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Position on- Card 

Pin Number 
Type Number (74 HOO) 

Indicates open collector · 
--

Indicates .TRI STATE output 

. . .. 

. . 
. ·~.:.. 

·. 
Circuit Card lnput or Output pin (54) to Backpanel .. 

Circuit Card Test Point; Usually designates connector 
on rear of card. Test points may be located at any 
physical point on analog cards. 

·. 

Reference to signal also shown on sheet 2 of logic 
~iagram 

. 
·Designates signal which is active during low voltage 

state . . ; 

VCC Connection 

GROUND Connection 
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Ei\lGli'~EERii'-JG CHANGE REQUEST/ORDER 
---·---------- EVANS B SUTHERLAND COMPUTER CORP. 

DOCUMENT TITLE 

Pl\GE,
OF 1f 

BASIC DOC NO~ 
Picture Processor Assembly 149101-100 A-81 

'ftE_A_S_O_N_F_O_R_C_H_A_N_G_E_·_ro_<i_d_<l_s_c_g_m_c_n_t_a_t_i_o_n_t_o_th_e_· -l-{-.~-L-a_n_tl--1-C-O_M_P_L_E_T_E_V_JO_R_K.......::t 
DATE __ _ 

add the NOP instructions. 
~ . . .. 

OTHER DOCUMENTS AFFECTED DESCRIPTION OF CHANGE 

149131-101-NC 149131-102-~C 
---------i--------""1This ECO adds segr:i.cntntion c.:i.pabiljty to the 

!4.k 

!" -

Refresh ~emery and implements the NOP instructi 
EFFECTIVITY As required if ~-

nr~ri-n~<::n...t One of two other ECO' s must be implemented deJ ______ ......_......._......._ ____ --i - il ,, 

ENG DOCUMENT AFFECTED COMP ing if the system is 8K or l6K 
TOP ASSY.:.. --- -100 0 _ 
MECH ASSY--- -200 CJ 
SCHEMATIC DIAG - --300 IXJ 
MFG BREAKOUT---400 0 -

SK - 149131-101 - Al 

16K - 149131-102 - Al 

ARTWORK -- -- -soo D -- This· ECO changes a Picture Processor 149101-1 

LOGIC DIAG------600 CT] - AB to a 149101-100 - A9 which is identical to~ 
~·:~ l'Y'I TEST PROC -· "' -- - 700 i..u TEST 

WIRE LIST-- - - - 800 CD 
')CK D!AG- - - --900 D 
~ . 

ALGORITHM-- - - -950 0 
DETAlt:. PART--- -00 0 
Ea S PARTS LIST---0 

GUZZINTA- - - - - - ta 
LOGIC DECK - - - - - .lL] 

TOOLING - - - - - - - - 0 
DRILL TAPE ENG_ - - -- 0 E.S. 

MAlNT MANUAL----- 0 
REF MANUAL----- 0 
OTHER (SPEClFY) 

tD PROJ ENG I 
[\l MANUF 

' -fC 
\ 

~CUSTOMER ENG 

WMAF::KET!NG 

ECO CLASS 
t1.i=r:r:r..,.. r-,...,-,,, ,...,_ -- -· 

---- 149101-101 - ~c. 

- The following tt.·o cable assemblies oust be 

- changed. 

1 

l· 

1 

l 

I i 

149209-006-XC replaces 149123-006 

14 g 21 o - o o 6 - ~:c replaces 1~9124-006 

149113-101-:rc replaces 1-+9+13-100 
149114-101-~;c replaces 149114-100 

.· 

\ 
' 

PARTS DISPOSITION 

IN STOCK 

I USE As JS 1 REWORK REPLACE 

l T 
t-.t ~,......,,,..... ___ _ 

-

:.re ' -
~' 

- NC 
:"I 

- A3 
'~.-

- A3 ""., 
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. uL.i 
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......... J 1H .. L.n. 11<v 1...n/\rn.1c:. r<t:.\JUt:::> 11 '/\GE 2-· 1[C( 
~F ~ A ,rtIERLAND EHG IrlEE11 Ir~G ClliHlGE ORDER 

.ER CORP. DOCUMENT TITLE Picture Processor J\!>scmbly PAS I c DOC I 
_Ull1J0 l -JOU 

ECR/ECO corff I NU/\ TI ON SHEET 

1 DELETE HIRE LIST 

DC 48.62, Sl.73, SS.22 $ DC 48.62, 55.22, 54.32 S 
*DC 51.75, 54.32 $ DMAIN(G) 16.73,43.33,46.48,48.24,54.4 

DMA IN ( 1) 1 6 . S 9, 4 3 . 3 0 , 4 6 . •I 7 , 4 S . 2 S , 5 4 . 6 

m.tl\ IN ( 2) 16 . 5 8 , 4 3 • 2 9 , 4 6 • 6 0 , 4 S . 3 3 , S 4 . S 

Dr·iA IN ( 3) 1 6 . S 7 , 4 3 • 2 5 , 4 6. S 4 , 4 8 . 3 4 , ~ 

m.1A r N c .i ) 1 6 • 3 4 , 4 2 • 3 3 , 4 6 • z 6 , 4 s . 3 6 , s 4 . 1 

DMA I :--r ( S ) l 6 . 3 S , 4 2 • 3 0 , 4 6 . 5 3 , 4 S • 3 7 , S 4 . 1 

DMAIN(6) 16_.36,42.29,46.28,43.47,54.2 

D~1A IN ( 7) 

DrfAIX (8) 

DMAIX(9) 
Di•fAI :\ ( 10) 

D~fAI~ (11) 

D~1AI:J ( 12) 

D~IAIX ( 13) 

FS>fl ( O) 

FSMl (1) 

FSMl ( 2) 

FSM2 (O) 

FSM2 (1) 

NADR(O) 
l~ADR (1) 

WADR (2) 

WADR(3) 
WADR(4) 

WADR ( 5) 

WADR(6) 

WAD!l(i) 

WAim(8) 

WAllR(9) 

WADR(10) 

WADI~ (1 l) 

WADR(12) 

16. 3 7 '4 2. 2 s , 4 6 . s 9., 4 s . 4 s ' s 4 . 2 
11 - - 1 6 - Q .I 6 - ., Is ~ ~ C' ! -• .) .) ' - • .) ' -+ • .) ... , ~ • ::> ::> , .:.::_.'... ~ 

11.30,16.29,46~6.+,48.56,54.4 

11 .,a16 .,8 1 6 -n ·s ,...., '"4 • .;...,, ... .:.. ,-+ • ..J....,,,4 .:>; '~ 

11.25,16.27,46.63,~3.53,54. 

10.33,16.26,46.15,4~.59,54. 

10.30,16.25,46.16,4S.60,51. 

9.6,12.74,45.15,48.33,47.35 

9.5,45.13,48.54,47.36 $ 

9.4,12.75,48.53,47.43 $ 

13.38,45.14,48.40,47.25 s 
13.37,45.12,48.39,47.26 $ 

47.3,54.3 s 
4 7. 4' 54. 5 s 
47.6,54.7 s 
4 7. 12 7 54. 9 $ . 

4 7. 1 7 ' 54 . 13 $ 
47.39,5-Ll5 $ 

47.45,S~l.17 $ 

4 7. 4 6' 54 . 19,, s 
47.57,S•L23 $ 

<i 7 . s s ' '.i 4. 2 7 

il 7. 67' 54.33 

<i 7 . (J 8 , s 1i • ii s 
47.69, 54.49 

.$ 

$ 

$ 

$ 



CUSTOMER ENGINEERING 

INST~UCTION 1 

EQUIPMENT SERVICE ·LOG 

c:a·-1. ·1 

Or~g. 2/4/75 
Rev. 

The Customer Engineer is required to maintain an Equipment Ser

vice Log for each system/equipment he is responsible for servicing. 

It is recommen.ded that the logs for each system/equipment be kept 

in a master loose leaf type book. 

1.0 PAGE FORMAT 

Each_p~ge of the log shall have in the upper r~ght hand 

corner the followi~g information in the format shown. 

Customer/Site 
-------------------~ 

· Sys.tem/Equipment -------------

.Serial No. 

Date of Service ----------------
Customer E~gineer ~------------------

2.0 INFORMATION LOGGED 
I 

The information· should be entered as follows: 

2.1 Symptoms of Failure -

a) Customers description of the failure 

b) Your description of the symptoms if different 

and/or more detailed. 

2.2 Time Required to Locate Problem 

The time required by you to di~gnose and locate the 

cause. 



CE-1.2 

2.3 How I Found the Problem -

The diagnostics you used. Were you lead astray by 

anything? Generally the difficulty you had in finding 

the cause. 

2.4 What Failed -

The card type and bug, component, back panel, wire, etc. 

2.5 What Was Repaired -

What was replaced, adjusted, etc. Include what you 

replaced or repaired in attempti~g to find the problem even 

if it didn't fix the.problem. 

2.6. Difficulty and Time Required to Make Repair -

For example: "ten minutes to.replace bug. Two hours 

to remove fan, filter and bracket so I could reach it." 

2.7 Suggestions -

What you found deficient in the di~gnostics, documen

tation, equipment design, tools, etc. 

S~ggestions for maki?g the task easier. 

2.8 General -

Any observations you made or conversations you had 

with the customer which would be of value to E&S. What is 

he doing with the system; what is he planni?g to do, his 

~omplaints, compli~ents, etc. 

2.9 Report to Headquarters -

ECW 2/6/75 

The Customer Engineer is responsible for sendi~g a copy 

of all additions to the log for those equipments which had 

service performed on them during a calendar month. The data 

for a given month will be sent to the Director of Customer 

on or before the 5th of the following month. 



CUSTOMER ENGINEERING 
INSTRUCTION 2 

.ECO FIELD CONFIGURATION CONTROL 

CE..; 2 .1 

Or~g. 2/19/75 
Rev. 

This instruction sets up a procedure for establishing system 
configuration at the time of shipment from the factory and for 
maintaining a continuous record of configuration. 

1.0 ECO FIELD CONFIGURATION CONTROL CARD SET 
··A set of ECO FIELD CONFIGURATION CONTROL cards, CONFIG CARD~, 

will become and remain a part of all systems or subsystems that 
are shipped from the factory. This includes equipment that are 
sold, loaned or shipped for use by E&~ personnel at shows and 
demonstrations. The CONFIG CARD sets will be physically located. 
within the cabinet containing t~e system or subsystem. A sample 
copy of a CONFIG CARD with instructions for establishing and · 
maintaining the card is given in section 2.4 below. 

2.0 INITIAL PREPARATION AND VERIFICATION 
2.1 Preuaration 

Prior to the factory acceptance test, FAT, Quality 
Control will have a set of CONTROL CONFIG cards prepared 

.based upon their equipment configuration summaries. 

2.2 Verification 
After FAT and prior to shi~ment the Customer Engineer 

· responsible foi conducting the FAT will verify that the 
CONTi:<-OL CONFIG cards are correct. He will make a· copy. of.· 
.the card set for C.E. Dept. reco.rds. 

3.0 MAINTENANCE OF THE CARD SET 
., . . . 

.. • '! 

The Customer Engineer respons{ble ~or ins.tallatio~, 
maintenance ind servicing of the equipment is iesponsible for · 

.. ' 
keeping the c_ards up to. date·; All .changes· which e.ffect 
equipment contiguration will be recorded. ., . : . , 

.· 



CE-2.2 

4.0 FILLING OUT THE CARDS 
A s~mple ECO FIELD· CONFIGURATION CONTROL form CEDS0030 

is shown below. It lists the system components by slot number 
or by an identifying name. The second column contains the 
E&S _part number and name. The first ECO/DATE column contains 
the ECO level and data when the syste~ was first shipped from 
the factory, 3/6/75. The following 4escription of the data 
listed in· the rows for SLOT NO. 9 illustrates how the cards are 
to be updated. 
SLOT NO. 9. 

· a) When the.system was shipped on 3/6/75 slot 9 contained 
an ARITH I, ·144106-100, serial number 19 with ECO 
level A3. 

; .. b) On 4/9/75 the 144106:..100, serial· number 19 had ECO 
A4 installed. 

c) On 5/29/75 the 144106-100, serial number 19 was 
replaced with serial number 1 31. This replacement is 
·indicated by the RP, for replaced, in col~mn 3 and 
the addition of 31 in the serial number column, S/N. 

d) On 9/2/75 the 144106-100, sBrial number 31 had ECO AS 
installed. 



EVANS & SUTH!RLANO 
COMl'VTaR. CORl'Ol!A T10N 
IA&,T I.AC& CITY, UTAM IM112 

ECO F!ELO CONFIGURATION CONTROL. 

• SUBSYSTEM pg"'t'V,R,&° S'Y.rii!'M P~oc. 
NAME 

SLOT CARO/ASS'Y NO. ECO 
No. i--;.55e;11sLY "N.AMe _, DATE 

CE-2.3 

.,c .... ~r ro I~ /;:"I - ,,C'/ ;~e I ' t------------u ___________________ .___.._ _________________ __ 
·s:rrl_tj Y~s 
'c,11e1.£ I'/ C I;; o - -: // ;i. 1 1c I 
~t-----------~~,-4-~-------------------------

• 811cX I 4' 9 / d J. - I o o 1/c. -"I A) /1.J // l/ 
? t-- - - - - - - - - ---------.----+------------:·---...-----------
/7,411(/. 'fi1' . .: ~1,..: ·rbi~'"·iZJ ~l?;·-1 

1-- - - - - - ,._ - - -+---+---+--i---+--+---+-.....-+--'l"-'~--"'--+--+--+--+--"'""'"l--+---

...._ .- ----= ---+---+--i-+IL_~-rl+~-+-"'M--+--+--+--+----+--i,___-+--+---+---

1-- - - - - - = -- -t---l~-+--('.l...;;i;...po.--;-,1-""--i-:~--1---+--T---+--+--+-+--+--+--+---
1 - ·~ 

1-- - ~ - - - - - - -+---+--+---!--+--+---+--+---1---+--+---+--+--t---T--+----

-1-- - - - - - - - - -+---+--.+----1----+--+--+--.+--1----t--+--+--+--+---!I----+---

5-003-0 FORM CE050030 ~ 

L ___ .. ____ . .:. .. ---·-··----

·. 



l. INTRODUCTION TO THE PDP-11 

1.1 PDP-11 Architecture 

MAIN 
MEMORY 

• •• 0;• ' 

UNl8US 

PERIPHERAL 
OEVICe 

"'RIPMERAL oev1ce CON SOU 
1£RMINAL 

FIG 1.1 Simplified PDP-11 Block Diagram 

1.1.1. UNIBUS: high-speed buss used for communication 
between the other major system components. 

1.1.2. CPU, Central Processor: executes intructions 
and allocates UNIBUS usage. 

1.1.3. Main Memory: storage area for programs and 
data, byte or word addressing. S/t:>f':.-·• ~-. .A-' 

'.:">"' .~1 . ~}# ... 
~· 1.1.4. Peripherals: all I/O devices are interfaced 

to the UNIBUS. 

' /4 ~'/,,1·? 
e v e /i/ 

v I;"{ 
f-1;, ';. 

ti ff' :7/ .. ! ) 



1.2. PROGRAMMING EL8MENTS 

RO 

A1 

R2 

R3 

R4 

AS 

Stack pointer/RS 

Program counter/R7 

General-purpose registers 

------------------~ 

------------~~--~ 

--------------~--~ 

H-'""'-------------..,.._~ ........ ______________ __. ..... 

15 0 

Program status (PS) register 

15 
Unused j ti I~ ,cp 1 j 

a 1 54 3 o 

CC := condition codes 
T := trace flag 
P := current priority of 

processor 

FIG 2.1 The Processor State of the PDP-11 

1.2.1. General Registers: 8, of which RO thrcugh RS 
are for general use as accumulators, index 
registers, stack pointers, etc. 

1.2.2. R6 or SP: System stack pointer. The stack 
is used to save registers and for subroutine 
linkage, etc. 

1.2.3. R7 or PC: The Program Counter increments 
through the program, always pointing to 
the next instruction, operand or index, etc. 



1.2.4. PSW, Processor Status Word: Contains processor 
priority, addressing information, and condit
ions pertaining to the last operation performed. 

1.2.5. OMA, Direct Memory Access: Block data 
trans~ers between memory and peripherals may 
be initiated and then run to completion 
without software supervision. 

1.2.~. NPR, Non-processor Request: A request for access 
to the.UNIBUS which is issued by a peripheral 
rather than the CPU. Used in OMA transfers. 

1.2.7. Priority Interrupts: Asynchronous events (e.g. 
OMA completion) may cause an interrupt to the 
currently executing program and activation of 
a Service Routine. This frees the CPU from 
the duty of polling peripherals. Only an 
interrupt of priority higher than the current 
processor priority (found in the PSW) is 
allowed to take effect. 

1.2.8. PDP-11 Instructions: An instruction specifies ihe 
operation to be performed (e.g. move, add), method 
of addressing the source operand, and/or method 
of addressing the destination operand. 



1.2.9. General Addressing Modes: 

DIRECT MODES 
Mode Name Assembler 

Syntax 

0 Register Rn 
2 Autolncrement (Rn)+ 

4 Autodecrement -(Rn) . 

6 Index X(Rn) 

·. 
. DEFERRED MODES 

Mode Name Assembler 
Syntax 

Function 

Register contains· operand. 

Register contains address 
of operand. Register con· 
tents incremented after 
reference. 
Register contents dee* 
mented before reference 
register contains address 
of operand. 
Value X (stored in a word 
following the instruction) is 
added to (Rn) to produce 
address of oper<ind. Nei· 
ther X nor (Rn) are modi· 
fied •. 

