (This is usually down.) 

6) Put on (up) LTC, the switch on the richt. 

1) Put on (up) HALT. tne switch on the left. 



Bringing Up the Microcode 3 

8) Put on nIT, the lIiddle swltob. The RUN 11Cbt (the lett 
liCht on the ~oat of tbe =lcronode) should 11sbt. 

9) Type • tew can-iase retuna on the consele terminal. You 
abould ,et •••• the prcmpt tor- the mler-onode's eommand 
Pz-ooessor. 

10) Trpe -DO<CI)"; "0" be,.'. 1s • z.,.o. Idt.e that all cCllllUnd. 
to the a1croftode must be capitalized. 

11) Turn tbe .witch on the side ot the console to tbe position 
labeled "Fooel,". (Thia 1. uauall1 up.) 

12) T1J)e a tew e8"lale retm-aa; 10U should then ,et the p.-caapt 
Itt". 

1]) Type ·run<SP)(a1.t~>DOd.bo<ESC><CI)". 

") Wben.1ou ••• "MICKOIODE tMAOE FILEIlKE )", t~ "(ESC)(CK)". 

15) You ~111 ,et ••••• s.s ~.t \he System XXV (roonly) La try1nc 
to reset. lo~. and start &be mloronode. It this process 1. 
successful. you vlll set the Ilessas_ "HODE BOOtsTRAP COMPLETED 
SUCCESSFULLY" tollowed b, some system measales. 

16) When the .yst_ aessases a~e over and you let the -,. 
prcmpt. type "(CTRL e)tymnet(SP>On(CI)". 

11) Iou ma, let soae mope system messages, and I rev ainutes 
l.te~. JOU abould see you~ last messase, "TtMBlSE UP-. 

18) It you do Dot set wT1'MBlSE Up·, or fOU .et the .essa,. -MUSt 
IEP£1T EXtII! REBOOT PIOCEDUIE-, aOllletb1nc bas 80ne wrona. Tun 
the power ott and back OR, and bee1D .,aln vltt1 step 1. 

19) Onee the II1cronode ccmes UP. push the switch Oft the sicSe or 
the conaole to the position •• rked ·~cponode· (usually down) 
and type • tev c.".1age retupfts. It)fOU tben see "Please loS 
in:·. the a1cronode is OK. It ,ou a.-e lOT asked to 101 In, tbe 
micraonode has ccaae up w.-Oftl. Plash t.be sw1tch on the alde or tbe 
console te~1ftal to the position marked "Foonl,-, and .tart the 
bp1nsup p~ocedu~e asaiD tram step 1. 

20) It the a1cronode 1a IOod and you are a.ked to 101 ln, try to 
loe 1n t.o another lUGMEHT bost. It JOU suoceed. T!HRET 1s OK. 
Lo, out rraa the other AUGMEIT bost, push the switch on the side 
ot the consol. te~inal to the position .a~ked ·Foonly" (usually 
up), and a,a1n type a rew car~i.le petuPfts. Onee you ,et the 
-t w pra=pt, the console t.~lftal il 8sain'ccmmunloat1ftl with tbe 
Syat_ XXV. 

21) It )'au do not succeed 1ft loSSin, in to anotbe~ AUGMENT bost. 
try ala1n. It you cannot 101 1n within five minutes. sam.thinl 
may be ~onl wi t.h TYMtlET. Call the TYMttET Network Contraol 
Center and ~eDOrt the ~robl ... 



B~ins1D' Up the Mlcroftode 

Procedure Desor1pt1on 

tne ~IS a1crcftode connects the SysteM XXV (or Foonl,) to the 
T!MHE'l' network, which 1n tuz-n connects it to other AUGMENT hasta 
and to lUGMEHt users. The micronode theft tunnels information to 
aad traa the Syst~ XXV, allowing users and other nosts to 
iDteract witb the systea. To do thla, the microncde ~ns a . 
prosr- stored 1n its !lemory. When the m1cronode gces down, 
this pro;r- 1a lost and aust be reloaded frcm the System XXV 
where it ls permanently .tored. The micronode br1nlYp procedure 
tlrst prepares the micronode to recelve this progra= and then 
instructs tbe System txY to send it over. Once the ,rcaras bas 
~.ea aucoeastullr tran~1tted and the e1croncde is runnlns it, 
the System XXV aust resynchron1ze with the micronode so· they can 
pas. intormation ~ack and forth. It the Syst~ XXV succeeds in 
.ynobron1:1nl with tbe m1cronode, then the mlcronode has 
probabl, ca.e up correctly. Once the m1oroncde 1s up. to make 
sure that tbe a1crcftode and TrMHET really are all right, try to 
use thea to lac 1ft to another AUGMENT host. tt you can do this, 
then JOu knov the brlngup procedure bas worked. 

Tou bec1D the aloronode ~r1ngup by makine sure that you are at 
tbe AUGUST Operatlnc S,stes's EXEC. and that yeu are enabled. 
Make sure the switch on the side or the console ters1nal 1s at 
the pos1tloa marked "Foonly·, and type a rew carriage ~eturfts. 
It 10U let the prompt "'-, you are already enabled. It your 
prc=pt is ·t·. JOU are not enabled. Since you mus; be enabled 
to brine up the m1cronode. 1t you get the -eft prc=~t. enable 
yourself by typinc "ena(C!)" at the EXEC. wben you enable. you 
tell the systes that you are a person with special powers who 
should be allowed to do tbings normal users cannot do. Atter 

----fOU enable, you will be prcmpted with Wt". 

You nov prepare the Systes XXV and tbe m1crcncde top ~eboot1ftl. 
Since you do net want ~h. Sy~te= XXV to use the slc~onode as you 
~.boot 1'. JOU be&1n by typing "(CTKL .)tymnet(~p)otr<C!>·. 
this ~.lls the SysteD XXV that TlMHET la no lonle~ available. 
Hext. cbeck the mlcronode ita.l! to make sure 1t has power. The 
riCbt light on the tront or the m1oronode 1s lit when t~e powe~ 
1s on. It tnla 11&nt 1s otr, turn on the power switch at the 
back of the m1cronode. Mev you need to reset the m1cronode 
betere br1ns1ns it up; put ott (down) the three switches on tne 
tront ot \be mlcronode. Finally. so that you can ca=mun1cate 
witb tbe micronode, put the switch on the ccnsole teletype to 
the position marked "m1cronode" (usually down). Coin, this 
conneeta the console terminal to the micronode instead or the 
System XXV. 

You nov are ~ead1 to becln brinl1nc up the m1cronode. Tou ao 
tb1s b, pu~t1nc en the three switche. on the trent ot the 
.1croftode. Make sure that you put Oft the5e switches in the 
prop.r o~der~ pu~t1ns thes on 1ft the vrcng o~der. can cause 
se~1ous d~age. First, put on (u~) the right switch on the 
=1croncde labeled "LTC~. This sw1teh t~ns on the line eloek 
t1:er. 2:1 1nte~nal ti=er- that makes sur. c:omput.er pf'Oe<£;;dt.:l"cS 
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happen at tbe correct intervals aad are 8,acbroa1:ed. Next, put 
on (up) the lett avit.cb Oft tbe a1cronode labeled wHlLT'I •. Last, 
put on tb. middle .witch oa the alcronode labeled -Iarr-. 
When ,ou put on the -IHIT- SWitch. the lUI 11,ht (the right 
lilftt 00 the lIicz-onode) should cCllle oa. n.. 81cronode is ftOV 

rUDDlel a ssall ~.nd Processor. Type. tev oarrl ••• r.t~Ds 
on the oonsole: you sbould let a W$_, the eo ... od Processor's 
prompt. It you let an -I" pra.pt 1nstead ot the -S-, check to 
make sure the sv1tcb Oft the console terminal 1s pusbed to the 
position marked "mlcronodew• It the switch accidentally has 
been lett at the posit1on marked ·Foonly", then the -," you are 
lettinl 1s the prompt tor the EXEC 1n AUGUST. Pusb th~ switch 
to the position marked -m!cronod.-, and alain tr1 t1P1n& • few 
c:a"iqe returDs: you should DOW let the -$. prcmpt. It the 
switch vas already set correctly wben you lot tbe WI- p~cmpt. 
you bave accldentall, ente~ed tbe.slcronode's debu&,er. thts 1s 
• serious problea; lmmed1atel, start the brlnlup procedure agaln 
with step J&. 

Once you let the ·S- praapt. the alcronode is read7 and wattlftl 
to be rebooted.. Type -DO(CI)·. lote that ·0- 1s zero, and that 
all cc=mands to tbe alcronode must be capltall~ed. The DO 
command tella the m1croaode that it should prepare to take 1ta 
reboot prol~am tr~ the Systes XXV. To tell the Syst .. xxv to 
deliver the reboot p.~ocraa, put the switch on the side ot the 
oODsQle to the poSition marked -Foonlyw. This reconnects tbe 
console te~lftal witb the Syste. ·XXV. When you get tbe AUGUST 
E:ee prcapt It.". type "run<SP>(syst.em)nodebo(CI)-•. n. System 
XXV vill then run the micronode boot1n& program. This prosra= 
will teed the atoronod. the prol~am it needs to ~Uft. 

Once tbe System XXV bas loaded the micronode boot1nc pro,r~, It 
Will print, wMICROHODE IMAGE FILEHAME ).. Tbe Syst .. XXV is 
askins you tor the name ot tbe 1m_ce tile it should sive the 
m1c~node. An ~a&e rile is a file that oan be read directly 
into lIemory. In- this case. 1 t 1s 11ke a snapshot ot the .-017 
as it should be ter the m1cronode to operate correctly. When 
10 U see "HICKOROD! IMAGE FILEHAME )-. type "<ESC)-. The program 
will then rill out the aBle or the correct ~al. rile followed 
by the c~ent -[Old Version]". Type a car~1a,. return to 
contirm this. . 

the System XXV will now attempt to deliver tbe miaronode t=ase 
rile to the m1=roDode and to brinK it up. As it attempts this, 
the Systea XXV will print various messages about its prosress, 
such as. -resett1~, the micronode". "loading the mlcronode". or 
·starting the m1croftode·. It and waen this process 1s finished. 
the System XXV tell you "HOOt BOOTSTRAP COMPLETED SUCCESSFULLY". 

Once the mic:ronode bas the prosras it needs to ~un. tbe System 
XXV can use TIMBEr. To tell this to the System XXV, type "<CTlL 
e)tymnet(SP)on(CR)-. The Syste= XXV will tbeft try to 
synchron1:e itself with tbe s1a~onode ana atteMpt to send and 
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receive TtMHET lntormation. It tbis ia successful, you will see 
aoa.-.ore S1St .. sessases, and .tt.~ a vbile. ftTtMBASE UP-. 

Atter vaiting several s1nutes t it you do not get the •• ssale 
fttIMBASE UP-. or it you get tbe mesaase "MUst REPEAt ElTIIE 
REBOOT PI0CEDU8£W. scmeth1na 1s wrons with tbe vay the .1c~onod. 
cae up. Eithe,. ~be System xrI did not deliver the 1mas. til. 
successtull,. or it could not resynchronize with the .ioronode. 
At ttaia polnt. simply .. estar'~ the br1ftlup procedure with step 1. 

Onoe the aicroftode does ccme up aad you see the .essa,. ftTlMBASE 
Ur-, you still need to uke sure the microcode and TntHET z-eal11 
a~e functionin, correctl,. To do this. you use the console 
t.~1nal and micronode as it you were a relular user try1ns to 
loS in to aD AUGMENT hoat. TUJlln'tbe switch on the sirSe or the 
console to the position marked "microaod.ft • Thls eonnecta the 
console te~1nal to the micronode lastead or conneetlns it 
directly to the Systea XXV. Hext, type a rev ca~1a,e ~eturna. 
The micronode should notice the exlstence ot the console 
tera1nal. tr.a~ it ju~t like any other terminal, and assume it 
must be waiting to loS In. Thus. fOU should see "plea~e les 
in:-. It this happeas. tbe mioronode baa ccme up cor~.c~ly. It 
you are not asked to lOS lA, there 1s still sOIIettl!!!C wzeonc. 
Push tbe 'witch 011 tbe aide ot the console terminal to the 
position •• rked ·~croftode·t and .gain be,ln the ~rinlup 
procedure at step 1. 

