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ABSTRACT 

This report Is a technical description of the 7094 
Compatible Time Sharing System In use at Project MAC and the 
M,l.T. Computation Center. It Is designed to acquaint a 
system progranmer with the techniques of construction which 
were used In this particular time-sharing system. Separate 
chapters discuss the overall supervisor program flow; 
console message Input and output; the scheduling and storage 
algorithms; and a thumbnail sketch Is given of each of the 
subroutines which make up the supervisor program. 
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Pref ace 

The writer Intends th••• notes to provide a technical 
Introduction to the oper•tlon of the 70t4 Compatible Time 
Sharlna Sytt• for a user who wishes .. to participate In 
prosranaalna and related deftlo..,.t of the tlme•sharlnjt 
system. In their preseni rovsh forta, the notes attempt to 
fill as quickly as possible a need for tutorial 
documentation of the tlme•sharlna system • 

• t- '.t 

The i~ader should have considerable experience in 
computer pro1rammln1, lncludlna a knowledge of the machine 
lanauaae (FAP> of the 709,. computer. ·He shot.tld also be at 
least a casual user of the tlme•sharlnc system and · thus 
famll lar with the operatfnc characteristics of the system, 
and he should be familiar with the system description 
provided In the CTSS users• manual <1>. However, when 
hl1hly technical aspects of the 709,. operation or special 
features of thetlme•sharlna 1ystem are discussed, the notes 
will provide enouah backaround material for a reader 
familiar with these subjects • 

.tts2.ta: In the Interest of 1ettlna Into distribution a maximum 
amount of lnformetlon In a mlnl111t.111 amount of time, sections 
s,&, and 7 of the Technlc•l Notes consist mostly of tables 
and charts, with a ntfnl.....,.. of ve·r.,.1 description. They 
should provide a useful r•f•renc• source, though_· they are 
not Ideal for tutorl•l P&.ttl'O•••· 

1~< 

(1) 

f ~: . ~ 

F.J. Corbat6, et al: 
Svac•: A pro•r'R·r•1 
Mass~r 1983. 

~1/~ 
u,, 

Iba 'AQlQAtf~Je Tlme•Shaclng 
Guida, JiC.l.T. Press, cambrldae, 
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1. Introduction to the. Te.chit.teat Aspects of CTS.S. 

In this section we will review several Ideas which are 
covered In the CTSS Pro1r .... r's Gulde, but from the point 
of view of • s.,yst- Near•••«" r•<ttler ·than tha'.t of a user of 
the svst-. . We wl H dls•n~-.!tt: tura.· d1e. comput•r on which 
the s~n~«em oper•tes; .. the .. ...,..11 ··deafen pt'lnc1ptes; the 
place of the disk and drum lll8ftt0rles In the system; the 
relation between the user and the su;>ervlsor; the types of 
c:onnands; and finally, the modular con•tructlon of the 
system supervisor. 

lbA CompYa.r. 
"· ' 

Whl 1:emany of the Ideas Involved tn the time-sharing 
systeM are to'some .ext•«tt ln4epeodeftt .of the computer which 
the syst• uaes1 ·a .tec.t..fcel dl:Nus•l•n su·.esently requires a 
specific re,erenc:e to detafls of the partleular coms>uter. 
The contputer In lt,eae no••• la the llt4 7091t with several 
spec la 1 features.. The lllO•t lmpo.rtent .are; 

1. Core storage lnterv•l timer clock. T.hls Includes an 
''alarm cloc"" ..atie.h c;an cause a proaram interruption 
s lml lar to a dAta channel .trap. 

2. 

3. 

M8fAOrY protection and r•loca-tlon reel sters. 'Jlhese 
perm It • sect·lon of the computer· litell&)ry · and cert a In 
Instructions· to be d••Hared "off lhnl ts'" to a program; 
a trap ,will occ~r ~-, e propent:•tampts to tread 
"off lliltl ts .. ~· · · -

. :t 
At 1•·st five data cha~ts, connected to the fol1owf n1 
equ l Pt1Mtn t: 

Channel A: Printer, s>Unch, r.eader, tapes, and 
Chronoto1 clocJc. 

Channel 8: Tapes. 

Channel C; Disk ~ Or"" Stora ... 

Channel D: DI rect Qta .Input ~ 4*tput for special 
uperlment$ .. 

Channel Es 7750 Ccanunlcatlons Channel <which . 
cOftlftUftl cate• wl th t"19W'.J t.,. consoles>. 

The Project MAC Compu-ter has two. addft.fonal channels: 

Chan..-~ F: Disk and Drum Ste.rage. 
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Channel G: High Speed Orum, 

4, Two 32K core storage modules. 

PAGE 2 

These special features are combined with an extensive 
supervisor program, known as the "time-sharing system 
supervisor" to provide a complete time-sharing system. 

oesfgn Principles. 

It will be somewhat easier to un~erstand the general 
Import of the Ideas to be presented In these notes If some 
of the principles of design of the time-sharing system 
supervisor are "ftated clearly at this paint, 

1. Although subsidiary computers Cthe IBM 7750) are 
an integral part of the system, as many functions as 
possible are carried out by the 7094. This centralization 
of supervisor control is primarily to simplify the job of a 
person trying to learn how the system operates. 

2. The system is designed for the maximum possible 
Interaction rate with the user: the 7094 accepts e~ch 
character as it Is typed by each user •. It is not necessary 
for the user to communicate on a line-by-line or 
paragraph-by-paragraph basis with his program, although many 
programs do not attempt to take advantage of the maximum 
interaction rate. 

3. Input and output from user programs are provided 
by supervisor subroutines which allow the user to specify by 
name the function he desires without Irrelevant detail and 
bookkeeping on fl.Its part, For example, if he wishes to store 
some informatfon·on the disk he gives the supervisor the 
block of information and a name by which he knows the block; 
he can retrieve It later by asking for It by name. He need 
never worry about disk track numbers or complicated data 
channel programs. Similarly, the mechanics of communication 
with a typewriter console via telephone lines would deter 
even the most experienced prograrrrner; but a subroutine call 
Is provided whlch accepts a message and the Information that 
it Is to be typed on a console; the supervisor subroutine 
takes care of the rest of the details. This principle is 
carried to the point that the u~er is required to do all his 
1/0 via supervisor subroutine calls. 

4. The supervisor Is designed to be context-free. 
That Is, although It accepts COUJDands from a user, it has no 
direct interest In what the commands do; it considers a 
command name to be merely the name of a program to be found 
in a directory; when the program has been found it is loaded 
and started jusi like a program written by the user. 
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.uu at .fl.LIA Ami l2.rJID a mu1••. 
As mentioned above,. Input and output are handled by 

supervisor $ubrQutlnes for the U$er. This ·conment applies 
especfal1~·<0-:'-tl\e- fl+sk-fH:e .••. -,..._ ~r+•- ctrum memor~. A 
special supervisor module, the dis~. control, handles all. 
Input ·and outt>tft for tPi•se unf'tt:• Th•~<lr$Jc ~ontrol module 
has been desf'&Mll so tlf•t cNe ·user:: 'ca-Mot dlstlngu·lsh 
between the dljk and drUm nletnorf'es.- fhere are four primary 
uses of the disk fll•s: 

1. 

2. 

3. 

User files. These are files of ln'formatlon which a 
user wishes to store away for future reference. They 
may consist of programs, d•ta for programs, or any 
other lnformatJon the u$'er d~lres, They are kept on 
the disk ·indefinitely and ac1~1ow a user to · retrte~ a 
prosram several weekS after he wrote ft. Thus, the 
dl'$k r&l)laces the cteclts of cards and ree 1 s of magMt I c 
tape· '""'81 ly associated·· wf th a large · c0mputer 
I ns ta 1 lat I on. 

Working programs. When a proaram actually works, It 
shar~·the computer with •ever•l other users. Since 
notaJlo,·theseu&erewll1'f1t lnto core memory at 
once, •jthe·excess arte stored t•porar11y on the disk or 
drum to be br.ouaht Jnto the ~er when thelr turn to 
use the c:entral processor ·C'Ome9 up again. 

Supervisor convnands. WheneYer a U$e1" 
visor· command, he lmp1lclt1 y requests 
prosram. In most i:nes, 1:hl's · eolMand 
on the dlslc. 

·.types a 
·execut Ion 

Program 'ts 

super
of a 

kept 

4. · Scratch Pad memory. "Many · proaf'ams, . such as trans
lators, require large bloek·s of tt!fftPOrary storaae which 
do not ·flt Into cor•ftM!tf'10ry. fhedlstc·rs also used to 
f1,1 lfl 1T th Is need. 

A 11 fl les kept on the d1 sk (and dr1,1m) are known to the 
user only by name: the supe~f sor d1 ak control module keeps 
for each user a di rectory of ~- and· O!tf're•pondln1 track 
locations .ij'h the disk. A slmpl• Qhe1n:l'flc f)rocedure Is .used 

.to locate '"Y given file. 

A master file directory, which contains the 
Identification of a11 potential uae.rs o·f th• system, starts 
at a f I xed place on the .· dl sk a~ · con-tafns a11 ·pert I 11ent 
Information about the usef', lftC:t·uctlnc the~ location of his 
personal file dlrectO'ry. HI• f·lledl·r.-:·tory lists names and 
statt I n1 locations on the di S·k ·of·: Reh of his persana 1 
ff les. Every user of the cHstt amtr\lt modu1e, Including 
even the supervisor, must appear In the master file 
directory. As will be seen later, the supervisor modules 
are a1 so stored In relocatable binary form as fl les on . the 
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disk under the user number of a special BSS loader which 
starts up the system. 

Relation Between~, .1LiJtc, Prog[am, awl Sypcrv!sor. 

For every possible user of the system, there Is an 
entry in the Master File Directory of pertinent information 
about his identification and use privileges. There is no 
information, however, about the nature of the console he 
might use; this information is not of interest to the 
supervisor and only concerns the user (and possibly his 
program). 

When a user logs in to the system, he is assigned a 
user number and thereby becomes subject to the attention of 
the scheduling algorithm. A logged-in user is assigned a 
"state" according to the demands he is placing on the 
system; this ''state" wt 11 usually change several times while 
he is using the system. Each state has an associated code 
number: 

o. "Dead". This state corresponds to a user without a 
program. He may be in this state because he has just 
logged in and has not yet loaded a program, or because 
his program has just completed execution and returned 
him to the dead state. In all states hut this one (and 
sometimes state 3) there exists a "core image" of a 
program for this user. 

1. "Dormant". A user is in the dormant state when he has 
a program which is potentially runnable, but which for 
some reason the user does not want to execute at the 
moment. His program is probably not being kept in core 
memory but temporarily on the disk file, until he gives 
the word for it to begin execution. A user will be in 
this state if he has just loaded a program but has not 
yet started ft; or if he has just finished program 
execution and returned to the dormant state. This 
latter possibility differs from the similar situation 
described under "dead" in that the core image of the 
program remains available either for rerunning or for' 
postmortems. 

2. "Working". A user is in this state whenever his 
program is scheduled for execution. Working users 
activ~ly share the use of the computer, but only one of 
them is actdally in execution at any given instant, 
while the others may be in core or stored as core 
images on the disk just like the dormant users. All of 
those trying to execute are considered to be in the 
working state. 
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"Wait 1 ng Command". If a user is in either the Dead or 
Dormant state, anything he types is considered a 
command to the supervisor. When he finishes typing a 
command, the supervisor places him in state 3 to 
Indicate that he sh.ould ··be actively considered by the 
scheduling algorithm. When his turn comes to use the 
computer, the col-responding cormiand program is located, 
loaded ff necessary, and his state ts then changed to 
"working". Note that a co1"11mand program is considered 
to be the user's program; once It is loaded i.t is 
Indistinguishable from one of the user's own programs • 

. 11.. "Input Wa It". When a work Ing user program at tempts to 
read a line of Input from the console typewriter, there 
Is a good chance that the user (typist) has not yet 
finished typing the line. In this case, the user is 
assigned state 4, and he Is temporarily ignored by the 
scheduling algorithm unt11 such time as the needed line 
has arrived. Although In prfncf plea request for input 
from any device could result tn the input watt state, 
this state does not apply during the reading of a file 
of Information from the disk. The rate of information 
transfer in this case is so high that more time would 
be lost switching users than waiting for the first 
user's input to arrive. 

s. "Output Walt". When a user's program attempts to type 
out a series of messages on the typewriter console, 
messages may be produced at a higher rate than the 
console can type. After a few such messages have been 
absorbed by Intermediate buffers, the user is placed in 
state 5 until the messages clear sufficiently to permit 
the program to proceed.· The output wait state could 
also apply to any output device requested by the user, 
but considerations similar to those described under 
Input again apply • 

One further noteworthy detail of the present 
Implementation makes clear future remarks. The two memory 
banks of the computer will be referred to as "memory A" and 
"memory B".. The superv I sor is In memory A, and user 
programs ace in memory B. It Is not es sent ta 1 that such a 
division ol equipment take place, but a formaltzed division 
greatly .simpl fftes the progranrnfng within t.he supervisor .• 

Syperylsor Cormionds. 

A conwnand program Is nothing more or less than a 
complete program previously written by someone, which is,. 
stored In the form of a core Image ready to load and run. A 
number of those command pro·grams are considered "pub 11 c 
commands" and are s.tored ·;n the supervisor's disk fi1es. 
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Other, private command programs may be stored in a user's 
private file. Examples of public command programs are the 
MAD and FAP translator programs. An Important aspect of the 
way in wh I ch the., supervisor handles commands (requests for 
the execution of'.a command program) is that the supervisor 
remains aloof, as it were, from the operation Of the COl11'Tland 
program. 