Function 

l• Register Deferred @Rn or (Rn) Register contains the ad· 
dress of the operand 

3 Autoincrement Deferred @(Rn) + 

5 Autodecrement Deferred @-(Rn) 

· 7 Index Deferred @X(Rn) 

Register is first used as 
. a pointer to A word con· 
taining the address of 
the operand, then incre
mented (always by 2; 
even for byte instruc· 
tions) 

Register is decremented 
(always by two; even for 
byte instructions) and 
then used as a pointer 
to a word containing the 
address of the operand 

Value X (stored in a word 
following the instruction) 
and (Rn) are added and 
the sum is used as a 
pointer to a word con· 
taining the address of 
the operand. Neither X 
nor (Rn) are modified 



l.2.10. PC Addressing Modes (Register=?}: 

PC ADDRESSING 

2 Immediate #n Operand follows instruc· 
ti on 

3 Absolute @#A Absolute address follows 
instruction 

6 Relative A Address of A, relative to 
the instruction, follows 
the instruction. 

7 Relative Deferred @A Address of location con· 
taining address of A, rela· 
t1ve to the instruction fol· 
lows the instruction. 



l.2.11. Programmer 1 s Console: used for manual examination 
and modification of memory contents, for 
starting programs, etc. May not be available 
on PDP-11/04, 34, dr 60. 

1.2.12. Sample Program: Bootstrap the RK05 Disk Pack 

12700 MOV #177406,RO 
177406 
12710 MOV ~177400 I {RO) 
177400 
12740 MOV *5,-(RO) 
5 
105710 TSTB (RO) 
100376 BPL .-2 
5007 CLR PC 



2. OPERATING SYSTEMS 

2 .1. Some OPERATING SYSTEM Def ini tion"s 

"A set of programs and routines which guide 
a co~puter in the performance of its ~asks 
~nd assist the programs (and programmers) 
with certain supporting functions."--SAYERS 

"Software which controls the execution of 
computer programs and which may provide 
scheduling, debugging, input/output control, 
accounting, compilation, storage assignment, 
data management, and related services." 
--AMERICAN NATIONAL STANDARD DEFINITION 

"That programming which is provided by the 
vendor of a computing system as an integral 
part of the product he markets"--KURZBAN, 
HEINES, and SAYERS 

"Operating systems have two basic functions: 
they provide services for application program 
development and act as an environment in 
which application programs run. The character 
that an operating system has, that is, the 
services and environment it supplies, is 
appropriate only for a certain range of 
development and appl~cation requirements in 
order to serve selected needs efficiently ...• 
AN OPERATING SYSTE~ IS A COLLECTION OF PROGRAMS 
THAT ORGANIZES A SET OF HARDWARE DEVICES INTO 
A WORKING UNIT THAT PEOPLE CAN USE"--DEC 

"Operating systems are intended to facilitate 
efficient use of computers. They provide a 
convenient interface to hide from programmers 

·the complexity of the bare computing systems. 
They manage the resources of computing systems 
so that the resources are optimally utilized" 
--KURZ BAN, HEINES', and SAYERS 

r----~-------------, . -:-·. .. I . ~. , . . . · I 

I · ·I 
......__...._. · APPUCATION OPERATING ·1 

PROGRAMS srsreM tiAACWAAE 

I I 
• 1 I 
~-----~-----~-·-----~ 

FIG.2.1 Computer System Components 



IN SUMMARY: 

A Collection of programs; a software system 

A "soft" interface to a specific computer 

Tailored to a specific group of applications 

Purpose: to make the computer system usable 

2.2. Typical Operating System Components 

2.2.l. Management Program: "Executive" or "Monitor" 

2.2.2. Utilities 

Program Development Support: Editor, Assembler, 
Compiler, Linker, Librarian, Debugging Tools. 

System Maintenance: Device Verification, 
Accounting 

2.2.3. I/O Support and Drivers 

2.2.4. File Management and Support: Open, Close, 
Read, Write, etc. 

2.3. Attributes of Operating Systems 

Single-User 

Multi-User 

Real-Time: Must perform to real-time cons
traints, for example, refresh rate, update 
rate, or sampling rate. 

Disk-Based: All of the more powerful operating 
systems use a fast mass storage device as 
the system device, usually a disk-pack. They 
must do so if they are to be reasonably fast. 

2.4. RT-11 Single-Job System: Single-user, fast, 
suitable for real-time applications. All 
files are contiguous, which is one major 
reason for the system's speed. It is 
relatively simple to understand and use. 
Comparable to DOS in range of applications, 
but much faster. 

2.4.1. Utilities: EDIT, MACRO Assembler, FORTRAN Compiler, 
PIP File Management, LINK, LIBR, and ODT 
Debugger. 



2.4.2. Sample RT-11,,'~emory Layout: 

0-36 
***************************************** 
* SYSTEM TRAP VECTORS * 
***************************************** 

40-56 * 
60-376 * 
400-476 * 

USER COMMUNICATION AREA 
OPTIO~AL INTERRUPT VECTORS 
SYSTEM OPERATIONS 

* 
* 
* 

***************************************** 
500-776 * STACK * 
1000+ 

***************************************** 
* USER PROGRAM * 
*---------------------------------------* 
* DEVICE HANDLERS, REQUESTED BY * 
* USER PROGRAM * 
*---------------------------------------* 
* USER BUFFER AREA * 
***************************************** 
* (UNUSED) * 
***************************************** 
* 
* 

KMON- KEYBOARD MONITOR * 
MAY BE OVERLAID BY USER PROGRAM * 

***************************************** 
* 
* 
* 
* 
* 
* 

USR-"USER SERVICE ROUTINE" * 
MAY BE OVERLAID BY USER PROGRAM,* 
THEN SWAPPED IN DUE TO PROGRAM * 
REQUEST. INTERPRETS FILE SPEC- * 
IFICATION STRING, OPENS & CLOSES* 
FILES. * 

***************************************** 
* RMON- RESIDENT MONITOR, MUST * 
* REMAIN IN MEMORY AT ALL TIMES * 
***************************************** 

vo ,,., .. / ( L~d.~,~~··-··-··· \ 
2.5. Evans & Sutherland Diagnostic Monitor: 

s= 

Similar to RT-11, with compatible file structure 
and device support. Unlike RT-11, ESD does not 
include program-development support. Utilities: 
PATCH, to modify loadable programs, and UPDATE, 
comparable to PIP. Like RT-11, it can use Dectape 
as the system device. 



2.6. RSX-llM Operating System: Multi-user 
system which supports system devices which are 
not supported by RT-11 or ESD·, e.g. RP04 Disk 
Pack. A very powerful system which is difficult 
to use and still more difficult to understand as 
compared to RT-11. The system is available in 
a "Mapped" version which requires the "KT-11 Memory 
Management unit and provides memory management, 
protection, and dynamic relocation, and an "Unmapped" 
version which does not require the KT-11, is simpl~,..~ 
and is less powerful. 

2.6.1. Utilities: Most utilities in DOS and RT-11 
are available as well as others such as 
FLX, DSC, and PRESRV. 

2.6.2. Partition: the memory block into which a task 
(program) is loaded. 

2.6.3. Multiprogramming: sharing of the CPU among two 
or more tasks which reside simultaneously in 
memory (in different partitions). 

2.6.4. Checkpointing: the process of saving an active 
task image on the system device so that another 
highe~ priority task ~ay occupy the partition. 

2.6.5. Scheduling: one of the RSX Executive's most 
difficult jobs; the job of deciding who gets which 
resource (CPU, Memory Partition, Peripheral) next. 

2.6.6. Unmapped RSX-llM as a PS2 Diagnostics System: 
used at sites which do not have RKOS Disk Drives 
but some other drive which is sup9orted by RSX-llM 
such as RP02 through RP06, RK06 and RX06. 
In this context RSX should be regarded as a single
user system. 

2.6.7. Mapped RSX-llM and PS2 Maintenance: 
The most important difference between a PS2 Graphic;.f'1 
task under RT-11 and the "equivalent" task under 
RSX-llM is generally a difference of timing. 
Timing changes may expose errors in t0e hardware 
or in the Graphics Software Package. 
Also, there is a Picture System Driver for Mapped 
RSX-llM which has no counterpart in unmapped 
RSX or in RT-11 .. 



3. Picture System II Diagnostic Programs 

3.1. "Machine Independence" 

3.2. Specified by the Design Engineer 

3.3. Documentation: PS2 Hardware Diagnostics 
Manual (PS2 HOM) 

3.4. Standard Operator Interface: 

H Help 
P Pass Count 
D Do Phases 
X Execute 
L Loop on Error 
C Loop on Error, and Continue 
M Modify Device Addresses 

3.5. Error Messages: 

1: DOIT ADDR ERR; ADOR=XXXXXX EXPT=XXX (cont) 
RECD=XXX INDEX=23 

3.6. MIXIT Programming Language 

3.6.l. General Instructions: MOV, ADD, ADD2, SUB, 
SUB2, INC, DEC, CLR, COM, ANO, OR, SLS, 
SRS, SLD, SRD. 

3.6.2. Test and Branch Instructions: CMPL, CMPA, 
TST, JMP, BRZ, 8RNf BRP. 

3.6.3. Data Storage Instructions: BLOCK, DATA, CDATA, 
DIFF. 



3.6.4. Subroutine Declaration: 

SUBR A,N 
A = Subroutine Name -
N = Number of arguments 

3.6.5. Subroutine Call: 

CALL A I <X, y ••• > 

3.6.6. Subroutine Return: RTRN 

3.6.7. Global Declarations: HERE, THERE 

3.6.8. Subroutine Arguments: .1, .2 etc. 

3.6.9. Indexing: first argument (index} may be number, 
name, or subroutine argument; second argument 
(base address) may be name or subroutine 
argument. Examples: 

CALL 
MOV 

<Tl,TABL> 
<l,ZERO>,<.l,TAB2> 

3.6.10. Indirect Addressing: ~arg,> 



3.6.ll. Utility Subroutines: 

RDPS 
WRPS 
READ 
WRIT' 
CINT 
DINT 
DMA 

Read PS 
Write PS 
Read Interface Register 
Write Interface Register 
Connect Interrupt 
Disconnect Interrupt 
Initiate DMk Transfer 

3.6.12. Example: QSD002.MIX, QSD002.LST 

3.7. MNEMONIC: Command language for table-driven 
MIXIT diagnostics. 

3.7.l. Interpreter Call: 

CALL CODE I <TABL> 

3.7.2. I/O Commands: lxyz 

3.7.3. Mask Command: 0001 

3.7.4. Mark Command: 0010 

3.7.5. Loop. Control: 0011, 0110 

3.7.6. Address Incrementation Switch: 0100 

3.7.7. Random Number Initialization: 0101 

3.7.8. Special. Commands: 0111 

0 Enable Random Number Gen. 
1 [In] 
2, ••• 
3 [ I • • ] 

4 , • • 
5,SUBR 
6,DATA 
7,DATA 

Disable Random, Enable Frozen Data 
Extension of the "Mark" Command 
Toggle Table Data Switch 
Load the PS Address Bucket 
Call Subroutine SUBR 
Load DOIT 
Load DOIT, Then Clock the MAP 

3.7.9. Example: QSD004.MIX 

3.8. Troubleshooting with QSDDT: see Appendix F, and 
examples. 

3.9. E & S Diagnostic Monitor (ESD) 

3. 9 .1. UPDATE 
j 

3.9.2. PATCH 

3.10. Diagnostic Operation Under the RSX-llM 
Unmapped Operating System: see Appendix D 

3.10.1. Task Termination 



·i 
i June 25, 1976 

MIXIT -- A Machine-Independent As:embly Language 

MIXIT is a machine-independent assembly language which can be 

processed on the PDP-11 to produce an ASCII assembly language 
file for a target machine. The assumptions built into MIXIT 
about the target machine are: 

1. 16-bit word machine 

2. 2's complement . 
3. Word addressable only1 

4. No stack operations 1 

5. No re-entrant or recursive routines 1 

Instructions for MIXIT are of the form: 

LABL: . INS argl, arg2, ..• ;com 

where: 

LABL is an optional 4-character label 
.INS is the MIXIT instruction (the preceding period 

is optional) 

argl~ 
arg2, ... are the arguments required (if any) for the 

instruction specified (.INS). Arguments are of 

the form: 

a or <X,a> where X {s a value to be used 
as an index such that c(X)+a = 
the effective address of the 
the argument. a is the argument. 

1 Refer to the language; the target machine may have different 
specifications, but these will be invisible to the programmer. 

2 For a more complete description, see the section on arguments. 



General Instructions 

.MOV a,b , ;b+a 

.ADD a,b ;b~a+b 

.ADD2 a,b ;<b,b+l>+<a,a+l>+<b,b+l> 

.SUB a,b ;b+b-a 

.SUB2 a,b j <b I b+l>+<b I b+l>-.<a. I a+l.> 

.INC a ;a+a+l 

.DEC a ;a+a-1 

.CLR a ;a+O 

.COM a ;a+-a 

.AND a,b ;b+a "b 

.OR a,b ;b+avb 

.SLS a ;a+a*2 

.SRS a ;a+a/2, a<lS> undisturbed 

.SLD a ;<a,a+l>+<a,a+l>*2 

.SRD a ;<a,a+l>+<a,a+l>/2, a<lS>undisturbed 

Test and Branch Instructions 

.CMPL 

.CMPA 

.TST 

.JMP 

I BRZ 

.BNZ 

.BRN 

.BRP 

a,b 

a,b 

a .. 

a 

a 

a 

a 

a 

;logically compare a to b 

;arithmatic compare a to b 

;condition+ -,0,+,F 

;note condition is not set by the 

;. general instruc~ions 

;unco~d~tional branch to "a" 

;branch to "a" if condition 0 " 

; branch to "a" if condi tio'n not 0 

;branch to "a" if condition negative 

;branch to "a" if condition not negative 



Data Storage Instructions 

.BLOCK 

.DATA. 

.CDATA 

.DIFF 

n 

<a,b,c, .•. > 

<string> 

a,b 

Subroutine Instructions 

;reserve ·n words of storage 

;define data _words a,b ,c, .•. (a,b,c, .•• 

;may be names or numbers) 

;define character string 

;define a word of data +b-a (offset 

;in words, a and b must be names) 

. CALL1 a or a,<b,c, ••. > ;call subroutine "a" with optional 

.SUBR 

.RTRN 

.HERE 

.THERE 

a,n 

<a,b, .•• > 

<a., b, .•• > 

Miscelleneous Instructions 

.LABEL 

.STOP 

.HALT 

.FIN 

.REM 

a 

<·--------> 

;arguments b,c, ..• 

;define subroutine entry point a 

;with n arguments (both subroutine 

;name and argument count are optional. 

;return to calling routine 

;~efines global entry points 

;defines external ~lobals 

;defines label "a" 
;terminates execution of program 

;and return to monitor 

;stops CPU execution 

; end of° Pr~g.ram Segment (Finish) 

;Remarks--all subsequent characters 

;on the line are comments (this 

;instruction is not really necessary, 

;since each instruction may contain 

;its own comment.) 

1 Subroutines in MIXIT are not reentrant. 



.HEAD· <--------> ;generates a page eject directive 

;and supplies heading information to 

; the ass·embler of the target machine 

Program Test Word 

When a .CMPA, .CMPL or .TST instruction is specified, the 

resulting zero/nonzero, positive/negative value is placed in the Pr~gra 

Test Word, defined at the beginning of each program segment as: 

.HEAD 

.REM 

.LABEL 

.DATA 

< MIXIT ASSEMBL 'f- > 

< ;PROGRAM TEST WORD> 

TTTT 1 

0 

When a .BRP, .BRN,~.BRZ or .BNZ instruction is given, the 

associated transfer of command is conditional on the contents 

of the Program Test Word (the PTW). 

There is a unique PTW defined at the beginning of each program 

segment. Therefore, if a subroutine is called which is defined 

in a separately assembled program segment, the PTW remains un

disturbed upon return to the current program segment. Note also 

that the current PTW is not reflected in the PTW of the external 

1Undefined results will occur if TTTT is used as an 
a:rgument to . 01PA, . C:MPL or . TST instructions~ 



Arguments 

Except for the specific exceptions discussed in previous 
sections, arguments to MIXIT instructions are of five general 
types. Each is discussed in detail below. 

1. Names -- all MIXIT names represent actual memory addresses, 
and may be assigned either as statement labels, or as 
externally-defined locations via the THERE directive. All 
names must ?e four characters or less in length, must 
contain only alphabetic or numeric characters, and must 
begin with a letter 6f the alphabet. 

2. Numbers -- these may be in either decimal (denoted by the 
presence of an eight, a nine, and/or a trailing decimal 
point) or octal radix. They may be either positive or 
negative (as signified by a ·1eading minus sign). Numbers, 
however, may be used only as index values (see Para. 4 below) 
or as constants in ·a DATA statement. 

3. Subroutine arguments -- these are used within the bounds of . . 
a subroutine (i.e. anywhere after a SUBR directive). Such 
an argument consists of a period followed by a pure number, 
which will be interpreted in decimal radix (e.g. ".13") 
and which represents the ith (e.g. 13th) paramet~r in the r• 
paramet~r list of the associated CALL statement. This construct 
may appear wherever·a name may appear. (within a subroutine), 
except as labels, or in name- or data-defining cont'exts such 
as arguments to HERE, THERE, DIFF or DATA statements. These 
arguments may, of course, be used as parameters to subroutine 
calls to achieve further nesting of subroutine levels. 

4. Indexed arguments -- when it is desired to specify an offset, 
in words, from a defined location or subroutine argument (for 
example, in the case of arrays) this construct is used. In 
the place of a name or subroutine argument, one writes 
"<arg,arg>" where the first argument may be any of the above 
types (name, number or subroutine argument), and signifies 
the offset in words'; and the second argument may be either 



a name or subroutine argument, and signifies the base 
address (l.e. the name of the array). Note that to. 
determine the number of words in an array, the DIFF 
directive should be employed, rather than an execution
time subtraction of two addresses, in order to avoid 
address complications arising from running MIXIT on 
byte machines-. 

S. Indirect addressing since indirect addressing is 
simply a special form of indexing in which the base 
address is zero, the format for this construct is 
simply "<arg,>" where the second argument is omitted. 
Because absolute addresses are prohibited in MIXIT, 
numbers may not be used as the argument he_re, and 
although a location may contain any value, care 
should be taken to ·indirectly reference only those 
locations which were assigned as named locations via 
a DATA statement. 