It the =1cronode does con-actl, ast you t.o 101 In. JOu DOV vaat 
to t1Dd out. it this a1cronode caft ca=wsicate with tbe rest ot 
TIMlEr. Teat this ~1 t~lnl to 101 1a to another lUGMEIT bost. 
Ir you can log 1n to another AUGMEIT ho.~. the micronode ~rincup 
has beea completel, succeastul. It .tte~ tive minute. all 
attespts to ... acb another AUGMEIT boathav. tailed, call the 
TYMHET Network Control Center. and report the problem to ttl_. 
It you can 101 1ft to attotDer- AUGMEIT hoat wit.hout an, trouble, 
you know that the m1cronode is tine, tbat the connection v1 tho 
TtMHET ls good, and that information is successrul11 passina 
~etweeft t.he lIieronode and the ne-twork. LoS out trcaa the AUCiMEHT 
hest where you just logged 1ft. and push the s~tch on tbe 
console terminal ~ack to the position marked "Foonl,-. This 
cnce aeain connects the oonaole terminal directly to the System 
XXY, and 10U should see the AUGUST EnC pralpt, e1 ther -I" 0'
ft.". Once you have done this, you have completed the procedure 
ot brinSine up the m1cronode and ~estinl it. 
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Errors aDd aecoveries 

-Must lepeat Ent1~e aeboot P~ocedur.-

It ,ou let th1. er~or .essale. repeat the entire procedure. 

aep •• ted Failure to Reboot the Mlcrcnode 

Introduotion 

It tbe System XXV· repeatedly tails to reboot tbe 
aloroDode, it m.y mean tbat the alcronode itself has a 
_.ory problem. To deteMilee it this 1s the case. 'OU run 
• abort pro;ras that checks the memory or the aicronode. 

Prooedure SUlllary 

1) Repeat steps 1 though 9 of the ~elul.r recovery 
procedure. 

2) it step 10. where you would ftormalll type -DO(Ca>-, 
lut.ad type WXM(Ca>-. Hote that, all cCllUnds to the 
aioronode aust be oapitallzed. 

3) The .:1c~oftod. w111 nov ex_1fte ita _emory. It it type. 
out a ser:l.es ot Dumbe~s. th.~. is aoaethlns wrong witb the 
_.ory. call Tymahare MalatenaDoe • 

• , It the m1cronode does Dot type out anytblna. the ... or, 
1s load. but you •• y still bave a bardwa~e problea. Puah 
tbe sv1 toh on the side ot the console terwlnal to t.he 
poSition marked "Foonly- and retr1 the entire prooedu~. 
trcm step 1. Do this a couple ot times; it you still are 
not succes5tul. notify Ty.Dsnare Maintenance. 



'* 
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ARPANET BACKPLANE WIRING FOP THE F4 ON 'n~E 1/0 PA"JEL 

ANSLEY 26 PIN CONNECTOR 
ON THE 1.10 PANEL 

,1'+ 1 I 
J , 
, t , , 
~ , , , , , 
, f 
,26 13 I ,----, 

SLOT A19 
COLOR 

1/0 PANEL 26 PIN 
CONNECTOR (IMP CONTROLLOR SLOT) 

WHITE 
BLUE 

WHIT E 
BLUE 

~HIT E 
BLUE 

WHIT [ 
8L UE 

~,H I T E 
BLUE 

WHIT E 
BLUE 

WHIT E 
BL UE 

WHITE 
BLUE 

.H I Tr 
BLUE 

I.iHITE 
BLUE 

1 
14 

2 
15 

16 

4 

17 

6+ 
19+ 

22 

11 
24 

12 
25 

1~ 
26 

C2A20 
C 2820 

C2 A19 
C2819 

C2A18 
C 28 1 ~ 

C2A17 
C2817 

C2A35 
C2B36 

C2A22 
C2822 

C2A23 
C2B23 

C2A25 
C2825 

C2A24 
C2B24 

GND 
G ~!D 

ALL PINS ~ITH A + FOLLOWI~G THE PIN NUMBER SHOULD PE ~UMprpEO 
TOGETHER 

.. 
• 

************.****************************************.******.*********** 



ARPANFT CABLr WIPE LIST 

F 00 NlEY END ~p [~ 
F GONlEY END I~P END ...... - ... .--~ - ... -- ------~ --- ..... -- ---- -- -----

COLO ~ PIN COLO P J=I N SIG~JAL N A ME' ----- ----- ---~~~ -------
8ROW~ 1 BR C\~ t\ 17 lAST 1 MP PYT (+ ) 

TA N 2 ~l ACK ~5 LAST IMP 8TT (- ) 

RED 3 RED 19 DATta : IMP TO HOS T (+ ) 

TAN 1+ Pl A C)( :'7 DATA: IMP 1'0 ~O$1 (- ) 

OR AN GE 5 OR AN GE :l~ T H r-p f. TS Y''llJR IMP O,IT (+) 

TAN 6 ~LAC K 33 TI-ERE IS YOUR !MP RIT (-) 

YELL OW 7 YE Ll Ow 13 P[ADY FOP NEX T t-fnST 8IT ( + ) 

TAN R PL AC K 32 P.[ ADY I=OR rJE X T ~ IJS T BIT ( -) 

~LUE 11 GR!'"E N 11 HO ST MASTF'R Rf AD V 
TAN 12 f?LAC K 12 H('I~T R[ADY TE'ST 

VIOLET 13 8L UE g 1t.4F RE ADY "rES T 
TAN 14 PL AC K 1'" IMr MA ~T ER R E t,o y 

¥~~T~ i~ ~~ll~ 21 ~tiB; ~8~ ~f~t ! ~~ ~ft l!~ 
8L AC K 19 vrLLC'~J t:, THERE rs YOUR HO 5T BIT ( + ) 
lA N 2 :. RE 0 25 TH[R~ IS Yf'UP ~05T BY' (-, 
BROWN 21 GR[EN 7 LAST HOST PIT ( + ) 

TAN 22 RED ::r, LAST HCST PIT (-) 

RED 23 °LU( g ')ATA: HOST TO 1M 0 (+ ) 

TAN 24 ~ED '27 D~TA:HOS: TO IMP ( -) 

TAN 26 f1R Al tJ 72 ~HlrLD -- PI ~ TAll J= ROM SH I [L D 

~ lHE. NON-l'N ~IRES ABOVE ARf 1~IS1ED F~IR ~ITH THE lJN WI~E CLrSE~T TO IT • 
'IIr ON THE FOONlEY Et;O ... 

FOONLEY END OF ARPANET CABLE CONNECTOR 

I 1 2 I 
I t , , 
, t 
I I 
, I , , 
I , 
I 25 26 f ,----, 



(PROD>CTY. I/O-CONN;2 Fri 13-Aug-82 3:52PM 

DOCUMENT FOR THE WIRING OF THE uCTY" CONN ON THE F4 lID PANEL 

4It BUSS ON LEFT COLUMN OF lID HEADERS 

ANSLEY 26 PIN CONNECTOR 

14 1 

26 13 

FROM ANSLEY, PIN NO. : TO "A" SECTION PIN NO. : 

Page 1 

1 GND 
A23C3A10 
A23C3Al1 
GND 

TWISTED P(\IR 
2 
3 
7 
8 JUMPERED TO 20 
ON ANSLEY 

TWISTED P;~,IR 



<PROO>VERSATEC.I/O-CONN;2 Mon 30-Aug-82 7:42AM Page 1 

• VERSATEC. I/O-CONN 
(ALL SIGNALS TWISTED PAIR) 

26 PIN CONN. 1 CONN. 2 CONN. 3 
----

1. ) INOl C3B17 )READY C3A15 ) C3D25 
2. ) RET C3B18 ) C3A16 ) C31326 
3. ) IN02 C3B15 )PRINT C3C14<*--- ) C3B27 
4. ) C3B16 ) --- C3C1S<*--- ) C3D28 
5. ) IN03 C3B13 )PAREN ) C3D29 
6. ) C3B14 ) ) C3B30 
7. ) IN04 C3Bl1 )SPP C3C16<*--- )RTTON C3C12 
8. ) C3B12 ) --- C3C17<*--- ) C3C13 
9. ) IN05 C3B09 )RESET C3B23<*--- )DXTER C3A13 

10. ) C3BIO ) -.--- C3B24<*--- ) C3{\1.4 
11. ) IN06 C3B07 )RFFED C3B33<*--- )TNERON C3f\11 
12. ) C3E08 ) C3B34<*--- ) C3A12 --- -13. ) IN07 C3B05 )REOTR C3CI0<*--- )DUFUL C3A07 
14. ) C3B06 ) C3Cl1<*--- ) C3{~08 

15. ) IN08 C3B03 )RLTER C3B31 <*--- ) LOSUP C3A05 
16. ) C3B04 ) C3B32<*--- ) C3{~06 

17. ) CLEAR C3B21{*SWAP ) NOPp.P C3A09 ) 

18. ) C3B22{*SWAP ) C3AI0 ) 

19. ) PICLK C3B19 )ON LINE C3A03 )PWRON 
20. ) C3B20 ) C3A04 ) 

21. ) •. ~ 
• J 

24. ) 
25. ) 
26. ) 

SLOT B05 



<PROO)TAPE. I/O-CONN;3 Wed 9-Jun-82 8:07PM Page 1 

TAPE. lID-CONN 

~ KENNEDY TAPE DRIVES 

ON EACH lID CONN, SOLDER BUSS STRIP ON lID CONN PINS 14-26, AND RUN A WIRE 
TO BACKPLANE GROUND. 

