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system at the University of Queensland, St. Lucia, Brisbane, in accord­

ance with the Specification issued by the University and as priced in the 
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or times stated and subject to the General Conditions of Contract and 

Conditions of Tendering issued by the University. 

day of January, 19 67 • 

" ·--,r .}12. 
A· 7 )~~"' 

Dated at: Sydney this Thirty-First 
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Five copies supplied. SCHEDULE I 

SCHEDULE OF RATES AN]) PRI CES 

Prices (in Austro.lian currency) are to be entered against each item tendered for. 

Specification Description Quantity Total 1/Ionthly Monthly Import Reference 

Section Price Rental Maintenance Ch2rges in Tender 
(Lo.b.) Charge 

PDP-l0/50 System comprising: 

5 Type KA 10 Central Processor 1 72,000 ) 

4 Type MB10A Core Memory 2 129,600 
) 
) 

4 Memory Processor Access Type MC 1 0 2 2,700 ) 

6 Type TD10 DECtape Control 1 13,800 
) 
) 

6 Type TU55 DECtape Transports 2 4,230 ) 

5.5 Type KP10 I/o Bus and Priority Interrupt 1 2,800 
) 
) - 690 14,000 Section 

4.6 Type KT10 Memory Protection and Relocation 1 4, 170 ) 2 
) 

i 

5.5 Type KE 10 Extended Order Code 1 10,800 ) I 

6.3 Type MS 10 Multiplexer/Selector Channel 1 15,300 ) 

6.3 Type RC 1 0 Disc Fi Ie Control 1 
) 

10,800 ) 

6.3 Type RD 10 Disc File 1 29,390 ) 
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Five copies supplied. SCHEDULE I 

SCHEDULE OF RATES AN]) PBI CES 

Prices (in Australian currency) are to be entered against each item tendered for. 

Specification Description Quantity Total 
Section Price 

(f .0. b.) 

6.3 Type RD10 Disc File 3 87,870 

5.6 Type KM 10 Fast Registers 1 8,100 

6.3 Type CR10B Card Reader 1 24,770 

6.3 Type C Pl 0 Card Punch 1 27,000 

6.3 Type lPl0C line Printer 1 45,000 

6.3 Type TU55 DECtape Transports 2 4,230 

6.3 Type T M lOB Magnetic Tape Control 1 19,800 

6.3 Type 3029 Magnetic Tape Transports 2 32,400 

6.3 Type 565 Plotter 1 8,100 

6.3 Type DC 1 0 Data Communications: 

DC10A 1 8,100 

DC10B 1 4,500 

6.3 Type KSR-33 Teletypes 8 6,500 

Monthly Monthly Import 
Rental Maintenance Charges 

Charge 

- 162 2,000 

- 16 100 

- 97 2,000 

- 90 2,000 

- 158 2,000 

- 24 1,000 

- 43 1,500 

- 330 2,000 

- 22 500 

- ) ) 33 1,000 
- ) ) 

- 200 2,000 
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Five copies supplied. SCHEDULE I 

SCHEDULE OF RATES AND PRI CES 

Prices (in Australian currency) are to be entered against each item tendered for. 

Specification Description Q;uantity Total ~lronthly Monthly Import Reference 
Section Price Rental Maintenance Charges in Tender 

(f.o.b.) Charge 

AI ternative equipment as follows: 

4.1 Type MB10B Core Memory 1 55,700 215 1,200 Section 
2 

4.1 Type MA 10 Core Memory 1 44,000 100 1,200 II 

6.3 Magneti c Tape Transport Type TU20 1 10,800 70 1,200 II 

6.3 Magnetic Tape Control Type TM10A 1 16,200 38 1,000 II 

6.3 Type lPl0A line Printer 1 29,200 120 2,000 II 

6.3 Type C R lOA Card Reader 1 13,500 75 800 II 

6.3 Teleprinters Type ASR-33 1 1,080 30 200 II 

6.3 Teleprinters Type KSR-35 1 2,250 22 300 II 

6.3 Type 338 Display 1 55,000 180 2,500, II 

6.3 Type 340 Display 1 36,000 66 1,500 II 

6.3 Type DA 10 PDP-8 Interface 1 4,500 10 100 II 

6.3 PD P-8 Computer 1 17,000 117 1,000 II 

--" 
.. ..... ./7 

Date ~.1.s!Aa}.~~~¥I.1?P7. 
Witness ~~ . . . . ....... . 



Five copies supplied. 

SCJL~ULE II 

REFE:rtEIJCES TO ::?ARTICULA.RS OF EQUIPI/1ENT TEtIDERED 

Specifico.,tion 
Section 

5 

6.3 (b) 

6.3 (c) 

6.3 (h) 

6.4 

6.4 

6.4 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.6 

7.6 

7.6 

7.6 

7.6 

It en 

PDP-6 Handbook F-65 and Change 
Noti ce #3 

Card Reader Type 461B 

Card Punch 

Incremental Plotter Type 350B 

DECtape Transport Type TU55 and 
Control Type TCOl 

Programmed Buffered Display Type 
338 

Data Communication System Type 
680 

MACRO Assembly Language 
Programming Manual 

Fortran IV and Fortran II Program­
ming Manuals 

Compact Cobol Language 

LIS P Programmer's Manual 

SIMPLE Manual 

Desk Calculator Programming 
Manual 

DDT Programming Manual 

Time Sharing TECO 

Batch Control Processor 

Multiprogramming System Manual 

DECtape Editor 

Reference in 
Tender 

Page 3 

Page 5 

Page 5 

Page 5 

Page 9 

Page 10 

Page 5 

Page 31 

Page 31 

Page 31 

Page 31 

Page 31 

Page 31 

Page 32 

Page 32 

Page 32 

Page 32 
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REFE:rtElfCES TO PARTICUIu.'1.RS OF EQ.UIPliIENT TENDERED 

Specificc.tion It en Reference in 
Section Tender 

7.6 Type 338 Programming Manual Page 32 

7.6 Fortran IV Library Routines Page 32 

7.6 User Programs Page B. 1 

- DEC US brochure Page 17 

- DECUS Proceedings, Spring 1966 Page 17 

- DECUS Proceedings, Fall 1966 Page 17 

- DECUS Proceedings, European Page 17 
Spring Sem inar, 1966 

- Small Computer Handbook Page 10 

- PD P-1 0 Systems Ph i losophy and -
Genera I Characteristi cs 

I I L'I-' 11 A' ~t, ",/J -
Si Co ture of Tenderer •• :.0 .... -r1!f:(:7 



:1 

I 

I 
.1 

I 

, I 
:Ii 
il: II 
, I 

:11 

'Ii ; ! , , 
, I 
, ! 

! i 
, I 

PROPOSAL TO 

UNIVERSITY OF QUEENSLAND, 

BRISBANE 

FOR A 

TIM E SHARED MULTI-USER, 

PDP-10 SYSTEM 

Prepared by 

DIGITAL EQUIPMENT AUSTRALIA PTY. LTD. 

January 1967 



I, , 
! 

! 

Section 1 

Section 2 

Section 3 

Section 4 

Section 5 

Appendix A 

Appendix B 

Appendix C 

Appendix D 

Appendix E 

Appendix F 

Appendix G 

TABLE OF CONTENTS 

INTRODUCTION 

PROPOSED CONFIGURATION 

GENERAL INFORMATION 

SYSTEM DESCRIPTION 

PDP-10 SYSTEM SUMMARY 

EXISTING PDP-6 INSTALLATIONS AND 
CONFIGURATIONS 

LIST OF CUSP PROGRAMS 

HEAT DISSIPATION OF THE PDP-10 
SYSTEM 

BATCH CONTROL PROCESSOR 

LAYOUT OF EQUIPMENT 

DESIGN OF THE PDP-10 TIME SHARING 
SWAPPING SYSTEM 

SUMMARY OF BASIC TECO COMMANDS 

2 

15 

21 

I 
38 i 

I 

I 
I 

'I 
" I 
I 

A. 1 

B. 1 

C.1 

D. 1 

E.1 

F.1 

G. 1 



SECTION 1 

INTRODUCTION 

Digital Equipment Australia Pty. ltd. has pleasure in submitting this proposal 

for the supply and installation of an Automatic Digital Computer System for 

the University of Queensland. 

We have proposed an advanced multi-programming system including remote 

user terminals. The hardware is a third generation design incorporating com­

patible software with its predecessor, the PDP-6. This ensures completed, 

tested and proven operating systems. The software has been developed over 

the past two years to meet the systems needs of a soph isticated group of users, 

who have in turn contributed substantially to the DECUS library. 

The equipment proposed is a PDP-l0 Model 50, with a core/disc swapping 

monitor. Current development of this monitor (as well as of the PDP-l0/40 

monitor) will provide re-entrant operation of the Compiler, Assembler and 

Text Editor, and will provide a conventional Batch Processing function, in 

parallel with multi-user operation. 

We look forward to supplying the Un iversity with this advanced Time Sharing 

system and contributing to its subsequent development, through our special 

capability in the fields of on-line communications, displays, small satellite 

computers and special input/output devices constructed from our circuit 

module products. 

-1-
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_H __ ' _______ , 

SECTION 2 

PROPOSED CONFIGURATION 

Component Parts 

1 only PDP-l0/50 configuration consisting of the following elements: 

Central Processor Type KA 10 
I/o Bus and 7-level Priority Interrupt System Type KP10 
Memory Protection and Relocation Type KTl 0 
Extended Order Code Type KE 1 0 

32K words Core MemC?TY, 1.0 microsecond cycle time, 
Type MB10A 
2 additional Memory-Processor Access Ports, Type MC 10 
Paper Tape Reader, 300 ch/sec 
Paper Tape Punch, 50 ch/sec 
Console Teleprinter 

DECtape Control Type TD10 
2 DECtape Transports, Type TU55 

Selector/Multiplexer Channel Type MS 10 
Disc File Control Type RC 10 
Disc File Type RD10 

Plus the following options: 

3 additional Disc Files, Type RD10 

Fast Memory Type KM 10 

Card Reader, 800 cards per minute, Type CR10B 

Card Punch, 100 cards per minute, Type C Pl 0 

line Printer, 1000 lines per minute, Type LP10C 

Magnetic Tape Control, Type TM lOB 

-2-
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2 Magnetic Tape Transports Type 3029 

Calcomp Plotter Type 565 

Type DC 10 Data Line Scanner, 8 I ines operating 

8 User Consoles 

2 additional DECtape Transports, Type TU55 

2.2 Description 

Central Processor - The PDP-10/50 computer system has as the major 

control element the Type KA 10 Arithmetic Processor. The 36-bit word 

length of the KA 10 allows for the direct addressing of 262, 144 core 

memory locations, 15 index registers, 16 accumulators, and an indirect 

bit for multi-level indirect addressing. It provides for up to 512 oper­

ation codes, of which 365 are currently implemented. An additional 64 

of these codes may be arbitrarily assigned by the programmer. Included 

in the PDP-10 instruction repertoire are important groups of instructions 

for byte manipulation, list processing, floating point operations, and 

logical manipulations. The full list of the PDP-10 instruction codes is 

shown in Appendix 1 of the PDP-6 Handbook, F-65. In the proposed 

configuration, the Central Processor is equipped with full memory 

protection and relocation and a 7-level priority interrupt system for 

input/output transfers. 

Primary Storage - 32,768 words of core storage are provided in two 

modules of 16,384 words each. Memory cycle time for the proposed 

core storage is 1.0 microseconds. The average cycle time of the pro­

posed configuration, however, is improved approximately 25% by the 

interleaving of memory addresses. Each of the 16K memory banks 

operates asynchronously to the Central Processor and to each other. I 

IL;~_ ~~~~-~3-~~~D~DDmD~ 
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Fast Memory - The 16 accumulators and/or index registers are normally 

located in the lower 16 addressable locations of core memory. We have 

proposed that the fast memory option be supplied, which reduces the 

access time of the accumulators and index registers from 1.0 microseconds 

to virtually 20 nanoseconds. As on the average every second memory 

reference is to an accumulator, the increase in overall operational speed 

is very significant. 

Secondary Storage - The proposed magnetic disc system provides for 

storage of 10.56 million characters on four separate disc files. Rota­

tional delay of the disc file system is 34 milliseconds, giving an average 

access time of 17 milliseconds. Transfer rate to the PDP-10 is 15 micro­

seconds per 36-bit word, or 2.5 microseconds per 6-bit character. The 

disc is a fixed head system, so that there is no increase in access time 

due to head movement. Each disc file has a capacity of 440,000 words 

or 2.64 million characters. Data is transferred to and from the disc file 

system control through the Selector/Multiplexer Channel. This controller 

occupies one of the four ports into the core memory of the system. The 

Selector/Multiplexer Channel can handle up to four high speed device 

controllers requiring direct core memory access. 

Tertiary Storage - Four DECtape Transports are provided for "carry away" 

user file storage, library program exchange and data storage. The DEC­

tapes have a character transfer rate of 15 Kc~, with each reel of tape 

holding 443,900 6-bit characters. The two IBM compatible Magnetic 

Tape Transports have a maximum transfer rate of 60 Kc/s. These trans­

ports are provided for communication with existing systems and for 

larger capacity off-line storage. 

Paper Tape Reader - The Paper Tape Reader on the PDP-lOis suppl ied 

I 
! 

as standard. It is designed to read 8-channel fanfold paper tape photo- ,i 

electrically at 300 characters per second. J 
,~~~~~----;~-4-~~~~D~DDmD~Ji 
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i Paper Tape Punch - The Paper Tape Punch is suppl ied as standard with ,! 

, I 

1 
: I 

i 
I 

the basic PDP-10 configuration. It punches 8-channel paper tape at 

50 characters per second. 

Console Teleprinter - The Console Teleprinter provides operator com­

munications with the Central Processor and monitor at 15 characters 

per second. When not required for operator control, the Console Tele­

printer may be used as a separate user station. 

Card Reader - The Card Reader reads 80 column punched cards photo­

electrically at 800 cards per minute. It reads in either alpha-numeric 

or binary modes. 

Line Printer - The Line Printer offered has a sustained printing rate of 

1000 lines per minute, 132 columns per line. 

Plotter - The Type 565 Plotter has a maximum stepping frequency of 

18,000 per minute with a step size of .01 inches. It has a paper width 

of 12 inches. 

Card Punch - The Card Punch offered punches 80 column cards at 100 

cards per minute. 