An example of the use of.both indexing and indirect 

addressing appears below. This is a dispatch table and 
the dispatch code associated with it. 

MOV <DEX, TABL>, TEMP 
JMP <TEMP,> 

TABL! DATA <RTNA,~TNB,RTNC, ..• > 

TEMP: "BLOCK. 1 



JMP 
HEAD 

I MSGS: DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

• 
• 

MS1: CDATA 
MS2! CDATA 
MS3: cr1ATA 
MS4! CDATA 
MS5! CDATA 

• 
• 
• 

THERE 
PTBL: Dc-1TA 
PMAX! DIFF 
ERMX! DATA 

• 
MS9! DATA 

CDATA 
• 

MS10! DATA 
CDATR 

• x: DATA 
GOOD! BLOCK 
TEST! BLOCK 

HEAD 
STRT! MOV 

DEC 
MOV 
CALL .. 

• 
CALL 
CALL 

• 
• 

STOP 
• 
• 

HEAD 
SUBI~ 

• 
• 

STRT ;.FOR MANUAL STARTUP 
<SAMPLE MAIN PROGRAM> 
2 ;MESSAGE BLOCK FOR •INIT• 
<MS1110.> ;ANNUNCIATION MESSAGES 

3 
<MS311S.> 
<MS4116.> 
<MS5113.> 

;•H• RESPONSE MESSAGES 

<QSDOOO.S01> ;THE ACTUAL MESSAGES 
<DEMO DIAGNOSTIC> 
<THESE LINES ARE> 
<OUTPUT ONLY WHEN> 
<uHn IS TYPED.> 

<SMEs,socT,GETS,GETN1WRPS,RDPS,DOPH1PHAZ1DPCH,ERRLrINIT> 
<01PH1,PH23,PH231PH41 ••• > ;KEEP THESE TWO--
PTBL, PMAX ; TOGETHEf<. <SIZE OF PHASE TAB!f 1 
12. ;HIGHEST ERR.MSG.NO. C.LE.16+) 

18. 
<ALL TESTS COMPLETE> 

;KEEP THESE TW0--
1--TOGETHER. 

47. 
<3: ERSATZ ERR; ATTERCOP DOES NOT EQUAL TOBNODDY> 

(0,1,2,3,4,5,6, ••• > 
1 ;TEMPORARY STORAGE 
1 ;TEMPORARY STORAGE 
<SETUF: CODE> 
PMAX1DOPH 
DOPH 
ERMX,PHAZ 
INIT,<MSGS> 

;STAFa HERE 
;COMPUTE MAXIMUM NO+ OF PHASES <GLOBAL> 
;GET HIGHEST MSG. NO. <GLOBAL). 
;Go DO OPERATOR DIALOGUE 

;no TEST GROUP INITIALIZATION 

DPCH1<PTBL> ;CALL THE DISPATCHER 
SMES1<MS91(l1MS9>> iREPORT COMPLETION OF ALL TESTS 

;RETURN TO MONITOR 

<PHASE 1 CODE> 
Pl-1111 ;PROBABLY WON'T USE THE ARGUMENT 

; ( ARG. =PH1~SE 41:) 



CMPL 
BRZ 
CALL 

~ 
CALL 

)HlA: • 
~ • 

RTRN 
HEAD 
SUBR 

• 
CMPL 
MOV 
RTRN 
HEAD 
SUBR 

• 
• 

FIN 

GOQD,TEST ;FAILURE? 
. PH1A 

SMES1<MS10,(1,MSlO>> ~YES~ REPORT IT 
ERRL1<<31X>1REPT> :ALLOW FOR LOOP-ON-ERROR CTTTT MODIFIED> 

;RETURN FROM PHASE 1 <THIS PASS> 
<PHASE 1 ERROR REPEAT SUBROUTINE> 
REPT11 ;REPEATS THE ERROR REPORTED AS MS10 

;no THE REPEAT TEST 

GOOD1TEST ;MAKE THE COMPARISON 
TTTT,.l JRETURN RESULT WITHOUT LOOKING 

J(O=GOOD;NON-ZERO=BAD) 
<PHASE 2 & 3 CODE> 
PH23,1 ;ENTRY POINT FOR PHASES 2 & 3 

;cPARAM WILL = 2 OR 3, 
;RESPECTIVELY> 

STRT ;DONE 



JMP STRT ;FOR MANUAL STARTUPS 

PROGRAM: QSD002.MIX 

AUTHOR: STEPHEN N. MCALLISTER 

DATE WRITTEN: 5/14/76 

DESCRIPTION: THIS PROGRAM PROVIDES THE PICTURE SYSTEM MEMORY 
TESTS. THERE ARE SEVEN TESTS, INCLUDING DATA PATH, ADDRESS/ 
DATA, AND MEMORY CONTENT CHECKS • 

• I . 
I 

MSGS: 

MSGl: 
MSG2: 
MSlO: 
MSll: 
MS12: 
MS13: 

· MS14: 
MS15: 
MS16: 
MS17: 
MS18: 
MS19: 
MS20: 
MSGA: 

MSGB: 

MSGC: 

MSGD: 

MSGE: 

MSGF: 

,MSGG: 

MSGH: 

MSGJ: 

MSGM: 

HEAD <MESSAGE SECTION> 
DATA 2 
DATA <MSGl,10.> 
DATA <MSG2,33.> 
DATA 11. 
DATA <MSl0,44.> 
DATA <MSll,34.> 
DATA <MS12,26.> 
DATA <MS13,29.> 
DATA <MS14,28.> 
DATA <MSlS,29.> 
DATA <MS16,12.> 
DATA <MS17,17.> 
DATA <MS18,ll.> 
DATA <MS19,20.> 
DATA <MS20,22.> 
CDATA <QSD002.S01> 
CDATA <PICTURE SYSTEM MEMORY DIAGNOSTICS> 
CDATA <THIS DIAGNOSTIC TESTS PICTURE SYSTEM MEMORY.> 
CDATA <TH£RE ARE SEVEN TESTS., AS FOLLOWS:> 
CDATA <l. MEMORY DATA PATH CHECK> 
CDATA <2. MEMORY ADDRESS/DATA CHECK> 
CDATA <3-7. MEMC~-~ CONTENTS CHECKS> 
CDATA <THE FIVE CONTENTS CHECKS ARE:> 
CDATA <3. ZERO/ONE> 
CDATA <4. RANDOM NUMBER> 
CDATA <5. REFRESH> 
CDATA <6. BIT DISTURB ONES> 
CDATA <7. BIT DISTURB ZEROES> 
DATA -22. 
CDATA <l: DATA PATH ERR;PORT=> 
DATA -6. 
CDATA < ADDR=> 
DATA -11. 
CDATA < DATA SENT=> 
DATA -11. 
CDATA < DATA RECD=> 
DATA -20. 
CDATA <2: ADDRESS ERR;PORT=> 
DATA -16. 
CDATA <3: ZERO/ONE ERR;> 
DATA -18. 
CDATA <: RANDOM DATA ERR:> 
DATA . -18 .. 
CDATA <: BIT DISTURB ERR;> 
DATA 39. 
CDATA <GROUND 195141-100 PIN 62 -- CARR. RTRN.> 
DATA ___ 46. 



MS99: 

XO: 
Xl: 
·X2: 
·X3: 
X4: 
XS: 
X6: 
X7: 
X74: 
XlOO: 
X200: 
X400: 
X4K: 
Xl2K: 
Xl6K: 
XHI: 
COMP: 
CDIF: 
MSKl: 
MSK2: 
MSK3: 
N: 
I: 
I 2: 
M: 
M2: 
PRTB: 
TEMP: 

,rMP2: 
ADDR: 
MSIZ: 
JTBL: 
DATA: 

STRT: 

STl: 

ST2: 

CDATA 
·DATA 

CDATA 
HEAD 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
BLOCK 
DIFF 
DATA 
DATA 
DATA 
BLOCK 
BLOCK 
BLOCK 
BLOCK 
BLOCK 
BLOCK 
BLOCK 
BLOCK 
BLOCK 
DATA 
DATA 
DATA 
HEAD 
THERE 
THERE 
MOV 
MOV 
CALL 
TST 
BNZ 
CALL 
CALL 
BRZ 
BRN 
CLR 
DEC 
ADD 
DEC 
BNZ 
CMPL 
BRN 
MOV 
CALL 
CALL 
STOP 
HEAD 
SUBR 
CALL 

<REMOVE JUMPER -- CARR. RTRN.> 
21. 
<MEMORY TESTS COMPLETE> 
<CONSTANTS AND TEMPORARY STORAGE> 
0 
l 
2 
3 
4 
5 
6 
7 
74 
100 
200 
400 
10000 
30000 
40000 
177377 ;HIGHEST POSSIBLE MEMORY LOCATION 
202. 
COMP,CDIF 
77 
7700 
170000 
1 
l 
l 
1 
l 
l 
l 
1 
l 
0 
<O,PH1,PH2,PH3,PH4,PH4,PH6,PH6> 
<0,177777,125252,52525,123456> 
<DISPATCHER> 
<INIT,SMES,SOCT,GETS,GETN,WRPS,RDPS,TIME,RNDM> 
<DPCH,ERRL,PHAZ,OOPH> 
X7,PHAZ 
X7,DOPH 
INIT,<MSGS> ;INITIALIZE 
MSIZ ;GET MEMORY SIZE? 
ST3 ;ALREADY GOT 
SMES,<MSGM,<l,MSGM>> ;GET MEMORY SIZE 
GETN, <X4, TTTT> 
ST! 
STl 
MSIZ 
MSIZ 
Xl6K,MSIZ 
TTTT 
ST2 

;MAKE SORE IT'S LEGAL 

MSIZ,XHI ;TOO HIGH?. 
ST3 ;NO 
XHI,MSIZ ;YES, FIX IT OP 
DPCH,<JTBL> ;CALL THE DISPATCHER 
SMES,<MS99,<l,MS99>> ;SAY DONE 

;QUIT ••• 
<ERROR PROCEDURE PROCESSOR> 
ERDO,l ;ENTRY POINT 
SMES,<MSGB,<l,MSGB>> ;FINISH THE MSG. 



', . 

PlA: 
PlB: 
PlC: 

PlD: 

PlE: 

PlF: 

PlL: 

PlM: 

PlN: 

P2A: 

P28: 
P2C: 