110 28 

FROM BACKPLANE PIN: 
A23C3C21 

C2C28 
C3C23 

(C3)C24 
C25 
C26 
C27 
A35 
A28 
A30 
A32 
A34 

I/O 29 

FROM BACKPLANE PIN; 
A23C3B9 

BI0 
Bl1 
B12 
B13 
B14 
315 
B2 
B35 
828 
B30 
832 
834 

liD 30 

FROM BACKPLANE PIN: 
A23C3C20 

C22 
C28 
C29 
C30 

C2C25 
C2C26 
C2C27 
C3A27 

A29 
A31 
A33 

TO lID 

TO lID 

TO liD 

CONN PIN: 
1 
2 
3 
4 
6 
1 
s 
9 
10 
11 
12 
13 

CONN PIN; 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

CONN PIN: 
1 
2 
:3 
4 
5 
7 
8 
9 
10 
J.1 
12 
13 



<PROD)TAPE.I/O-CONN;3 

I/O 31 

ttOM BACKPLANE 
A23C3B16 

B17 
B18 
819 
B20 
B21 
B22 
C10 
B27 
829 
B31 
B33 

PIN: 

Wed 9-~un-82 8:07PM 

TO I/O CONN PIN: 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Page 1: 1 



<PROD)TYMNET.I/O-CONNi3 Fri 13-Aug-823:56PM 

TYMNET. lID-CONN LIST 

~ BUSS ON LEFT COLUMN OF lID HEADERS 

BACKPLANE CONN A23 I/O CONN 112 

A23C2 
" 
" 
II 

II 

" 
" 
II 

II 

A23C2 .. 
It 

" 
" 

B17 
B18 
B21 
B22 
B23 
824 
B20 
B25 
326 

D27 
B28 
329 
C24 TWISTED PF'rIR 
830 (USE GND FROM GND 
B31 
D32 
C17 TWISTED PAIR 
B19 (USE GND FROM GND 
B19 
B33 TWISTED P.o.IR 

2 
5 
18 
:1.9 
20 
21 
9 
10 
23 

GND PINS: 17,6,8,22 
(TO BACKPLANE GROUND) 

I/O CON'" I13 

14 
2 
15 
16 

PINS BELOW) 17 
5 
18 
19 

PINS BELOW) 20 
21 
23 

(USE GND FROM GND PINS BELOW) 

Page 1 

GND PINS: 1,3,4,6,7,8,9, 10 
(TO BACKPLANE GROUND) 

110 CONN I14 



<PROD>TYMNET.I/0-CONNi3 

A23C2 B34 TWISTED PAIR 
' ... A19 (USE GND FROM GND .. A19 

It C22 TWISTED PAIR .. A32 (USE GND FROM GND 
1\ A31 
It A30 
If C19 TWISTED PAIR 
II A29 (USE GND FROM GND .. A28 
II A27 

A23C2 A26 .. A25 
II A20 
II A24 
11- A23 
II A22 
II A21 
" Al8 
II A17 

Fri 13-Aug-823:56PM Pag e 1: 1 

2 
PINS BELOW) 3 

4 
5 

PINS BELOW) 6 
19 
7 
8 

PINS BELOW) 9 

GND 
(TO 

22 
10 

PINS: 17, 18,20,21,23 
BACKPLANE GROUND) 

I/O CONN 115 

1 
14 
15 
3 
4 
5 
6 
19 
22 

GND PINS:2,7,B,9, 10, 16, 18 
(TO BACKPLANE GROUND) 
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DOCUMENT FOR THE WIRING OF THE "DISK CONTROL" CONNS ON THE F4 110 PANEL 

~ BUSS ON LEFT COLUMN OF 110 HEADERS 

ANSLEY 26 PIN CONNECTOR 

14· 1 

26 13 

THESE ARE ALL DIFFERENTIAL PAIRS AND AS SUCH, DON'T GET THEIR LEFT COLUMN PINS 
GROUNDED. 

26 PIN ANSLEY CONNECTOR: 

DC 1: 

2 <WHITE} 
15 {BLUE} 

3 {WHITE} 
16 <BLUE} 

4 {WHITE} 
17 {BLUE} 

5 <WHITE} 
18 {BLUE} 

6 {WHITE} 
19 {BLUE} 

7 {WHITE} 
20 {BLUE} 

8 (WHITE) 
21 {BLUE) 

SLOT A7: 

PIN: 
A7C1B13 
A7CIB12 

A7C1B15 
A7CIB14 

A7CIB17 
A7C1B16 

A7CIB19 
A7CIB18 

A7C1B21 
A7CIB20 

A7C1B23 
A7CIB22 

A7CIB25 
A7C1B24 

A7CIB27 
~,7C1B26 

{WHITE} 
{BLUE} 

{WHITE} 
{BLUE} 

{WHITE} 
{BLUE} 

{WHITE} 
{BLUE} 

{WHITE} 
{BLUE) 

{WHITE} 
{BLUE} 

{WHITE} 
{BLUEJ-

{WHITE} 
(BLUE) 

SIGNAL N/~i'1E : 
SET CYCLE -
SET CYCLE -I-

SET HEAD -
SET HEAD + 

CONTROI_ .-
CON.TROI_ + 

DUS o -
BUS o + 

BUS 1 -
BUS 1 + 

BUS 2 -
BUS 2 + 

BUS :1 -
BUS :3 + 

BUS 4 -
BUS 4 + 



(PROD>DISK.I/O-CONN;6 Fri 13-Aug-823:46PM Page 1: 1 

9 {WHITE} A7C1B29 {~JHITE} BUS 5 -
• {BLUE} f\7C1B28 {BLUE} BUS 5 + 

10 {WHITE} A7C1B31 {WHITE} BUS 6 -
23 {BLUE} A7C1B30 {BLUE} BUS 6 + 

DC 2: 

PIN: PIN: 
1 {WHITE} A7C1B33 {WHITE} BUS 7 -
14 {BLUE} A7C1B32 {BLUE} BUS 7 + 

2 {WHITE} A7C1B35 {WHITE} BUS 8 -
15 {BLUE} A7C1B34 {BLUE} BUS 8 + 

3 {WHITE} A7C1C3 {WHITE} BUS 9 -
16 {BLUE} A7C1C2 {BLUE} BUS CJ + 

4 {WHITE} A7C1Cl0 {WHITE} DEV EN~jBLE -
17 {BLUE} A7C1C9 {BLUE} DEV ENf,BLE + 

5 {WHITE} A7C1A7 {WHITE} UNSAFE -
18 {BLUE} A7C1A6 {BLUE} UNSAFE + 

6 {WHITE} A7C1A9 {WHITE} SEEK ERROR -
19 {BLUE} A7C1A8 {BLUE} SEEK ERROR 0\-

e<WHITE} A7C1Al1 {WHITE} ON CYCLE -
{BLUE} A7C1Al0 {BLUE} ON CYCLE + 

8 {WHITE} A7C1A3 {WHITE} INDEX'-
21 {BLUE} .t>,7C1A2 {BLUE} INDEX + 

9 {WHITE} A7C1A13 {WHITE} UNIT READY -
22 {BLUE} A7C1A12 {BLUE} UNIT RE,\DY + 

10 {WHITE} A7C1A17 {WHITE} ADDRESS MARIA. DLT -
23 {BLUE} A7C1A16 {BLUE} ADDRESS MARK DLT -to 

DC 3: 

PIN: PIN: 
1 SII(.IP NONE BUSY -
14 SKIP NONE BUSY + 

2 {WHITE} A7C1Bl1 {WHITE} SEL EN(\BLE -
15 {BLUE} A7C1Bl0 {BLUE} SEL ENABLE 001-

3 {WHITE} A7C1B9 {WHITE} SELECT o -
16 {BLUE} t)7Cl!38 {BLUE} SELECT 0 ..;. 
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4 {WHITE)- A7CIB7 {[..JHI,.E} SELECT 1 -
• {BLUE} A7CIB6 {BLUE} SELECT 1 + 

5 {WHITE} A7CIA5 {WHITE} SECTOR MK -
18 <BLUE} A7C1A4 {BLUE} SECTOR MK + 

6 {WHITE} A7CIB5 <WHITE} SELECT 2 -
19 <BLUE} A7C1B4 {BLUE} SELECT 2 + 

7 {WHITE} A7C1B3 {WHITE} SELECT 3 -
20 {BLUE A7C1B2 <BLUE} SELECT 3 + 

8 {WHITE} A7C1A15 {WHITE} WRITE PROTECT -
21 {BLUE} A7C1A14 <BLUE} It-JR ITE PROTECT + 

9 <WHITE} NO CONNECTION SEG IN 
22 <BLUE} NO CONNECTION HOLD 

10 {WHITE} A7C1A35 {WHITE} BUS 10 -
23 {BLUE} A7C1A34 {BLUE} BUS 10 + 

AL 
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PART OF ANSLEY 26 PIN CONNECTOR: • PIN .t: 
1 TO-4 AND TO GROUND 
4 TO-
15 TO- DAISY CHAIN ALL TOGETHER, 
18 TO-
7 TO-
21 TO-
II TO-
25 TO-GROUND 

26 PIN ANSLEY CONNECTOR: 
SIGNAL NAME: PIN #: 
SERVO CLOCK 2 {WHITE} 
SERVO CLOCK 14 {BLUE} 

READ DATA - 3 {l-<-JHITE} 
READ DATA + 16 {BLUE} 

READ CLOCK 5 {WHITE} 
READ CLOCK 17 {BLUE} 

'~R ITE CLOCK 6 {WHITE} 
WRITE CLOCK 19 {BLUE} _TE DATA 8 {WHITE} 

( TE DATA 20 {BLUE} 

SELECTED - 22 {WHITE} 
SELECTED + 9 {BLUE} 

SEEK END 10 {WHITE} 
SEEK END 23 {BLUE} 

PART OF ANSLEY 26 PIN CONNECTOR: 
PIN ft: 
1 TO 4 AND TO GROUND. 
4 TO-
15 TO- DAISY CHAIN ALL TOGETHER, 
18 TO-
7 TO-
21 TO-
II TO-
25 TO GROUND. 

SIGNAL NAMES: 
SERVO CLOCK 
SERVO CLOCK 

ANSLEY 26 PIN CONNECTOR: 
PIN #: 
2 {WHITE} 
14 {BLUE} 

Page 2: 1 

CONNECTOR: 
I/O 9: 
DD 1: 
A7C2C30 {WHITE} 
A7C2C29 {BLUE} 

A7C3A24 {\.JHITE} 
A7C3A23 {BLUE} 

A7C3A22 {WHITE} 
A7C3A21 {BLUE} 

A7C3A34 {WHITE} 
A7C3A33 {BLUE} 

A7C3B35 {WHITE} 
A7C3(~35 {BLUE} 

A7C3A26 {WHITE} 
A7C3A25 {BLUE} 

A7C3A28 {WHITE} 
A7C3A27 {BLUE} 

CONNECTOR: 
I/O 10: 
DO 2: 
A7C3D22 {t,..JHITE} 
A7C3B21 {BLUE} 
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READ DATA - 3 {WHITE} .0 DATA + 16 {BLUE} 

READ CLOCK 5 {WHITE} 
READ CLOCK 17 {BLUE} 

WRITE CLOCK 6 {WHITE} 
WRITE CLOCK 19 {BLUE} 

WRITE DATA 8 {WHITE} 
WRITE DATA 20 {BLUE} 

SELECTED - 22 {WHITE} 
SELECTED + 9 {BLUE} 

SEEK END 10 {WHITE} 
SEEK END 23 {BLUE} 

PART OF ANSLEY 26 PIN CONNECTOR: 
PIN #: 
1 TO 4 AND TO GROUND. 
4 TO-
15 TO- DAISY CHAIN ALL TOGETHER, 
18 TO-
7 TO-
21 TO-
li TO--
25 TO GROUND. 

ANSLEY 26 PIN CONNECTOR: 
SIGNAL NAME: PIN #: 
SERVO CLOCK 2 {WHITE} 
SERVO CLOCK 14 {BLUE} 

READ DATA - 3 {l--JHITE} 
READ DATA + 16 {BLUE} 

READ CLOCK 5 {WHITE} 
READ CLOCK 17 {BLUE} 

L~R ITE CLOCK 6 {WHITE} 
WRITE CLOCK 19 {BLUE} 

l.JR I TE DATA 8 {WHITE} 
WRITE DATA 20 {BLUE} 

SELECTED - 22 {\~HITE} 
SELECTED + 9 {BLUE} 

Page 2:2 

A7C3B26 {WHITE} 
A7C3B25 {BLUE} 

A7C3Il24 {WHITE} 
A7C3B23 {BLUE} 

A7C3C3 {WHITE} 
A7C3C2 {BLUE} 

A7C3Cl0 {WHITE} 
A7C3C9 {BLUE} 

A7C3I328 {WHITE} 
A7C3B27 {BLUE} 

A7C3B30 {WHITE} 
A7C3B29 {BLUE} 

CONNECTOR: 
lID 11 : 
DD 3: 
A7C3C12 {WHITE} 
A7C3C11 {BLUE} 

A7C3C16 {WHITE} 
A7C3C15 {BLUE} 

A7C3C14 {WHITE} 
A7C3C13 {BLUE} 

A7C3C26 {WHITE} 
A7C3C25 {BLUE} 

A7C3C28 {WHITE} 
A7C3C27 {BLUE} 

A7C3C18 {WHITE} 
A7C3C17 {BLUE} 
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SEEK END eK END 
10 {WHITE} 
23 {BLUE} 

PART OF THE ANSLEY 26 PIN CONNECTOR: 
PIN #: 
1 TO 4 AND GROUND. 
4 TO-
15 TO- DAISY CHAIN ALL TOGETHER, 
18 TO-
7 TO-
21 TO-
II TO-
25 TO GROUND. 

