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ADSTRACT 

As more and more use is made of the computing f ac ilj_t ies of the U. s. 

Naval Postgraduate School, the need for more automation of the facilities 

is becoming apparent. The addition of a Digital Control Laboratory r:1a.ke 

a progrrurunine system to time share the large scale 1604 computer between 

this laboratory and operations at the Computer Center desirable. This 

paper describes a pro.gram syster1 to acconplish this. This system will 

allm·.r closed shop type jobs to be run at the Computer Center and open 

shop experimentatior. from the Digital Control Laboratory. 

The vrriter wishes to express his appreciation to Professor r:itchell 

L. Cotton for his invaluable assistance and encouragement in this project. 
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1. Introduction 

This paper will descri.be an elementary time-sharing system to be 

used l'"rith the CDC l60L~ computer at the U. S. IJaval Postgraduate School, 

An interest in a time-sharing system has been prompted by the addition 

of the Digital Control Laboratory at a remote location from the computer. 

It is desirable to be able to use the large 1604 computer from this lo-

cation and to provide for time-sharing when the program from the remote 

location requires a small percentage of the capacity of the cooputer. 

A perusal of the literature reveals little work in this area being 

reported on except by Teague /1/ and Corbato /?-/ of the Computer Center 

of NIT. This work allows for any nUIJber of remote consoles and makes no 

restrictions as to program type and size. In order to accomplish this, 

they have designed special equipment and modifications to the computer 

(IBH 7090). They make provision for writing prograJns on an auxiliary 

store when memory space is needed, callin~ them back when needed for run-

ning. Eemory protection aoong the pro.5rams is provided in the hardware. 

The system presented here is more specialized in nature and allows 

for only one remote console. There are several reasons for this approacho 

l. The system should be designed for existing equipment with no 

d 'f' t' . d 1 mo l lca lons requlre • 

2. Real time operation from thA remote location should be provided 

for. 

3. Relatively simple program...-ning requirer:1ents .. 

By real time operation is meant a reaction time to external stimuli 

in the microsecond range. This reaction time precludes usinG any system 

~ee Appendix B for a listing of this equipment. 
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which requires reading a program into me~ory each time a quantum of com­

putation is to be performed. Since the program in mewory cannot be 

switched, the programs front the remote user are restricted as to type and 

size. 

The other user in this system is a back log of stacked jobs to be 

run under a monitor system. This user is always considered to have the 

lower priority. 

2 



2. Need for a J.!onitor System 

As more and more use is made of the computing facilities at the U. 

S. Naval Postgraduate School, the need for more automation of the facili­

ties is hecominc apparent. This must be reflected not only in actual 

hardware but in the manner in which it is used as well. 

7here are several approaches to this problem. Systems such as For­

tran, Jovial, Neliac, involve one method of automating the coding of a 

program by developing a proqlem-oriented language as opposed to a machine­

oriented language. 

Another approach is the use of a supervisory control pro;~rarr: or moni­

tor system to process stacks of jobs. Such systems provide vqrious tools 

to the prograrr~er for aid in input/output anc program debugging, but 

their real merit lies in the fact thdt such systems are capable of pro­

cessing more work through the computer than can be processed on an indi­

vidual basis. 

However, no matter l·lhat specifications are developed for any system, 

of necessity certain restrictions vrill be linposed. Jn the case of com­

pilers, the restriction is the language itself. In a monitor systerr., the 

restrictions may be such things as available tapes or available core 

storage. 

~he ultimate goal is to develop a system - in this case a monitor 

system - which sat isfies the requirer.1ents of the installation, both from 

a prograrr.r.~.in~ stancpoint and from an operations standpoint o Certainly 

some restrictions and some compromising will be necessary to achieve this 

goal. 

It is felt that the CO-OP l':onitor System fills the needs of the in­

stallation here with the ninimwn of restrictions. .Since the facilities 
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are not used primarily for production type run.s, some sacrifice can be 

rrade in efficiency for flexibility. The aims of the designers of the CO­

OP }1onitor System are set forth in the introduction to their report of 

9 Harch 1962/3/. 
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3. Need for a Multi-Processing System 

With the installation of the Digital Control Laboratory (DCL) at the 

Postgraduate School, a need is becoming apparent for a system program 

which will allow the time sharing of the CDC 1604 computer between closed 

shop type jobs at the computer site and open shop experimentation at the 

DCL. For jobs which require only 10 to 20% of the capacity of the 1604 

computer, restricting the computer to service the DCL alone is considered 

wasteful of the computer. To avoid this waste of computing capacity, an 

~utomatic liulti-frocessing §ystem (hereafter known as AMPS) has been de­

signed. The remainder of this report will be concerned with the specifi­

cations of this system. 

A}WS will provide for the following: 

l. Automatic control of time sharing between two programs, the 

1ocal ~onitor (LM) and programs run under it, and a §ystem ~onitor (SM) 

and programs run under it. 

2. Operator-Hachine communications to both locations. 

3. Memory allocation including the sharing of the main memory be­

tween the two programs. 

4. Linkage to I/0 media. 

5. Recovery procedures in the event of program failure. 
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4. Systerr: Characteristics 

This section will present the overall aims and specifications of 

AJ·'fS. These specifications will be given in greater detail in Sections 

5 and 6. 

4.1 Local Nonitor 

The first program to be considered under A~'S will be the LM. This 

prograrr.. will control the operation of the corrr~:uter frorr, the cor:1puter sitE:.:. 

The 111 will perform the follmving functions: 

l. Automatic sequencing of jobs as found on the input nediumo 

2. Loading of program cards and library routineso 

3. Linkage to second level control systens. 

In oost respects, the LI1 will be sinilar to the CO-OP Honitor System 

as described in the CO-OP Lonitor System report /3/. (See Appendix A 

for a sl..Ut1I1ary of the characteristics of this systerrl). 

It is desirable to design the D·1 in such a way n.s to be compatible 

with monitor operation when the computer is not shared with the DCL. If 

this can be achieved, the pro3ra.mm.er will not knm'l' \"lhether his program 

is run with time sharing or not. It is apparent, however, that some r e­

duction in memory size will be required since the computer nust hold a 

lareer system program when in the time sharing mod~. The on-line periph­

eral equipment will have to be restricted also. 

4 . 2 System }:onitor 

A. second program to be considered under Al:PS 1rrill be the SN. ?his 

progran Hill control the operation at the remote locations 

The SI'~ l·dll perform the follmving functions: 

l. Call programs from the standard library tape or any other tape, 

6 



including the remote 160 computer, under control of the remote consoleo 

2. Execute these programs on commando 

3. r~ecute these programs in an interpretive mode either full speed 

or in a 11 stepping rr.ode 11 • 

4. Provide the sL~ulation of the computer console on the remote 

display. This routine will automatically be called whenever a program 

is completed or after each step when in tha interpretive mode. 

5. Provide for the inspection and changing of any selected cell in 

the computer within that portion of menory assigned to the SM. 

The call routine contained in the S.t-1 will merely be a linkage to the 

load routine to be contained in the U~. This routine will be told to 

load programs called into that portion of core reserved for SH useo 

It is anticipated that two basic types of programs will be run under 

the 5r1. These will be checked-out programs used to aid in other develop­

ment work and programs coded by novice programmers and unchecked-out. 

The checked-out programs will be considered first. It is antici­

pated that many of these will be used to investigate real time processes. 

Most of them will not require more than 3000 to 4000 words of core stor­

age nor more than 10% of the computing capacity of the computer. 

Since these programs will depend on real time external inputs, the 

timing for inputs cannot be set in advance but must be placed under in­

terrupt control. Because these interrupts are unpredictable, care must 

be taken in the design of ll1 programs to insure against program errors 

caused by them. This restriction will be covered in detail later. 

In order to allow efficient use of the computer and at the same time 

allow for "debugging at the console" and student instruction, it appears 

desirable to provide for an interpretive program to execute programs 
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from the remote console. By using an interpretive progran, the danger 

of an unknown program destroying LJ'.r prograns is avoided. 

This program should contain provisions for running the progrnm "full 

speed11 or in a "steppine mode"e By full speed is meant the rapid execu­

tion of the instructions but remaining in the interpretive mode. By 

stepping mode is meant an action similar to that produced by the 11 step" 

switch on the main console. In the full speed mode, provision should 

also be T:Iade to set "break points"e 

To further simulate the main console, each time the program being 

interpreted is halted, the contents of the psuedo registers should be 

displayed on the remote console. 
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5. Problems of Hulti-Processi ng 

There are many problems that may occur in a multi-pr ocessing system. 

