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Main Memory

ROW B.ovieennnnn.... ROW 7
3464RAM's 3464RAM's
£ DATA IN > DATA IN >IN ::;ZZZ:::::>IN
TRI-STATE ‘
; 29841 »|WRT Lo »l WRT
d 7
| Rb/WRT ‘ > RAS 56—»{ RAS
é. ’ »| CAS s »1CAS
3 UTPUT
LATCH
DATA OUT < DATA OUT_|oUT <:::;:;S ouT
TRI-STATE
29841
ROW ¢ r“) ROW @ (A]Row 7
ROW ENA RAS/CAS RAS/CAS
DECODER |
X
# ADDR (19:21) 9
: p—> >
ROW 7
ENA /\ [/)
55
EN RAS/CAS RAS/CAS
REFRESH | REFRESH | REFRESH
(22:35)
>{MUX_CONTROL|——/5——»{ MUX CONTROL
RAS
MEM START PLS ‘jIN CAS
~—LATCH STRB ouT -~ [MUX CONTROL
TIMING
GENERATOR

REVISED 21 Mv 85 FEJLW



ROW COLUMN

ADDRESS ADDRESS
/ / AVATAVAVAYAYAVAYAYATATAYAYATAYAYAVAYAYAY, VAVAVARATAVAY,
ADDRESS 0-7 {TRTRX X ARG

AS \ [T
OAS \ /

'0'"‘0‘0‘9”

()

"\ VALID DATA ouT

Read cycle.
ADDRESS 0-7 000K X AR
RAS \ [ 7
oRS \ /

A .0.0 (XX 0’0;0.0’0 (XX 0‘0’0’00

AAAAAAAAAA’A’A’AAAAA’A‘A’A’A‘AAAAA

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,

WORD PARITY BIT AND HAS 1 SPARE BIT.

0-15H AND 0-15L FOR HIGH AND LOVW ORDER.

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

MEMORY WORD

1

THE BOARDS ARE DESIGNATED

ECC
012345678910 11 12 13 14 15 16 17 18 16 20 21 22 28 24 25 26 27 28 20 30313233 3435|012 3 4 5 |WP|SP
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 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 26 27 28 29 30 31 32 33 34 35
8 4 2 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 0.
THIS WOULD INDICATE THE PAIR OF BOARDS IN SLOTS
BO6 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 TIIE GOOD BOARD IN THE

FAILING PAIR. IF THE MEMORY ADDRESS CHANGES, TH
YOU HAVE MOVED THE BAD BOARD.

EN




Future expansion
to 2 Meg Word

NOTE: USE CHART 2 TO FIND
INDIVIDUAL BIT ON BOARD.

ADDRESS RANGE

0000000-0377777
0400000-0777777
1000000-1377777
1400000-1777777
2000000-2377777
2400000-2777777
3000000-3377777
3400000-3777777

BOARD PAIR

N OO WwW N O

MOS MEMORY CHIP LOCATOR

CHART 1

BO pairgy Row Address within chip = 408 Pages
| Select | Select | >
1111 1222 222 22 2 2,33 33 3 3
56 718 90]12 3|45 617 8 9]0 1 23 4 5
WIWIWIWIXIXIXIYIY Y W YIYIZ{Z 22 2 2828212
L | | |
13 N
page page index = 512,10 word
address
BITS 13, 20, 21 ROW
000 = 0
001 = 1
010 = 2
011 = 3
100 = 4
101 = 5
110 = 6
111 = 7
16K BOARD



ADDRESS RANGE

0000000-0037777
0040000-0077777
0100000-0137777
0140000-0177777
0200000-0237777
0240000-0277777
0300000-0337777
0340000-0377777

0400000-0437777
0440000~-0477777
0500000-0537777
0540000-0577777
0600000-0637777
0640000-0677777
0700000-0737777
0740000-0777777

1000000-1037777
1040000-1077777
1100000-1137777
1140000-1177777
1200000-1237777
1240000-1277777
1300000-1337777
1340000-1377777

1400000-1437777
1440000~-1477777
1500000-1537777
1540000-1577777
1600000-1637777
1640000-1677777
1700000-1737777
1740000-1777777

* %
Xk %k
*
* %
* *k
%* %
* %
* %

* %k
%k %k
%k %k
* %
* %
* %
* %
%k %

%k %
* %
* %
* %
* %
* %
% %
* %k

* %
* %
* %
* %
* %
* %
* %
* %k

ROW BOARD PAIR
0

1

2

3

4 0
5

6

7

0

1

2

3 1
4

5

6

7

0

1

2

3

4 2
5

6

7

0

1

2

3 3
4

5

6

7

16 K BOARD

CHART 2

ADDRESS RANGE

2000000-2037777
2040000-2077777
2100000-2137777
2140000-2177777
2200000-2237777
2240000-2277777
2300000-2337777
2340000-2377777

2400000-~2437777
2440000-2477777
2500000~2537777
2540000-2577777
2600000-2637777
2640000-2677777
2700000-2737777
2740000-2777777

3000000-3037777
3040000-3077777
3100000-3137777
3140000-3177777
3200000-3237777
3240000-3277777
3300000-3337777
3340000-3377777

3400000-3437777
3440000-3477777
3500000-3537777
3540000-3577777
3600000-3637777
3640000-3677777
3700000-3737777
3740000-3777777

* %
* %
* %
* %
* %
* %
* %
* %

% %
* %
* %
* XK
% %
* %
* %
* %

%k %
X %
% %
% %
* %
X %
* %
* %

* %k
%k %
* %
* %
* %
* %
* %
X %

ROW BOARD PAIR
0

1

2

3

4 4
5

6

7

0]

1

2

3 5
4

S

6

7

0

1

2

3

4 6
5}

6

7

0

1

2

3

4

5

6 7
7
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Memory board isolation

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 LOV ORDER.

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

MEMORY WORD

ECC
012348567896 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31323334 35!0 123 4 8 |WP|SP
HIGH ORDERBITS ] 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 THE FAILING BOARD PAIR.

64 K BOARD
MEMORY ADDRESS
13 14 16 16 :r17 18 1902021 22 23 24 25 26 27 28 29 30 31 32 33 34 36
8 4 2 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 0.
THIS WOULD INDICATE THE PAIR OF BOARDS IN SLOTS
BO6 AND B24.
ONL OF THE BOARDS WOULD THEN BE SWAPPED WITH ANY
OTHER BOARD. IF THE FAILING MEMORY ADDRESS REMAINS
THE SAME, THEN YOU LAVE MOVED TLI. GOOD BOARD IN THE
FATLING PAIR. 11 THE MEMORY ADDRIESS CHANGES, THEN

YOU HAVE MOVED THE BAD BOARD




NOTE: USE CHART 2 TO FIND

INDIVIDUAL BIT ON BOARD.

ADDRESS RANGE

0000000-1777777
2000000-3777777
4000000-~-5777777
6000000-7777777

64K BOARD

MOS MEMORY CHIP LOCATOR

CHART 1

BO pair; Row Address within chip
|§elect |§e1ect' <
111111 1222 222 22 2 2.3 3 33 3 3
3 415 6 7|8 9 0§12 3|45 67 8 9]0 1 2|3 4 5
WIWIWIWIXIX YLY YL Y YYIYIYLZ2 1282121212 1212 |2
| L * ] J
. page page index = 512 word
\ 10
address
BITS 17 18, 19 ROW
000 = 0
BOARD PAIR 001 = 1
010 = 2
0 011 = 3
1 100 = 4
o 101 = 5
3 110 = 6
111 = 7



ADDRESS RANGE

000000-00177777

200000-00377777
00400000-00577777
00600000-00777777
01000000~-01177777
01200000-01377777
01400000-01577777
01600000-01777777

02000000-02177777
02200000-02377777
02400000-02577777
02600000-02777777
03000000-03177777
03200000-03377777
03400000~03577777
03600000-03777777

04000000-04177777
04200000-04377777
04400000-04577777
04600000-04777777
05000000-05177777
5200000-05377777
400000-05377777
05600000-05777777

06000000-06177777
06200000-06377777
06400000-06577777
06600000-06777777
07000000-07177777
07200000~07377777
07400000-07577777
07600000-07777777

%k %
X %
X Xk
* %
* %k
% %k
* %k
% %k

* %
* %
* %
* %
* %
* %
* %
* %

* %
* %
* %
* %
* %
* %
* %
* %

* %
* %
* %
* %
*k %k
* %
* %
* %

ROW BOARD PAIR
0

1

2

3

4 0
5

6

7

0

1

2

3 1
4

S

6

7

0

1

2

3 2
4

S

6

7

0

1

2

3 3
4

S

6

7

64 K BOARD

CHART 2

ADDRESS RANGE

10000000-10177777
10200000-10377777
10400000-10577777
10600000-10777777
11000000-11177777
11200000-11377777
11400000-11577777
11600000-11777777

12000000-12177777
12200000-12377777
12400000-12577777
02600000-02777777
13000000-13177777
13200000-13377777
13400000~-13577777
13600000-13777777

14000000-14177777
14200000-14377777
14400000-14577777
14600000-14777777
15000000~-15177777
15200000-15377777
15400000-15577777
15600000-15777777

16000000-16177777
16200000-16377777
16400000-16577777
16600000-16777777
17000000-17177777
17200000-17377777
17400000-17577777
17600000-17777777

ROW BOARD PAIR
*x* ()

*x* 1

L)

*xx 3

** 4 4
x* 5

x* G

x%x 7

*k Q)

*k 1

*k D

*% 3 5
xk 4

*x* 5

x*x G

*k 17

**x 0

*% 7

Xk 9

*% 3 6
*k 4

x* 5

** G

**k 7

x% 0

*k 1

*xk O

*% 3 7
*k 4

*xx 5

X% G

*x%* 7



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 O

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--35 583 == 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 == 592--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 == 00--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.

Advantages 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 of 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 o 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.



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 per-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. This page
table represents each page of the section.

T

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



PAGE

Physical address

Requested

USER PROCESS TABLE PAGE TABLE
SPT
USECT Is)vacmwsrmm
Section)] PAGE
Pointer POINTER
SPT
ENTRY
PAGE POINTER
STORAGE ADDRESS
A_
code Pw C [
reserved
0 234567 1112 17 18 22 23
g
CODE
no access
immediate
shared
indirect
4-7 not used, reserved
BIT meaning of O in bit position
P = PUBLIC - reference only from
concealed or kernel mode
W = WRITE - write references not allowed
C = CACHE - data from page may not be
placed in cache
P and C ignored on 26KL

B 12-17 = 0 =

B 12-17 # 0 =

35

page in mémory
B23-35 - physical page no
B18-22 - must be zero

page on disk

address on disk is found in
B18-35

STORAGE ADDRESS

*This example is the most
elementary type pf page
mapping.

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

VIRTUAL TO PHYSICAL PAGE MAPPING

FIGURE A



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

Step 2

Step 3

Step 4

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

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

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

The page table holds the physical page
number required to complete the virtual to
rhysical address 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.



USER BASE REGISTER

PRIVATE PAGE

SHARED PAGE

USER PROCESS TABLE ‘PAGE TABLE
] Jre————e——y
PRIVATE
USECT SHARED
SECTION &
PT BASE REGISTER
: > f SPT
l } SHARED PAGLS TABLE
PAGE TABLE
N INDIRECT In] =
(
‘N J
’—-—-
PAGE TABLE
I
S—

LAYOUT OF KL PAGING

FIGURE B

PRIVATE PAGE
(¢ INDIRECT)




PAGE POINTER

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

Code

0] No Access

1 Immediate or Private
2 Shared

3 Indirec

4-7 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.

#0=> MBZ if
001 |P|W] E in core jin core
0 23456 12 1718 22 23 35

IMMEDIATE POINTER (CODE=1)

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.

o10 |Hw| |o SPT INDEX

{ )
0 23456 18 — 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.

011 pq o PAGE PAGE TABLE IDENTIFIER
(SPTX)
23450 T7 18 o 3D
INDIRECT POINTER (CODE=3)




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, -



EXAMPLE 1 POINTER INTERPRETATION
(NORMAL SECTION POINTER-SHARED)

UBR PAGE TABLE
’ m
SBR
USECT+
SECTION# %?5 SPT ( PAGE
SPTX WORD
VMA
S £ PAGE # WORD
© v
00 500 323
0 13 17 28 26 27 35
VIRTUAL PHYSICAL
SECTION# = 00 —p SECTION# = 00
PAGE# = 500 -(D—»PAGE# = 367 RPN PoSs, BLE
WORD = 323 ———p WORD = 323
< SHARED > SPT __INDEX (SPTX)
usecr | o0v0 220
° 2 23 SPTX=220 35
SPT ENTRY PHYSICAL ADDRESS OF PAGE TAELE
035 220 10 O [ssrespm)
SBR SPrY
) 12 35
®-100
Storage Address of Page
100500 367 |0
® ® 12 35

< IMMEDIATE POINTER (CODE = 1)>

C(UBR.'"USECT + SECTION#) contains iShr PTR 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)



EXAMPLE 2 POINTER INTERPRETATION (INDIRECT SECTION POINTER)

PAGE TABLE
UBR |
et SECTION TAGLE PHYSICAL PAGE
SBR ==+_—/r—
WORD
; SPT
USECT +
.—# /—.—-
section¥ page # WORD
® 7 7
00 356 562
0 13 17 18 26 27 35
INDIRECT > SEE_I‘EON TABLE INDEX SECTION TABLE IDENTIFIER (SPTX)
USECT
smcrxo;,# on ® 102 172
o 2 9 17 18 35
Section table ADDRESS
SPT ENTRY @
035 172 2 2 7| C(SBR+SPTX)
SBR. SPTX o ” -
SECTION TABLE ,‘ @g’m«mm ADDR of pew page table |
227 102 P9 127 cp'v)
® ® o 2 12 35
PAGE TABLE Storage Address of Page
127 3560 345]| cam
® ® o 2 12 35
VMA PMA
00356562 = 00 345562

(Assume Page in Core)




EXAMPLE 3 POINTER INTERPRETATION (INDIRECT PAGE POINTER)

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.

PAGE TABLE 1

Paée#
—t—

SPT

SPTX'
1T 71
WORD

PAGE TABLE 2 1

PAGE

l

e xa RIVATE

PAGL TABLE 1
<indirect> ’élzge Number Page table identifier (SPTX')

100 500 (011 210 12 7
o 2 9 17 18 =
SPT ENTRY _NEW PAGE TABLE PAGE NUMBER
®
035 127 277
SBR SPTX' O 15 =
PAGE TABLE 2 <IMMEDIATE >
277 21 0joo 10 7
QD GD 0 2 12 ™
VMA PMA
00500 323 00107 323

which is now equivalent to a VMA of

00 210 323

)

with SPTX' = 127

(assume page in core)

10



CSTO CST 1 CST3 CST4 CST5
PAGE
NO
MICRO-OODE STORAGE SHARED SPIX FORK PHYSIO TEMPORARY
STATUS ADDR OWNERSHIP STATUS
OR PA NO
CORE STATUS TABLES
(Each addressed by page number)
‘(\/”’/”’,Page is inaccessible
AC Block 6 Set and Merge
Word O 2 : information fields about
' current reference
AC Block 6
Word 1 g
R<e—R o
WRITE \yes i
IORed P Set Modified Bit
? BIT 35
No ]
Y
STORE
CST
ENTRY

CST ENTRY UPDATING

Figure C KL Core Status Tables

-11-



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. This
allows the monitor to eliminate the swapping out of pages to
which only read references are made.

-12-



Heve when Paging Cache Requires POINTER INTERPRETATION FLOW

translation information FIGURE D
VMA <13-17> SYMBOLS MEANING
S on no ts to
o ect% poin
section table at — “"GOES TO"
v%;flzsr-qg& ESECT to ESECT + 37 or . “ANDED WITH"
USECT to USECT + 37 v "ORED WITH"
+ ' “CONCATENATED WITH"
- "ADDED TO"
- .
P f,'o célbiager ~ ct ) WORD WHOSE PHYSICAL ADDRESS
14C ariab_es 1S GIVEN WITHIN PARENTHESES
Initialized to 1 <
: ¢ > BITS OF
C(EBR/ESECT+
s D> SECTION NO)
> EXEC -
YES AR
USER
C(UBR'USECT+
SECTION NO)
—
AR
A Pttt
O \
AR <0-2> *TYPE
P.AR<3> P AR Contains a P = Public
W.AR &> ~=W Section Point = Writable
C.AR<S> -C ointer = Cache

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

NO
IMMEDIATE
yes )
Bits 23-35 contain
Page Table address
no

SPT Base Register (SBR) and
SPT index (SPTX) point to
pPage Table Physical Memory Address (PMA)

same as shared except new section, pointer

. [AR< 9-17> C(AR<23-35> T

SECTION NO SECTION NO)
C(S3R+AR<18-35>) —
— AR
AR NO
TRAP
NOT' IN
CORE

1l of 3
13



no
FETCH PAGE POINTER FROM:
N?ﬁ?;ﬁﬁ?ﬂ» Page Table in Core PT PAGE{14-26Yand Current thtual'Page§27-3S>
C(CBR + PT pagi) ( use PT PAGE to update Current Virtual Page came from either:
— AR CST information 1) VMAC18-26)> or _
2) ARC9-1T>of last Indirect Pointer
ves
no
(AR.CSTMSK) V
CSTDATA
—
AR Modify CST Entry for this
physical Page Table
‘ Bit 35 (Modified Bit) is not set
4 since page is not being changed
P.ARC3>+P
W.AR<4> W
C.AR<B>+C
AR<O-1>»TYPE
‘Now check page pointer found by section

pointer evaluation.

C Sbi+ . )
AR €18-35> Get SPT Entry from SPT Base Register (SBR) anAd
bits 18-35 of the Share Pointer.
—
AR
INDIRECT AR ¢9-17>
‘ - Bits 9-17 become new Page Number and
LT Bits 18-35 are used as the SPT index (SPTX)
to i1dentify a new page table.

~-14- Fi
igure D 2 of 3



AR <12-17>
=0?

AR<23-35> . .

PAGE NO Check and update CST information for this reference
C(CBR +PAGE NO)

AR
YES

AR.CSTMSK —- C . .

AR "S" used by software to indicate logically writable
W =S "W'" indicates to hardware if special action is

required on a write reference

WRITABLE~1

NOT
WRITABLE
=0

(o 4 )

WRITE yes
REF 2

AR V CST DATA
—» AR

STORE

Y

P'N'S'C'PAGE NO

pE;ﬁ Load paging memory (paging cache) with the resolved
&mm VMA to PMA translation.

Y

RESTART
FAULTED
REFERENCL

15 Figure 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 bit 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 O 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 Symbol Description
18 UPI 1 =>invalidate a user page
0 =>invalidate an executive page
19-21 MBZ Must be zero
23-35 VPN Virtual Page Number whose entry
in the page table will be
invalidated.

8. BLKI PAG,E

E = gpecial 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
by 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 EXEC 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
menmory (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
praging 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 pointer 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 memory 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 O, 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.

-19-



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 Definition

0 Internal Channel Command Word (CCW)

1 Error Status and Command List Pointer
on errors

2 Last Word Count and Address

3 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.

21



44

Extended USER PROCESS TABLE

NOTR:

ASTERISKS INOICATE

LOCATIONS WHOSE
RESERVED USE OIFFERS FROM

THOSE IN THE

SINGLE-SECTIOMN

PROCESS TABLE

LISTEO ON THE

NEXT PAGE.