Suppose a user types the command MAD with appropriate 
arguments. The supervisor accepts this lhput line after 
checking that it is In fact a command. When it Is the user's 
turn to run, the supervisor looks up the command name In a 
command directory which contains BCO command program names 
and command program starting locations. If the command 
named MAD Is found In the directory, the file named "MAD 
TSSOC." ts read from the disk Into core B and started at 
the location given In the dfrectory. This command program 
ts now the user's program and runs exactly as if he had 
written and loaded it himself. Note, however, that the 
supervisor Itself has .QQ Information about the command or 
what It does, except its name and starting location. It is 
t n th Is sense tha_t the supervisor Is context-.f.r:J:.e. 

There are, In fact, three kinds of commands; we have 
just described the operation of "disk-loaded" co111Tiands, A 
second type of command, also context-free, Is the ~-~ 
transfer command, If the user types a B-core transfer 
command and is in a dormant state (that Is, has a B-core 
image), his core Image is loaded and the transfer Is made to 
a special place in his program (again given in the 
supervisor's co!l111and directory). Examples of B-core 
transfer commands are PM and FAPOBG. These functions are 
carried out by subprograms which are loaded as part of the 
user's program. The third command type Is the A-core 
transfer command, which requests an action Intimately 
connected with the supervisor and ts thus not strictly 
context-free. Examples of this type are L0G0UT, L0GIN, and 
SAVE. Here no loading Is needed, since the command programs 
are built into the A-core supervisor. 

I.hA ModuJsar I..1Jim 'Sharing Svstem. 

The supervisor program has been written In the form of 
modules, for ease In understanding and modification. Each 
module of the supervisor takes charge of a specific 
function, such as typewriter coordination, disk file Input 
and output, or scheduling of user pro1rams. The modules are 
written in languages which produce binary programs In BSS 
relocatable form; thus the modules may communicate with each 
other only through the two standard communication procedures 
of BSS programs, namely the transfer vector and program 
common. Thus the number of Interconnections between 
separate parts of the supervisor Is minimized and such 
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interconnections can only exist on a formal, advertised 
basts. Most Importantly, the reader can study and 
understand the operation of a specific module While he 
still has but a vague Idea of what happens inside other 
modules. Figure 1.1 ts a schematic illustration of a layout 
in core memory of the modules of the supervisor program, and 
the user programs. The diagram shows only a few of the more 
important modules. 

Core 
Memory Clock trap 1/0 Adapter 

Main 1/0 Adapter 

Storage Typewriter 

1 
User Area 

Supervisor 
area 

Figure 1.1 -- Possible core Memory layout. 

While the system is operating, the modules of the 
supervisor are In the forM of a complete program loaded and 
linked together In core memory. However, copies of each 
module in BSS form are stored in the disk file. In addition 
to the modules normally used In the system there may be 
newer modules being debugged, or older modules kept as 
backup in case the presently used version suddenly develops 
an unforeseen bug. The system is started up by placing a 
modified BSS loader into core memory and giving this loader 
a special control card which specifies a list of modules to 
be loaded and linked together. The steps involved In 
starting the system are as follows: first, a 7094 program 
loads the disk from a tape copy made of the disk following 
the latest previous use of the time-sharing system; then, 
another 7094 program loads and starts operating the 7750 
computer, which handles console typewriter input and output. 
Now, a special BSS loader which contains a copy of the disk 
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control modul e"ls. loaded, tram a 'dr'<i tffflet:· .or·~ ··ta:pe, Into 
the 1·094. The loader ts followfed 1>" a: :-..pervl!lor name 
card." The BSS loader has · •· uffl": ,.:,,......,;, and • thus has 
ac.cess to the dfsl< ~fl to· with th11:·,at41·,•f"' tts · :dlsk control 
moclul"e. The .. suJ)ervfsor .. ..,.. ·qa~ ·sp.cilf..._ the ,n•e of a 
d tsk f I le accessf.tite to the lclS 1;l-eader ~Wfil'Ch •.coat-aJ,na .11 11 st 
of names of 'the··~fsf( ffl"es to';b.e_toa4ed te•.•ferm·,a~supe,vlsor 
program. 

There are ·two Interest I n1 as.pee: ts .of th I$ Pr'OC~dure for 
loading the time-sharing system supervisor. First, maxf'mum 
use ts made of exlatlnc progJ'am&#--··•w:h .as .the disk control 
module. Second, If a module b•lng checked out develops a 
bug, It can be very ••sfl'I removed from the·system (and an 
older, reliable version substltu.t•d> w·lth a minimum of fuss. 
and boit,er, simply by a, reloadtna of the sp~lal BSS loader 
with a supervisor name card Which apeclfles a different list 
of d I s.k · f 11 e15 to b•, loaded to produce the s•P•rv I sor. Th I s 
feature Is vf tal In a system which Is In use whl le stl 11 In 
a state of development. 

Epl Jogue. 

In conclusion-.., a picture of the magnitude of . this 
undertakln1, In tertn of. rala.tlve, ;;SJ&e 'Of the programs 
1nvolved, may be of htterest. '. ··"AMJ. supervisor proaram 
consists of ·about l~t1000 (~f...-..) .. h•t:rMctfons plus tables. 
This flaure cofnt>ares w1·th 11'".000 -fw the MAD compl.ler, 
16,000 for the FAP aH41Mb-kt'~ Mtd . .....-.'. 60;100 Instructions 
In the older IBM ·Fort:n.n rt COIM:t-llett .• :'.Tb.Us. In the proper 
perspective, the time-sharing ·system 'supervisor Is an 
undertaking comparable to the deyelopment of· a completely 
new coml>f ler system. ht' a'ddf·!~on· 1:0.. 'tht fA-P and MAD 
translators, conwnenct programs totalfna another 6,000 
lnstru,ctloM are necesaar~. to t·rame. OU·t • """••ble" time 
shar Ing system. 

,.._,.t.,_. 
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2. Construction of the Supervisor Program 

Introduction. 

1n this section we examine the general flow of control 
within the supervisor program and consider when and how it 
obtains con~rol, and what happens when it does. In doing 
so, we will get a slightly closer, but not detailed view n;· 

several of the important supervisor modules. 

Syoeryisor program .E.J.Sll:t. 

Suppose a user's program Is operating. 
located In core B, and has control of the 
supervisor Is located in core A but is not 
operation. There are three events which 
control of the computer to transfer to the 
Indicated In figure 2.1. 

The program 
computer; 

presently 
can cause 
supervisor, 

I " 
tile 

in 
the 

;\S 

First, If any user at any typewriter types a character, 
he causes a data channel trap at the 7094. Control passes 
to one of several special supervisor ~odules called 
Input-Output Adapters. The appropriate Adapter accepts the 
character, performs any necessary code conversions on it, 
and places It Into a common input pool buffer along with the 
typl st' s "user number"·. Control then returns to. the 
interrupted program which continues as if nothing had 
happened. A data channel trap Is a true "Interruption" as 
it may occur at any point In the user's program. 

A second event which gives control to the supervisor Is 
the following: after a period of time known as a "clock 
burst," and typically of value 0.2 seconds, a clock trap 
occurs, which passes control of the computer to the 
supervisor clock trap processor. At this time the 
supervisor does most of Its "housekeeping" work. The 
typewriter coordinator processes input and output between 
user programs and typewriter consoles. The supervisor 
examines commands typed by other users and makes notes. 
Finally, the supervisor consults the scheduling algorithm 
module to learn whether or not this user should be permitted 
another "clock burst" of running time. If he is al lowed to 
continue running, his program Is restarted at the point at 
which It was Interrupted by the clock trap; tf not, another 
user Is a 11 owed to run, and a "swap .. , may have to take pl ace, 

We have thus far looked at two ways In which control 
may pass from the user's program to the supervisor. Both of 
these traps, data channel and clock, have the property that 
they may occur at any point In the user's program. The 
third event which causes control to pass to the sOpervlsor 
however, is completely under the user's control. This event 
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Is the (presumably) Intentional protection mode violation; 
the signal that the user Is calling on the supervisor to 
perform some special subroutine function. When such a 
subroutine call occurs, of course, the operation of the 
supervisor depends on exactly which subroutine has been 
requested. In general, however, If the user's state has not 
changed as a result of the subroutine call, control returns 
to him directly as soon as the subroutine operation has 
finished, unless he used up his "clock burst" during the 
operation of the subroutine. If the user's state has 
changed as'~ result of a subroutine call, for example, a 
call which requests a change from working to dormant status, 
control passes Instead to that portion of the supervisor 
concerned with locating and running anoth~r user program • 

.124.t.a Channel .Arui Clock Traos. 

For the Interpretation of the flow diagram In f lgurL 
2.1, the operation of the data channel and clock traps must 
be understood. These two traps may be either enabled or 
disabled. In the supervisor, they are almost always enabled 
and disabled together. If a trap Is enabled, the program In 
operation, whether user or supervisor, may be Interrupted at 
any time; the program has no control over interruptions 
except to disable the traps. On the other hand if the traps 
are disabled, when a trapping condition occurs the program 
ts not interrupted; Instead the trap is remembered untf 1 

such time as the traps are re-enabled (restored). The 
ability to·dlsable traps, yet remember them, is necessary in 
order that the supervisor may handle all traps In an orderly 
manner. 

The dotted boundary in figure 2.1 Is the disable-enable 
boundary; all programs Inside the boundary run with data 
channel and clock traps disabled, those modules outside the 
boundary run with data channel and clock traps enabled. 
Thus a data channel trap cannot occur while In the 
scheduling module but ma.:t occur while In the disk control 
module. 

When a clock or data channel trap occurs, further clock 
and data channel traps are Immediately disabled. The 
supervisor continues to run with traps disabled until It 
either returns to the Interrupted program or it goes to the 
sway (main control) section. 

Note that care must be taken to Insure that an enabled 
supervisor subprogram ts never entered following a trap from 
the very same program. To make sure that this does not 
happen, the clock trap processor never goes to the swap 
section If a trap has come from core A. Instead, If a swap 
ts needed, only a switch Is set, and return Is made directly 
to the point of Interruption of the core-A subroutine. When 
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the subroutine has finished, It returns to the user program 
via the common user return RSTCPU~ Since the user may have 
run out of time during the subroutine operation, RSTCPU 
checks the swap switch and if a s~ap Is needed, performs the 
transfer to the swap section whlcn the clock trap processor 
was afraid to do before. 

System MQdyles. 

After the brief consideration of a general picture of 
the supervisor operation, it may be useful here to list all 
of the modules with a brief sketch of their diverse 
purposes. The block diagram, figure 2.2, shows the general 
relationships between the various modules, although flow of 
control between modules is not unambiguously Indicated, 

Each module is a subroutine, or group of related 
subroutines, filed by a six-character primary name and a 
secondary name corresponding to the language In which the 
module Is written. The first four characters of the primary 
name are mnemonically related to the function of the module 
and the last two characters are a number Indicating the 
version of the module. Some modules, because of their size, 
are split between two or more files. Such a. split may or 
may not imply separateness of functions of the parts of the 
module. The names of the modules and their functions In the 
version "lAl" system are: 

Primary File 
Name 

MAIN 

CLfjC 

CTRL 

STf)R 

SCDA 
SCDB 
SCDC 
SCDD 
SCDE 
SCDF 
SCOG 

TC0R 

PMTA 

Function 

Initialize time•sharlng supervisor. 

Clock trap processor. 

Main Control Section. 

Storage algorithm. 

Scheduling algorithm.• 

Typewriter coordinator. 

Protection mode violation processor. 



RTRN 

SAVR 

UTRP 

RFLX 

Cf}MC 

C0MD 

Cf}NV 

f}NLN 

EOBG 

L0GA} L0GB 
L0GC 

SAVC 
0CTC 

OSK I 

AOPI 

AP75 

TST0 

CHNE 

HIGH 

UNIT 

DCER 

PL0TS 
or 

KLUD 

CTSS Technical Notes 

Common exit routines to return to 
trapped programs. 
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Save and restore user machine conditions. 

Process STR, floating point, and data 
channel traps for user programs. 

Processes user input lines. 

Miscellaneous subroutines. 

Command directory (no instructions). 

BCD conversion routines. 

Do on-line 1/0 for supervisor. 

Post mortem and trace routines for 
debugging the supervisor. 

L0GIN, L0G0UT commands.• 

Start, save, restor, resume commands. 
0CTLK, 0CTPAT, and 0CTTRA commands. 

DI s k cont ro 1 • 

7750 1/0 adapter. 

7750 Write subroutines. 

Assign 7750 storage.• 

Channel E hardware subroutines. 

High speed line adapter. 

Assign and look up logical user numbers. 

Handles channel E errors. 

Channel D 1/0 adapter. 

• Indicates a module written In the MAD language. The 
other modules are written In FAP. 

NOTE: More detail about the entry points of each module ts 
contained In Chapter 7. 
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3. Input and Output 

lntrodyctfon. 

In this section we will study the communication between 
the user and his program in the time-sharing system. We 
will discuss specifically how a typewriter communicates with 
the system, although the ideas can easily be extended to 
more exotic forms of input and output devices 

To allow a continuous flow of input or output between 
the typewriter and the user's program, which may not be in 
core memory at all times, the supervisor provides buffers 
for the data being transmitted. Input messages are buffered 
in core A, within the supervisor, while output messages are 
buffered in the 7750 computer • 

.Ihc General Logic~ Input .E.J.m't. 