User Consoles - The User Consoles (Teletype Model KSR-33) provide 

keyboard and printing facilities at 10 characters per second. The user 

stations may be used either in close proximity to the computing centre 

or at distances of up to ten miles on a leased line, or at any distance 

with the aid of Modem equipment viC! the PMG's network. 

DC 10 Data Line Scanner - Communi cations between the PDP-10 and 

-5-
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its users are provided by the DC 10 Data line Scanner. Th is equipment 

buffers and controls serial input and output information required for 

communicating with the PDP-I0. This information may be either 5 or 

8-bit characters, from local or remote lines, or via switched communi­

cations networks. It is expandable in groups of 8 lines up to 64 lines. 

Each group of 8 may have up to 3 different speeds of transmission. 
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2.3 

i i 

2.3.1 

Additional or Alternative Equipment 

Type KA 10 Central Processor 

1.65 microsecond 16K Core Memory Module Type MBl OB 

1 .0 microsecond 8 K Core Memory Module Type MA 10 

1.0 microsecond 16K Core Memory Module Type MB10A 

DECtape Transports Type TU55 

Magnetic Tape Transport Type TU20, 36 Kc/s 

Magnetic Tape Control Type TM10A 

line Printer, 600 Ipm, 132 column, Type lPl0B 

line Printer, 300 Ipm, 132 column, Type lPl0A 

Card Reader and Control, 200 cards per minute, Type CR10 

Optional Teleprinters: 

Type ASR-33 (with reader and punch, I ight duty) 

Type KSR-35 (without reader and punch, heavy duty) 

Type 338 Programmed Buffered Display 

Type 340 Display System 

Type DA 10 PDP-8 Interface Control 

PDP-8 Computer 

Type 680 Data Communications System 

All PDP-8 Options (see Small Computer Handbook). 

Type MB10B Core Memory Module - Type MB10B is the memory 

presently used on the PDP-6 system. It has a cycle time of 1 .65 

microseconds, and an access time of 900 nanoseconds. 

of this memory is avai lable in December 1967. 

-8-
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2.3.2 Memory Module Type MAlO - This is a 1.0 microsecond 8K core memory 

module similar to the proposed. Delivery could not be effected until 

April 1968. 

2.3.3 DECtape Transports Type TU55 - This transport is the same as is used as 

standard on the PD P-1 0/50 configuration. The DECtape Control wi" 

control up to 8 transports. 

2.3.4 Magnetic Tape Transport Type TU20 - The Type TU20 is an I BM compat­

ible magnetic tape system with a maximum transfer rate of 36 Kc/s. 

This transport must be used with the Control Type TM10A. Each TM10A 

will control up to 8 TU20 transports. 

2.3.5 Line Printers - Line Printers are available in 300, 600 and 1000 line 

per minute versions with 120 and 132 columns. Character spacing is 

10 per inch, with lines 6 per inch. The line printers operate on a 64 

character set. The interface is designed to handle 7-bit ASC II code, 

thus line feed, carriage return, form feed, horizontal and vertical tabs 

etc. are treated by the program as printable characters rather than 

control functions. They are packed in the output data, five to a 

computer word, and interpreted by the printer control hardware. 

2.3.6 Card Reader and Control - The optional 200 card per minute reader reads 

either alpha-numeric or binary codes photo-electrically at 200 cards 

per minute. 

2.3.7 Optional Teleprinters - All the remote user teleprinters operate at 10 

characters per second with an 8-bit ASC II code set. The ASR teleprinter 

is equipped with a 10 character per second a-level reader and punch for 

either off-line tape preparation or on-line reading of data via the monitor 

system. 
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2.3.8 Type 338 Program Buffered Display - The 338 includes a PDP-8 computer 

as the core storage buffer for a very powerful graphical display system. 

Full details on the 338 are included in the attached literature. 

2.3.9 Type 340 Display System - The Type 340 is a graphical display system 

which plots points and lines on a 16 inch tube with data drawn directly 

from the PDP-10 system. The display itself is unbuffered. 

2.3.10 PDP-8 Computer - The PDP-8 is perhaps the most popular small computer 

in the world today. Designed for scientific and engineering control 

systems, it may be used in this system as the control element for a tele­

type line multiplex system. However, with its wide range of standard 

peripheral equipment that includes A/D and 0/ A converters and multi­

plexers, display systems and communications systems, and the facilities 

for easy interfacing to any non-standard devices, the PDP-8 is ideal as 

the peripheral computer on a PDP-10 system. 

For full details of the PDP-8, please see the Small Computer Handbook. 
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2.4. 1 Proposed Equipment: 

only PDP-l0/50 configuration, comprising: 

Central Processor " -(, t' 1;:: 
I/O Bus and 7-level Priority Interrupt 1<I"t' 

Memory Protection and Relocation j(' i , C 

Extended Order Code (Byte and Floating Point);!!" ,e 

32 K words Core Memory, 1.0 microsecond 
cycle time , -

";l, fI_ 

2 additional Memory-Processor Access Ports '~::;...~:.c 
Paper Tape Reader, 300 ch/sec 
Paper Tape Punch, 50 ch/sec 
Console Teleprinter /.~-":-?·l 

DECtape Controlc"t 
2 DECtape Transports il;:') (,/:,!s'-'''-~' ~ 

i/",Selector/Multiplexer Channel f'" ~ It' 
Disc File Control p. IC 

Disc File ;:'VI( 

3 only additional Disc Files Type RD10 @ $29,290 
1 only set of 16 Fast Accumulators Type KM 10 
1 only Card Reader Type CRl OB, 800 cpm 
1 only Card Punch Type CP10, 100 cpm 
1 only line Printer, 1000 Ipm, 132 column 
2 only DECtape Transports Type TU55 
Magnetic Tape Control for 60 Kc/s Transport, Type 
TM10B 
2 only Type 3029 Transports @ $16,200, 60 Kc/s 
1 only Calcomp Plotter and Control Type 565 
Data Communications System Type DC10, 8 local 
lines: 

DC10A Control Unit 
DC 108 8 line Group Unit 

8 only User Consoles, Type KSR-33 
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295,590 
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87,870 - ;11 
8,100 

24,770 
27,000 -
45,000 
4,230 

19,800 
32,400 
8,100 
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2.4.2 Alternative Equipment Pri ces 

Type KA 10 Central Processor 

Type MB10B Core Memory, 16K at 1.65 microseconds 
per word 

Type MAlO Core Memory, SK at 1.0 microseconds per 
word 

Type MB10A Core Memory, 16K words of 1.0 micro­
seconds 

DECtape Transport, Type TU55 

Magnetic Tape Transport Type TU20, 36 Kc/s 

Magneti c Tape Control Type T M lOA 

Line Printer, 300 Ipm, 132 column, Type LP10A 

Line Printer, 600 Ipm, 132 column, Type LP10B 

Card Reader and Control, 200 cpm, Type CR10A 

Te I epri nters: ASR-33 

KSR-35 

Type 33S Programmed Buffered Display with Character 
Generator 

Type 340 Unbuffered Display with Character Generator 

Type DA 10 PD P-S Interface Control 

PDP-S Computer, including CAB-SB 

Type 6S0 Data Communications System Control for 16 
local lines 

Each additional local line 

Additional control for up to 32 long lines 

Each long I ine implemented 

-12-

Total $A 

72,000 

55,700 

44,000 

64,SOO 

2, 115 

10,SOO 

16,200 
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55,000 

36,000 
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2.5 Maintenance Prices 

2.5. 1 Proposed Configuration - The following prices are for a single shift 

maintenance contract for the proposed PDP-l0 equipment. 

PDP-l0/50 

Disc Files, 3 @ $54-

Fast Accumulators, Type KM 10 

Card Reader, 800 cpm, Type CR10B 

Card Punch, 100 cpm, Type C Pl 0 

line Printer, 1000 Ipm, 132 column, Type lPl0C 

Magnetic Tape Control Type TM10B 

Magnetic Tape Transport, 2 @ $165 

Calcomp Plotter and Control Type 565 

Data Commun i cations System Type DC 10 

User Consoles, Type KSR-33, 8 @ $25 

A$/Month 

690 

162 

16 

97 

90 

158 

43 

330 

22 

33 

200 

$1,841 

i 
i 
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2.5.2 Alternative Equipment 

Type MB10B Core Memory 

Type MA 10 Core Memory 

DECtape Transport, Type TU55 

Magnetic Tape Transport, Type lU20 

Magnetic Tape Control, Type T M lOA 

Line Printer, 600 Ipm, 132 column, Type LP10B 

Line Printer, 300 Ipm, 132 column 

Card Reader and Control, Type CR10A 

Tel eprinters: 

Type 338 Display 

Type 340 Display 

ASR-33 

KSR-35 

PDP-8 Interface Type DA 10 

PO P-8 Computer 

2.6 Freight and Insurance 

A$/Month 

215 

100 

12 

70 

38 

133 

120 

75 

30 

22 

180 

66 

10 

117 

Because of the del icate nature of computing machinery, Digital prefers 

to air freight the system to Australia . 

. ~ Estimated cost of Air Freight and Insurance for the proposed system 

(Section 2.4.1) is $30,000. 

This cost is approximate only, and the University would be charged for 

the actual shipping costs. 

I 

I 
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SECTION 3 

GENERAL INFORMATION 

Delivery Schedule 

Delivery of the complete system including software is May 1968 or twelve months 

from receipt of order, wh ichever is the later. Insta"ation and acceptance at 

site is estimated to take another six weeks. If the optional Type MBI0B Core 

Memory is suitable for your requirements, delivery may be effected in January 

1968. These delivery times are valid for sixty days from the date of this proposal. 

Warranty 

The PDP-I0 system is warranted to be free from manufacturing defects for three 

months from date of acceptance. This includes repair and replacement of defec­

tive parts at no additional charge for this period of time. All parts, labour, 

travel, shipping charges, etc. for replacement items are included in this warranty. 

No consequential damages or other secondary liabilities of any kind are covered 

by this warranty. Digital will supply its standard time shared swapping monitor 

which wi" efficiently operate the proposed equipment. 

Inspection of Similar Equipment 

A similar configuration to that proposed is available for inspection at the Uni­

versity of Western Australia. This machine is a PDP-6 system, which is the 

predecessor to the PDP-I0 and is program compatible, i. e. it uses the same Time 

Sharing Monitor System as the PDP-IO Model 40. Existing PDP-6 installations 

and their configurations are shown in Appendix A. 

-15-
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Development State of the System 

The first PDP-10 prototype computer is expected to be in operation in February/ 

March. Delivery of the first production PDP-lOis scheduled for September 1967. 

Digital's time sharing monitor system was first placed in general use in May 1965. 

Since that time it has been undergoing continuous program development in all 

phases of operation. The time sharing swapping monitor has been in operation 

since May 1966. The Fortran IV compi ler and operating system has been in 

operation since June 1966 at all installations of the PDP-6 system, including 

the University of Western Australia. All other programs listed in the PDP-10 

program library (see Appendix B) have been in general use for many months. All 

software systems are, however, under continual revision, and as suggestions are 

received from the existing users, they are evaluated and incorporated into the 

system where appropriate. 

Reliability and Availability 

The following figures were derived from the PDP-6 system at the Un iversity of 

Western Australia for the period 31st March 1965 to 1st February 1966. Faults 

w.ere recorded on the complete system, but not including the remote teleprinter 

units. Total hours switched on: 

Total faults recorded: 

Mean time between failures: 

6,020 

31 

194 hours 

Percentage availability over the ten month period was 99.2%. 

Due to the increased reliability of Digital's FLIP CHIP logic modules, the PDP-10 

is expected to provide greater reliability in addition to substantially increased 

performance. 

-16-
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Maintenance 

The PDP-10 computer is equipped with provision for marginal checking by varying 

the voltage to individual racks of logic modules in the system. These checks are 

performed just prior to acceptance and the results recorded. The checks are sub­

sequently performed every 1000 hours after acceptance and the trend of the 

voltages at point of failure is noted. If the margins fall below certain limits the 

cause of the failure is determined and corrected. Estimated maximum time in­

volved for each of these 1000 hour checks is 15 hours. It is recommended that 

maintenance diagnostics be run for half-an-hour prior to each day's operation. 

These may be carried out by unskilled operators. Electro-mechanical equipment 

requires periodic lubrication of components at intervals not exceeding 300 hours. 

To perform these tasks and to provide a local contact for software support, Digital 

will place a qualified engineer near or at the University of Queensland, both 

during warranty and for the period of the maintenance contract. The engineer 

will have had a period of training, if not on your actual system, then on a similar 

one. As back-up, Digital has three engineers in Australia with considerable 

PDP-6/ -10 experience, both in Austral ia and overseas. 

Post-Installation Support 

Digital will provide a telex connection either at Queensland University or at any 

location in Brisbane yet to be decided. This will provide rapid communication 

between all our Australian offices and with our factory in Maynard. As the 

systems programs are under continual development, revised copies of the programs 

are distributed to all installations at regular intervals. Programs developed by 

other users are available through our users group, DECUS. For full details of 

users in the PDP-6 and PDP-10 group, see Appendix A, and for details of DEC US 

see the attached brochure. To provide post-installation support for programming 

staff, the maintenance engineer will have some familiarity with the software 



system and will provide a local interface to more experienced software support 

people. Our Australian staff includes people who have participated in the devel-

opment of the time sharing system from its concept, and will be available for 

consultation by the University. 

Insta "ation 

Minimum area of floor space to house the proposed equipment is 1 000 square feet, 

not including the user consoles. All equipment associated with the computer is 

designed to operate directly from multiple 220-250V 50 cps power outlets. No 

conversion equipment is necessary. Heat dissipation of the proposed equipment 

is shown in Appendix C. 

Training 

Digital will provide, free of charge, three programmer training courses totalling 

approximately 3 week's duration. These courses can be tai lored to emphasise 

any special requirements of the University. However three basic areas would be 

covered: 

* 

* 

* 

PDP-10 system operation. Including start-up, local and 

remote console operation, peripheral device operation 

(and routine cleaning). 

PDP-10 programming, including MACRO-10 and the common 

systems programs. 

Time sharing monitor design and the hardware/software 

interfacing to special i/O deVices. 

-18-
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Conditions of Sale 

Digitalis normal Terms and Conditions are shown on the next page. These 

include the following provisions: 

(a) Digital shall not be liable for any damages or penalty 

for delay in delivery. 

(b) Terms are net thirty (30) days from date of invoice. 

The University will be invoiced at the time of delivery 

of the system. 

(c) There is no provision in the terms for the payment of 

a security deposit on receipt of an order for the system. 