—————— o ———
———

a
420 | ADORESS OF LUUO BLOCK

421 | USER ARITHMETIC OVERFLOW TRAP INSTRUCTION
422§ USER STACK OVERFLOW TRAP INSTRUCTION

473 | USER TRAP 3 TRAP INSTRUCTION

424 | Muuo FLAGS | Muuo or cooe, a

425 | muvoOLD PC

426 | € OF MULO

427 | MUUO PROCESS CONTEXT WORD

40 KERNEL NO TRAP MUUQ NEW PC

431 | KEANEL TRAP MUUO NEW PC

42 { SUPERVISOR NO TRAP MUUO NEW PC

433 SUPERVISOR TRAP MUUQO NEW PC

434 { CONCEALED NO TRAP MUUO NEW PC

435 | CONCEALED TRAP MUUQ NEW PC

436 | PUBLIC NO TRAP MUUO NEW PC

437 PUBLIC TRAP MUUQ NEW PC

RESERVED i
a77
500 PAGE FAIL wORD
501 PAGE FAIL FLAGS
502 | PAGE FAIL OLD PC

503 PAGE FAIL NEW PC
504
USER PROCESS EXECUTION TIME

508
306 | USER MEMORY REFERENCE COUNT
507
510

1

| RESEAVED

! t
537

540 | USEA SECTION 0
L]

$77 | USER SECTION 37

600 |
| RESEAVED

mL

e e s

Figure E TOPS-20 Process Table Conﬁguratioq

EXECUTIVE PROCESS TABLE

O | €1GHT CHANNEL LOGOUT AREAS |
EACH: O INITIAL CHANNEL COMMANO =
1 GETS CHANNEL STATUS WORD i
2 GETS LAST UPDATED COMMAND
Y 3 RESEAVED
40 1 peseaveo
«
Lt
| STANDARO PRIORITY INTERAUPT INSTRUCTIONS |
s7 |
o I
| FOUR CHANNEL BLOCK FILL WORDS
a |
& [
| RESERVED |
17 {
o
| FOUR OTE20 CONTROL BLOCKS |
774 _%
20|
1 i
| RESERVED !
| |
420
421 | EXECUTIVE ARITHMETIC OVERFLOW TRAP INSTRUCTION
422 | EXECUTIVE STACK OVERFLOW TRAP INSTRUCTION
423 | EXECUTIVE TRAP 3 TRAP INSTRAUCTION
a2
|
RESERVED :
507
si0
TIME BASE
si
512
PERFORMANCE ANAL YSIS COUNT
513
s14 | INTERVAL COUNTER INTERARUPT INSTRUCTION
51 |
| RESERVED
$37 jl
540 | EXECUTIVE SECTION O |
s H EXECUTIVE SECTION 37 |
600 |
i
RESERVED
m - |




SECTION POINTER
QOODE

PAGE TABLE IDENTIFIER
(SPT INDEX-SPTX )

0 234567 17 18 35
NORMAL SECTION POINTER (CODE=Z)

010 |{rlw]| |c

PAGE POINTERS

CODE
SECTION | SLCTTON TABLE IDENTIFIER
o P ol b %$§§ (SPT INDEX SPTX)
) 23456 ) 17 18 35
INDIRECT SECTION POINTER (CODE=3)
OODE |—————————  PIYSICAL STORAGE AUDRESS =—eejii-{
MBZ
o1 |pw| lc #0 IF IN
IN OORH CORE
0 2 3456 12 17 18 22 23 35
IMMEDIATE POINTER (OODE =1)
OOLE
010 | saME SPT  INDEX
(SPTX)
R T8 ™5
SIARED POINTER (CODE=2) SBR+SPTX=PHYSICAL ADDRESS OF WORD
HOLDING ADDRESS OF PAGE
OODE
PAGE PAGE TABLE IDENTIFIER
011 SAME NUMBER (SPTX)
0 2 ) 17 18 35
INDIRECT POINTER (CODE=3)  PAGE NUMBER IS NEW DISPLACEMENT INTO
ANOTHER PAGE TABLE
SPT ENTRY

PHYSICAL ADDRESS OF PAGE
OR PAGE TABLE

12 35
OORE STATUS TABLE ENTRY
CODE
0=> availabl
( #0 =>unavail$ble
5 I
All CSTs are indexed into by the page
SUMMARY
number. PAGING WORD FORMATS
FIGURE F

B 32-34 reserved by DEC:

B 35 modified bit.
All unused bits are reserved for future use by DEC
23



Figure G

0
rre

USER
VIRTUAL
ADDRESS

SPACE

srrrrrry

SECTION ©

SECTION

32
SECTIONS
or
256k

EACK
{8182k)

SECTiON 37

USER
PROCESS
TABLE

272

\\\\\\“

N

_"'TWTT?iT&i""— ]
2222

USER
SECTION TABLE 32

128

24

0
mnrn

EXECUTIVE
VIRTUAL
ADDRESS

SPACE

srrrrrm

SECTION O

SECTION

32
SECTIONS
of
256«

EACH
8182k}

SECTION 37

\

TOPS-20 Virtual Address Space and Process Table Layout

EXECUTIVE
PROCESS
TABLE

CHANNEL ! 32
LOGOUT AREAS

INTERRUPT 13
CHANNEL BLOCK FILL WORDS |4

72

DTE20
CONTROL BLOCKS

7

TRAP 3

H
/A 19
EXECUTIVE $2
SECTION TABLE

SHADED AREAS
ARE RESERVED
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AP Pwblonss — Crak pips™
ADDRESS ENGINE
The address engine is the logic that furnishes memory addresses
for MOS MEMORY. 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 TYBUS—— —— y; RS
' ]

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 ...eeeeeveves

Priority ----Cycle Type

0 Refresh * Special Cycles. CPU cannot use
%
%
1 DMA read * Memory during these cycles
*
DMA Write
2 CPU Read-—~===c—eun Data Fetch and instruction Fetch
CPU Write—————wee——— Data Store
Cycle TYPE addressS SOUTrCE...:.vrecevavecoss
TYPE ADDRESS SOURCE
* 3k k% k¢ 3k 3k 3k 3K 3K oK 3K oK K K ok ok ok
REFRESH-==—=w= GENERATED BY INTERNAL MEMORY HARDWARE
DMA READ-==—- TYBUS I/O ADDRESS LINES

DMA WRITE----TYBUS I/0O ADDRESS LINES

CPU READ
[§5) ) prm— EA MUX/MAP
(IF)emmmm PPC OR JPPC
CPU WRITE

(DS)~==mm EA MUX/MAP (DATA STORE)



r
EA MUX
3 S11 / \
MASK 00-05 [ F"‘ IR I DISP PMA PPC
S11 00:08 [ ‘
/ PC MUX \ MA JPPC
EA MUX
s s11)
o[
{ EAX
t S11 MUX
& T
GROUND
. — EN N\
A ENB
EA LEFT | 1 SH) SEL1 /" FAMUX  ABO-2PCMA
_@" SEL 2// 0 18:35 ~ e \
fAsk s11 W3 iIEA MUX /1 /
12-17 Lﬂ
) D
—
MAL MAP
M1 IDISP RQL S11
= |
SPC EA S00
Frow UNCORRECTED MEMORY
S11
S00 *’ b-h——_—/, g
MC CPU O BUS {
RD CY r Sll .
— OORRECTED MEMORY (

LD IR L
DEST
[rcl L

-4 IDISP RQL

O

AA 00:35

D.MARTIN

EA MUX SELECTION




EA. BUS

nhcw O

UNCORR . MEM
MEM

Il

I

EA BUS

00-17
32-35

SQ

18-35

MC

03-35

MA
IR
PC MUX

BO,1,2

MP




A0O-35

it

l Ll | i L 11 I
00 -03 5{04-07 ﬁ[ 08-11 TZ{ 12-15 Tlﬁ-lg ﬁ[zo-za ﬁzzl 24-27 ‘T28—31 E‘:{sz—ss 11
PCO0-35[ | o il — — — — —
MAGO-35 - 04 o 08 | 2l H e | o =l al FH oos| B a2
YY1 | 1 | | || |

PC=MA =MA =MA _
1 fpo=mal 1 {12 YT rema 1+ 11"
0 l* l— 3 Fi "—
— —— ’ o

BOAA ~ Bl1AA B2AA




BASIC MAP OPERATION

MAPOUT__| P <
M
PPC__| A p MAIN
JPPC— > M MEMORY
EA u A
X
DMA —]
IDISP CYCLES
. —_—
MID CYCLE CLOCK
N
p
P |»
C
EA MAP > MAP OUT
J
p
-
p
C
IDISP CYCLES VAN

MID CYCLE CLOCK

NOT JUMP CYCLE



BASIC MAP OPERATION

P
PADR 13:14 19:26 MAIN
M MEMORY
PADR MS 0:7
A
CONTROLS // \
‘ END OF CYCLE
. DMA
) I0A 13:35
VA
. FROM MUX
) Ea 00:35 EAX 13:17
Tl oEax :
-~ I DISP CYCLES
I DISP CYCLES
e e— + MIDCYCLE +
m‘{m CLOCK NOT JUMP CYCLE
4 PARITY
" ]

) EOBUS 03:26 CHECKER

PARITY




PARITY

GEX 10A P 10A PL
DECODER MC MEM GO
PD 15:18 PAMS 0-7 pal3:la T MEM START
10A PA 13,14,19,20 _ PD 15:18 ) 19:26 D—W
1535 PA 21:26 o . . l'H ’
PADR 27:35 MAP OUT PMA 13:14
PA 13.146,19.20 wso:7 ™ »{>°7§5_—’
pPA 21:2
PADR 27:35 MAP OUT PMA
ppld 14 13:14 PMA 19:21
EA P40 26 bavn 19:35 L
18:35 13:35 —
- PPC v : MS 0:7
EAX b LD > - w PMA . CLOCKS
e ——-
15:17 - _J Ly’
PMA 15:18
~ -
| MAP HIT
SEG 06:17 —
> RAME- TAG - EAX/PMA
L MAP EAX
— MAP OUT TAG > 00:14
P 2 TAGHs
JPPC - 3:26|MAP 3:26 A 3 REFRESH
B A ———
1 . TAG PAR ERROR
EAX A {\ PARITY >
> o N >
ZN e - ;l) 0615 CHECKER PTR
06:35 . | ERROR
= il—————]
e —— r
VA MAP OUT ACCESS
y = X o >
EA TO | EAB TO C1X1 [ ) 0:3 MAP ACCESS
EAB LCL EO CTXT - I MAP| MAP 0
A N N > HASHER > MEMORY 1
el 10 | r - ) = ADR
10 [— > > CTXTou: 11
EO EAB vA Y TO LCL EO 00:11 )
— PARITY
GEN
EOBUS Y ¥ -~ A
= = LCL EOBUS  3:26 Y A
DECODE
EO TO LCL EO
MAP IN

MS 0:7



PA[13:14] ra[29: 2] PAMS[p:7T MEM GO
polisie] Joeeoel]  pamsfer] TN 7 B
10A[13:34] 4 H L 7 " . ]—ﬁ
C}‘_‘——“‘" D J AAP OuT PA13:14] B!
B ) FY Mpzuur mia:] 8 | Egg:;l}
o M
/4P out M3[@:7] 7 Mutusrsfjﬂ ——I
23 p
1.3 ; :35
_ —e ] P |weamen
I PAf13:14] PAf13:14] A 3 21 A
/ 23 [ 3 PA(14:2¢]) PA(14:20] -
PAOR(27:35] pamss: 1}
i €08usfif:14]
I EaBus(19:35]
MAP OUT
p P L) :i"::,_j,,- PARITY
MR T J . PLs2a N ~ MP PR LR
zr g 27 "‘ £ 27 4 £33 q PoR(27:39 Qﬁ;;’rg g . g et
q PoR[z7:34) P our 27 20 Pma [15:18] g
) i e ’ g
i - 4 vl -
X 3 T PAOR(13:147
; 7 . a " WRE*?!] | ParrTY
m?szl PaOR AS(0:7] 18 CUECKER ™6 MA XA
T :’:ui&nx PrpRl21:24) |
3 ’ 2 B
\f—. ‘; 7 Pansie:T]. .;"':3 L
27 7 : .
4 we3:3s] ‘
ORI %
eAXD13:31] EA18:35] o MAP HIT
3\ <>
Y s
N AWP CUT TAG(#3:2¢] A0 O AR Y access|— pocessle:d , o
V i . g 9 4
A % ) T
(93:34] EoBuSpT:14]
] A48
e;«sm soBusfo3:2¢]
oNTExTls] HASHER|S] _ ave sor(s6:11] . WP MEMORY
, E 1z 12 “Ao X 48
-exec ——}

MAP Boaro

DRAWN 16 APRIL BL
REV.D - 3 APR 81

D makriv



JAD

/4 &mq’fr -~ &

£
ot

4 ﬁv:ﬂ“ ﬁ"(

@

fom

(‘W‘F' T

_,&‘h (‘wf-!,

AUE MERENGINIE

HRK

I Jie
|7 i 0
» T
z z
THEE
0| x o

Q
o

Zl B

£l o

[ 4

MRm
D.CE
“.IM
e Ol B =
m 3]
£ AR

2A

o >

© @

b

N

0
E
§ls

© [(4)
@
Qm -G
3218 NSYW
Si@ Bt
dVYW
afm B |(02)
Sjon 8| (on
AR {33} 5 oY 4a
M) 3@ S oH 4
Q@ 2l 21w
anoor 321 104
8w S on 31
NIIAD
(o) 5|02 a|m
Qi) 2lon 3 on
e uv a1 2 ﬁw ! sdaaon | [zl
et ® o an wjon e - = o == ey
° 138 1NV ,M ﬁ.,.. ! 4 TIONINd 2l@
=3 ({3 -] . dsial 103 Rliwm
—]{----- e - a
°l@ isa n ,M e " a3sn 10N Rl o
() 212 | WaW WOud dBia =102
L4 0] s m wosday | 12 o
(@ AN =" mwm ohdear 1 o1elm
- €QQ - - =-- -
oy ﬂ m S5 n oV dNr Xl@ 13s ov
T g o
bg K{S] < M e ._.zndﬁ_nu = m
Bll e U guphhsus A
2i@ ous MV 8|3 ! aaxa | (N
g ¢ - mEm - - - - - -
A a8 ! snaow | K@)
ot D R 4 3aoor
2 NI AHHVYD Sly ! A0 xa1 2lm
S S [
s | 3uvVdS |.-.:.L 5 | (2o) uav ono ] Sl
1 0 uvd 8i8 m 300M x o Z 34vds
8 YN NOY4 vV 138 glw) O]
3 LVM NN | (3@ 8@
8 oudsia | |3 2|
0ds 1830
o \ Xl Slon 3|
o| sneo wouid va ena « | (02) 21 (02)
8 1431 va N3 8| on S (v

PRINTED ON HO. 1000M - 8 CLEARP@INT FADK.OUT




oojot|o2]osjos| 05|08 |or]|]o08|O9|10{11|12]|13}14] 15| 16| 17| 18] 10] 20| 21| 22| 23] 24| 26
)

2

8 3

= z .

B2 c| 8

AHEAHERHH z ;|8

Jululsg Cl1E1¥]ofulz ] T 21 el g
2lelgl|E|g|slsls| 3 3 3 {2]a 3
Gla@|8lel=l®|s]&]|S < < < <]3 8

26| 27| 28| 20| 0] 31[ 32 [ a3 34[ 35|36 [a7 [ 38| 30 40| a1[4a2] 43]4a]as|46[47] 48] 40] 50| 51| 52] 53] 54| 65] 66| 57| 58] 60] €0 61

LITERAL FIELD

62| 63| 64]65]68] 67

88

73] 7475 ] 76| 77] 78] 79[ 80| 81[82] 8384 ] 85

86

87

DEST

SPARE 2

e8] 70|71 ] 72

JCODE

AC SEL

CYLEN

IF RQ

DF RQ

UG MIETYWENGINIE

SCALE:

APPROVED BY:

DATE:

C.D. MARTIN

6-28-82

omawn sy HRK

REViSED  7-0-82

26 MICROWORD

BIT ASSIGNMENTS

DRAWING NUMBER

2 of 2

7 PRINTEO ON NO. 1000m -8 CLEARPRINY FADE . OUT




s | ? | 6 | s | 4 | 3 | 2 | 3
HIHORDL .DHG
)]
SECTION A
[ X [ 3200 G X 00 OO O 3 SN 0 ] T 30 - 4 117 BT OIrr8r i3 rararsLre T I a81-ao11 b ¥
L 73 [ 5 20 S X 30 W Y - ] s T if FC S ¥ 2 Y 6 Y 38 O T N D 4 0§ 3 S 2 I Z 3 P 3 20 S T 30 00 3 18 B ] » ¥ —
IR ED ng | ws mr | wz | et ] osxf mx| wr ] o] e | omx] ooz R AN AR AREAREIANIA NI R LR e
[ d [ LD lIDISP] sEr ALY ATV ALY ALY ALY ALY ALY ALY ALV | ALUL LD HAPE | MAPS "APF | EPC SPC
A | rnon ne | Aty snc| snc| smc| eun| Pun] Pun| osT| bsT| psT| sur | Ar |c2e3] c1e3] cosr]| cora] cor3] ®m | cr1e3] cos3]| co23] cO13] Cae3] c20)
were| cous ted | €33 ] €13 | ce3f €23| 13| ce3] €23 €13
c
SECTION B
. 1
q::a: ¥ [ 3 20 SHEN | X0 SN 5 W8 NN ¥ 3 1Y Y 20 S 0 {3 5 R . 28 ) ) P30 S T 0 3 1 38 3 B 1 )
& 3 3 g Py 43 £} 30 S ¥ tﬁ r'YJ e T T T 1T s f R 328 AN § 30NN £ N SE { 2N K 5 WS SN %) a:
Wel ng | me | st ] vz | x| e ] osx]| er | owmr | oms ] e ] o] sz | sz ] s M b orx | ez ] osex | wz | mx | s ] szl wr| e nr | vzl w2
SrC | 99C | SPC| SPC | Jasn| sasn| sasn| Jade| sapr| sapa| Japr| Japr| Jaba| saDr| Jasm| JaDR ror | mor| mor| mor| mow | mow nasK| nask| nasu rask| pasy| sasy
c103] coed} co23| co13 - ‘l& 10 ] 52 size| s1ze| s1z| Stxza| S1IK| S12K| cae3| c203| cro3 cod3| coa3) cot3] e8| C203
40 (+1 ] 103 431 COZI | COL)
2R A [ ¥OY ]
"o <Y ENS | ENB rLag PROM 134 2] P
co2) rLAG cte3] cosd| rn

SECTION C

S Im e A ae R a e B T B pasias oS esis '

s
1

ng g Lo g

SESY | 3RST| IXST | BESY .= SEL » > » Ld » L.