CALL 
CALL 
RTKN 
HEAD 
SUBR 
CALL 
CALL 
CMPL 
MOV, 
RTRN 
HEAD 
SUBR 
CLR 
CLR 
CLR 
CLR 
MOV 
ADD 
CALL 
CALL 
CMPL 
BNZ 
CMPA 
BRZ 
INC 
JMP 
ADD 
TST 
BRZ 
CLR 
CMPL 
BRP 
TST 
BNZ 
CALL 
CALL 
CLR 
INC 
JMP 
CALL 
CALL 
RTRN 
CMPL 
BRP 
ADD 
JMP 
CALL 
CALL 
MOV 
CALL 
JMP 
HEAD 
SUBR 
CLR 
CLR 
CALL 
CMPL 
BRP 
INC 
JMP 
CLR 
CALL 
CMPL 
J:thl '] 

~~~~,,~~~u,~i,M~~U>> 

SOCT, <Xl, TEMP> 
ERRL,<.l,ERPT> ;CALL ERROR· LOOP PROCESSOR 

;RETURN TO ERROR PLACE 
<ERPT -- RECREATE ERRORS> 
ERPT,l 
WRPS,<ADDR,Xl,TMP2,Xl> ;REPEAT THE TEST 
RDPS,<ADDR,Xl,TEMP,Xl> 
TEMP,TMP2 ;MAKE COMPARISON 
TTTT,. l ;RETURN WITH RESULT 

<PHASE l 
PHl,l 
PRTB 

MEMORY DATA PATH CHECK> 
;ENTRY POINT 
;INITIALIZE 

N 
I :VALUE TEST 
M 
M,ADDR 

;4K MEMORY BOUNDARY 
;ADDRESS = M + N 

N,ADDR 
WRPS,<ADDR,Xl,<I,DATA>,Xl> 
RDPS,<ADDR,Xl,TEMP,Xl> ;READ 
TEMP,<I,DATA> ;ERROR? 
PlM ;YES 
I,X4 ;NO, I = 4? 
PlE ;YES 
I ;NO, I = I + l 
PlB ;LOOP ON M 
Xl6K,N ;N = N + 16K 
N ;WRAP-AROUND? 
PlP ;YES 
M ;NO, M = 0 

;WRITE 

MSIZ,N ;IS THERE N MEMORY? 
PlA ;YES 
PRTB ;PRTB SET YET? 
PlL ;YES 
SMES,<MSGJ,<l,MSGJ>> ;NO, ASK FOR JUMPER 
GETS,<Xl,TEMP> ;WAIT FOR DONE 
N ;N = 0 
PRTB ;SET PRTB 
PlA 
SMES,<MSGU,<l,MSGU>> 
GETS,<Xl,TEMP> 

;REMOVE JUMPER 

MI Xl2K 
PlN 

;M .GE. 12K? 
;YES 

X4K,M ;NO, 
PlC 
SMES,<MSGA,<l,MSGA>> 
SOCT,<MSGA,PRTB> 

M = M + 4K 

;OUTPUT ERROR MSG. 

<I,DATA>,TMP2 
ERDO,Xl ;GO DO ERROR TEST 
PlD 
<PHASE 
PH2,l 
PRTB 
ADDR 

2 -- MEMORY ADDRESS/DATA CHECK> 
;ENTRY POINT 
;INITIALIZE 

WRPS,<ADDR,Xl,ADDR,Xl> ;WRITE ONE OUT 
ADDR,MSIZ ;LAST ADDRESS? 
P2B 
ADDR 
P2A ;BUMP N AND LOOP 
ADDR ;PREPARE TO READ BACK 
RDPS,<ADDR,Xl,TEMP,Xl> ;READ BACK 
ADOR,TEMP ;RESULTS AGREE? 

. "O.,M .. 



P2E: 

P2L: 

P2M: 

. 
I . 
I 

BRP 
INC 
JMP 
TST 
BNZ 
CALL 
CALL 
CLR 
INC 
JMP 
CALL 
CALL 
RTRN 
CALL 
CALL 
MOV 
CALL 
JMP 
HEAD 
SUBR 
CLR 
COM 
CALL 
CALL 
CLR 
CALL 
CALL 
CALL 
CALL 
CLR 
COM 
CALL 
CALL 
RTRN 

P2E 
ADDR :NO, BUMP N 
P2C :AND LOOP 
PRTB ; PRTB SET YET? 
P2L ;YES 
SMES,<MSGJ,<l,MSGJ>> ;NO, ASK FOR JUMPER 
GETS,<Xl,TEMP> ;WAIT FOR ANSWER 
ADDR ;CLEAR N 
PRTB ;SET PRTB 
P2A 
SMES,<MSGU,<l,MSGU>> ;REMOVE JUMPER 
GETS,<Xl,TEMP> 

;RETURN 
SMES,<MSGE,<l,MSGE>> 
SOCT,<MSGE,PRTB> 

;OUTPUT ERROR MSG. 

ADDR,TMP2 
ERDO,X2 ;GO DO ERR TEST 
P2D 
<PHASE 
PH3,l 
TMP2 
TMP2 

3 -- ALTERNATING ZERO/ONE TEST> 
;ENTRY POINT 
;INITIALIZE 

P3A,<XO,XO,XO> ;LOAD WITH ONES 
P3A,<XO,Xl,XO> ;CHECK IT 
TMP2 
P3A,<X2,XO,XO> 
P3A,<XO,Xl,Xl) 
P3A,<Xl,XO,XO> 
P3A,<XO,Xl,XO> 
TMP2 
TMP2 
P3A,<X2,XO,XO> 
P3A,<XO,Xl,Xl> 

;COMPLIMENT EVEN LOCS. 
:CHECK FOR 0,1)0, ETC. 
;COMPLIMENT ODD LOCS. 
;CHECK FOR ZEROES 

;COMPLIMENT EVEN LOCS. 
;CHECK FOR 1,0,l, ETC. 
;RETURN 

; EXECUTIVE SUBROUTINE . 
I . 
I . 
I 

. 
I .. 
I 

• I 

• I 

• I . 
I 

• I 

• I 

P3B: 

P3C: 

)p3D: 

P3E: 

.1: 

• 2: 

.3: 

SUBR 
CLR 
MOV 
BRZ 
ADD 
AND 
BNZ 
TST 
BNZ 
CALL 
JMP 
CALL 
CMPL 
BRZ 
rar.r. 

0 = ALL LOCATIONS 
1 = ODD " 
2 = EVEN II 

0 =WRITE C(TMP2) 
l =READ & COMPARE WITH C(TMP2) 

0 =DO NOT MODIFY C(TMP2) 
l =COMPLIMENT C(TMP2) AFTER ACCESS 

P3A,3 ;SUBROUTINE TO DO IT 
ADDR ;START AT THE START 
.l,TTTT ;ALL LOCS? 
P3C ;YES 
ADDR,TTTT ;NO, MASK ALL BUT UNITS BIT 

" Xl,TTTT ;IS IT US? 
P3X ;NO 
.2 ;YES, WRITE? 
P3E ;NO 
WRPS,<AODR,Xl,TMP2,Xl> ;WRITE 
P3G . 
RDPS,<ADOR,Xl,TEMP,Xl> ;READ 
TEMP,TMP2 ;ERROR? 
P3G ;NO 
aM~a /Ma~~ ,, MC~~'' .v~c Cl\V Cl'\ 



P3X: 

P3Z: 

P4A: 

P4B: 

P4C: 

P4D: 

P4E: 

P4F: 

P6A: 

P6B: 

P6C: 

BRZ 
COM 
CMPL 
BRP 
INC 
JMP 
RTRN 
HEAD 
SUBR 
CLR 
MOV 
CALL 
CALL 
CMPL 
BRP 
INC 
JMP 
CMPL 
BRN 
CALL 
CLR 
MOV 
CALL 
CALL 
CMPL 
BRZ 
CALL 
CALL 
CALL 
CMPL 
BRZ 
INC 
JMP 
MOV 
CALL 
RTRN 
HEAD 
SUBR 
MOV 
CLR 
CLR 
COM 
DEC 
MOV 
DEC 
MOV 
BNZ 
MOV 
DEC 
CMPL 
BRZ 
CLR 
CALL 
CLR 
TST 
BRZ 
CALL 
JMP 
CALL 
MOV 
MOV 
ADD 
ADD 
AND 

P3X 
TMP2 
ADDR,MSIZ 
P3Z 
ADOR 
P3B 

-
;NO 
;YES, DO IT 
;DONE? 
;YES 
;NO, BUMP ADDRESS 
;AND LOOP 
;RETURN 

<PHASES 4 & 5 -- RANDOM DATA> 
PH4,l , ;ENTRY POINT 
ADDR ;INITIALIZE ADDRESS 
I2,I ;INITIALIZE RANDOM KEY 
RNDM,<TMP2,I> ;GET A NUMBER 
WRPS,<ADDR,Xl,TMP2,Xl> :WRITE IT 
ADDR,MSIZ ;LAST ONE? 
P4B ;YES 
ADOR ;NO, BUMP ADDRESS 
P4A 
.l,XS 
P4C 
TIME,X74 
ADDR 
I2,I 

;TIME-DELAY? 

;60-SECOND DELAY 
;INIT 

RNDM,<TMP2,I> ;GET A NUMBER 
RDPS,<ADDR,Xl,TEMP,Xl> ;READ 
TEMP,TMP2 ;SAME? 
P4E ;YES 
SOCT,<MSGA,.l> ;NO, WRITE PHASE NUMBER 
SMES,<MSGG,<l,MSGG>> ;WRITE ERROR MSG. 
ERDO, .1 
ADDR,MSIZ 
P4F 
ADDR 
P4D 
I I I2' 
RNDM,<TMP2,I2> 

;LAST ONE? 
;YES 
;NO, BUMP ADDRESS 
;LOOP 
;BUILD NEW KEY 

;RETURN 
<PHASES 6 
PH6,l 
CDIF,TTTT 

& 7 -- BIT DISTURB l'S & O'S> 
;ENTRY POINT 

TEMP 
TMP2 
TMP2 
TTTT 
TMP2,<TTTT,COMP> 
TTTT 
TEMP,<TTTT,COMP> 
P6A 
COIF IN 
N 
.1,X6 
P6B 

;GET ACTUAL USABLE SIZE 

;THIS TEST BIT DISTURB l'S? 

;(DISTURB o•s, CLEAR TEST WD) 
;FILL WITH l'S (OR O'S) 

TMP2 
P3A,<XO,XO,XO> 
ADDR ;FOR EACH MEMORY LOCATION, DO: 
TMP2 ;DISTURB l'S? ~ 

P6D 
WRPS,<ADDR,N,COMP,Xl> ;YES, WRITE COMPL TBL 
P6E 
WRPS,<ADDR,N,<l,COMP>,Xl> 
ADDR,I ;SET UP FOR 
ADDR,I2 ;HOUSE-TO-HOUSE 
X2,I 
X200,I2 
MSKl,I 

i (NO I " 

SEARCH 

) 



P6F: 

P6G: 

P6H: 

> 

MUV 
SUB 
ADD 
AND 
CMPL 
BRZ 
MOV 
SUB 
INC 
AND 
CMPL 
BRZ 
AND 
OR 
OR 
CMPL 
BRZ 
CMPL 
BRN 
CALL 
CMPL 
BRZ 
CALL 
CALL 
CALL 
CALL 
JMP 
MOV 
CALL 
CMPL 
BRZ 
INC 
JMP 
RTRN 
FIN 

.1.~,M.C:: 

X400,M2 
Xl00,M2 
MSK2,M2 
M2,I2 
P6H 
I,M 
X4,M 
M 
MSKl,M 
M, I 
P6F 
MSK3,ADDR 
M2,ADDR 
M,ADDR 

;~~T lNlTlAL COLUMN 

;BUMP COLUMN 
;MASK OFF EXCESS 
;DONE? 

;NO, GET INITIAL ROW 

;BUMP ROW 
;MASK OFF EXCESS 
;DONE? 

;NO, MASK ROWS & COLUMNS 
;RE-CONSTRUCT ADDRESS 

ADOR,PRTB ;THIS THE TEST LOC? 
P6G ;YES, SKIP IT 
MSIZ,ADDR ;NO, WITHIN RANGE? 
P6G ;NO, SKIP IT 
RDPS,<ADDR,Xl,TEMP,Xl> ;NO, SEE IF 1 (OR 0} 
TEMP,TMP2 
P6G ;YES 
SOCT,<MSGA,.l> ;NO, WRITE PHASE NUMBER 
SMES,<MSGH,<l,MSGH>> ;WRITE ERROR MSG. 
ERDO,.l ;DO ERROR PROCESSING 

,. ... ··-

WRPS,<ADDR,Xl,TMP2,Xl> ;RESTORE BAD LOCATION 
P6G ;NEXT NEIGHBOR 
PRTB,ADDR ;DONE, RESTORE TEST LOC. 
WRPS,<ADDR,Xl,TMP2,Xl> 
ADDR,MSIZ ;LAST LOC. IN MEMORY? 
P6X ;YES 
ADDR ;NO, ADDR = ADDR + l 
P6C ; DO NEXT LOC. 

;DONE 
STRT 
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M !Ii E M 0 N ! C 

(Mixit Nails Errors by Means Of Numerically-Interpretive Code) 

This document describes a soecial, abbreviated coding language for 

use with ~IXIT suhroucines, in analyzing and reoortinq PICTUHE SYSTEM hard-

are errors. Its interoreter consists of a M!XIT subroutine called CODE> 

which is called by the fol.lowing calling seouence: 

CALL COOE,<TABL> 

-here the argument passed is the beqinning of a table of the form: 

,ASL: ()IF f 
LJATA 
l) AT A 
DATA 

f A o L , E.f'W T 
AAAA~B~hCCCCDUDO 
<I,J,K,L,M, ••• > 
E.f:.EtFFFFGGGGHHHH 

;SIZE OF TAL'~LE. 

t. 

• 

DATA 
-~ 

TABL 

;FIRST FUUR Ll•8IT COMMANDS 
; AR GU i•i c.1·1 T S F 0 R A 6 0 V !::: 4 CM D S • 
;NEXT FOUR CO~MANDS, ETC. 

;E~D-UF-TABLE CPUINTS TO TAbL~ HEAD) 

:;ate tnat in the above examole, as in the exnlicit examples below, the 

:o~mands are shown encoded as inaivioual bits. Ho~ever, in an actual pro-

ra~, t~e four co~mands woulo be conoensed into a single octal value.) 

~.,ere are several sel f:checking features in a Mi,11:,.-1.orac proqram, such as 

•he worn at tMe front of the table indexing to the last word, which 

s a oointer to the front again. These featu~es must be very carefully 

Jtserved, as must the required ~u~ber of arqu~ents per command, and the 

aution in the "0000" command below. These features help lessen the hiqh 

·ossibil ity of program runaway inherent in pure numeric coding. 

fhe command reoertoire of ~N~MUNIC is oiscussea below, by command. 

3oels are usual Jy optional (anc.i unnecessary), but where indicated, they 

~ust be used exactly as soecifiea. Lower-case letters indicate numeric 

;.Jnents, ·~hile upper-case names signity .Jctual labels or mnemonic HIXIT 

:ommands such as UATA or DlFF. 

In adrlressinq PICTUHE SYST~M device registers and memory, a 



re in INIT globally named PSTU is used to al1o.,. a diaqnosttC--

iest a oevice in an aodres~ indecenoant manner. The t~ble contains 

·f.icers. to SClj <Jevice addresses or SCB base addresses in the case 

i-~a device has more than one register. To allow for devices 

.l..,ch use partial tielos of a worri, for example in "the system 

rierrupt control b1oci(, some atiOresses have shift counts associated with 

,#m which indicate how many places the rightmost bit of the oartial 

; r~ 1 d i s sh i t t e d l e f t t r 0 m b i t 0 • 

lo specify a PS address, one must provide a reference to an 

in PSTB which soeci fies the Dase address of the oevice and a 

,-.,be r C po s i t i v e o r neg a t i v e ) w h i c h i n a ; cat es t he o f f set· f r om t hat 

3§e adnress to the desired adaress. All test data which is to 

)[:read or ~ritt~n t~ registers which are diviaed into device peculiar 

ielas ~ust be considered to be right justified. ln this way, data 

:I~ be aQrropriately shifted dependinq on the p~rtial field shift 

11·-.t at ~xecution time. 

lxyz 
l>ATA <ostbref,otfset,value> or <pstbref,offset> or <value> 

lhis is the PICTURE SYSTEM TIO command for MNEMONIC. fhe three 
lo~er-casc letters in tne commano are bits to be set as fol lows: 

x=O: uata value is sucplied from another source, such as 
random n~~ber 9erieration or a data table (Sec. 10 & 12), 
or oreviously-supoliea data is used. For tnis case 
"value" is omittea. 

x=l: The prev1ous value is saved away, and the "value~ 
arqument is used for the 110 data. The saved value 
is tnen restored. 

y:O: The "ostoret,offset" arquments are omitted, 

y=l: 

z:O: 

and the PS address previously supplied as 
described in Sec. 13 is used again, either 
incremented (see Sec. 6), or not. 

Tne previous aooress is saverl away, and the 
"nstoref,of fset" arguments are used for the PS 
auoress of the TIO. 
lhe saved address is then· restored. 
The PSBUS is re~a at tne specifien adrlress, and the 
contents ot "value" are exclustve-UHed with it. The 
result is then AfJOeu with the mdslc: (see Sec. 3), ano 
a. n o n - z e r c r e s u l t s i an i t i e s t h a t an e r r o r h a s o c -
curred. It so, it is d1..1ly reoorted (see Sec. 11), and 
the a~pro~rinte errnr loop orocedure is executed as 
aefined in the ~HRL subroutine of INIT. 

z=l: lne cont~nts ct "value" are written ~nto the PSBUS 
at the address specitied oy "osaddr". 

If an error is detected, the current location ano command word con
tents are saven, ann it e~ror looping is required, it commences 



• 

~I 

) . 

immediately ~fter the most recent Mark command (Sec. q & 11), and 
proceeas hack down to the locntion saved, tal lyinq errors on the 
We~';. lnus1 if several reaOS .:Jre specified between tnO f'-lark.s, and 
it the oriqinal error occurrec nt otner than the first of these reads, 
loopiny wi l I continue if A1,l'f of the reaos prorJuces an error. ln this 
cnse there is no ~av snort at scoping to determine which read is 
Producing the error in suc~equent trips throuah the loop, as the 
error messaqe is only reported once. Therefore, it is advisable to 
specify the fewest reads oossible between Marks. 

(J 0 0 0 

This comm~nrl implies that the remainder ot the current Command ~ord 
is null. If it isn't, a system error is qenerated, and the program 
terminates. This commano is useful for patching a program, since 
al I command words are reouired to have exactly four commands. 

0001 
DAfA 

lhis provic.1cs for the loading of a mask for controlling which bits 
of the wore read trom tne PSciUS are to oe matched against the test 
v;;lue. '1.rierever a zero-oit occurs in the mask, the corresponding bits 
tested are assumed to a~ree without matcninq. A default value ot 
177777 is orovi0ed for this word. 

0010 

This command is used to "~ark" the current location tor later error 
loooinq. Tne commana autom~ticol ly saves the location index, the 
currerit Commario word, the current randorn number Key, table-lo<.1d index, 
"csaodr" and "value". If an error occurs wnich reouires locoing, 
these values are restored, ano execution t)e1ins immediately follow• 
iri:J this command. !Jote tnat the above .Jre the Oi;l'!' values stored, 
a~a that tne user should ~eware to place any soecial commands, such 
as to enanl~ random oata, immeoiately aft~r the Mark, if such comm~nds 
dre to ~e reversed or mouifiea before the error test is mace. Thus, 
the nroner detault conditions will be guaranteed uoon returning to 
t h e i•i a r '< • 

LAO: 
0 0 l l 
Dio f A <count,u,o> 

This com~and, toqe.ther with the "Subt~act One and Branen CSOHJ" 
c o rr man d o e s c r i r> e d i n Sec • 8 , !'..' r o v i a e I o op c a o an i 1 i t i es t o M i'-l E t··i 0 N I C • 
!he loon is entered at the "0011" commano, when the loop count is 
initialized to the value 11 count". Thereafter, whenever the 1'0110" 
co:n-r;an(J is ericounterec1, the count is oecremented oy one, and if 
it is not zero, control is transferred to the first command follo~-
1nq the "UUll" commano. Since the loop count is maintained at the 
"-01Jl1" comrranrl, as muny "0110" comll'anus as oesired may refer to it. 
An unconaitional oranch may be oefinea by making ttcount" a very large 
number, and by reolacing the "O" follow~n~ it with the same large 
~ositive numner. ~Men usrd in this manner, however, the "OUll" 
co~~ana must be the LAST command in its uarticular command word 
(see Sec. 2). ~ote tnat no values are saveu or restored in 
loooina. It is therefore the user's r~sponsi~ility to make sure that 
al 1 moaes and values are set dS aesired uoon entering the loop. 

0100 

E~ch time this command is executed, an internal switch ln the 
»1Lt:Y•U 1~rc inti;:rpreter is togqled, wt1ic:-i switcn controls whether 



1 l • 

"ps.iddr" (see Sec. l) is incremented before use. The switch is 
initially set to non-incr~mcnt mode. Note that incrementation 
ne~er applies to adrlresses that are suppl1erj with the command (i.e. 
the "y" bit equals lJ. Note nlso that incre~ent~tion takes 
place HEFO~~ the 1/0 nccess •. The user snoula therefore see 
tnat, when incrementation ·is used, the default tirst address 
be ONE L~SS than the firs·t address desired. (See also Se~. 13.) 

0101 

Tnis commnnd causes anotner switch internal to MNE~ONIC to be 
toqqlea, which switch initiates the saving or restoring of the 
current random numoer key. Thus, if a string ot ran~om numbers 
we re t o t> e w r i t t en out t o t he PS BUS , and t hen t he i den t i ca I s t r ; n g 
~ere to be generated again ana cneckea with the read-in aata, the 
user would nroceea as follows: 