Figure 3.1 ts a flow diagram of the handling of input 
from a typewriter by the time-sharing system. We may begin 
with a user typing a character on his typewriter. This 
character travels via telephone lines to the 7750 computer. 
The 7750 accepts the character, and turns on the 7909 data 
channel. The 7909 data channel places the input character 
in a buffer in the 7094 memory and causes a 7094 data 
channel trap to the appropriate 7094 input adapter. The 
input adapter program moves the character into a character 
pool buffer, in the form of a word containing the character 
in the address and logical user number in the decrement. 
This format, used for all character-oriented devices, is 
known as "Interface I". The character poo 1 buffer is 
capable of holding about 600 such characters (for 30 users>. 
The 7094 then returns to whatever business It was about when 
the trap occured. 

The characters in the character pool buffer are thus 
left for a later section of the supervisor to examine and 
eventually route to the proper destination. It is 
fundamental that the 7094 computer responds to input 
character by character so that if a user program desires, it 
can communicate back and forth on a character by character 
basis with the user. 

Further processing of input resumes when a clock trap 
occurs, giving the supervisor program intentional, complete 
control of the computer. At this time the input characters 
are processed in two stages. The first stage, handled by 
the typewriter coordinator module, collects characters into 
messages. Each user has a separate secondary read buffer, 
and all characters which he types are moved to his secondary 
read buffer by the typewriter coordinator. No further 
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Figure 3.1 -- Simplified Input Flow. 
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action is taken unless one of the characters typed by the 
user ts found to be a "break" character such as a carriage 
return or other special character designated by his program 
as a break character. When a break character Is found among 
the input characters his message is considered to be 
complete, and no more characters are placed in his secondary 
read buffer. If more characters remain in the character 
pool buffer for this user, they are left there until his 
secondary read buffer is free. A program switch is set to 
indicate that this user has completed typin~ a message. ThP 
typewriter coordinator atteMpts to thus dispose of all of 
the characters in the character pool buffer by dlstrihutinp. 
them to user secondary read buffers. 

When the typewriter coordinator is finished movin~ 
characters Into the secondary read buffers, the second stage 
of input processing begins. At this stage, handled by the 
clock trap processor module, completed messages are 
delivered to their final recipients' "mailboxes". If the 
user ts at command level (dead or dormant) the message is a 
command and is placed in the user's command buffer. If the 
user f s not at command level, the message is for his 
program, and so it is moved to the "user lines" buffer. 
There the message remains until his program calls upon the 
supervisor subprogram ROFLX for final delivery. 

Note that the second stage, which removes the message 
from the secondary read buffer, Is not strictly necessary; 
the user's secondary read buffer could be considered as his 
mailbox. The second stage could consist only of noting 
completed messages from users at col11'11and level. A floating 
buffer scheme to do this simplification could easily be 
implemented. 

An Important reason for the modular construction of the 
system supervisor is well Illustrated by the input scheme. 
There may be any number of input adapter modules 
communicating with character-oriented devices. Each of 
these modules, upon obtaining control from a data channel 
trap caused by Its hardware Input device, can place 
characters In.the character pool buffer in the stand~rd 
Interface I format. The processing done by the typewriter 
coordinator Is completely independent of the source of the 
character in the character pool buffer. The adapters can be 
considered as "matching• devices" between the specialized 
hardware requirements of different Input devices and the 
standardized characteristics of the input interface of the 
typewriter coordinator. 

~ General Logjc gf Qytpyt f.l.wi. 

Having looked briefly at the input 
corY111unication between user and user program, 
postpone detailed discussion of the input modules 

side of 
we wi 11 

until we 
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Figure 3.2 -- Output flow. CTCOORD and WRTELV) 

Assuming, however, that the 7750 has room for the 
message, the output adapter encodes the message and delivers 
it to the 7750. A detailed description of the output 
adapter, and of the criterion used to determine whether or 
not the 7750 has "room" for a message is the subject of the 
next section. 



CTSS Technical Notes PAGE 20 

WRFLX also does some processing of the output line. It 
locates the last non-blank character In the line and inserts 
a carriage return character after It, while it deletes the 
trailing blanks. For those applications where this 
processing is not desired, an alternate entry, WRFLXA is 
provided which puts out the line exactly as given. 

Since calls to WRFLX and WRFLXA always must specify an 
integral number of words, they also always specify a 
multiple of 3 or 6 characters, dependinR on the status of 
FULSW. In those cases where a different number of 
characters is desired, the null character, 57 (octal) may be 
inserted to fill out the last word In the block. The 
typewriter coordinator will ignore null characters found in 
the secondary write buffer. 

Note that the only communication between the 
input-output adapter (the two functions are really handled 
by a single module) and the rest of the supervisor is via 
the primary read buffer (.Interface I) and the 
subroutine-type call to the output adapter. The resulting 
Independence makes it very easy to remove one 1/0 adapter 
program and insert another for a different class of 
input-output devices. 

Ao J.lQ. Adapter Module. 

We are now familiar enough with the general logic of 
input and output to study in detail the modules which 
perform It. We start with an 1/0 adapter module, but 
remember that this ts only a description of a typjcaJ 
adapter module and that any other program with similar 
characteristics with respect to the primary Input and output 
buffers can, and occasionally does, replace the particular 
one we are studying. 

The 1/0 adapter module is of course split into two 
quite independent parts, one handling Input and the other 
output. Let us consider the output section first, as 
illustrated in figure 3.2. The output adapter performs the 
necessary code conversion for the user's particular device 
(teletype, 1050, flexowrfter, etc.) and places the data in 
the proper format for the 7750, one character per word, with 
the user's telephone line number In the decrement. The 
supervisor module UNIT maintains a table of correspondence 
between actual user, as identified by telephone line 
numbers, and internal logical user numbers. Each user, as 
he dials into the system, is assigned a logical user number 
for easy identification. The adapter must then establish 
whether or not there Is room for the message tn the 7750 
buffer area. A separate module, TST0, keeps track of how 
much space is available in the 7750, and this module also 
decides the policy of who should be allowed how much space 
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there. There Is room for 10,000 characters in the 7750 
buffer, and the amount wh I ch any user rnay have is knmm a~ 
his allotment, AL0T. If N characters are actually in u~e at 
the time a user asks for output space, his allotment is 
calculated as 

AL0T = (10000 - N)/4 

If the total number of his characters In the 7750 will not 
exceed AL0T, he is allowed to perform his output. If he 
will exceed AL0T, an error return is given to indicate that 
he should go into output wait. 

Consider now the input adapter module, figure 3.3. !11 

this case, control comes to the input half of the module via 
a data channel trap; there is at least one character in the 
adapter's input buffer. The input adapter picks up the 
character, converts It from the 7750 format to Interface 
format for the character paol buffer and replaces the user 
telephone line number with his internal logical user· number, 
It then checks to see if this character is really a 
completion signal from the 7750 saying that a 31 character 
buffer fias been typed out on this user's typewriter. If it 
Is a completion signal, the adapter calls TST0 (~t entry 
point TGIVE) to tell it to release a block of 31 charact~rs 
assigned to this us~r. All other characters are placed into 
the character pool buffer for later processing by calling 
entry point T0P00L in the typewriter coordinator. The input 
adapter restarts the 7909 data channel program, and return:, 
via the common exit module to the program that was 
interrupted by the data channel trap, 

.I.bJ:. Tvoewriter Coordjnator Module. 

Figure 3.4 is a flow diagram of the typewriter 
coordinator program. As Indicated, the coordinator only 
handles input processing. Actually, WRFLX and WRFLXA, 
described previously, are written as part of the typewriter 
coordinator module. 

The typewriter coordinator is called as a subroutine 
once every time a clock trap occurs, by the clock trap 
processor. lts,purpose, you may recall, is to collect 
characters from the character pool buffer into messages in 
Individual secondary read buffers. The coordinator begins 
by examining the characters in the character pool buffer at 
one time. Let us follow the path of processing of a single 
character. First, the character is checked to see If It is 
one of the characters In the break character list. If It is 
one of the three special "quit-class" characters, (quit, 
Interrupt, or data-phone hang-up) this character by itself 
Is considered to be a complete message to the supervisor, 
and the !LINES table Is set to indicate that there is a 
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no 

Map Into 
6-blt equiv. 

Reset line 
or previous 
character. 

Move character 
to user's sec. 
read buffer. 

12-blt 

Is this a break 
character Cor Is 
s.R.B. ful 1?> 

no 

r 
done 

return to ca 11 er 

yes 

yes 

Set ILINES(USER) 
to MZE char. 

Set ILINESCUSER) 
to PZE FIRST n 

Figure 3.4 -- Flow diagram of Typewriter Coordinator. 

character ft will have to be moved Into the user's secondary 
read buffer, so the program then checks to see if there Is 
any room left In the secondary read buffer. If the buffer 
Is full, the variable ILINES(USER) will contain some 
non-zero buffer address; this Is an Indication to the 
coordinator program not to attempt to use the secondary read 
buffer. Instead, this character ts put back Into the 
character pool buffer. 

Assuming that all these tests are passed, the program 
then checks the variable FULSWCUSER) to determine whether or 
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not the user's program is using a full (12-blt BCO) mode. 
If the user Is using the ordinary 6-bit mode, the 12-bit 
character coming from the typewriter will have to be 
translated. This translation Includes two important 
features. First, if the character is either the "delete 
line" or "delete preceding character," the line, or last 
character, in the user's secondary read buffer is discarded. 
Secondly, on all other characters a mapping is performed, 
when possible, from the 12-bit character to one of the 
allowed 6-blt BCD characters. For example, a small letter 
"a" and a capital letter "A" can both be mapped Into the BCD 
letter "A" with octal code 21; however, certain special 
characters such as the semi colon· have no possible mappl ng 
into 6-blt codes. If these non-mappable characters are 
encountered, they are discarded at this paint. 

Having performed a 12-to-6 hit conversion when 
necessary, all characters other than quit-class break 
characters are stored In the user's secondary read buffer, 
packed either 3 or 6 characters per word, depending on 
whether the user Is using 12-blt or 6-blt mode. The final 
check ls to see either If the character ts an ordinary break 
(end-of-message) character or ff ft filled up the secondary 
read buffer. If either case is true, the varlahle 
ILINES(USER) Is set to contain "PZE FIRST,,n" where FIRST is 
the address of the secondary read buffer, and "n" is the 
number of words In the buffer. This ts the Indication to 
the supervisor that this user has a complete, waiting input 
1 I ne. 

This entire processing operation Is repeated once for 
each character found In the character paol buffer. We have 
not discussed here the Inter-console communication 
facilities provided by the A00PT feature of the typewriter 
coordinator. 

Typical buffer sizes used by the typewriter coordinator 
are: 

Primary read (Character Pool) buffer: 

Secondary read buffer; 
Primary write buffer; 

2 per user: 
1 Only: 

600 characters 
(for :50 users>. 
14 words. 
29 words Cl line). 

The typewriter coordinator consists of about 500 
Instructions and about 2000 words of buffer space. 
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och•r .l.L.Q. P•x•g;11: lot•tfK• il· 

Sc> far, the dlacus11on h•• been restricted to 
character""orlented Input/output devices, Including the 
typewriter. A11 such devices have work" through the 
character Interface of the time-sharing system, known as 
Interface 1. . Any .c:har:"4:terrt~ ~ev I c• can eas 11 y be 
att•ched t9 the ''•.telll b•: 9r04f~I,..) • ., J/O . ada,p:ter program 
which coovel'ts the r•w her•r•.:,-la't~rfaee Into the st.andard 
format of lnt:erfa~ ~, wt\lot\ ~slsts of one .ctw.racter/word 
in the character paoJ buff•r• 

There is also ano.ther broad class of devices,. such as 
ma1neth: tat>41, which worlc 1.ll U.rrq 9f words, and blocks of 
words. A second hiterfec•o '.Is pr~lcled for these devf ces. 
The de~ f.1 s of I nterf_.~ I lo.· ~ be found In M. I. T. 
Computation Center ......... ..-dum CC~UI.. For any Input or 
c;>Utput . devlc• . · for· , ~Jc;41 :11lt.f't.~• .. 11 appears · to be 
approprl•te, .an· l/P ~r..,l•MY be written to Perform 
the function of match.Ing the ha.r.ctware characteristics to 
Interface 11. · · 
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4. The Schedul Ina Alcorlthm .and the Stor~~e Al•orlthm 

In th Is sect I on we e•atnlM ttte QPer•·t:t 0n of two 
Important module-· df · the tr••~lfta ,,.s..,..r¥t~: the 
mQdule whlch decTd.S 'who" sh.ufd· .... "' ,.Jil ,.lf,£..,,r> how · lon1, 
and the' inodul• Which al·t'ocat..-.. the~....,. .. ···f11MnOrv·, •rea among 
various user pro1rams. Then;'M ~~-,..,.~ 0 nt.tfdtl,t lng and 
allocation, are In- fa.;t closely related, and have been 
separated t n · t'he ·supet'vl7jor·:(., ~-1 tM ·part 1cu1ar 
algorithms use.d 'Hf'inM:: th\t ••Pari'te:cor..httwatlen er the two 
problftln$. A rricire ConiPle-• a-lgdfqit'hfrt«ft~·,,""••~der· both of 
·these functions· 1H*iltahbotit~f·lbtf·the'Mtf0te~~"'i both 
modul.S •. A·xt.f'tlr<f ~t'ton~· t'Jf(\il~(we.~.,./''1'8i~"~NPt Into 
:bo~h of the~•-~,.; •.t~h~:_t;t:~\1,p" ,~'-''ttlf · ~1w<I by a 
s~P&ra-te· mo® 'flt•. · Tfi•· Pf"01J9r 11¥~tt:''t>f' :tbt••~'' funet Ions 
ts stt ll '.oc>9n to' cttiltate, •rrct thW'"" - is:-"a.,~HfJe:<I~ here may 
not represent the be~t possible oraanl~atloh~ ··· 

l '• •,, 

The Schedyllqg Alapclthm 

All schedulln&PO,llcy lseont•lned In the scheduling 
module; In fact no mechanics of the ttme··ah4u·fna system are 
performed-by t~I& mo6ul•• The schedullnc ill>duJe-f.s for the 
rest of the supervisor a ••a• who t.s occa•lonallv as~ed for 
an opinion,· but not asked to ·cao •nvthtna: else. Since 
mec:han I cs are absent·;, . ~he schtiaul tq :B>dule 1>$ wel 1 sut ted 
to the MAD t•nsuage, In whlch'ft la written.· stnce It Is 
hardly necessary to · wrt te an . Involved deScr I pt ion of a 
wel l•orcanlied 14AO proaram, only tlut pol Icy Involved wi l1 be 
stated. A rea-der tnter .. ted In eaplorln& how the pol lc:y Is 
ear r I ed out can eas 11 y unders~l\4 the proarem Itself. The 
explanatory cOf'llllOnts at thebealnnlna of the proaratn serve 
to prov I de suf f I c lent document at Ion. · 

A Typical s,h•duUo&. pot lsv 

The particular schedul Ina P011cy described here ts not 
the.only suc;h policy, and may not be the best Policy, 
particularly In the choice of the peralReters 1lven In the 
proaram 11 stl na. However, It Is a .tvplc•1 pol Icy, and the 
parameters elven are·cyplcal par ... tert• If one concludes 
that a ·different parameter, or a completely different 
pol Icy, will produce better retult1 1 then a dlffe.r•nt 

. version of the schedulln& algorithm •Y be easily Inserted 
Into the system Instead. Here, then, are the Important 
aspects of this-algorithm. Flaure lt.1 Is a flow diagram of 
the scheduling algorithm which may be easier to follow than 
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the program Itself on the first reading of the policy rules. 
These rules apply to system version 1A3. 