7’ ‘:ﬂ T Cand o2 | C103] coad| CO23| COLI| CO4I| LO23| COLI]| 403 ]| C203| 103 | CO4d]| cO23| cotI| c103]| cosI]| O3] cOLY ne
’ /

MACDONNELL DOUGLAS

1TLE
26KL MICRO INSTRUCTION HORD 1




. | ? 1 3 | s ] 4 | ) | 2 | )
MINORDZ . DHG
]
SECTION A
X L 4 1 B | o o I 2 § e 2o | o e} B S M B | M M | I ) B -
g "t g g g g g "y (21 L1} Ll g 13 1] ng g "t g (1] 1] 13 -3 (24 g ng “g
-] ®A L9 192 E_ ] SEL. PAR { 4 ¥| ALYV ALY ALY ALY ALY ALY AL ALY ALY | ALUS 13 ]
KA | PRON] nA N | WALY (e L ] [ 19 I~ SKRC SRC SRC UN UN UM osT ST DSY ST AR €203 C103] CO43| CO23] COL] L3
LEFY| OBUS PROM ted | t23] €43 | ce3 ] €23 c13] ca3| c23| €12 ol
L, ]
c
SECTION B
: Al
< 18 7 1% 1 20 1 211 T T 2% L9 1 2% 1 23
Xe T Fi 1T S 1 531 ¥+ 1 %% ) £ 38 M0 &2 W [ )]
(.13 "3
Ce03] C20)
LITERAL FIELD =
— ——
SECTION €
, A R A a e R S A R E )  a e a1 .
g [ "e g -3 g L] LS "3 "y L] ng 1] "3 ~“z 13 (11 -t (24 I (1 g ng (4
BEST| BESY| BKSTY | BESY | el 8K SKL » » » » b d » ccuncn.qc mw o
C403] Can3] Lo | can3 [ 3 C103| Coad| co23] cO13| cOsT]| cO2I| COLI| Ca0I] C203]| C103] COa3] cO23| cOLI| C203]| C0a3] co23] COtS ne ne
- —
- MACDONNELL DOUGLAS
kitlﬁ
26KL MICRO INSTRUCTION HORD 2
S$1ZE | CODE | NUNBER REV
B A
DATE AUBUSY 26.1984 OF
i ? | s i s | 4 | 3 2 [ 1




ov s |[3 s
owallg 3.
[ ] 3
[ 3 3
- Ny -
[ 3 s:
[0 3 s
3 .
[ 3
[ H
o -
2 2
T T
B
[3 2
H N
s ov |8 T
[ T
L B
T B
WO
|3 3
3 H
¢ sves |3 3
" L] :
@ 3 3
f 3 3
1> s hd
o1y 3 3
iy
o8 3 ]
on s
) A1
in 0
-
[ 3
- e WM
) Is
%)
3
]
3
3
3
H
[
$
3
3
.
3
3
3
L)

.
B
(X :
s :
r-' 3
H H
3 H
3| s
3 3 3
3 ] 2.
3 M 3 1
H T Y F
] H wons I3 X
) 2 i
£} 3 3
(L] ] 1
b e
o4} ) s
-
to3) H B
b=
o ) ]
o
0y 2 3
- —+4
G L H
b Eas] —
”n & o
— N
) 2 3
v ] 2
-
) L It
-
w 2 =
- amoor
m £
- s
»e 2
wa it
weinw | e
o s B
= wanw e
G 2
W H
-
C] wunw fe LN
L 2 *
“) z ot
- - =t
L) E L2 ) e|
[o 3 i
wanvo | g 3!
s oves (g s
swi g 13
-
Ve mons v e I 3 i
4 [
Jva am “ 1
= NI SR —4— 4 -
owews |3 e
maly <
o nows VI OE |3 H
wnneos il N




ENB EA LEFT

ENB EA From OBUS

LD MA

I DISP-RQ

MEM WAIT

SEL AA FROM MA

PAR O
SPARE 1
CARRY IN
ALU SRC
ALU FUN
ALU DST
ALU] SEL
LD AR

J COND
REV

MAPF

SPC

JADR

I DISP CONTROL

\./\_/\/

GLOSSARY OF TERMS FOR MICROWORD

SUB FIELDS ¢ ¢ -

X MODE

CND ABRT (02)

IDX CY
IND ENB

CMD ABRT FLAG

JUMP FLAG

(ONE IN THE SAME)

NOT CND ABRT (10)-

Allows OBUS thru EAMUX

Enables left half of EAMUX

Allows MA reg.loaded from EA BUS

Instruction Dispatch Request.

Takes a .,

Dispatch to (2*0OPCODE) + Dlspatch Base Reg.

Inhibits Gated Clock

‘5 /-»(,} w5 A e

Selects MA for the Address Adder

Parity Bit for Microword

Not Used

Bit Added to ALU
ALU SOURCE

ALU FUNCTION

ALU DESTINATION

NN AN
I

)

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

ADDRESS FOR MICR MEMORY TO JUMP TO

TMP S

oo,

INSTRUCTION DISPATCH CONTROLS IF NOT A JUMP CYCLE

'® & 9 & & 6 & 6 0 5 0 & 0 S O O 5 0 O O O VP S O O P e s e O 6 O 0 " " e 00

NOT USED ALWAYS ZERO

02 Bit of Condition Abort Dispatch

INDEX CYCLE TRAP ON INDEX BITS

INDIRECT ENABLE
CONDITION ABORT FLAG

JUMP

10 BIT OF CONDITION ABORT DISPATCH



GLOSSARY OF TERMS FOR MICROWORD

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

FIELD 46 BIT (N/U)-INDICATES AN INDIRECT CYCLE (NOT USED)
EOI I DISP - END OF INSTRUCTION

PRINCIPLE I DISP - MOST DISPATCHES ARE PRINCIPLE

HOLD PC - HOLD PROGRAM COUNT
ROT SIZE - ROTATES D BUS LEFT BY VALUE
MASK SIZE - NUMBER OF BITS ON, RIGHT JUSTIFIED
_ CAN SPECIFY RIGHT OR LEFT MASK
DEST - SPECIFIES WHERE OUTPUT OF ALU IS TO GO.
SPARE 2 - NOT USED
J CODE - TYPE OF JUMP
AC SEL - SPECIFIES WHAT ADDRESSES THE AC INSIDE THE ALU.
D - SPECIFIES WHAT IS TO BE PUT ON THE D BUS
CYLEN - SPECIFIED CYCLE LENGTH
IF RQ * - SPECIFIES INSTRUCTION FETCH REQUEST
DF RQ * ~ SPECIFIES DATA FETCH FROM MAIN MEMORY

* NOTE BITS ARE INVERTED




JCOND Field

JCOND+REV = 0 OBUS NOT EQUAL O

JCOND+REV = 1 OBUS EQUAL O

JCOND+REV = 2 OBUS LESS THAN O

JCOND+REV = 3 OBUS NOT LESS THAN O

JCOND+REV = 4 OBUS NOT GREATER THAN O

JCOND+REV = 5 OBUS GREATER THAN O

JCOND+REV = 6 TO BE ADDRESSED

JCOND+REV = 7 TO BE ADDRESSED

JCOND+REV = 10 OBUS18

JCOND+REV = 11 NOT OBUS18

JCOND+REV = 12 Q0-35, BIT SHIFTED INTO Q36
JCOND+REV = 13 NOT QO0-35, 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



JCOND+REV = 30 TO BE ADDRESSED
31 TO BE ADDRESSED

JCOND+REYV =

JCOND+REV _ 32 TO BE ADDRESSED

JCOND+REV _ 33  TO BE ADDRESSED

JCONDAREV _ 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+REYV = 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+REYV = 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 MCDIF'
WRITE DURING D (MEM) CYCLI

JCOND+REV = 57  MAPF = 0 NO-MAPF



.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+REY = 66  LAST-COND
JCOND+REV = 67  NOT LAST-COND
JCOND+REV = 70  CONTINUE (FORCES .+1 REGARDLESS OF JCODI
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



MAPF
MAPF
MAPF
MAPF
MAPF
MAPF
MAPF
MAPF
MAPF
MAPF
MAPF
MAPF
MAPF
MAPF
MAPF
MAPF

MAPF Field

]
w N = o

"
[1AN

1
(&)

= 10

= 11

= 13

= 14

= 15
= 16

= 17

NO-MAPF

TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED

R-M-W, USED FOR READ MODIFY WRITE DURING

TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED

D(MEM ) CYCLE
e



JCODE
JOODE
JCODE
JOODE
JOODE
JOODE

JCODE
JCODE
- JOODE
JOODE
JCODE
JOODE
JOODE
JOODE
JOODE
JCODE

JCODE Field

=0

=1

N U
[\

w

&

JUMP, SEE JADR

JUMPLC, JUMP TO JADR IF LAST CONDITION

LBJUMP, JUMP TO JADR=1 IF TRUE CONDITION EISE JADR

IBJUMPLC, JUMP TO JADR+1 IF LAST CONDITION ELSE JADR

PUSHJ, JUMP TO JADR AND SAVE MIC ON STACK

PUSHJLC, JUMP TO JADR IF LAST CONDITION AND SAVE MIC ON
STACK

IDISP (SEE IDISP CONTROLS)

CONT, CONTINUE AND SELECT MI-BA FROM JADR (DEFAULT)

POPJ, PULL NEXT MICRO-INSTRUCTION ADDRESS OFF STACK

POPJLC ()

LBPOPJ ()

LBPOPJLC ()

@JADR ()

@JADRLC ()

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

CONTY1,CONTINUE BUT SELECT MI-BA FROM JMEM



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

= 10

= 11
= 12
= 13
= 14
= 15
= 16
= 17

= 20

= 21

= 22
= 23

= 24

= 25
= 26

= 27

NO-SPEC (DEFAULT)

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

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 O)

MU~-INDEX (MICRO INDEX)

MAP-ENABLE

MAP-DISABLE

REENABLE-TRAP1

NOP

UHS-ENABLE (TURN ON MICRO HISTORY SYSTEM)

USH-DISABLE (TURN ON MICRO HISTORY SYSTEM

SUPPRESS-FETCH-TRAPS

MHS-DISABLE (TURN OFF MACRO HISTORY
SYSTEM)

MHS-ENABLE (TURN ON MACRO HISTORY SYSTEM
CLR~-DMA-ERR

FAKE-DFWAIT (D O AND D 1 READ PORTIONS
OF TRAPPED MA)

NOP
NOP
NOP



SPC
SPC
SPC
SPC
SPC
SPC
SPC

SPC

SPC
SPC
SPC
SPC
SPC
SPC

SPC

SPC

SPC
SPC
SPC
SPC
SPC

SPC
SPC

SPC

30
31

32

34
35
36

37

40
41
42
43
44
45
46

47

50
51
52
53
54

55
56

57

I0OB~IN

IOB-OUT
PMASTAT-SELO
PMASTAT-SEL1
PMASTAT-SEL2
SEL-PMA-STAT

TO BE ADDRESSED

SEE D

CLR-DEV-FROM-INTR

CLR-PC-TRAP-FLAGS
CLR-AROV~TRAP-FLAGS

CLR-HALF

SET-PC-FLAGS (SET PC FLAGS FROM ALU RESULT)
TO BE ADDRESSED

CLR-MAP-SR (DOES SET PC FLAGS, MUST DO
D+0 TO PREV. CRYS)

BUS RESET (DOES SET PC FLAGS, MUST DO
D+0 TO PREV CRYS)

CLR-DEV-FROM-INTER
CLR-PC~-TRAP-FLAGS
CLR-AROV-TRAP-FLAG
CLR-HALF

SET-PC~-FLAGS (SET PC FLAGS FROM ALU
RESULT)

TO BE ADDRESSED

CLR-MAP-SR (DOES SET PC FLAGS, MUST
DO D+0 to PREV. CRYS)

BUS-RESET (DOES SET PC FLAGS, MUST DO
D+0 TO PREV. CRYS)



SPC
SPC
SPC
SPC
SPC
SPC
SPC

SPC

SPC
SPC
SPC
SPC
SPC
SPC
SPC
SPC

60
61
62
63
64
65
66

67

70
71
72
73
74
75
76

77

TO
TO
TO
TO
TO
TO
TO

TO

TO
TO
TO
TO
TO
TO
TO

TO

BE
BE
BE

BE
BE
BE

BE

BE
BE
BE
BE
BE

BE

BE

ADDRESSED
ADDRESSED
ADDRFSSED
ADDRESSED
ADDRESSED
ADDRESSED
ADDRESSED

ADDRESSED

ADDRESSED
ADDRESSED

"ADDRESSED

ADDRESSED
ADDRESSED
ADDRESSED
ADDRESSED
ADDRESSED



ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER

ROTATER

ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER

ROTATER

ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER

ROTATER

ROT SIZE Field

SIZE
SIZE
SIZE
SIZE
SIZE
SIZE
SIZE

SIZE

SIZE

SIZE

SIZE
SIZE
SIZE
SIZE
SIZE

SIZE

SIZE
SIZE
SIZE
SIZE
SIZE
SIZE
SIZE

SIZE

0

o

N T« N ) B - S 4

10
11
12
13
14
15
16

17

20
21
22
23
24
25
26
27

ROTATED
ROTATED
TNOBIDN
TNIRIBN
ROTATED
ROTATED
TNODOBN

TNIROBN

BY

BY

BY
BY

TNIROBNPO

ROTATED
ROTATED
ROTATED
ROTATED
ROTATED
ROTATED

ROTATED

ROTATED
ROTATED
ROTATED
ROTATED
ROTATED
ROTATED
ROTATED

ROTATED

-1-

BY
BY
BY
BY
BY
BY

BY

BY
BY
BY
BY
BY
BY
BY

BY

THIS

THIS

THIS

THIS

THIS
THIS
THIS
THIS
THIS
THIS

THIS

THIS
THIS
THIS
THIS
THIS
THIS
THIS
THIS

VALUE

VALUE

VALUE

VALUE

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

VALUE

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

VALUE



ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER

ROTATER

ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER

ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER
ROTATER

ROTATER

SIZE
SIZE
SIZE
SIZE
SIZE
SIZE
SIZE

SIZE

SIZE
SIZE
SIZE
SIZE
SIZE
SIZE
SIZE
SIZE

SIZE
SIZE
SIZE
SIZE
SIZE
SIZE
SIZE
SIZE

30
31
32
33
34
35
36

37

40
41
42
43
44
45
46
47

50
51
52
53
54
55
56
57

ROTATED
ROTATED
ROTATED
ROTATED
ROTATED
ROTATED
ROTATED

ROTATED

ROTATED
ROTATED
ROTATED
ROTATED
ROTATED
ROTATED
ROTATED
ROTATED

USE ROT
ROTATED
ROTATED
ROTATED
ROTATED
ROTATED
ROTATED

ROTATED

BY
BY
BY
BY
BY
BY
BY

BY

BY
BY
BY
BY
BY
BY
BY

BY

THIS
THIS
THIS
THIS
THIS
THIS
THIS

THIS

THIS
THIS
THIS
THIS
THIS
THIS
THIS
THIS

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

SIZE REGISTER

BY
BY
BY
BY
BY
BY

BY

THIS
THIS
THIS
THIS
THIS
THIS
THIS

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

VALUE



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



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 VALUE
MASK = 20 SEE MASKER VALUE
MASK = 21 SEE MASKER VALUE
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 VALUE



MASK
MASK

MASK

MASK

MASK

30
31
32
33

35
36
37

40
41
41
43

45

46
47

51

52

53

55

37

SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE

SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE

USE MASK SIZE REGISTER

SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE
SEE MASKER VALUE



MASK = 60 SEE MASKER VALUE

MASK = 6l SEE MASKER VALUE
MASK = 62 SEE MASKER VALUE
MASK = 63 SEE MASKER VALUE
MASK = 64 SEE MASKER VALUE
MASK = 65 SEE MASKER VALUE
MASK = 66 SEE MASKER VALUE
MASK = 67 SEE MASKER VALUE
MASK = 70 NO-MASK (DEFAULT)
MASK (ENDCONN) = 7 ACO_SIGN, Q35 0
MASK (ENDCONN) = 72 ACO_0,Q35 0

MASK (ENDCONN) = 73 ACO_OVF#SIGN, Q35  ~SIGN
MASK = 74 SEE MASKER VALUE
MASK = 75 SEE MASKER VALUE
MASK = 76 SEE MASKER VALUE
MASK = 7 SEE MASKER VALUE



DEST
DEST
DEST
DEST
DEST
DEST
DEST

DEST

DEST
DEST
DEST
DEST
DEST
DEST
DEST

DEST

DEST
DEST
DEST
DEST
DEST
DEST
DEST
DEST

DEST

0

|

<N 00 o b W N

10
11
12
13
14
15
16
17

20

22

23

25
26
27

Field

SPARE 2

SPARE 2

SPARE 2
SPARE 2

SPARE 2

TO BE ADDRESSED

JMEM-MIC, DATA IS MICROINSTRUCTION COUNTER

JMEM, DATA IS EOBUS

JMEM-P, ILOADS JMEM STACK PIR FROM OBUSO:9
=0 NOT USED

AMEM~P, LOADS AMEM STACK PTR FROM OBUSO:9
=0 NOT USED

OOND-AC~STO, FORCE 2 BIT OF ALU DST IF AC ADD
<> 0

VA-MODE, ADDRESS ENGINE MA SOURCE CONTROL
CPU-MODE, XMODE AND ECC {NHIBIT AND MAP ON'
IDISP-REG, INTERPRETER BASE ADDRESS
SELECT-HOLD, CAUSES HOLD TO APPEAR ON MEM BUS
SELECT-MB, CAUSES MB TO APPEAR ON MEM BUS

=0 NOT USED
=0 NOT USED
= 0 NOT USED

- MAP-EXEC-~SR

PC-FLAGS, JUST THE FLAGS

ROTR, ROT SIZE REGISTER

DEV-ADR, DEVICE ADDRESS REGISTER
MASKR, MASK SIZE REGISTER

TO BE ADDRESSED

MAP-MA, HALF OF MAP MEMORY
MAP-TAG, HALF OF MAP MEMORY



DEST
DEST
DEST
DEST

DEST

DEST

DEST

DEST

DEST
DEST
DEST
DEST
DEST
DEST
DEST
DEST

DEST
DEST
DEST
DEST
DEST
DEST
DEST

DEST

30
31
32
33

34

35

36

40
41
42
43
44
45
46
47

50
51
52
53
54
55
56

57

EXEC-CTXT, ONE OF TWO
USER~-CTXT, ONE OF TWO
HS-ADR, MACRO BREAK COMPARISON ADDRESS

HS-CTRL, MACRO BREAK CONTROL FLAGS AND RECORD
ADDRESS

HS~COUNT, MACRO BREAK HIT COUNTER AND BREAK
DELAY

MERGE, CAUSES EA03:17 TO BE MERGED WITH
EA18:35

CLR-ECC-ERR
TO BE ADDRESSED

AMEM
AMEM
AMEM
AMEM
AMEM
AMEM

AMEM

U OB I A - N e

AMEM

AMEM 10
AMEM 11
AMEM 12
AMEM 13
AMEM 14
AMEM 15
AMEM 16

AMEM 17



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 WITHOUT STARTING MEMORY
CYCLE
DEST = 65 IO0D
DEST = 66 SPARE 2 = 0 NOT USED
DEST = 67 MEMSTO, STORE INTO HOLD REG AND START WRITE
CYCLE
DEST = 70 TO BE ADDRESSED
DEST = 71 NO-DEST (DEFAULT)
DEST = 72 STR-WRT, START WRITE WITHOUT LOADING HOLD
DEST = 73 FORCE-MMAD SQ, FORCE IDISP TO USE SQ MM AD FOR
MM AD
DEST = 74 AMEM@P, ADDRESS AMEM VIA AMEM-P
DEST = 75 TO BE ADDRESSED
DEST = 76 TO BE ADDRESSED
DEST = 77 Igméalng—WRT, WRITE INTO MICRO MEMORY ON NEXT



U ¥ o vy v U

=

)

U u v U o

U U U U u v v o

D Field

o b W N

(0]

10
11
12

13
14
15
16
17

20
21

23

25

26
27

EOBUS ONTO D MUX (HS-ADR)
EOBUS ONTO D MUX (HS-CTRL)
EOBUS ONTO D MUX (HS-COUNT)
EOBUS ONTO D MUX (MAP-MA)
EOBUS ONTO D MUX (MAP-TAG)

EOBUS ONTO D MUX (DMA-STATUS, ERROR DATA FOR
TYBUS)

EOBUS ONTO D MUX (MB-STATUS)

EOBUS ONTO D MUS (MUHS-CNT)

EOBUS ONTO D MUX (AMEM-P 00:09 IC 10 MBFF 11)
EOBUS ONTO D MUX (LOOP-CIR)

BEOBUS ONTO D MUX (MI-BA, WHERE WE WOULD GO IF
BRANCH)

EOBUS ONTO D MUX (JMEM-P)

BEOBUS QNTO D MUX (PC-FLAGS)

EOBUS ONTO D MUX (DEVADR, INTADR, USER SR)
ENABLE DBUS FROM MASK

TO BE ADDRESSED

TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED



U U u o

O U U U v o v o o v v o

O U U U u v vu o

30
31
32
33

35
36
37

40
41
42

43

45

46

47

50

a1

52

55

57

AR (DEFAULT)
MEM, POSSIBLY HOLD REGISTER
LITERAL VALUE (000030266022) INTO D MUX

CONSTANT VALUE INTO D MUX FROM MASK (00000000C
22

PC
MA
1D

IR

AMEM O
AMEM 1
AMEM 2
AMEM 3
AMEM 4
AMEM 5
AMEM 6
AMEM 7

AMEM 10
AMEM 11
AMEM 12
AMEM 13
AMEM 14
AMEM 15
AMEM 16
AMEM 17



U U U U ”u ”u o o

U b U Uu U o o o

60
61
62
63

65

67

70
71
72
73
74
75
76
77

AMEM-ABS (ABSOLUTE AMEM ADR, SEE JADR)

TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED

AMEM@P (ADR AMEM VIA AMEM-P)

TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED
TO BE ADDRESSED



EVEN oDD 8;8?.' Eag
BANK®O BANK 1 8191 WMe
00000 00001 o0 - 3l L9 Mme
TRAP TRAP Sa aput ¢ av} g
RAM RAM sz, | SPECIFIES ODD OR EVEN
BANK
6 Loc l6 Loc EEDEFEE NI
036 00037
00 MiC 0 1|2 3 45 6 7|8 910f1 12 13
BANK 2 BANK3 o e ¢  BANK
04000 . 04001 2odp-4et0 ! %8? c'>
0010 2
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RAM RAM MMA
07776 oTTT7
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i [FEN 5
37776 37777
00-37 TRAP RAM BANK © OR BANK |
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EVEN
BANK®
00000

TRAP
RAM

16 LOC
00036

. BANK?2
04000

K
RAM

07776

BANK 4
10000

1K
RAM

13776

BANK 6
14000
1K
RAM

IT776

0DD

BANK 1
0000T

ThAP
RAM

16 LoC
00037

BANK3
04001

1K
RaAM

oTTTY

BANKS
10001

IK
RAM

13777

BANK7

14001
- 1K
RAM

1TTTT

oy -

-—00

-0=0

3A-204% ¢ 1357 Y

-2 3
v  ®aon
o dNO-
» N
(]
N N

$3éa a2

SPECIFIES ODD OR EVEN
¥ BANK

TRAP RAMBANK © OR BANK |

Mic  yl Is 6 718 9 10lur 12 13
MMA [ — |
vy BANK
- By
le‘ .‘.5{@(5.}‘ - A\K 8°|° 2
ol 3
100 4
101 5
110 6
I 7
00-37
40-3777

H096-61493 = 2K
MMB
cryd - gil = 2IS

?/(%-70/(.: (e +35.