1. Execute the "OlUl" command. 
2. Enahle the Ranacm Numcer Generator (see Sec.9). 
3. Oo a series of "lUyl" commanas to write out the 

data. 
4. Execute another "0101" command in order to restore 

tne random number key. 
5. Do a series ot "lUyU" commands to read and compare 

the incoming data ~ith tne new string. 
~Jote that ~NC.MOiHc is in1tialized such that the first use of 
the "0101" commano initiates a key save, rather than a key restore. 

0110 
u I FF TAl3L,LAB 

This co~~and is the second of the pair including the "0011" c~~mand. 
Its use is detai lea in Sec. ~above. ln the DlFF statement anove, 
l.Ab is tlie label. associatea wit.h the "0011" com,.,ana, and TAt3L is 
the beginning of the command table (i.e. the argument of the CODE 
suoroutine call). 

0 t l 1 
DATA · 0 

Tnis is the first ot a series of co~mands whose value ls "0111". 
lhe first argument of the aata st~tement is the sub-com~and code, 
ano ~ust al~ays aocear exactly as sceci tied. lhis oarticular 
com~ano cuus~s the Ranaom Number Generator to be enablea, such . 
that if a COr."mand of the form "10yz" is given, aata is su~plied 
as a random number computed from tne current key. The key is then 
uodated so that t~e next ranoom number is unique. Setting this 
s~itch also aisables the "frozen data" feature (see Sec. 10). 

0111 
UATA <l c,nurnberl> 

This commano disables the Random ~umber Generator, and also 
enatles tne Frozen 0ata feature. Unaer this feature (as noted here 
and i n S e c • 1 ? b e l o \•d , w h en e v e r a c om T an r_1 o f t n e f o rm " I 0 y z " i s 
encountered, tne ~at~ used is tn~ data which was last used to 
.,,,..;te or test tne PSt31JS. If tne Table Loaa feature (Sec. 12) 
i s e n ;1 b 1 e d , t h e " n u "' t1 e r ". c J r a m e t e r mu s t b e o m i t t e rl • 1 h i s p a r am -
ct er supnl ies the "frozen data" to he used by the "tOyz" command. 
lhat data can be overridden at any time ny using instead the "llyz" 
torm ot the commano, which contains explicit data. M~EMUNIC is 
initial izea with the Frozen Data switch set. 

0 1 11 
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l 5. 

i <I • 

DATA <2,MSG,ernuml,MSGSUAJ> 

This command is an P.xtension ot the Mnrk command ("0010") and, 
when its task is none, transfers control to it. This should 
AL~AYS be the first commana in any nrogram. lt is used to 
set up pointers to the 111essag~ information associated with this 
M~rk (or series or Marks). T~e "ernum" parameter is a number 
wliich v.:i I I serve as the fi'rst <u•qument of the t.~~L call in case 
of an error, ~nd is the Error Numoer of the current error (tor 
details, see the descriotion of the "L" and "C" actions in the 
lNll Uperator's Guide). MSG is tne laoel of a brief (LT 20 bytes) 
error type aesc~iotion, of the form: 

MSG: DATA -n. 
CDATA <text> 

where "n" is the number of. bytes in the text. Messages will be of 
the form: 

ernum: text; ADOK:xxx DATA EXPT:yyy DATA RECD=zzz INDEX=iii 

lf "ern11rn" is negative, its at:solute value will be useo, and the 
ootional entry ~SGSUh wi I I be accepted. This is the entry point 
of an optional user-def inea ~!XlT subroutine which is cal led immed-
1~tel y atter the error message is tycec, and in whicn the user may 
generdte ndu1 t ional erro~ mess.Jges htdore returning to Mi~E.rv1QNlC. 
lhe call inq sequence will oe the same as that described in Sec. 14. 
lhe ~I~UEX" referred to is the numoer of words down the table where 
t~e command is located FOLL0~l~G tne read commano wnicn encountered 
the error. lt may he useo in aebugqing programs, or in correlating 
tne error to the ~art of the progra~ which rletected it in cases where 
the same "ernum" and ~text" occur in several places. INOEX is 
an octal value. 

0 l 1 1 
DATA <3 l,L:. rAo,dexJ > 

This command toqgles a ~~EMO~IC mode switch which, when set, provides 
a snecial ~~aification to the Frozen Data feature (sec. 10). If 
this ~ode is set, each Frozen Uata Henuest l"Olllsuhl") causes the 
n~xt successive element of a user-suoclied table of data to be 
f'T'. a a e av a i 1 u b I e as t h e c 'J ·r re n t r r oz en D at a e 1 em en t • L T A!~ i s t he 
lanel associate0 '"ith tne first wora of the ttlble, and 1•dex" 
is a numcer w~fch serves as the index to the taole for the first 
fetch. That index is incre~ent@a automatically, AFlER each fetch, 
a~a a zero value refers to tne first table entr~. lf tnc previous 
in<Jex is to ce retaineci, "dex" shoula oe mai:te a ''-1". iJoth LTAt3 
and 11 1iex" r:o:ust be omitted when toqgling tne si.iitcn TU TrlE OFl
nosition. lo the unwary user, tnis can be a source of programming 
error. 

0 l 1 1 
fJATA <~rcstbref,of tset> 

This commano nrovioes for loading the PSaddress buc~et Csee Sec. J). 
Note that when Ad~ress lncrcmentation (Sec. b) is enableo, "otfset" 
snould be O~t Ll~S than the first address used. 

0 111 
DATA <5,SUBR> 

lh1s is a "coo-out" command ~hich calls a MIXIT subroutine (SUBH) 
supolied by the user, in which ne may oo anything not specifically 
providea by ~NE~UNIC. Tne cal ling sequence will be: 

Ct.LL SUBR,AHEA . 



"'" EA: 

[ : . 

[ ,, 

where AREA is the constants-and-data-storage area of Subroutine CODE, 
the ~~E~U~IC int~rpreter progr~m. lts con~ents are: 

o. 
1 • 
2. 
3. 
4. 
I). 

o. 
·7. 
ti • 
9. 
l 0. 
1 1 • 
12. 
1 3 • 
14. 
15. 
lb. 
17.&18. 
1 9. 
20.~21. 

22. 
23. 
24. 
25. 
2h. 
27.~28. 
2q. 
30. 
.s 1. 
32. 

;r~ A r·JD Ol·1 KEY 
; C u 1m E ~; T . I N l) E X 
i!NO~X AT ~HlCH EHH O~CURHED CO IF UK) 
;GUtH! GATA BUCKET 
iTEST UAf A BUCKET 
;PSADDH IJUCKl:.T 
; l E.S T ;•iASi\ 
;FHCILEi·l DATA TABU:: PTR (O:NOT TAiJLE LOAD) 
;F~UlfN 0AfA TABLE INDEX 
i i< A i•JI.) U ;., KE Y A T MARK 
;~~HUR ~UNGER THIS MARK 
;~RRUH MSG. THIS MARK 
;LUAD TAALE lNOEX THIS MARK 
; PSAIJOf-1 fH lS MARK 
;uATA THlS f..-;AHK 
; H"Of X TH IS MARK 
;co~~~NO ~ORU lHIS MARK 
; CUR f~ t. ;~ T C 0 i'1T RU L 1110 RD 
;1.1st:. J.<1H:l)OM/FROZEr• DATA (O:FROZEN) 
iSAVl:./r<E.STOR!:. f-F Ii. iJUCl\l:T (O:SAVE.) 
;PSA r~cR. FF CO=~O l~CR.) 
;OR-~OHD FOR ER~~RS 

; C 1·; A T ;~ H l CH F H 1-1 (JC CURR E:. 0 
;COM~A~0 TAbL~ HASE (:A(.l)) 
;AUOktSS OF USER ERHOH SUBHOUTINE 
;RC.AUS Sl~CE LAST MARK 
; cu f< h E. j4 T 6 I rs H IF r Fl) R p A I~ T r AL i"1 !:. f'.i (JR y Fl ELD s 
;cuHHE~T BITSHlFf AT LAST ~AHK 

;PSA r:HTSHIFT 
;PSA GltSHIFT Af LAST MARK 

0 l 'l 1 
UA T 1\ <6,00IT> 

This commana causes the MAP to be placed in ~aintenance Mooe (if it 
is not alreaoyJ, and the uoit ke~ister to oe loaoed with the contents 
of the six-word user-sucolied table DOIT. fhe value "2" is tnen 
placed in the ~aintenance Status Regist~r (Adoress=l/7754), turninq 
o f f i''! a i n t en ;inc e ;•i o a e L u t l ea v i n g t h e ,.: a p Ha 1 t o i t on • The PR I.) HI 
HA~ andress wil I have ceen incremented by one. 

0 l 1 l 
DATA <7,DOIT> 

This command is identical to the one aoove, except that a »5~ 
i n s t ea d o f u " 2. '' i s I o ad e d i n t o t h e MS R , t h lJ s n 1 so c 1 o c k i n g t h e MAP • 

, f 1'd: RA L ''-' 0 TES: 

[ A useful modification ot the "Olllsub.3 11 command involves putting 

laoels on specified Points at the LTAA Load Table, and then initial• 

izing the inoex to that point by the arrangement: 

0 l l 1 
I) AT A 
D If F 

<3,LTAB> 
LTAB,LABn 



JMP STRT . 
I 

1 
; PROGRAM: QSD004.MIX . 
I 

; AUTHOR: STEPHEN N. MCALLISTER . 
I 

; DATE WRITTEN: 6/4/76 

. 
I . 
I 

DESCRIPTION: THIS MIXIT PROGRAM, WHICH MAKES USE OF THE MNEMONIC 
INTERPRETER, TESTS THE,DOIT AND DOIT ADDR REGISTERS, AS WELL 
AS THE CONTROL STORE • 

~1 ; . , 
MSGS: 

MSO: 
MSl: 
MS2: 
MS3: 
MS4: 
MSS: 

DTBL: 
PTBL: 
PMAX: 
ERI'1X: 
MS9: 

STRT: 

LSTl: 

LlA: 

HEAD 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
CDATA 
CDATA 
CDATA 
CDATA 
CDATA 
CDATA 
THERE 
DATA 
DATA 
DIFF 
DATA 
DATA 
CDATA 
MOV 
DEC 
MOV 
CALL 
CALL 
CALL 
STOP 
SUBR 
MOV 
CALL 
RTRN 
HEAD 
DIFF 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

,DATA 
DATA 

DATA 

<MESSAGES & CONSTANTS> 
2 
<MS0,10.> 
<MSl,29.> 
4 
<MS2,18.> 
<MS3,28.> 
<MS4,15.> 
<MSS,22.> 
<QSD004.S01> 
<PROM/RAM & DOIT REGISTER TEST> 
<PH.1--DOIT ADDRESS> 
<PH.2--ADDRESS INCREMENTATION> 
<PH.3--DOIT BITS> 
<PH.4--PROM/RAM CONTENT> 
<SMES,SOCT,DOPH,PHAZ,DPCH,INIT,CODE,CROM,LPSA> 
<O,LST1,LST2,LST3,LST4> ;MNEMONIC LIST TABLE 
<O,PH,PH.,PH,PH> ;ONE FOR EACH PHASE LIST 
PTBL,PMAX 
4 
8. 
<ALL DONE> 
PMAX,DOPH 
DOPH 
ERMX,PHAZ 
INIT, <MSGS> 
DPCH, <PTBL> 
SMES,<MS9,<1,MS9>> 

PH,l 
< .1, DTBL>, DTBL 
CODE,<<DTBL,>> 

<PHASE 1 LIST--MAP ADDRESS REGISTER TEST> 
LSTl,LNDl ;TABLE SIZE 
77427 ;0111 1111 0001 0111 
<2,MSlA,l> ;MARK FOR DOIT ADDR TEST 
<177753,1> ;MASTER RESET MAP 
377 ;GET MAP P/R ADDR MASK 
<3,TBlA,0> ;SET UP LOAD TABLE 
71562 ;0111 0011 0111 0010 
<4,177756> ;POINT MNEM. PSA AT P/R ADDR 
<5,0,0> ;SET LOOP AT 5 PASSES 
l ;GET NEXT BIT PATTERN 

;MARK--P/R ADDR. 
114140 ;1001 1000 0110 0000 

;WRITE IT (TBlA) 
;READ & TEST IT--23*** 



.... ...., ....... -. 
MSlA: 

TBlA: 

LST2: 

L2A: 

L2B: 

L2C: 

LND2: 
MS2A: 

TBL2: 
BS US: . 
I 

; 

. , 

., ........ , . 
DATA 
CDATA 
DATA 
HEAD 
OIFF 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DIFF 
DATA 
DIFF 
DATA 
DATA 
CDATA 
DATA 
DATA 

-13. 
<DOIT ADDR ERR> 
<0,-1,125252,52525,123456> 
<PHASE 2 LIST--PROM/RAM ADDRESS INCREMENTATION> 
LST2,LND2 ;TABLE SIZE 
77577 ;0111 1111 0111 1111 
<3,TSL2,0> ;MCR TEST TABLE SET 
<177753,1> ;RESET THE SYSTEM 
<2,MS2A,2> ;MARK FOR MCR & P/R AODR TEST 
<177754,3406> ;MCR ADDR = -1 
76467 ;0111 1101 0011 0111 
<4,177756> ;SET PSA FOR P/R ADDR 
-1 ;P/R ADDR = -1 
<256.,0,0> ;SET OUTER LOOP AT 256 PASSES 
<5,SUB2> ;GO SET INITIAL TEST VALUES 
33427 ;0011 0111 0001 0111 
<8.,0,0> ;SET INNER LOOP AT 8 PASSES 
<5,SB2B> ;POKE THE B-BUS 
3400 ;SET MASK FOR MCR 
l ;GET NEXT TABLE ENTRY 
120706 ;1010 0001 1100 0110 
177754 ;READ & TEST MCR--37*** 
377 ;SET MASK FOR P/R ADDR 
0 ;READ & TEST P/R ADDR--41*** 
LST2,L2B ;END OF INNER LOOP 
60000 ;0110 0000 0000 0000 
LST2,L2A ;END OF OUTER LOOP 
LST2 ;END OF TABLE 
-17. 
<PROM/RAM ADDR ERR> 
<0,400,1000,1400,2000,2400,3000,3400> 
177757 

SUBROUTINE TO UPDATE R/P ADDRESS 

SUBR 
MOV 
SUB 
CLR 
RTRN 

SUB2,l 
X255, L2C 
<l, L2A>, L2C 
<8.,.1> 

;ENTRY POINT 
;MAKE THE TEST AODR. --
; -- A FUNCTION OF LOOP COUNT 
;RESET THE TABLE INDEX 
;RETURN TO MNEMONIC 

i SUBROUTINE TO BUMP THE POINTERS . 
I 

LST3: 

LJA: 

LJB: 

SUBR 
CALL 
RTRN 
HEAD 
DIFF 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

DATA 
DATA 
DATA 
DATA 
DATA 

DIFF 

SB2B, l 
LPSA,BBUS 

;ENTRY POINT 
;POKE THE 8-BUS 
;RETURN TO MNEMONIC 

<PHASE 3 LIST--DOIT REGISTER TEST> 
LST3,LND3 ;TABLE SIZE 
13767 ;0001 0111 1111 0111 
-1 ;MASK FOR FULL WORD 
<2,MS3A,-3,SUB3> ;MARK FOR DOIT BIT TEST 
<177753,l> ;RESET THE MAP 
<3,TBlA,O> ;SET TO LOAD FROM START 
31367 ;0011 0010 1111 0111 
<5,0,0> ;SET OUTER LOOP FOR 5 PASSES 

<177754,3406> 
<4,177757> 
71626 ;0111 
1 
<6,0,0> ;SET 

LST3,L3B 

;MARK--DOIT BITS 
;SET THE MOSEL TO -1 
;SET MNEM. PSA AT B-BUS 

0011 1001 0110 
;GET NEXT VALUE 

INNER LOOP AT 6 PASSES 
;WRITE THE VALUE (TBlA) 
;ENO OF INNER LOOP 



LND3: 
MS3A: 

• I 

lJA 'J.•A •. - "<. tJ 1 U 1 U) . 

DIFF 
DATA 
DIFF 
DATA 
DATA 
CDATA 

LST3,L3C 
60000 
LST3,L3A 
LST3 
-13~ 
<DOIT LOAD ERR> 

; ~S-i:;-;i-;_J:_N_N-tii< Luu··~·-··A~i• ·--b --~A~::;~s ·· - ··-=-:~~- .. ----·- -~ 

;READ & TEST IT--40*** 
;END OF INNER LOOP 
;0110 0000 0000 0000 
;END OF OUTER LOOP 
;END OF TABLE 

; SUBROUTINE TO OUTPUT MCR 
• , 

LST4: 

L4A: 

L4B: 

L4C: 

LND4: 
MS4A: 

MS4B: 

MS4C: 

X255: 
XS: . 
I 

SUBR 
MOV 
SUB 
CALL 
CALL 
RTRN 
HEAD 
DIFF 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

DATA 
DATA 
DA'.l'A 
DATA 
DATA 

DATA 
DATA 
DATA 
DATA 

DATA 
DIFF 
DIFF 
DATA 
DATA 
CDATA 
DATA 
CDATA 
DATA 
CDATA 
DATA 
DATA 

SUB3,l ;ENTRY POINT 
XS,TTTT ;RECOMPUTE THE MCR 
<l,L3C>,TTTT 
SMES,<MS4C,<l,MS4C>> ;OUTPUT IT 
SOCT, <XS I TTTT> 

;RETURN FOR ERROR PROCESSING 
<PHASE 4 LIST--PROM/RAM CONTENTS CHECK> 
LST4,LND4 ;TABLE SIZE 
77567 ;0111 1111 0111 0111 
<3,CROM,O> ;DATA TABLE LOAD 
<177753,l> ;RESET THE MAP 
<2,MS4A,-4,SB4B> ;MARK FOR P/R CONTENT CHECK 
<4,177757> ;POINT MNEM. PSA AT B-BUS 
31177 ;0011 0010 0111 1111 
<256.,0,0> ;SET OUTER LOOP AT 256 PASSES 

<5,SUB4> 
<177756,0> 
170610 ;1111 
<177754,3006> 
0 

;MARK 
;GO SET THE P/R ADDR. 

• ;SET P/R ADDRESS (ADDR MOOIFiED) 
0001 1000 1000 

;SET MCR = -2 
;MASK TO READ W/O CHECKING 
;DO IT 
;AND AGAIN 

11570 
-1 
<6,0,0> 
1 

; 0001 0011 0111 1000' 

63000 ; 0110 
LST4,L4C 
LST4,L4A 
LST4 
-17. 

;MASK TO TEST WHOLE WORD 
;SET I~NER LOOP AT 6 PASSES 
;GET ROM DATA TABLE ENTRY 
;READ & TEST IT--37*** 

0110 0000 0000 
;END OF INNER LOOP 
;END OF OUTER LOOP 
;END OF TABLE 

<PROM/RAM DATA ERR> 
-13. 
< P/R ADDR=> 
-a. 
< MCR=> 
255. 
5 

; SUBROUTINE TO SET UP ADDRESS POINTERS 
• I 

• I 

SUBR 
MOV 
SUB 
RTRN 

SUB4,l ;ENTRY POINT 
X255,<l,L4B> ;SET UP THE POINTER 
<l,L4A>,<l,L4B> 

;RETURN TO MNEMONIC 

; SUBROUTINE TO REPORT ERROR ADDRESS INFO . 
I 

SUBR S84B,l ;ENTRY POINT 
CALL SMES,<MS4B,<l,MS4B>> ;OUTPUT THE P/R ADOR 
CALL SOCT,<MS48,<l,L4B>> 
MDV .. --· X.5.......TT.TT_ ____ .... ___ U:flt.'1.P.llTE THE M~R 



-·---, ···---, .. -,·--·-·' 
, ______ -· 

CALL SOCT,<XS,TTTT> 
RTRN :RETURN FOR ERROR PROCESSING 
FIN STRT 

> 



• ~ . J • · 11 .... CHl .• '10?. • v 

I ABU~ Of Jl EN r S 

2- 1 
3- l 
11- 1 
')- l 
6- 1 
7- 1 
n- t 
<J- l 

10- 1 
1 1 - l 
1 ;>- l 

f-i I x I l A :> S f i"1 I H. Y 
11f SSAGI !:>I Cl I ON 
C!H1fi l A1J r ~; lltJD I f.MPOHAf~Y SI ORAGE. 
IJJSPAICHtH 
fi<l•l>H PIWll:.DUIH. PHOCLSSUR 
f 1<1-' l - - R [ C Id: A l [ l f<IW i~ S 
pH As I 1 - - ~·it"';() Ky ()A I A r I\ n I c Ii [ c K 
P11A~)f 2 -- fl.1E.M0f.!Y AtJlW[SS/DA I A CIU Cl\ 
p fll\ s E 3 - - " l T t H N J\ I 1 N I; z t:. H 0 I 0 N I:. r E s r 
P11f•Sf S Ll & ') -- f<J\NDOM l>A I A 
PHASES b (!. 7 -- 8IT OlSlUIW l'S & o•s 

.MAIN. HT-11 MACRO VM02-10 ll>-JllN-l7 00:02:27 PAGE 

1 
2 
3 

,-----------------------------~------------~--------; JMP STHT ;FUM MANUAL SlAHTUPS 
,--------------------------------~-----------------~ 

.MAIN. RT-11 MACRO VM02-10 lb-JUN-17 00:02:21 PAGE 2 
MlxJT ASSEMHLY 

1 
2 000000 000401 
..s 
/j 

'J 
6 000002 
7 ouooo;. onuooo 
H OOOOOiJ 012700 

. 002210• 
9 000010 000110 
I O 
l 1 

.1 ?. 
l ) 
l LI 
lS 
1 {> 

1 7 
J lj 
19· 

. 21) 
21 
~2 
2~ 
24 
2':> 

.SHTTL MJXIT ASSlMBLY 
IW TT l T t2 if OH Mf\ IN· PIWGHAMS 

;-------------------------~---~-------------------; 11r1: .DATA O ;PHOGHAM It.ST WORD 
;-----------------~--------~----~--~-~--~---------
' T lT: 

. , 
; 

• lvURO 
MDV 

JMP 

0 
#STfH, ZO 

(%0) 

; PfWGRAM: USD002.MIX . 