Th is may be subject to further discussion in the event 

of Digital be ing awarded the contract. 

I 
I 

I 

I 

I 
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TEI .. S AND CONDITIONS 
TIle ... , ...... _ ......... .-.... • ......, ............ .,R,a. c: ........... ...,......., 
...... DIC. ""I ill 'I'''''''' 

""CEI - Price ..... exclusive of .11 faderal. "'ta. municipal. or 2. IVITIII IIDOULaI. UI01IATOItY IIODULII. HIIH cualt&IIT 
othar ,overnment. a.cl_e ... Ies. u .... occupatl_l. or lika uxas PULSI •• UIPIIIINT - All S)'IItem Modules. Labor.tory Mod ..... and 
now In foree or anacted in the future and, tMrefore, a,. 'Ub~t to HI,,, Cu,rent Pul.. Equipment a,. ,ua ... ntead a .. inal datac:ta In 

~~I~~':~a~Q~~ntt~m~~t;.o d:~~~x ofD~~ 'rtk:-p==. to :::r~~ ::.~ f:=!a::~ ~r~~p=.·I~r w~r~e'::'~ :-: 
DELIVEIIY _ 1. Delivery will be made F.O.B. DEC's plant, Maynard, any ~r,.tw:; :odUJ:f LabClrftory Modu" or Hi,h Current "u'" lqul~ 
Mas .. chusetts. The time of delivery i. the time wMn tha p,oduct ~I~~nt. be eeti". n -'<man.hip or material within -~, 
to be delivered i. ready for pickup by tM carrier. Systam Modules, Laboratory Modules and Hlih Currant Pul .. Equi~ 
2. DEC shall not be liable for any dama,a_ 0' panalty for dalay in ment mUlt be returned p ... pald to DIC. --rransporlatlon clla .... 
delivery or for failura to .ive notice of delay when such delay i. due coverln. the return of the repaired System and Laboratory Moduln 
to the elements, acts of God, .ct. of the purcha .. r, acts of civil sMIl be paid by DEC. Pie ... ship all units to. 
or military authority, priorities, fires, or flood., or ep'idemics, quaran- Dieital Equipment Corporation 
tine restrictions. war, riotl, strikes, differences With workmen, K- Modl1le Service Department 
ciden!s to machinery, car shortages. delays in tran.portation, daley 146 Main Str ... t 
in delivery by DEC's vendors, or any other cau .... beyond the reason- Maynard, Mas .. chusetts 01754 
able control of DEC. In any such event, tha delivery date shall be No module. or Hieh Current Pulse Equi{II!Mnt wi" be .ccapted for 
deemed axtended for a period equal to tha dalay. credit or axchanee without tha prior wntten approval of DEC. 

3. Title to the products shall pas. to tM pure has .. upon delivery 3. COM .. UTIIII. COMI"UTEII O"'ONI. AND OTHllt DIC IYITIMI 
thereof by DEC, and upon delivery tha pureha .. r shall be responlible _ All of thil equipment il warranted f .... from defects in matarlal 
for and bear the antira risk of loss or d.m .. a to the products. and workmanship for tM parlod of time applicab" to tha type of 
4. Products held for the purcha.er or stored for the purchas .. shall equipmant: 
be at the risk of the purcha .. r. The purchaser .h.1I also be liable PDP-6 - 6 month. 
for tha expense of holding or storing products at the purcha .. r'. PDP-7 - 3 months 
request. PDP-lI- 3 month. 

IHI .. MINT - In the absence of specific instructions DEC will select 
the carrier. 

TEIIMS - Terms are net ca." with order except where .. ti.factory 
open account credit is established. in which C!S8 the terms .re net 
30 days from the data of invoice. DEC will issue invoices on delivary 
in the ca.e of all products. 

DATA AND PROl'RIETAIIY IIIGHTI- DEC normally .upplies all tha 
necessary data for the proper installation. test. operation. and 
mainten.nce of its products. Portions of this data are proprietary in 
nature and will be so marked. and the purchlls~r _arees to abide 
by the terms of such. markines. DEC retains for itself all propriatary 
rillhts in and to all delillns. engin_rine details. and other data par­
talOlnlJ to any products specified in the contract, all discoveries, 
inventions, patent rights, etc., ariSing out of the work done in con­
nection with the contract or with any and all products developed as 
• result thereof, inc.ludina the sole right to manufacture any and all 
such productSl. 

PATENTS - The purchaser aerees to notify DEC of all claims that 
any DEC equipment infringes a United States PIItent. 
If notified promptly in writing of any action (and all prior claim. 
relating to such action) brought against the purchaser based on a 
claim that the equipment infringes a United St.tes patent, DEC 
will defend such action at its expense and will pay the costs and 
damage~ awarded in any such act;on, provided that DEC shall have 
had sole control of the defense of any such action and all neiotia~ 
tions for its settlement or compromise. In the event that. final in­
junction shall be obtained against the purchaser', use of the eQuip­
ment or any of its parts by reason of infrinlement of • United 
State. patent, or if in DEC's opinion the equipment is likely to be-

~~~e !~11. S~?j~t ~~~O~a~~dOfarw~I::~~~~f :it~~~t-:r!:~~:' fo~t~~ 
purchaser the right to continue using the equipment. replace or 
modify tha .ame so that they become noninfrineine. or erant tha 
purcha.er a credit for .uch equipment a. depreciated and accept 
their return. Th. depreciation shill be an equII amount par year 
ovar the lifetime of the equipment ao esublished by DEC. DEC shall 

~r.tu::vi~ :~~ ~:~~g:Y i~~ri~~~~~~~~~·~I~~ett!~:of.rr.i~aadof ~ 
the use of the equipment in combination with equipment or devices 
not made by DEC. or in a mann .. for whic" the equipment _s not 
desibned. No costs or expenses shall be Incurred for the account 

f~. DeE,,1ir:,in:b~:it:h~f o~tte;it~o~:.epne~tO~o ~~~·in;e~e~~~'O~f.~::t~ 
the equipment or any part thereof or by their operation. 

WARRANTY -1. FLlI'-CHIP MOOUL[5- All Flip-Chip modules (shown 
in Catalog C-I05, as revised from time to time), are unconditionally 
guaranteed against detects in workmanship and materia' under nor­
mal use and servic~ for a period of ten years from date of shipment. 
DEC will repair or replac.any Flip-Chip modules found to be defective 
in workmanship or matenal within ten years of shipment for a 55.00 
per unit handling charle. Handlina charles will not be applicable for 
one year after delivery. 
Flip-Chip modules must be returned prepaid to DEC. Tran.portation 
charges covering the return of the repaired Flip-Chip modules ,hall 
be paid by DEC. Please ship .11 unit. to: 

DigItal Equipment Corporation 
Module Service Department 
146 Main Street 
Maynard, Ma.sachusetts 01754 

No 'modules will be accepted for credit or exchange without the 
prior written approval of DEC. 

LINC - 6 month. 
MEMORY TEST SYSTEMS - 6 months 

TM _rranIY period be,ln. on tM dete of insullation. Any compo­
nant which 'ail. durin, his period will be aither repaired or ... placed 
at DEC's option. 
4. All above w"rantie. are contlnlent upon proper u ... in the ap­
plication for which tM products .... intended and do not c.,..... 
products which have _ modified without DEC's a~', or 

~rh~ ~r~h ~n o~~~~~tT3.~I.::¥r..,::,I"f:J:i~~v:r .::.a;t~!""~re: 
altared. These warranties will not ap~ If adjuatment, repair or 

r:i~Sr.reg/·~~~i ~~i~~ ~~~~in&~C~~~~'tyn~~~:OI~~~~:~ 
portation or cau ... other than ordinary use. 
5. The forejloin!! warranties are in lieu of a" othar warrantias ex­
pressed or .mplled, and of all obli,.tion. or liabilltl .. on the part 
of DEC for damaee.. includine but not limited to consequential 
d.maaes .risine out of or in connection with the use or performance 
of the equipment. 

ACCE"ANCE TEITI FOil COMPUTEIII. COM .. UTEII O"IONI AND 
OTHER DEC IYITEMI- Prior to shipmant, DEC will place the equi~ 
ment in food workin, order includin, succe •• ful operation of tha 
equipmen u.injl test procedure. and/or p..,.rams, established by DEC, 
which are applicable to tha equipment. All acceptance t .. ts will be 
run by DEC personnal at tha DEC factory upon five d.ys' written notice 
to the PureM .. r, in order to allow a represenutive of the Purehaser to 
witness the accept. nee t •• ts. Tha Icceptance test report sl,ned by tM 
DEC representative (and by the Purch .. er', repre .. ntatlve If ha at­
tend. and witnesses the accapunce tests) wi II be SUfficient to e.tab­
t~:ts~h.t tha equipment has .. tiafactorily comp .... d tha accepunce 

INSTALLATION OF COM .. UTIIII. COMI'UTEII O"'ONI AND OTHIII 
DEC IYITEMS - Th. equipment will ba in.talled and placed In ,ood 
workin. order includin. succes.ful operation of t"e equipmant usin, 

~~~t~~uf~ ~':fi~;,,~~ra~~ ~u~cb~~ •• ~~ S~~IID~.k=h~~~::,:~ 
.uluble plac. of installation with all facilities aa specifled in DEC', 
Insullation Manual. The Pureh" .. r .hall furnish all labor required for 
unpack In, and placin, the equipment in the de.ired location. 

"ILD 'NITALLATION OF O"IONI - Standard field installation 
ch.,....s are 5% of the option's list price with a $200 minimum and 
$5,000 maximum plus travel expense. 

IUaITiTUTION. AND MODifiCATIONS - DEC assume. tha ri,ht to 
make substitutions and modifications in the specifications of equip­
ment desi,ned by DEC oroviding th.t such .ubstitutions or modifica­
tion. will not materially affect the perform.nce of tM equipment. 

TOOLS - DEC shall retain title to and posse •• ion of any modal., 
pattern.. dyes. molds. jies. fixtures, and other tools made for or 
obtained in connection with this contract. 

CONTIIACT - A valid contract bindlne upon DEC will come into 

:~;~~ri~~:r ::e~: ~~eD~i~ta ';~~~:~d,w~~:~~~~!~~f: r~e~r.':,a~~h:~ 
to the purchaser by DEC. 

CHOICE OF LAW - This contract is made in, eoverned by and shall 
be construed in accordance with the laws of the Commonw_lth of 
M .... chusetts. 

ERRORS - Stenographic and clerical errO<5 are subject to correction. 
DEVIATIONS - Deviations from these term~ and conditions Ire not 
valid unless confirmed in writing by an authorized aaent of DEC at 
Maynard. Massachusetts. 

SUPPLEMENTARY TERMS AND CONDITIONS OF SALE 
Applicable to tha lale of I'reducts (ucludine dovelapmental, experimental, and r .. aarch typ .. ) lor U.S. Government End-Use 

The followin. term. and condition. of .ale apply to ,ales for U.S. Government end-use whan the 
Government contract number is specified on your order. 

1. INSPECTION - DEC egrees that such products will be subJect 
to Ir;s/ . ..Iection -'tOld test by tt,e Government under the same arrange­
ment~ that apply to contracts between DEC and the Government 
for d,ff"CI!y suprHYlng the same or simillir products, 
2. BUY AMERICAN ACT - To t~e extent required by the Buy Amer­
ican Act (41 U.S. Code lOa-d) D£:.C agre~s to deliver only such 
p'oducts as have been manufact·Jred in the United States 5ub5tan­
tlaily all from supplIes mlnpd, produced, or manufactured, as the 
case be, in the United States 
3. WALSH-HEALY ANO EIGHT HOUR LAWS - In the performance 

~~o~~~~n~n~~r t~~urw~r'~~~H~i,; apg~~~~ t~o~~~~~~ ~~tt (t:~ U~~.IiC~~: 
3;-45) Or the Work Hours Act of 1962 as amended (40 U.S. Code 
327·332), whichever is applicable, and official regulations and 
determinations thereunder. and will save you harmless from any 
Claim or liability because of DEC's non-complIance. 
4. NONOISCRIMINATION IN EMPLOYMENT - In the performance 
of work under your order, DEC agrees not to discriminate against 
any employee or applicant for employment because of race, creed, 
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color, or national origin in accord1nce with Executive Orders 10925 
and 11114 as amended. 
5. TERMINATION - You may, by written notice to DEC. terminate 
any order, 10 whole or in part, to the extent that such termination i. 
made nece~sary by 8 termInation in whole or in part, or modifica­
tion, hy the Government of the prime contract upon which your 

grR~r a~d bt~~edpurlc"haS~eCrh w~~e~~, I~ea~~~rdeac~~vee ~lf~tth:ngro~i:16~ ~; 
ASPR, Sect:oo 8-706. 
•.. RENEGOTIATION -: DEC agrees to abide by the applicable pro-

~ii~~~~_ ~/a~~~e~~fo~~a~~"e~d~d Ofa~~5;)(~:~~e~' (~~nt.~~n~~~r 4~~~ 
and 10 U.S. Code 311), which IS applicable, with respect to orders 
contall1in~ notice that either of said Acts is applicable, ,and agr~es 
to In~ert In sub-contracts thereunder the provisions reqUired by tne 
applicable Act. 
7. MILITARY SECURITY REQUIREMEHTS - The prOVIS'on5 of the 
"Mllitary Security ReqUirements" clause in ASPR, Section 7-104.12 
wdl apply to any order involving access to classified Inforrnation. 



SECTION 4 

SYSTEM DESCRIPTION 

In writing this description we have followed closely the system requirements stated 

in your Specification. Paragraph numbers used in your Specification are given 

opposite the related description in our proposal. 

3.0 General 

3. 1 Most of the existing PDP-6 installations are oriented towards tech­

n i ca I computation, in research or teach ing institutions. PDP-10 

interest is in this same direction, and our programming development 

is oriented to serve this area. The major role of PDP-la/50 then, 

is a time shared technical computing facility with multi-user (local 

and remote) and on-line capability. Teaching, research and the 

University's administrative work are very effectively handled on 

such a faci I ity. 

3.2 The teaching load, consisting of large numbers of small programs, 

can be handled as a batch, with minimum operator intervention. 

Compilation rates of the order of several hundred statements per 

minute (for the proposed configuration) would limit the throughput 

to a little under card reading speed (800 cpm). If compilation 

listings (source statement plus assembly level listing) were required, 

this would generally control the throughput, even at 1000 lines per 

minute. The special advantage of Digital's system is that the 

higher level students (particularly post graduates) can be exposed 

to advanced computing techniques using our standard products, 
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e.g. not only time sharing, but the use of displays, remote ter­

minals, peripheral processors and special purpose (home made) 

l 
i nte rfaces. 