22—

REALLY DOES NOT EXIST; WRAPS AROUND
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scALE: APPROVED BV saawn oy HRK
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HHII

MMB . MMA
JADR 12,13 DEST[20,40] 1346 13-35 13-24 13-13 . 9-46 9-36 9-18 9-9
JADR 8,9,10,11 15 15 15 15 « 19 11 11-18  11-9
JADR 4,5,6,7 17 17 17 17 T 13 13 13-18  13-9
JADR 0,1,2,3 19 19 19 19 . 15 15 15-18  15-9
MASK SIZE [10,4,2,11 21 21 21 21 - 17 17
MASK SIZE[40,20] ROT SI1z(2,1] 23 23 23 23 L9 19
ROT S1Z[40,20,10,4] 25 25 25 25 . 21 21
SPC [10,4,2,12 , 27 27 27 27 - 23 23
IF, DF CYLEN [2,1] - 31 31 31 31 . 25 25 25-18  25-09
D C2,11CYLENT10,41] 33 33 33 33 . 27 27 27-18  27-09
D £40,20,10,41 36 36 36 36 * 31 31 31-18 31-09
AGSEL [4,2,1 ] DEST [101] 40-46 40-35 40-24 40-13 , " 3346 33-36 33-18 33-09
BANK # 7 6 5 4 . 3 2 1 0
JOOND [4,2,1,R) 50-46 50-35 50-24 50-13 .+ 50-46 50-36 54-18 54-09
JCOND [20,10] SPC[40,20] 52 52 52 52 ¢ 52 52 56-18  56-09
JCODE [10,4,2,13 54 54 54 54 . 54 54
DEST [4,2,11 SPARE 56 56 56 56 . 56 56
MAPF [10,4,2,1] 58 58 58 58 © 58 58
ALUDSTC 2,17 ALU1 SEL LD AR 60 60 60 60 . 60 60
ALUDSTC 4] ALU FUNL4,2,1] 62 62 62 62 . 62 62 62-18  62-09
ALU SRC(4,2,1] CARRY IN 64 64 64 © 64 64 64-18  64-09
AA from MA-MEM WAIT-PAR-SP1 66 66 66 . 66 66 66-18  66-09
IDISP RQ,ID MA, END EA LEFT 68—48 68-35 24 68-13 + 6846 68-36 68-18 68-09
EA FROM OBUS A A PO A A A
. £

H €T (]VINMI«»D)—_,%g@



Note 1 — SQR MSH
Trap Logic Forces Bypass SMRSIO ALU RAMSHIFT
During Trap Cycles with S
a value of '"70" cC
SERIAL 2BI ALU Q SHIFT
1/0 1,2
AR MI MASK SIZE .
1,2,4,10,20,40 40.20.10 — )°
3 bits SEE ROT SIZE
MI
TRAP 3 BIT (SEE NOTE1) R R . 2
LOGIC ] E ] E ) SHIFTER
G G T N
MMAMI 3 1 M R
y M
MM MASK SIZE - I
10,20,40 M X 00-35 ‘SMMsKo,1| U
— U E ] X
MASK 0 R
., TOBUS g g GEN 3
BITS
MM MASK SIZE SIZE
1,2,4,10,2C 10
\BzAMl 00T LCL FO BUS
B
D BUS
MICRO D — U
MM 6 BITS .u 00:35 ) | D BUS
SEE U
MA,BRO8 | NOTE 2 y -
MASK SIZE Mk
NOTE 2

MM MASK SIZE BITS
BECOMES DBUS 30:35
SPC CONST BECOMES D BUS 17.

40 | 20 |1o '

E




NOTE 2

TRAP LOGIC FORCES B2AMO
BYPASS OF ROTATOR
DURING TRAP CYCLES SM RSIO 6 BITS+
WITH A VALUE OF OTHER FI D
"60" 20,40 cC 713 M
SERIAL U
1/0
SM MSK 2
A MI ROT SIZE = IR
1,2,4,10,20,40 2 BI§ }
20,40
2 MI
e 2P e z
1,2,4,10,20,40 G G SMSKO, 1
MMAM1 D
2 MM BIO 1 B\ BOT SIZE R
MM ROT SIZE SMRSIO v 12-410,20,40 ‘ g
20,40-60 0 X | ‘ %
ROT
LCL EO BUS n
) 30:35 ) E /
[ G ROTATOR
MM ROT SIZE
1,2,4,10,20,40
SHC
00:35
MICRO
MEM
MM

A,BRO7,8! } 6 BITS

ROT SIZE

a0 | 20] 10

Qe |

NOTE 1

DR BUS

P0:35

NOTE 1

DESTINATION FROM
THIS MUX IS THE 'D"
INPUT OF THE ALU'S ON
THE B SLICE BOARDS



OVERALL ALU BLOCK
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—a 1

m| DRBUS

. = mn = = ma = | = -
1 47 i g-11 [ 12-15 H 16-19 H 20-23 [H 24-27 H 28-31 [ 32-35
- - - - - - — e ey
= = == = = == = - B
| { i 1 l: 1 i t | JJ t ll t ]
sec 1 [ " l h t h 0T
[ il

B2

3
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CPUO

Crul BO B1 B2

—
xR

« I ¢ 1 C 1 [ - |
I[ ; }: b N ;: 1 I ) & 3 . ) 1 Ll | - ) 1

e - s frepd s - - L— :
- - prmeing - - vt - -
0-3 1 4-7 1 8-11 :; 12-15 [7 16-19 [] 20-23 |7} 24-27 [ 28-31 [1 32-35
- - — - e - - — L
= == = = = = - B

N soe e
e s
[ e
s
—
o
=
e
=y
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ALU OBUS DESTINATION

e °aS B o B cnndll B

ALUD
ALU1

mw o O

ALU@
ALUL

AMEN.~

AMQ , AM1

AR
ARIR

AN

.35

MC A
“LcL EoBus”

MCCCp

P:31

EOBUS

EOB

EAMUX
PCMA

RGSW -

HOLD -}

10D
RGSW

MMB
"LcL EoBus”

MMBEOB

(backplane)

LONSOLE
bERTAL
INTERFACH

EOB

0BUS

BA,1,2

N NN N

EOBUS

MP

DESTINATION
TO/FROM
MANY THINGS

SM

LCL EOBUS &
OTHER THINGS

SMEOB

N
"LcL EeoBus”

SQEOB




-CC
SQCTLY AR BXARIR EOBUS BXEOB
DISABLE SQ
5p8 BXALUQ £ T T
OBUS
ENB
R 253; L ENB BUS FROM
Spp sa21 ALY ICL L \
SQCTL1 ALUD BXALU@
cc _SQ DISABLE o1 .«
> D3
MI ALU1L 32 BXALUQ
SEL
D e aramm ——a
CLK ENB
ALUL ICL L j?/( \\\ ¥ -
o ST JAIN (X SR / ALUL BXALU1 \
SWITCHES Sgp HI cp S
1 Ys32 _WAITING LCL C2 CLKL I o1
—q MC CLK3 BXEOB STB
—9 s32
SQCTLZ. — 9 BXALU1
MI SPC 92 532 C2 CIK
' EE%% : ICL L
> spe o FOPF | spc l
MI B 4Py MM p—
C sc2 ASJES - AMEM
61 SCRATCH
MI SPC 19 G2A PAD | 7 ‘
2B DI J H
0 BXRGSW
s 0
D
L S175
p3 p—
SMION
o — DEV
CLK oBUS 31:35 ADD
,L. q 532 UNGATED .
= SIB L 1
SQCTLY
q (CONSOLE SHEET 1 OF 1
10D DRAWN BY:
532 Immn. DAN MARTIN 0BUS
UNGATED SHIFT REG. BXRGSW SOURCE & DEST.
(X L

10/39/81

DATE:




MICROCODE

ALU FIELD

DST

FUN | SRC

ALU CONTROL

DST SRC
I R S
Qj R+S l(+1)H A,Q
1
1
2 | A-0BUS
‘F—ﬁKXB)
3
4

2F+AC(B)
2QQ

2F+AC(B)

ALU DST

=
ALU FUN
\ ALU SRC
DR
iMu x
AC
SEL.

NOTES :

1. The ALU DST,FUN,SRC Controls are 3 lines each for a total o
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'"@"as R source (@ means R source is unused)
Select"A" output of AC as S source
Q@. Perform RAS function (passes "A" through S selector
since R is unused)
©. Passes "A" output of AC  through F and ento OBUS.

/A =AND V=0OR ‘= EXCLUSIVE OR



MICROCODE ACSEL Field

4 2 1

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
I

0 MA 32:35 B IR 09:12

1 IR 09:12 = MA 09:12
2 IR 14:1/ - IR 14:17

3 IR 09:12+1

4 IR 02:05

5 IR 09:12

6 D 10:01 - AMEM-P

/ D 10:01 - DEST 10:01
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DBUS AND DRBUS

FJRW

o mCr— >

ALU@
ALU1

nmnacm o

m oo m

N

DMUX

DBUS

SM

ROTATER
MASKER

DRMUX

DR BUS




. | ? | 5 1 s | 4 | 3 | 2 | !
MICRO SEQUENCER
DEST n1 POL poeni! =
POP: -1 STACK UNDERFLOU
PUSH NI _BRANCHING IsLss:e STACK OUVERFLOH , £OND
P~ 13/ LAST COND
] new POL
& >~
[ 1§
PDL __PUSH (SQ HADB>
> ¢SG HAD1>
MIC
12,
PUSHJ MI BRANCHING
U SPC PUSH MIC
U DEST JHEW L
| S
— % L3INOSO
CLK
<SQJHAD> YR 3L
2 HUE p—odl $Q MnAp 13
o - 1
»EOBUS @2-13 . i JHEM L TYPE
»-JapR m ra X X 14
o 12, - 1 1, HHNLB AD "
L4 haall L4
l -LB_TYPE
1 2 b <sa nap 8>
M1 BRANCHING
14
J'
SPC_INDEX >
S.DEST WU _PDL _";E So— —poP
n 1413, 14
_ -@JADR <(SQJHRA> 1 [- <sonAD2> 14 e
o ) + L 1} $@ ARAD
DEST (JMEM EOBUS) EOBUS " e0-13
»-EOBUS 80-11 U SPC PUSH 00-13 nic 8-13 1
Sanan2> nl 3a €8-13
<s@ POLO> POPJ
|, LOOP=2ERO L -*| REG ! €AC 20,13 ' S EOBUS 99-13
EOBUS 08-1§ o co IDISP OPCODE 6-8.4-12
ePEC CLLOAD) LOOP CIR <$Q naDn2> IDISP HIGH ADR 90-3
"4 104D
. COMD £LOOP3 er -DILPCIR) pLCPUL)
o LCL CH cixl Ly
New POL | pop MACDONNELL DOUGLRS
! TITLE
HICRO SEQUENCER
EODUS 8-21 - STZE | CODE | NUNBER FEU
B 888081 ]
DATE AUGUST 23. 1984 [SHEET 1 OF 1
s 1 » T 6 ] 3 T 4 1 3 2 | 1




ccC BUS

CC STB DATO

CC MM WRT ENABLE

)

CONTROLS/CLOCK
BO
IMMA ' : e
1 | 1 1. 1 o
| ivx J15]- | |14 13 12 11 Q ous
| 1 1L b
a CC_LOOP DRIVE B1
CC STATUS LOOP A 5Q IN 5 B1 1
0
5;9 [ ] 1 1. [ 1. [ 1 = |
i [0 9 8 7 6 5 a4 sa
h2 — 20 - | 1
L
l | L L L
CC_LOOP _DRIVE B2’
CC_STATUS LOOP A SM_IN B2 ]
sM 1 l
R 2 STATUS LOOP A MC OUT \|cc SRB DATI - :
/ 24 - -
31
|
cc staTus{LooP A uC_IN CONTROL
DATA LOOP B2 OUT '
ne E LOOP
N o CONTROLS /CLOCK
STATUS LOOP CC CTRL LOOP MC IN
|
mc | 1




. 7 ] 6 ] s | | 3 ]
CCOBUSLP . DHG
e
(READ KRITH PORT 6) C(READ HITH PORT 1) CREAD HITH PORT 2)
OBUS BYIE © OBUS Bl‘(l'l 1 OBUS 'I?!‘ 2
] . v »
- :: :i"' T 13 l!q ) 1 ) :!F
4
BIT » ™
sLice o e v B B v K o i B B B B s i B B B B T N KNI
BOARD
SHIFT COUNT OF 64
C(READ HITH PORT 3) (READ HITH PORT 4) (READ WITH PORT S)
OBUS BYTE 3 0BUS BYTE 4 OBUS B:(I'E S c
l I v al
T TR 3 ESISISESESESESnSas s
7
BIT omt
SLICE bt vod Rt vl Bt Rtvid Rt it ad v R tad v il I t<af - ittt i 4 -t~ ot S - 3 -t~ et -4 i+t 4
BOARD
e SHIFT COUNT OF 8 cme-pf
(READ HITH PORT 6) C(READ HITH PORT 7) C(READ HITH PORT @)
oBUS BIYI'I-: 6 OBUS n:!m ? OBUS nlvrs -] ’
L AT BT BT BT o H =in —H 5 —
BIT .
SLICE 2 bty Rt R vl Bt R vl Rt Rl Reterid Reicrud e+ o vt Iiderod > <4 -4 i -+~ - i - iy i+ >ty <
BOARD
MACDONNELL DOUGLAS .
TITLE
CC OBUS LOOP
[STZE | CODE | NURBER ®EV
B A
DATE _AUGUST 20,1904 HEET @1 OF 01 ]
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_—
~
b
[
—
[ ]
>
-
[ 1)
-

0
STATUS BYIE 1 STATUS BYIE 2 STATUS BYTE 3
] 1 v
m— T w-‘—-u-—:v-'—u-'—tr'—w“-uj—w—u-—r 3y 157" 7
(1) :: AR AL :: A2 ie AR At 12 iR iR e il 12 22 AL, ’: l‘ 1,
" "z 1] "y (1] (1] 13 "3 3 "3 L2 "3 (2] o] "3 “g (1] g (o) " "
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DISK DRIVE DAISY CHAIN CONFIGURATION

DISK < Vo < ‘A’ CABLE
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t t : E : ~ READ/WRITE > 00
L —
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'A’ CABLE
CONTROL
'B' CABLE > DISK DRIVE
READ/WRITE ot
‘A’ CABLE
CONTROL
NOTE:
(1) A TERMINATOR MUST BE PLUGGED INTO
THE THE 'A’ CABLE OUTPUT CONNECTOR OF '8’ CABLE > DISK DRIVE
THE LAST DISK DRIVE IN THE DAISY CHAIN, READ/WRITE 02
‘A’ CABLE
CONTROL
‘B’ CABLE > DISK DRIVE
READ/WRITE 03
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Disk Controller ( start )

Micro Instruction

Y
F|OW Chart CPU Loads Disc is selected
DA,MA & | _ by loading
CMD the DA
CPU sets Done by loading
Busy & _ J ECC &
MBusy F/F TY Bus
Bit 35
\
Servo CLC
=
Controller |
Y
Send 1) Set Cyl Tag
Cyl addr |__{2) set Cyl Tag & Tag Enb
to 3) Set Cyl Tag
Disc Drive

NO |

YES

Send 1) Set Head Tag
Head Addr

to 2) Set Head Tag & Tag Enb
Disk Drive 3) Set Head Tag

l

Send
Control
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Wait for
good data
& clock

F-

Enable
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Overrun

Raise Control Tag
Control with Bit 1
with on Bus
Read Gate
-
10 usec No
?
Yes
Cir
Read Shift
Reg
Select Bit |CLC
Cir Bit Cont
Cir ECC
Select Read |CLC
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Header
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NO

Yes
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Drop Read
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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 FUNCTION

1 START A COMMAND -
2 INITIALIZE CONTROLLER  (SEND BEFORE STARTING CMD)

LOAD DA, READ DA

EEEEEEEEEEEE=E=s

LOAD AND READ DISK ADDRESS. SELECT UNIT.

BITS CONTENTS

04-06 UNIT NUMBER
07 SELECT UNIT
THIS BIT MUST BE CLEARED, THEN SET, TO SELECT UNIT
08-19 CYLINDER NUMBER
20-~27 HEAD NUMBER
28-35 SECTOR NUMBER



DETAIL FOR LOAD CMD:
BIT # FUNCTION
_—==== =ms====
15 USE SECTOR COUNTER
FOR ROTATIONAL POSITION SENSING - TELLS CONTROLLER
TO LISTEN TO SIGNALS FROM DRIVE TO TELL WHERE IT IS.
16 RELEASE
RELEASE DRIVE FOR USE BY ANOTHER COMPUTER
17 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 O
25 CMD 1
26 CMD 2
BITS 24-26 ARE DISK CONTROLLER SEQUENCER START ADDRESS
27 32 BIT MODE
28 *kk
29 *hk
30 ANY ATTENTION INTERRUPT ENABLE
ALLOWS INTERRUPT WHEN ANY UNIT IS AT ATTENTION
31 kK ‘
32 DONE INTERRUPT ENABLE
33 *kk
34 ko
35 k%

DETAIL FOR CMD (BITS 24-26)

CMD FN

0 ‘READ

1 WRITE

3 WRITE ALL (SECTOR + FORMAT DATA)
4 CONTROL FUNCTIONS (RECAL, FAULT CLEAR)

5 (WILL BE 'SEEK')



DETAIL FOR READ CMD:
BIT # FUNCTION

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

01 SEL UNIT WRITE PROTECTED
02 -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 *kk |
il READ OVERRUN ERROR
12 WRITE OVERRUN ERROR
i3 SECTOR OVERRUN ERROR
14 INTERNAL PARITY ERROR

BITS 11-14 ARE DETECTED BY CONTROLLER
15-17 (SAME AS LOAD CMD)
18-20 ?SAME AS LOAD CMD)
21-23 (SAME AS LOAD CMD) >
24-26 (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+l1, BITS 0-31.