The three discussed here (memory assignment, I/O control, and switching) 

are considered the most important. Others will be discussed within the 

details of the monitors. 

5.1 Memory Assignment 

One of the major problem areas in designing a time sharing system 

is that of safe guarding memory. The system will not be useful if pro­

grams run under the 1M destroy programs in the SM and vice versa. 

It would be desirable to provide the system with the capability of 

automatically adjusting the size of the memory assigned to the various 

programs to that needed at the time. With the present state of the art, 

there appears to be no simple solution to this problem of dynamic stor­

age allocation. The programs expected to be run under the SM are of a 

restricted nature, however, so that an allocation of a fixed portion of 

memory to the SM seems reasonable. These SM programs are considered to 

be limited to 10 to 20% of the capacity of the computer. It is also 

felt that a first system can more readily be made operational by assign­

ing a fixed area of storage to the system programs. 

Even with this scheme of separating the memory, it is almost certain 

that programs will overlap occasionally and cause troublee The system 

design will attempt to minimize the chances of this occurring. 

5.2 I/O Control 

r1ost of the control functions connected with program switching will 

be performed under interrupt control. Since these interrupts are unpre­

dictable, all programs must be coded in such a way that if they are 
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interrupted, the program will not be destroyed. One major area of con­

cern here is in input/output since some routines are susceptible to 

damage by interrupts. 

One particular example of this is the input routine contained in 

SCRAP. Since only the first two words read in to memory are needed to 

commence processing, a section of the read routine inspects the control 

cell (cell 1, 3, or 5 for input) in the computer until it indicates that 

these two words have been received. If this routine were interrupted 

during this inspection, the buffering would continue and when a return 

to this routine is made, the proper check would have been missed causing 

the routine to hang-up in a loop. 

Any problem here can be avoided if all programs use the standard 

routines provided in AMPS. These routines will be coded such that their 

being interrupted can be tolerated. 

It is also desirable to isolate the I/O channel usage between pro­

grams. If an I/O channel is shared between two programs, problems will 

arise in timing, particularly in the matter of error checking. One pro­

gram may initiate an input/output operation and when it is completed, 

the other program may do the same but before the first program has a 

chance to check for errors. By the time the first program does check, 

any pertinent information has been lost. 

5.3 Switching Between Programs 

The philosophy of switching between the 1M and the SM will be that 

the 1M has the use of the computer except at those times when a need is 

indicated by the SM. This need will, in general, be indicated by an 

interrupt. When this occurs, the S}l will be given control and control 
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will remain with the SM until it completes its task . vfuen control is 

given to the SM, all conditions of the computer must be saved for future 

use by the LM. This includes removing any interrupt selections for in­

terrupt conditions that the SM or programs run under it are able to 

satisfy. This is true even though all further interrupts will be locked 

out during the period that the S11 has control since their occurrence is 

sensed as soon as the interrupt routine exits through cell 7. \·Jhen the 

SM has completed its task, all registers and conditions will be restored 

and control will be returned to the U~ program at the point where it was 

interrupted. 

vlith this method of control, any discussion of efficiency is not 

relevant. It will appear to the user at the remote console as if he is 

the only user. The full uninterrupted use of the computer will be avail­

able to him whenever it is called for. The efficiency of operation of 

the LM and its processing of stacked jobs will be simply the percentage 

of time not taken by the SM. 

ll 



6. Local Monitor Restrictions 

The LM will perform the functions of the CO-OP Monitor System with 

few restrictions. The portion of memory assigned to the SM will be im­

mediately after the resident portion of A~S (see Figure 1). Programs 

run under the LH will have available all memory from the end of the SM 

portion to the high end of memory. The following sections discuss several 

restrictions on the programs run under IJvi controle Specific modifications 

to the CO-OP Monitor System necessary are described in Section Bel. 

6.1 Size of Programs 

The LM programs will of necessity be limited in size from that per­

mitted with normal monitor control. This is necessary for two reasons. 

First, a larger resident portion of the monitor must be in cores at 

all times. The larger size of this resident portion is required since 

the monitor is now controlling programs from two locations and must con­

tain routines to accept control statements from these sources. 

Second, a portion of the memory must be set aside for SM use. Since 

no dynamic storage allocation is used, this block reserved for SM use 

will necessarily be of such size as to hold all programs that are expected 

to be needed. It will be noted that the remote console has the only con­

trol over this block size. Since the SH portion of memory is located at 

the beginning of available memory, a change in this size will necessitate 

moving the low end pf memory available to the U1 up. The details of this 

will be given in Sections 7.3 and 8.1.6. If the remote location specifies 

a block of such size that LM programs will not fit, the jobs requiring 

these programs will have to be scratched for a later run. It is expected 

that considerable useful work can be accomplished even with this re­

stricted memory size. 
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By assigning the 1M portion of memory to the highest portion of 

memory, the load routines and systems programs may be used without changee 

This is true of systems programs that assign and use high memory down for 

"cornrnon" storage and ones that have "open end tables" since these should 

all contain an end of rnemory cut-off. The working storage assigned to 

assemblers and compilers is automatically adjusted to that available at 

the time without the use of any parameters. 

6.2 Program Type Restrictions 

Program failure is a real danger to any multi-precessing system. If 

programs running under the LM or SM fail when the computer is running 

under Al.WS control, all processing is lost until the operator takes the 

proper recovery measures. Even after recovery has been accomplished, the 

jobs being processed by either or both the IJt and SM may be damaged ip such 

a way that they must be reloaded or just as fatal, essential information 

may be lost during the recovery period. 

It is expected that systems programs will be designed and checked-out 

in such a way that they will run to completion and not use any portion of 

memory not assigned. This should be true even if the infornation on which 

they nust operate is faulty. This will, in general, also be true of com­

piler generated progr~~s. If a compiler generates a program at all, it is 

expected that the only error effecting ANPS operation which may occur is 

excessive running time. This error is guarded against somewhat by the 

time limit indicated on the job description card. 

There appears to be no way to inspect machine coded programs to as­

certain their running characteristics without actually running them. It 

is expected that block storage allocation specified by the prograr.Jlter 

will be indicated in the object program. There is no guarantee, however, 
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that this is all the storage used by the prograin. There is also the 

chance of progr ammer error in assigning symbolic addresses and errors in 

index register use. In order to keep the n~~ber of program stoppages to 

a minimum, it appears reasonable to bar unchecked-out assembly derived 

programs from being run under AiviPS o The decision as to what constitutes 

a checked-out program will obviously be up to the progranmer and the staff 

nember accepting programs to be run under ANPS. As semblies themselves 

can he made , however, since memory use is controlled by the assemblers 

and they will be restricted to the LM portion of memory. 

The AMPS syst em should be able to accept programs generated by other 

sys tems \dthout restriction except for size as mentioned above. This may 

var y, of course, depending on what program~ing systems are included in 

AMPS. 

6.3 I/O Assignments 

It is planned to make extensive use of the satellite system for LM 

input /out put. :'here are several reasons for this choice. 

First is the limited equipment available. Only two 1607 tape sub~ 

systems are anticipated and one of these will be required by the S1·1o Only 

four t ape units are thus available for the LH. This is insufficient for 

mos t 111 operations. To increase the number of tapes available, the 160 

computer in conjunction vdth the 163 tape units will be utilized. It is 

anticipated that the 160 will have a 163 tape subsystem with two tape 

units. 

It is also felt that the use of the 160 computer can speed up input/ 

output without use of complicated buffer schemes which may be damaged by 

inter rupts. The 160 can read a record from the tape and store it intern-



ally until called for by the 1604. The transfer to the 1604 proceeds at 

high speed since it does not depend on tape motiono The same is true of 

output from the 1604. If the 160 is used to write the output tape and 

to drive the on-line printer, the output from the 1604 will not depend 

on tape motion. Of course, more efficient operation will result if a 160A 

computer is used as the satellite computer in place of the 160. 

By using the 160 as the standard input medium, the facility to modi­

fy the input stream without interfering with the operation of the 1604 is 

gained. This feature is useful if a high priority job is to be run dur­

ing the sequencing of a long input tape. 

It is not anticipated that the card reader/punch will be used exten­

sively on-line but it will be available if required. 

The following channel utilization is planned for the LM. 

1. All control information to the 1M will be via the console type­

writer on channel 1. 