3.3 Sophisticated program development is generally best handled by 

an on-line user, who is able to originate, edit and compile his 

source files, then load, run and debug his object program, all 

in direct contact with the computer from a user station. This 

approach allows the programmer to work at his own rate, with 

interruptions arising from turn-around essentially removed. The 

proposed monitor (the PDP-10/50 system) provides a disc/core 

swapping system to accommodate large user programs. Futher­

more, the Fortran IV compiler, the MAC RO-l 0 assembler and 

TEC 0 editor are being made re-entrant in the time sharing 

environment, to reduce core requirements for these common 

operations. 

3.4 A Compact Cobol Compiler has been written by Digitalis 

Australian staff, to provide PDP-6/PDP-l0 with a facility 

3.5 
and 
3.6 

for handling data processing applications. This compiler was 

produced initially for university administrative data processing. 

The proposed 10/50 installation is a general multi-user time 

sharing system, including batch processing. It is well recog­

nised that Digital is the leader in this field, having implemented 

time sharing with its PDP-6 before the principle was generally 

accepted by the. industry. Although other companies are now 

proposing very large time sharing systems, Digital has a very 

significant accumulated experience with installed systems. Most 

PDP-6 systems include, in addition to remote user stations, an 

I 
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assortment of on-line equipment for data collection and control. 

The documentation suppl ied with our systems enables the mon itor 

to be adapted to local requirements. Typically this includes the 

addition of service routines for specialised on-line devices, 

alterations to the scheduler etc. The benefits of our experience 

in operating these systems in lithe field" enable new installations 

to get into a solid production state without a protracted settling­

in and debugging delay. 

3.7 The PDP-10 system is specially designed for expansion. The 

10/50 configuration can be built up from a smaller configuration 

by the addition of hardware, while retaining program compatibility 

at both source and object level, as well as file compatibility. The 

basic 10/50 configuration can be expanded by the addition of core 

memory and additional processors (up to four PDP-10 processors 

total, including I/o processors), each with direct addressing 

capability up to 262,000 words of core. Additional core memory 

can be of different speeds because of the asynchronous memory 

system of the PDP-6/PDP-10. Additional and future peripherals 

can be added to the I/o bus to adapt the configuration to the 

University's needs from time to time. Peripheral processors, e.g. 

PDP-8, 8/S, -9, can be added to the PDP-10 via the I/o bus or 

via data modulation equipment from remote locations. 

The faster processors (PDP-8, PDP-9) can be connected directly 

to the memory bus via the Type 165 option, through which their 

memories are addressable from the PDP-6/PDP-10. Expected 

development of mass storage options will also provide a direction 

of expansion towards faster or larger file storage. The PDP-6/ 

PDP-10 software system, in which I/O calls are handled 
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4.0 Stere 

symbolically through the monitor, simplifies the inclusion in the 

system of new peripheral equipment beth standard and nen­

standard. 

4.1 The direct access stere prepesed has a capacity ef 32,768 werds, 

each ef 37 bits, 36 infermatien bits plus ene parity. Memery 

cycle time is 1.0 micresecend. 

4.2 Cere memery is expandable up te 262,144 werds, all directly 

addressable. 

4.3 Prices fer additienal cere memery medules are shewn in Sectien 

4.4 

2. 

Details ef the cere memery medules are as fellews: 

Type MA 10 and Type MB10A - 1.0 micresecend cycle time, 

access time appreximately 0.6 

m i cresecends. 

Type MB10B - 1.65 micresecend cycle time, 

access time 0.9 micresecends. 

Each cere memery medule has its ewn individual centrel and 

memery buffer, and is fully asynchreneus with the Central Pre­

cesser. Memery is cennected te the Central Precesser by means 

ef a memery bus structure, which allews each cere memery 

medule te plug inte the bus witheut medifying the Central Pre­

cesser er the ether asseciated memeries. Address selectien 
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circuitry in each memory module determines the address range 

over which this memory module works. Thus with appropriate 

address selection circuitry, the memory locations may be inter­

leaved in any number of ways. They are normally arranged 

such that successive addresses fall in different memory modules. 

Details of the major registers of the central processor, and cable 

connections on the input/output and memory busses, are shown 

on Page 16 of the PDP-6 Handbook, F-65. 

4.5 The memory protection features of the PO P-1 0 have been des­

cribed elsewhere in this proposal. 

4.6 A user program swapped into core occupies a contiguous protected 

block. The monitor includes the facility for shuffling down pro­

grams to leave contiguous space for new jobs. This approach, 

which is described in the Multiprogramming Manual addendum, 

has proved very effective in practice. 

5.0 Central Processor 

5.3 The PDP-10 Central Processor operates in two modes, Executive 

and User modes. In Executive mode, all 365 defined instructions 

are legal, and wi" be executed by the Central Processor. The 

64 programmed operator group are trapped out. The programs are 

not relocated and the memory is not protected. In User mode, 

all input/output instructions and the instruction that causes the 

Central Processor to halt are illegal, and are trapped out along 

with the 64 programmed operator instructions. When the trap 

takes place, the control returns to Executive mode and the monitor 

, 
! ! 
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! 
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may take any action required. When in user mode, the relocation 

constant is added to the running program and each memory refer­

ence is checked to ensure that it does not exceed the bounds 

specified by the memory protection register. 

5.4 A full list of the instruction codes for the PDP-10 is shown in 

Appendix 1 of F-65. Multiple precision arithmetic is provided 

for by having the arithmetic unit set a flag for program sensing 

if there is either an underflow or an overflow during an arithmetic 

operation. The ability to specify bytes of any size provides the 

programmer with the ability to manipulate character oriented data. 

All user programs written for the PDP-10 are designed to occupy 

from location 0 upwards. As each user program is run in user mode, 

a relocation constant is added to each memory reference in the 

program. The monitor thereby relocates programs to optim ise the 

use of the core storage. The Central Processor may be interrupted 

externally by any peripheral device or by the attempted execution of 

an illegal instruction, or internally be setting one or more of the 

I 
'I 

I 
I 
I, 
I, 

i: 
! 

I 
1 

, 
i 

processor flags. The processor uses a 7-level priority interrupt system. i 

Each peripheral device is assigned a priority level by program, as are :\' 
i. 

the processor flags. Each priority level, j, where 1< j'7, has assoc-

iated with it two words of core memory. These are 40 + 2j and 

40 + 2j + 1. When a device on channel j requests an interrupt, the 

currently running program is suspended and the instruction at location 

40 + 2j is executed. This instruction may be a block-in instruction, 

which would fetch the next word of data and transmit it to the device 

automatically. Such an interrupt does not change the active registers 

of the computer. That is, the interrupted program is frozen and no 

special action is required. This requires three memory cycles, or 

approximately 3 microseconds per interrupt. Alternatively, the 

-26-
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instruction stored at location 40 + 2j might be a jump to the device's 

service subroutine. This subroutine might check for error indications 

and perform other housekeeping operations. Any accumulators re­

quired by the service routine would be restored prior to leaving the 

subroutine. The subroutine operates, of course, in executive mode. 

On completion of the subroutine, the processor will revert to user 

mode if it had been in user mode when interrupted. Time taken by 

interrupts of this type is just whatever time the service subroutine 

requires. During this interrupt time the lower priority channels will 

not succeed in interrupting, although their requests will of course be 

remembered and honoured when possible. The maximum length of 

time between an interrupt and processor reaction occurs when the 

processor has just been committed to a fixed point divide instruction, 

and would not be greater than about 10 microseconds. Full details 

of these facilities are shown in F-65 and the Change Notice '3. 
The facilities are all standard in the PDP-l0/50 configuration. 

5.6 The PDP-lOis provided with fifteen index registers. The effective 

address of an instruction is calculated by adding the contents of 

the specified index register to the address portion of the instruction. 

If the indirect operation is specified, the calculated address is used 

to locate the new effective address. Multi-level indirect addressing 

is provided. 

5.7 The following table shows sample instruction times for some of the 

commonly used operations. 

-27-
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TYPICAL PDP-10 INSTRUCTION TIMING 

MOVE A, E 
(Move the contents of location E 
to location A) 

MOVEM A, E 
(Move the contents of location A 
to location E) 

ADD A, E 
(Add the contents of location E to 
location A) 

MPY A, E 
(Multiply the contents of location 
A by location E) 

FMPY A, E 
(Floating point multiply the contents 
of location A by location E) 

DIV A, E 
(Divide the contents of location A 
by location E) 

FDIV A, E 
(Floating point divide the contents 
of location A by location E) 

FADD A, E 
(Floating point add the contents of 
location A to location E) 

JUMP A, E 
(Jump to location E) 

** Interleaved 

Operation 

1 • 9 ps 

2. 1 fJs 

2. 1 fJS 

9. 1 ~S 

8.8 fJS 

11 • 0 tJs 

10.2 fJs 

5. 1 JJs 

1 • 0 JJs 

* 

*** Non-Interleaved 

Operation 

2.7 ps 

2.9 ps 

2.9 ps 

9. 9 ~S 

9.6 JJS 

11 .8 ps 

11 . 0 JJS 

5.9 ps 

1 • 0 JJs 

* This assumes a configuration of interleaved 1.0 IJS core memory, and 
fast accumulators. 

** Instruction stored in one memory module and operand in the other. 
*** Instruction and operand in the same memory module. , 
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5.8 The PDP-10 system is a multi-programming swapping system. 

If 

is, as many users as possible are held in core storage and the 

scheduler allocates running time to each of the users in turn. 

the total core storage required by the number of users exceeds 

that available, one or more of the inactive users is swapped out 

onto the high speed disc system to make room in core. A" the 

hardware, including a real time clock to control this multiprogram­

m ing system, is provided in the standard PDP-l 0/50 configuration. 

5.9 The PDP-10 , having only just been announced, is a state of the 

art computer, and is unlikely to be superceded for a few years. 

The PD P-l 0 memory system, with its four processor ports, allows 

up to four processors to address the one core memory bank. later 

processors developed for the PDP-6/PDP-10 system can be added 

to the available memory ports, to build up a multi-processor system. 

6.0 Peripheral Units 

6.1 Details and prices of the peripheral units proposed with this config­

uration are shown in Section 2. 

6.2 The PDP-lOis provided with three methods of data transfer between 

peripheral devices and the central processor and/or memory system. 

(a) Direct memory transfers: Bloc ks of data are transferred 

directly to and from fast peripheral devices (discs, drums, 

etc.) into core memory via the selector/multiplexer channel. 

The selector/multiplexer channel steals core memory cycles 

from the PDP-10 when necessary to write or read memory. 

This takes no processor time unless during that cycle the I 

• II processor is accessing the same memory module. 

-29- JI 
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(b) Block Transfers via the I/o Bus: If a block transfer instruc­

tion (BlKI or BlKO) is placed at the priority interrupt trap 

location, data may be transferred directly to or from core 

memory locations according to a pointer word pointed to by 

the instruction. This method of transfer requires three 

memory cycles. 

(c) Programmed Data Transfers: Data may be transferred from 

peripheral devices by means of the data transfer instructions 

(DATAl and DATAO). Transfer rates using this method are 

determined by the program loop required to control the 

transfer. 

Details of the I/o bus structure are shown on Page 16 of 

F-65, and the details of the control provided with each 

device are shown in Chapter 4 of F-65. 

6.4 Details of the additional peripheral equipment available with the 

PD P-l 0 are shown in Section 2. 

Digital does not supply Modem equipment for high speed data 

transfers over communications networks, but can interface to the 

units becoming available in Australia. In particular, a suitable 

Modem for private vOice grade lines is the system supplied by STC 

called the GH2011. This system provides for full duplex trans­

mission at 1200 baud. Estimated cost is $1,700 per terminal. 

7.0 Programming Support 

7.1 The PDP-10 software is an extension of the PDP-6 software, which 

1 
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has been going through evolutionary development since 1964, in 

university and research oriented environments. In addition to the 

advanced systems programs, MAC RO-1 0, Fortran IV, TECO, DDT 

and the very general Time Sharing Monitor provided by Digital, 

there are a number of more specialized programs provided by or 

in conjunction with our users. For example, Compact Cobol, 

Simple (simulation), Fordesk (desk calculator). 

7.2 Full details of the established conventions and information on the 

use of the Time Sharing Monitor system are shown in the accomp­

anying Multiprogramming Manual and other Digital literature. 

7.3 The following languages will be supplied by Digital or by DECUS 

for the PDP-10 system: 

* MACRO-10 

* Fortran IV 

* Compact Cobol 

* lisp Processor 

* Simple 

* Fordesk 

* Desk 

Manuals and language specifications relating to these are enclosed. 

Additional documentation will be available at a later date. 

7.4 The Fortran IV Compiler provides highly efficient object code, and 

compiles at approximately 600 statements per minute, with source 

on magnetic tape. Fordesk, a Fortran-like desk calculator routine 

-31-
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(an interpreter) is provided for problem solution at a user console. 

Desk is another desk calculator system oriented towards Macro 

language. 

7.5 Full details of the operating system are shown in the Multiprogram­

ming Manual attached to this proposal. Details of the present 

Batch Control Processing system are shown in Appendix D. A 

more conventional Batch Control Processor is being developed 

for the PDP-10. 

7.6 The PDP-10 library of programs and routines is shown in Appendix i 

B. These programs include line and context editors, a program for 

media conversion and transfer called PI P, a soph isti cated desk 

calculator routine and a dynamic debugging program called DDT. 

In addition, for their own environment, the University of Western 

Australia developed programs for interactive remote console use as 

shown in Appendix B. Attached is a listing of the Fortran library 

subroutines taken from the current systems tape. These routines 

are fully described in the attached literature. 

7.7 The basic PDP-10/50 or 10/40 configuration will run all the soft­

ware provided. The core requirement of individual programs is 

listed in Appendix B. 

7.8 All programming systems offered are avai lable now. 

7.9 

i 
, I 

I it is forwarded to the customer. A software maintenance group 

I including six programmers is responsible for this function. I 

The programming system is under continual revision by our program­

ming section in Maynard, and as each new revision is checked out 

I I 
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9.0 

courses during or shortly after installation of the machine. In 

addition, we have personnel in Australia experienced on the time 

sharing system, available for consultation on the use and develop­

ment of the system. 