1. All users In 
conmand," a re 
considered to 
order. 

state 2 or 3, "working" or 
kept tn a set of queues, which 
be one long queue of users to 

"waiting 
may be 

run, in 

2. The queues may be re-ordered at the end of each clock 
period or more frequently, depending on events 
occurring during that clock period. A clock period is 
a short period of time, typically 200 ms., during which 
some user program runs uninterrupted except for data 
channel traps. 

3. Each queue has an Integer valued priority level. In 
general, all the users In the queue with level "j" are 
run before any users in the queue with 1eve1 "j +l". 
There are MAXLVL+l levels, numbered from O. 
(Typically, there may be 9 levels.) 

4. A "quantum" Is the shortest period of time the 
algorithm ever attempts to run a user. A user may run 
more than one quantum, depending on his level. A user 
at level "j" Is normally allowed to run 2.P.j quanta, 
although he may be preempted by the arrival of a user 
with higher priority. 

s. A user at level "j" ts moved to level "j+l" after he 
has run 2.P.j quanta at level "j". Usually, he then 
stops running In favor of other users at level "j ". 

6. A user at level "j" Is moved to level "j-1" after he 
has wa I ted "QNTWAT" 60ths seconds wt thout runn Ing at 
all. Typically, this waiting ttme may be 60 seconds. 

7. A user starts at a level depending on his program 
length such that the time required to load his program 
is a fixed proportion of the running time permitted at 
that level. This propgrtion fixes roughly the maximum 
efficiency of the system. CThe efficiency may be 
lower, because of pre-emption. See 1, below.> The 
"level of entry" function can easily be changed to 
reflect a different pol Icy. 

8. A user at 1eve1 "j" may be pre-empted at the end of the 
next clock burst by a user entering the queues with a 
higher priority. The pre-emption will take place If 
the user now running has run longer than would the 
pre-emptor. 
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et urn 

EVfNT i fi»V8 lone wal tJ,,' 
clock ___ .,.users to end.of 
interrupt higher priority 

.n. ~i-· 1, 0,n1 , r~r. fric 
cutrent user to end decide 
of lower prlorltv' 

( 200 ms) queue 
-----------------

ueue ... 

......,------------11•declde 

EV~HT 2 __ ......... 
a user 
ehana•d 
state 

return 

·.no 

eel de 

i.------~ dee I de 

EVENT 3 
dumplna of old ... lch•Tae ~ld yyr f~l .'i';pg,i~j. £1me i.return 
user bealns 

return 

EVENT IJ • h•t& .. cal4 user .. fQJ' clumpJna time 
dwnplna of old wal••• n• .UNI' h••.h'""'· .... 
user. done; lo•d rtorltr· or .. qJd ~r lJ,"a4;~o.,nd 
of new user 1 ••. c:haro ~,c~r .. for -~P. 
bealns 

figure 4.1-·Flow diagram of Sc:hedullna Algorithm. CSCHEDL.) 
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Flow diagram of ScbeduJ Ing ~,11ortthm Ccont. > 

EV~NT 61---.--•@et. LEllS1f:'J· 1 @~·r;; I, QQt; 'yrreot ·•dee t de 
user changed curr~t ser user 
length 

Compute LEV:EL but ·don't change 
queues.· Allow lo~r, running 
t I me if new LEVEL t~sc 'of' 1 ower return 
Pr: I or J ttf ' ,pr.a~ I~ LEVEL. 

Yes· · .,.eturn 

Is head of queues user no 
.differ~'~ cfrQ.A), curren~ .... ------...,.. eturn 

1 ong no 

SWAP4'-l 
NEWUSR+--head of queues user 
01.0USR~~r•nt usar 

' .~ ' . -·' - _'. ···) ." . 

.r~turn 

(When the SWAP swl tch Is set non-zero, the supervisor wl l1 
call EVENT'& 3, 4, and S In succession as soon as It can. 
NEWUSR will be the next uJer to run. 

, . 

figure 4.1-~Flow diagram of $.chedullh& Algotlthm. CSCHEDL.) 



9. 

10. 

When a user 1 eaves states ·· 2 0r l'' he I s r....,ved from the 
queues. When he returns to st•"• Z or l he Is as.signed 
a new prlorf ty lt»el-; ·hl·•··P«'••'-•· naanf"- time Is not 
taken· I nt·o ,cCM'ts iderat'fon'~. '; l'Mtt~'~ . .,, . .,....f'thm : concerns 
Itself 'prfmarll y .. wu:·ti . ~-qs:· . "'tl•a ;: .. Wl th In 

. I ntarac;t Jons.·· A PtO(f'a~·. ~Yl1lS'1f0r·"'*~ "9W ·,c~~ rs 
not cons 1 de red Cl new I nterm't-; , l>vt ·1 t:S· 1eve1 r&y be 
changed If the new cGfflNlftd lrs"l01Cer. 

If a "9Ser returns to state- a ·OJ' J. he Is placed a\. the 
end of the queue at h Is prtor!.t.v Jever ba•e<.f' o.n pf'oaram 
lenath. · 

It will be seen from tha. Qr.oatam:_~C;odlns that on~ user, 
user number· ~ero, may be accor.a.d special·· treatment at 
various· pol nts ·ht the alaor+t-ftttt•·: . .,,.,.~ .,.._, .,..pr.esents the 
backaround batch•processf n& system which Is maintained by 
the superv l.sor both for com.-t I b 111 tY wl th older systems and 
to provide a .•~f"PtHd bacf'1~ ~~-;~_,,for t..,_ conip1;.1ter In 
case no recular C"forearot.Jn4'f): uHf"• .. ··••l'td rtHd ••rvh~• for 
a time. The followlna addltfona1 POllcy rules descrlbe the 
position of the backaround system with respect to the other 
users: 

11. The. background system l.s always at the end of the queue 
of users to ·be run. If- the ~--should bece»me empty, 
the back.around system wtll then run untl1 some other 
user enters the queue. · 

12. ·The bac·k&-rownd::: operatot'J may "force" the backaround . 
system to be ttin by depF' .. tfna ·certain keys on hls 
console. · The backaround lt•·tem wll 1 " brou&ht 1 n at 
'the next clo~k trap, an<ti' run exclvslve1y untl 1 the 
operator s I &nals that norm.t 1. .~lme·shared operat Ion 
should continue. · · 

13. It Is poss Ible to cuar•nte.• ~b~t. background system a 
certain percentage of the facility of the computer, by 
settln1 th• variable "PB'' to the desired percenta1e In 
the Initial lzatlon of th.t algorithm. When "PB" Is 
non-zero, the background system wl l1 pre•empt whenever 
it falls behl.-,d Its 1uaranteed percent•&•• 

' . . ,,_ . '· 

The above en~ratlon ~f policy rule• does not describe 
all of the cod1·n1 ln the schedullris at·adrlf tlim 'frioctut~e.. As 
mentioned In the Introduction, a certain amount of 
time•accountlna policy Is maintained In this module. This 
pol Icy ls handled by the coding fol lowln1 "events" 3, It, and 
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s. (See program listing for definition of an "event.") A 
brief description of this charging policy can be stated in 
the following five rules: 

1 • Each user pays for central processor time used. 

2. A user ma.x pay for the time It takes to load him and 
dump him depending on whom he fol lows or precedes. 
Note that with the present storage algorithm, loading 
and dumping of a user are .D.Q.t overlapped wt th 
computation. 

3. The background system Is specially privileged; It never 
pays for loading or dumping Itself. 

4. With the exception of background, all users pay for 
their own load time. The previous user pays for 
background loading time. 

s. A user pays for his dump unless he Is being 
by a higher-priority user. In the latter 
higher priority user pays for the dump. The 
always pays for a background dump. 

The "Onion-Skin" Storage A)gorlthm. 

pre-empted 
case, the 
next user 

The storage allocation algorithm presently used by the 
time-sharing supervisor has as Its main virtue simplicity. 
There is no question that a more sophisticated procedure can 
be devised, and will be when time permits. However, even 
the present simple allocation algorithm illustrates some of 
the important features which must be possessed by any 
storage algorithm. 

The simplicity of the storage allocation algorithm 
results from two baste features: dumping and loading of user 
programs are .D.Sl.t. overlapped with computation, and relocation 
of user programs is not attempted. Thus all users are 
loaded starting at absolute location zero. 

The simplest possible storage algorithm would operate 
as follows: when a user must be dumped on to the drum, his 
entire program is dumped; assuming only one user In memory 
a t a t I me, a 11 of memo r y 1 s now av a t 1 ab 1. e for the next 
program, when necessary. The current storage algorithm 
attempts to Improve this performance by dumping only enough 
of a user to flt In the next user; the earlier user is 
therefore split Into two parts, the one part on the drum 
memory, and the other part In core memory, where Its 
integrity Is insured by the memory protection feature. Thus 
if the first user should be allowed to return to core memory 
his next loading can be done more quickly than in the case 
where he was completely dumped from core memory. 
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s Ince a thf ref user, fol lowf q; ;the'•~,: :111ay- :be larger 
than the second, Hi ·may b• tteces..-y '.at ., ;•nr· t:.fme ·to dump 
more of the first user. ·H "''" · 

To· JI lustra:te CM t-:Pl ft-tltta, _,n.kcMr tltcurea 4. 2•4. 6, 
In which several succes1lv• st•t•• of the U9:er memory area 
are shown. ln ft.·~, uter -A 'l~• •c•••'~ #.coJ"e ltMVdOtY, 
and ts about to t>e·· dump•d ln f.-,-f:df•~ ti.,:· loil•lowlna the 
etump, core ~rv appars in f·t"t. •JJJ :'Wttlf <Pttrt :o:f user A 
l n core, pa.r't oa the'<Jrum. · Now, user C, • iJ•· · to -b• brought 
into memory, so user 8 Is splJt In the .-...;c,.fashlon, as 
shown In figure 4.4 •. If the ne~t vser,•D, reqult'es a 1ar1er 
space, as fndfeatfd·'tn fig. :;1f;11,. C·imu.t •~···'Completely 
dumped, the dump of" 8 ''Must be~ ff jlJJ;.tw-.ti -d ·tfie' ·dump of A 
continued a little farther. The result 1• shown In 4.5. If 
now, fo1lowln1 ·asef!.·'81 · ua.r'A fs' W;'•-..hlf; th•.: dump of 
user D wl ll have : •• 'iie cotlp1 ete flut -.... Y t"'9< l>al"ti ''o'f A wh I ch 
was dumped will h•ve to be t'ff'l•rd1:ifM11 ,._.,t.na:tome time. 
The res.ult 1.s shown In 4.6. · · · · 

In th l s example, · on 1 y twe. user>•,:.'-· '*". it, 
between ntemor; Md ···t1te ··fttum a-c OM'--~J.•. "' -A•; 
users may. be spl It '.b•ewe.ft ~·"'' *8 ... ~.· 
onto the drum are •de In b l0c.ka of 20.fll words. 

were 

"'*""' A11 

sp1 It 
as 1.6 

d""'pS 

A 1 thouah t n the U.h.ts.tNll~•IOAW.~"'.A.;,:,.t-11 'tltnQ.,qt of 
time was saved ultlmotely by not 4.-..laa•ll of A'at first, 
in a dlfferettt'•"f!~l't•,dt• ·~ ~ *-·;"much more 
effect Ive. . Cons I dtr· f ot ·e.._tw:, ~-·~' ··~••-.· · ,Whe •on 1 y 
two ot"' ·thr" 'eeQ•l• -••f'WS1'~ft$Wf.ittr> ._lJ:l! ,,.JN".,rams, are 
us:lna t·IMl sy•t.em;'i.Wfitft lliadfesr11i•tt~--5~••1,!Sbr.• of 
the ti*•'· Sf;ric• ... fAtldftdicf;j~•t•: .... Nlfn1. ,..t of 
It .r.-l'M 41t· coN.ai~~.rt i:t....,-.l,_..f;tf '''il'..IJ•:·~,.._._~ to 
make room for t't•• •ner for•croun.d u..w~; .._. ·~~y· need 
time. In thl • c•••• t tme ••vine cea be _1e.rae •. 