2. All error information and on-line com~ents will be via the on­

line printer. The 160 computer will be used to drive this printer. The 

information will be transferred to the 160 computer via satellite on 

channel 4. 

3. Input to the LM will be from the 160 computer via satellite on 

channel 3. The 160 will pick up the information from the system input 

tape on the 163 tape $Ubsystem. 

4. The listable output will be to the 160 computer via satellite 

on channel 4. The 160 will write the information on the 163 tape sub­

system. 

5. The LM library and binary output tapes will be assigned to 1607 

tape units on channels 3 and 4. 
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6. Two 1607 tape units on channel 3 and 4 will be available to the 

LM as scratch units. 

The standard entries in the RHT
2 

of the LM will have the following 

meanings. This table is also used by the SM. 

00 - System library (Channel 3-4 1607 tape #1) 

50 - Monitor input (Local 160 in satellite) 

51 - Monitor output (Local 160 in satellite) 

52 - Nonitor punch (Channel 3-4 1607 tape #2) 

53 - Input comment (Console typewriter) 

54 - Output comment (Printer) 

55 - Accounting medium 

56 - Standard scratch #1 (Channel 3-4 1607 tape if3) 

57 - Standard scratch i¥2 (Channel 3-4 1607 tape #4) 

58 - SM input (Remote 160 in satellite) 

59 - SM output (Remote 160 in satellite) 

60 - SN scratch (Channel 5-6 1607 tape #2) 

61 - SM library (Channel 5-6 1607 tape #1 

62 - Remote display output 

63 - Memory is the I/O medium 

6.4 I/O Restrictions 

It is expected that the I/O routines will remain as described in the 

CO-OP Honitcr report /3/ except that the routines themselves will be modi­

fied if necessary to preclude any interaction with the interrupts. It 

wi ll not matter whether the systems progrruns such as FORTRAN, SCRAP, etc., 

2 
See Section A3.2 for description of this table. 
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use these routines as long as their input/output routines are capable of 

being interrupted at any time. It is felt., howe'ler, that it would be 

best if they did since the flexibility of equipment assignments is gained 

very simply in this manner. 

Since the standard input/output medium for the U1 will be the 160 

computer in satellite, all programs should use the standard routines for 

corrrnunication with the standard input and output tapes. This will be 

necessary because the 160 computer must have a progr ar:1 compatable with the 

companion routine in the 1604 computer. The use of the standard routines 

will avoid any concern by the programmers over proper progr amming for the 

satellite system. These routines may be used just the same as the ones 

communicating with magnetic tapeo 

The assemblers and compilers to be used with the LM will hava to 

contain provision to set up the proper linkages to the routines. 

17 



7. System Honitor Details 

The SM will perform the functions outlined in Section 4o2. In order 

to perform these functions, several routines will be included in the resi-

dent portion of Al,WS or be available on the standard library tape. The 

resident routines peculiar to the SM will be Read Remote Keyboard, Load 

Program, and Display and Snter routines. A description of these routines 

is given in the following sections. Any nmnber of routines for SM use 

may be added to the library tape. The only one described here will be the 

Interpretive routine. Of course, all library programs included on the 

library tape for L.H use may also be called by the SH. 

7el Resident ~outines 

The follmving routines will be included in the resident portion of 

MIT'S. 

7.1.1 Read Remote Keyboard Routine 

A standard routine is necessary to flead the Remote Keyboard (RRK). - - -
This routine will be used to assemble all information received from the 

remote keyboard and take action as indicated~ Since an expanded keyboard 

is available, two special keys will be defined which will not interfere 

with normal interpretation of standard keyboard symbols. These are an 

ENTm key (represented in this report by a period) and an ERASE key. 

The cor.liT.a will be used to separate parameters. 

Each key on the remote keyboard, when depressed, vlill produce an 

interrupt in the computer. !ill input message will be read a character at 

a t~e, the presence of a new character being indicated by an interrupt 

fron the keyboardo These characters will be assembled (in BCD code) 

into a word until a comma or ENT~~ is encountered unless the fi r st char-
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acter is a numeric. If a cotru:ta is encountered, the next '"ord will be 

used to accumulate the characters. The commas will be deleted. 

If the first character of a parameter is a numeric, these will be 

stored until a corruna (or ENTER) is received. The last character \.rill 

then be inspected to see if it is the octal indicator (small 8 as defined 

in Neliac). If it is, the number will be simply oo nverted to binary and 

stored in the next parameter word. If the last character is not the 

octal indicator, the number will be converted from decimal to binary 

fixed point and stored in the next parameter Hord. It should be noted 

that up to 16 octal digits may be given in one parameter. If less, they 

will be right justified in the parameter words Any decimal number given 

must be less than 247-1. Any parameter starting with a numeric and 

containing other than zero through nine will produce an error indication 

on the remote display. 

It should be noted that there is a limit of 8 BCD characters to any 

one parameter~ It is felt that this is sufficient for routine names and 

parameters o 

The ERASE key will be used to reset the RRK routine so that it will 

be ready to begin receiving a new message. lJo action will be taken on 

the information already receivede 

When an ENTER is received, the first word will be compared to a 

table of available routines to determine if this routine is availables 

If so, a jurr~ to the address of this routine will be made. If not, an 

indication will be made on the remote display. It should be noted that 

thE: same names may be used by the SH routines and the LH routines as the 

table of naro~s are completely separate. It would appear desirable to 

have a common table of routines available but if this is done 3 there is 
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too much danger of the SN executing a routine already being executed by 

the IJ.1. One Il·i. routine will be used by the Sl·~ but it will contain a 

safeguard so that this cannot happen. 

The characters will also be transferred to the remote display as re­

ceived. The operator may thus inspect his ness~ge as it is being entered. 

If an error is found, the backspace key may be used. This will reset the 

RRK routine so that it will load the next character in place of the pre­

vious one. Any number of backspaces may be given in succession but all 

char acters after the one replaced will be deleted. 

Blank characters i.riJl be ignored e..""<cept that they will be displayed 

as blank characters. .::ach assembled vmrd will not have any imbedded 

blanks. 

In swnmary, the form of the message to RRI: will be: 

ROUTINE,PAP~l, PARA2, ••••••• PARAn(ENTER) 

~fuen the routine nru~ed is executed, a return jlli~P will be made to 

the address given L~ the available routines table. The address of the 

first parameter word will be in the A r eeister on entrance. All further 

interrupts from the keyboard will be renoved nntil the routine being pro­

cessed is finished. This is necessary to avoid the problen of multiple 

interrupts. 

If the ENTER key is depressed l'lithout entering a ne1r1 message, the 

previous contents of the input buffer will be u5ed. In this manner a 

routine may be executed repeatedly without the need for retyping the 

message. 

The input messages will use successive lines of the display up to a 

maximum of 62. After 62 have been received, the next message will be dis­

played on the first line replacing the one there previously. A CLEAR 
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command will clear the display of all ntessages from m~: resident routines. 

A DISPLAY command will also clear those lines needed to display the in­

forznation called foro 

Details and flow charts of this routine are given in Section 8.2.1 .. 

7.1.2 Load Progrdrns Routine 

For this routine, the services of the ]ielocatable .flinary 1oader (RBL) 

contained in the IJ.f will be called on. The proper linkage to the RBL will 

be set up and then RBL executed~ There is a danger here that RBL may be 

executed by the SM at a time when it is in the process of being executed 

by the U4. This case will be guarded against by the proper use of a 

warning flag. This flag will be set whenever the LN enters RBL and reset 

when an exit from RBL is performed. The SN routine will interrogate this 

flag before it executes RBL. If it is set, the S~ will change the exit 

add.ress of the RBL to a SN routine so that when the RBL has completed its 

present task, control will be returned to the SM routine rather than the 

calling LM routine. The SH v-.1.11 then proceed vlith the loading operation 

after which control will be returned to the proper point in the LM rou-

tine. 

The program called will be loaded into that portion of memory re­

served for the S!-1~ If the SN portion is full, an indication of this fact 

will be given on the remote display. The operator can then either reset 

the size of the sr-1 portion of memory, execute a FREE operation or scratch 

the job on hand. In either of the first two cases, the call will have to 

be given again. 

The following keyboard commands will be available to control the 

load routine~ 
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1. LOAD ,iJAHE,X. This cornrnand Nill cause program NA1E to be loaded 

from input medium X, where X is the RHT table entry location for the in­

put device. It should be noted that only entries in the range 50-63 will 

be considered by this routine. A table of meanings of these entries can 

be found in Section 6.3 of this report. NAME may be any name up to 8 

characters in length. The input medium will be scanned until a name is 

found matching that giveno If none is found, this fact will be indicated 

on the remote display. 