7.11 Digital's users' society, DECUS, is one of the most active societies 

in computing. Details of this society are shown in the attached 

DECUS brochure. Some idea of the sophisticated work being done 

by our users is shown in the DECUS Proceedings. 

Power Supply 

8.1 All the equipment tendered is designed to operate on a power supply 

of 240 Volts ± 10%, and a frequency of 50 cycles per second ± 2%. 

8.4 No motor alternator set is required. 

Air Conditioning 

9. 1 Appendix C shows the approximate heat dissipation for all items 

tendered in this equipment. Ideal conditions for the computer are 

72°F, and between 30% and 70% Relative HumIdity. However 

the equipment operates satisfactorily between 600 and 900 F and 

10% to 90% Relative Humidity. 

9.2 All the equipment, including the discs, are provided with a means 

of dust control. The requirements for dust control of the system 

should be as afforded by the filtering system in the average air 

conditioning installation provided for offices and similar appli-
Ii 

Ii 
i cations. I 
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10.2 Appendix E shows the proposed layout of the equipment tendered 

in this proposal. This layout is very flexible and is given as a 

rough indication onl y. 

10.4 Details required in Section 10.4 will be provided on acceptance 

of the contract. However, it is anticipated that the only special 

requirement for the PDP-10 configuration would be some cable 

ducts beneath the Central Processor. 

11 .0 Finish and Colour 

11 . 1 Digital does not offer alternative colour schemes for the PDP-10 

system. It wi II be provided in the colours of bl ue and black 

with a small amount of white. 

12.0 Spares 

12.1 A full spares list for the PDP-10 is not immediately available. 

For budget purposes however, the approximate cost would be 

$18,000 or 3% of the system cost. 

13.0 Consumable Stores 

13.1 The following items are available from Australian suppliers: 

Fanfold line printer paper: Lamson Paragon 

line printer ribbons: Caribonum 
i 

Teletype ribbons: Remington Rand, Type 171/100, Black II 

II 
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Teletype print roll: Percy Boyden, 8a" x 4-3/8" 

Rolled oiled paper tape: Percy Boyden, 1000 ft rolls 

Fanfold paper tape: Digital 

DEC tapes: Digital 

Magnetic tapes: IBM, 800 bpi, certified 

Cards: IBM. 

15. a Arrangements for Maintenance 

15.1 Prices for a single shift maintenance contract to cover the proposed 

configuration are shown in Section 2. This contract provides for 

the repair and replacement of all defective parts and the cost of 

all parts, labour I travel and shipping charges associated with them. 

16. a Arrangements for Training of Personnel 

16. 1 Courses offered for the training of programming and operating per­

sonnel are covered in Section 3. Maintenance training, if required, 

would be provided on site by our maintenance engineer, over a 

period of a few months. 

17. a Instruction Manuals 

17. 1 

17.3 

A fixed quantity of instruction and programming manuals will be 

supplied prior to the delivery of the computer, with the balance 

being supplied at time of installation of the computer. 

As new manuals are printed for the machine, Digital will guarantee 

to supply reasonable quantities of these to the University. 



. i 

i 

17.4 The University may reproduce material from the programming and 

system manuals, provided the source is acknowledged. Hardware 

drawings, however, are proprietary and may not be reproduced 

without specific approval. 

18.0 Inspection of Identical or Similar Equipment 

18. 1 Appendix A I ists existing PDP-6 installations and the ir configur­

ations. As mentioned previously, the PDP-6 is a program com­

patible predecessor to the PDP-I0 system. Any of these installations 

may be inspected by arrangement . 

18.2 Most PDP-6 systems are primarily used for technical computation. 

18.3 The University of Western Australia have had a PDP-6 time sharing 

system in operation since February 1965. Inspection of this equip­

ment may be made by arrangement with the University or with 

Digital. 

19.0 Acceptance Tests 

19. 1 The PDP-10 system will undergo acceptance tests in Maynard 

(including heat tests) and these tests will be repeated after instal­

lation at the University. The duration of these tests will be subject 

to negotiation after the letting of the contract. 

The acceptance tests will be carried out with the normal mainten­

ance programs supplied with the system. The University may take 

the I iberty of writing additional test programs, but their use shall 

not be adm i tted as part of the acceptance tests. 
i 

I 
I 
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Delivery 

20.1 Delivery of the complete system including software is May 1968 

or twelve months from receipt of order, wh ichever is the later. 

If the optional Type MB lOB Core Memory is suitable for your 

requirements, del ivery may be effected in February 1968. These 

delivery times are valid for sixty (60) days from the date of this 

proposal. 
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SECTION 5 

PDP-l0 SYSTEM SUMMARY 

5.1 Multi-User Operations 

(a) The PDP-l0 provides initiation of any number of jobs (up to system 

limit) from one console. These jobs are scheduled to run for up to 

300 milliseconds before switching to the next job. Thus, response 

times to commands are dependent on the number of active users 

rather than the compute time requi red by active jobs. Each con­

sole has apparent sole use of the system. The scheduling algorithm 

is described in Appendix F. Provision is made for adapting the 

scheduler to your particular requirements. 

(b) The proposed system contains eight remote consoles and the oper­

ator's console. Expansion of the data communications equipment 

to accommodate up to sixty-four consol es is impl emented by 

pi ugging in additional modules and user stations. 

(c) The maximum number of active jobs allowed in the proposed system 

is a parameter which may be specified at monitor assembly time. 

Any reasonable number may be used, each job requiring four 

(d) 

words of core store to record its status, and twenty-seven words 

for each data block. 

Jobs are scheduled to run by the scheduler routine, which may be 

called every 1/50th of a second. Scheduling algorithm for allo-

cation of computing time is described in Appendix F. 
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(e) Interference between jobs is prevented by the use of protection 

and relocation registers, described in PDP-6 Handbook F-65, 

Change Notice '3. Each user operates as though he were in 

the lowest address block of core store. Before he is allowed to 

run the monitor loads the protection and relocation registers 

with his highest legal address relative to zero and his base ad­

dress respectively. If the user attempts to refer to memory 

above that assigned to him, that reference is prevented and 

the monitor is called to stop h is job and type out an appropriate 

message to him. 

(f) Four categories of user programs exist as follows. Their storage 

between computation slots is described: 

Category 1: Inactive jobs are usually stored on disc, the only 

exception being where the available core memory is sufficient 

to hold all active and some inactive jobs. No needless swap­

ping occurs. 

Category 2: Jobs wh ich are awaiting teletype input and output 

are also stored on the disc. On input, information is transferred 

to the teletype buffer in the monitor. When the message is 

terminated the job is re-scheduled, and the stored information 

copied across to the job's own buffer. Thus users who type 

slowly or who leave a job waiting for input will not decrease 

the efficiency of the system. 

Category 3: Jobs which are currently awaiting input or output 

on devices other than a teletype remain in core but are trans­

ferred from a processor queue to the I/o wait queue, thus mini-

mising the time required for the scheduler's search routine. I 
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Categary 4: Jobs which are currently runnoble, that is, have no I 
reasons for not running, are stored in the processor queue and are I 

allowed to run as the scheduler permits. 

(g) Communication between user programs and the monitor is effected 

by the use of user operation codes (UUO codes). When a UUO is 

obeyed in the user program, the program traps and the monitor is 

immediately called. The monitor interprets the particular UUO 

required and then returns control to the user program. 

(h) I/o requests are also effected by UUO's. User programs are not 

allowed to refer to I/o devices directly, and attempts to do so 

(i) 

will result in a trap to the monitor. When a user's job has assem­

bled information for an output device, it issues an output command. 

If the device is being operated in a buffered mode, the monitor 

advances the user's buffer pointed to the next buffer, resets a 

buffer count, initiates a physical transfer to the output device, 

and allows the user to resume. If output is not buffered, the 

monitor initiates a physical transfer, places the user in an I/o 
wait state, and schedules the next job. When the transfer is 

complete, the device service routine will remove the job from 

its I/o wait state, thereby allowing it to be re-scheduled in the 

normal way. 

Assignment of core and I/o devices to user jobs. Core may be 

assigned explicitly by console command or implicitly by the 

system reading the amount of storage required for the user program 

from the directory associated with that program. For example, 

the command RU N F4 wi" assign 1 0 K of core, load the program 

into that area, and start it. I/o devices may be assigned either 
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,! explicitly or implicitly, that is by console command or by pro-

grammed instructions. An explicitly assigned device will remain 

assigned to a job until a de-assign or KJOB command is given, 

and in this state may not be addressed by any other job. Implicitly 

assigned devices are released as soon as the program issues a release 

or an exit UU 0, or a KJ OB command is typed. 

(D Queuing of requests for non-storable devices. Devices such as the 

line printer and plotter may not be queued. Normally programs 

would be written to perform general purpose I/o to a retrievable 

device such as DECtape, disc or magnetic tape, and this device 

could be called a line printer or plotter if this were available at 

the time the program was run. If not available, the program would 

store its output as a file on disc or DECtape from where the operator 

could retrieve it when the requested devi ce became avai lable. 

(k) A full message switching system is provided between operator 

console and user consoles and between user consoles. By use of 

the TALK command, any console may communicate with any other 

console. 

5.2 Queued Jobs 

Use of the Batch Control Processor (BCP) allows the operator or any other 

user to control the processing of a number of jobs sequentially. Commands 

to the BC P may be either typed into the processor directly, or stored as a 

separate command fj Ie. This command file may be a card in the card 

reader or files on magnetic tape or DECtape. The processor will access 

this file and run the jobs in sequence until all jobs have been completed, 

directing error messages to the user or to the operator if the user has so 

I 

I 

i 
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direct a job to the operator's queue, it is necessary to transfer the job's I 

command string to the operator, who will append it to his command list. I 

The control language for the Processor is described in Appendix D. A I 

Fortran IV compiler has a built-in Batch Control Processor with the same 

command structure, but does not use the BC P user program. 

On-Line Entry of Experimental Data 

Experimental monitoring is most easily handled by small 1024 word user 

programs coupled with an I/o service routine for the experimental de­

vices. Experimental devices would be provided with a control interface 

connected to the PDP-l0 I/o bus system or to the PDP-8 I/o bus system. 

The interface would scan all the input lines, accept a character from an 

experiment and pass the data and I ine number via the I/O service routine 

in the mon itor to a buffer associated with the small user program. When 

this buffer becomes full, the user program transfers the information to a 

fi Ie on secondary or tertiary storage. 

Ii 

! 
I 

I 

5.4 Programming Aids 

Details of programming languages available in the PDP-10 system are 

given in the manuals which accompany this proposal. Briefly, they 

include: 

* 

* 

A very powerful assembler which includes an extensive 

MACRO processing facility, MACRO-10. 

A sophisticated Fortran IV compiler which produces a 

binary object program directly, that is without an inter­

mediate MACRO file, and produces very tight object 
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code. This compiler also incorporates a batch compilation 

feature allowing, for example, all the programs in the card 

reader to be compi led without operator intervention. 

A separate Batch Control Processor which supervises the 

sequential execution of several jobs such as tape copying, 

Fortran compilation, MACRO assembling, load and go 

operations, or any other combination. 

A Fortran compile and execute system, Fordesk, designed 

to sp!:,ed the debugg i ng of Fortran programs. 

A lisp Programming language which utilises the list structure 

storage scheme for both program and data. 

Compact Cobol; a summary of the faci I ities available in 

the language is given in the attached literature. 

Utility programs operating from each console include: 

DDT Dynamic Debugging Technique, which allows 

the user complete control of the execution and 

monitoring of his program, 

PIP, a Peripheral Interchange Program, which allows 

the user to copy information in almost any form from 

any input device to any output device, 

Editor, a program which allows users to create and 

modify text files such as source programs, 

i 
I 

I 

I 
I 
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I A Context Editor, TECO, which is a powerful text 

editor with faci I ities for editing on a character, 

line, or variable character string basis. A summary 

of TECO commands is shown in Appendix G. 

Desk Calculator, a powerful conversational problem 

solving system which gives the computer user direct 

access to the arithmetic functions within the PDP-10 

science library. 

A simulation language, SIMPLE, developed by the 

University of Western Australia. 

5.5 Disc File System 

The proposed system allows for a total disc storage of 1.76 million words, 

of 10.76 million characters. 

I 
The allocation of this storage during normal system operation might be I! 

as follows: 

Operating System Programs 
(compilers, etc.) 

Active User Jobs 

Library Programs 

Scratchpad 

Editing Space 

Inactive User Jobs 

Characters 

500,000 

1,000,000 

1 ,000,000 

300,000 

1,000,000 

4,000,000 

7,800,000 
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APPENDIX A 

EXISTING PDP-6 INSTALLATIONS 

AND CONFIGURATIONS 

1. Physikalisches Institut der Technischen Hochschule Aachen 

Quantity 

1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
2 

Description 

Type 136 Data Control 
Type 161 C Core Memory (16 K - 5 J.ls) 
Type 166 Arithmetic Processor 
Type 461 Card Reader 
Type 516 Magneti c Tape Control 
Type 521 Magnetic Tape Control Interface (for 570) 
Type 551 DECtape Control 
Type 570 Magnetic Tape Transports 
Type 626 Console Printer Keyboard and Control 
Type 630 Data Communications System 
Type 646 line Printer 
Type 760 Paper Tape Reader 
Type 761 Paper Tape Punch 
Type 555 Dual DECtape Transports 

2. University of Western Australia 

Quantity 

1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 

Description 

Type 166 Arithmetic Processor 
Type 760 Paper Tape Reader 
Type 626 Console Printer Keyboard and Control 
Type 163C Core Memory (16K - 1.7 ys) 
Type 162 Fast Memory 
Type 551 DECtape Control 
Type 555 Dual DECtape Transports 
Type 136 Data Control 
Type 646 line Printer 
Type 461 Card Reader 
Type 346 Incremental Display 
Type 630 Data Communications System 
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3. University of California, Berkeley Division 

Quantity 

1 
1 
1 
1 
1 
1 
1 
2 
1 
1 

Description 

Type 166 Arithmetic Processor 
Type 626 Console Printer and Keyboard Control 
Type 760 Paper Tape Reader 
Type 136 Data Control 
Type 163C Core Memory (16 K - 1.7 ..,s) 
Type 461 Card Reader 
Type 551 DECtape Control 
Type 555 Dual DECtape Transports 
Type 646 line Printer 
Type 346 Incrementa I Display 

4. University of California, lawrence Radiation Laboratories 

Quantity 

1 
1 
1 
1 
2 
1 
1 
1 

5. Der Universitat Bonn 

Quantity 

Description 

Type 166 Arithmetic Processor 
Type 760 Paper Tape Reader 
Type 626 Console Printer and Keyboard Control 
Type 136 Data Control 
Type 163C Core Memory (16K - 1.7 ..,s) 
Type 516 Magnetic Tape Control 
Type 522A Interface for IBM 
Type 162 Fast Memory . 