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



FORMAT DISC FROM EDDT

Load U
Disc Test (DT)
MT File 6

MG 140 Start Mos.Mem.
CTY

EDDT

RD Esc G

Prints Information

Help ESC G
**Unit/ -1 O LF ** = Changeable for another
*CYL# -1 1777 LF unit
*HEAD # / -1 17 LF
*SECTOR #/-1 7 LF * = must be reset
MAXCYL #/ O 1777 LF each run.
MAXHED #/ O 17 LF
MAXSEC #/ O 7 LF
MINCYL #/ O LF
MINHED #/ O LF
MINSEC #/ O LF
MINSAF #/ O LF
MAXSAF #/ O 1777 LF

BAT1CY #/ O LF

BAT1HD #/ 0 LF

BAT2SC #/ 0 4LF

BAT2CY #/ 0 LF

BAT2HD #/ 0 LF
0

BAT2SC #/ 4 LF
FMT ESC G Not Read Only
CTR T Indicate where format is

UNIT,CYL HEAD, SECTOR, & COMMAND

PS=SYSTEM STRUCTURE
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z RDP Reg — iuP -————->GBL
D7 LuP 8 FC1 CRC/ J
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c d
1s2 u"'
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Switch SRC E
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HNT - u
2 cMo,1 | 2. |[cos co7
= ¢ lcoe
oy 1t 1 1 s cD
Q .Qp———l
1SO Unit REW/DEN_>
Sel SELO-3
1IS1 |pecoder >
\pAve L—NT e jSeRgtat
D11 Clocks i'—-'l-'--b-‘t‘
(-BDY uP S.Da;a
“RWD | A11 ‘
5 F— CD1 WCLK
MTU : =
2 Strobe HUNT )
s FPT tet MTU Status | |&
atels P
EOT Busy T.Busy z
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\RNG_" INT
CM2 f
Device
DENB rpenie Reset MRest
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S cma
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INTERFACE BLOCK

FIRW Format
D11 > S.R.Stat YY] Status
Tuo s ——
Al1 coder Stat
LT g I <o = ——l —"**
o cD1 —
X WCLK
@@ 1-BUS Strobe >
———————— Enmmemsees e
Unit Sel ——— Bus
BUS ENB Bus Enable ) Enable
Store Cm D: _J
Comd
————1Reg SELO-3 .
M-BUS D-BUS
st
1S12 Reg.
RDP
S.R.Data R:‘.’,"’ RDO-7
DPavlty Reg
CCOM
Store Cmd
M.Reset MRest o RCLK
Power Up |Reset o Delayl RYLLR
Denb
Device T.Busy
Store Cmd E_"lbi: “F:B—u—"y—"
- b
MTU Status [MTY Status




uP BLOCK

FJRW
MA 0-7 PROM OPROM 1PROM ZPRIO_I! 3PROM 4PROM S5PROM 8PRO
- T
[ '}
Ac |Fc! ac F FCi F | Lare K X K
MA 8 3 2 1 00,1:0 5 413 2 1 02,3:8 S 4119 1611109 7 86 5 43 2 1 9
—_ —F
L $ X E.: { C™M 16,17,18 o
| o-3] 5 S FUNCTION olemio
b CONTROL >
CPE|(CLK) ~ 3 Q
Qa o K-8
o © lL us De cCD 0-7
~ 0 Fout coder
P> Lo PROM
= ﬂ 8
7
T ' ' Osc Y clock
Mrestt Fin co X ! 1 ' I c1~—J S, tTock
| | [ 1 | ‘E {:‘ocli >
CPE ! Cenlr'al Processing Elements (6) Y Llock
1 ' { 1
1 ! 1 L 1
. Program
: a-us | ) .
Mrest 8~-11 D-BUS F Even
Mres’
Cx F.F. Strobe
Clock —_—
SFC .
Cmd2 | D1,010,/ (D11 | Reg SRC >
Gates 1-BUS R >
MTD Cmd7 SWS >
Status Output Wb (W)
P e W >
ao(xg Read M-BUS Cmda Data
LEIN boty L Res
Reg Parity
-Strobe
Check ——e e}
= sees]
WARS
F.F. CRC "—“"
<Gon <




After

KENNEDY WRITE AMP DESKEW

- - —— - —— — G — - - ———— - — - ——

a write channel card is changed the electronic write deskew

must be adjusted for. The 4 channel write board contains the

write
S1 is
S2 is
S3 is

The 5

deskew circuitry for tracks P,0,1,2 (P has no switch settings).
for track O.
for track 1.
for track 2.

channel write board contains the write deskew circuitry for

tracks 3,4,5,6,7.

S1 is
S2 is
S3 is
S4 is
SH is

for track 3.
for track 4.
for track 5.
for track 6.
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.

2 3 4 The value of this switech is 7.
The switches are in binary.
is the 1's colunmn.
X is the 2's colunn.

is the 4's column.
is the 8's column.

I NFRE Y

As the head wears these switches may have to be changed. This
can be done with an extender card.
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NETBLX2 .DNG
LPT
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ave NET |-HOSY RDY
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s 2 NOT USED t svoem NO SR 8-3S
NEY RD DATA o= crx
I NET_RD _STATUS
AN HOST BIY
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BUS INT STB . ‘"1::‘?" &
L
. BUS ANY INT L DATAR RECEIVERS —
A MILNET
| INTER.
[T 7
10D 86-35
NETCLK A >
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. LOGIC NETCLK B - DATA TRANSMITTERS SHIPTER
CONTROL
X NI CONT 2-7 1c
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N1 _FULYL cLn : 1 L cLr V_‘
1 €% NI COUNTER SIX NO COUNTER )
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i —
-36 -3¢
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NO NEEDS DAYa [ | T -—J_l e
LaST IWP BIT A b MACDONNELL DOUGLAS
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LAST IHP BIT SEEN B . A
NO_RDY
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TRANTIN1.DHG
LrT

| 208 NSEC |

NET & WNZ CLK ___| 1 J
*eP=1 4 r

p—

NET CLK & + B oo

8 e~-13

MO LD L L

s e=3

NO RDY
se-10 —

NO EnP3Y
ese-es

TYHD il
orve—es : :

READY-FOR-NEXT-NOST~-PIT :
CR=CL?

RFHNHD SINKING
o10-03

RFNKE SUNK
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X028-04

NO SNHIFT ENB
cse~e8

i

-NO LB OK J
[T

HO BIT WDV LT L I ?l
L 24 . 4 :
i

+36 LOADED INTO COUNTER

COUNTER UP-COUNTS

MACDONNELL DOUGLAS

TITLE
TIMING CHART-TRANSMISSION
S1ZE |CODE | NURDER REV
B 008881 A
DATE__FED. 188 HEEY | OF 2

“

2 | 1
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9]

. T v | Py I s T 4 I 3 2 1



GGG mE S oo e e e P
! TYMSHARE |
| Metwork Technology Division |

P L R R R R R Y R YR g

Hordware Contfiguration
Specification
LSI-11 Rased TYMBASE

AuthoreesedJeMeStammerse
Date.....nSep 18 198¢0
Upo’ate... e5/15/782 $DRE



LSI=-11 TYMBASE Harcdwere Confice Spece Septs 15 1982 Page 3
Components
(.Components

The followina is & list of ccmponents which c¢cen be dintegrated dnto
TYMBASE conficguraticnse

2.1 Processcrs
Three processor boaras c¢an be used in a TYMBASE configurations two
are revisions ot the KU1l module anc the third is the KDF11 modulee.
These are tne M72¢4 cuad heioht board with on board memorye the
M7270 cual height boarce and the %81l&& dual height boardese AlL three
are aescribed in the 157%=60 eaition ot "Microcomputer Processor
Handbook"™ by [igital Eaquipment Corporatione

2e2 Bootstraps

The bootstrap board usec in a TYMBASe configuration is the BDVil=-AA
(MB012).

The BDV11l board is described in the 1976«1979 edition of "Memories
and Peripherais®.

The bootstrap has a prom ceveloped by Tymshare which resides on the
toarde This bootstrap allows the down Line Loading of the TYMBASE
from TYMNET using LOADII or egquivalent programe or from a connected
hosts Hosts currently supported arel-

le DEC=2020 Tymcom=X

2¢ PULP=11 RSX=11M

3. PDP=11 KSTS

4e F3 Tenex

5. F&4 Tenex

The BDV1l is a quad height boards

23 Memory

The TYVMBASe is provicded with a 64K byte dual height MSV1li-D (M8044)
or MSV11l-F (ME045) 18 bit M0S memory boarde.

The MSV1il memory is describéd in the 1578=1S879 edition of "Memories
and Peripheralsn,



_SI-11 TYMEBASE Harcware Confige Stece Septs. 1% 1982 Page 5
~onficurations

5(‘onfigurat jons

There arc two possinle ceonficurations that cen be supported by the
TYMBASE softwarece These are cgetailed belowe

3«1 Large Gox
The modules in the Larce hcx are insertec as follows:~-
le KD11 or KDF1l1 processor
2¢ #SV11l memory boarc
3. 0=2 DPV (or DUV1l) synchronous serjal fnterfaces
4¢ 1=5 DLV1l=J asynchronous serjal interfaces
5. (=4 $ZV11 asynchronous multiplexors
s 1=2 DRV11l parallel interfaces

7« EDV11 bootstrap pboarc (with prom)

bmeomeceocsecenecocnecedonrcaaoneammaomemed

| KD11 | I 1l
L X X 2 TR L N X X Y 2 XX
| MSV1l | | 2e
L L L Y ey
] CpPvil | | 3e
G G R AR G G G Ee AR G Ge P TS AT GD D D G SR G T G O o e W o
] DPV11 / DLV11l=d | Ge

e GG S CE R I A D D N G S S B e e o

| DLV11=J / DZV1l / DRV11 | 5.

P oeoorTEeEeEO R R R R R BB EmEmS e o P

| - DLV1l=d / DZV11 / DRV11 | €.
e A R D AR D R RS S D G Gk W e o
| DLvV1il=J / D2V11l / DRV11l | 7e
LR T X T Y R R T r R R R R N X R
| DLV1l=J /7 D2ZV11 / DRV11 | 8e
e S R T AW e
| BDV11 | Se

L X X X 2 2 L L X B T T 2 L F X X X X ¥ 2 2 2 ¥ R ¥

The DPV11(s) (or CUV1l(s)) must be installed in the bus <closest ¢to
the processor because it 495 the most time critical device. The
DRV11(s) must be installed last in the bus (but before the BDV11) in
order for the node to perform welle. The BDV1l acts as bus
terminatore so it must always be inserted 4n the lLast slot after the
other boards. (fece there must not exist any ‘holes®* between
ﬁnterrupting devices in the buss the BDV11l is not an dnterrupting
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Conficurations
(.2 Smatl box

The insertion of Loards in the small box (with expander) is as
follows:= -

le KD11 or XDF11 processor

2« FMSV11l memory mocdule

3. 1=-2 DPV1l (or DUV11l) synchronous serial interfaces
4 1=5 [OLV11=J 4 SLU mooule

Se¢ 0-4 D2Z2V11 asynchronous multiplexors

6« 1-2 DRV11 parallel interface

Te 1 & bus expander

s E e e e e T o S e e e e

g KD11 | MEV11 | 1
L X T R R R L Y
| DLvill-u | DPV11 ol 2.
o - - - - -
i (2 x DLV11=J) / D2V11 | 3.
C X T R R R W L X
| sssececsesss ] CLvll=-J | 4o
R R R R R R Rt ceemmeceans
ssExpander::
+=liiiiilllllmmmr e
] ssesesesssls | DLV11=J | Se
G A e YN O e e e e
i DZV11l / DRV11 | 6o
e e G S AR G WS S G G P S WS G G 4 B & s e o
| DZv1il /7 DRV11 | 7
e G S N ER NED RGO T G e
i BDV1l | 8e

G G D N A R S D PP R ORGP SO SD P A R R E e ue

ALL boards must be contiguous from slot 1. The DPV11l(s) must be
installed in the slot(s) closest to the processor because it is the
most time critical devicee The DRV11(s) must be installed Last 4n
the bus (but before the B8DV11) 4n order for the node to perform
welle If no bus expander 1is provideds then the BDV11l must be
inserted into stot 4¢ 2anad the DPV11 4n slot 2 (right sidele.
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Contfiguring the BRoards

176&50 21¢0
17660 220
176670 232
oLv1l & 17¢70¢C 240
17¢71¢C 250
17e72€C 26t
176720 27¢

These addressecs and vectors “UST be observed for consistency.
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Fage 11
onfiguring the B5oarcs

@21 switches ere set as follows:-

ral

[F S - - -

| b c o)1} 1]

G mm e ma s BB o - o-$
1 2 3 4 5
On (Closed) = 1y Uff (Open) = 0

£15 switch settinags are as followsi-

£15
T S G G S T D G S Eh GRS B

111041010} 0} 0]

e e e S E e EE S P R R R R S ER SR A s O e

1 2 3 4 S 6 7 8
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Confiouring the Zoarcs

QZ. Lddress and vector switches are set to the standsrd valuese.

bojojp o jfo})pop oo} x|

- G G S O e e G Ce G e TS GG U Gr e ae e o

1 2 3 4 5 3 7 3

E3S

- e e G S h G D S G G G e WD G ED e G A e o

Px x| 1P 0 oo x| x|

1 2 3 4 5 6 7 &
g3E=-& => 1 for DUV11l number 4
else => 0
F3%=1 => 1 for DUV11l number 2 and 3
else => C
£39=2 => 1 for DUV11 number 1 and 3
else => 0
£238-3 => 1 for all DUV1ls
else => 0
£39«7 => 1 for DUV11 number 3 and 4
else => 0
F39=-8 => 1 for DUV11 number 2 and 4
clse => 0

D is the off or open pecsitiont 1 is the on or closed position of
the switche

Switch E55 is on the "handles" end of the boards E38 at the
“fingers®
ends and E39 is in betweene
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Configuring

®

€ DLV1l=dJ (MK

4eb6el

CLvii-Jd

the Eoarcs

042) and DZV11 (M7557) Asynchroncus Interfaces

To set up the standarc acdcdresses and vectors for the &4 ports on

the

1.

2e

Se

Ge

OLV1l=J

Adaress

¢+« it 1s necessary

selection

o AlZ2 => X to 1

o All => x to 1

o All => ¥ to 1

c A9 =>

o AB =>

0 AT =3

jumpers

c A& =>
jumpere.

o AS =>

X to O

X to 1

to jumper the board accordinglye.

P

~remove jumper for DLV11 1 and 2 otherwise dinstall

remove jumper for DLV11 3 and 4 otherwise dinstall

X tc 0 for DLV11

Vector selection

o V7 =>
removed

o Ve =>

o V5 =>

0 Break
Channel

For cha

ley 3 and 5 otherwise X to 1.

Installed for DLV11 1, 2 9 4 and 5 otherwise

Installed for DLV11 1 4 2 and 3 otherwise removed

X to 0 for DLVI11

X to 1 for DLV11

selection

X to 1 for CLV11

X to 1 for DLV1l

selection (B X H)
parameters

nnels 0 through 33

1

2 e 32 and 5 otherwise removed

1 otherwise X to 0
1 otherwise X to O

=> Remove jumper
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Contiguring the Bcarcs

('4.6.2 CzZvil

pocresses and vectors

le

2e

Adoress selection
£30

L DL L L DL Ll e L T LT L L L L L g L XX J
fojyotpc oo} o)1t 0 | x|} x|
Y L et el e e L T
1 2 3 4 5 6 7 8 S 10

£E20=-% => 1 tfor C2V11l number 3 and 4

else => 8

£30=-10 => 1 for DZV11l number 2 and 4

else => 0

Vector selection
£2

L e L X T R LT T YR

110101 ) x| x| 0} 0}

T e G ORI O E GG TGP AT WD R e e

b 2 3 4 S & 7 8

E2«% => 1 for 0ZV11l number 3 and 4
else => ¢
E2=-¢ => 1 for DZV11l number 2 and 4
else => 10

0 is the ¢off or open positionsy 1 is the on or closed

of the switche

for 22ZV1ls are set up 2s follows:=

Page 17

position



wu
RED WIRE
- b
Z 8 — W
wi|l®]]E
2 a o 5
= < 4 Q
= Q. - <
7] < <
o [ 4
' <
hreg o
wid —W1S
w12 w1
wio =—wnh
WS o
' — YT — 4 W3 e
we ""-"w

wy ——

— Wi
— w7

we [ ] |

KDF11-AA Jumper Locations (Rev. C)



\ o 811
o | e 13
ADOR LSS 03
o veMes (1Y
o | 818
weaORY (uo o
=ze 170 ® o'
LY '
(X ]
WM @ s 8@ ) PARITYMO PARITY
BATYERY paCKLw OPERATION
POWER Anerens 1 D ev2v re
ﬂ—'o 128
o e 0
R ]

=[] (

MSV11-D, MSV11-E Switch and Jumper Locations



aaann

1 B

0 [
[

oo oo}

-
[ |

o
)
L]

on

BDOV11 Switch and Jumper Locations




DLV11

o )i ix

- ¢
2] gs3s
4 i
O =n
™o gasx
11
TP2 ©
<
INSERT ,005uF CAPACITOR WHEN T
THE SERIAL LINE DEVICE IS A
TELETYPEWRITER (LT33 OR LT 3S)
~onen :.;::;
>»>>>> Czznx
Mmene @8OTw T
Cqas A<y v

DLV11 Jumper Locations



CHO AND
CH1 EIA

SELECTION

cHY
COMMUNICATION
LINE <

PARAME TERS
CH2

1

M
Jo 33
2x3R ARIX2
MO o oo - oM2
m..... ) Zb“ v ® =0 N2
* oo - [ ] o=t o MJ
Nie oo o - ) ow R23 ® o0 oN3
1 (4! oK BAUD RATE
; oV SELECTION
N
R10 ‘}.
CHO =T : urT
Edeo y
De oe CH) TERM RESISTOR !
s CHO TERM RESISTOR
P.C':r CH2 TERM RESISTOR
‘e CHJ TE AM RESISTOR
xx}
KX
xx}
LR )
CH2
)
De o
¥ xx)
Peo oo
CH3
céed
De oo
S xx}
Po oo
ADODRESS AND
as &b VECTOR JUMPERS
A6 o
Ale e
V6 o=
\2K ]
[ X o d
B XH
—
Vso 7 4 BREAK SELECTION
(ICHANNEL J)

DLV11-Jd Jumper Locations

}

CH2 AND
CHIEIA
SELECTION



€

(o |[In)

Ty 24

ADDRESS/VECTOR
ROCRER SwtICHES

DUV11 (M7951) Major Components



OPTIONAL EXTEANAL
CAPACITOR

MY ETCH REV €

DRV 11 Jumper Locations



.SI-11 TYMBASE

Hardware Confice

configurine tne Roarcs

Se

o E => v to 0
ol => Y% to 1

o § => X to O

o P => ¥ to 1
Speea selection
o U = 150 Baud

o T = 300 Baud
oV = 600 Baua

0o W = 1200 Baud
0 Y = 2400 Baud
o L = 4800 Haud
o N = 9600 baud
c K = 13200 Baud
6 Z = 38400 Baud

Jumper from O0¢ 1,

Soece

2

-

appropriate clock ratee

Septe

of

15 1982

the

above

to

Fage 16

select



SI~11 TYMBASE Heraware Confige

onficurinc the Ecardcs

4¢5 DRV=11

(7341)

Spece

Paraliel Interface

Septe 15 1982

To set up the standard addresses and vectors on the

necessary to

install and/or remove

4e45¢1 Acdress Selection

The DRV11l address 1is enc
Al2 peing

o
o]

AZ
A4

Ad
A4
AS
Ab
A7
Ag

o Al2

VvVVwvOo OO OOOo

l¢] 0 o}
o] o (o]
Q o] o
o} O===0
(¢}
(o]

oded

AS

AlQ
All
Al2

DRV1ls

several wire strapse

Page 14

it  is

in 10 address straps A12 through A3,
the most significante.

install jumper for DRV11
install jumper for DRV11
install jumper for all DRvV1ls

4,52 Vector selection

Vector selection is accomplished

straps between v7 through v3.