Page 2:3 

A7C3C20 {WHITE} 
A7C3C19 {BLUE} 
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.UMENT FOR THE WIRING OF THE "IMP" CONN ON THE F4 lID PANEL 

NO BUSS ON LEFT COLUMN OF lID HEADERS 

ANSLEY 26 PIN CONNECTOR 

114 1 

26 13 

WIRING FOR IMP CONNECTOR 3-25-81 (ALIAS ARPANET) 

26 PIN ANSLEY CONNECTOR: SLOT 1'0\19 

PIN: PIN: 
.{WHITE} C2(~20 {WHITE} 

{BLUE} C2B20 {BLUE} 

2 {WHITE} C2p.19 {WHITE} 
15 {BLUE} C2D19 {BLUE} 

3 {WHITE} C2(~,18 {I,JHITE} 
16 {BLUE} C2B18 {BLUE} 

4 {WHITE} C2{~.17 {WHITE} 
17 {BLUE} C2D17 {BLUEJ-

6----: JUMPER TOGETHER 
19---1 

7 {WHITE} C2A35 {~.JH I TE} 
20 {BLUE} C2/\36 {BL.UE} 

9 {WHITE} C2/~22 {WHITE} 
22 {BLUE} C2n22 {BLUE} 

10 {WHITE} C2A23 {JAHITE} 
23 {BLUE} C2B23 {BLUE} 

11 {WHITE} C2,\25 {~JI-II TE} 
24 {BLUE} C2B25 {BLUEJ-

Page 1 
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, {WHITE} C2A24 {WHITE} 
{BLUE} C2B24 {BLUE} 

13 {WHITE} TO NEAREST GROUND {vJHITE} 
26 {BLUE} TO NEAREST GROUND {BLUE} 
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DOCUMENT FOR THE WIRING OF THE "ce" CONNS ON THE F4 110 PANEL 

~USS ON LEFT COLUMN OF 110 HEADERS 

ANSLEY 26 PIN CONNECTOR 

14 

26 

FROM ANSLEY, PIN NO. : 

I/O HEADER PIN 
1 TO 

CCO 2 

Ail3A31.3uMPER TO A1C3A32 
A1C3A33 TO A1C3A34 TO A1C3A35 

110 HEADER PIN 
1 TO 
2 

eel 3 
8 
20 
22 

A01C3BS1 JUMPER TO A01CSBS2 

I/O HEADER PIN 
CC2 

1 TO 
2 TO 
3 TO 

A1C3A24 ~UMPER TO A1C3A25 
AIC3A26 TO AIC3A27 TO AIC3A28 

I/O HEADER PIN 
CC3 

1 TO 
2 TO 

• 
3 TO 

3824 ~UMPER TO AIC3B25 
A1C3B26 TO AIC3B27 TO A1C3B28 

1 

13 

TO "A" SECTION P IN NO. : 

7 OF I/O HEADER AND THEN TO B.P. GND 
A1C3A30 
A1C3A29 

7 OF I/O HEADER AND THEN TO B.P. GND 
AOIC3B29 
AOIC3B30 
A01C3B34 
AOIC3B33 
A01C3B35 

7 OF 110 HEADER AND THEN TO B.P. GND 
A1C3A22 
AIC3A23 

7 OF I/O HEADER AND THEN TO B.P. GND 
A1C3B22 
AIC3B23 
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DOCUMENT FOR THE WIRING OF THE "DISK DATA" CONNS ON THE F4 I/O PANEL 

. ANSLEY 26 PIN CONNECTOR 

:14 1 

26 13: 

DISK DRIVE CONNECTORS 

READ/WRITE BACKPANEL CABLE WIRING: 

ALL DISK SIGNALS ARE TWISTED PAIRS. 

USE 26 PIN CONNECTOR IN I/O SECTION OF BACKPLANE. 

CONNECTORS: 

26 PIN ANSLEY CONNECTOR: I/O 8: 

SIGNAL NAME: PIN t.J:: DD 0: 
SERVO CLOCK 2 {WHITE A7C2A30 {WHITE 
SERVO CLOCI-<' 14 {BLUE} A7C2A29 {BL.UE} 

READ DATA - 3 {WHITE} A7C2A34 {WHITE} 
READ DATA + 16 {BLUE} A7C2A33 {BLUE} 

READ CLOCK 5 {l.-JHITE} A7C2A32 {WHIT[~} 

READ CLOCK 17 {BLUE} A7C2A31 {BLUE} 

WRITE CLOCK 6 {~JHITE} A7C2B34 {~JHITE} 

l.JR ITE CLOCK 19 {BLUE} A7C2B33 {BLUE} 

WRITE DATA 8 {l.JHITE} A7C2C2S {WHITt;.} 
WRITE DATA 20 {BLUE} A7C2C27 {BLUE} 

SELECTED - 22 {WHITE} A7C2B35 {IAHITE} 
SELECTED + 9 {BLUE} A7C2A35 {BLUE} 

SEEI" END 10 {WHITE} A7C2B28 {t.JHITE} 
SEEK END 23 {BLUE} A7C2B27 {BLUE} 
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1/0 HEADER PIN 
CC4 • 1 TO 

2 TO 
3 TO 

A1C3A17 JUMPER TO A1C3A18 
A1C3A19 TO A1C3A20 TO A1C3A21 

110 HEADER PIN 
CC5 

1 TO 
2 TO 
3 TO 

A1C3B17 JUMPER TO A1C3B18 
A1C3B19 TO A1C3B20 TO A1C3B21 

7 OF 110 HEADER AND THEN TO B.P. GND 
A1C3A15 
A1C3A16 

7 OF I/O HEADER AND THEN TO B.P. GND 
A1C3B15 
A1C3B16 



26 WKL 

MICRO 
CXDE 

.....-..-~ -i 
DISPA'lUI,/· / 8 

/ .. 
IL-

MAIN 

GPIB BUS K100 D 
(8 data+8 contro1linEt:>LCGIC 
J / ANALY2ER 

--m~N~SO~LE=--t---I---+--" 

(J)NOOLE roWER 
SUPPLY BOMID ~------------------------------~ DATA BUS D~-7 

DIRECf 1U 
CPU REGs 

VIA 

PARALLEL 
LINES 1I 

~ 
R::I 

SERIAL 
LINES 16 

CONSOLE 
TERM. 

1-
FOC 

FlDPPY 

AND 
SWI'IUIES 
(SIOP, RUN) cru ~ .... 

I'-V ____ --tl~ MEMJRY NAA TO M ,M 
'r ~REMOTE DIAGNOSIS 

CPU Iaf3 TO 
/ ~ IV r!' /a---w--/....,. ~f'- MAI~X i' 

~UfO-ANSWER WI'IH PASS\\DRD 
M JlIIiM PRarECrION 

I ~ rn L _________________________ ,~ ~~ __________________________ ~ 

-"6'------
TY-BUS 

/ " 
o 100 ~ : 35 H H 

KENNEDY 

, ~ 

9100 9219 CFTA 

TAPE TAPE r--
DRIVE FORMATI'EJ.- TAPE 

ClOCK 
TENEX r--
CrY t-- CrY 

I PDP 
II/xx DRll 

I------t 

TIMER 

TYMNET 

'\ l/ 
CFDA/B 

r-- 160 mbWinche~ DISK 
(X)NTROL r-- COC BK9 .4 

, 1/ 

LPT 

r PRINTER 

ARPANET 

I VERSA'.I'.EC 

" V DIS 

ASYNC. 
LINES 

[[6 

~~". , r1~'~ 
TO UX;AL OR 
REHJfE USER 
TERMINALS 



CPU 

6502 ~ 

8 bit Data 
16 bit Adr 

24K 
EPRCN 

~SOLE <XldPUrER 

BlOCK DIAGRAM 

9/22/81 

em 
26 ..... TYBUS - -

MEMJRY 

DATA BUS 

cx::I'ffROL 
MAP RffiISTER 

~~ 
18 bit Adr 

256 KX8 + 
RAM 

P.bit 

INrERRUPr 
lOOIC 

DMARD 
DMAWRT 

;.. .. 

J: r 
6 ea 4 ea FOC 

SERIAL VIA WD 1793 
I/O 6522 FlDPPY 

2261-2 l- I-

1111 j~ I I 
llUlFM 

H 
TERMINAL 4' SERIAL 

1 BIT 

12 35 
IAR .... 
I 24 Bits 

DR - .. ~ 
~ .. 

36 Bi :s 
~ t .. 
r -

MAIlIDX 
l6X 36 bits 

J ~ 

26 



CONTROL DATA 

POWER 

6502 MICROPROCESSOR 

CLOCK 

CLOCKS 

F.J.If.W. 

TO 
OTHER 

SECTIONS 

-S V ALL 
.. 5 V} TO 

1----_ .. 12 V SECTIONS '--___ !:...!.II 
1----_- t2V 

CONTROL BUS 

DATA BUS 

ADDRESS BUS 

MEMORY, 
MAP,PER , 

I , 
I , 

DISC 



Console Computer - Theory of Operation 

References: 

6500 Hardware Manual by Rockwell, Synertek or MOS 
Technology for the 6502 and 6522 chips. 

Signetics 2661 Enhanced Programmable Communications 
Interface Data Sheet. 

Western Digital FD179x and WD1691 Data Sheets and 
application notes. 

Other IC data books for LSTTL, RAM's, EPROM'S, etc. 

In the following descriptions, cryptic symbols enclosed in brackets 
such as (CC2ADR) are cross-references to other drawings. 

CC Address map 

The 64-Kbyte address spac~_~f the 6502 is allocated as follows 
($ means hex) 

$OOOO-$DFFF (56K)RAM, mapped in 4-Kbyte blocks 
$EOOO-$E003 2661 PCI #0 - console terminal interface 
$EOIO-$E013 PCI #1 - modem interface 
$E020-$E023 PCI #2 
$E030-$E033 PCI #3 
$E040-$E043 PCI #4 
$E050-$E053 PCI #5 
$E060-$E06F (16 bytes) unused I/O select 
$E070-$E07F (16 bytes) Map - loc $E07x maps virtual addresses $xOOO-$xFFF 
$E080-$EOBF 6522 VIA#O - system control interface 
$E090-$E09F VIA #1 - 26parallel controls, 26 serial input 
$EOAO-$EOAF VIA #2 - ROM bank select, 26 serial output 
$EOBO-$EOBF VIA #3 - spare 
$EOCO-$EOCF (16 bytes) unused I/O select 
$EODO-$EODF (16 bytes) unused I/O select 
$EOEO-$EOE3 FD1797 Floppy Disc Controller (not used currently) 
$EOEB-$EOEF Shadow of FD1797 Using these addresses makes the CPU hang until 

$EOFO
$EOFI 
$EOF2 
$EOF3 
$EOF4 
$EOF5 
$EOF6 
$EOF7 
$EBOO-$EFFF 
$FOOO-$F7FF 
$FBOO-$FFFF 
$FFFA-$FFFB 
$FFFC-$FFFD 
$FFFE-$FFFF 

the FDC's Data Request line comes on 
Parity Error PC Latch, low byte 

high byte 
Parity Error Address Latch, low byte 

high byte 
(1 byte) unused I/O select . 
(1 byte) unused I/O select 
TYBUS Interface Interrupt Flags 
TYBUS Interface Interrupt Enables 
(2K) ROM 1 
(2K) ROM 2 
(2K) ROM 3 
NMI Vector (in ROM 3) 
RESET Vector (in ROM 3) 
IRQ Vector (in ROM 3) 

The I/O address space $EOOO-$E7FF is not fully decoded. The devices 
listed above appear in various "shadow" locations in that address range. 