Description 

1 Type 136 Data Control 
2 Type 161 C Core Memory (16 K - 5 fJs) 
1 Type 166 Arithmetic Processor 
1 Type 346 Incremental Display 
1 Type 461 Card Reader 
1 Type 516 Magnetic Tape Control 
1 Type 521 Magnetic Tape Control Interface (for 570) 
1 Type 551 DECtape Control 
2 Type 570 Magnetic Tape Transports 
1 Type 626 Console Printer Keyboard and Control 
1 Type 630 Data Communications System 
1 Type 646 LL.e Printer 
1 Type 760 Paper Tape Reader I 

I 2 Type 555 Dual DECtape Transports I 
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Brookhaven National Laboratories 

7. 

Quantity 

1 
2 
1 
1 
4 
1 
1 
1 
1 
1 
3 
1 
1 
1 

Appl ied Logic Corporation 

Quantity 

1 
1 
1 
1 
1 
2 
1 
1 
1 
1 

8. University of Rochester 

Quantity 

1 
2 
1 
1 
1 
1 
1 

Description 

Type 166 Arithmetic Processor 
Type 163C Core Memory (16K - 1.7 Jls) 
Type 162 Fast Memory 
Type 551 DEC tape Control 
Type 555 DECtape Transports (Dual) 
Type 760 Paper Tape Reader 
Type 136 Data Control 
Type 646 line Printer 
Type 516 Magnetic Tape Control 
Type 521 Magnetic Tape Control Interface (for 570) 
Type 570 Magnetic Tape Transports 
Type 626 Console Printer Keyboard and Control 
Type 761 Paper Tape Punch 
Type 630 Data Communications System 

Description 

Type 166 Arithmetic Processor 
Type 626 Console Printer Keyboard and Control 
Type 760 Paper Tape Reader 
Type 761 Paper Tape Punch 
Type 136 Data Control 
Type 163C Core Memory (16 K - 1.7 ,.,s) 
Type 551 DECtape Control 
Type 555 Dual DECtape Transport 
Type 646 line Printer 
Type 630 Data Communications System 

Description 

Type 166 Arithmetic Processor 
Type 555 Dual DECtape Transports 
Type 136 Data Control 
Type 551 DECtape Control 
Type 163C Core Memory 
Type 165C Memory Interface 
Type 165B Computer Interface 

-A .3-
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I 9. Massachusetts Institute of Technology, L. N. S. 

I Quantity Description 

I 
, I 

I 
i 

,I 
! 
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i 
I, 

i: 
i: 
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1 
1 
1 
2 
1 
1 
1 

1 
2 
1 
1 
1 

Type 166 Arithmetic Processor 
Type 626 Console Printer Keyboard and Control 
Type 760 Paper Tape Reader 
Type 136 Data Control 
Type 551 DECtape Control 
Type 516 Magnetic Tape Control 
Type 520 Magnetic Tape Control Interface (for 

Potter Transport 50) 
Type 163C Core Memory (16 K - 1.7 .,s) 
Type 555 Dual DECtape Transports 
Type 461 Card Reader 
Type 348 Interface for Display 
Type 630 Data Communications System 

10. Massachusetts Institute of Technology, Project MAC 

Quantity Description 

1 Type 166 Arithmetic Processor 
1 Type 161 C Core Memory (16K - 5.,s) 
1 Type 162 Fast Memory 
1 Type 136 Data Control 
2 Type 170 16 K Memory 
1 Type 340 Precision Display 
1 Type 344 Display Interface 
1 Type 626 Console Printer Keyboard and Control 
1 Type 551 DEC tape Control 
1 Type 760 Paper Tape Reader 
1 Type 761 Paper Tape Punch 
1 Type 555 Dual DECtape Control 
1 Type 163 Core Memory (16 K - 1.7 us) 

11. Rand Corporation 

Quantity Description 

1 Type 136 Data Control 
1 Type 162 Fast Memory 
2 Type 163C Core Memory (16K - 1 .7 ..,5) 

cont'd. 
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11. cont'd. 

Quantity 

1 
1 
1 

1 
1 
1 
1 
1 
2 
1 
1 

40 

12. Rutgers University 

Quantity 

1 
1 
1 
1 
1 
1 
1 
2 
1 

13. United Aircraft 

Quantity 

1 
1 
1 
1 
1 
1 
1 
3 
1 

Description 

Type 166 Arithmetic Processor 
Type 516 Magnetic Tape Control 
Type 520 Magnetic Tape Control Interface (for 

Potter Transport 50) 
Type 551 DECtape Control 
Type 626 Console Printer Keyboard and Control 
Type 630 Data Communications System 
Type 760 Paper Tape Reader 
Type 761 Paper Tape Punch 
Type 555 DECtape Transport (Dual) 
Type 50 Magnetic Tape Transport 
Type 270 Disc Control 
Type 616 JOSS Consoles 

Description 

Type 166 Arithmetic Processor 
Type 760 Paper Tape Reader 
Type 761 Paper Tape Punch 
Type 626 Console Printer Keyboard and Control 
Type 179 Memory (8 K - 6 ps) 
Type 136 Data Control 
Type 551 DECtape Control 
Type 555 Dual DECtape Transports 
Type 346 Precision Display 

Description 

Type 166 Arithmetic Processor 
Type 626 Console Printer Keyboard and Control 
Type 760 Paper Tape Reader 
Type 136 Data Control 
Type 163C Core Memory (16 K - 1. 7 ~s) 
Type 162 Fast Memory 
Type 551 DECtape Control 
Type 555 Dual DECtape Transports 
Type 630 Data Communications System 
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14. Stanford University 

Quantity 

1 
1 
1 
1 
2 
1 
1 
2 
4 
1 
1 
1 
1 

15. University of Pennsylvania 

Quantity 

1 
1 
4 
1 
1 
1 
1 
2 
1 
1 

2 
1 

16. Oxford 

Quantity 

1 
1 
4 
1 

Description 

Type 166 Arithmetic Processor 
Type 626 Console Printer Keyboard and Control 
Type 760 Paper Tape Reader 
Type 761 Paper Tape Punch (wired panel only) 
Type 136 Data Control 
Type 551 DECtape Control 
Type 162 Fast Memory 
Type 163C Core Memory (16 K - 1.7 J.Js) 
Type 555 Dual DECtape Transport 
Type 646 line Printer 
Type 165 Computer Intercommunication System 
Type 630 Data Communication System 
Type 167 Drum Processor 

Description 

TyP,.e] 166 Arithmetic Processor 
Type 760 Paper Tape Reader 
Type 164 Core Memory (16 K - 1. 7 ~s) 
Type 162 Fast Memory 
Type 136 Data Control 
Type 551 DECtape Control 
Type 516 Magnetic Tape Control 
Type 555 Dual DECtape Transports 
Type 646 line Printer 
Type 346 Incremental Display and Character 

Generator 
Type 570 Magnetic Tape Transports 
Type 461 Card Reader 

Description 

Type 166 Arithmetic Processor 
Type 162 Fast Memory 
Type 164 Core Memory (16 K - 1.7 ,us) 
Type 136 Data Control 

cont'd. 
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16. cont'd. 

Quantity 

4 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 

17. Yale University 

Quantity 

1 
1 
1 
1 
1 
2 
1 
1 

18. Imperial 

Quantity 

1 
1 
4 
1 
1 
2 
1 
4 
1 
1 

Description 

Type 545 Magnetic Tape Transports 
Type 555 Dual DEC tape Transports 
Type 646 line Printer 
Type 30 Display 
Type 348 Interface for 30 Display 
Type 370 High Speed Light Pen Display 
Type 630 Data Communications System 
Type 516 Magnetic Tape Control 
Type 760 Paper Tape Reader 
Type 761 Paper Tape Punch 
Type 551 DECtape Control 

Description 

Type 163 Core Memory (16 K - 1.7 /-,s) 
Type 161 Core Memory 
Type 136 Data Control 
Type 30 Display and Interface 
Type 551 DECtape Control 
Type 555 Dual DECtape Transports 
Type 516 Magnetic Tape Control 
Type 461 Card Reader 

Description 

Type 166 Arithmetic Processor 
Type 162 Fast Memory 
Type 164 Core Memory (16 K - 1. 7 jJs) 
Type 136 Data Control 
Type 551 DECtape Control 
Type 555 Dual DECtape Transports 
Type 516 Magnetic Tape Control 
Type 545 Magnetic Tape Transports 
Type 761 Paper Tape Punch 
Type 461 Card Reader 
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18. cont'd. 

Quantity 

1 
1 
1 
1 
1 

Type 646 line Printer 
Type 30 Display 

Description 

Type 370 High Speed light Pen Display 
Type 348 Interface for 30 Display 
Data Communications System 
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APPENDIX B 

OF C U S P PROGRAMS 

Common User Service Programs (CUSPS) available to users at remote consoles: 

Name Size Function 

F4 10K Fortran compiler 

MACRO 9K MACRO assembler 

loader 1 K linking loader 

DDT HK+ Dynamic Debugging 
symbol Technique 

PIP 1 K, 2K Peripheral Interchange 
Program 

Editor 1 K Edits ASC II files 

Desk 2K Desk Calculator 

Forlib < 2.7K Fortran I ibrary and 
operating system 

BCP 2K Batch Control Processor 

TECO 3K Edi ts ASC II fil es 

FUDGE 2K File updating generator 

In addition, the following user programs are of interest: 

Name Size 

Solutions of linear Equation 3K 

Matrix Inversion 7K 

,I 

Described 

Manual 

Manual 

Multiprogramming 
System Manual 

Manual 

Mu I tiprogramm ing 
System Manual 

Multiprogramming 
System Manual 

Manual 

Manual 

Appendix E. 

Appendix H 

Multiprogramming 
System Manual 

Described 

Attached Program 
Information Sheets 

" 
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Name 

Matrix Inversion Subroutine 

Matrix Inversion TTY Service Routine 

Solution of linear Equations 

X 2 TTY Service Routine 

Polynomial Curve Fitting TTY Service 
Routine 

Chebyshev Polynomial Evaluation TTY 
Service Routine 

Chebyshev Polynomial Evaluation 

Gaussian Integration 

FORPIP 

Correlation TTY Service Routine 

Correlation Subroutine 

Correlation 

Correlation and Factor Analysis 

General Cross-Tabulation Program 

Polynomial Roots Solver - TTY Service 
Routine 

Reservoir Behaviour Program 

VMAX 

Matrix Inversion, linear Equations, 
Determinant Evaluation Subroutine 

Size 

3K 

7K 

3K 

3K 

3K 

lK 

3K 

4K 

5K, 8K 

8K 

4K 

7K 

6K 

Bounded Context Translator for Desk 2 K 
Calculation 

Steady State Magnitude, Phase and 4K 
Phase Delay of a Network Function 

Multiple Regression 7 K 

2 x 2 Contingency Table 4K 

BIPRO 3K 

Pipe Network Analysis 5 K 

Described 

Attached Program 
Information Sheets 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 
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Name 

Slope Stabi I ity Analysis 

Simulation Problem-Oriented 
Language for Engineers (S IMPLE) 

Transient Response of Network 
Function 

Matrix Multiply on TTY (MATTY) 

Display Subroutines 

Memory 

Three Chebyshev Polynomial 
Subroutines 

Numeric Integration 

CHIP 

Analysis of Variance Two-Way 
Classification AVCD 

-B.3-

Size 

SK 

9K 

6K 

3K 

3K 

SK 

- -- -----~~----~: 

Described 

Attached Program 
Information Sheets 

II 

II 

II 
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II 

II 
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HEAT DISSIPATION 

Equipment 

Central Processor and 
Options 

Core Memory 

DECtape Control 

DEC tape Transports 

Disc File Control 

Disc Files 

Fast Memory 

Card Reader (800 cpm) 

Card Punch 

line Printer 

Magnetic Tape Control 

Magnetic Tape Transport 

Total 

No. 

1 

2 

1 

4 

1 

4 

1 

1 

1 

1 

1 

2 

OF THE PDP-l0 SYSTEM 

Heat Dissipation Power Dissipation 
~TU/hours) (KW) 

9,900 2.900 

9,800 3.000 

1,200 0.345 

1, 160 0.344 

1,200 0.345 

20,400 6.000 

2,150 0.635 

4,950 1.450 

9,420 2.750 

2,710 1.560 

1,564 0.460 

19,600 5.800 

84,054 25.589 
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BATC H CONTROL PROCESSOR 

General Specifications 

The Batch Control Processor is a CUS P program that performs routine supervision 

of other jobs with a minimum of operator intervention. Instructions to the BCP 

may come from the operator who initiates the batch and handles unusual con­

ditions via a time sharing console (TTY), or from the programmer in the form of 

a command fi Ie. 

BCP exercises control over subject jobs by means of a pseudo-time-sharing 

console (PTY). BCP output to the PTY is treated by the Time Sharing Monitor 

as input from a TTY. Time Sharing Monitor, and subject job output to the TTY, 

is input to the PTY. Error responses from the Time Sharing Monitor and the 

subject job are prefixed with a ? (ASC II 277). The operator may select either 

completely unattended operation or pausing for operator correction at certain 

of these error responses. 

Job Interpreted Strings 

All strings that are output by BC P to the device PTY are Job Interpreted Strings. 

These strings are limited to one teletype line. Each I ine of output on PTY 

requires a response by the job wh ich is received as BC P input on PTY. Lines 

whose first character is "are output (not including ") to PTY with no translation 

by BCP. 

Operating Instructions 

Assign the conventional device names to the source device and scratch tapes to 

be used during the batch; for example, type to the Monitor: 

-0.1-
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ASSIGN MTA1:BIN 

ASSIGN MTA2:lIST 

ASSIGN CDR:SOURCE 

The binary device must be a retrieval device such as DECtape, magnetic tape 

or disc. There are no restrictions on the other devices. 

Obtain 2K of core, GET BCP and START. BCP will respond by typing the word 

II BC P". The BC P commands G and S cause the BC P to ta ke further commands 

from the command fi Ie. 

If an error occurs which is not resolved, BCP types question maidc three times, 

carriage return and "bell" three times. BC P then waits 30 seconds for the 

operator to respond by typing a line of text (carriage return is sufficient). If 

the operator does not respond, BC P skips to the next job. If the operator does 

respond, BC P takes commands from the TTY until a G or S command is given. 