00 00O0

V3
V4
vS
Veé
v7

Va4

V3

(o}

0

=>
=>
=>

-
-

=2

(o} O===0 V
0 o] oV
0 oV

install jumper
install jumper
install jumper
install jumper
install jumper

5

6
7

for
for
for
for
for

DRV11
DRV11
ORV11
DRvV11
DRV11

2 and 4
3 and ¢4

by 1installing

2

2 and 3
1

2e¢ 3 and 4
2e I and 4

and/or

removing
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Scece Septe 15 1982 Page 12

onfiguring the Soards

4¢4 DPV=11

The
the
are

The

(Mc020) and JUV=11 (M7%51) Synchronous Interfaces

™ ~
oel

interface board for
wire=wrap strapss The following

are factory set and need only be checkede

UPV11l is now the stangarc synchronous
LSI-1le It s configured using
standard straps that

wl=w2
W3=w4
WS=Wp
WE8=W9
W1g=weo
WlS=uWc1l
W22=W23
W24=W26
W2S5=-w26
W27=w26
W28=W256

following are addressirg straps and are unique for each CPV1le.
W29=-wW35

H2o=Wl4
W2S=W37

for
for
for

PPV 1 and 3
PV 2 andg 3
OPV &

all
DPV
pey

CFVs
e and &
3 ancd 4

for
for
for

W43=W46
W4B=-W46
Web=Wh6

HE1leW22e W33 eW369W3I8eWISeW40eWs1eW42 should not be connected

to anythinge

The CUV1l is an older synchronous
compatibilitye.
be usede.

1.

serial 1interface supported for
The following cefines the switch settings that must

Option switches are set to allow single character synchronizing
unless the connection s Micro~-node to Micro=-node (Remote
nodese.

£S5
S S D D D Gh G T T S G TR G G R ED AR e A e e
P11 ool xjpojoytpofo|

P D G e DGR S WP WP DU D G AT D T Wb U D WS R e

1 2 3 4 5 6 7 8
x <= 1ton) 4f connection is to TYMNET otherwise 0 (off)e.



SI-11 TYMEASE

Hardware Contize

onfiouring the Boarcs

4.3 BDV=-11 (MEC12)

le

2

3e

4

\:/

footstrao

kKemove jumper S

Ins

(It

jumper as incicatec 1in

Ins

Configure both switches as

tall jumper W12

W13 does not exist on .

the

tall the EPRCM

Spece

your
ODEC

in the socket

boa

Sente

rdse

indicatedes

Halt Run
/

carefully
installation guide)e.

/

13 1982

indicated (45)e.

\3/

1
|
|
i
-1
|
|
I
|
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
I
|
|
i

I
P
P

b
I
bl

P e

N O T O I I A
N T S I O O A
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onfiguring the EZcaras
te 0 Conficuring the Boards

This section descrives the way in which the ccmponent boards must be
configured toc make them work in a TYMBASE.

It is assumecd that the reacer has nearby a copy of the relevant DEC
reference hancbooke

4¢1 Processor boarc

The processor must be configured to jump to Location 173000 wupon
power=upe This 1is aone by the 1insertion of jumper WS and the
removal of jumper Wée On the LSI=-11/23 the jumpers W4 and W7 must
be removed and the jumper W8 must be installede.

te2 External Interfaces

The following is @ list of “standard® acddresses and vectors that can
be assignec to various interface boards in a TYMBASE configuratione

Device Address Vector
DRV11 1 167770 33C
DRV11 2 167760 40
DRv11l 3 167750 S0
DRVl ¢4 167740 70
DPV11 1 1860010 400
DPVil 2 160020 410
OPViIl 3 160030 420
OPV11 4 16004¢C 430
puvii 1 16C€010 400
ouvil 2 160020 410
puvil 3 160030 420
DUvlil 4 160040 430
DZvil 1 160100 440
pzvil 2 160110 450
D2v1l 3 160120 460
Dzvil ¢4 160130 470
DLV11I 1 176500 300
176510 310
176520 320
tcty) 177560 &0
pLV11 2 176540 340
176550 350
176560 360
176570 370
DLV1l 3 178600 140
176610 150
176620 160
176630 170

DLV11 4 176640 200
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Confiourations ’

devicel. The Lline time clock must be enabled (ieseey jumper W1l on
the backplane must be installec}).
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omponents

2.4'Asynchronous Interfaces

Two serial asynchronous port options c¢an be wused din a TYMBRASE.
These are the DLV11=J (ME043) and the DZV11 (M7S57).

The DLV1l1=-J is a dual heiaht module with 4 separate serial Line
units (SLU). A DLV11 SLU interfaces one asynchronous serial Line
I1/0 device (either 20ma orf EIA) to the LSI-11 pus (without modem

contrcol)e One DOLV1l port must be configured as a console terminal
(cty)e
A D2v1l multiplexes asynchronous serial Line I/0 for 4 devicese. It

is a guad height module ana has full modem controle.
25 Synchronous Interfaces

Two synchronous serial Line interfaces are available for the TYMBASE
configurationy the DPV=11 (M#020) and the DUV=1l1l (M7951).

The OPV=11l is @ dual height board and the DUV=-1l1 is a guad hedght
board describedg in the 1978-197% edition of "Memories and
Peripnerais",

26 Backplanes

Two poxes can be used for the TYYBASE configurations the BAll=-N or
Large 9 sloty and the POP~11/03 or small 4 slLot box (BAll=-M) with an
optional expansion box (EAll1=-ME)e These boxes are described in the
1979~1580 edition of "Microcomputer Interfaces Handbook".

For the 9 slot boxe the slots serviced by the Q-«buse are the
leftmost two (as viewed from the rear of the box)e The rightmost
two slots do not interface to the buse

ALL slots in the 4 slot box (and the expansion box)e are serviced by
the Q=buse
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‘ntroduction

L«0 Introductiocon

This cdocument dgescribes the hardware configuration specificatton for
the TYM3ASes based on LSI=11 computersa.

It is assumec that the reacer is fariliar with the architecture of the

LSI=11 anag that thre apprcpriate GEC hardware manuals are at hand and
available for reference.
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INTRODUCTION

The document tells you how to bring up a micronode, also
called an LSIV1, that is down, The proecedure documented here is
very simple, but very important, for the micronode is what connects
the System IXV (a "Foonly” machine) to TYMNET, the network that
sttaches users to hosts and hosts %0 each other., All informaticn
passed to and from the System XXV and the other AUGMENT hosts, as
well as all interaction with individual users at their terminals,
must go through TYMNET and thus must de fed through the micronede.

There is one exception to this rule. While virtually everything
communicates with the System XXV by going through TYMNET to the
sicronode and then through the micronode to the Systes XXV, the
console terminal is wired directly to the System XXV, This means
the console terminal and the System XXV ccmmunicate uwith each other
without going through the micronode and TYMNET. Thus they can

eontinue to interact even when TYMNET and the micronede are not
functioning correctly.

System XXV calls the micronode TYMBASE 2nd uses a software module
called TYMSRY to connect to it. Thus, when you see the tern
"TIMBASE" in s console message, it mezns the micronode; the tern

TYMSRV means the System XXV program that communicates with the
sicronode,

HOW 7O TELL IF THE MICRONODE IS DOWN

There is no one sure way to tell if the micronode is down, but the
following symptoms probably mean it is not funetioning properly.

1) The console i3 printing messages indicating problems with
TYMBASE or TYMSRV. For example, "TYMBASE APPARENTLY DISABLED"
or "TYMSRV: FAILED TO RESYNC WITH KODE".

2) You are getting irate calls from users who cannot reach the
System XXV or have been detached.

3) The RUX light is off,
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BRINGING UP THE MICRONODE
Introduction

The micronode is what connects users to the System XXV and
allows them to use {t. For this reason, you should never bring
up the micronode and open the system to users unless you are
sure the system {s in good shape. If you are recycling the
micronode after a system crash, make sure the system has ccme up
correctly as descrided in the document "System XXV AUGMENT Host

Fallure Recovery Procedures®, in the section called "Normal
Bringup”.

The following procedure for dringing up the micronode (also
referred %o as "rebooting") has two parts., First, you actually
dring up the micronode. This is descrided in steps 1 through 18§
of the "Procedure Summary®. The process is not ccmplicated;
however, the procedure may not always work the first time, If
you try to dring up the micronode and do not succeed, simply
retry the same procedure several times. If you still do not
succeed, you may want to have the micronode examine 1i%s memory
for hardware problems, To find out how to do this, see the
section titled "Repeated Failure® under the heading "Errors and
Recoveries®. -

Once you are successful in dringing up the microncde, you then
need to check the micronode and TYMNET by attempting to log in
%0 ‘a different AUGMENT host. This procedure is documented in
steps 19 through 21 in the "Procedure Summary®.

Procedure Summary
1) Make sure the switeh on the side of the console terminal is
at the position marked "Foonly" and type a8 few carriage returns.
You should see the prompt "€" or "Iv, If you get "%, you are
not enabled. Type "enadCRO" to enable yourself: you should then
get the "% prompt,

2) Type "<CTRL edtymnetdSPdoff{CRO",

3) Check the power light, the right light on the froat of the
micrencde, %o ensure that the micronode has power, When the
povwer is on, the power light is lit, If the 1light i3 off, turn
on the power switch on the dack of the micronode.

4) Put off (down) the three switches on the front of the
micronode,

S) Put the switch on the side of the console terminal to the
position marked "micronode”, (This is usually down.)

6) Put on (up) LTC, the switeh on the right,

7) Put on (up) HALT, the switch on the left,
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8) Put on IEIT, the middle switch., The RUN light (the left
1ight on the front of the micronode) should light.

9) Type a few carriage returns on the conscle terminal., You

should get "$%, the prompt for the micronode's Command
Processor. .

10) Type "DOKCRO™; "0" here is a 2ero. Note that all commands
to the microncde must be capitalized.

1f) Turn the switch on the side of the console to the position
labeled "Foonly", (This is usually up.)

12) Type a few carriage returns: you should then get the proapt
e, ‘

13) Type 'run(SP)(systeh>ucdebc(t8:><cn>'.

18) When you see "MICRONODE IMAGE FILENAME >", type "<ESCOLCR>*",

15) You will get messages that the System XXV (Foonly) is trying
$o reset, load, and start the micronode. If this process is
successful, you will get the message "NODE BOOTSTRAP COMPLETED
SUCCESSFULLY" followed by some system messages.

16) When the system messages are over and you get the ®{®
proapt, type "<CTRL e>tymnet{SP>on<CR>®,

17) You may get some more system messages, and 3 few minutes
later, you should see your last message, "TYMBASE UP*,

18) If you do not get "TYMBASE UP", or you get the message "MUST
REPEAT ENTIRE REBOOT PROCEDURE®, something has gone wrong. Turn
| the power off and back on, and begin again with step 1.

19) Once the micronode ccmes up, push the switch on the side of
the console to the position marked "micronode” (usually down)
and type a few carriage returns, If you then see "Please log
in:®", the micronode is OK. If you are NOT asked %o log in, the
micronode has come up wrong., Push the switeh on the side of the
console terminal to the position marked "Foonly”, and start the
bringup procedure again from step 1.

20) If the micronode is good and you are asked %o log in, try to
log in to another AUGMENT host. If you succeed, TYMNET is COK.
Log out from the other AUGMENT host, push the switch on the side
of the console terminal to the position marked "Foonly" (usually
up), and again type a few carriage returns. Once you get the

""" prompt, the console terminal is again communicating with the
System XXV.

21) If you do not succeed in logging in to another AUGMENT host,
try again., If you cannot log in within five minutes, something
may be wrong with TYMNET. Call the TYMNET Network Control
Center and report the problem.
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Procedure Description

The NEXILIS micronode connects the System XXV (or Foonly) to the
TYMNET network, which in turn connects it to other AUGMENT hosts
and to AUGMENT users. The micronode then funnels information to
and from the System XXV, allowing users and other hosts to
interact with the system, To do this, the microncde runs a
progran stored in its memory. When the micronode goes down,
this program is lost and must de reloaded from the System XXV
where {t is permanently stored. The micronode dringup procedure
first prepares the micronode to receive this program and then
instructs the System XXV to send i% over, Once the program has
Deenn successfully transmitted and the micronode is running it,
the System XXV must resynchronize with the micronode so they can
pass information back and forth., If the System XXV succeeds in
synchronizing with the micronode, then the micronode has
probably come up correctly. Onece the micronocde is up, %0 make
sure that the micronode and TYMNET really are all right, try to
use them to log in to another AUGMENT host. 1If you can do this,
then you know the bringup procedure has worked.

You degin the micronode bringup dy making sure that you are at
the AUGUST Operating System's EXEC, and that you are enabled.
Make sure the switch on the side of the console terminal is at
the position marked "Foonly®, and type a few carriage returns,
If you get the prompt "1®, you are already enabled., If your
proapt i3 "€", you are not enabled. Since you must be enabled
to bring up the micronsde, if you get the "€" prempt, enable
yourself by typing “enadCR>" at the EXEC, ¥hen you enable, you
tell the system that you are a perscn with special powers who
should be allowed to do things normal users cannot do. After
~““you enable, you will be prempted with "In,

You now prepare the System XXV and the micronode for rebooting.
Since you do not want the System XXV to use the micronode as you
reboot 1%, you degin dy typing "<CTRL e>tymnetlSP>off{CR>",

This tells the System XXV that TYMNET is no longer available.
Nex$, check the micronode itself to make sure it has power. The
right light on the front of the misronode i{s 1it when the power
is on. 1If this light is off, turn on the power switech at the
back of the micronode., Now you need to reset the microncde
before bringing it up: put off (down) the three switches on the
front of the micronode. Finally, so that you can ccmmunicate
with the micronede, put the switch on the ccnsole telatype %0
the position marked "micronode™ (usually down). Doing this

connects the console terminal to the micronode {nstead of the
System XXV,

You now are ready %o begin dringing up the micronode. You do
this by putiing on the three switches on the front of the
micronode. Make sure that you put on these switches in the
proper order$ putting them on in the wrong order, can cause
serious damage. First, put on (up) the right switeh on the
micronode labeled "LTC™, This switeh turns en the line eleeck

tizmer, 20 in%ernal timer that makes sure computer procsdures
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happen at the correct intervals and are synchronized. MNext, put
on (up) the left switch on the micronode ladeled "HALT", Last,
put on the middle switch om the micronode labeled ®INIT",

When you put on the "INIT® switch, the RUN light (the right
light on the micronode) should come on. The micronode is now
running a small Command Processor, 7Type a few carriage returns
on the console; you should get a "$%, the Command Processor's
prompt., If you get an "€" prompt instead of the *"$%, check to
make sure the switch on the console terminal (s pushed to the
position marked "micronode®™. If the switch accidentally has
been left at the position marked ®Foonly"™, then the "@" you are
getting is the prompt for the EXEC in AUGUST. Push the switeh
to the position marked ®micronode®, and again try typing a few
carriage returns; you should now get the "$" prompt. If the
switeh was already set correctly when you got the "€" prompt,
you have accidentally entered the micronode's debugger. This is

a sericus problem; immediately start the bringup procedure again
with step 4,

Once you get the "$* prompt, the micronode is ready and waiting
to be rebooted. Type "DOCCRY", MNote that ®0" is zero, and that
all commands to the micronode must be capitalized, The DO
coamand tells the micronode that it should prepare to take its
reboot program from the System XXV, To tell the Systea XXV to
deliver the reboot program, put the switch on the side of the
conscle to the position marked "Foonly®. This reconnects the
console terzinal with the System XXV, When you get the AUGUST
Exee proapt "1%, type "runiSP><{system>nodebodCR>", The System
XXV will then run the micronode booting program. This program
will feed the micronode the program it needs to run.

Once the System XXV has loaded the micronode booting program, it
will print, "MICRONODE IMAGE FILENAME >®, The System XXV is
asking you for the name of the image file it should give the
micronode. An image file is a file that can de read directly
into memory. In this case, it {s like a snapshot of the memory
as it should be for the micronode to operate correctly. When
you see "MICRONODE IMAGE FILENAME >%, type "<ESCO", The program
will then fill out the name of the correct image file followed

by the comment "[0ld Version]", Type a carriage retura to
confirm this.

The System XXV will now attempt to deliver the micronode image
file to the micronode and to bring it up. As it attempts this,
the System XAV will print varicus messages about {ts progress,
such as, "resetting the micronode", "loading the micronode", or
"starting the micronode®. If and when this proeess is finished,
the System XXV tell you "NODE BOOTSTRAP COMPLETED SUCCESSFULLY"™.

Once the micronode has the program it needs to run, the System

XXV can use TYMNET. To tell this to the Systes XXV, type "<CTRL
e>tymnet{SP>ondCR>®, The System XXV will then try %o

synehronize itself with the micronode and attempt to send and



Bringing Up the Micronode 6

receive TIMNET information. If this is successful, you will see
sowe more sSystem messages, and after a while, "TYMBASE UP".

After waiting several minutes, {f you do not get the message
"TYMBASE UP", or if you get the message "MUST REPEAT ENTIRE
REBOOT PROCEDURE™, scmething is wrong with the way the micronode
came up, Either the System XXV did not deliver the image file
successfully, or it could not resynchronize with the micronode,
At this point, sﬁaply restart the bringup procedure with step 1.

Once the nicrcnode does come up and you see the message "TYMBASE
UP", you still need to make sure the micronode and TYMNET really
are functioning correctly. To do this, you use the console
terminal and micronode as if you were a regular user trying to
log in to aan AUGMENT host. Turn the switch on the side of the
console to the position marked "micronode®”., This connects the
console terainal to the micronode instead of connecting it
directly to the System XXV, Next, type a few carriage returns.
The micronode should notice the existence of the console
terminal, treat it just like any other terminal, and assume it
wust be walting to log in. Thus, you should see "plesse log

", 1If this happeans, the micronode has ccme up correctly. If
you are not asked to log in, there is still scmething wrong.
Push the switch on the side of the console terminal %o the
position marked "micronode®, and again bcgin the dringup
procedure at step 1.

If the micronode does correctly ask you %o log in, you now want
to find ocut if this micronode can communicate with the rest of
TIMNET. Test this dy trying to log in to another AUGMENT host.
If you can log in to another AUGMENT host, the microncde bringup
has besn cocmpletely successful., If after five minutes all
attempts to reach another AUGMENT host have failed, call the
TIMNET Network Control Center, and report the problem to thenm,

If you can log in to another AUGMENT host without any trouble,
you know that the miercnode is fine, that the connection with
TIMNET is good, and that information is successfully passing
between the micronode and the network. Log out from the AUGMENT
host where you just logged in, and push the switeh on the
console terminal back to the position marked "Foonly®”. This
cnce again connects the console terminal directly to the System
XX¥, 2nd you should see the AUGUST EXEC prompt, either ™IV or
"@", Once you have done this, you have completed the procedure
of bringing up the microncde and testing it.
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Errors and Recoveries
"Must Repeat Entire Reboot Procedure”
If you get this error message, repeat the entire procedure,

Bepeated Failure to Reboot the Micronode
Introduction

If the System XXV repeatedly fails to reboot the
micronode, it may mean that the micronode {tself has a
meaocry probdlen., To determine i{f this is the case, you run
a8 short program that checks the memory of the micronode.

Procedure Suanary

1) Repeat steps 1 though 9 of the regular recovery
procedure,

2) At step 10, where you would normally type “DOCCR>*,

instead type "XMICR>", Note that all commands to the
micronode must be capitalized,

3) The micronode will now examine its memory, If it types
out a series of numbers, there is something wrong with the
gemory, Call Tymshare Maintenance,

&) If the micronode does not type out anything, the memory
i{s good, but you may still have a hardware problem. Push
the switch on the side of the console terminal to the
position marked "Foonly" and retry the entire procedure
from step 1, Do this a couple of times; if you still are
not successful, notify Tymshare Maintenance,
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DOCUMENT FOR THE WIRING OF THE “CTY" CONN OM THE F4 I/0 PANEL
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VERSATEC. 1/0-CONN
. (ALL SIGNALS TWISTED PAIR)
26 PIN CONN. 1 CONN. 2 CONN. 3
1.) INO1 C3B17 YREADY C3A15 ) caBas
2.) RET C3B18 ) C3A16 ) CaB2s
3.) INO2 C3B15 YPRINT C3C14{#——~ ) C3B27
4.) C3Bi6 ) C3C15{#——— ) €3Bas
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12.) C3B08 )y C3B34 {s#——~ ) _ C3A12
13.) INO7 C3BO5 YREOTR C3C10{s~~~ YBUFUL C3A07
14.) C3BOS ) C3C11{#~——~ ) . €C3a08
15.) INOB C3B03 YRLTER C3B31{#——— YLOSUP C3A05
14.) C3B04 ) ~ C3B32{#%——- ) C3A0&
17.) CLEAR C3B21{%SWAP )NOPAP C3A09 )
18.) C3B22{#SWAP ) C3A10 )
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20.) C3B20 ) C3A04 )
)
)
)
)
)
)

n
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TAPE. I/0-CONN
. KENNEDY TAPE DRIVES

ON EACH I/0 CONN, SOLDER BUSS STRIP ON I/0 CONM PINS 14-246, AMD RUN A WIRE
TO BACKPLANE GROUND.