2. HOLD. This comrna~d protects programs presently loaded from be­

ing destroyed by a new LOAD command. Normally, a new program will be 

loaded over any old programs in memory unless the HOLD command is given. 

3 ~ FREE. This com .. 'TIB.nd removes the effect of any HOLD commands that 

may have been given. 

4. SIZE,X. This command sets the size of the SM portion of memory 

to X words. 

The HOLD, FREE, and SIZE commands will all operate to control the 

LOAD routine some'N"hat indirectly. The LOAD routine uses the RBL routine 

of the U1 resident to load progra'!ls. One parameter sent to this routine 

is the start and end of available memory (~~M). RBL returns the new 

start and finish of available memory (NME~). With this in mind, these 

commands will be explained in somewhat more detail. 

HOLD will substitute the last N}lEM perameter for MEH. Hence, the 

next time a LOAD cornm..-q,nd is given, the previously loaded programs will be 

protected. 

FREE will substitute a constant, IHEM, for MEJ:-1. IMEM will contain 

the end of the resident portion of M•PS as the starting address. The end 

address will be some increment plus the starting address. It is expected 
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that the initial increment will be on the order of 10,0008 • 

SIZE will change the end address of ll-W. so that it is the end of 

the resident portion of AHPS plus the increment given in the SIZE command. 

The effective starting address will not be changed by this command. A 

FREE command must be given for this neN size to become effective. The 

effect will also be delayed until the LM starts a new job. 

Another note of caution. The LH use of the RBL routine leaves the 

standard library tape positioned for most efficient use. A call from 

the standard library tape by this routine 'ltTill disturb this positioning. 

This routine will rewind the tape before and after a call is made from 

it. This will mean that the search time of the library tape by the LM 

will be increased in certain circumstances but operation would proce~d 

without error. 

The entry point names and their corresponding addresses will be en­

tered in a table of available routines. This table vdll be available to 

the RRK routine so that it may execute the loaded routines. Pe~anent 

entries will be in this table for those routines forming part of the SM 

and routines in the LM used by the SM . 

Details and flow charts of this routine are given in Section 8o2.2. 

7.1.3 Display and Enter Routine 

A routine will be provided in the SM to display and enter information 

in any cell in that portion of memory set aside for SH program use G This 

routine may most easi~ be described by defining the commands accepted by 

it. These are: 

1. DISPLAY,XXXXX,l~,R. This com~nd will cause the contents of 

cells XXXXX to YYYYY to be displayed on the remote consoleo XXXXX and 
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YYYYY .r.J.aY not differ by more than 124. The R parameter is present if 

XXXX.X and Yl'Yl'Y are tc be considered relative to the start of ths.t por­

tion of memory assigned to the SM. Non-significant zeros need not be en­

tered. This routine will be effective over all memory when the R para­

r.leter is missing. If the YYT'IY parameter is missing, only the XX..UX cell 

will be displayed. AS described in Section 7.1.1, XXXXX and YYYYY may be 

either octal or decimal .. 

If the ENTSR key is struck again v1ithout a nev1 message being entered, 

a block of memory the same size as specified originally will be displayed , 

this time starting at eel) l'1TIY. If YYYYY was not given originally, the 

cell after XX.Y..X.X Hill bt: displayed. The address of each cell displayed 

will be displayed also . 

Details and flm.r charts of this routine are given in Section 8.2.3. 

2 . ENTER,XXXY~,o,o, •••••• o. This cor.~and will cause the 16 digit 

numbers (0) to be entered into the cells starting at XX..XXX where XXXXX is 

defined as in the DI~)LAY commands If this command is given after a 

DISPLAY comr..:and, the new contents of ::o:x..xx will be displayed along with 

any other cells requested. This corrmand will only be effective over that 

portion of memory assigned to the sr~. Up to ten 0 parameters rnay be 

given at one time. 

Details and. flow charts of this routine are given in Section 8.2.4. 

7 .1.4 Sununary of Resident Commands 

1. CLEAR. Heooves all messages from the remote display~ 

2. LOAD,X,NAlill~ Loads prograrn 11 NJU1E 11 frco :medium X .. 

3. HOI~. Prevents new LDAD command from erasing presently loaded 

programs. New program will start from end of present programs .. 
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4. FREE. Resets LOAD routine so that the next program loaded will 

start at end of r esident portion of AMPS. 

5. SIZE,X. Sets the size of the Sl1 portion of memory to X words. 

6. DISPLAY,YJJGCX,YYYYY,Ro Causes contents of cells YJOC{X to YYYYY 

to be displayed. 

7. ENTER,XXY .... U , O,Op•o•uO. Causes number (0) to be ente red in 

cells starting at XXXY~ . 

7.1.5 Satellite Read/i·Jrite Routine 

A satellite read/write routine f or the remote 160 computer will be 

:L"1cluded in ANPS residento It is expected that most SH i nput/output will 

be via this routine. See Section 8.1.7 for details of this routine . The 

name and address of this routine must be in AEDNT3 since it is used by 

the RBL . 

7.2 Interpretive Routine 

The Interpretive Routine (IR) will be used for assembly derived pro­

grams. These programs \•lilJ be assembled under control of the LM or the 

full monitor. The object program from the assembly will be the input to 

the interpretive routine. This object program can be loaded from any of 

the available equipment by using an internal routine in the IR. 

After the program has begun, it may be "stepped" throu~Sh by specify­

ing the stepping mode to the IR . Each tirne the ENTER key on the rer.10te 

console is struck, the program will be advanced one instruction. uuring 

each hqlt, the contents of the psuedo registers will be displayed, and 

control will return to the LM . 

3see Section A3.2. 
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The program may also be run without interruption in the interpr etive 

mode by specif~ring the full speed mode. A break point may be set which 

will cause a halt before that instruction specified by the break point is 

executed. TI1e stepping mode may be specified at this point or a new 

break point set and/or the ENTER key struck again. The contents of the 

psuedo registers will be displayed after each halto EXF comnands will be 

ignoredo 

The following keyboard coiTJnands will be available to control the IR. 

1. IRI.OAD,X . This con!P.land Hill pick up a program from input medi.um 

X, where X is the position of the input equipment in t he RHT and store it 

in r:1.emory ready fo r execution by the IR. 

2. STEP . Sets up the IR so that each time the ENTSR key is struck, 

the program being interpreted will be advanced one instruction . 

3. RUN. Sets up the IR so thai striking ihe 4J'JTER key will cause 

the execution of the program to the end or to a break point if one is set. 

JJ. . BREAK,XXXXX,XXXX.X, ••••• • xxx;:x . Sets up the IR so that a program 

H'ill halt at XXXXX if a RUN conunand is given. XXXXX is relative to the 

start of the progr~Jrl. As described in Section 7 .1.1, XX .. '\};'X may be either 

octal or dec~al. Up to 5 break points nay be set at one timeo These 

break points will remain set until a nevi BRE!i.K command is given or an 

IRLOAD or STEP cor.unand is given. 

7.3 Program Size Restriction 

As mentioned previously, it is expected that r:1ost SM programs will 

not exceed 3000 to 4000 vrords of memory. This appears to be sufficient 

for many of the programs anticipated at this time. To increase the size 

of the Slf portion to a figure much greater than this will preclude run-
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ning many Ikl programs and therefore no advantage will be gained from the 

use of the ANPS. 

This portion of memory, however, will be variable from the remote 

keyboard. This will be done by use of the SIZE command.. ~·.Jhen this com­

mand is given, the mennry recorder contained in the LB. will be changed so 

that the available memory is further restricted. ~lhen the next program 

is called in by the LN, this new memory size will be used to check if it 

will fit. It should be noted that although LM system programs will be 

modified to fit in a restricted memory, this command has no effect on the 

size of memory required to hold them . 

One real problem with this conunal1d is what to do about a program 

being executed at the time the size of the SH portion of memory is chan­

gede It appears that the easiest way at present to handle this is to 

delay the effect of the SIZE cormnand until the LN is ready to start on a 

new job. It is hoped that the DCL operator will exercise some discretion 

in arbitrarily increasing the size of the SM portion of memory. If this 

option is abused, the usefulness of the A}WS will be greatly decreased. 