IM ttsac 1'8• 

When a u•er Is dumped ff'Ont: ._., . .,: . .....,,v,. a · flle ts 
created on the., drum metnorv. Thi• ·file Includes t.o 

. S11JCt I Oftl l 

1. Th• her •ottf;ne ••dtt;J-.:,•tat• ~--le, •nd the . 
Us.r dcl:sk. •tHW · ,cc•t>•o:·:·:'t,.,ftdb&dtftl . the- . current 
.sect l °" '°' ttl• _., f 1 l• i~•--•> ·. ··· 

2. The user's core 1-... 

The second ••t Ion I• not wrttt.n .,._. ·• -.r co.Ina. co the 
"d•d" state. The fl le c'na.ted .f s-of···. 5hflllPONri ~, and 
named .. OG'OO 21 UOUMP." f'Or u se.r Zl•, •••· ''"I a f f;le I s 
conslde·red one of 'th• SUPef'Vf'S'O'r'• l:>~l ·f.f les ··and· does 
not appear In the Yftr's fll• ctl.redtory.,· 
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In figures 4.~, 4.9 and 4.10, are Illustrated the three 
subroutines of the storage algorithm, DUMP, UNDUMP, and 
FREEUP. DUMP and UNDUMP are subroutines called by the 
supervisor to perform the functions Indicated by their name, 
The following notes may help In interpretation of these flow 
diagrams. 

1. If DUMP Is called to dump a working status user, 
it actually only dumps his machine and disc status 
tables and leaves the core memory dump to the 
routine which tries to make room for the next 
user. This Is done because at the time the order 
Is given to dump a user It is not known how much 
of him will have to go. 

2. UNDUMP calls on subroutine FREEUP to dump out 
enough space for the new user to fit Into core. 
Only then can ft restore the new user core image 
and his status tables. 

3. Subroutine FREEUP Is called with one parameter 
C"NWORDS"), the number of words of core memory 
needed for the next user. 
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f lcures 4.2-4.6•-The Onion Skin Stora1e Algorithm. 
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Rftu,rh 

figure ... 7-"!'Flow 'd••sttam of subroutine DUMP. 

T 
Call FREEUP 
to mtke room 

·.I ;CQ~· 

Return 

f lgure ... a--Flow diagram of subroutine UNDUMP. 



f fl&®®i@ttGUU¥J!!!.~Il.¥¥£%41UMJLAJ#4iMJAt4LQ4Jt,,"'~= ., ""'"" -~ ·-· .'r~IJt4itgpt#Jt¥¥421,Q!J;t@Ai@l§ML!if,,bh A¥1f !? ,,,,, . ·... . ···.· . . .. . . ~;~~-;-.;~·:; ~:~ PAGE 36 " 

I: 
! 
~ . 

I 
I, 

! .. 
I 

ny aetf• 
•rt J.al · · 
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Return 

et urn 

Figure 4.9 -- Flow diagram of subroutine FREEUP. 
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Appen~lx 4.A 

States of a User 

dormant 

inDut wait command 

Figure 4.10 

Additional transitions not shown: 

1. Quit signal - any state to "dormant" 
2. Forced LOGOUT - any state to "waiting command" 

Description of states: 

0 dead - not waiting to run and no core image; 
command 1eve1 • 
dormant - not waiting to run but has core Image; 
command level. 

2 working - waiting In queues to run or running. 
3 waiting command - waiting In queues for first run 

of a command. 
4 input wait - program waiting for Input from console. 
5 output watt - typewriter output buffers filled. 

All Input from the console is Interpreted as commands when a 
user Is dead or dormant. He Is said to bE at command level 
when In either of these two states. 
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Descr I pt Ion of Trans It tons 

dead tg •'&'U c;oem~ ·- it.• ··Mfftf typed In a defined 
commend and Is .ptacatl~n the q•uet to welt· his turn ·to run. 

•''''' '""'' mck&ac - the. &Mer bglnS; .. tq run the cor.nand ~:;rn~()cst tlt1e. from now on .. •e>-cGiMterid' pro1ram 
Is treated exact1 y 11 k• a user prura~ · ·· 

mc1tto1 t.q •0111& 1 wtt ~. \be uaer,'1' proa,,em nettd• Input from 
the console and the usu~••·•t ~.i t'ped lnan.J:oput 11,,.. CRDFLX) . . . . . .· . 

Jopyt ·wait -ie ·NQCklQI - .the user typed In an Input 11 ne 
terminated with a ttreakr·charact•r. 

warklQI tQ" ealAM&· ••&'· •·· th& :user '-s Pt"O"JUll . h•• 1enerated 
enouih output ··to ;flU· ·t:tte .output bufferfi;.. <•ft.X> 

. ' . ···'· ... . - .. 

pygpyt wit t9 .acilPI - tbe outpu~ buffers are empty. 

wgck Inc · tg w 1 CI DI ,,..WI - : ttt. : •uaer 's proaram I ssued a 
conmand. (CHNCfJM or NEXCJM>. 

wock•ac gg dQCPllO& the uaer•s prosram finished Its 
compUtatlon but the core tmace 0 IS.;•tU:l vs4f"l. (Ql.~MNT) 

decMnt t9 Wil'l'·at· Sl&IDt.• th•··vser , IVt•d ·. l·r\ a ,def1 ned 
cOllMrnt·:Whloh ma.-~,ijperateion bla ._,o, • .,, . .._..,~.or -may destroy 
It and start fresh • 

.arklna tp 4Md the user'• ,_..,,. •. " flnl•hed. Its 
computation and the core· I•&• Is to be.ddtroyed 'COEAD). 

dgrgnt gp llUlC.hll - supervisor Is, ·l••~•l~lrll .the user's 
prostam w1thout .. aJconso1e fnter•ctiJoa. (St.CU>. 

"'· 
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R THE SCH!DUl.U$ ALGO~lntJi; 1".,. ift~tlftO&:').OW'I NG PtJNCT f'ONS 
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R 3. DET~MJ .. , .. $~1 :·1; .. -·'.·::_. _ .. ·.· :~1$; 'ft· RUN 
R 4. CHARGO''Jti*i:ft&• ft{ik:• ~ ~ \NfbL**"l tfG r f ME 
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R BEGQUE.CJ) - PLAC~ USER J At BEG OF QUEUE LEVEL(J) 
R ILOG2.CH> •RETURNS INTEGER PART.OF LOG.TO RASE 2 N 
R 1.(Jl - CONVERTS FOR\'#ARO IND!X 'J' TO BACKWARO 
R INDEX FOR REFERRING TO MAO ARRAYS 
R INITIM. - INITIALIZE TIME ACCOUNTING . 
R I NT lt4. - USER 'U' LOGGED IN 
R OUTIM. - USER 'U' LOG~ED OUT 
R CHARGE.CU,T) - CHARGE USER 'U' FOR TIME 'T' 
R GETOTL. - RETURNS THE TOTAL TIME SYSTEM.HAS RUN. 
R DELTIM.(T) - RETURNS DELTA 'T' .. THE DIFFERENCE 
R BET\'IEEN 'GETOTL. ()·' ANO TIME 'T' 
R TIME 'T' IS ALSO SET TO GETOTL.(0) 
R CURTIM.(0) - RETURNS THE CUR~ENT TIME SINCE MIONIG._.T 
R OF DAY SYSTEM WAS INITIALIZED 
R MONSCl.(EVENT, USER, ARG) MONITORS SCHED. 
R MuNSC2 •. JS.CA~~~o WHEN s~~EOl! -CH,~N(i~S COMMON 
R PLOT1.(EV£NT, OSER, ARGl 'PLOTS SYSTEM ON ESL SCOPE 
R PLOT 2 •.. IS CALLED WHEN SCHED. CHANGED COMMON 
R . 

R 

EXTERNAL FUNCTION(A, B, C) 
ENTRY TO SCHED. 
NORMAL MOOE IS INTEGER 

R., 
R •• 
R •• 

SHORTEN LINKAGE, SETUP USER INDEX, CALL MONITORING SUB., 
CALL PLOTT I NG ROUT I NE 

1 

ASSUME COMMON WILL BE CHANGED, AND DISPATCH ON 'EVENT' 
R 

EVENT • A 
USR • B 
l USER • I. (USR) 
ARG • C 
EXECUTE MoNSCl.(EVENT, USR, ARG) 
EXECUTE PLOTl.CEVENT, USR# ARG) 
MON ITR • CHANGE 
STATEMENT LABEL MONITR, RETURN,, CHANGE 
TRANSFER TO EVNT(EVENT) 
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EVNT(O) 

R •• 'EVENT' .E •. O, INITIALIZE .SC,H~OUl,IHG A\,GORITHM FOR N USERS 
R.. INtTIALIZE 1NOEPENDEHT c~ ~vARIAtt.ES 

MXUSRS • 31 . ., .. 
MAXLVL • 8 
MINLYL • 0 
FULLVL • 3 
EMPLVL • 2 
FULLEN. • 4096 
PB • Q 
QNTWAT • 3600 
LEVI NC • 0. 
QUANTM • 30 
TBASE • 0 
IHACTV • 21ti000 
HANGUP • 7200 

R 
R.. INITIALIZE QUEUES AND TIME ACCOUNTl.NG 

EXECUTE INITQ, . . ... 
EXECUTE IN1TIM, 

R 
R.. INITIALIZE TABLES 

THROUGH JLOOP, FOR J • O, 1, J .G. UMAX 
JUSER • l.(J) 

JLOOP L 1. NMUL (JUSER) • l 
R ' R., SET 8ACKGROUNQ(USER 0) TO RUN 
R.. USER 0 IS ALWAYS' tMPLtCITt'f A'f tu· OF QUEUES 
SYST 114 • CURT IM, (0) 
STATUS(l,(0)) • 2 
SWAP • lB 
FIRSTJ • 18 
BGMAX • 180 
TRANSFER TO CHANGE 
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EVNT(l) 

KLOOP 

R •• 'EVENT' .. • .E,· J." .. CJ,.OClt_.· lftfl~f>T 
R.. Ass•. c~1.- w~.a.-..·,.,lr·B'!· c•aeo· 

t40NITR • RETURN . .. ·. .. 
ICUR • l.(CUftUSR) 
T • GETOll.. .,(il) . . . 

R., 00 1lf* F"OLLOW1 NG" :Cff£CK fNG EVOY 10. SECONDS 
R.. CHAJtGE PAY I NG U$E'R .. FQR TlME 
R.. MOYE L:ONG WAITIM UR«$ UP :tlf P1ttOR·tTY 
R,. LOGOUT INACTIVE USERS, HANG \IP' '·INACTIVE LINES 

WHENEVER T ,<;,., CHICKT 
CH ECKT • 'T + 600 
EXECUTE CHARGE. C PAYUSR, DE1..Tlf1, <PAYTJ M>) 
THROUGH' KLOOP, FOR K • 1, 1, K •. a.· UMAX 

WHEM£¥ER· ·K .E. CURU.SR, TRANSl=D TO KLOOP 
KUSER ".:ii f, ( K). . . . . . .. 
DELT • T - WATTl·M( KUSER) 
WHENEV,£.R $JA;TU$(~SJ.J\J .• £. ,l .pR, STATU.S( KUSER) .E. 2 

WHIHIVSR DiLt · ~s .. · .QNTVAT ,MO, LEVEL(KUSER) .G, MtNt.VL 
MOJU;fA • C~t . · · .· . 
EX~M£ 'l)Q.QUE. <Kl>, 
LEV,Jt.(~CJ\l • L!1£t.t·kut1R> • 1 
EX!Wf.£'· ~U£ .•. U() · . . . · . 
'WATT I M( 1\1$1!1) • · T 

. T J.ML;E.V(KU&llfl •• o· 
. · EHo. lJF 'COMO f1t0tW. ... 

OR WHENEVER PR08H(KUS:£R) ._Ml, ·:0 
Wff!N£-YER DELT' ·,G, ·aHACff ~MO. LIN£NO(KUSER) .E. 0 

MON ITR • .CffANGE . . . 
NOT IME(KUSER) • 2 
WATT IM(KUSE·IU • T 

ENO ·Qf CONDITfONAL 
OTHERWISE , 

Wtf!H¥ER D£LT .G, HANCIUP ,'AMO~ ADOPT(KtJSER) • E. 0 
MONlTR • .. CM4NGE 
·H()TSM£(KUSEIH • It 
WATlU4<~ERl. • l . 

ENO OF CQNOt.TIQNAt. 
END OF CONDITIONAL . 

CONTINUE 
END OF CONDITIONAL 

R.. MOVE LONG RUNNING 'CURUSR' DOWN IN PRIORITY 
WHENEVER CURUSR ,NE. 0 .AND. T .G, MAXTIM 

1 ,AND, ,NOT~ SWAP 
MONITR• CHANGE 
EXECUTE DELQUE. (CUaUJR) . . 
WHENEVER LEV£L(ICUR) •t~ MAXLYL, 

1 LEVEL( ICUR) • LEftL( ICURJ-' + 1 
EXECUTE EHBQU£.(CURU$R) . 
LEYTIM • T 
T IMLEY( I CUR) •· 0 
MAXTIM • T + TRUN,(CURUSR, LEVEL(ICUR)) 

END OF CONDITIONAL 
TRANSFER TO DECIDE 
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EYNT(2) 

R •• 'EVENT' .E. 2,. 'U$1l'C.'IU'~~·~> CHA~E .:STA!E 
R... DISPATCH'°O,ft "£\'I ST!\TE1 ,:flll,Q ...•.. Jll... .· :.tt·TRANSITIONS 

,fiiENEYER USR . .-N£ •. 01 TRAU'Ftft' 1'1J'·'"f~f, . ·.···. . ... 
TRANSFER TO RETURN .... · .· .· ' . 