' , I\ U 1 H 0 H : S 1 t. P I 1 E. N N • MC A L l I S 1 £ I? 
; 
; DATE wHllTEN: ~/14//6 
, 
; OfSCRIPf IUN: IHJS PROGRAM PROVIDES THE PICTUHE SYSTEM MEMORY 
; J E S T S • T 11 E. HE I\ HE S [ V f. N T £ S f S , I NC l U 0 l NG 0 A T A PI\ TH , AL> DH ES S 7·· -
, OATA, ANO MEMORY CUNl~~T CHECKS • . 
I . 
' ;--------------------------------; Hf.AO <Mf:.SSAGt: StC J JON> 
;-------~----~~-----------------~ 



ng~~ "l.1u~~ !'.i ~-.1~ t~·"~vo~c!7~uE 
I 
~ 1 .s1n·1L Mf:SSAGE S[CTION 

2 ;----------------3 ;~\Sl;S: DATA 2 
q ;----------------- ~ OOOUl? MSGS: 
h 000012 000002 
1 
u 
9 
1 0 
l l 
1 2 
l 3 
14 
l t.J 
1 c) 

1 7 
lH 
l'J 
2•) 
21 
2? 
;> _) 
2 IJ 
2t.J 
(! b 
;,>I 
2 f\ 
?9 
50 
.S I 
32 
35 
) ii 
51-) 
36 
3 I 
.. SA 
3 <) 

40 
I~ 1 
42 
11 5 
qlj 

ll 5 
,, h 
4 I 
LI Ii 
lj C) 

5 () 
'j l 
') 2 
':d 
5 tJ 
'.l 'i 
'.lb 
5/ 

00014 
00016 

00020 
000?2 

0002'1 

00026 
ooo:so 

00032 
0003tl 

00036 
00040 

000112 
0 0 0 /j /~ 

00046 
00050 

00052 
OOOSLI 

000'>6 
OOObO 

000102• 
000012 

000114' 
00(J0111 

0000 1 .s 

000156 1 

0000~4 

000232' 
OUOOLJd 

000274' 
uOOOS2 

000521>' 
00005':> 

000364 1 

0 0 0 0 S 'I 

0004('0. 
ooo<ns 

0004':.>0 I 

000014 

;----------------------~--; UAIA <~SGl,10.> 

;-----~------------------~ i·lSG 1 
1 0 • 

;--------------------~----; DAT/\ <l"1SG2,3.S.> 
;---------------------~--~ .. \'\ lW 0 ~I S G c:? 

• •.HllW SS. 
;------------------; OAIA 11. 
;------------------• 1~u1rn t t • 
;--------------------~---~ i DAI/\ <1-lSlO,tHI~> 

;---~---------~--------~--.1·;UIW MS l u 
• i"IUP.D Ll ll. 

;-------------------------; 0 J\ I /\ < ,;, s 1 1 I \ I~ • > 
;---~---------------------• ~·~OHD i•l!) 11 

• llUIW _s11. 

;-~-----------~-----------; IJ A I A <MS12 1 2o.> 
;-------------------------• ~;l.llH> HS 12 

• r!ilht> i.'t>. 

;-------------------------; DAIA <f'.St3,29.> 
;---------------------~---• i'HHW H!> 1 S 

• 1'WtH> c9. 
;-----------------------~-; OflTA <i·ISlt~ 1 2H.> 

;~------------------------• «ifHU) MS l 14 
• wUfd) ?. ~. 

;-------------------------; OATA <MS1~ 1 2Q.> 

;-------------------------• l'Hl f( D 1•1 S l ':> 
• ·"ORD c!<J. 

;-------------------------; OAfA <MS16,12.> 
;-------------------------• l'J 0 1-l 0 fVi s 1 (> 

• :rd.HW 12. 
;-~~-----------------~---~ ; DATA <MS17 1 17.> 

) 



• , .. " l f.J • 
MESSAGE 

-11 1•1AC1w VM<>c-10 
C r l ON 

I l>- JU 1'1 - 7 7 VU : l) 2; C: I ,. • t:. 3 t 

'j8 
59 
60 
t>I 

;-------------------------0 0 (1 6" 0 0 0 LI 7 2 I • ''I fllH) 1•1 s I I 
0006/j OOOu21 .MIRO 1/. 

;-------------------------; 01\fA <MSl/:i,J I.> 
;-------------------------

() 4 0 0 0 6 6 0 0 () 5 1 q I • ~,, (j I-" I) 1·1 s I u 
h ':> O o O 7 O O 0 0 0 1 ~ • vJll<l.l 1 I • 

- b? 
b s 

i> 6 
bl 
6H 
b') 
70 
7 I 
72 ' ~ 74 
75 
7b 
77 
78 
7 <) 

f\ 0 

;-------------------------UAJA <N5t9,20.> 
;-------------------------00072 000':>50 1 .wUl-W MS19 

0007LJ 00002L1 .1Wl<D i-!O. 
;-------------------------
i Ut1f/\ < i•i s ? 0 , 2 2 • > 
;-------------~--------~--0 0 0 7 b () 0 0 ~ 5 ,, I • i•W IW M 0 2 0 

00100 000026 .~UHU 22. 

00102 
00102 
00103 
(i 0 1 0 ,, 
OOIO'J 
O 0 I 06 
00107 
00110 
0 0 1 1 1 
0 0 11? 
0 0 l 13 

1 21 
125 
1 (j I~ 

;---------------------------;~SGl: CU/\TA <USOOU2.SU1> 
;--------------~------------MSGl: 

.ASCII •osooo2.so1 1 

tit 0011tt 
B2 

ObO 
061) 
() f>2 
0'j6 
125 
OoO 
0 Ii 1 
0 00 

0001ltt' 
.UYlt 0 .=.-1 
·• f V[N 83 

84 ,-------------------------~--~~-------~---~--------;MSG2: COAlA <PIClURE SYSTEM MEMORY DIAGNOSTICS> BS 
06 
Ii 7 
813 

0 o I 1 £1 
0 0 l 111 
00115 
0 0 I I 6 
00 l ll 
00120 
00121 
Ou122 
0Ul~3 
0 0 I c '! 
0012·) 
fJOJ2ti 
0 \1 I 2 7 
00130 
0 0 1 $ 1 
00132 
0013) 
0 0 1 ) II 
00135 

120 
1 I 1 
1 () 3 
I t! 'l 
l ?. ':l 
122 
IO'J 
040 
1? 5 
1 s l 
1? 5 
l c:' lj 
1 (), 
l I ".> 
0 11 l) 
1 l, 
105 
11 5 

;-------------~~------------~~-~-------------------MSG2: 
.ASCII 'PlCTURt SYSTEM MEMORY DIAGNOSTICS' 

. l 



·i l 2 
~ 3 
~ tJ 

'J 
6 
7 
8 
9 
1 0 
1 1 
12 
l 3 
l l~ 
1 s 
16 
1 7 
18 
11.') 
20 
21 
22 
2~ 
t.'4 02210 
25 02~10 

2h 02214 

t.' I 02220 
28 
2 <) 

30 
31 02222 

32 02226 

33 02232 
3 Lt 
35 
36 

012700 
001?.'.>4' 
012'101 
OOOOOOG 
011011 

012700 
()0}2~/JI 

012701 
OOOOOOlj 
011011 

.3B1TL DlSPAIClffH 
;-----------------------------------~-------~--~~-~--~-~--~--~ ; 1Hl:t.'E. <INJ 1,SMES,SOCT ,Gf.T::>,Gf.TN,WHPS,ROPS, TIME,RNOM> 
;--~~-~~--------------~----~~~~~~---~-~-~---~---~~~-----~----· • f;LlllH. u~ I 1 

• f.Lllfll ~~:t. J 
• l,LOBL St1C 1 
• C,LOl~I. Gt TS 
• CUH.il Gf IN 
• GUii-\ L ~~f;'. PS 
• C L 0 Ii L I< L,f J S 
.1~LfJIH 1 IML 
• l..L OllL k tWr·1 

;~-~~-~--------------~~--~--~-~--~-~-; T II f IH:. <DP C H , f Im L , PH A l , 0 0 P ti> . . 
,-----------------------------~~--~--.GUldl OPCH 

• GLOlll I IWL 
• GL OIH. PHA I 
• t.;L OHL L>OP ll 

;----------------------iSTIH: Ml.IV X/,PllAZ . 
,-~--~-----~---------~-SlRI: 

MOV JIX"f,~(I 

MOV 'llPlfA/,;O 

MOV (40),0!1) 

;-~-----------------·--; MUV X 7 / tHlP~I 
;~-~--------~----------HOV llX/,%0 

MOV 11DOl'H,Zt 

MOV (40),(i.1) 

,--~----------~-----------~~~---~-~----~---; CALL INil,<MSGS> ;INllIALlZE 
;--~--~-----~------------~~---~-~---~---~~-37 0223tt 012702 MOV #JNl1,Z2 

38 
39 

40 

LU 
42 

02240 
02242 

02t4b 

0£?£>52 
02i:.1SIJ 

000000(; 
Olll546 
012 7111 
00ctf>lj I 

012700 
OUU012' 
0 l 0 (121 
(J1?705 
t)022l>?' 

LU 02i>b0 004712 
Lt:I 02t!h2 
45 02.:?62 000401 
LI() 

47 0?266 

•• 8190: 

•• 8169: 

MOV %5,-(i.6) 
MOV 'II •• 0 1 'I 0 + 2 t X l 

MOV #t•1SGS, XO 

MOV ZO,C:Y.l)t 
MOV IJ •• 01<)0,~S 

JSH 47,(42) 

BR •• 8189 
.HLKW 1 

48 o226b 012605 ~ov CX6Jt,z5 
qq ;---------------~---·----~----~---~----~---~---~-

.· \ 



• N. A(I· 'MO 0 -JI !7 02: Pf '.lt 
0 I SPAT C~· 

':>O 
I 5) 
!; '::>?. 02270 

S..S 02270 U1?700 
00215LJ I 

54 0?274 011067 
17550(! 

5'5 
'::> b 
57 
5 h (J 2 3 0 0 0 () '-i"l td 

1 l 'J 11 / 6 
') <J 0 ? 3 {l ll 0 {) l 4 0 5 
t>O oc.rno ot?.tuo 

OO?bl2' 
(d 0 2 3 1 L' 0 0 (I t 1 0 
b2 Oc 31 'I 
o3 
64 
b'? 

'. '66 02..$14 01£.>70?. 
0 O 0 0 ti OG 

b 7 02 .~20 0 l oC.,11(, 
b B (J c 3 2 c 0 l 2 l 1Jl 

00?)60 1 

b'I 025c6 Ul?lOO 
0010/0 1 

7 u 0 2 .s ~ 2 0 1 () (J ? l 
7 l (J 2 5 5 4 () l ? 7 (] u 

U 00 Ou I 
7? 0 2 .$11 0 0 0 td 0 () 
73 02542 Ob?/llil 

OUI0/0 1 

7 /~ 0? y~ (> 0 l ()() c> 1 
1s 02..sso 0121t1"> 

002Y:.i6 1 

7 b 0 t! 3 ':>LI 0 0 II 7 l 2 
77 O?..SSb 
7H 02556 OOtM02 
7 '1 
HO 02364 
lit 0236'~ 012605 
1\2 
83 
IHI 
es 02..S6&·01c10? 

OOOOOOG 
86 02~72 010'1'11> 
8/ 02:~14 01(?701 

() (J 2 Lj C ij I 

8H 02LJOO 012700 
0 ()I ?Lib I 

89 0?404 010021 
90 02406 01?700 

00000?.' 
91 02412 010021 
92 02tl14 012/0~ 

; ST l : rsr ;Gfl MEMOHY SIZl? 
;----------------------------~--~--~---------~~~-s I 1 ; 

fviOV 11MSlZ1AO 

MOV (%0),TITT 

;---~-------~-~---------~---------------~---; IH.Jl Sl s ; /\LH[AOY 1;or 

;-------------------------------------------IST Jill 

IH'..ll •• BJHB 
MOI/ #Sf} / XO 

JMP (40) 
•• 8188: 
;-------------~----------------------------~~---------~-; C AL L S '•ll::: S , < f'-1 J G.M , < 1 / MSG 1'1 > > ; G [ T ME M 0 HY S I l E 
;----------~-------------------~~~w--~----~~~~-~---~---• MOV llSME.S,"!.~ 

•• 818/: 

•• 8186: 

~10V Y. '.:>, - ( i.ll) 
MOV ll •• HlH7+2,Xl 

M 0 V ti 11 !:Hi M , 'l. 0 

MUV l.O,('l.l)t 
MOV 111 1 1.0 

ASL 1.0 
AOL> #HSGM,/.0 

MOV %0,(/.l)t 
MOV ll.~8187,7.5 

JsH "1.1,o;;n 

•• fl 1 86 
2 

MOV ('l.b)+,'7.5 

;---------~-------------------; CALL f.[JN,<Xll,[lfT> 

;------------~~----------~--~-MOV llGl Tfl 1 iCi:? 

MOV XS,-(1.6) 
MO V II • • 1.118St2, 7.1 

MO v II x ,, I "I.() 

MOV 1.0, (%1 )t 
ivlUV uTTlf,ZO 

MOV "/.0,(1.l)t 
~ov 11 •• a185,45 



.µATN. Rl-11 MACHO VM02-l0 
UJSPATCllEl-l 

1ti-JtHJ-7 7 00: 02: 27 PAGE I)+ 

9.) 
91.J 
91:) 
<) b 
9/ 
9H 
99 
100 
1 0 1 
1 (J 2 

1 () s 
1 0 ll 

105 
10& 
1 () 7 
lOH 
l 119 
1 r o 
1 1 1 
1 12 

1 1 } 
1 1'1 
1 1 'J 
1 1 b 
1 l 7 
l 1 u 
1 1 <J 
12 () 
l 2 1 
1 2 r? 
123 

1?4 
l 2 ') 
126 
12 7 
l?B 
1 29 

130 

1 3 l 
1 ~2 
lB 
1 34 
1 3 ':. 

136 
1 3 I 
138 
1 .) 9 

02420 
0 2112 2 
02llc2 

02430 
02£130 

?4:56. 
24 ll 0 

? ,, /j 4 
2Ll 4 b 

2LJll6 

~I~ 'J(' 
2454 

2Llbc. 

2'' 66 

2ll70 

2t04 

2476 
2476 

2':>02 

2':i0b 

2':> 10 

2s1q 

002422' 
0 0 /~ 7 1 ?. 

000402 

012605 

005767 
11534!1 
001003 
012/00 
002270' 
000110 

JSH 1.7,C:t.2) 
•• 8105: 

tJ Ii •• H 1 811 
.BLKW 2 . 

•• 0 18 IJ: 
iV'OV (46)+,i.5 

;-----------------------~--~~-~------~---~----~---~-~ ; 1rn1 Sl l ;MAKE SURE IT •s LE.GAL 

;----------------------~-------------------·---------rs1 JTlT 

ill-JI:. •• H tlLS 
i"iOV rJS11,i.O 

JMP (i.0) 
•• 8183: 
;------------------; URN STl 
';---~--------------005767 

17':d~O 
100003 
0 1 2 7 (J 0 
0 02C!] ()I 

000110 

012700 
· 0 {) 2 1 'J /j I 

00':>010 

012700 
l) 0 2 J 'J IJ I 

OO~dlO 

012700 
0012/2' 
01?701 
0021'>4' 
061011 

012700 
000002' 
00':>31 0 

IST fl Tr 

tJPL •• Ht82 
MUV #Sl 1,irn 

JMP (%0) 
•• Bt82: 
;-------------------; CLH MSlL 
;-------------------NOV uMSJZ,%0 

r.u~ <%O) 

;-------------------; DE.C IV:Sll 
;-------------------MOV #r-iSll,i.O 

DEC (%0) 

;-----------------------~ ; s T 2 : A D l) x 1 61\ I f-1 s I z 
;------------------------512: 

MOV #XlbK,%0 

NOV #MS(l,%1 

ADO (%0),('.0) 

;-------------------; DIC Jill 

;-------------------MO V. If I I l T ~ /. 0 

OLC (1.0) 

;-~----------------; flNZ ST2 
;------------------



.MAIN. 
lHSPJ\10 

140 25lh 

llll 2':>22 
142 2521.J 

l '15 25 3 u 
litll 2~..S2 
1 lJ s 
146 
1 'I 7 
1 1~ 8 2 '.) 3? 

l.'.JQ 2':>36 

150 2S4c 

l'>l 2546 
I S2 2':>50 
15..S 2':>'1f> 
1'j4 25 511 

1 55 2'.:>60 

160 2':> 7 0 
161 2':>72 

162 2':>76 
led 2600 
1 h ,, 
165 
l I) h 
lb/ 2600 

168 260ll 

lbQ 2610 
' t 7 0 

l I 1 
172 
175 ?612 
1 7 .. , ~ b 12 

1/'j 2616 
176 2620 

177 2b24 

178 2td0 
179 2652 

180 2636 
ldt 2640 

J I r"'IACkO VMOl.- l 0 lb-JUN-JI 00:02:~/ P' 5+ 

0 0 ') 7 l> 7 
1 7 ')?60 
0 0 1'I0 ~ 
(J12700 
00247h' 
000110 

012.700 
00215'1' 
012·101 
{) (J l ? 7 lj I 

(l l) 11 () b l 
1 7 '> i!. ~ ,, 
()11000 
lnllOf1 
OOt1000 
00 1_,Sb/ 
17'->22 2 
0':>006 7 
)l'l?lb 

OOS7o7 
1/')cl?. 
100005 
Olc700 
002612' 
000110 

01?700 
0 0 I 2 7 II ' 
Ol?/01 
002154 1 

011011 

012702 
000000(.; 
0 I 05ll6 
01?701 
OO(>hll2 I 

ll 127 u (I 
00.?1<:>6' 
010021 
01?705 
U026£h) I 

0011112 

ISi ITTI 

BE CJ •• 8 1 n 1 
MOV #~il2,40 

JtW (I. 0) 
•• f118l: 
;-----------~-----------~~~--~----------~-; CMPL M!:>ll 1 XHI ;100 Hllitrl 
;------------~-----------~--~---~----~---~ MUV tiMS(L,1.0 

MUV #XHl,/.1 

CLH Jiil 

MOV (%0),1.0 
SUB (:Y.l),i.0 
ROR 1.0 
AUC Tl IT 

BIS 1.0,TTJT 

;-----------------------~~~-~-----~ i. BRN SI 3 i NO 

;----------------------------------1 ST lTll 

IWL •• 8 In 0 
MOV #Sf 3,'Y.0 

Jr.-iP (/.0) 
•• 81HO: 
;-~----------------------------------~---------; MOV XHJ,H51Z ;YES, FIX IT UP 
;----------------------------~-~---------------i,HJV 11x111,1.o 

MUV #MSJL,1.1 

MIJV (i;0),(1.1) 

;-------------~--------------~~---------------------iST3: CALL IJPCH,<Jfl:il> ;CALL Tiii:. DISPATCHER 
;-----------~----------------~--~---------~---------s l 3: ( 

:VIOV llOPUl,7.2 

MOV %5,-Ci.6) 
HOV # •• H179t21Z1 

1'10V #J !BL, 1.0 

MIJV 1.0,(i~l)t 
MOV # •• 8179,%5 

JSR 1.7,(i.2) 
•• fi179: 

' 

....... 



.MAIN. RT-11 MACRO VM02-t0 
DISPAICHER 

J6-JUN-T7 00:02:27 PAG~ 5+ 

IH2 
I B .5 
1 /-J tl 
1 H'J 
lHn 
HJ I 
1 ti fl 
1B9 

1qo 
. 191 

19'1 

1<J3 
l 9 ll 

l <J 5 
196 

1 'U 
198 

199 
C' () 0 
201 
co2 
20) 
cu 1-l 
205 
;> 0 6 
2 tJ 7 
cOB c () <) 
clO 
2 l 1 
212 

2640 OOOLl01 

2 bll IJ 
2olllt 012605 

2 6 Q 6 0 l 2 7 t) 2 

2652 
2654 

?6l>O 

266Q 
2tl66 

2012 
2 ti 7 /j 

2100 
2102 

OUIJOOOG 
(J10'_)•16 
012/0t 
uUc/12' 
012700 
001?06· 
O IO 02 I 
01?700 
ouooot 
0 ()I> 3 0 li 
(l 6? /() 0 
001206' 
010021 
Olc/O'l 
0 02 7 1 0' 

2706 004112 
2710 
2710 000402 

2716 
2716 012605 

2720 

•• 81 /d: 

Bl< 
.Bli'W 

•• 81 7 ~ 
1 

f<I () V ( f. 6 ) t t 'Y. ', 
,------------------------------------------~-----; CALL S~[S,<kS99,<1,HS99>> ;sAY DONE 
;-------------------------------~---~----------~~ MUV llSMLS,l.c 

MUV Y.'.J,-(%6) 
i•10V II • • 8117+2,Xl 

MDV llMS99,%0 

MUV i.0,(i.l)t 
fviOV 111,1..0 

ASL 1.0 
1\00 tiMS99, /.0 

MOV 1.0,(1.l)t 
MIJV 11 •• 8177,7.5 

JSR /.7,(/.2) 
•• 8177: 

UH •• H17o 
• til" w ~ 

•• 8176: 
MOV (i:'.6)+,%$ 

;-----------------------------------~~--; . 5 T O P ; CW I l • • • 
;---------------------------------------.i111C/\Ll .EXIT 

• Ex l T 
;------------------------------------~-~---; HtAD <ERROR PRUCtOUHE PRUCf SSOH> 
;----------------~------------~------------

. I 
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CHAPTER SIX 

6.1 INTRODUCTION TO QSDDT 

QSDDT is a general purpose PS-2 diagnostic tool written in the 

MIXIT programming language. QSDDT provides commands to examine 

and modify registers or memory locations in· 12 10 addressing 

modes as follows: 

M: PS-2 Memory/SCB (0 to 177777) 
B: Host Computer Memory Buffer (0 to 177) 
I: Host Computer Interface Registers (0 to 4) 

D: Picture Processor DOIT ReRister (Subfields ~ to 5) 

C: Picture Processor Control Store (0 to 377) 
P: Picture System Device Table (PSTB) 
H: Host Computer Table (HSTB) 
A: Character Memory (0-1777 ,2000-3777) 

E: Character Generator Coefficient Memory (0-77, 
200-377) 

L: Line Generator/Character Generator State (0-37) 

Q: Inter-character and Inter-line Spacing Registers 
(10-13) 

F: Autorefresh Parameters (0-2) 

In addition to commands which examine and modify locations, 

QSDDT supports other commands including the following: (a) 

reset the Picture System, (b) wait for DMA ready, (c) wait 

for Real-Time Clock, (d) save, unsave or verify the MAP DOIT 

Register, (e) specify octal or decimal input, (f),, transfer 

data from one location to another, (g) execute a command line 

repeatedly, and (h) compare a received value with an expected 

value. 
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All command strings are terminated with a carriage return. 

Processing of a command string consists of an interpretation 

phase followed by an execution phase. Interpretation of a 

repeated command string is performed once only, allowing re-

latively high speed execution. 

6.1.l Introductory Examples 

It is not necessary to know all commands in order to use 

QSDDT. A few of the simplest commands are also the most 

useful commands. Other commands may be learned as need 

arises. For refere~ce, section 6.17 contains a summary of 