1 



CC-THEORY 

Clock Generator (drawings CCOCPU and CCICLK) 

The system timing comes from a 20.000 MHz crystal oscillator 
at 68-46. The 748163 binary counter at 66-58 counts up on 
each positive edge of the 20MHz clock. When the count reaches 
12 the output of the LSOO goes low, enabling the counter's LOAD 
input. On the next clock edge, instead of counting up, the 
counter loads with the value 3 wired into its D inputs. Thus 
the count goes through ten states altogether, dividing the input 
clock frequency by 10. The states the counter goes through 
(3,4, ... ,11,12) produce a square wave with a 50% duty cycle at 
the high order output. The resulting 2MHz clock is used by 
the Floppy Disc controller and further divided by the L874 to 
make the 1 MHz clock (PHO H) that drives the 6502 CPU chip. 
The counter's low bit produces the 10 MHz TYBU8 clock. 

The CPU takes in the PHO clock and puts out two non-over 
lapping clocks, PHI and PH2, at the same frequency but with 
some unspecified delay from PHO. PH2 is the master clock 
for all devices on the data bus. The CPU puts out a new address 
during each PH2 low cycle in time for it to be strobed on the 
rising PH2 edge. The address stays valid throughout PH2 high. 
During a write cycle, the CPU's output data are valid no later 
than 200 ns after the falling edge. During a read cycle, the 
CPU expects data to be valid at least 100 ns before the PH2 
falling edge. 

CPU CLOCK TIMING 

PHO: ~~--------------~I 

PHi: \~----------------;-

PH2: ~~------------~I '-~: :+- ~: :+- unspecified delay (50-100 nst 

Address: ~-----------<, __________________________ ~>---
:~300 max~: 

Data out~ ---------<~ __________ ~>---
~_E_200 max 

Data in: -----------------~---
100 mi n~: :-E-

2 



CC-THEORY 

RAM timing (drawings CCICLK, CC4RMA) 

The PH2 clock from the CPU feeds the input of a IO-bit shift 
register formed by the LSl74 at 64-47 and the LSl75 at 66-47. 
This register clocks at 20 MHz, so its outputs are PH2 delayed 
by any multiple of 50 ns. The input can be selected by the 62-46 
dipswitch to be PH2 delayed by two inverters in case the PH2 
transitions fall too close to the 20MHz clock edge. 

Delayed Clocks 

PH2: ~\ 1/ \'-
CLKO H: \ I '--
CLKI H: \ / \ 

CLK2 H: \ I 
CLK3 H: \ I 
CLK4 H: \ I 
CLK5 H: \ / 
CLK6 II: \ I 
CLK7 H: \ I 
CLK8 H: ..I \ I 
CLK9 H: .J \ I 

Note: symbolizes the uncertainty in the 

phase relationship between the 20 MHz clock and PH2. 
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CC-THEORY 

The gates at the bottom of the drawing combine various of these 
delayed clocks to generate the RAM strobes. The two LSlO's 
are enabled by the LS08 when RAM is selected and produce RAS and 
CAS during PH2 high. CAS happens early on a read cycle to allow 
time for slow RAM access, and it comes late on a write to give 
the cpu time to set up the data. During PH2 low the row/column 
mux is disabled and the refresh address buffer is enabled, and 
REF ENB does a RAS-only refresh cycle. The refresh counter 
increments at the end of the refresh cycle when PH2 goes high. 

RAM timing 

:~refresh cycle~:~(----CPU cycle 

PH2 ~'""""---_____ --JI/ addr mux enabled ''---

REF \ ...... ___ J 1 
: ( ~: :E ~ : RAS off min 150 

RAS --.-II \ Ir-
: --E--3~)O min~: 

ROW/COL \ / 
CAS (R) --.J I \ Ir-

250 rniTl~~ :~ 

CAS (W) --.J I \ Ir-
150 min~: :~ 
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CC-THEORY 

Data and Address Busses (drawings CCOCPU, CC2ADR) 

The CPU data lines, DBO-DB7, run directly to all the MOS 
loads. The LS245 at 42-45 buffers the data bus (EDBO-EDB7 
for Extended Data Bus) to drive the TTL loads. 

The LS244's at 46-45 and 44-45 buffer the CPU address bus to 
all of its loads. The address lines are ABOO-AB15, a 64-KByte 
address space. 

The address space is divided in two parts: locations $OOOO-$DFFF 
are in RAM under control of the map, and $EOOO-$FFFF ( the 
last 8 Kbytes) are wired to specific devices. The LSlc at the 
upper left detects this address boundary: when the high three 
address bits are all ones, it enables the upper left LS139 
to decode the next two address bits; otherwise SEL RAM (H/L) 
becomes true. The outputs of the LSl39 are 

Address $EOOO-$E7FF: 
$E800-$EFFF: 
$FOOO-$F7FF: 
$FSOO-SFFFF: 

SEL I/O L 
SEL ROMI L 
SEL ROM2 L 
SEL ROM3 L. 

The SEL ROM lines go directly to the ROM chip selects (drawing 
CC9ROM). SEL I/O L enables one of the LSl38's at the left 
depending on the state of AB07. The LS138's further decode 
AB04-AB06, giving 16 different selects of 16 byte blocks for the 
I/O devices. The upper LS138 is gated by PH2 so its outputs 
are in effect data stobes; it selects the six 2661 PCI's and 
the memory map. The lower LS138 is not gated because the 6522 
VIA's have PH2 as an input and contain their own strobe logic. 

SEL MISC L enables the lower right LS138, which decod~s ABOO-AB02 
to enable miscellaneous control registers that are implemented 
in MSI parts. This decoder is gated with PH2 to generate data 
strobes to the registers. The two gates feeding its high enable 
input· allow it to generate only read strobes to addresses 0-6 
which are read-only registers, and a select on read or write to 
address 7. 

The LSl39 at top right decodes two address lines from the memory 
map during CPU write cycles to drive write-enable for one of the 
four RAM banks. The LSl55 in the center decodes the same address 
lines to drive RAS and CAS. During refresh cycles, the LS08's 
drive RAS to all four banks together. 

5 



CC-THEORY 

Memory Map and RAM Addressing (drawings CC3MAP and CC4RMA) 

The map consists of two 27S07 16x4 register files arranged as 
16 words of 8 bits. When SEL I/O is true (low) the LS257 
multiplexor gates ABOO-AB03 (low four bits of the address) 
to the address inputs of the map. The LSIO at the bottom 
of the drawing generates a write-enable strobe to write data 
from EDBO-EDB7 into the map, and the LSOO above it enables the 
LS244 to drive the map data onto EDB for reading. 

When SEL I/O is false (high) the multiplexor uses AB12-AB15 
to address the map. This breaks the 64-Kbyte address space 
into 16 4-Kbyte pages. The highest two pages are wired to 
I/O and ROM; the other 14 correspond to RAM. The map translates 
the page number at its adress inputs into eight bits at its 
data outputs. The low six bits (MA12-MA17 for Mapped Address) 
are the number of a 4-Kbyte physical page in the .56-KByte RAM. 
MA18 is a spare, and the high-inhibits the RAS and CAS logic 
(CClCLK) . 

If we consider the physical memory address to be MA17-MA12 
from the map concatenated with ABll-ABOO, the bits split up 
like this: 

,. MA ~J4 AB ~I 
17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
I C I R I bank 14 column ~'4 row ---+-t 

Bits 15-14 select one bank of RAM chips. Bits 06-00 are the row 
address and bits 13-07 are the column address for 16 K chips. 
Bits 16 and 17 are the eigth address bit in case the board 
contains 64 K chips (this is a NC pin on 5v-only as long as the 
chips in each bank are all the same size. If a bank consists of 
16K chips, its address bits 17-16 are "don't cares" and the same 
memory will show up in four places in the physical address space. 
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CC-THEORY 

Memory Parity Logic (drawing CC5PAR) 

The memory chips that hold data (DBO-DB7) have their inputs 
and outputs tied together to the data bus. The chips that 
hold the parity check bits have their data lines split, with 
data in connected to PAR WRT and data out to PAR RD. 

During a CPU write cycle, the RAM array's PAR RD lines are 
open. The LSl25 is enabled and normally drives PAR RD to zero. 
If the number of ones that the CPU is putting onto the data 
bus is even, the S280's EVEN output goes high and puts a one 
on PAR WRT, making the parity odd in the nine bits written into 
RAM. For diagnostic purpose, the program can set the LS125's 
input high (CCBVIA). Doing so will force bad parity to be 
written into memory. 

During a read cycle, the LSl25 is turned off and the addressed 
RAM chip drives the PAR RD line. The S280 checks parity on 
the nine bits read out and sets EVEN high if the parity was 
wrong. Even parity during a read enables the K input to the 
LS109 at upper right; if this was really a RAM cycle, CAS ENB 
will be low to the end of the cycle and its rising edge will 
clock the LS109 to the zero state, indicating that an error 
happened. 

The LS374's near the center latch the contents of the CPU 
adaress bus during every instruction fetch cycle (SYNC high) 
as long as the error latch is off. Once an error has happened 
the clocks to this register are inhibited; the register 
retains the address of the first byte of the instruction 
that hit the bad data. 

The LS374's at the right latch the contents of the address 
bus when the error latch comes on. This register then 
retains the address of the bad data. The error address 
register outputs are enabled onto the bus by the MISe 
decoder CC2ADR for reading by the CPU. Reading the high 
byte of the error address latch as the side effect of clearing 
the error latch, allowing subsequent errors to be recognized. 
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CC-THEORY 

Reset, Parrallel I/O, Shift Registers (drawing CC8VIA and CC9CTL) 

Reset Logic 

During power-on, the R/C circuit at the lower left holds PO 
RST L low for a while. Grounding CC INTL L (C3B03) simulates 
a power-on reset. The LS08 at bottom generates CPU RST L, 
which resets the 6502 for either a power-on or a panic. 
PO RST L resets 6522 VIA #0 (top left), putting all of its 
outputs in high-Z state. That makes SYS RST H high and SYS 
RST L low, producing a RESET to the rest of the board. Since 
SYS RST H is a VIA output it is under control of the CPU. 
PANIC does not reset VIAO so the CPU can tell the difference 
between PANIC and POWER-ON, and decide whether to reset 
the rest of the system. 

Shift Registers (data path to/from 26 and TYBUS) 

The shifter in VIA #2 is used to shift out, and VIA #1 to 
shift in. VIA #2 generates the shift clock. The clock 
and data are buffered out by the LS367 at 09-14, and four 
sections of LS367 at 05-14 produce delayed clocks for the 
26. The LS125 at 42-01 buffers shift data in from the 
backplane; it is disabled when either of the on-board 
shifters (DMA address and data) is selected. Serial data 
in is latched in the LS74 at 09-26 a half cycle early 
by inverted SR CLK. This holds the serial input bit long 
enough ·for the VIAl shifter to catch it. 