R 
' '<' . ') T R.. , llSR . I US~R. . WEN 

STAT(U) EXECUTE OElQUE. (UllO 
STATUS(lU$£tU • u . 

DUO, E~f.NT:ti.WILL t~OT OCCUR 

TRANS·FER TO DEC I DE 
R 
R.. . 'USR'C' IUSER') WENT DORMANT WHIL£ RUNNING 
R.. OR PU$HED '0.UI T BUTTON 

STAT(l) EXECUTE DELQUE.CUSR) 
STATUS( I OSER) . • 1 

R 

WHENEVER USR .E. CURUSR,, TRANSFER TO DECIDE 
TRANSFER TO CHANGE 

R.. 'USR' ('I USER'> TO· BEGIN WORKfNG AFTER 1 /0 WAIT I NG 
R.. ' • OR ALAIU4 CLOCK RETURN' F:'80f-i D~fif1 ·ro .wORKI NG 

STAT( 2) WHENEVER $TATU$( tUSER) •. G.£.' ,, ~·bR •. $'TAf~USC IUSER) • E. 1 
. WHENEVE~ ~TAlU&llUS·iR) .NC. J. .·. ·. . ., .. 

wHEt'fVER L'EVEL-<IUSER) .. l..EVJ:jjC .G£. MINLVL,, 
1 LEVEL (I US~R) • LEV.EL(JUs'l.Rl -. LEY I NC 

LEV • LEVELF. (LENGTH.( IUS:Cfflr .. 
\iHENEY~R LEV • L. LEV'Et.(.lllRIQ~ LEV£i.r( I US ER) • LEV 
TI MLEV( I u&lR) • O 

END Of ·CQNOfllONAL 
EXECUTE ENO\\UE.(USR) 
WATT IMC IUSllU • GETOTL. CO) 
STATUS(HJ$ER) • 2 
TRANSFER TO' DEC I DE 

END OF CONDITIONAL 
TRMtSFER TO RETURN 

R 
R.. 1 USR' ('I USER') S~GAN WAITING FOR A COMMAND 

STAT(3) LEV • LEVELF.(LENGTH(IUSEfl)) 
WHENEVER STATUS( IUSER) • .£ •. J .Qa~ 'S'TATUS,(IUSER) .E. 3 

WHENEVER LEV .G. LEVEL( 1 U$(tU . 
EXECUTE OELO.UE. (USR> . 
TRANSFER TO COMAND· 

END OF COND4TIONAL 
OTHERWISE 

COl-4AND LEVEL CI USER) • LEV 
EXECUTE ENDQ.UE. (USR) 
TIMLEV(IUS£R) • 0 . 
WATTIM(IUSER) • GETOTL.(0) 

END OF CONDITIONAL . 
STATUS (I USER) • 3 
TRANSFER TO DECIDE 

. 
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R.. 'USR'C'IUSER 1 ) ENTERED INPUT WAIT 
STAT(4) WHENEVER STATUS(IUSER) .E. 2 

EXECUTE DELQUE.CUSR) 
STATUSCIUSER) = 4 
TRANSFER TO DECIDE 

END OF CONDITIONAL 
TRANSFER TO RETURN 

R 
R.. 'USR 1 ( 1 1USER') ENTERED OUTPUT WAIT 

STAT(S) WHENEVER STATUS( I USER) .E. 2 
EXECUTE DELQUE.CUSR) 
STATUS(IUSER) • 5 
TRANSFER TO DECIDE 

END OF CONDITIONAL 
TRANSFER TO RETURN 

R 
R •• THE NEXT THREE EVENTS ALWAYS OCCUR IN SEQUENCE 
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R.. WHEN CONTROL IS TRANSFERRED FROM 'OLDUSR' TO 'NEWUSR' 

EVNT(3) 

R •• AS A RESULT OF 'S~"AP' BEING SET NON-ZERO. 
R •• 10LDUSR' DOES NOT PAY FOR HIS DUMP, UNLESS 
R.. 'NEWUSR' IS OF EQUAL OR LOWER PRIOR I TY. 
R •• 1 NEWUSR' ALWAYS PAYS FOR BEi NG RESTORED EXCEPT 
R.. BACKGROUND NEVER PAYS FOR DUMP OR RESTORE. 
R 
R •• 'EVENT' .E. 3, SAVING OF 'USR 1

(
1 1USER') IS BEGINNING 

R.. EVENT 3 MAY BE CALLED FOR ANY OF THE FOLLOWING: 
R 1. FREEING UP CORE B BECAUSE 'CURUSR' EXTENDED SIZE 
R 2. FREEING UP CORE A DRUM BUFFERS FOR SWAPPING 
R 3. DUMPING 1 0LDUSR 1 

R 4. DUMPING OTHER USERS TO MAKE ROOM FOR 'NEWUSR' 
BOOLEAN SWPSW, FIRST3, DMPOLD, SWAP 
WHENEVER SWPSW 

WHENEVER FIRST3 
FIRST3 = OB 
EXECUTE CHARGE.(PAYUSR, DELTIM.CPAYTIM)) 
WHENEVER LEVELCl.CNEWUSR)) .GE. LEVELCl.COLDUSR)) 

1 .AND. OLDUSR .NE. 0 .OR. NEWUSR .E. u 
PAYUSR = OLDUSR 

OTHERWISE 
PAYUSR = NEWUSR 

END Of CONDITIONAL 
TIMLEVCl.COLDUSR)) • TIMLEVCl.COLDUSR)) + DELTIM.CLEVTIM) 

OTHERWISE 
EXECUTE CHRGSW. 
WHENEVER USR .E. OLDUSR 

DMPOLD 111 lB 
OR ~-JHENEVER DMPOLD .AND. U·SR .NE. OLDUSR 

1 .AND. NEWUSR .NE. 0 
PAYUSR • NEWUSR 

END OF CONDITIONAL 
END OF CONDIT10NAL 

END OF CONDITIONAL 
TRANSFER TO CHANGE 
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EVNT(4) 

EVNT(S) 
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R •• 'EVENT' .E. ft# RE$:TORUfG OP '-tf£WU.S1l1 -t·s BEGINNING 
EXECUTE CHRGSW. 
WHENEVER NEWUSR .E. O 

PAYUSR • OLDUSR 
OTHER,11 SE 

PAYUSR • N£WUSR 
END OF CONOITIGNAL 
WHENEVER STATUS( I~ (OLDUSR) ) .• E. 2, 

1 WATTIHU .(OLOUSR)) • GETOTL •. (0) 
CURUSR • NEWUSR 
TRANSFER TO CHANGE 

R 
R •• 'EVENT' .E. 5, 'NEWUSR' BEGINS JUJHMlNG AFTER RESTORE 

EXECUTE CHARGE.CPAYUSR, OELTIM.(PA:YT·l,M:):_) 
PAYUSR • NEWUSR 
WHENEVER STATUSCl.(NEWUSR)) .E. 3, STATUS(l.(NEWUSR)) • 2 
BEGT lt4 • GETOTL • hl ) 
LEVTl.M • BEGT:IM 
MAXTIM • -8EGT1M + TRUN~(K£WU$R, LEVEL,_l .~(NEWUSR>)) 

1 •TlMLEV(t-. (HeWUSR)) 
SWAP • UB 
FIRST.S • lB 
DMPOLO • 08 
TRANSFER TO DECIDE 
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R.. 'EVENT' • E. 6, 1 USR' (' I US:Eft' > COR£ IS OF LENGTH 'ARG' 
R.. JUST BEFORE .ENTERUIG: WAlf t'HG °COMMAND 
R.. OR LENGTH CHANGED WtU LE RUNNING 

EVNT( 6) LENGTH<t USER) • ARG· 
WHENEVER USR .E. CURUSR 

LEV • LEVELF. (LENGTH( I USER)) 
\*1£NEV£R LEV .G. '-fY~(tUS:fR), 

1 MAxTIM. 8EGTIM + TRUN.<euRUSR, LEV) - TIMLEV(IUSER> 
END OF CONOITIONAL 
TRANSFER TO CHANGE 

R 
R •• 'EVENT' .E. 7, OPERATOR SET KEYS TO 'ARG' 

EVNT( 7) ·. KEYS. • ARG 
BACKGR • ARG 
T.QANSFER TO DEC I DE 

R 
R •• 'EVENT' .E. 8; 'USR'C'IUSER 1 ) LOGGED IN PROPERLY 

EVNT ( 8) LI NMUL (I USER) • ARG · 
EXECUTE INTIM.CUSR) 
TRANSFER TO CHANGE 

R 
R •• 'EVENT' .E. 9, 1 U$R 1 ( 1 1USER') LOGGED OUT 

EVNT(9) EXECUTE OUTTIM.CUSR) 
TRANSFER TO CHANGE 

R , 
R •• 'EVENT' .E. 10, IS 'NEWUSR' STILL RUNA8LE 

EVNT(lO) WHENEVER STATUS( I .(NEWUSR)) .E. 2 
1 .OR. STATUSCl.(NEWUSR)) .E. 3, TRANSFER TO REltJRH 

SWAP • OB 
TRANSFER TO DEC I DE 

R 
R •• 'EVENT' .E. 11, 1USR 1

(
1 1USER') DIALED UP COf.1PU1fER 

EVNTCll) WATTIM(IUSER) • GETOTL.UU 
NOT IME( I USER) • 0 
TRANSFER TO CHANGE 

R 
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DECIDE 

CHANGE 

RETURN· 
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R •• COMMON EXIT FROM SCHEO·. 
R.. DECH>£ IF IT IS T l'ME TO RUN A MEW USER 
R 
R. • NO DEC IS I ON WHILE SWAPPiNG 
. WHENEVER S\,AP, TRANSFER TO MONITR 
R . 
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R.. CHECK IF BACXGROllNO NOT M££TlNG &UMANTEED PERCENTAGE 
WHENEVER BKGTfH .L. (PB/100.) 1' GETOTl..e'(O) 

1 • AND. CURUSR • NE. O, BACK.aft' • 1 
U • liEDUSR.CO) 
WHENEVER BACKGR .NE. 0 .OR. KEYS .NE. 0 , U • u 

R 
R.. RUN USER 'U' IF 'CURUSR' HAS RUN AS UlNG AS 'U' WOULD 

WHENEVER U .NE. CURUSR .AND. 
1 (PREMPT.CTRUN.(U, LEVEL(l.(U)))) .OR. CUllUSR .E. 0) 
2 .OR. STATUS(l.(CURUSR)) .NE. 2 .OR. BACKGR .NE. 0 

MON ll'R • CHANGE 
SWAP • lB 
NE\'IUSR • U 
OLDUSR • CURUSR 
SACKGR • u 

ENO OF CONDITIONAL 
R 
R •• CALL l40NSC2. IF COMMON CHANGED, E'-SE· JU&T RETURN 

TRANSFER TO MONtTR 
EXECUTE MONSC2. 
EXECUTE PLOT2. 
F UNCT Hlff RETURN 
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R •• INTERNAL FUNCTION$ 
TRUN R.. 'TRUN' ;,.. COMPUTES ~. T:IM,E Fi)R USE8 'OU' AT LIVEL 'DL' 

INTERNAL FUNCTION TROH, <W, tlL) _.,, 

LEVELF 

1 TBASE + LINMUl.(l.(OU)). UUAMTtf~ 2 .P. DL 
R . 
R.. 'LEVELF' - COMPUTE PRIORtTY t.EV!L BASED ON LENGTH 'LEN' 

INTERNAL FUNCTIONlLEN) . 
ENTRY TO LEVELF. 
WHENEVER LEN .GE. FULLEN 

l • FUlLVL 
OTHERWISE 

L • EMPl.VL + 1LOG2.CLEN/CFULLEH'/(2 .P. CFULLVL·Et.WLVL)))) 
END OF CONDITIONAL 
FUNCTION RETURN L 
END OF FUNCTION 

R 
PREMPT R.. 'PREMPT' • lS TRUE lF PREMPTION JS .PERMITTED 

R.. BASED. ON TIME fNTERRUPTEft .. W:lll. R.UN 'JNTRUN' 
BOOLEAN PR?t4PT •. 
INTERNAL FUHCT ION PREHPT. ( t NT RUN·) • 

1 I NT RUN • L. GETOTl. C 0) - IJEGT l'M 
R 
R •• SUBROUTINE TO CHARGE SWAPP.ING "TIME 

CHRGS~'I R.. FOREGROUND PAYS FOR lACK'GROUND SWAP UP TO 3 SECONDS 
I NTERNAl FUl1CTlON . 
ENTRY TO' CHR~ ·sw. 
TDEL • .of'LTIM. ( PAYT·IM) 
WHEHEVER OLD,t,t~Jl .E. a .AHO. fD!;L .a. BGMAX 

EXECUTE CHARGE. ( PAYUSR1. -&QMkl)' 
EXECUTE CHARGE. (0, TOEL-8Gf4AX.) 