1/0 28

FROM BACKPLANE PIN: TO I/0 CONN PIN:
AZ3C3Cal
cacazs
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A30 11

A32 12

A34 i3
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1/0 29

FROM BACKPLANE PIN: ' TO 1I/0 CONN PIN:
A23C3B9
- B10O
B1ll

B1i2

B13

Bi4

B1S5

B2

B35S

B28 10

B30 11

B32 12

B34 13

QONDO LR~

I/0 30

FROM BACKUPLANE PIN: TO I/0 CONN PIN:
A23C3C20 1

caz2

ca8

cae

c30
cacas
C2C26
Caca7
C3a27
ARY

A31

A33

e im e = GO N U IR

W=



i  <PROD>TAPE. I1/0-CONN; 3 Wed 9-Jun-82 8: 07PM Page 1:1

1/0 31

QQM BACKPLANE PIN: TO I/0 CONN PIN:
A23C3B16 1
B17 2
B18 3
B19 4
B20 ]
Bai 6
B22 7
ci0 8
B27 Q?
B29 10
B31 11
B33 12



i <PRODZTYMNET. I/0-CONN; 3 Fri 13-Aug~82 3: 56PM Page 1

TYMNET. I/70-~CONN LIST

. BUSS ON LEFT COLUMN OF I/0 HEADERS

BACKPLANE CONN A23 1/0 CONN 112
A23C2 B17 2

" B18 5

n B21 18

“ B22 19

" B23 20

L B24 21

" B20 9

" B25 10

K B26 23

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

I/0 CONN I13

A23Cz2 Ba7 14
" B28 2
" B29 15
" ca24 TWISTED PaIR - 16
" B30 (USE GND FROM GND PINS BELOW) 17
" RB31 5
" B32 18
" Ci7 TWISTED PAIR i9
*  B19 (USE GND FROM GND PINS BELOW) 20
" B19 21
" B33 TWIETED PAIR 23

" (USE GND FROM GND PINS BELOW)

GND PINS:1,3,4,6,7,8,% 10
(TO BACKPLANE GROUMD)

1/0 CONN I14



i <CPROD>TYMNET. I/0-CONN; 3

A23C2

A23C2

B34
Al9
Al9
ca2
A32
A31
A30
ci9
A2%
A28
A27

a2b
A2S
A20

A24

A23
A22
Azl
AlB
Al7

TWISTED PAIR

(USE GND FROM GND PINS BELOW)

TWISTED PAIR

(USE GND FROM GND PINS BELOW)

TWISTED PAIR

(USE GND FROM GND PINS BELOW)

13-Aug-82 3: 56PM

NN+~ PWUIN

a2

10

Page 1:1

GND PINE:17,18,20,21,23

(TO BACKPLANE GROUND)

I/0 CONN I15

19
22

GND PINS:2,7,8,%9, 10,14, 18

(TO BACKPLANE GROUND)



{

i <PROD>DISK. I/0-CONN; &

DOCUMENT FOR THE WIRING OF THE "DISK CONTROL" CONNS ON THE F4 1/0 PAMNEL

WU BUSE ON LEFT COLUMN QF I/0 HEADERS

Fri 13-Aug—-82 3: 44PM

ANSLEY 26 PIN CONNECTOR

14

n
o

13

- e e e mm s R mm e me e we

THESE ARE ALL DIFFERENTIAL PAIRS AND AS

GROUNDED.

26 PIN ANSLEY CONNECTOR:

DC 1:

N:
- {WHITEY}
14 {BLUEY

2 {WHITEY
15 {BLUEY}

3 {WHITE)}
15 {BLUEYX

4 {WHITEY
17 {BLUEY

S5 {WHITEY}
18 {BLUE}

6 {WHITEY
19 {BLUEY

7 {WHITEY}
20 {BLUEY}

8 {WHITEX>
21 {BLUEY

SLOT A7:

PIN:
A7C1B13
A7CiBi2

A7C1B15
A7C1B14

A7C1B17
A7ClBl16&

A7C1B19
A7C1B18B

A7C1B21
A7C1B20

A7C1B23
A7CiBaz2

A7C1B25
A7C1B24

A7C1R27
A7C1RB26

Page

SUCH, DON'T GET THEIR LEFT

{WHITEY
{BLUEY}

{WHITEX
{BLUEY}

{WHITEX
{BLUEY

{WHITED
{BLUEY

{WHITEY
{BLLUEX

{WHITES
{BLUEZ

{WHITEY
{BLUE>

{WHITEY>
{BLUE>

SIGNAL NAME:

1

COLUMN PINS

SET CYCLE -
SET CYCLE +

SET HEAD -
SET HEAD +

CONTROL. -~
CONTROL. +

BUs 0 -
BUS O +

BUS
BUS 1 +

[N
{

BUS
BUS

R
+

BUS
BUS

(RN
|

BUS
BUS

R ]
4



i <PROD>DISK. I/0-CONN; &

? {WHITE?}

‘ {BLUEY

10 {WHITEX

23 {BLUEY
DC 2:

FIN:

1 {WHITEY}
14 {BLUEX

2 {WHITEY)
15 {BLUEY

3 {WHITEY
16 {BLUEY

4 {WHITEY
17 {BLUEX

S {WHITEY
i8 {BLUE}

& {WHITEY
19 {BLUEY

Q{umra}
{BLUEY
2 {WHITE)}
21 {BLUEY>

7 {WHITEY
22 {BLUEY

10 {WHITEY

23 {BLUEY
pC 3:
PIN:

1 SKIP

14 BKIP

2 {WHITEY
15 {BLUEY}

3 {WHITEY
i& {BLUEY}

13-Aug—-82 3: 46PM

A7C1B2%
A7C1B28

A7C1B31
A7C1B30

PIN:
A7C1B33
A7C1B32

A7C1B35
A7C1B34

A7C1C3
A7CLC2

A7C1C10
A7C1C9

A7C1A7
A7C1AL

A7C149
A7C1A8

A7C1A11
A7C1lA10

A7C1A3
A7C1AR

A7C1A13
A7C1A12

A7C1ALT
A7C1ALS

PIN:
NOME
NOME

A7C1B11
A7C1B10O

A7C1B9
A7C188

{WHITE>
{BLUEY}

{WHITEY
{BLUEY

{WHITE>
{BLUEX

{WHITEZ
{BLUE>

{WHITEY
{BLUEY}

{WHITE>
{BLUEY}

{WHITE>
{BLUE?}

{WHITE>
{BLUEY

{WHITES
{BLUEY

{WHITE?
{BLUEY

LWHITEY
{BLUE?>

{WHITEY
{BLUEY

{WHITES
{BLUEY

{WHITEY

{BLUEX

BUS
BUS

(e}
+

BUS
BUS

o O
+

BUS
BUS

N
1

BUS
BUS

o
+

BUS
BUS

+

g O

DEV ENABLE
DEV ENABLE

UNSAFE -~
UNSAFE +

SEEK ERROR
SEEK ERROR

ON CYCLE -
ON CYCLE +

INDEX- -~
INDEX +

UNIT READY
UNIT READY

ADDRESS MARK DLT -
ADDRESSE MARK DLT +

BUSY -
BUsYy +

SEL EMABLE -
SEL EMABLE +

SELECT O -
SELECT O +

+



i <PROD>DISK. I/0-CONN; 6

4 {WHITE}

‘ {BLUEZ

S {WHITEY
18 {BLUEY

& {WHITEX
19 {BLUEY

7 {WHITEY
20 {BLUE

8 {WHITE}
21 {BLUEY}

? {WHITEY}
22 {BLUE}

10 {WHITEY
23 {BLUEY

~L

Fri 13-Aug—-82 3: 46PM

A7C1B7
A7C1B6

A7C1AS
A7C1A4

A7C1BS
A7C1B4

A7C1B3
A7C1B2

{WHITEY
{BLUEY

{WHITEY}
{BLUE}

{WHITEY
{BLUEY

{WHITEY
{BLUEY}

A7C1A15 {WHITEY
A7C1A14 {BLUEY}

NO CONNECTION
NO CONNECTION

A7C1A35 {WHITEY}
A7C1A34 {BLUE}

Page 1:2

.

SELECT 1 -
SELECT 1 +

SECTOR MK -
SECTOR MK +

SELECT 2 -
SELECT 2

SELECT 3 -
SELECT 3 +

WRITE PROTECT -
WRITE PROTECT +

SEQ IN
HOLD

BUS 10 -~
BUS 10 +



i <PROD>DISK. I/0~-CONN; 6

PART OF ANSLEY
‘l’ PIN #:

1 TO-4
4 TO-
15 TO-
18 TO-
7 TO-
21 TO-
11 TO-

26 PIN CONNECTOR:
AND TO GROUND

DAISY CHAIN ALL TOGETHER.

25 TO-GROUND

SIGNAL NAME:
SERVO CLOCK
SERVO CLOCK

READ DATA -
READ DATA +

READ CLOCK
READ CLOCK

WRITE CLOCK
WRITE CLOCK

ITE DATA
( TE DATA

SELECTED -
SELECTED +

SEEK END
SEEK END

PART OF ANSLEY
PIN #:
1 TO 4
4 TO-
15 TO~
18 TO-
7 TO~
21 TO-
11 TO-

26 PIN ANSLEY CONNECTOR:
PIN #:

2 {WHITEY

14 {BLUEY}

3 {WHITEY
146 {BLUEY}

S {WHITE?Y
17 {BLUEY

& {WHITEY}
19 {BLUEY

g {WHITEY
20 <{BLUE}

22 {WHITEY
? {BLUEY

10 {(WHITEY
23 {BLUEY}

26 PIN CONNECTOR:
AND TO GROUND.

DAISY CHAIN ALL TOGETHER,

25 TO GROUND.

SIGNAL NAMES:
SERVO CLOCK
SERVO CLOCK

ANSLEY 2& PIN CONNECTOR:
PIN #:

2 {UWHITE}

14 {BiLUEY

Fri 13-Aug—-82 3: 46PM

Page 2:1

CONNECTOR:

1/0 9:
DD I:
A7C2C30
A7C2C2%9

A7C3A24
A7C3A23

A7C3A22
A7C3A21

A7C3A34
A7C3A33

A7C3B3S
A7C3A35

A7C3AR26
A7C3A25

A7C3A28
A7C3A27

{WHITEY
{BLUEY

{WHITEY
{BLUEY

{WHITEY
{BLUEY}

{WHITE?>
{BLUEX

{WHITEY
{BLUE>

{WHITEY
{BLUEY

{WHITEY
{BLUEY

CONMECTOR:

1/0 10:
DD 2:

A7C3B22
A7C3B21

{WHITES
{BLUEX



i <PROD>DISK. I/0-CONN; & Fri

READ DATA -

'D DATA +

READ CLOCK
RE4AD CLOCK

WRITE CLOCK
WRITE CLOCK

WRITE DATA

WRITE DATA

SELECTED -

SELECTED +

SEEK END

SEEK END

PART OF ANSLEY
PIN &:
1 TO 4
4 TO-
15 TO-
18 TO-
7 TO-
21 TO-
11 TO-

3 {WHITEY
16 {BLUE}

S {WHITEY}
17 {BLUEY}

& {WHITEZ
1% {BLUEY}

8 {WHITEY}
20 {BLUE?Y}

22 {WHITEYX
9 {BLUEY

10 {WHITEY
23 {BLUEY

26 PIN CONNECTOR:

AND TO GROUND.

DAISY CHAIN ALL TOGETHER,

25 TO GROUND.

SIGNAL NAME:
SERVO CLOCK
SERVO CLOCK

READ DATA -
READ DATA +

READ CLOCK
READ CLOCK

WRITE CLOCK
WRITE CLOCK

WRITE DATA
WRITE DATA

SELECTED -
SELECTED +

ANSLEY 26 PIM CONNECTOR:

PIN #:
2 {WHITEY}
14 {BLUEZ}

3 {WHITEY
16 {BLUEY

S5 {WHITEY
17 {BLUEY

& {WHITEZ
19 {BLUEZ}

8 {WHITEY
20 {BLUEY}

22 {WHITEY
? {BLUEZX

13-Aug—-82 3: 46&PHM

Page 2:2

A7C3B26 {WHITEY}
A7C3B25 {BLUE}

A7C3B24 {WHITE)
A7C3B23 {BLUE?X

A7C3C3 {WHITEYX
A7C3C2 {BLUEY}

A7C3C10 {WHITED
A7C3C% {BLUEY}

A7C3B28 {WHITEX}
A7C3B27 {BLUEX}

A7C3B30 {WHITEX
A7C3B29 {BLUEY}

CONNECTOR:

I/0 11:

DD 3:

A7C3C12 {WHITEY
A7C3C11 {BLUEYX

A7C3C165 {WHITEX
A7C3C15 {BLUEX

A7C3C14
A7C3C13

A7C3C246
A7C3C25

A7C3C28
A7C3Ca7

A7C3C18
A7C3C17

{WHITEX
{BLUEJ

{WHITEX
{BLUEZ

{WHITEX>
{BL.UEY}

{WHITES
{BLUE>
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SEEK END 10 {WHITEY A7C3C20 {WHITEYX
‘K END 23 {BLUE} A7C3C19 {BLUEY}
PART OF THE ANSLEY 26 PIN CONMECTOR:

PIN #:

1 TO 4 AND GROUND.

4 TO-

15 TO- DAISY CHAIN ALL TOCGETHER,

18 TO-

7 TO-

21 TO-

11 TO-

25 TO GROUND.



i <PROD>IMP. I/0-CONN; 6

‘UMENT FOR THE WIRING OF THE "IMP" CONN ON THE F4 1/0 PANEL

NO BUES ON LEFT COLUMN OF I/0 HEADERS

WIRING FOR IMP CONNECTOR 3-25-8l

Fri 13-Aug-82 3:47PM

ANSLEY 2& PIN CONNECTOR

26 13

26 PIN ANSLEY CONNECTOR: sSLOT
PIN: PIN:
{WHITEY Ca2m20
{BLUE> c2BR20
2 {WHITEY canle
15 {BLUEY} caBie
3 {WHITEY c2418
14 {BLUEY c2B1s
4 {WHITE} cant7
17 {BLUEY Cap17
b=—=—1 JUMPER TOGETHER
1G==—=i '
7 {WHITEY C2A35
20 {BLUEZY C2A3s
? {WHITEZ> canaz
22 {BLUEY cana2
10 {WHITEY C2A23
23 {RBLUEY} caBas
11 {WHITEY Ca2A2s
=4 {BLUEZX C2Ba5

e e m e e m ww e wm e e e

(ALIAS ARPAMET)

AL?

{WHITEY}
{BLUEZ

{WHITEY
{BLUEY

{WHITE>
{BLUEY

{WHITEY}
{BLUEX

{WHITE>
{BLUEX

{WHITEY
{BLUES

{WHITE}
{BLUE}

{WHITE>
{BLUEX

Page



]
13
2é

<PRODZIMP. I1/0-CONN; &
{WHITEY}
{BLUE}

{WHITEY
{BLUEY}

Fri 13-Aug=82 3: 47PM
C2a24 {WHITE}
C2B24 {BLUEY}

TO NEAREST CGROUND {VWHITEY
TO NMEAREST GROUND A{BLUEY

Page 1:1



i <PROD>CC. I/0-CONN; 8 Fri 13-Aug-82 3: S57PM

DOCUMENT FOR THE WIRING OF THE

N.BUSS ON LEFT COLUMN OF I/0 HEADERS

ANSLEY 26 PIN CONNECTOR

114
126
|
FROM ANSLEY, PIN NO.:
1/0 HEADER PIN
1 TO
cco 2
3

3A31 JUMPER TO A1C3A32
A1C3A33 TO A1C3A34 TO A1C3A35

I1/0 HEADER PIN
1 TO
2
CC1 3
8
20
- 22
A01C3B31 JUMPER TO A01C3B32

I/0 HEADER PIN
cca
TO
TO
TO
A1C3A24 JUMPER TO A1C3A25
A1C3A26 TO ALC3A27 TO A1C3AR8

W e

1/0 HEADER PIN

CC3
1 TO
2 TO
3 TO

3B24 JUMPER TO A1C3B25
A1C3B26 TO AI1C3B27 TO A1C3B28

Page 1

CONNS ON THE F4 I/0 PANEL

SECTION PIN NO.:

7 OF 1/0 HEADER AND THEN TO B.P.

A1C3A30
A1C3A29

7 OF I/0
A01C3B29
A01C3B30
AO1C3B34
AO1C3B33
A01C3B35

HEADER AND THEN TO B.P.

7 OF I/70 HEADER AND THEN TO B. P.

AlC3a2z
A1C3A23

7 OF 1/0
A1C3B22
A1C3BR23

HEADER AND THEN TO B.P.

GND

GND

GND

GND



i <PROD>DISK. I/0-CONN; &

DOCUMENT FOR THE WIRING QF THE

" AMSLEY

Fri 13-Aug—-82 3: 46PM

"DISK DATA"

26 PIN CONNECTOR

14

3
o~

—— - - m- m- mm mm e we m- a- -

DISK DRIVE CONNECTORS

READ/WRITE BACKPANEL CABLE WIRING:

ALL DISK SIGNALSE ARE TWISTED PAIRS.

USE 26 PIN CONNECTOR IN I/0 SECTION OF BACKPLANE.

SIGNAL NAME:

SERVO CLOCK
SERVO CLOCK

ReAD DATA -
READ DATA +

READ CLOCK
READ CLOCK

WRITE CLOCK
WRITE CLOCK

WRITE DATA
WRITE DATA

SELECTED -~
SELECTED +

SEEK END
SEEK END

PIN #:
2 {WHITE

14

{BLUEY}

3 {WHITEZ}

186

{BLUE}

S {WHITEY

17

{BLUEY

& {WHITEY

i9

{BLUEY

8 {WHITE}

20

~
=

{BLUEY

{WHITEY}

@ {BLUEY

16 {WHITEY

23

{BLUEZ

26 PIN ANSLEY CONNECTOR:

Page

CONNECTORS:

170 8:

DD O:
A7C2A30
A7C2A29

A7C2A34
A7C2A33

A7C2A32
A7C2A31

A7C2B34
A7C2B33

A7C2C28
A7C2C27

A7C2B35
A7C2A35

A7C2B28
A7C2BZ7

{WHITE
{BLUE¥

{WHITEX
{BLUE

{WHITEY
{BLUEY

{WHITEX
{BLUEY

{WHITEY
{BLUEY

{WHITES
{BLUE>

{WHITE)
{BLUEX

2

CONNS ON THE F4 I1/0 PANEL
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1/0 HEADER PIN

cCa

‘ 1 TO 7 OF 1/0 HEADER AND THEN TO B.P. GND
2 TO A1C3A15
3 TO A1C3Al16

A1C3A17 JUMPER TO A1C3A18
A1C3A19 TO AIC3A20 TO A1C3AZ21

I/0 HEADER PIN
CCS

1 TO 7 OF 1/0 HEADER AND THEN TO B.P. GND
2 TO A1C3B15 !
3 T0 A1C3B16

A1C3B17 JUMPER TO A1C3B18
A1C3B19 TO AIC3B20 TO A1C3B21
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16 bit Adr
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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,

In the following descriptions,

EPROM'S, etc.

cryptic symbols enclosed in brackets

such as (CC2ADR) are cross-references to other drawings.