I 

I 
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APPENDIX E 

LAYOUT OF EQUIPMENT 

Disc 
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Core PDP-10 

Memory Central Processor 
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APPENDIX F 

DESIGN OF THE PDP-l0 TIME SHARING 

SWAPPING SYSTEM 

For the purpose of time sharing, think of a computer as composed of four parts, 

each of which must be allocated or continuously reallocated to its various current 

users: 

1 • The Processor 

2. Core Memory 

3. IIAssignable ll I/O devices: 

These devices are explicitly (through console commands or 

program UUO calls to the monitor) requested by the user, 

assigned (if free) by the monitor and finally released by the 

user. The list of such devices includes: 

(a) Teletype consoles 

(b) Display consoles 

(c) li ne pri nter 

(d) Paper tape reader and punch 

(e) Card reader and punch 

(f) DEC tape and magnetic tape transports 

4. IISharable II I/o devices: 

These devices are implicitly requested by the user or his 

program and are automatically assigned and released by the 

I 

t monitor. They include: 

-F.l- J 
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r (a) 

(b) 

Data control 

DECtape control 

(c) Magnetic tape control 

(d) System tape (the DECtape drive used for the 

CUSP tape) 

(e) Device allocation routine for disc storage 

(f) Monitor queue routine for disc storage 

(These last two examples are monitor routines which 

are in effect software extensions of the disc hardware.) 

The "scheduler" allocates (schedules) the processor. One form of time sharing 

assumes all users to be in core so that the scheduler need only "switch" the use 

of the processor between the various programs in core. This scheme also allows 

simultaneous use of assignable I/o devices since, once started, data transfer 

does not require the job (the user's program) to be scheduled or "run". However, 

since core is expensive, this system limits the number of simultaneous users. 

A second method supplements core storage with cheaper mass storage (e. g. 

drum or disc) when the scheduler decides a different job should be run. The 

current job is saved out of core in the mass storage and the new job to run is 

brought into core - thus, only one job is in core at a time. This "swapping" 

scheme lifts the limit on the number of simultaneous users but does not allow 

the degree of parallel I/O possible in the previous scheme and wastes the pro­

cessor during the time needed to effect the "swap ". 

The routines to be described implement a scheme incorporating both approaches -

combining their individual advantages and cancelling most of their disadvantages. 

By allowing several jobs to reside in core and providing compatible swapping 

software and hardware, swapping overhead can overlap the use of the processor 

and I/o devices. The following problems arise in such a system: 

-F.2-
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1 • There is a certain degree of independence between the scheduler and 

the swapper, i.e. who should use the processor and who should use 

core. It is not complete independence, of course, since using the 

processor implies being in core. The ideal swapper would "anticipate" 

the scheduler - continually seeing to it that only those jobs the sched­

uler is likely to want to run are in core. 

2. Current hardware and software require a job to be composed of con­

secutive storage. Thus, it is only practical (at least at present) to 

swap whole jobs at a time. Since jobs are of different lengths, swapping 

soon produces many small unusable gaps in the occupied regions of core. 

A third monitor routine, a "shuffler", is needed to continually relocate 

jobs in core such that all free core is concentrated in one large block. 

3. Both scheduling and swapping affect the allocation of assignable I/o 

devices. Certainly a job must be run for I/O initialization. For all 

4 . 

devices (except teletype) data is transmitted directly to or from the user's 

program, thus the job must remain in core until I/o runs to completion 

or is forcibly stopped. An inherently slow transfer rate and user reaction 

time and "head scratch ing II makes this I/O exceedingly slow 0 Buffering 

independent of the user program allows the swapper to make better use of 

core occupied by the program while it waits for completion. On the other 

hand, practical use of a teletype console requires short response time bet­

ween input and output so that swapping overhead must be taken into account. 

Many of the sharable I/o devices are often demanded by several users at 

once. Since only one job at a time can use a particular device, the 

waiting users are "wasting" core and should be swapped out • However, 

it is also desirable to keep such a heavily demanded device busy, which 

in turn requires minimizing swapping overhead for its users. 
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5. Finally, a time sharing system is, in one light, an attempt to make most 

of the people happy most of the time. Happiness is measured to a large 

extent by the emphasis placed on the various allocation problems. As 

demonstrated, this emphasis is directly affected by scheduling and swap­

ping. Certainly a satisfactory compromise demands some amount of 

"tinkering" with both the scheduler and swapper. In addition, the best 

blend probably varies from installation to insta IIation. Both considerations 

require routines that can be clearly and easily modified to make changes 

in emphasis. 

l 
I 

The scheduler is a closed subroutine which returns the number of the next job to run. 

It, in effect, answers the question: "Who, at this moment, should use the processor?" 

In a similar manner the swapper, each time it is called, checks to see if any jobs 

should be swapped in or out. If so, it picks the most pressing case and initiates its 

transfer. The swapper is device (disc, drum) independent - i.e. it decides "who" 

but not "how". 

The scheduler is designed to facilitate swapping, however it does not physically or 

logically depend on the swapper, so that it can be used in a non-swapping system. 

Both the scheduler and swapper (and shuffler) are driven by the clock - that is, the 

clock interrupt service routine, on every clock interrupt, calls the shuffler, swapper 

and scheduler. The job indicated by the scheduler is then set to run until the next 

clock interrupt. 

The scheduler and swapper must interact to some extent. In addition, both routines 

I 

, 

I 

I 
II 
I I 

must choose one job from many possible candidates, but they cannot afford the time i! 
i ! I 

:1 1 needed to poll all jobs 0 Both considerations are met by queuing all jobs in a manner i I 

l which reflects their current state or priority to the scheduler. The scheduler simply ii 
'\ returns the first job in the queues and need nOl' perform any polling (in the swapping i I 

I 11II 'I -F .4-
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system this is not quite true, but the general idea is valid}. Now, through the 

queue-ordering of the jobs, the swapper has a means of anticipating {or at least 

co-operating with} the scheduler. 

Job queuing has another advantage. It provides easy visual ization of current job 

.! states and their relation to scheduling, swapping, I/o, etc. The movement of 

jobs between queues and the manner in which these queues can easily be directed 

by tables. These two properties allow easy and meaningful modification of the 

scheduling and swapping functions. Indeed, it is feasible to monitor and modify 

scheduling and swapping concurrent with regular time sharing, providing an easy 

means to IItune II or optimize the monitor itself. 

Queues and Queue Servicing 

Both the scheduler and swapper are very simple routines. The structure of the 

decisions they perform I ies in the queuing system. 

Four parts compose this system: queue storage, a routine to transfer a job from 

its present queue to another, a routine to scan the queues, and a series of tables 

to direct these routines. 

Storage 

For this system, think of a queue as a string of elements with a beginning and end. 

Any element may be removed from the queue regardless of its position in the queue, 

however, elements may enter the queue only at the beginning or end. The system 

incorporates many such queues. The elements are job numbers which obey the 

restriction: at any moment, every job {or more precisely its number} is a member 

of one, and only one, queue. This restriction minimizes the storage needed to 

accommodate the queues and simplifies their servicing. 
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Transferring 

One routine provides all queue to queue transferring of jobs. A call to this routine 

provides the job number and a function code which will determine to which queue 

the job is to be transferred (and whether the insertion is at the end or beginning). 

Three functions are available: 

1 . New queue is fixed (predetermined). 

2. New queue depends on current queue. 

3. New queue depends on size of the job being transferred. 

The latter two functions are defined with tables giving the queue-queue or size­

queue correspondence. The "flow" of jobs between queues is modified by changing 

the function codes and/or the correspondence tables. 

The routine also (if requested) resets the jobs "quantum time" based on the function 

it uses to determine the new queue. This is a variable used by the scheduler to aid 

in determining job running priority. 

Scanning 

Both the scheduler and swapper call a common routine to scan the queues. A speci­

fied table determines which, in what order and manner the queues are scanned. 

Each queue may be scanned in four possible ways: 

1 • "Forward" - from beginning to end. 

2. "Backward" - from end to beginning. 

3. Only first member (if any). 

4. Backward but omitting the first member. 
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Again, modification of scanning is accomplished by altering the appropriate table. 

Queue Flow 

Whenever a job changes its status, with respect to the scheduler or swapper, it is 

transferred to a queue wh ich reflects its new state. For example, the scheduler 

causes a transfer when it decides the currently running job has run too long, and 

jobs needing unavailable sharable devices are transferred to specific waiting queues. 

'! Th is IIflow II of jobs between queues affects the schedu ler and swapping process and 

'i determines many overall characteristics of the time sharing system. 

Processor Queues 

This subset of the queues forms a nucleus for the queue system as a whole. A job 
, , 

i i enters one of the processor queues when it can (and desi res) to run or use the pro-
! I 

!! cessor and leaves these queues whenever it becomes lIunrunnable II. The scheduler 

scans only these queues to pick the next job to run. 

When a job enters one of the processor queues, it is assigned a IIquantum time II 

which determines how long this job is allowed to run before it is interrupted in 

preference for another job. The simplest form of schedul ing, IIround-robin II, uses 

one queue with new members entering the end. The scheduler runs the first job 

i in the queue until its quantum time has elapsed, then transfers it to the end of 
: i 
I! 
I i the queue and resets its quantum time. 

Such a scheme is not adequate for a large and varied class of users because: 

1. Many jobs (especially those interacting with a user1s teletype) 

demand short but immediate attention when they enter the run­

noble state. 

2. Long running jobs should run and wo.it for longer periods of time 
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since any reschedul ing overhead is wasted on them. Also, swap­

ping becomes inefficient if the run-wait cycle is muc~ shorter 

than the time needed by the job. 

In swapping systems it is necessary to reflect the job's size (which 

is proportional to its swap time) in the scheduling process. 

These problems are met by using several queues, to each of which is associated a 

priority. The scheduler scans the queues in the order of the ir priority unti I a job 

is found. A quantum time is also associated with each queue, with lower level 

queues having longer quantum times. When a job uses its current quantum time, 

it is dropped down to the end of the next lowest level or queue and assigned that 

queue quantum time. Note that now the quantum time determ ines how long a job 

remains at one level rather than how long it will run without interruption. The 

overall effect of such a scheme is such that jobs initially entering the high level 

queues are given immediate attention, but as they run longer, they "filter" down 

to lower level queues where they run for longer times with longer intervals between 

runs. The high level queues tend to be populated with short running I/o or user 

interactive programs while lower levels are occupied by long running, compute 

programs. 

Furthermore y the initial attention given a job just entering the runnable state may 

be varied by varying the level at which it enters the processor queues. In part­

icular, job size can be taken into account. 

Stop Queue 

Jobs are transferred to this queue when they become "unrunnable" (e.g. the monitor 

detects an error or the user types "control C II). Here the queue serves only to group 

these lobs together - the actual order in the queue is not important. Jobs may enter 
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the stop queue from any other queue (e. g. "control C II may be typed anytime). 

Transfer out of the stop queue usually depends on where the job entered the stop 

queue (this information is retained in a status bit word associated with each job). 

Sharable Device Queues 

One queue for each device holds jobs waiting for that device when it is unavailable 

(being used by some other job). The queuing is first in - first out, or "first come -

first serve ". All entries into these queues are from the processor queues (or stop 

queues if the job was previously stopped while in a sharable device queue) since 

these devices are allocated when the user or his program initiates various I/o acti­

vity. When the device becomes available, the first job in the queue will be trans­

ferred to the processor queues where it will be scheduled and hence assigned the 

device. To what level (and whether beginning or end) processor queue the transfer 

is made, determines the utilization of the device. The transfer - hence utilization -

may be tailored to each device. 

I/o Wait Queues 

The buffering and servicing of assignable devices is designed to allow overlapping 

computation and data transfer. Whenever the program "catches Up" to I/o, the 

monitor prevents the job from running until the I/o terminates or progresses far 

enough for the program to continue. Two queues hold jobs in this I/o Wait State, 

one for teletype only, the second for all other assignable devices. In this second 

queue (as in the stop queue) the order is irrelevant and the grouping is the desired 

effect. The I/o data transfer for the devices represented by this queue is directly 

to or from the user's program area with no intermediate buffering in the monitor. 

Therefore, these jobs cannot be swapped (there is a means for forcing the I/o acti­

vity to stop, i.e. a job in the I/o Wait queue could be swapped out if it is decided 

that its core could be used to better advantage than keeping an assignable device 

busy). The job is transferred on termination of I/o Wait to the processor queues, and 

here again, as for sharable devices, the destination determines device utilization. 

-F.9-
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As mentioned before, the teletype is a special case, hence a separate queue is 

provided for the teletype I/o wait state. Rate of input is determ ined by the 

console operator and is, by the mon itor's standards, painfully slow. To make 

matters worse, there is nothing to prevent a user from stopping in the middle of 

his input to get a cup of coffee. Therefore, a swapping system must provide for 

swapping jobs in teletype I/o wait. This is possible by buffering teletype I/o 
through the monitor. 

As with other I/o wait, the job is transferred to the processor queues when the 

restricting input (or output) is complete arid allowed to continue. If, however, 

it was swapped out while in I/o wait, any response to the received input must 

wait until the program is swapped back into core. The balance between response 

and core utilization can be adjusted to some degree by specifying how the scan 

for swap-out, swap-in is done and where in the processor queue a job is transferred 

! i when it comes out of I/O wait. 

! ! 

, I 

I! 
I 

i 

, , 
I' 
'! 

I: 

I' 

-F. 10- I 

I 

!I~ ~~~~~~~~D~DDmD~ 



I--
I 
t 

! i 

il: 
! I 

. i 

. t 

, 

APPENDIX G 

SUMMARY OF BAS IC TEC 0 COMMANDS 

$ means AlT-Mode « control-shift >K) 

Input-Outake Selection 

ER dev: name • ext$ 

EWdev: name • ext$ 

EF 

Input-Outake Commands 

Y 

P 

PW 

Select Device dev, file name .ext for READING 

Select Device dev, file name .ext for WRITING 

Close out the output fi Ie. 

READ the first page 

WRITE out the current page, go to the next 

WRITE out the current page, don It go to the next. 

line Editing (commands with n missing: Assume n = 1) 

n is a number; it may be negative 

nT 

nK 

nl 

TYPE n lines 

Kill n lines 

Move the pointer n lines (,ljl moves pointer to 
beginning of current line) 

Character Editing (commands with n missing: Assume n = 1) 

n is a number; it may be negative 

nC Move pointer forward n characters 

i 
! I 

I~l ~~~~~-G~.l-~~~~DmDDm.J 



rC-nR =~=~C~~====C=M~~epOin~~~.verse n Ch~racters-~'-~-
j, nO Delete n characters at pointer (delete to the , 

: I right if positive, left if negative) 
'! 