OTHERWISE 
EXECUTE CHARO£ .'CPAYUSR. TDEL) 

ENO OF ~OHl>ITl~L 
FUNCT U1N' RtTURN . 
ENO OF FUNCTION 
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PROGRAM COMMON PAYTIM, LEVTIM, SWAP, MAXLVL, MINLVL 
PROGRAM COMMON FULLVL 
PROGRAM COMMON EMPLVL, FULLEN, PB, QNTWAT 
PROGRAM COMl\iON LEVINC, INACTV, HANGUP 

R •• VARIABLES SET BY LOGIN 
PROGRAM COMMON SPROBN, SPROGN 

R •• OTHER VARIABLES 
PROGRAM COMMON USER, DATE, DATEYR, TIMNOW, NUSE RS 
PROGRAM.COMMON SWPSW, COMSW, TOTT IM, BKGT IM, SWPTIM 
PROGRAM COMMON COMTIM, USRWAT, SWPWAT, COMWAT, AUTONO 
PROGRAM COMMON CLKTIM, MXLINE, NWOROS, STOPSW 
PROGRAM COMMON OSKLOC, BASEAO, WAIT, DUMMY8, READY 
PROGRAM COMMON BUFULL, OUMMYC 
PROGRAM COMMON PBUFF, DUMMYE, DBUFl, DUMMYG, DBUF2 

R •• USER MACHINE CONDITIONS STATUS TABLE 
R •• (NOT REFERRED TO BY MAD PROGRAMS) 

END OF FUNCTION 

-. 

.. . 
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5. Flow Charts of Main Control and Trap Processors. 

Introduction. 

This section consists of five flow charts of Main 
Control, the clock and protection trao pr()c;essorJi ·and the 
"10dule RSTCPU. Th~se flow diagrams ere to'·: help . provide a 
te,..,l)orary brtdg• b•t~•o cOPtplttte tac~ of 'h'lfbnnatfon about 
these P10du1es and the.assembly tlstfngs th.elves. 

Call SCHEOL 
(-E.;ent 10> 
·last chance 
co set 
S AP 0 

I 1 s I Yes 

Is N£WUSR In yes 
"Wa J fin .Command"._ ....... _ _..,., 

no 

Dump USER 
Restore NEWUSR 

Call SCHEDL 
<Event 5) 

Figure 5.1 -- Cycle entry of Main Control. 
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Is command yes 
on disk 1--~~~~~-11~ 

Is user 
• NEWUSR 

es Is user yes insure 
• NE WU SR t---t.,.IE no ugh Room 

--~--r-n-o~--- for command 

Oump USF.R Dump USER 
Restore NEWUSR Restore tables 

for NEWUSR 

Call SCHEDL 
(Event 5) loarl commanrl 

file Into 
core B 

Is command yes 
In core B 

no 

Transfer to 
core A command 

Reset user 
machine conditions 
and active files, 

Call SCHEOL 
(Event 5) 

C FREEUP) 

Figure 5.2 -- Command Processing In Main Control. 



200 ms 
clock tr 

ave 
~chine 
Conditions 

r.a 11 SCHEOL. 
(Event 1) 

••• 
- o for lnt>Ut 

-l!--4•1 Set OUTP$W.( t ) 
• o Jf buffer 
I em t. 

fyp~·w. T 
~y•·•ommand 
JlA&::to 
c0mt1tand buff 
Ca 1 l $C.H!DL 
(Event ·2 > to . 
:ft't.· ~STATUS, 
to ·'· .·· · - · 

(I ts the··. user 
1 ndelt: ln the 
POfll""J'· loop.) 

Figure 5.3 -- The Clock Trap Processor. 

.. 



I Is SWAP 

• Did user 

~ o I yes 
no 

Interrupt? 
no 

Type: 

CTSS Technical Notes 

yes 

____ Is he expect Ing 
no interrupts? 

yes 

"No Action" 
Save current ILC, 
Reset ILC for 
lnterru t 

r.heck for HTR 
at I LC 1 oca t I on 

no yes 

Restore Machine 
Conditions 

Go to user. 

Orop user Interrupt level 

Type new level number 

Type "PROGRAM 
STOP AT 0000" 

PAGE 55 

Figure 5.4 -- Flow diagram of RSTCPU (Restart user.) 
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.;'• ;..·-·' 

~ . 
,. 

Protect I on 
. ·Mode 
vtolat Ion· 

ave user 
111achtne 
conditions 

Ooes user's·· 
ILC violate· 

no 

Pick UP 
·vrolatJng 
Instruction 

yes 

L..!..i:!....t:.;.:twawTwl~...Jo-----uiw---e-. ts user 
yes Back· round 

Pt ck up ward 
at addt"ess of 

Transfer to 
user S:.ubt"out 1 ne· 
(In protection 
section.> 

yes 

no 

Figure s.s -- T~e Protection trap processor. 
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6. The Oisk Control Module. 

Introduction. 

As mentioned earlier, there are four distinct uses of 
the disk and drum memories: 1) temporary storage of workinP. 
programs which do not fit Into memory; 2) storar.e of 
supervisor command programs; 3) storaee of user pro~rams and 
data; and 4) scratch pad storage by user programs. These 
uses h<we enough In common, however, that a s i nP. 1 e interface 
program, the Disk Control Module, handles all use of these 
memories. Calls from the supervisor are not dlstinP,ulshed 
from calls from a user program. In particular, the 
supervisor does not attempt at any time to use the disk 
except through the disk control module. 

In addition to this disk control pro~ram, there is a 
pair of disk load and disk dump programs which are used for 
off-line Input to and output from the disk memory. These 
routines are ru;U. part of the supervisor and in fact do not 
presently operate while the time-sharing system is running. 
The dump routine copies the contents of the disk memory onto 
tape for backup purposes, and processes users' request cards 
to produce printed and punched copies of their pe~sonal 
files. The load routine copies a tape onto the disk to 
re-Initialize the time-sharing system, and also processes 
users' request cards to add files (consisting of punched 
cards) to the disk. 

The olsk Control Roytlnes. 

A complete, though slightly out-of-date, technical 
description of the curr~nt disk control module may be found 
In the Computation Center Memo CC-196, July 11, 1962. A new 
disk control module ls currently befn~ designed. 

Loading and Oymof ng the D(§k. 

A complete technical description of the two programs 
LDEDT (disk load editor) and OPF.OT (disk dump editor) may be 
found In the Computation Center Memo CC-108, May 9, 1963. 
An operational description Is provided In Memo CC-212. 

Disk Roytine Tables. 

The format of the master file directory ts shown In 
figure 6.1. Figure 6.2 Is the layout of the user disk 
status table as It appears in the disk routine and as it 
appears on the drum or disk when a user leaves core memory. 
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Chain Wort:I 

PrograMmer 
Number 

Track 
Quota 

Problem 
number 

Address of user 
file directory. 

;.' •• !"-

PAGE 58 

two-word 
entries 

etc. 

(The first track of the M.F,O~ Is stored on track 0 of 
Module 1.) 

UTABLE 

TRCNT 

QUOTA 

FILNR 

UFILTR 

Figure 6.1 -- Format of Master File Directory 

chain word 

document 

Primary file name 

Seconrlary file name 

Mode file 

Date last 
used 

tracks 

track 

count of tracks used 

track quota 

Historical-not used 

Pointer to current 
track usage table track 

Current 
track of 

4-word user's 
entries file 

directory 
(466 wds.) 

Figure 6.2 -- The Disk Status tahle. total size, 551 words. 



FFDRTR 

TPONLY 

CHNGD 

ACTTBL 

OEFMOO 

ASNMOO 

UFL<iS 

TRKOVR 

SVUFDT 

CTSS Technical Notes 

Locat Ion of first 
track usa_g_e table track 
HTstorTcaT not used 

Swltch--UFD has been 
changed 
l>rTmar.y fl le name 

Secondary ff lP. name 

~uff er addresses 

Track to .be written next 7-word 
> 

Word count entries 

Word count 

-
-

Logical Module Assignment 

Historical 
5 words 

not used 

Error Flags 

Amount track quota is 

PAGE 59 

Active 

F 11 e 

Table 

10 x 7 

words 

Figure 6.2 Ccont.) The User disk status table. 
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7. l'lescrlptlon of Entry points anrl Cross ReferencP. Table 

Introduction. 

An lnvaluahle aid In studying the operation of any 
slngle-"f1'!odule or subroutine within a module Is a thumbnail 
sketch of each of the subroutines which It calls. If such a 
sketch Is available, attention can remain within the module 
being studied; the reader need not have a detailed 
understanding of how the subroutine works to comprehend the 
program which calls thP. subroutine. Also, when looking at 
the thumbnail sketch of a subroutine to figure out what it 
does, it is useful to have some idea of which other modules 
also call this subroutine; this allows one to establish the 
"place" within the system of tl'le subroutine. In this 
section, then, Is listed each entry point of each module, a 
brief description of what the entry point does, and a list 
of all modules of the supervisor which call this entry 
point. The Information In this section pertains to version 
"lAl'' of the time-sharing supervisor. All program sizes are 
g I ven In oc ta 1 • 

Moc1ule 

Function: 

Size: 

Entry Points: 

ADPI 

7750 1/0 adapter l"lOdule. 

2340 words, 

WRTELY 

ROTELY 

Subroutine to write a line on a 
teletype. 

Subroutine to acc~pt characters 
from a teletype. 
callers: CHNE CETRAP) 



Module: 

Function: 

Size: 

Entry Points: 

Module: 

Function: 

Size: 

Entry Points: 
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AP75 

Handles 7750 buffers. 

447 words. 

WT7750 

CHNE 

Write output on 7750. 
callers: AOPI, HIGH 

Harrlware routine to drive data channel E 
(7750 and teletypes). Contains 7909 
channel programs. 

363 words. 

CHANL I 

WR7750 

ETRAP 

STf}PE 

STA RTE 

Subroutine to Initialize 7750 and 
channe 1 E. 
callers: CTRL, MAIN 

Subroutine to transmit data to 
7750. 
ca 1 1 er s : AP 7 5 

Channel E data channel trap entry. 
callers: MAIN, channel 
E data channel trap. 

Shut down channel E for hlr,h-speed 
drum. 
ca11ers: STf}R 

Restart channel E after ST0PE 
has stopped It. 
ca 11 ers: ST0R 
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fl , Module: r.Lec . 

:r. Function: 

Size: 

Entry Points: 

Module: 

Functton: 

Size: 

Entry Points: 

Clock trap proces·sor modUle:. 

1.3 77 

STCLec 

CLKINT 

GETOTL 

ADOTIM 

Cf MC 

Subroutine ·to start up I nterva 1 
timer clock. 
ca 11 ers: CT~L,, MAlN 

t.nterva1 timer trap entry. 
callers: MAfNJ clock trap. 

Get t hne syst• . has been runn I n1. 
ca 11 •~·• i scifftf 
Update time .u1ed. 
ca 1~'ttrs :'· . C'flt~l:j ... STtR 

Miscellaneous subroutines. 

11J6 

ENKEYS. 

STOPIF 

C•MCHK 

SETUSR 

Subroutfne to enter console keys 
of tnterruot to CTSS. 
call.rs: CLtC, CTRL, PMTA 

Subroutine to stop ff key 24 Is 
down. 
callers: PMTA, RTRN 

Subr.out I ne to surch command 
directory for conwnand In logical 
AC. 
catter1: ctJc, CTRL 

Subroutine to establish current 
user as a dl'lk user. 
ca 1 lers: . CTRL, LtGA, PMTA, SAVC 
STfR 

--



ti 
L 

,.; 

' . ~ .. 

Module: 

Function: 

Size: 

Entry Points: 

Module: 

Function: 
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BRftOM 

SWEEP 

scan adaptlOf'·•Ystem. 
cal 1 ers: . CLfC, TCf)R, PMTA, ROFX, 
LRA 

Continue BROOM scan. 
c::aJ htrs: Ct.,C, TCttR, PMTA, RO~X, 
l.tGA 

The command directory. 

;J72 

CfMOIR 

FILE 

lfGIN 

ENDLIG 

STA:RT 

TFILE 

Cf NV 

Entry to comfnand directory 
c•t.fo1 word. 
caller: CJMC cceMCHK) SCHED 

l>f!f"ect entr)ff; to FI l.E entry In 
c...,.nd directory. 
cat l;ttf'S: CLtC 

entry In 

PMTA, STftR 

Direct entry to ENDLfG entry In 
con'INH'ld di rectory. 
callers: CLJC, CTRL, LtGA 

Direct entry to START entry In 
command df rec;tory. 
oalt.rs: · et.ac 
.Direct entry to TFILE entry In 
command di rectory. 
ca11er$: CLIC 

Conversion routtnes. 
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l .·; 
L . 
1. 
1 '·· 

j·. 
1 ·.·. 

1-1 
I 

I . 
I~ , 
i 
I : 

t 
i 
i 

.SI ze; 

Entry Points: 

Module: 

Function. 

Size: 

Entry Points: 

2468 

CTIME 

TCTIME 

OTBC 

.BTOC 

OTBC 

BTftC 

RDYTIM 

CTRL 

Subroutine to conv.ert time Jn 60th 
to BCD 1/10ttr· •autes. 
callers: LfGA, l'GB 

Subroutine to convert time In 60th 
to BCO <f n • 01 hours. 
ca11ers: t•GA, PMTA 

Subroutine to convert decimal to 
bl nary. · 
ult-eraJ ftfMC<S!TUSR)., l•GA, L•GB., 
(INLN., PMTA 

Subroutine to ~t>ftvert bf nary to 
decimal. 
ca 11 ers: t•GA, PMTA 

Subroutl ne to convert oc:ta l< BCD) to 
blMry. 
ca 11 er: •ere 
S•broutlne to cOftvert binary to 
octa:1 BCD. 
ea11ers: •ere .. PMTA, ST•R, RTRN 

Suttr.utlne tofeataln user c:ormand 
t't•• used1 to ·be typed ·w1 th the 
•Rt~1'Y" CQCllften-t. 
callers: Cttc, CTRL 

Main control 1110dule. 