all QSDDT commands, with section numbers for more detailed 

information. The following examples are enough to make 

QSDDT useful in many cases: 

R 

M0=200,176000 

F0=0,100,17;G 

6.Z 

Reset Picture s·ystem 

Display contents of PS 
Memory location 0 

Deposit 200 (octal) in 
PSMEM(0J and 176000 in 
PSMEM(l) 

Set refresh start address 
=O(F0) refresh'l1mit=lOO 
lFl) clock rate=l20(F2J and 
start autorefresh lG) 



K 

M0:17 

M0 
M=l25252,52525,$1000 

M0 
?125252,?52525,$1000 

x 

6. 2 MEMORY COi'fMA.t\JDS 

Kill autorefresh 

Display PSMEM(0) through 
PSMEM(l 7) 

Load PSMEM(0) through 

PSMEM(l777) with checker

board pattern 

Verify the checkerboard 

pattern, and report the 

first error 

Exit QSDDT 

Following are the commands which ope~ examine, and modify 

registers (including memory locations) in the various 

addressing modes. Opening a location does not necessarily 

entail reading the location. 

In the following discussion, "X" is an address mode symbol 

(M,B,I,D,C, etc), and "n" is a numeric value. "[nJ" indi

cates a numeric specification which may be omitted. 
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.. 

The Memory Commands are as follows: 

Xn Set addressing mode = X, and open locat.ion n. 
Example: M0 

=n Deposit n in the currently open location. 
Example: M0=200 

,[n] Open the location following the current 
location. If n is specified, deposit n 
in the newly opened location. Example: 

M0=0,,l modifies M0 and M2. 

'[n] Open the location preceding the currently 
open location. If n is specified, deposit 
n. Example: Ml00=0'1 modifies MlOO, then 
M77. 

Display the contents of the currently op~n 
location. Example: Ml77760=1. modifies and 
then reads the same location back. 

<CR> If the last opened location has not been 
modified, then display its contents. Example: 
M0<CR>. 

I Read but do not display the currently open 
location. Example: C0/ loads MAP Control 
Store 0 into the MAP DOIT register. 

:n Display the contents of the block of locations ,. 
beginning with the currently open location and 
ending wi~h location n. Example: M0:17. 
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> Transfer the last read data (as modified by * 
or N command) to the next opened location. 
Example: M~>l copies M0 into Ml. 

n According to the context established by the 
other commands in this section, n may be 
interpreted as the address of a location to 
be. opened, or a value to be deposited. Either 
context may be forced by preceding n with = to 
deposit, or one of the address mode commands 
(M,B,I,D,C, etc.) to open. At the beginning 
of a line or following a semi-colon, n is 
interpreted as an address, in the current ad
dressing mode. Example: M0=2. 0 is an ad
dress, 2 is a value. 

6.3 ADDRESSING MODES 

The last issued address mode command defines the current 

domain of the memorv commands which read, display, and 

modify registers or memory locations. Unless otherwise 

specified the addressable registers contain 16 bits. MAP 

Control Store memory locations ~onsist of 96 bits which 

correspond to the six accessible 16 bit subfields of the 

DOIT register. The addressing modes are as follows: 

6.3.1 (M0:177777) PS-2 MEMORY/SYSTEM CONTROL BLOCK: In this mode 

all Picture System Memory locations, and registers of the 

PS-2 SCB, are accessible. The range of legal addresses is 

0 through 177777, although many systems include less than 

the full memory configuration. 
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6.3.2 (B~:177) HOST COMPUTER MEMORY BUFFER: The primary purposes 

of this mode are to facilitate DMA diagnosis, and to provide 

capability for refresh from a host computer memory buffer. 

When starting up, QSDDT reports the absolute address of the 

host buffer (DBUF = XXXXXX). Typically, the operator would 

deposit data in this buffer, then deposit the reported DBUF 

address in 13 (DMABA-PDP-11 only) in preparation for a DMA 

transfer. The reported DBUF address will be incorrect on a 

system using memory management. 

Locations in the.host buffer are addressed for purposes of 

examination and modification with a word index ranging from 

~ to 177. To use a DMA start address other than at the be-

ginning of the host buffer, the user must compute the abso

lute address within the buffer. In the case of the PDP-11, 

the absolute address is computed as DBUF + (2 x index). 

6.3.3 (I0:77) HOST COMPUTER INTERFACE REGISTERS: This mode ad-

dresses the registers on the host computer side of the PS-2 

interface (PSBUS) as follows (PDP-11 only): 

0 = PSDATA: Direct I/O Data Register, 
default address = 767660 
(195131 card) 

,, 

1 = DIOPSA: Direct I/O Picture System Address, 

default address. = 767662 
(195105 card) 

6-6 



2 = DMAWC: DMA word count (two's ~omplement), 
defaul~ address = 767664 
(195131 card) 

3 = DMABA: DMA Host Buffer Address, 
default address = 767666 
(195131 card) 

4 = IOST: I/O Status Register, 
default address = 767670 
(195131 card) 

For a non-standard UNIBUS configuration, the base address 

of this block of registers (default 767660) is modifiable 

as location Hl (see addressing mode "H" below). 

Uses for "I" mode include diagnosis of the interface and 

general access to the I/O Status Register. 

The range of legal addresses in I mode is 0 through 77, 

but the significance of each address may vary with differ

ent computers, and no address above 20 has been used on 

any computer at the present time. Documentation for "READ" 

and "WRITE" subroutines for each computer will detail the 

significance of each address in mode "I". 

6.3.4 (D0:S) PICTURE PROCESSOR DOIT REGISTER: The hardware DOIT 

register consists of eight virtual segments 0 through 7. 

The first 6 of these segments contain Picture Processor 

(MAP) control signals and represent the current state of 
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the MAP. Segments 6 and 7 of the DOIT do not represent 

control data, but are accessed to write the contents of 

the DOIT into the Control Store, and load the Control Store 

output into the DOIT respectively. The DOIT register is 

implemented on the 195115-100 and -101 cards. Systems con-

taining the Writable Control Store have 195124 cards in 

lieu of 19511S's. 

QSDDT recognizes only segments ~ through 5 as legal DOIT 

addresses. Segments 6 and 7 are implicitly utilized in 

Control Store Addressing Mode. 

6.3.S (C0:377) PICTURE PROCESSOR CONTROL STORE: This addressing 

mode is somewhat unique due to the fact that addressable 

locations contain 96 bits. Opening and displaying a l~ca

tion causes the contents of that location to be loaded in-

to the DOIT register, which is thereafter displayed in six 

segments. Attempts to deposit data into Control Store lo-

cations will have no effect, of course, if the system does 

not contain the Writable Control Store option. Otherwise, 

the current contents of the DOIT will be written into the 

open Control Store location. 

Modifying the MAP Writable Control Store: 

Commands to modify ·a location (= , ') are effective only 

if followed by a numeric specification. Therefore, in order 

6.8 



to write the contents of the DOIT into Writ~ble Control 

Store, a dummy numeric argument· must be supplied with. these 

commands. Example: ClOO=~ causes the current contents of 

the DOIT (rather than the dummy value ~) to be written into 

MAP Control Store location 100, provided the Picture System 

contains Writable Control Store. 

6.3.6 (P2:64) PICTURE SYSTEM DEVICE TABLE (PSTB): This mode is 

used to establish non-standard addresses in the PS-2 System 

Control Block. The addresses reside in a software table 

called PSTB, the same table which is accessible by means of 

the "Modify" command· in standard PS-2 Diagnostics (cf. 

Chapter 5). 

6.3.7 (Hl:l3) HOST COMPUTER TAB~E (HSTB): This mode provides access 

to HSTB, a table which defines the UNIBUS base address of the 

PS-2 device register (IOST, etc.) and the PS-2 Interrupt 

Vector Base. This is also a table which is accessible through 

the "Modify" command in standard PS-2 Diagnostics (cf. Chapter 

5). Ordinarily, no modification of values in this table is 

necessary, unless multiple picture systems are interfaced to 

one processor. 

6.3.8 (A~:3777) CHARACTER ME!v!ORY: This mode_ provides read-only 

access to the Character ROM CS-1777) and read/write access 

to the Character RAM. (2000-3777) located on the 195222 card. 

Data is treated as .iz 10 bits right-justified within a 1610 

bit software word. For the formats of Character Generator 

6.9 



commands, see Section 2.4.4.3 'of the PS-2 Reference Manual. 

Caution: It is possible to cause scope burns by modifying 

Character Generator commands. 

6. 3. 9 (E0: 3 7 7) CHARACTER GENERATOR COE FF I CI ENT MEMORY: (Located 

on the 195221 card) according to PS-2 Reference Manual 

Sections 2.4.4.4, 2.4.4.S.b, and 2.4.S "Reading the Coeffi-

cient Memories", the address of a coefficient memory element 

consists of a value in the range 0-17 lread only) or 40-77 

(read/write), followed by a suffix A,B,C, or D. QSDDT treats 

coefficient memory addresses as having a range of 0-77 (read 

only) and 200-377 (read/write). In the QSDDT addressing 

scheme, the two least significant bits of the address des-

igna~e A,B,C, or D. Corresponrlence to the Reference Manual 

addressing scheme is as follows: 

Reference Manual 

17C 

17D 

40A 

77D 

QSDDT 

0 

6.10 

1 

2 

3 

76 

77 

200 

377 

First read-only location 

Last read-only location 
, 

First read/write location 

Last read/write location 



The format for coefficient Memory data is as follows·: (see 

Reference Manual 2.4.4.4). 

8 7 6 5 0 

[ l l I J 
Speed Control ____ J \. ____ __,J 

(see caution 
below) 

Superfluous 
bit (see caution 
below) 

Sign Bit 

.unsigned Portion 
of coefficient 

Caution--Speed Control: (a) Speed Control bits always read 

back as 0, even though 1 way be written in. (b) The Speed 

Control bits of corresponding A/C or B/D elements should 

always be equal. 

Caution--Superfluous Sign Bit: Bit 7 should always be equal 

to bit 6. 

Caution--Scope Burns: It is possible to cause scope burns 

by modifying the Coefficient RAM. 
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6. 3 .10 (18: 37) LINE GENERATOR/CHARACTER GENERATOR STATES·: This data 
. 

is read only. Addresses 0-17 correspond to PGXBUS modes 

8-17. Addresses 20-37 correspond tb PGYBUS modes S-17. See 

Section 2.4.S of the PS-2 Reference Manual. 

6.3.11 (Ql0:13) INTER-CHARACTER AND INTER-LINE SPACING REGISTERS: 

This mode provides write only access in the range 10-13 as 

follows (see Reference Manual 2.4.4.S.c): 

10: x 12-bit integer part 

11: y i2-b~t integer part 

12: x 12-bit fractional part 

13: y 12-bit fractional part 

6.3.12 (F8:2) AUTOREFRESH PARAMETERS: This address mode facilitates 

autorefresh control independent of the type of refresh con

troller (single-user or multi-user) available in the Picture 

System. 

FS: Refresh Start Address 

Fl: Refresh Limit 

F2: Clock Rate (17=120 HZ, 16=60 HZ, etc.) 

For further details, see Section 6.5, Autorefresh Control. 

Note that Autorefresh Parameters do not take effect until a , 

"G" (Start Autorefresh) command is issued, even if autorefresh 

is already running. Also, in the case of a Multi-user Refresh 

Controller, autorefresh will not operate unless an "R" command 
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(PS Reset) is issued before the first "G" command. 

NOTE: F0 and Fl should always be assigned even values. Fl 

should be set one greater than the last Picture System Memory 

location to be included in the refresh. 

6.4 REPEATED EXECUTION ($ OR $N) 

Both definite and indefinite repetition will terminate in the 

event of one of the following errors: (See section 6 .15) 

ADDRESS ERROR 

READ ERROR 

WRITE ERROR 

COMPARISON ERROR 

In the event of a SYNTAX ERROR or EXECUTION BUFFER FULL, no 

attempt will be made to execute the command string even once. 

6.4.1 INDEFINITE REPETITION ($): The dollar-sign followed by no 

number or a negative number causes "non-terminating" execution 

of a command string (see exception above). At the end of a 

command string (e.g. M,=$) the string up to the $ is interpreted 

and executed. If a command string consists of "$" only, then 

the last preceding input command string will be r~-executed, 

indefinitely. 



6.4.2 DEFINITE REPETITION ($n)·: The dollar-sign followed by a 

positive number cai.1ses the command string up to the "$" to 

be re-executed the specified number of times. If a command 

string consists of $n (e.g. $20) only, then the last pre

ceding input command string (up to but not including 11 $" 

character, if any) will be re-executed n times. 

6.5 AUTOREFRESH CONTROL (G,K) 

The "G" command causes autorefresh to be initiated according 

to autorefresh parameters F0 through F2 (see 6.3.12), and "K" 

causes autorefresh to halt. The "R" command (PS Reset) will 

also halt autorefresh. 

Autorefresh parameters for a display buffer already in PS 

i\!emor;: may be determined as follows, prior to issuing a "G" 

command: 

Refresh Start Address: With a Single-user Refresh Controller, 

examine Ml77735. With a Multi-user Refresh Controller, and a 

display buffer generated by a diagnostic, examine M37654. For 

such display buffers, the Refresh Start Address will normally 

be zero. 

Refresh Limit: With a Single-user Refresh Controller, examine 

location Ml77736. With a Multi-user Refresh Controller, and 

a display buffer generated by a diagnostic, examine M37655. 

The contents of this location is two greater than the Fl par

ameter. 
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Clock Rate: The clock rate takes effect only upon occurrence 

of a "G" command. The same rate is used for both autorefresh 

and real-time clock, as follows: 

FZ = 17 

16 

15 

14 

F2 = 0 

120 HZ 

60 HZ 

40 HZ 

30 HZ 

previous rate is used 

Special Considerations Concerning the Multi-user Refresh 

Controller: An "R" command (PS Reset) must be issued before 

the first "G" command in order for autorefresh to operate. 

The "G" command causes the contents of the PS Memory location 

addressed by Fl to be saved, and a Refresh Controller halt 

command (40202) to be stored in that location. When Fl is 

changed, the next "G" command restores the previous limit 

location, saves the contents of the location now addressed by 