VIA #0 - system control 

This chip's interrupt request output is connected to NMI 
to provide a high-priority interrupt for error conditions. 
All other interrupts in the system are connected to IRQ. 
The I/O pins are used as follows: 

Pin Signal 

PAO SR CTLO 
PAl SR CTL1 

PA2 SR CTL2 
PA3 SR CTL3 

PA4 CLR FLGS 
PA5 REAL DMA 

PA6 WRT RG H 
PA7 (in) DM ACK 

CAl (in) PAR ERR 

L 
H 

L 

Description 

Unused. 
Controls direction of VIAl buffers (CCgCTL), 
enables input form.FUTURE 26. 
FUTURE 26.control output strobe 
FUTURE 26. data output strobe 
PA2 and PA3 are used ot control the 
programming voltage in the EPROM programmer. 
Low pulse clears the TYBUS interrupt flags. 
Controls DMA/mailbox operation in TYBUS 
interface. Low for mailbox, high for DMA. 
DMA/mailbox control - low is read, high write 
Cleared by DM GO L, set when DMA/mailbox 
cycle is finished. 
Causes NMI when a parity error happens. 
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VIA #0 - system control continued 

Pin SIGNAL 

CA2 FDC IRQ H 

PBO SEL SROO L 
PB1 SEL SE01 L 
PB2 PZ SENSE 2 
PB3 PZ SENSE 3 
PB4 SR CLK 
PB5 WRT WRONG PAR H 
PB6 (in) SYNC H 

PB7 SYS RST H 

CB1 BRK INT H 

CB2 NC 

VIA #1 - 26 Control 

Description 

Makes NMI to terminate Floppy data 
transfer loop when FDC requests an interupt. 
Low selects the TYBUS data register. 
Low selects the TYBUS address register. 
Used only in EPROM programmer. 
Ditto. 
Used for single-clocking of 26 shifters. 
For memory diagnostics. 
Planned to use for CDDT one-stepping, 
turned out not to work. Timer 2 used instead 
Set high-Z by power-on, holds all 
other I/O reset. 
Causes NMI when a BREAK is detected in 
PCIO or PCl1 - for calling CDDT. 
Spare. 

The PA and PB lines form a 16-bit I/O port for data transfers 
to and form the FUTURE 26. These are all outputs when controlling 
a 26, with alternate names shown at the right side of the LS245's 
in (CC9CTL). These 16 bits are also used as address and control 
by the EPROM programmer. 

CA2 

VIA #2 

DM GO L Pulsed low to initiate a DMA/mailbox 
cycle in the TYBUS interface. 

The EPROMS each occupy a 2-Kbyte address space. PAD and PAl 
supply high-order address bits when larger EPROMs are places 
in the board, allowing bank switching in the ROMs. 

PBO-PB7 are used as the data port for the EPROM programmer. 

VIA #3 is entirely a spare. It can be used to control two 
Centronics - type line printers, or whatever. 
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EPROMs (drawing CC9ROM) 

There are three 28 pin sockets which can contain 2716 (2-Kbyte 
24-pin), 2732 (4-Kbyte 24-pin) or 2764 (8-Kbyte 28-pin) EPROMs. 
Pin 23 of each socket is wired to a pair of switches at 62-46. 
When a 2716 is inserted, the corresponding switch must be set 
to the Vcc position. For larger EPROMs, the switch should be 
set to the All position to allow the high address bit to select 
the different EPROM banks. Address bit 12 is not connected when 
a 24-pin package is in the socket, so it needs no switching. 

RAM Array (drawings CC6RMO and CC6RM2) 

The array is organized as four rows of nine chips. When viewing 
the board from the component side with the lettering right-side 
up, the near row is memory bank 0, the next is bank 1, etc. 
Bit 0 (least significant) is at the left, bit 1 is next, and so 
on with the parity bit at the extreme right. Note that the data 
bits are wired with input and output pins in common and the parity 
bit has separate in and out busses. Each row has its own RAS,CAS 
and WE line in order to keep the loading on the drivers down. 

Floppy Disk Controller (drawings CC7FDA and CC7FDC) (FUTURE USE) 

The two gates at the upper right of (CC7FDA) generate the 
read and write strobes to the 1797 during PH2 high. The LS74 
to the left synchronizes the data request (FDC DRQ H) with the 
end of each CPU cycle. With DRQ off and address bit 3 on and 
no interrupt request (FDC IRQ H), the 7420 in the middle pulls 
WAIT L down when the CPU addressed the FDC. If the cycle is a 
read, the CPU will hang until WAIT L goes high. That happens when 
either DRQ goes high meaning that the FDC is ready to transfer a 
byte, or FDC IRQ H goes high meaning that the data transfer is 
finished. 

The 7406's buffer the FDC outputs onto the disc drive cable. 
The 7414's and their input pullups receive the inputs from the 
disc, as recommended by the Shugart 851 interfacing manual. 

The 74123 triggers ehen the FDC sets the head load command FD 
LOAD. About 30 ms later it times out and FD LOADED becomes true. 
This gives the right delay for loading the heads on a Shugart 851 
drive. 

(CC7FDC) shows the floppy controller chip as a 1793. We are really 
using a 1797. The two chips are identical except for the function 
of pin 25, which is Side Select on a 1797 and something else on a 
1793. The entire circuit consisting of the 1797, 1691, 748124 
and all the resistors and capacitors is copied directly from the 
Western Digital WD169l data sheet, so look there for the explanation 
of how it works. 
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Serial Line Interfaces (or PCI's) (drawings CCAPCI, CCBBRC, CCCEIA) 

(CCBBRC) shows a standard type of oscillator using a 4.9152 MHz 
c:rystal. The output, BRCLK, is bussed to the clock inputs of the 
six. PCI's. Each PCI contains dividers and control logic to 
generate any of 16 standard baud rates under program control. 
The lone pullup resistor at the upper left of the drawing us 
wired to the second input of each two-input l488EIA driver to 
enable its output. 

(CCAPCI) shows the six 2661's. All of their data and modem 
control signals are wired directly to 1488 drivers or 1489 
receivers on (CCCEIA), except for the DSR (Data Set Ready) line 
of PCI #0. The LS08 at upper left is for a special hack on line 0 
to allow the program to read the terminal's bit rate. With DTR 
high (false) the DSR input sees the RXD (Received Data) signal 
allowing the CPU to watch the data line and time its pulse widths. 
When DTR is set low (true), DSR is held true and the CPU no longer 
gets interrupts on data transitions. 

Lines 0 and 1 have their RXC/BKDET pins programmed (by the setup 
routine in CDDT) to put out the Break Detect condition. The LS32 
at middle left OR's the two break detects for input to VIA#O 
(CCBVIA), where the rising edge of that input causes a high
priority interrupt request to the CPU. This mechanism lets the 
BREAK key on either controlling terminal call CDDT. 

The transmit and receive clock inputs of PCI #2-#5 are open at 
present. These may be bussed to a common clock derived from 
BRCLK if we want to implement split speed on these lines. 

Each PCI has three interrupt-request output pins. These are 
all wire-or connected to IRQ for a normal-priority interrupt 
to the CPU. 
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Row 3 

Row 2 

Row 1 

Row 0 

X Indicated a memory IC TYPE 4164 

WHEN THE CONSOLE COMPUTER CRASHES WITH A 

MEM PAR ERR Yl Y2 Y3 Y4 Y5 Y6 

(Y1-Y6 are bytes in hex) 

this DATA can be INTERPRETED AS FOLLOWS: 

PC = Yl Y2 (2 bytes Long) 

ADDR = Y3 Y4 (2 bytes Long) 

DATA = Y5 (1 byte Long) 

PAGE = Y6 (1 byte Long) 

PAGE REFERS TO WHICH ROW HAD THE FAILURE. 

AT THIS POINT YOU ARE IN A DDT AND CAN CHECK THE ADDRESS 

AND THE DATA. 
Y3 Y4/ (data) new input data) (there is no space 

between the numbers Y3 
and Y4) 

(new input data is the data 
you are putting in to test) 

IF NO BIT IS A SOLID ERROR REPLACE OUT THE ENTIRE ROW. 



CONSOLE OPERATIONS 
-~----- -------~--

*** POWER UP *** 

At power up the console will do a self test and then go 
into "CDDT". Then you may issue the following console commands. 
If the console terminal is hung, you may hit local reset on the 
console keyboard. 

;;CCL = Console Computer Language 

$G ; ; LOADS BASIC CCL CODE FROM CONSOLE EPROMS. 
(INTERPRETER) 

LOADU ;;LOADS DISK HANDLING PORTION OF THE MICRO-
;;CODE FROM CONSOLE EPROMS 

BOOTC ;;LOADS CCL CODE FROM DISK TO MOS MEMORY 

TBOOTC ;;LOADS CCL CODE FROM TAPE TO MOS MEMORY 

LOADC ;;LOADS CCL CODE FROM MOS MEMORY TO CONSOLE 

***** SOMETIMES BOOTU DOES NOT WORK PROPERLY *** 
****** AND TYPING "BLAST" HELPS (CPU RESET) **** 

BOOTU ;;LOADS REAL MICROCODE FROM DISK 

** THE SYSTEM SHOULD NOW BE READY TO** 
** LOAD THE MONITOR OR DIAGNOSTICS** 

*** LOADING THE MONITOR OR DIAGNOSTICS *** 

MBOOT 0 ;;LOADS DIAGNOSTICS FROM FILE #0 ON THE 
;;TAPE DRIVE. OTHER FILE NUMBERS POSSIBLE 

DBEDDT 0 ;;LOADS MONITOR WITH EDDT FROM DISK DRIVE O. 
;;OTHER DISK NUMBERS MAY BE USED IF THERE IS 
;;RESIDENT MONITOR ON THAT DISK. 

*** AT THIS POINT THE "EDDT" PROMPT SHOULD.*** 
* APPEAR ON THE OPERATOR TERMINAL. THE COMMAND* 
* TO START THE MONITOR WOULD BE "START$G" AND * 
* WOULD BE TYPED ON THE OPERATOR TERMINAL. *** 

NOTES: 1. THE "$" STANDS FOR ESCAPE OR ALTMODE. 
***** 2. THE OCTAL CODES THAT APPEAR AFTER THE EXECUTION OF 

BRING-UP COMMANDS ARE CALLED "AR FLAGS". THESE 
FLAGS ARE STORED IN THE AR REGISTER AFTER ANY 
MACHINE HALTS. THEY ARE DECODED ELSEWHERE IN THIS 
DOCUMENT. 



CONSOLE MAINTENANCE COMMANDS 

PREFACE: DO NOT TOUCH THE CONSOLE WHILE THE MONITOR IS RUNNING!! ! ! ! 
THE SYSTEM WILL PROBABLY CRASH!! ! ! ! 

THE MICROCODE MUST BE STOPPED BEFORE ANY CONSOLE 
COMMANDS ARE USED. 

* AR FLAGS * 
* *Ol=RESET DONE 
*ll=JRST 4 
*22=? 
*33=? 
*44= INTERRUPT 
* FROM ILLEGAL 
* DEVICE 
*55=? 
*66=ECC ERROR 
*70=MONITOR 
* BOOTSTRAP 
* READ OK 
*7l=MONITOR 
* BOOTSTRAP 
* READ FAILED 
*72=MICROCODE 
* READ OK 
*73=MICROCODE 
* READ FAILED 

Note: 
New codes are being added 
frequently. 

***REGISTER DEPOSIT*** 

LDHOLD 
LDPC 
LDMA 
LDIR 
LDAR 
LDQ 
LDDEV 
DAC 0 
DAM 0 

(DATA) 
(DATA) 
(DATA) 
(DATA) 
(DATA) 
(DATA) 
(DATA) 

(DATA) 
(DATA) 

;;LOAD HOLD REG WITH 36 BIT WORD 
; ; LOAD PC 
; ;LOAD MA 
; ; LOAD IR 
; ;LOAD AR 
; ; LOAD ALU Q REG 
; ; LOAD DEVICE REG 
;;LOAD AC 0 WITH 36 BIT WORD 
; ; LOAD AMEM 0 WITH 39 BIT WORD 

*** REGISTER EXAMINE *** 

XAC 0 
XAM 0 
XPCF 
DD 

;;EXAMINE ACCUMULATOR 0 
;;EXAMINE AMEM LOCATION 0 
; ; READ PC FLAGS 
; ;DISPLAYS REGISTER CONTENTS ON UPPER 
; ; PORTION OF CONSOLE SCREEN 



CONSOLE MAINTENANCE COMMANDS 

*** MOS MEMORY *** 

DMRD (ADDR) ;;EXAMINE MOS MEM LOCA~ION VIA CONSOLE 
; ; DMA TYBUS PATH. 