The two other oomrr~nds available which indirectly control the size 

of the SM portion of memorJ are the HOLD and FREE cornmandso HOLD is used 

to prevent the LOAD corr~and from loading the next program called from 

destroying previously loaded programs. The FREE command need only be 

gi ven after a HOLD and it resets the loader so that the next program 

called will be loaded from the beginning of the SH portion of memory. 

7.4 Interrupt Control 

One of the design criterion of M·~S is to provide features so that 

real time processes could be investigatede Because the inputs to programs 
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used to investigate these processes are real time in nature, their pre­

sence cannot be anticipated by the program, and this presence ~ust be 

communicated in some manner. It is expected that this will be done by 

use of the interrupt feature of the 1604 computer as amplified by the in­

terrupt package supplied with the CO-OP ~onitor Systeme 

7o5 Equipment Assignments 

It is planned to co~r.unicate with the remote console via channel 7 

of the 1604 computer. This choice of channel may appear arbitrary but 

it is predicated on the following reasoninge 

It appears very desirable not to have the SH and IJ.1 share the same 

channel. This will avoid many difficulties connected with two programs 

time sharing a channels Since three of the I/O channels are buffered, 

separation of channel assignments mean that their use by the different 

programs is completely independent. Two channels will be required for 

the LM. Channels 1 and 2 are normally assigned to the console equipment 

and 3 and 4 will be required for the 160 satellite system and the 1607 

tape subsystem assigned to the IJr. This only leaves 5 and 6 for SM use. 

These channels will be required for the 1607 tape subsystem assigned to 

the SM. This 1607 is necessary to the Sl-1 for satellite corrmmnication "'Tith 

the remote 160 computer. It is also very desirable for communication with 

the remote location to proceed simultaneous~ with comrr1unication with the 

remote console. Hence the decision to assign the remote console to channel 7. 

Although channel 7 is unbuffered, the efficiency of the 1604 computer 

should not be effected materially. Transfer from the 1604 to the remote 

display is memory to memory and should proceed rather rapidlye This infor­

mation is also for human consumption, hence the data rate cannot be too 
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high. Transfer from the remote display to the 1604 will originate from 

the keyboard and will be under interrupt control. The input to the com­

puter should be ready to be sensed by the time the input instruction is 

given. Since this input io character by character vlith an interrupt for 

each character, no waiting fo~ information will be required. Hence, in­

put should not effect efficiency noticeably. Since this information 

originates at the keyboard, the data rate here is also low. 

To summarize, the following channel utilization is planned for the SJ-1:. 

1. 

5 and 6,. 

2. 

3. 

4. 

units. 

Satellite communication to the remote 160 computer via channels 

Operator-Nonitor communication to the display unit via channel 7. 

Other casual inputs will be via channels 5 and 6. 

SM library and output tape will be via channel 5 and 6 tape 
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8. Programming Details 

This section contains details of the programming necessary for the 

basic portions of 1~WSo It is felt that these are sufficiently detailed 

to fully understand the routines but leave enough latitude for individual 

programmers to exploit their skill. 

8.1 CO-OP J.:onitor System ~1odifications 

The following sections contain brief descriptions of the modifica­

tions necessary to the CO-OP Nonitor System to make it compatible with 

the overall s;:,rstem. The description of these modifications is necessari­

ly brief and sometimes sketchy since few details of these routines are 

available. It is felt that the intent of these changes are clear enough 

so that when the details are available, it will not be difficult to find 

the areas requiring changes. 

8.1.1 Equipment Assignment 

It is expected that a parameter in the Bemory Recorder section of 

this routine can be changed to move the initial low point of available 

memory as required. This parameter will be under the indirect control of 

the SIZE routine in the SM. The actual changes to this par~~eter will be 

supplied by the Bootstrap Loader. This is necessary in order that the 

LM does not load programs into the SM portion of memoryo It is assumed 

that this parameter will be. in a fixed location so that it will always 

be known to the Bootstrap Loader. 

8.1.2 Clock Control 

Since it is not desired for the time spent in the SM to be charged 

to a program running under the LH, the real-time clock must be saved on 
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entry to the SM and the jnterrupt on clock overflow removed. ~/hen the SM 

exits back to the IJ1 program, the clock must be reset and the interrupt 

restored. No specific modifications to this routine should be necessaF<J. 

8.1.3 I/O Package 

No changes should be necessary to this routine. A routine to read 

and write using the satellite systerrt must be added to the system library, 

however, a descri~ion of this routine is given in Section 8.1.7. 

8 ,1.4 Interrupt Package 

A permanent section must be added to this routli1e to recognize the 

i nterrupts from the remote keyboard. The LN will not be able to clear 

this interrupt. ~~hen this interrupt is detected, the Read Remote Key­

board routine will be entered and further interrupts will be locked out 

until a return is made from the Sl-1 program. The routine should be left 

so t hat other sections operate as described. I t will also be necessary 

f or t his routine to be contained in the permanent part of 11CS and not be 

reloaded after each job. The S1< '•.rill use this routine and jf it were to 

be r eloaded, information would be lost. 

8.1. 5 Uelocatable Binary Loader 

This rout ine is used by both the LH and the SM. To prevent inter­

action in the event that the 11~ is executing the routine at a time that 

i t is called for by the SM, a flag (called RBLFLAG in the SM LOAD routine) 

must be added which is set 'v.rhenever the ll1 enters the routine and cleared 

when it exits. It is assumed that this routine is in a fixed position in 

memory so that its location will be known to the S.N. It is also assumed 

that the memory usage by this routine is completely controlled by the 
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parameter given it on entrnnce . It is on the basis of these assw::ptions 

that it is feasible for both the LM and SH to use the routine a 

8.1.6 Bootstrap Loader 

This routine must be revised so that the loading of KCS and/or the 

recovery routine will not destroy that portion of memory assigned to the 

SH. As noted previously, the sr-r portion of memory is immediately after 

the resident rortion of iUIPS (~~CS) but before the transient portion of 

l\1CS . Thus the perril.anent portion of HCS must be loaded lower in memory 

than the SN portion of memory but the transient portion after the SH por­

tion. See Figure l for a memory map showing this layout. This routine 

must also inspect the current SH memory available parameter supplied by 

the SIZE routine in the S!cia This parameter is called BMEMo If this para­

meter has been changed since the last bootstrap load, the new available 

memory size will be given to the l·iemory Recorder section of the Equipment 

Assignment routine so that this new size may be used to control the load­

ing of prograr1s for the next job. It will also cause a message to be 

displayed that the new size is effective and change the limits in MEM. 

The new LH limits are BHEH + l to the old end and the new SM limits are 

given in BEEN. 

hlhen the system is initially ~n.:ced b;;r use of the "bootstrap" se­

quence, this routine nust also load the resident portion of the SM into 

memory. 
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8ol . 7 Satellite Read/. Jrite TI.outine 

This section follows the form of the CO-OP t:onitor Syster.1 report /3/. 

TITLE: Satellite System ftec.d/!lrite 

PUill~OSE: To transfer one r ecord to or from the 160 conputer in sntellite. 

To perform all auxiliary operations necessary for general satell-

ite input/output such as check for errors, re'.vind, skip forward, 

!lnd -wrrite end-of-file mark. 

Calling Sequence: 

ENA Loc Interrupt .Jubroutine 

L RTJ 0 Name of routine 

R.H. 0 

I B 

1+2 Alternate Return 

E 

L-t-3 Normal Return 

~.;here 

R.M. is not required 

E. C. =Equipment Code (4 octal dieits, D10D30) 

n1 == Channel D3 = 0 for tape 

= 1 for printer 

I = Interrupt Selection = 0 without interrupt 

= 1 1dth interrupt 

r . C. = Function Code explained in detail below 

A,B,E, rletailed under each function code. 

Functions - In all cases if a parameter error is encountered, B is set 

equal to 0 and control is transferred to the error return. Parameter 
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errors are such things as channel no. not equal to 3-h, function code 

missing, etc. 

1. Read/Write Only. - F.Co = 1 

Starts transmission of data to or fro~ bu~fer specified by A = first 

address, B = last address + 1, then exits. If I= 1, selects the 

appropriate interrupt before exiting. vJhen the interrupt occurs, 

control is transferred to the routine whose location has been speci­

fied in the A register. 

2. Check Only. - F.C. = 2 

Checks previous transmission of data on specified channel. If an 

error has occurred, E is set equal to 1 and control is transferred 

to the alternate return. In all other cases, control is transferred 

to the normal return. i''or end-of-file mark encountered E = 4. If 

a corrbination of conditions has arisen E is set equal to the sum of 

the individual E•s. 