I 
I, i 
:.1 
I' 

!: 
:11 
\ 

ii' 
! 

" 

I , 

Character Strings (all terminated by ALT-Mode) 

S test $) 

N text $) 

I text $) 

Goodies 

nJ 

< S text $; commands> 

Search for IItext li from pointer to end of page. 
If found, move pointer immediately after text. 

Search as above. If not found, do P command 
(write this page, read next page) and continue 
searching_ 

Insert IItext II at the pointer. 

n = B beginning of Buffer 

Move the pointer n = Z end of Buffer 

For each occurrence of IItext ll from pointer to 
end of buffer, execute commands_ 

I 

I 
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APPENDIX H 

SUMMARY OF MONITOR COMMANDS 

The following iht of ;Vbni.!:!.. Co.'nm<.ii ds .. cf.'rltrj~i hmcjic>n~ <:Ina CUSP commcH1ds ;) sufficient to allow 0 

remote u!.er to time share the POP~c/lO, A ccmfJ\'~t~i glossary of command .. h availab!e 

V'}e' Tvoe:.: 
_~J...:.,.,._ 

<CONTROL> C 

<CONTROl> Z 

<CONTROL> U 

<RUBOUT> 

*' 

·~u t 

\ 

;\cts 0:; on ilene of file" from a teletype. 

[ro$(:) I,)r~ chorcder each time; may be continued 

until the entire line is ~ia$ed. 

T',il'ed CoV MctiHor to' lndicure- ti.;,';l( it Is awaiting a command. 
, , . 

Typed by a eomon User Sil,'vlca Program (FORTRAN IV Compiler, N.ocro 

Ass~mbl~r, etc.) to indicate thot it is awaiting a command. 

MONITOR COMMANDS 

Command .9..f.tl~!2.!:.. 
(CORE) 

FUi'lction 

R NAME loods and storts the progr~m I! NAME" from the 

SY:l;fem library device, *' 

RUN DEV:NAMf.. (CORE). :::T lood5 "rId storts program" NAMEu from device 

lPROJ-PROG Nq *i:"DEV", USH( mClY spedfy more than the required 

CORE N 

memo:y by typing "CORE" f'or the toto! nvmbttr 

cJ 1K blocb of core yequirad.'* 

Request that In" lK blocks of core be mode available. 

This CORE command rcqllh,'i one argument I 0 

decimal integer I specifying the t"toi number 0: 
1024-word blocks of core memory r.ecc.:!d to run 

, . ...., . d\.,' '. 'b I 
;L_~ r:;'l ~I~~~rv:~t";. ~ n(/ co;~ CS$!grh: t.,)t;!~cmes Hioc:ceS!d e 

J 



SAVE DEV:NAME (~o;'(:') 
. (Pr.,)! -pr~~l 

GET DEV~t'-,tAME (con:;) 
froj-pro,.:i] 

srART 

"DE\I'. S~di that it r,')oy be loaded later by 0 "GET" 

cOi'nnW;)';. The file nome exten:>ion c(e(lt~d by the SAVE 

,. \' ." ~ ,011 t" • f I ';::,Jfj1ft'lC;l'hi l:> '1.11'11.1 ; ~e mer'Itor response ctter ~ucce~~ u 

JOB SAVED 

l,cl'I:Jd the I..IS~rIS core area from device "DEVil with ° 
~ 

;:cr~ I;noge named U NAME'! that was previously "SAVED". 

(A me nome extension of "OM?" is assum..:d unless some 

·,;jiher Cixte,uion is :supplied.) This commend is used both 

for loodins OJSP programs from the 5ystem I ;brory and 

fOI" retrievinG previwsly "SAVED" u~er progrcm5. Upon 

completion of loading the pt'ogrom, the monitor types: 

JOB SeTUP 

The job j, fully loaded but not started. Other mtmoges 

indicate error conditions. ThEM: are: 

NO CORE ASSIGNED The user has 0 blocks of core 

N lK SLOCKS OF CORE NEEDED The user ha1 not assigned 

enough core to load his 

progrom. He mu!ot nOYt type 

CORE N and retype the 

GET comrr,ond. 

FILE NOT FOUND 

DEVICE NOT ,,,,\VAILABLE 

TRANSMrss ION ERROR 

The fi Ie nome typed is not 

found in Ihe directory for 

the specified device. 

Another I)~er has control of 

the specified device. 

A parity or olhcr error 

condiricn oc:clJr:c~ curing 
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DDT 

ASSIGN 

(LOC) aftp: START. 

Sto,", i·he user's debugging program, DOT. The starting address 

of DDT I the user's debugging program, is a parameter kept 

in he uSl$r's job data areo. When the OL)T console command 

is t: 'ped, t!1e monitor· $tarts the user's program at the 5to:'ting 

cdd~(;$$ of DDT. The console is token out of the monitor mode 

and ;,lo,:.;c.J in the user mode so that input is directed to DDT. 

Error mes;ages are: 

NO CORE ASSIGNED 

NO DOl 

The user has no blocks of core. 

The starting oddress of DDT, as 

stored in the job data area, is Oi 

therefore, DDT 'is not loaded. 

ASSK~~ I/O d~vices to this iob. This command requires one 

or two arguments. In the form: 

ASSIGN DEY 

the phydeal device DEV is reserved for the exclusive use of 

this jaIl. (Se~ Table 4-1 for a complete list of devices and 

their phy~ico I names.) 

In the form: 

ASSiGN OEY NAME 

devke DEV is reserved, and in addition, NAME (called the 

logical nome) is mode synonymous with DEV. If NAME 

happens to be the some os the physical name of some other 

device, the logical name toke$ precedence. With the ability 

to rename devices, Q user may write his program$. to use 

arbitroriiynomed devices which he assigns to the most 

c\mvenient physical devices at run time. 

For multiple devices such as DECtape or magnetic tope, the 

physicol nome consists of a 3-letter d.;:vice-type mnemonic 

followed by the uflit (transport) number. For example, 

DTA3 ,-r.eaflS DECtcpe (OTA) trar.SJXlrt number 3. To locate 

., ' .• , .,'" .,.':- ~. '!.._' ": . .r:.., " ..... , 'i'.f 



DEASSIGN 

pl'lY$ir;ai devke nome as ~rg:, ,lent ;:JEV. for example: 

User types: 

Then user types 

ASSIG'~ DV" 

DEVIC: DTA~ ASS IGNED 

ASSIGN DT,I, 

DEVI( E DV,5 ASSIGNED 

itl ~hl1 (llXomple (,lOOv(~, the rnon!to' is ~sk€d to find t ..... o free DECtape transports. 

Traosx·rts .4 end,) we'a fref;; end 'lie new accessible only to the user typing the 

,,\$SIGN commond _ The mon;~oi1noy type bock one of the three following 

LOG1CAt NAME AlH-:!.D\', 
DEV!C'; DEV i:~~'):GNED 

The logico i nome specified IS the same as o. 
logical Given in 0 previous ASSIGN command. 
N6ver\h~less, the device is reserved but 
without a iogkol nome specified. 

ALREADY ASSIG"N~D TO JCB N Another user is using the device. 

NO SUCH i1EYiCE 

U~er tyP(' . 
M(li,itor re:;pOnds: 
User thSf. types: 
Me.:,,; i tel' responds: 
U$d!l: l'hen types: 
M(')r: ito. r(lI;~'Ond~: 

User then t.."pe$: 
Monitor respond$: 

Either the physicol device name is misspelled 
or (in the case of searching for a multiple 
device) all transports ore in use. 

/\S~ ION DTA, ABC 
DE'/ICE DT.>.6 ASSIGNED 
AS':;iGN [,rAj DEY 
r·~o SUCi DEVICE 
)\$5 !G~ ~ PTP I ABC 
I.e G leAL NAME ALREADY 
:N LrjE 
l:'E\ ICE FT? ASSIGNED 
)5SIGN DTAI; DEV 
f·LREADY ,A,$SIGNED TO 
.:082 

(successfu I) 
(find another transport) 
( • 1 • "I, ,Oi, In IJse) 

(reserve the poper tope punch) 
(punch is re$erved but ABC 
still refers to DTA6) 

(another us.er has rMerved 
DTA 1) 

See the DEASSIGi J con:;ola commar"d for relinquishing devices. 

Re~um I/o devi;,:;~ to the common pool. Thir; command cancel:i device 

re,,'(',,;vQrions mace \'tC the ,~.SS!GN command. The DEASSIGN command 

may bt; typed ok·r.e or wit:. one arGument. W'ne:1 C:1 orsument is typec, 

it must be the l •. ;ic;oi cr phys ir,;o I nome of some devie.:: t;,ot \'lOS p~cviousl, 



KJOB 

CO NT 

SYS: 

TTY: 

CTY: 

The specified device \NO", not (~served 
by the ASSiGN com'llond, 

f ~ I the JOB. "hi~ cOi"lsoloe co.T.mond does the following: 

I. Deosiigns Clnd ~tops eli! I/O devices connected to tho iob, 

2 .. P·~ttHn •. oil the user's core allotment ~o the monitor. 

;3. Pk1ces the ccn~<.' Ie in the detoched ~tote. 

4, ~~kkes the lob nlJmber assigned to the killed job available 
to the next user who initial izes a iob. 

SS:?lginue: ,e;"ecuticn. When 0 ;.tser's program (including DDT) is 

Slf;:p.r-;d by t)fP!n!~ '..-·COt,HROL'> C (C while holding dowr: the ~cl')ntrol' 

if ':IC' u~~r!~ prograM deliberately stops by colling "EXIT, 'i the 

CO \'H COO'Ii'I"H·.H,d r.kh::S not restart the job. 

NO COkE ASS!GNED 

CAN'T CONTINUE 

Cons • .)!e TelerY~'i~ 

Either the program W(lS never ;jIm-ted 

or it \NOS stopped bit other thon 

'control' C. 

A"'·". teleh/"~~ ,.1"" ·· ...... o.e,..i ~,~ tl~e np' .... ra'·",..'~ ronea!e (v:,., U A ~;::'IGNI! command') ~tl ." .,.~ ..... "~~,J'~i~' 1- ... "V "-L;r . f .. " ..... ~- ,_j. .., "'-" ~. \ ,..... - -.,? ... I • 



such i:.\\i FORTRAt-,J cF a)$~i'llbly bguClge sc",:rr~ ",rcrtements. These CUSP's require that a comrnar,d 

be typed to ioerdry ~ht: d~v[o:!~ ff;';') t.lnd !;:. ,;-, ,ich this infef'mati,.,;, will be lrommitted ona to 

l.-lfliquely identi;:/ thi$ h,:fC-fmati(J)~ Wh~-i the t: lice'S spcdf'ieJ may contain other dato. 

wh~:~ ., E:lNH I "UST" ;:md j'SOLlRCt:'" ryre :;L:~ • ~~cript!ons CIS described belc.v: 

DEVICE NA;\.~E:FiLf: i;'·lA~"\E. dLE>M, .~: :XTENSION 

FOf the conveni<snc~ of ~he UMi / th~ C;)mrrlC.'",0 '"mGT me,,. be abbievioted as foliows. The 

fIe ;"l(J',';,.., iJxtension n~ed no:' r:.a i'Yped .. in wH, ~ cose the pe.riod should olso be omitted, For 

ft)lIow~d by 0 cokm n-s~d be !Yr.~d. If the d~;vl ~'nome is omitted .• the most recently typed 

device n.nmfi h used. ThuL\ to sp..$clfy more thon !: is' HIe from the some device, the user 

'~ype1-: 

. Pi'R:, , 

fiR:, 

PTR: 

When a CUSP require£ more than one output file'l the first file on the left is the binary file 
ond th~~ second file is the listing file. 

Most CUSPs allow the U$·!r to select seve,'ol options or modE:~ and to perform certain device­

manipulation functions (such CIS rewinding magnetic tope). These options, called switches. 

ore ietlected by typing: l'i single letter preceded by IJ slash ('r by typing ~ev5raj letters end01ed 

in parentheses." Etlcr. I~t~<!'r ~elech (,Jr1 option 0$ determined by the pJrticulor OJSP being 

u~ed. For example I to 'Command PIP to copy 0 binary peper tope, the user types: 

PTP:/B <-- PTR! 



CT'I' ; 

tT~{'~.! 1'''['\'2; 
~ • ~ f 1'T '/'7 ~.'<. 

-1'- ~ _ . 
i ~i eryp.'it 

PCF~i T .. pe 
Rv:tde. 

Pi.1P:i Tope 
P,;nch 

" ...... -- .. ,.---.-:, ........ < ... -----....... -~- '''''-f-~'''--- _ .. _ ...... _,--

CDf\; 

l)'f Afj: I [)T~L.l: 

"', DrAl: 

! , 
I 

Cord Readt~r 

..... -~-.~~ ...... --.. ...-------..,", .. '--.---.. ....,---, .... -'.----

I 

t,l.a9r,d i c 
T(jpe 

"""""' .. _ ...... _. >""'_ ... ~."' ..... ;to"'"~.~ __ " .... »__~~ __ .. "",-""..-..._.~_ 

t1{, c;ddtNl pt1{;.lmeror req~)'(eCi b 1 imH ':iCGes~ to authorized iJ$ers. The system will initioHy 

.', -" 



~ .... '~ • y. ~"'~ 

whon it is then typ~d ove>, th~ gorbied ~ext. 

.~sSrGN 

ATTACH 

(CONT 

CO NT 

CORE 

C5TAAT 
D 

Dt" Yi 1 fy'~r 

DDT 

DEASSiGN 

DETACH 

f 

KJ0B 

i.OGIN 

NULTiME 

F'Joa 

AS 

AT 
CC 

~-:O~'~ 

COR 

CS 

0 
,') , 
~""p, 

DD 

DE;\ 

D ,:T 
I •• 

£ 

f 
('. 
" 

" t\.. 

N 

p 

REASSIGN· RE,Q-, 

REEi.JTER REf 

... "i'.: 

ffUN 'RUN 

RUNTiME RUNT 

S,'~VE SA 

S:'~FTiME <::' , .,' ,'1 

5T ft.JZT :;1' 

T:\U( ",. 
j 
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