:ALL ··MEM CAN BE ACCESSED. 

DMWRT(ADDR) (DATA); ;DEPOSIT 36 BIT DATA INTO MOS MEMORY WITH 
;;~O RESTRICTIONS· 

EX (ADDR) ; ; EXAMINE MOS MEMORY VIA CONSOLE DIRECT PATH. 
; ; ONLY 25'6 K GREATER THAN 256K RAPS AROUND 

DE (ADDR) (DATA) ;;DEPOSIT 36 BIT WORD TO MOS MEMORY. 

MG (ADDR) ; ; START EXECUTING MOS MEMORY INSTRUCTIONS AT (ADDR) 

*** MICROCODE *** 

UST (ADDR) 

SETQ UI.DEST 0 
MML (ADDR) UI 

; ;SET THE MICRO PC COUNTER ADDRESS AND SETUP UI.xx· 
in the CCL CODE 

UST (ADDR) TO VERIFY THAT IT DID LOAD 

-----------------EXAMINE AND DEPOSIT BY FIELDS --------------

*EXAMINE* 

UI.DEST 
UI.SP2 
UI. JCODE 
UI.ACSEL 
UI.D 
UI.CYLEN 
UI. IF 
UI.DF 
UI. SPC 
UI.JADR 
UI.ROT 
UI.MASK 
UI.EEAL 
UI. EAFO 
UI.LDMA 
UI.IDSPR 
UI.MWAIT 
UI. SAFMA 
UI.PO 
UI.SP1 
UI.ACRY 
UI.ASRC 
UI.AFUN 
UI.ADST 
UI.ALU1 
UI. LDAR 

*DEPOSIT* 

SETQ UI.DEST 
SETQ UI.SP2 
SETQ UI.JCODE (DATA) 
SETQ UI.ACSEL (DATA) 
SETQ UI.D (DATA) 
SETQ UI.CYLEN (DATA) 
SETQ UI.IF (DATA) 
SETQ UI.DF (DATA) 
SETQ UI.SPC (DATA) 
SETQ UI.JADR.(DATA) 
SETQ UI.ROT (DATA) 
SETQ UI.MASK (DATA) 
SETQ UI.EEAL (DATA) 
SETQ UI.EAFO (DATA) 
SETQ UI.LDMA (DATA) 
SETQ UI.IDSPR (DATA) 
SETQ UI.MWAIT (DATA) 
SETQ UI.SAFMA (DATA) 
SETQ UI.PO (DATA) 
SETQ UI.SP1 (DATA) 
SETQ UI.ACRY (DATA) 
SETQ UI.ASRC (DATA) 
SETQ UI.AFUN (DATA) 
SETQ UI.ADST (DATA) 
SETQ UL.ALU1 (DATA) 
SETQ UI.LDAR (DATA) 

MAX OCTAL VALUE* 

77 
1 
17 
7 
77 
17 
1 
1 
77 
37777 
77 
77 
1 
1 
1 
1 
1 
1 
1 
1 
1 
7 
7 
7 
1 
1 



CONSOLE MAINTENANCE COMMANDS (CONTINUED) 

-------------------EXAMINE AND DEPOSIT BY FIELDS--------------

*EXAMINE* 

UI.JCOND 
UI.REV 
UI.MAPF 

UI.LIT 

*DEPOSIT* * MAX OCTAL VALUE 

SETQ UI.JCOND (DATA) 37 
SETQ UI.REV (DATA) 1 
SETQ UI.MAPF (DATA 17 

SETQ UI.LIT (DATA) 777777777777 (36 BITS) 



LINE MODE 
TERMINAL MODE 
CHARACTER SET 
KEYBOARD TYPE 
CHARACTERS/ROW 
80/132 CLEARS SCREEN 
LINE FREQUENCY 
FLAG 
TRANSMIT BAUD RATE 
RECEIVE BAUD RATE 
BITS/CHARACTER 
STOP BITS 
PARITY 
PARITY SENSE 
PRINTER BUAD RATE 
PRINTER HANDSHAKE 
PRINTER BITS/CHAR 
PRINTER STOP BITS 
PRINTER PARITY 
PRINTER PARITY SENSE 
PRINT EXTENT 
PRINT TERMINATOR 
LOCAL ECHO 
MODEM CONTROL MODE 
SCROLL MODE 
BACKGROUND 
MAGIN BELL 
KEY CLICK 
CURSOR MODE 
AUTO REPEAT 
WRAP AROUND 
NEW LINE 
AUTO XON/XOFF 

ADM 36 SET UP 

LOCAL/REMOTE 
ANSI 
US ASCII 
QWERTY 
80 
ON 
60 
o 
19200 
19200 
8 
1 
OFF 
ODD 
1200 
XON/XOFF 
8 
1 
OFF 
ODD 
PARTIAL 
NONE 
OFF 
OFF 
SMOOTH 
DARK 
OFF 
OFF 
BLOCK 
ON 
ON 
OFF 
OFF 



Load Diagnostics from an initial POWER ON or cold 
starting the 26 system 

I $G will load basic CCL Code from EPROMS 
on Console Interface Board 

2 LOADU Loads Microcode for Disk handling 

3A BOOTC Loads CCL from Disk - Takes 15min 

3B TBOOTC Loads CCL from Tape 

4 LOADC Loads Console with ceL 

5 BOOTU Loads Code from Disk 

6 MBOOT X LOADS MACROS 

NOTE: $G = ESC G 

The system is ready now to load diagnostics. 
There are 2 types of diagnostics available 
at this point. To load monitor see USER GUIDE 

1 . 

2. 

PUT APPROPRIATE TAPE IN DRIVE 

UTOBJ 

TYFOON 

A CPU Diagnostic which checks the function 
operation of the bit slice boards, EOBUS,OBUS, 
DBUS, Memory, Traps, MUS's, etc. 

A system diagnostic which te$ts disk 
drives, tape drives & the system in" gene~al~ 



Procedure for warm start or reloading diagnostic on the 
26 system 

1. PRESS Function 1 Key- places terminal in eCL (PFl/Fl KEY) 
TYPE 

2. 

3. 

4. 

LOADU 

BOOTU 

MBOOT 

Loads disk handling code from ce 

Loads disk handling code from ce 

Loads Macros 

The system is ready now to load diagnostics. 
There are 2 types of diagnostics available 
at this point. To load monitor see USER GUIDE 

1. 

2. 

PUT APPROPRIATE TAPE IN DRIVE 

UTOBJ 

TYFOON 

A CPU Diagnostic which checks the function 
operation of the bit slice boards, EOBUS,OBUS, 
DBUS, Memory, Traps, MUS's, etc. 

A system diagnostic which tests disk 
drives, tape drives & the system in general. 



Load Diagnostics from an initial power on or cold starting the 
system. 

1 

2 

3A 

3B 

4 

5 

6 

1 UTOBJ 

2 TYFOON 

1. 

2. 

3. 

4. 

$ G will load basic CCL Code from EPROMS on 
Console Interface Board 

LOADU Loads Microcodefor Disk handling 

BOOTC Loads CCL from Disk - Takes 15 min-

TBOOTC Loads CCL from Tape 

LOAD C Loads Console with CCL 

BOOTU Loads Code from Disk 

MBOOT X 

The 'system is ready now to load diagnostics. 
There are 2 types of diagnostics available at 
this point. To load monitor see USER GUIDE 

A CPU Diagnostic which checks the functional 
operation of the bit slice boards, EOBUS,OBUS, 
DBUS, Memory, Traps MUX's. 

A system diagnostic which tests disk drives, 
tape drives & the system in general. 

Procedure for warm start of 26KL 

PFl Function -Function 1 Key- Put terminal in CCL 

LOADU Loads disk handling code from CC 

BOOTU Loads Code from Disk 

MBOOT 0 
System is now ready to load diagnostics or 
System Monitor 



TROUBLE SHOOTING PROCEDURE FOR DOWN SYSTEM 

The system must be down software wise before starting this 
procedure. 

CPU Problem Use the Following 

1. 

2. 

3. 

4. 

Hit the (PF1) key 

Type: TMM 15(CR) 

Type: 

Type: 

TMM 4000(CR) 
TMM 10000(CR) 
TMM 17000(CR) 
TMM 30000(CR) 

DMRD 100(CR) 

DMWRT 100 VM1(CR) 

DMRD 100(CR) 
DMWRT 100 O(CR) 
DMRD 100(CR) 

EX 100(CR) 

DE 100 VM1(CR) 
EX 100(CR) 

The screen should print 
CCL 
you are now connected to the console 
computer. 

This u-location has holes in the 
u-word, you will see garbage in 
the holes. 

TMM tests micromemory. 
The output of the word should look like 
000 ... 00 17 ... 777 
177 ... 77 00 .... 000 These words 
0525 ... 25 1252 ... 52 are 88 bits 
1252 ... 52 0525 ... 25 wide. 
This will show you if all 6 banks 
of u-memory can be written into 
and read from. 

This does a direct memory read at 
Loc. 100. 
This does a direct memory write of 
all l's. 
Data should equal 777777, ,777777. 
Writes all 0 "s. 
Data should equal 000000, ,000000. 

Data should equal all O's. 
These commands will write a u-INST 
then execute the u-1NST. 
EX = EXAMINE DE = DEPOSIT. 
Da ta should equal all 1 t s . 

5. Load the u-diag for the System 26. 



CONSOLE 

Typical Tymshare Hardware Configuration 

600 LPM 
PRINTER 

DEC 2020 

LOCAL 
DEC 

PDP 11 

LOCAL 
DEC 

PDP 11 

4800 
BAUD 

SYNC 

MODEM ~4_80_0_B_A_U_D~ 
208 

RE~OTE 
DEC 

PDP 11 



FONNLY F3 MICRO COMPUTER 

THE EQUIPMENT THAT MAKES UP A FOONLY COMPUTER SYSTEM IS INSTALLED 
IN 2 CABINETS AND CONSIST OF THE FOLLOWING. 

ONE CABINET WITH 
1- A NET COM COMMUNICATIONS INTERFACE 

2- A FOONLY MICRO COMPUTER WITH 512 K OF 36 BIT WORDS OF MEMORY . 

ONE I/O CABINET WITH 
1- WHICH HAS J CDC MODEL NUM. BZ9AX 160 MEGA BYTE DISK DRIVES 

(WITH NON REMOVABLE DISK PACKS) 

2- . MODEL NUM. 9100 KENNDY TAPE DRIVE 

(75 IPS 9 TRACK 800/1600 BPI) 

3- A MODEL NUM. 9219 FORMATTER USED IN CONJUNCTION WITH TAPE DRIVE. 



INDEX 

PAGE 1 EMERGENCY AND NORMAL POWER OFF PROCEDURES. 

PAGE 2 FOCNLY FRONT CONSOLE. 

PAGE J TAPE DRIVE AND FORMATTER (BRIEF DESCRIPTION) 

PAGE 4 LOADING MICRO CODE,DISK DIAGS AND MONITOR. 

PAGE 5 DISK DIAGNOSTICS (BRIEF DESCRIPTION) 

PAGE 6 DISK FRONT PANEL 

PAGE 7 TAPE DRIVE CLEANING PROCEDURE. 

PAGE 8 ERROR AND CRASH REPORTING 

PAGE 9 NOTIFICATION PROCEDURES 



· POWER SWITCHES FOR E~RGENCY 
AND NORMAL POWER DOWNS 

THE FOONLY MICRO COMPUTER CABINET 

PAGE 1 

1- HAS A 2 POLE CIRCUIT BREAKER THAT SHUTS OFF ALL AC POWER TO 
FONNLY CABIN~~, LOCATED ON THE BACK OF THE CABINET AT THE 
BOTTOM CENTER. 