In all cases the routine sets the channel inactive and leaves the 

number of words transmitted in the accumulator. 

3. Read/i'llrite ~Jith Checking. - F .C. = 3 

Retains control until data transmission and checking as described 

above have been accomplished. 

4. Sense Squipment Ready. - F.C. = 4 

Determines ~;hether specified equipment is in ready status. If not 

ready status E = 1 and control is transferred to alternate return. 

If ready stutus, control is transferred to normal return. 

5. Skip Forward B Records. - f .C. = 5 

~!hen an input channel is specified, skips for1.vard the number of re­

cords specified by B. If I = 1 selects the appropriate interrupt 
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before exiting. w'hen the interrupt occurs, control is transferred 

to the routine whose location has been specified in the A register. 

No operatio!"l is performed when an output channel is specified. 

6. Skip Forward Past End-of-File or ',·:rite End-of-File !lark. - F.Co = 6o 

1rihen an input channel is specified, skips forward until an end-of-

file mark is encotmtered. ,Jhen an output channel is specified, 

writes an end-of-file mark . 

7. No Operationo - F.C. = 7 

No operation is performed. 

8. Rewind ~-lith Inter lock. - F. Co = 8 

Rewinds the specified tape with interlock. 

9. No Operation. - F .c. = 9 

No operation is perforned. 

A flow chart for this routine is sh1wn in Figure 2 on the following 

pages. These should be self explanatory. FLAG I and FLAG II refer to 

satellite conmunication flags I and II. Other symbols used are defined 

below: 

CBF 

BUF 

ACT 

ACTA 

ACTB 

- Channel Busy Flag. Set indicates channel is busJ'. 

- This is the name of a d~~ cell used for a one word 
transfer to the 160 in order to communicate the action 
requiredo 

- Table of destination codes used by the 160 to determine 
the destination of transferred inforrration. 
ACT(O) contains code for tape 
.hCT(l) contains code for printer 

- Table of action codes used by the 160 to determine ac-
tion to perform. 
ACTh(O) contains code to rewind write tape 
ACT11.(l) contains code to rewind printer 
ACI'A(2) contains code to rewind read tape 

- Table of action codes used by the 160 to deter~ine ac-
tion to perform. 
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A.CTB(O) write EeC.F., on \-:rite tape 
ACTB(l) \vrite ~~O.F. on printer 
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Figure 2. (Continued) 
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Figure 2. (Continued) 
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8.1. 7.1 160 Satellite Reacl/.lrite Routine 

The 160 coPiputer will nor1.1ally be idling in a loop ~'l'aiting for an 

action request from the 1604. -i;hen this action request is received, FLAG 

I will be inspected to deterntine what action is required. If Flag I is 

!\OT set, the action will be an output of the next card irnage from the 

160. If it is set, the action will be an input of the next record from 

the l60l~. 

vfuen the action requested is an output of the next card image, an 

immediate output buffer will be initiated. ~·Jhen this buffer is completed, 

the next image from the input tape v.rill be read. ilhen this is completed, 

the progra.r.l will return to the wait loop. If an end-of-file mark is en­

countered on the input tape, the first word of the next record transferred 

will be a -0. 

VJhen the action requested is an input, an immediate input buffer will 

be initiated. vJhen this is completed, the first word will be inspected 

to determine the action requested. An output buffer will be started to 

transfer the information to either the output tape or the printer if this 

has been called for. If not, the appropriate action will be t aken. wben 

this is completed, the program will return to the l,·Tait loopo 

It is expected that all satellite transfers will be records of fixed 

length. The records fron the 160 to the 1604 will consist solely of 

binary card images (20 1604 words). This does not imply that 10 or 15 

word (80 or 120 character) records cannot be read from the input tape and 

transferred. They will be treated as if they -..vere 80 column binary card 

images, however. The last 10 words o!' a 10 \vord record and the last five 

words of a 15 word record Hill be meaningless. 

The records transferred to the 160 f:r-on the 1604 will be 120 cha.rac-
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ter BCD records. Hence, all records \vritten on the output tape or the 

on-line printer will be 120 Hollerith ch~racters in length. If a shorter 

Hollerith record is transferred to the 160, the record will be padded out 

to 120 characters vlith spaces before it as v1ritten on the output medium. 

If a write error occurs, the tape will be backspaced and the record 

re'"w.rritten. This will be repeated 8 ti.rnes. If the record is still not 

-...rritten successfully, a record of periods will be written and the infor­

mation record rewritten. 

A flow chart of this rout;i:-1e is shown in Figure 3 on the following 

pages. 
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8.2 System Honitor Details 

The following sections contain details of resident SH routines. 

These routines will a~ways be in memory and should not be reloaded each 

time the Iki cycles to the next job. Their use has been explained in Sec-

tion 7. For more information on the remote console and the details of 

programming for it, the thesis by C. G. Lav1son /4/ should be consulted. 

8.2.1 Read Remote Keyboard Details 

The flow chart shown in Figure 4 on the following pages presents the 

details of the Read Remote Keyboard routine (RRK). This routine is broken 

down into the following subroutines. 

1. Control - Determines which subroutine is needed to process new 
character. 

2. Process ENTER - Entered whenever an ENTER code is received. Com­
pletes last parameter if necessary and executes called 
routine if available. Sets routine for new message. 

3. Process cornma - Entered whenever a comma code is received. Com­
pletes last parameter if necessary and advances SYMSTO 
to receive next parameter. 

4. Process ERASE - Entered whenever an ERASE code is received. Re­
sets routine for new message and clears present message 
from display. 

5. Process BKSP ~ Entered whenever a backspace code is received. 
Clears last symbol from display and resets SY~1STO to 
replace this symbol with new one. 

6. Process CHAR - Entered whenever a code received which is not one 
of the above. Packs characters into SYNSTO words. 

7. Convert number and store -Converts numeric parameters to binary 
with necessary conversion and stores the result in 
SYMSTO. 

8. Convert number - Determines type of number and converts from 
BCD to binary. 

9. Display new symbol - Packs last symbol received into DSPSTR so 
that it may be displayed. 
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10. Set DSPSTR - Sets new memory address and starting position of 
display line and clears DSPSTR. 

11. Clear DSPSTR - Clears DSPSTR by setting all words except first 
equal to zero. 

12. Output DSPSTR - Transfers DSPSTR to remote display memory. The 
entire DSPSTR area is transferred each time. 

To aid in understanding these charts the followins symbols are de-

fined: 

AVROA - Available routine addresses 

AVROA(k) - Indicates kth address in AVROA table 

AVRON - Available routine names 

AVRON(k) - Indicates kth name in AVRON table 

CR - Carriage return 

D - Indicates number of lines currently being displayed. 

DELTA - v~hen added to DSPSTR(O), increments display memory address 
and Y coordinate to start next line. 

DSPSTR - Storage for display words as symbol strings 

DSPSTR(np)- Indicates pth character in nth display word 

DSPSTRO -Initial DSPSTR(O). Contains initial display memory address 
and start of first line coordinates. 

DISPZERO - Used to fill DISPSTR with null characterso Contains all zeros 
except for display control bits. 

NUMFLAG - Set indicates parameter is a number 

STOFLAG - Set indicates input number requires two words to hold in BCD. 

SYMSTO - Storage for input messages 

SYiviSTO(j) - Indicates jth word of SYHSTO 

s - Current input symbol 

REPEAT - Set indicates ENTER received but nc new message 
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Figure 4. Flow chart of Read Remote Keyboard routineo 
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Figure 4. (Continued) 
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Figure 4. (Continued) 
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8.2.1.1 Clear Routine 

The flow chart sho~1 in Figure 5 on the next page presents the de­

tails of the clear routine. The symbols used on this flow chart have 

already been defined in the description of the Read Remote Keyboard rou­

tineo 
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8.2.2 Load Programs Routine 

The flow chart shown in Figure 6 on the next page presents the de­

tails of the Load Programs routine. Three blocks on this flow chart re­

quire amplification. 

l. Change RBL exit address to 1. This is required if the 1M is 

using the RBL routine when called by the SM., The exit address of the RBL 

routine is changed to a point in the Load Programs routine and an exit 

back to the RBL routine made through the interrupt routine. Wben the RBL 

has completed its current task, it will then proceed to the Load Programs 

routine and its execution by the SH routine can proceed. v~ben the SM has 

completed its task, it will exit directly to the 1M instead of to the in­

terrupt routine if this exit address has been changed. 