CC Address map

The 64-Kbyte address space_of the 6502 is allocated as follows
($ means hex)

$0000-$DFFF
$E000-$E003
$E010-3E013
$E020-$E023
$E030~3E033
$E040~-3E043
$E050-$E053
$E060-SEOBF
$EO70-$EO7F
SEO80-3EO8F
$SE090-3EQ9F
$EOAO-SEOAF
$EOBO-$EOBF
$EOCO-S$EOCF
$EODO-3EODF
$EOEO-SEOE3
SEOEB-$EOEF

$EOFO-
$EOF1

$EOF2

$EOF3

$EOF4

$EOF5

$EOF6

$EOF7
$E800-$EFFF
$F000-$F7FF
$F800-$FFFF
$FFFA-$FFFB
$FFFC-$FFFD
$FFFE-$FFFF

The I/0 address space $E000-$E7FF is not fully decoded.

(56K)RAM, mapped in 4-Kbyte blocks
2661 PCI #0 - console terminal interface
PCI #1 - modem interface
PCI #2
PCI #3
PCI #4
PCI #5

(16 bytes) unused I/0 select

(16 bytes) Map - loc SEO07x maps virtual addresses $x000-$xFFF
6522 VIA#0 - system control interface

VIA #1 - 26parallel controls, 26 serial input
VIA #2 - ROM bank select, 26 serial output
VIA #3 - spare

(16 bytes) unused I/0 select

(16 bytes) unused I/0 select

FD1797 Floppy Disc Controller (not used currently)
Shadow of FD1797 Using these addresses makes the CPU hang until
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/0 select

(1 byte) unused I/0 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 devices

listed above appear in various 'shadow'" locations in that address range.

1



CC~-THEORY

Clock Generator (drawings CCOCPU and CC1lCLK)

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 LS00 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 LS74 to
make the 1 MHz clock (PHO H) that drives the 6502 CPU chip.

The counter's low bit produces the 10 MHz TYBUS clock.

The CPU takes in the PHO clock and puts out two non-over

lapping clocks, PH1 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: \ / o
] ()
] }
PH1: / \. ya
[} (] [}
1 i H
PH2: \ /
> : > 1€~ unspecitied delay (50-100 ns)
Address: D e d N
1 €300 max=—>! ! '
Data ovt:  eeee—- —— P
->i | €200 max |
Data in:  —meemmeme—meem—ee Y
100 min=—»i | &



CC-THEORY
RAM timing (drawings CC1CLK, CC4RMA)

The PH2 clock from the CPU feeds the input of a 10-bit shift
register formed by the LS174 at 64-47 and the LS175 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: T\ 7/ \\___

CLKO H: ~—  \ 4 o

CLK1 H: ~— \L / \

CLK2 H: ~— L v

CLK3 H: \ /

CLK4 H \ /

CLK5 H \_ /

CLK6 H: AN /

CLK7 H: A\ /-

CLK8 H: _/ L /T

CLK9 H: /S \. ‘ol
Note: -—\\____//F— symbolizes the uncertainty in the

phase relationship between the 20 MHz clock and PH2.
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The gates at the bottom of the drawing combine various of these
delayed clocks to generate the RAM strobes. The two LS10's

are enabled by the LSO8 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

ié—refresh cycle—>|€——CPU cycle——>!

PH2 \ // addr mux enabled \\
REF \ / -
| €—250 > !
| 6— 1€———>! RAS off min 150
RAS // AN //
1| €350 min=—>!
ROW/COL AN /
CAS (R) 7/ N //
250 nmin->! | €—
CAS (W) // \ 7/
150 min=>! R
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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-ABl15, a 64-KByte
address space.

The address space is divided in two parts: 1locations $0000-$DFFF
are in RAM under control of the map, and $EO0O0-$FFFF ( the

last 8 Kbytes) are wired to specific devices. The LS10 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 LS139 are

Address $EO00-$E7FF: SEL I/0 L
$E800-$EFFF: SEL ROM1 L
$FO00-$F7FF: SEL ROM2 L
$F800~SFFFF: SEL ROM3 L.

The SEL ROM lines go directly to the ROM chip selects (drawing
CCO9ROM). SEL I/O0 L enables one of the LS138's at the left
depending on the state of ABO7. The LS138's further decode
AB0O4-ABO6, giving 16 different selects of 16 byte blocks for the
I/0 devices. The upper LS138 is gated by PHZ so its outputs

are in effect data stobes; it selects the six 2661 PCl'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 decodes ABOO-ABO2
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 LS139 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 LS155 in the center decodes the same address
lines to drive RAS and CAS. During refresh cycles, the LSO08's
drive RAS to all four banks together.
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Memory Map and RAM Addressing (drawings CC3MAP and CC4RMA)

The map consists of two 27507 16x4 register files arranged as
16 words of 8 bits. When SEL I/0O is true (low) the LS257
multiplexor gates ABOO-ABO3 (low four bits of the address)

to the address inputs of the map. The LS10 at the bottom

of the drawing generates a write-enable strobe to write data
from EDBO-EDB7 into the map, and the LS00 above it enables the
1LS244 to drive the map data onto EDB for reading.

When SEL I/O is false (high) the multiplexor uses ABl12-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/0 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 (MA1l2-MAl7 for Mapped Address)
are the number of a 4-Kbyte physical page in the .56-KByte RAM.
MAl8 is a spare, and the high-inhibits the RAS and CAS logic
(CC1CIK).

If we consider the physical memory address to be MA17-MAl2
from the map concatenated with AB11-ABOO, the bits split up
like this:

j——— MA >t AB >
17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
| ¢l R| bank k&—— colum > — Tow —

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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Memory Parity Logic (drawing CCS5PAR)

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 LS125 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 LS125 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
address 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 MISC

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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Reset, Parrallel I/0, 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/0 pins are used as follows:

Pin Signal Description

PAO SR CTLO Unused.

PAl SR CTL1 Controls direction of VIAl buffers (CC9CTL),
enables input form.FUTURE 26.

PA2 SR CTL2 FUTURE 26.control output strobe

PA3 SR CTL3 FUTURE 26, data output strobe

PA2 and PA3 are used ot control the
programming voltage in the EPROM programmer.

PA4 CLR FLGS L Low pulse clears the TYBUS interrupt flags.

PAS REAL DMA H Controls DMA/mailbox operation in TYBUS
interface. Low for mailbox, high for DMA.

PA6 WRT RG H DMA/mailbox control - low is read, high write

PA7 (in) DM ACK Cleared by DM GO L, set when DMA/mailbox
cycle is finished.

CAl (in) PAR ERR L Causes NMI when a parity error happens.
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VIA #0 - system control continued

Pin SIGNAL Description
CA2 FDC IRQ H Makes NMI to terminate Floppy data
transfer loop when FDC requests an interupt.
PBO SEL SROO L Low selects the TYBUS data register.
PB1 SEL SEO1 L Low selects the TYBUS address register.
PB2 PZ SENSE 2 Used only in EPROM programmer.
PB3 PZ SENSE 3 Ditto.
PB4 SR CLK Used for single-clocking of 26 shifters.
PB5 WRT WRONG PAR H For memory diagnostics.
PB6 (in) SYNC H Planned to use for CDDT one-stepping,
turned out not to work. Timer 2 used instead
PB7 SYS RST H Set high-Z by power-on, holds all
other I/O reset.
CB1 BRK INT H Causes NMI when a BREAK is detected in
PCIO or PCI1 - for calling CDDT.
CB2 NC _ Spare.

VIA #1 -~ 26 Control

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 (CCOCTL). These 16 bits are also used as address and control
by the EPROM programmer.

CA2 DM GO L Pulsed low to initiate a DMA/mailbox
cycle in the TYBUS interface.

VIA #2

The EPROMS each occupy a 2-Kbyte address space., PAO 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 CCO9ROM)

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 Vece 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 CCG6RMO 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 O (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, 74S124

and all the resistors and capacitors is copied directly from the
Western Digital WD1691 data sheet, so look there for the explanation
of how it works.

10
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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
crystal. 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 1488EIA driver to
enable its output.

(CCAPCI) shows the six 2661l'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 O
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.

11
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WHEN THE CONSOLE COMPUTER CRASHES WITH A
MEM PAR ERR Y1 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

—— 0 e - T R o G ——— g ——

*%% DOWER 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 ; s 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

**x*x* SOMETIMES BOOTU DOES NOT WORK PROPERLY **x*
*x*xxx* AND TYPING "BLAST" HELPS (CPU RESET) ***x

BOOTU ; ; LOADS REAL MICROCODE FROM DISK

x*x THE SYSTEM SHOULD NOW BE READY TO*x*
** LOAD THE MONITOR OR DIAGNOSTICS**

*** LOADING THE MONITOR OR DIAGNOSTICS **%*

MBOOT O ;;LOADS DIAGNOSTICS FROM FILE #0 ON THE
; ;TAPE DRIVE. OTHER FILE NUMBERS POSSIBLE

DBEDDT O ;;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.

% ok % % X 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.



PREFACE:

CONSOLE

MAINTENANCE COMMANDS

——— —— i —— " Y — > W ——— - ——

THE MICROCODE MUST BE STOPPED BEFORE ANY CONSOLE
COMMANDS ARE USED.

*
X

AR FLAGS

*

*01=RESET DONE
*11=JRST 4
*22=7

*33="
*¥44=INTERRUPT
FROM ILLEGAL

£ 3
*

DEVICE

*55="7
*66=ECC ERROR
*70=MONITOR

*
*

BOOTSTRAP
READ OK

*71=MONITOR

*
*

*

BOOTSTRAP

Note:
New codes are being added
frequently.

READ FAILED
*72=MICROCODE

READ OK

*73=MICROCODE
READ FAILED °

*

***REGISTER DEPOSIT**x*

LDHOLD
LDPC
LDMA
LDIR
LDAR
LDQ
LDDEV

(DATA)
(DATA)
(DATA)
(DATA)
(DATA)
(DATA)
(DATA)

DAC O (DATA)
DAM O (DATA)

; s LOAD
; ; LOAD
; ; LOAD
; ; LOAD
; ; LOAD
; ; LOAD
; ; LOAD
; ; LOAD
; s LOAD

**%* REGISTER EXAMINE **x

XAC O
XAM O
XPCF
DD

HOLD REG WITH 36 BIT WORD
PC

MA

IR

AR

ALU Q REG

DEVICE REG

AC O WITH 36 BIT WORD

AMEM O WITH 39 BIT WORD

; s EXAMINE ACCUMULATOR O
;  EXAMINE AMEM LOCATION O

; s READ

PC FLAGS

; ;s DISPLAYS REGISTER CONTENTS ON UPPER
; s PORTION OF CONSOLE SCREEN



**x*x MOS MEMORY **x*

DMRD (ADDR)

-

DMWRT(ADDR) (DATA);

EX (ADDR)

DE (ADDR)

MG (ADDR)

*%* MICROCODE ***

UST (ADDR)

SETQ UI.DEST O
MML (ADDR) UI

(DATA)

H

>

H

H

b

’

CONSOLE MAINTENANCE COMMANDS

——— . — ———————— ——" o " —— "~ — o -

; EXAMINE MOS MEM LOCATION VIA CONSOLE
; DMA TYBUS PATH.

‘ALL MEM CAN BE ACCESSED.
;DEPOSIT 36 BIT DATA INTO MOS MEMORY WITH

» s NO RESTRICTIONS.

; ; EXAMINE MOS MEMORY VIA CONSOLE DIRECT PATH.
; ;ONLY 256 K GREATER THAN 256K RAPS AROUND

; ;) DEPOSIT 36 BIT WORD TO MOS MEMORY.

; s START EXECUTING MOS MEMORY INSTRUCTIONS AT (ADDR)

; ;SET THE MICRO PC COUNTER ADDRESS AND SETUP UI.xx

in the CCL CODE

UST (ADDR) TO VERIFY THAT IT DID LOAD

——— 1 - S ———— {———— —

*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

EXAMINE AND DEPOSIT BY FIELDS

*DEPOS IT* MAX OCTAL VALUE*
SETQ UI.DEST 77
SETQ UI.SP2 1
SETQ UI.JCODE (DATA) 17
SETQ UI.ACSEL (DATA) 7
SETQ UI.D (DATA) 77
SETQ UI.CYLEN (DATA) 17
SETQ UI.IF (DATA) 1
SETQ UI.DF (DATA) 1
SETQ UI.SPC (DATA) 77
SETQ UI.JADR. (DATA) 37777
SETQ UI.ROT (DATA) 77
SETQ UI.MASK (DATA) 77
SETQ UI.EEAL (DATA) 1
SETQ UI.EAFO (DATA) 1
SETQ UI.LDMA (DATA) 1
SETQ UI.IDSPR (DATA) 1
SETQ UI.MWAIT (DATA) 1
SETQ UI.SAFMA (DATA) 1
SETQ UI.PO (DATA) 1
SETQ UI.SP1 (DATA) 1
SETQ UI.ACRY (DATA) 1
SETQ UI.ASRC (DATA) 7
SETQ UI.AFUN (DATA) 7
SETQ UI.ADST (DATA) 7
SETQ UL.ALUl (DATA) 1
SETQ UI.LDAR (DATA) 1



CONSOLE MAINTENANCE COMMANDS (CONTINUED)

*EXAMINE* *DEPOSIT* * MAX OCTAL VALUE
UI.JCOND SETQ UI.JCOND (DATA) 37

UI.REV SETQ UI.REV (DATA) 1

UI.MAPF SETQ UI.MAPF (DATA 17

UI.LIT SETQ UI.LIT (DATA) 77TTTTT7TT?7 (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
Q WERTY
80

ON

60

0

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

3A

3B

NOTE:

$G

LOADU
BOOTC
TBOOTC
LOADC
BOOTU
MBOOT X

$G

will load basic CCL Code from EPROMS
on Console Interface Board

Loads Microcode for Disk handling
Loads CCL from Disk - Takes 15 min
Loads CCL from Tape

Loads Console with CCL

Loads Code from Disk

LOADS MACROS

= 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

PUT APPROPRIATE TAPE IN DRIVE

UTOBJ

TYFOON

A CPU Diagnostic which checks the function
operation of the bit slice boards, LEOBUS,OBUS,
DBUS, Memory, Traps, MUS's, etc.

A system diagnoétic which tests disk
drives, tape drives & the system in general.



Procedure for warm start or reloading diagnostic on the
26 system

. PRESS Function 1 Key- places terminal in CCL (PF1/F1 KEY)
TYPE
LOADU Loads disk handling code from CC

1
2
3. BOOTU Loads disk handling code from CC
4

MBOOT 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

PUT APPROPRIATE TAPE IN DRIVE

1. UTOBJ A CPU Diagnostic which checks the function
operation of the bit slice boards, EOBUS,OBUS,
DBUS, Memory, Traps, MUS's, etc.

2. TYFOON 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

3A
3B

1 TUTOBJ

2 TYFOON

N T T

$ G will load basic CCL Code from EPROMS on
Console Interface Board

LOADU Loads Microcode for 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,O0OBUS,
DBUS, Memory, Traps MUX's.

A system diagnostic which tests disk drives,
tape drives & the system in general.

Procedure for warm start of 26KL

PF1 Function -Function 1 Key- Put terminal in CCL
LOADU Loads disk handling code from CC

BOOTU Loads Code from Disk

MBOOT O

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

proceditre.

CPU Problem Use the Following

1. Hit the (PFl) key

2. Type: TMM 15(CR)

TMM 4000(CR)
TMM 10000(CR)
TMM 17000(CR)
TMM 30000(CR)

3. Type: DMRD 100(CR)
DMWRT 100 VM1(CR)
DMRD 100(CR)
DMWRT 100 O(CR)
DMRD 100(CR)

4. Type: 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 1's.

Data should equal 777777, ,777777.
Writes all O's. '

Data should equal 000000,,000000.

Data should equal all O's.

These commands will write a u-INST
then execute the u-~INST.

EX = EXAMINE DE = DEPOSIT.

~Data should equalall 1's.

5. Load the u-diag for the System 26.
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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/0 CABINET WITH
1- WHICH HAS 3 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,
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. POWER SWITCHES FOR EMERGENCY PAGE 1
AND NORMAL POWER DOWNS

THE FOONLY MICRO COMPUTER CABINET
1- HAS A 2 POLE CIRCUIT BREAKER THAT SHUTS OFF ALL AC POWER TO
FONNLY CABINrl, LOCATED ON THE BACK OF THE CABINET AT THE
BOTTOM CENTER.

2- HAS A SINGLE SWITCH FOR DC POWER ONLY, LOCATED JUST
ABOVE THE AC BREAKER.

3- THE NET COM INTERFACE HAS NO SWITCHES AND MUST BE UNPLUGGED

THE I/0 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

3- 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 DN FIG 1

CONSOLE
EXM DEP
S R
T;C‘S E| TIN|T|N
AO|T|SIX/H|E|H|E
R’N OlEICIIIX|IIX
tiripitiT!siTisiT
000088 @ 6
MICRO PROCESSOR
MMM M| M|PAR |M
ilili 1lilsToP| i
S|C |01 P\ MM
T|0|C D BIN|C|i|E|D ADDRESS SWITCHES
O(N|L IE uis MR
P|T|R| | P| ST 13 20 30
4ys 6 7218 9 12 3|u 5 6789 1
0000000006 000 [00O{0OCGClOOO/OOCIOCQCO|0OO0O0|0O
l |

o¥F



FRONT CONSOLE - PAGE 2

THE FONNLY MICRC 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 &
THE SWITCHES WE ARE MOST CONCERNED WITH ARE
COSCLE

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 DN FIG 1

CONSOLE
EXM DEP
S| R
T(CS E! |T|N|TN
alo|T|SIX HIE|H|E
RIN[O|EICII|X|I|X
TITIPITIT'SITISIT
06000066 06
MICRO PROCESSOR
M|M|M M| M|PAR |M
iliii tlilsTop| i
S|C O\ I|P MM
TI0|C D "BINICIilE D ADDRESS SWITCHES
O|N|L ’E‘ us M R
P|T(R| | P ST L 113 20 30
bys 6 7189 12 3,& 56789 12
000000008 000 [00{0COClOO0O0/00CIOO0O0|00O0|0O0O
i




TAPE DRIVE AND FORMATTER PAGE 3

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.

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 ORbER TO LOAD DISK DIAGNOSTICS OR A SYSTEM MONITOR YOU
MUST LOAD A MICRO LOADER INTO 'YHE 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 MONITOR,DIGS ETC.

LOADING DISK DIAGNOSTICS CR A MONITOR TAFE
INSTALL CORRECT TAPE DIAG OR MONITOR
CHECK FOR CORRECT BPI 800/1600
SET ADDRESS SWITCHES TO 5000
SET MI STOP AND MI PC SWITCHES
PRESS MI CLR AND MI CONT
“RESET -MI STOP 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



M
D.~K DIAGNOSTICS PAGE 5

- WARNING -

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 DIAGS LOADED AND TTY WAITING AT EDDT WE CAN NOW RUN DIAGS.

TYPE IN  CDC160$G _
UNIT; X A LINE FEED WILL GET YOU TO CYL,ETC
CYL X .
HEAD/ XX 822. IS THE DECIMAL EQIV. OF 1466 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 HELP3G FOR MORE DETAILED INFORMATION.

RD$G

wasc

TEST13$G
TEST2$G
TEST3$C
TESTL3$G
TEST58G
TEST6$G

SEE DIAGNOSTIC LISTING FOR DISCRIPTION OF ABOVE DIAGNOSTICS



DISK FRONT PANEL PAGE 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 3 LIGHTS ON FRONT OF DISK DRIVE

.i
L READY | FAULT | WRITE
.

CLEAR PROTECT

o

READY IS JUST A YELLOW LIGHT

‘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 DRIVE 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.
THIS CAN BE CLEARED BY THE SWITCH. THIS WILL BE DESCUSSED IN FURTER
DETAIL IN THE MAINTENANCE SECTION.
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