2- HAS A SINGLE SWITCH FOR DC PO\ffiR ONLY, LOCATED JUST 
ABOVE THE AC BREAKER. 

3- THE NET COM INTERFACE HAS NO SWITCHES AND MUST BE UNPLUGGED 

THE I/O CABINET 

1- THE CDC DISK DRIVES HAVE A CIRCUIT BREAKER ON EACH DRIVE 
WHICH SERVES AS AN ON OFF SWITCH AND A CIRCUIT BREAKER. 
LOCATED AT LEFT REAR CORNER OF EACH DISK DRIVE. 

2- THE KENNDY TAPE DRIVE HAS POWER OFF SWITCH ON TOP FRONT 
OF TAPE DRIVE 

J- THE FORMATTER MUST BE UNPLUGGED FROM REAR OF CABINET. 



FRONT CONSOLE PAGE 2 

THE FONNLY MICRO COMPUTER HAS MANY SWITCHES ON THE FRONT 
CONSOLE, BUT FOR MOST OPERATION AND MAINTENANCE USES WE ARE ONLY 
CONCERNED WITH JUST A FEW OF THE SWITCHES SHOWN ON FIG 1 
AND MENTIONED IN LOADING MICRO CODE ETC ON PAGE 4 
THE SWITCHES WE ARE MOST CONCERNED WITH ARE 

COSOLE 
START 
EXM AND DEP 

MICRO PROCESSOR 
MI STOP 
MI CONT 
MI CLR 
MI PC 

ADDRESS SWITCHES 
DEPENDS ON ADDRESS 

THE SWITCHES WE USE THE MOST ARE DARKENED mN FIG 1 
.,_ .. _--

i CONSOLE 
; 

EXM DEP 
Sj R--

T'ICISEIITNTN 
A 0 T SiX H E H E 
R N 0 ElC'I X I X 
T T P TIT1SIT S T 

!"_-- ....... -... -.-..... ---.. ----.. ----_. ----··---1 
MICRO PROCESSOR 

~1~1~1 IMIMIPAR i,.MI
I ' 

l. 1.il. ,1 i STopl i 

ADDRESS SWITCHES s C 
Toe 
o N L 
P T R 

",,~ I~~ ~ ~ ~ UIS M R 
ts IT 1) 20 

45678 9 1 2 
••• 0 0 0 0 00' 000 fO'O 0 0-0 0 0 0 0 0 

I 
FIG 1 



FRONT CONSOLE PAGE 2 

THE FONNLY MICRO COMPUTER HAS MANY SWITCHES ON THE FRONT 
CONSOLE, BUT FOR MOST OPERATION AND MAINTENANCE USES WE ARE ONLY 
CONCERNED WITH JUST A FEW OF THE SWITCHES SHOWN ON FIG 1 
AND MENTIONED IN LOADING MICRO CODE ETC ON PAGE 4 
THE SWITCHES WE ARE MOST CONCERNED WITH ARE 
COSOLE 

START 
EXM AND DEP 

MICRO PROC~SSOR 
MI STOP 
MI CONT 
MI CLR 
MI PC 

ADDRESS SWITCHES 
DEPENDS ON ADDRESS 

THE SWITCHES WE USE THE MOST ARE DARKENED IDN FIG 1 

CONSOLE 

S RI 
T C SET N T N 
A 0 T S !x H E H E 
R N 0 Elc I XI X 
T T P TIT SITIS T 

.00 0 0 S I @ ~ 

U S M R 
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••• 0 0 0 0 0 ago 0 0 foo 0 0 0 000 a 0 t,o 0 01'0 a 
I ,I 

FIG 1 



TAPE DRIVE AND FORMATTER 

THE 9100 KENNDY TAPE DRIVE HAS ALL OF ITS SWITCHES 
ON THE FRONT PANEL 

THE LOAD POINT LIGHT IS UNDER THE SWING UP TOP PANEL. 
THE PANEL MUST BE RAISED TO SEE LOAD POINT. 

PAGE J 

MAINTENANCE SWITCHES AND LAMPS ARE ALSO UNDER THE SWING UP TOP PANEL. 

THERE IS A TAPE CLEANING PROCEDURE ON PAGE 9 OF THIS SECTION. 

THE KENNDY FORMATTER IS JUST AND INTERFACE BETWEEN THE FOONLY 
CONTROLLER AND THE KENNDY TAPE DRIVE. THERE ARE NO LIGHTS OR 
SWITCHES TO BE CONCERNED WITH. 



MICRO DIAGNOSTICS 

IN ORDER TO LOAD DISK DIAGNOSTICS OR A SYSTEM MONITOR YOU 
MUST LOAD A MICRO LOADER lNTO 'liHE SYSTEM. 

(THIS WOULD ONLY BE NECESSARY IF THE SYSTEM HAD LOST POWER 
OR HAD A POWER GLITCH) 

TO VERIFY MICRO CODE 
SET MI STOP AND MI PC SWITCHES 
SET ADDRESS SWITCHES TO 4000 
PRESS MI CLR AND MI CONT 
RESET MI STOP AND MI PC SWITCHES 
PRESS MI CONT 

YOU SHOULD NOW BE ABLE TO USE CONSOLE EXM AND DEP SWITCHES 
WHICH INDICATE THAT THE MICRO CODE IS OK. 

LOADING MICRO CODE 
INSTALL MICRO CODE TAPE 
CHECK FOR CORRECT BPI 800/1600 
SET ADDRESS SWITCHES TO 10 
SET MI STOP AND MI PC SWITCHES 
PRESS MI CLR AND MI CONT 
RESET MI STOP AND MI PC SWITCHES 
PRESS MI CONT 

THE TAPE WILL ONLY MOVE A SHORT DISTANCE. YOU CAN THEN 
VERIFY IF THE MICRO LOADED USEING THE ABOVE PROCEDURE ARE 
GO AHEAD WITH LOADING OF NEXT TAPE MONITO~.DIGS ETC. 

LOADING DISK DIAGNOSTICS UR A MONITOR TAPE 
INSTALL CORRECT TAPE DIAG OR MONITOR 
CHECK FOR CORRECT BPI 800/1000 
SET ADDRESS SWITCHES TO 5000 
SET MI STOP AND MI PC SWITCHES 
PRESS MI CLR AND MI CONT 

-:RESET ·.MI Sl'OP AND MI' PC SWITCHES 
PRESS MI CONT 

TAPE SHOULD NOW BE LOADING 
WHEN TAPE STOPS 
SET ADDRESS SWITCHES TO 140 WHEN LOADING DIAGS 
SET ADDRESS SWITCHES TO 100 WHEN LOADING MONITOR 
YOU MUST NOW USE THE CONSOLE SWITCHES 
PRESS CONSOLE START SWITCH 2 TIMES 
THE TTY SHOULD NOW RESPOND AND BE WAITING FOR YOUR COMMANDS 

SEE PAGE 2 FIG 1 FOR SWITCHS 

SEE TENEX OPERATING PROCEDURES FOR MONITOR 
SEE NEXT PAGE FOR BRIEF DISCRIPTION OF DISK DIAGNOSTICS. 

PAGE 4 



~ 
D.-JK DIAGNOSTICS 

- WAI=<NI\\JG-
BECAUSE THE CDC DISK DRIVE DOESNT HAVE A REMOVABLE PACK 
CARE MUST BE TAKEN WHEN RUNNIG DIAGNOSTICS ON A SYSTEM PACK. 
AS OF NOW THERE IS ONLY 1 MAINTENANCE CYL WHICH WE CAN WRITE 
ON. THAT IS CYL 1466 OCTAL 822 DECIMAL. IT WOULD BE A GOOD 
IDEA NOT TO RUN ANY WRITE DIAGS UNLESS IT WAS REALLY .' .. NECESSARY 
OR A BACK UP HAD JUST BEEN TAKEN. 
TO BE SURE THAT WE DONT DO A WRITE ACCIDENTLY WE SHOULD KEEP 
THE DISK IN WRITE PROTECT WHILE RUNNING DIAGNOSTICS. 

WITH DrAGS LOADED AND TTY WAITING AT EDDT WE CAN NOW RUN DIAGS. 

TYPE IN CDC16o$G 

PAGE 5 

UNIT! X 
CYL/ --X 

HEAD/ ---xx 
A LINE FEED WILL GET YOU TO CYL.ETC 
822. IS THE DECIMAL EQIV. OF 1~66 OCTAL 

SECTOR/ x 
TYPE RD$G THE TTY WILL PRINT OUT SOME INFORMATION 

TYPE RD$G THIS WILL INITALIZE THE DISK AND YOU COULD GET 
AN ERROR 

TYPE RECAL$G YOU CAN NOW PROCEDE WITH THE DIAGNOSTICS. 

( ALL :3 DISK DRIVES SHOULD BE INITALIZED 
STARTING WITH 2 RD$G BEFORE RUNNIG DIAGS) 

SOME OF THE DISK DIAGNOSTICS TO RUN ARE BELOW BUT DOES NOT INCLUDE 
ALL OF THEM ARE GIVE YOU PARAMETERS FOR SOME OF THEM 
TYPE HELP$G FOR MORE DETAILED INFORMATION. 

RD$G 
WA$G 
TES'lll$G 
TEST2$G 
TEST3$G 
TEST4$G 
TEST5$G 
TESTo$G 

SEE DIAGNOSTIC LISTING FOR DISCRIPTION OF ABOVE DIAGNOSTICS 



DISK FRONT PANEL PAG~ 6 

THE DISK DRIVES ARE POWERED UP AND DOWN BY THE CIRCUIT BREAKERS> 
ON THE BACK OF EACH DISK DRIVE. 

WHEN POWERING THE DISKS UP CARE SHOULD BE TAKEN TO ALLOW SOME 
TIME FOR THE FIRST DISK TO POWER UP BEFORE POWERING UP THE NEXT 
DISK DRIVE. THE REASON BEING THAT THE CIRCUIT BREAKER ON THE MAIN 
PANEL MAY TRIP IF MORE THAN 1 DIAK DRIVE IS POWERED UP AT THE 
SAME TIME. 

THERE ARE J LIGHTS ON FRONT OF DISK DRIVE 

-1-' -- ..... -,.------.. --.... --.--.. ----------, 

I 
READY \ FAULT WRITE I 

I CLEAR PROTECT I 
~___ 0 _____ • _____ ._~ --..!..-----.-.'J.---.. 

READY IS JUST A YELLOW LIGHT 
P.· 

FAULT CLEAR IS BOTH A RED LAMP AND CLEAR SWITCH, WHEN A FAULT 
OCCURS YOU SHOULD BE ABLE TO CLEAR IT BY PRESSING SWITCH, IF 
YOU CANT CLEAR THE SWITCH THIS WAY, SOME TIMES YOU CAN POWER 
THE DISK DRI\~ OFF AND THEN BACK ON. 

WRITE POTECT IS A RED LAMP AND SWITCH TO PROTECT THE DRIVE FROM 
BEING WRITTEN ON. IF LAMP IS ON SWITCH IS SET ON. 

UNDER THE FRONT PANEL IS A FAULT CLEAR DISPLAY LAMP USED TO RECORD 
DISK ERRORS THERE ARE 9 LOACTIONS THAT ARE RECORDED. THE 1ST 2 LAMPS 
RECORDE THE ERROR AND THE OTER 1 RECORDES THE AMOUNT OF ERRORS. 

r· 

THIS CAN BE CLEARED BY THE SWITCH. THIS WILL BE DESCUSSED IN FURTER 
DETAIL IN THE MAINTENANCE SECTION. 
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