2. Pack APARA - The parameter eiven to RBL in the A register on en­

trance is called APARA. It is in the form: 

300FFFFFXXOLLLLL 

where FFFFF is the address of the first word of available memory, L11LL 

is the address of the last word of available memory and XX is the RHT 

entry position. A cell called ~WJ1 in the SM resident is set aside to 

hold the current memory available limits. The upper address of this cell 

(SHC
0

) is the address of the first word vthile the lower address (SMC
1

) 

is the address of the last vmrd. These are entered in the APARA along 

with the RHT entry given in PARAl. 

3. On return, RBL supplies the ne1..,r limits of available memory. 

These limits are saved in the cell called N!·iEH. 
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8.2e3 Display Routine 

The floN chart showr1 in Figure 7 on the following pages presents the 

details of the Display routine. Subroutines used within this routine 

have been described in Section 8.2.1. 

To aid in understandiltg these charts, the following symbols are de­

fined: 

B 

DSP 

DSPA 

DSPFLG 

- Bias. Address of start of SH portion of memory. 

- Temporary storage for parameters. 

~ Initial parameter storage. 

- Set indicates second word of line has been processed. 

Others have been defined in Section 8.2.1. 
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8.2.4 Enter Routine 

The flow chart shm·m in Figure 8 on the next paee presents th~ de-

tails of the Enter routine. Sutroutines used within this routine have 

been described in Section 8e261. 

To aid in understanding this chart, the following symbols are defined~ 

ENT - Te~porary storage for Enter routine 

SHC0 - Address of start of SH portion of memory 

S1~C1 - Address of end of SN portion of memory 

(SHC0 and SHC1 are in upper and lower address respectively 
of MEH) 
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8.2.5 Miscellaneous Routines 

Three Sl1 resident routines have not been describede These are HOLD, 

FREE, and SIZEe Their flow charts are given in Figure 9 on the next page. 

The symbols used are defined as follows: 

MEN 

BHEH 

H1EH 

Nl-1EM 

- Current effective limits of SM memory. 

= New limits of SM memory set by SIZE routine. Bootstrap 
Loader transfers it to HEM when 1M cycles to next job. 

- Initial lirnits of SH memory when system is loaded. 

- 11emoljr limit parameter returned from RBL on lest use by 
SI•I. 
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APPENDIX A 

This appendix is a sun~ary of the characteristics of the CO-OP Moni­

tor System. This material was obtained from the now existing reports of 

the system /3,5,6/. It should be noted that /3/ is a preliminary report 

of the System. It has not been appended in its entirety due to its length. 
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Al. Introduction 

In an attempt to get univer sal agreement on the specifications for 

the CO-OP Monitor System, the following design criteria were established. 

1. The resident portion of the monitor system should be kept to a 

minimum by including in resident only those functions which are absolutely 

essential for continuous job processing. Other useful functions sometimes 

included in monitors would be callable only when needed from the library. 

2. All but one tape unit, namely the library tape, would be avail­

able to the pror,rammer. 

3. The monitor system and all programs run under the monitor system 

would be completely independent of the kind of input-output equipment at­

tached to a particular system except to the extent that an environment 

table would be supplied to the monitor defining the I/O media and the names 

of library subroutines capable of driving the I/0 equipment involved. 

4. Other monitor systems considered as sub-monitors may operate 

within the basic CO-OP Monitor Systemo 

5. The monitor would be designed in such a way that the possibility 

of including satellite control routines would not be precluded. 

6. The monitor would be equally effective for both scientific and 

business applications. 
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A2. General description 

The CO-Op Monitor is a multi=level control system designed to pro­

cess jobs automatically with a minimum of operator intervention. 

The first level of the system, the !1aster fontrol .§ystem, (HCS), pro­

vides for: 

1. Automatic sequencing of jobs including accounting records of all 

jobs processed by the monitor. 

2. Operator~machine corr~unications 

3. Hemory allocation 

4. Assignment of Input/Output equipment 

5. Linkage to I/O media 

6. Universal and flexible linkage to the 1604 interrupt feature 

7. Loading of program cards and library routines 

8. Recovery procedures in the event of program failure 

9. Linkage to second level control systems. 

Any routine on the library tape may be called as a second level con­

trol system. These second level control systems may be simple single 

phase monitors, more complex multi-phase monitors, or parallel programming 

systems. As the need arises, a second level system may be added by a 

simple edit pass at the library tape adding the system to the standard 

11 subroutine" library. 

One second level system will be included in the basic CO-OP Honitor 

package called the CO-OP Control System. The CO-OP Control System will 

provide linkage to third level systems such as FORTRAN, CODAP, COBAL , 

etc. Any program to be executed under control of the CO-OP Control Sy­

stem may also be considered a third level system. 

The library tape consists of two physical files. The first file 
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cont ... tins the Laster ·~ontro_ Jy&ter., a Bootstrap load routine for loading 

all or portions of the Laster Control Systei::, and a recovery programo 

'..:'he routines ln the first file are in absolute binary form$ Included in 

the I·:aster Contro 1 ~:iyst.em vdll be the I/O routine .for the par ticular 

equipment on 'rlhich the library tape is to be mounted. 

The second file of the library tape contains a directory and the sub-

routine library. Records in this file are in relocatable binary o In= 

ciuded in the subroutine library are Subordinate Control Systems , Input/ 

Output Routines, co~pilers, assemblers, and utility rout ines$ 

The following is the normal sequence of oper at ions of the CO-OP ~oni-

tor System. 

1. t ... bootstrap sequence Hill cause the first record of the library 

tape to be loaded. 

2 . Control is given to bootstrap routine which skips over the re-

covery record and loads HC3. 

3. Control is given to HCS which initializes memory and i ndicates 

to operator that the s;y-st~m is ready. 

4. Operator signals to begin processingo 

5. HCS jumps to Relocatable Binary Loader requesting I/O routine 

for standard input mediumc 

6. MCS reads IDC card of job, logs it on and initializes the clock. 

7. Control is given to Equipment Assignment routine which generates 

a Running Hardware Table. 

8. NCS frees all but portion of lmv rr.emory. 

(' ;. Control is given to Relocatable Binary Loader 1.vhich loads all 

I/O routines implied by the Running HardvJ"arA Table and the Control System 

specified on the job card. 
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10. Control is given to Control System which controls remainder of 

job. 

~Vhen processing of a job has been completed, control is returned to 

MCS with an indication that the job is to be terminated "normally" or "ab­

normally" .. In case of "normal" termination, control is given to the boot­

strap load routine which rewinds the library tape, reloads NCS, logs off 

the job, and logs on the next job.. In case of "abnormal" termination, the 

recovery key which was specified on the ID card is examined.. If the op­

tion requested involves on~ a console scoop, this is given and normal 

termination procedure ensues. If the option requested involves a memory 

dump, the librarJ tape is r~wo~~d and the full recovery program loaded 

by the bootstrap load routine on top of a portion of resident which is not 

needed for the dumpo After the dunp has been completed, control is again 

given to the bootstrap load routine and "normal" termination ensueso 

The extent to which the running program or a Subordinate Control Sy­

stem is controlled by MCS is logglllg on, logging off, and recovery in 

case of program failure. Also MCS provides links to I/O routines, an in­

terrupt package, a program and library subroutine loader, etco Thus with 

very few restrictions, a subordinate control system may be designed to 

operate under MCS and take advantage of the facilities provided. 
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A3. The Hast.er Control System contains the follovring sections: 

1. Job sequencer 

2. Equipment assignment 

3. Operator control 

4. Clock control 

5. I/O package 

6. Interrupt package 

7. Relocatable Binary Loader 

8. Boostrap loader 

A brief description of each of ttese follows with only enough detail 

to understand their purpose. 

A3.1 Job Sequencer 

The job sequencer is initialed by an operator statement. The ini-

tiation sequence is as follows: 

1. Read operator ID card and job card. 

2. If this is not the first job of a batch, log the previous job off. 

3. Set clock to cause interrupt in the event that the time indicated 

on the job card should elapse. 

4. write operator ID card and job card on operator comment, standard 

output and accounting medium. 

Set available memory to RTJ COOPERRX. 

6. Assign I/O units and load necessary I/O routines. 

7. Transfer output limitation and recoVerJr key to the appropriate 

routines. 