Fl, and writes the halt command into the new limit location. 

F0 and Fl should always contain even values. 

6.6 TEST FOR EXPECTED VALUE (?) 

This command makes it possible to write simple memory tests 

in QSDDT (see section 6.1.1). A numeric value must always 

follow the question-mark, and represents the expected con

tents of the last opened location. If the expected value 
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does not equal the ~eceived value, execution of a command-line 

repetition ($) is terminated, and a message is printed as 

follows: 

COMPARISON ERROR; EXPECTED=NNNNNN RECEIVED XN=NNNNNN 

6.7 INPUT RADIX CONTROL (O,Z) 

By default, all QSDDT input is octal. Execution of the 

commands "Z" and "0" set the input radix, however, to decimal 

and octal respectively. The effect of these commands is not 

limited to one command string, but persists until the com

plementary command is executed. 

NOTE: All QSDDT output ii octal, irrespective of the input 

radix. Thus, QSDDT facilitates decimal-to-octa! con-

version, but not the converse. 

6.8 NUMERIC SPECIFICATION (-,") 

A number may be specified with 1 to 6 characters as follows: 

The first character may be a digit, a minus sign, or a double-

quote character. A minus sign specifies a two's complement 

value (e.g. -1 = 177777). A double-quote character speci-
? 

fies a sign - extended value (e.g. "37 = 177737). 



The input radix is octal by default, or depends upon the 

last executed radix command (O for octal or Z for decimal). 

6.9 SYNCHRONIZATION COMMANDS (T,W) 

The "T" command causes QSDDT to wait for a real-time clock 

·request. Th~ "W" command causes QSDDT to wait for DMA READY. 

These commands may be useful during repeated exectution of a 

command string, or to confirm operation of the real-time 

clock. 

6.10 DOIT co~~lt\NDS (S,U,V) 

The "S" command causes the current contents of the MAP DOIT 

register to be saved in a software block of 6 words. The 

"U" cc-mmand restores the contents of the software block to 

the DOIT register. These commands may be useful when single

stepping the :MAP or modifying the MAP Writable Control Store. 

The "V" command causes the current contents of the DOIT to 

be displayed as six values on a single line. It is equiva

lent to "B~:S" except for the display format. 

6 .11 QSDDT TERMINATION (X) 

This command causes QSDDT to terminate and return,control to 

the operating system. 
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6 .12 PICTURE SYSTEM RESET (R) 

The "R" command causes a Picture System Reset to be issued. 

6.13 NEGATE AND COMPLEMENT (N,*) 

These commands cause the following actions: (a) The contents 

of the currently open location is read into a software loca-
' 

tion, and (b) the contents of the software location is con-

verted to the complement in the case of "*" or the two's com

plement in the case of "N". Note that these commands do not 

modify the contents of the currently open location, although 

the currently open location can be modified by a command such 

as "M9l *>M9) 11 • 

6. 14 END OF STATEMENT (;) 

The semi-colon is used to separate command statements within 

one line of input. 

6.15 QSDDT ERROR MESSAGES 

SYNTAX ERROR: Following this message, the input command 

string will be retyped up to the point at which the syntax 

error was detected. Note: Any spaces in a QSDDT command 

string will result in a syntax error. 
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ADDRESS ERROR: Following this message, the illegal address 

will be printed. This message results from violation of the 

range of legal addresses in the current mode. 

WRITE ERROR: Following this message, the offending address 

will be printed. This error results from the attempt to 

write into a.read-only location .. 

READ ERROR: Following this message, the offending address 

will be printed. This error results from the attempt to 

read a write-only location (address mode "Q") . If the com

mand string entails displaying the contents of the location, 

invalid display will occur following the error message. 

EXECUTION BUFFER FULL: The execution buffer is loaded with 

commaEd indices and numbers during interpretation of the 

input command string. It is possible, though abnormal, for 

the execu~ion buffer to overflow, in which case a shorter 

command string must be typed. 

6.16 EXAMPLES 

6.16.1 General Examples: Following are some general examples of 

QSDDT commands. The underscored lines are the input command 

strings. The other lines are printed by QSDDT. 

>RUN QSDDT 

DBUF = xxxxx 

f, 1 0 

address of B0 



% 

M"37 examine RF Status Register 
(Single-user Refresh Con
troller) 

M177737 = 100000 

% 

ZB0=100. 

B0 = 144 

% 

0 

% 

B0*>Bl. 

Bl = 177633 

% 

B0:2. 

B0 = 144 177633 4757 

% 

% 

El. 
ADDRESS ERROR P0 

% 

PZ = 177744 

% 

6.20 

set decimal input radix, 
deposit decimal 100 in 
B0, display B0 

restore octal input radix 

deposit B0 complement in 
Bl and display 

display B0 through BZ 

'modify and display BZ 

attempt to open PSTB[0] 

illegal address 

advance to PSTB[Z] 



6.16.2 Line Generator Test Pattern: The following sequence of com

mands will cause a test pattern to be displayed by DMA to the 

line generator. 

>RUN QSDDT 

DBUF = xxxxx 

% 

R 

"4 7 

Ml77747 = 177777 

% 

=" 5. 

Ml77747 = 177775 

% 

B0=300,176000,133776,3776 

,170000,3776,170000,4002 

% 

,134002,3776,170000,3776 

% 

,170000,4002. 

BlS = 4002 

% 

WI2=-16,xxxxx,1Sl0000 

6.21 

reset the Picture System 

examine DMAPSA 

DMA was directed to MAP 

passive input port 

redirect to Picture Gen

era tor passive input port 

load host buffer with 

data to draw a big "T" 

display last location to 

check word count 

(PDP-11 only) this line 

waits for DMA ready, loads 

DMAWC with negative word 



count, DMABA with the 
buffer address whtch was 
announced when QSDDT 
started up, sets "GO" in 
IOST, then goes back to 
wait for DMA ready and 
repeat 10000 times. A 
big "T" should now be 
visible on the scope 

6.16.3 MAP Control Store Example: The following example examines 

and then modifies the contents of MAP Control Store location 

4: 

% 

C4 read C4 into DOIT 

C4 = 2367 57777 177777 177673 1777375 177777 

% 

D0=·1,2,3,4,5,6/;V 

DOIT = 1 2 3 4 5 6 

% 

C4 = ~ 

% 

load the DOIT with new 
data and verify 

dummy write operation 
causes DOIT to be written 
into C4 

6.16.4 Dump MAP Internal Registers into PSMEM 

*RU QSDDT 

DBUF=XXXXX 
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R 

% 

M27=0 

% 

M"53=1=40,0 

% 

M"S0=377,.0 

% 

M-1=12001=0 

% 

M27 

M27=157 

% 

M.0:30 

M.0 = XXX XXXX XX XXX 

M4 = XX XXXXX XXX XX 

etc. 

% 

reset 

reset MAP, then set MAO, 

then 1'-IlvfSR=0 

MAOL, MAOA 

MPIP: RSR Store(377,0) 

~L~P stack ptr should equal 

117,137 or 157 etc. 

this will display the 

first 30 locations, for 

example 

6.16.5 Dump MAP Internal Registers (by DMA) into Host Computer 

Buffer. 

*RU QSDDT 
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R 

% 

B27=0 

% 

M"53=0,"0 

12=-200,XXXXX 

% 

I4=14=1 

% 

I4 

14=100014 

% 

M-1=12200=0 

g, 
~ 

I4 

I4=140214 

% 

B27 

B27=137 

g, 
0 

6.24 

reset 

MAOL=0,MAOA=l77770; Point 
MAP output at D.MA Passive 
Input Port (DM.APIP) 

(PDP-11 only) DMAWC (200 
is size of DBUF); DMABA= 
DBUF 

(PDP-11 only) IOST: DMAIN, 

PASSIVE, then set GO 

(PDP-11 only) DMA not 
ready 

RSR Store (200,0) 

(PDP-11 only) DMA is now 
ready 

MAP stack ptr should equal 
117,137 or 157 ,etc. 



6.16.6 Modification of Character RAM (Mode A) 

*RU RSD009 

RSD009.S02 

CHARACTER GENERATOR VISUAL TEST 

% 

D 

DO WHICH PHASE(S)? 

2 

% 

x 

RUNNING 

PH 2: E&S STANDARD CHARACTER SET, RAM 

PHASE 2 DONE 

TEST COMPLETE 

..,RU QSDDT 

DBUF = xxxxx 

% 

A3764:3770 

A3764 = 2004 2414 2500 2404 

A3770 = 1140 

% 

3764=.0 

6.25 

Display the stroke defini

tions for fast lower-case 

"u" 

Still in "A" mode, change 

the first move to a no-op, 

observe the fast "u" drop 

below its line on the 

screen 



Chan~e the next stroke to 
a no-op, observe the 
effect. Similarly, 3766 
and 3767 may be changed. 
NOTE: 3770 is a halt 
command and should not be 
changed to a no-op. 

For moves and draws, bits 7-4 = delta x and bits 3-0 = delta y. 

Co.nsul t reference manual Section 2. 4. 4. 3 for more detailed 

informat1on. 

6.16.7 Modification of Coefficient RAM (Mode E) 

Execute QSD027 Phase 15 in similar f~shion to the preceding 

example. 

*RU QSDDT 

DBUF = xxxxx 

% 

E200:203 

E200 = 42 0 0 42 

% 

E200=40 

6.26 

Note the effect of this 
example on a line in the 
top-left quadrant 

Text blows way out of 
proportion because a 
speed bit in.location 

201, which always reads 



=440. 

E201 = 40 

% 

E202=10 

% 

E203 = 20 

% 

as 0, got changed from 

1 to 0 

Restore the speed bit 

This changes 203. Speed 

bits of 203 and 201 are 
equal. 200-203 = 40A-D, 

which is the first matrix 

in the coefficient RAM. 

Other RAM locations in the range 200-377 affect other 

characters on the screen. 

6.16.8 Modification of Spacing Registers (Mode Q) 

Execute QSD027 phase 12 in order to load the Character R.AJ.\1 

(A2000 +) with the "box" definition which adds displacement 

after drawing the box character. 

*RU QSDDT 

DBUF = xxxxx 

% 

M" 3 5. , 

6.27 

(or M37654. ,) Read Refresh 

Start Address and Refresh 

Limit 



R 

M0=300,176000,130000,170000 

,37003,1006,0,0 

F0=0,10,17;G 

% 

QlO=lO 

% 

=20 

% 

=200 

% 

% 

=200 

% 

6.28 

Reset Picture System 

LG Reset, Move 

lPDP-11 only) Load font: 
0 is the box character. 
This is the end of the 
refresh buffer. For ma
chines with first byte 
on the left side of each 
word: 1476,3002,0,0. 

Refresh Start Address, 
Refresh Limit, Clock Rate, 
Start Autorefresh. Four 
boxes should now appear 
on the screen. 

X integer part of spacing 
registers; note the screen 

Increase delta X 

Y integer part 



6.16.9 Searching a Refresh Buffer 

X fractional part has 

negligible effect, as 
does Y fractional part. 

Suppose that a "glitch" appears on the screen and it is 

desirable to determine its exact location in the refresh 

buffer. This can be determined by doing "binary search" 

with the refresh limit. Run the phase of the diagnostic 

which produces the glitch (an autorefresh phase) and then 

run QSDDT. 

% 

R 

% 

Ml77736 

M 177736 = 1000 

Fl=400G 

6.29 

Reset-necessary only for 
Multi-user Refresh Con
troller. 

Determine the refresh 
limit. For our example, 

assume 1000. For a Multi
user Refresh Controller, 

examine M37655, and sub

tract 2. 

Default values'are F0=0 
and F2=17 (120 HZ). Cut 



6.16.10 DMA to Line Generator (NORD-10) 

the refresh limit in half, 
and restart autorefresh. 
If the glitch disappears, 
try Fl=600G, or if it is 
still in the buffer, 
Fl-200G. Continue in this 
way to narrow down the lo
cation of the glitch. 

Reset, then initialize M"47 and B~ through BlS as in example 
6.16.2. 

WIS=l6;I3=XXXXX,4004$10000 

This line waits for DMA 
ready, loads DMA word 
count, loads D~.A start 
address, and loads DMA 
control, setting "write" 
and "activate" bits. 
These actions are repeated 
10000 times. 

6.16.11 DMA to Line Generator (Interdata 8-32) 

Before running QSDDT, display the System Memory Partitions 
("D<space>M<CR>"). Convert the hexadecimal base address of 
the ".BG" partition to octal (for example, hex 10400 = octal 
202000). Now run QSDDT, reset the Picture System, and initi
alize M"47 and B0 through BlS as in example 6.16.2. The DMA 
start address must be computed by adding the .BG base address 
to the reported DBUF address (for example, 202000+57710=261710). 
The least significant 16 bits are loaded into IlO (Il2 for DMA 
end address), and the most significant 4 bits into Ill (Il3 for 
DMA end address). 
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Ill=l,61742,1 

WI10=61710;I6=0=1$10000 

6-31 

Initialize extended part 

of DMA start addr~ss, DM.A 
end address, and extended 

·DMA end address. 

This line waits for DMA 
ready, loads DMA start 

address, clears DMA con

trol, then sets "go" in 
DMA control. These actions 
are repeated 10000 times. 



6.17 SUMMARY OF QSDDT COMMANDS 

CHARACTER MEANING SECTION 

$ 
$n 
I [n] 

* 
' [n] 

I 
:n 

. 
' =[n] 
>Xn 
? 
A 
B 
x 
D 
E 
F 
G 
H 
I 

K 
L 

M 
N 
0 
p 

Q 

R 
s 
T 
u 
v 
w 
x 
z 

Repeat command string indefinitely--------------6.4.2 
Repeat command string n times-------------------6.4.2 
Open preceding location and deposit n-----------6.2 
Read and complement-----------------------------6.12 
Open succeeding location and deposit n----------6.2 
Read and display contents of currently----------6.2 

open location 
Read the currently open location----------------6.2 
Read and display from current location to-------6.2 

location n 
End of command statement------------------------6.13 
Deposit n in the current location------------~--6.2 
beposit the current value in location n---------6.2 
Compare received and expected values------------6.6 
Character Memory Address Mode-------------------6.3.8 
Host Buffer Address Mode------------------------6.3.2 
Control Store Address Mode----------------------6.3.5 
DOIT Address Mode-------------------------------6.3.4 
Coefficient Memory Address Mode-----------------6.3.9 
Autorefresh Pararneters--------------------------6.3.12 
Start Autorefresh (G0)----------~---------------6.5 
Host Table (HSTB) Address Mode------------------6.3.7 
Interface Register Address Mode-----------------6.3.3 

PSDATA, DIOPSA, DMAWC, DMABA, IOST 
(~ through 4) 

Halt Autorefresh (KILL)-------------------------6.S 
Line Generator/Character Generator--------------6.3.10 

State Mode 
. PS Memory/SCB Address Mode----------------------6.3.1 

Read and negate---------------------------------6.12 
Octal Input-------------------------------------6.S 
Picture System Device Table Address-------------6.3.6 

Mode (PSTB) 
Inter-Character/Inter-Line Spacing Address------6.3.11 

Mode 
Reset Picture System----------------------------6.11 
Save DOIT---------------------------------------6.8 
Wait for Real-Time Clock------------------------6.7 
Unsave DOIT-------------------------------------6.8 
Verify DOIT-------------------------------------6.8 
Wait for DMA ready------------------------------6.7 
Exit QSDDT--------------------------------------6.9 
Decimal Input--------------------·-----,--------6.S 
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