8. Call and initiate control routine. 

Upon job termination, the sequencer lvill remove and clear all in-
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terrupts, cl ear all arithmetic faults, rewind all tapes designated scratch 

on the j ob card, and rewind ~.rith i(lterlock all input and output tapes de­

signated on the job ca.rd., and skip to the next job. 

Pvocessing will be terminated by an ElTD l·:ONITOR INPUT record on the 

input medium or by an operator statement.. 

The job card will contain the following information: 

le Control routine 

2. Account number 

3 • Programmer 1 s name 

1+. Logical I/O units 

5. J.faxirnum number of rninu tes 

6. Maximum number of lines on standard output medium 

7. Recovery key 

8. Comments 

A3.2 EquiFment Assignment 

This section of the l·1onitor is concerned with the reservation of mem­

ory and allocation of input/output units to programs and/or other s ections 

of the Nonitor. The reserving and releasing of memory is performed by the 

Hemory Recorder. 

The available memory t'lill always be mainta ined as one continuous 

block. ~!emory may be reservect from either end. A call for release of 

memory may be made at any time but it will become effective only vrhen 

available memory is adjacent to it e The l1emory Recorder will normally be 

used only by the r·ionitor in loading programs and tables G 

All references for input and output under the ~onitor will be made 

by logical unit number. This routine assigns physical units to the logi~ 
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cal units and is concerned with three I/O tableso 

First is the !vailable l;!quipment l,able (AET)o This table contains 

a list of all equipment available for use during Honitor execution . Also, 

in this table are the assignments for the standard I/O units. 

The second table is called the AEDNT (available equipment driver name 

table) and consists of two words per entryo The first word of an entry 

contains the name of theJ/0 subroutine. The second word of an AEDNT en­

try Gontains either zero or the relocated location of the particular I/O 

sucroutine if it is in memory. 

The third t able is the liunning liardware 1,able (RHT). An RHT is gen­

erated for each job and consists of AET entries with the entry address for 

the appropriate routine and an indication as to the allov-rable usage for 

this job. By use of the equivalence subfield on the job card, one physi­

cal unit may be assigned to more than one logical unit. Entries 1 through 

49 may be defined according to the wishes of the proerarrunero The standard 

I/O entries have been defined in Section 6.3. 

A3.3 Operator Control 

This section of the Monitor will be used for all communication be­

tween the operator and the monitor. Communications are always via the 

typewriter. The operator may call for execution of given routines by typ­

jng the appropriate control statement. The control statement consists of 

the name of the routine followed by its arguments. IV:onitor to operator 

messages may be given by using a write on the standard output comn1ent 

medium (logical unit 54). 

A3.4 Clock Control 

In operating the clock under a monitor system, there are two func-
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tions which must be performed: 

1. Job seque 1cer tiQing- this includes imposing an overall time 

lirait on the job and maintaining an accvrate lapsed time record. 

2. PrograwJer tlining - this includes reading the lapsed time and 

setting the clock for interrupt after a given time. 

Since the programmer may wish to impose separate time limits on the 

individual loops of a loop hierarchy, the clock routine will be capable 

of setting a lir:lit within a limit. The clock r outine will also maintain 

a counter for the lapsed time f or this job and a cell containing the 

value for the curr:1.'~, :,n~ting of the real-time clock. "Sach time the 

clock routine is entered ~Ti th a ne11.r time limit, the table of remaining 

time for each s etting and the lapsed time counter will be updated. If, 

at any time, the real-ti.F..e clock is discovered to be destroyed, the job 

will be terminated. 

A3.5 I/O Package 

The I/O package for the l·~cnitor consists of two subroutines, READ 

and .-.1UTE, which drive individual subroutines, one for each type of equip-

ment on the computer. The function of the individual I/O routines is to 

transmit one physical record or n words, which ever occurs sooner. In 

addition, the routine must perform all auxiliary operations connected with 

transmission of data including checking for errors. Each subroutine has 

a single entrance and accepts a calling sequence which is standard for all 

the I/O routines. The function desired is specified by a function code 

in the calling sequence. Ynere are nine possible function codes and each 

is meanL~gful to each of the I/O subroutines. Two methods for buffering 

infor~tion are provided. The first of these makes use of the sense in-



structions and the second t akes advantage of the interrupt feature. 

A3 .6 Interrupt Package 

The interrupt feature of the 160h forms the basis of the interrupt 

package. The purpose of this package is to simplify the use of this fea­

ture for the usero It is divided into three parts. Interrupt selection 

(SELECT), interrupt detection (DETECT) and interrupt removal (REMOVE). 

SELECT accepts a calling sequence from the user which specifies the 

t~)e of interrupt desired and the location of a closed subroutine (user 

provided) which is to be executed when the interrupt occ11rs. Its primary 

function i.s to select the requested interrupt. It must also provide DE­

TECT with the information necessary to determine the cause of the inter­

rupt and take the appropriate action. 

DETECT is entered at the time an interrupt occurs. Using the infor­

mation provided by SELECT it determines the cause of the interrupt, re­

moves the interrupt selection to insure against a second interrupt from 

the srune cause, executes the appropriate user provided subroutine and re­

turns to the main program via location 7. 

REMOVE accepts a calling sequence which specifies the type of selec­

ted interrupt which is to be rernoved. It removes the interrupt selection 

and also removes from DETECT all reference to this selection. 

The CO-OP Monitor has need to use two of the interrupts. These are 

the interrupt on carriage return (used for operator communication) and 

the interrupt on arithmetic fault (used for clock control). 

A3.7 Relocatable Binary Loader 

The Relocatable Binary Loader will be used to load a program com­

prised of one or more subprograms and any number of library subroutines. 
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The f orm of the library subroutines is identical to that of the subpro­

grams. The subprograms are on relocatable binary cards or are discrete 

wagnetic tape records of these card imageso 

The library subroutines -vdll te in a specified file on a magnetic 

tape. The first record of each library subroutine consists of contiguous 

relocatable binary card images. Optionally each library subrout ine may 

consist of more than one record, however only the first of these will be 

loader controlled. 

The loader will be constructed in such a way that a complete program 

may be "segmented" into subprograrris and that each subprogram may be com­

piled or assembled independently of the other subprograms with which it 

communicates. Provisions -vrill be made in the loader for subprograms and 

library subroutines to share "non-local" data regions referred to as 

CONHON. 

The general operation of the loader will be to read in and relocate 

subprograms and library subroutines. Control i s given to the loader from 

the ~~onitor via a return jlL'Tlp. Control is returned to the lionitor when 

the loader has completed its assigned task. Then the jump is made to the 

loader, the first and last words of available memory are given as a para­

r.leter. f"ihen control is returned to the Eonitor, the new memory limits 

are given. A MAP of the memory assignments made by the loader is given 

in figure 10. 
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Figure 10. Hemory usage under CO-OP Honitor Systemo 
a - Initial, b - During program execution, c - During 
"abnormal" termination when ful l dump is ca lled for. 
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A3.8 Bootstrap Loader 

The function of the Bootstrap routjne is to l oad, on option, and 

transfer control to either the HCS or the Recovery and Dump routine. The 

Bootstrap routine will be the first record on the monitor system tape and 

will include the Available Equipment Table. 
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A4. Subordinate Control Systems 

The job sequencer of the CO-OP Monitor is for the purpose of perform­

ing the necessary steps to getting every job, regardless of its type, 

started on the computer. This does not include calling contpilers or assem~ 

blers as required by the program or the final preparation of binary decks 

for loading. These jobs are the responsibility of the "Control System" . 

The control routine is responsible for all "intra-job sequencing", ie, 

calling necessary compilers or assemblers, transferring binary cards to 

load tape, calling loader, and other operations necessary to prepare and 

execute a user's job. 

Under the CO-OP Honitor, it will be possible for each installation 

to write its own control routine for the processing of control cards. 
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A54 CO-OP Control System 

The CO-OP Control System is for the processing of intra-job control 

statements and also contains three internal routL~es for binary deck man­

ipulation, loading and executiono Any library routine is also callable 

and arguments may be trans~itted to the routines. 
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f'.PPENDIX B 

The following equipment i s a ssumed in the design of Al-PS . No modi­

fications to the standard units are required. 

1. CDC 160h computer 

2. Two CDC 1607 tape subsystems 

3. Two CDC 160 computers in satellite 

4. CDC 163-2 tape subsystem for 160 computer 

5. DD65 display console 

6. Line printer 
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