1160 

CHNC•M 

NEWCfM 

Entry to pf ck up next program
' n It I.a ted cos•••~d ff any. · 
ca11ers: fCTC, PMTA; SAVC 

Entry to set up. new command 
for user. 
ca 11 ers: PMTA 
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. ,. 
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Module: 

Size: 

' ' 
' Entry Points: 

.. I 

Ct LO 

DEAO 

EN OU SR 

ENDC,,M 

CYCLE 

CKQUIT 

1LLCf)M 

OCER 

2168 

EPRINT 

ALLSAV 

ALLRST 

Entry tn restart system after 
XEC l()()p, etc. 
ca 11 ers: F.OSn(PAtHC), MA IN 

Entry to place current user 1n 
"DEAD" status. 
callers: L•GA; 'PMTA, SAVC, ST9R 

Entry to set user status and type 
ready. 
callers: f)CTC, PMTA, RTRN 

Entry at end of convnand - ready 
not ·typed. 
caller: Lf)GA, PMTA 

Entry to check for more work to do. 
caller: CLtc, PMTA, RTRN 

Subr4:>ut.fne to flnd if current 
ttl•r :t\~s pusKfid •'Qu I T" wh f 1 e 
In surrervf sor. 
ca 1.1 er: PMTA, RTRN 

,',; 

Ent~y •fter 111e~a1 sequence 
of c~ntts. · 
carlerf acre, ~Avr. 

On•1fne print subroutine (saves 
channel A>. 
caller: CHNE, OSKI, ST0R 

Subroutfne wht·eh saves al 1 basic 
macblnt conditions • 
ca1firs: CHNE, DSKI 

Subroutine which restores all 
bas1c·machf.ne conditions. 
ca'l lett: CHNE, OSK I 



Module: 

Function: 

Size: 

Entry Points: 
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OSKI 

Olsk control module 

11506 

• DINIT 

.OPEN 

.CLOSE 

.ASIGN 

• A PENO 

• WRITE 

• FILE 

.RELRW 

.SEEK 

• READ 

.ENDRD 

.DLETE 

Initialize disk routine • 
ca 11 er : MA I N 

Sign user on to disk, 
callers: CtMC(SETUSR), CTRL, 
LtGA, MAIN, PMTA, SAVC 

Remove user from disk file. 
callers: L9GA, LtGB, PMTA 

Initialize writing a new file, 
callers: LtGB, PMTA, SAVC, STeR 

Add to end of an old disk file • 
callers: L9GB, PMTA, SAVC 

Write data with a disk file • 
callers: LtGB, PMTA, SAVC, ST9R 

Terminate writing of a file • 
callers: l9G8, PMTA, SAVC, STtR 

Open a file for relative 
read/write. 
call~rs: l9GB, PMTA, SAVC 

Initialize a disk fll~ for 
reading. 
callers: CTRL, LtGB, PMTA, 
SAVC, STf)R 

Read data from a disk file • 
callers: CTRL, LtGB, PMTA, 
SAVC, STtR 

Terminate reading from a disk 
file 
callers: CTRL, LeGB, PMTA, 
SAVC, STIR 

To delete a disk file and Its 
tracks. 
callers: PMTA, SAVC 



• 
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.CTEST 

• GTFLG 

• SETOU 

.STATL 

.FILDR 

.UPDAT 

.DFINE 

• RESET 

• FSTAT 

• SETAR 

.ROWAT 

.CHECK 

.STKER 

.ERASE 

Check If a disk channel Is In 
or:>eratlon. 
(not used.) 

Pick up error or control flags • 
callers: PMTA 

Set current disk user • 
callers: CTRL, L0GB, MAIN, 
PMTA, SAVC, ST0R 

Get location of disk user status 
tab 1 es. 
ca 11 er s : MA I N 

Read a track of user file 
directory. 
ca 11 er s : PMT A 

Update user ff le directory 
onto disk. 
callers: PMTA, SAVC 

Define a new logical module 
number. 
(not used.) 

Reset all files In active status • 
callers: CTRL, PMTA, SAVC 

Obtain Information about a file • 
callers: CTRL, PMTA 

Set memory switches for A or B • 
callers: CTRL, L0GB, MAIN, PMTA, 
RTRN, SAVC, ST0R 

Read out and reset channel 
waiting time. 
callers: CTRL, SAVC, ST0R 

Walt until all disk activity Is 
f lnlshed. 
ca 11 ers: STfltR 

Set error return on disk track 
error. 
callers: C9MC(SETUSR), CTRL, 
L0GA, L0GB, MAIN, ST0R, RTRN 

Delete a file from directory, 
but leave Its tracks. 
callers: PMTA, ST0R 



Module: 

Function: 

Size: 

En t r y po I n ts·: 

Module: 

Function: 

Size: 

Entry Points: 
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• GETDS 

• RENAM 

EOBG 

Get status of active disk f11es • 
callers: SAVC 

Change name or mode of a file • 
caller: PMTA 

System debugging aids 

764 

PANIC 

A DUMP 

BO UMP 

TRACE 

HIGH 

Entry to take a panic dump of 
both cores. 
callers: Console operator's 
restart: MAIN 

Subroutine to dump memory A. 
ca 11 er: CL(l)C 

Subroutine to dump memory B. 
ca 11 er: CL(l)C 

Subroutine to print out a trace 
of a 11 traps. 
caller: CUJC 

High Speed line adapter 

252 

RDHIGH 

WRHIGH 

.Read high speed 1 lne. 
ca 11 er : A 0 P I 

Write high speed line. 
caller: ADPI 



Module: 

Function: 

Size: 

Entry Points: 

Morlule: 

Function: 

Size: 

Entries: 

r.alled By: 

Module: 

Function: 
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L0GA, B, C 

Login and logout commanrls anrl associated 
subroutines. 

A 1713 

R 1206 

c 131 

LOGIN. 

L0GERR 

ENOLG. 

L0G0UT 

MAIN 

TSS login command. 
ca 11 er : PMT A 

Entry in case of error setting 
up user's file rlirectory. 
callers: C0MCCSETUSR) 

TSS Automatic logout entry. 
ca 11 er: C0MD I R 

TSS logout command. 
ca 11 er : C~MO I R 

Main Program 

2205 

(MAIN PROGRAM) Initialize system, set up trap 
returns, start system running. 

System loader 

MTRA 

TSS system statistics collector. 



Size: 

Entry Points: 

Module: 

Funct 1on: 

Size: 

F.ntry Points: 

Module: 

Function: 

S1ze: 

Entry Points: 
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6 CDum~y not presently used) 

M0NITR 

EREAD 

0CTC 

Entry to put away statistics. 
caller: Cl0C 

Entry to obtain collected 
statistics. 
ca 11 er: PMTA 

Octlk, Octpat, and Octtra commands 

200 

0CTLK: 

0CTPAT: 

0CTTRA: 

0NLN 

TSS 0CTLK conrnand for core B. 
ca 11 er : r.0Mn r R 

TSS 0CTPAT command for core B. 
caller: C0MDIR 

TSS 0CTTRA command for core B. 
callers: C0MOIR 

On-line device manipulators for supervisor 

a.20 

Cl0CIN 

PRINT 

Read data and time from chronolog 
clock. 
callers: L0GA, MAIN 

Print 72 character line on-line. 
callers: CTRL, L0GA, MAIN, 
PMTA, RTRN, STIR 



Module: 

Function: 

Size: 

Entry Points: 

Module: 

Function: 

Size: 

Entry Points: 
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PUNCH Punch a carrl on-line. 
ca 1 1 er : LfJ GA 

KLUD CPL0T at Computation Center) 

Channel 0 1/0 Adapter. 

2161 at Center, 7173 at MAC 

PL0TS 

DSC0PE 

DTRAP 

DDTRAP 

STARTO 

PMTA 

Plot statistics on 7094 scope 
(center). 
caller: CL0C 

Display Information on ESL scope. 
ca 11 er : PM TA 

Channel 0 trap entry. 
callers: MAIN, channel D data 
channel trap. 

Direct data trap entry. 
callers: MAIN, direct data trap. 

Stop data channel D for High 
Speed Drum, 
Ca 11 er: ST(IR 

Restart data channel D after 
High Speed Orum. 
ca 1 1 er : S Tri R 

Protection trap processor. 

5144 

PTRAP Entry on protection mode trap. 
callers: MAIN; Protection mode 
violation. 
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Module: 

Size: 

Entry Points: 

Module: 

Size: 
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RKSERV 

ERR0R 

OPRINT 

OERR 

USERER 

RFLX 

2705 

ROFLXA 

ENTLI N 

RSSRB 

RSSWB 

RTRN 

2111 

Entry to service background 
Crequesterl by Keys). 
caller: CTRL 

Entry to comment after a disk 
error. (not userl) 

Entry to print out a disk error 
on-line. 
caller: MAIN 

Entry to process a disk error. 
caller: MAIN 

To process disk track error for 
user. 
callers: CTRL, RTRN 

Entry for a user to obtain a line 
from common ·input buffer, 
caller: PMTA 

Entry for supervisor to add a 
11 ne to· common Input buffer, 
callers: CL0C, PMTA 

Entry to reset all Input lines 
for this usP.r. 
callers: CL~C, CTRL, PMTA, TC0R 

Entry to reset user's output 
1 Ines. 
callers: CL0C, CTRL, L0GA, 
TC0R 

.· 

:: 



" .. 

• Entry Points: 

Module: 

Function: 

Size: 
• 

Entry Points: 

Module: 

Function: 
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RSTCPU 

CMEXIT 

CMXRTN 

LQtA0.4 

SAVC 

Save, 

624 

XDUMP 

SAVE 

RESUME 

XL0AO 

START 

SAVR 

Entry to return to user program. 
callers: CTRL, L0GA, MAIN, 
PMTA, SAVC 

Entry to return to Interrupt 
program. 
callers: CHNECETRAP), CL0C 
DSKI, PL0T, UTRP 

Cell containing return location. 
callers:' EDRGCTRACE) 

Cell containing IR4. 
callers: EDBGCTRACE) 

restore, resume and start commands. 

This Is the SAVE corTmand entry 
pof nt. 
callers: C0MOIR 

Subroutine to save a user. 
(Used by XOUMP and ENOL0G). 
callers: L0GACENOL0G) 

TSS resume co"1n1and. 
callers: C0MDIR 

TSS restor co111mand. 
ca 11 er: CfOMO IR 

TSS start command. 
caller: C0MDIR 

Save and restore routine. 



Size: 

Entry Points: 

Module: 

Function: 

Size: 

Entry Points: 

Module: 

Function: 
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SAVCPU 

RESTQ)R 

LNGRST: 

Subroutines to save basic user 
machine conditions. 
callers: CLtC, PMTA 

Subroutine to restore basic user 
machine conditions. 
callers: PMTA, RTRN 

Subroutine to save complete user 
machine conditions. 
callers: ST9R 

Subroutine to restore complete user 
machine conditions. 
callers: SAVC, ST9R 

SCDA, B, C, D, E, F, G, H 

Schedu 1 Ing, t I me account Ing, and mon I tor Ing,. 
Including all subroutines. 

A 1567 
B 421 
c 523 
D 22 
E 174 

SCHEDL 

F 266 
G 73 
H 20 

Entry to notify scheduling algo
rithm that something has happened. 
callers: CL0C, CTRL, L0GA, MAIN, 
PMTA, SAVC, ST9R, ADPI 

MfNSCO,M9NINF Monitoring 
c;a 11 er : PMT A 

ST9R 

Storage allocation algorithm module. 
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• 

:r 

~· 

Size: 2165' 

Entry Points: 
DUMP 

UN DUMP 

FREEUP 

Module: TC•R 

Subrou.tlne to dump user onto disk. 
callers: · CTRL · 

Subroutine to restore a user from 
t"- "'•k.. callers:' CTRL· 

Subroutine to freeuP N words of 
memory R. 
ca'11ers: CTRL" PMTA" SAVC 

Function: · Typewrl ter c9ordl.nator ... break processor. 

Size: 5205 

Entry Points: 
TCOOllD 

WRFLX· 

WRFLXA 

RSSRI, 

TO POOL 

Su:brOIJ:tJne to collect Input char
actirs'·trito ...... , •• and look for 
break char1tcters. · 
c•l1ers: CLtC 

Subroutine to wr1te a message on a 
typewriter. f:o11ow message wl th a 

::~f1:ffn r;t;!!'• CTRL" lf)GA" L•GB" 
tcTC, PMTA, RTM, STIR, SAVE 

Subroutine to write a message on a 
typewriter. No carriage return 

· provhled. 
caUer11 CLK, LJGA" PMTA 

$9'btOWi1M to retet a user's 
s~ry· r•d buffe.r• 
ca1le•I; RFt.J.l. 

Sutiroull fte to ., 1 •c• an Input 
cfttiicter In th• character pool 
butfet~ 
caners% ADAP(RDTEL Y), HIGH 



Module: 

Function: 

Size: 

Entry Points: 

Module: 

Function: 

Size: 

Entry Points: 
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ROLi NE 

TSTfJ 

Obtain an Input line from break 
processor. 
ca 11 er: CL0C 

7750 storage allocator. (MAD) 

254 

TGET 

TGIVE 

TRESET 

UMIT 

Subroutine to obtain a block 
of 7750 storage. 
ca 1 1 er s : AP 7 5 

Subroutine to give back 
a block of 7750 storage. 
callers: ADAPCRDTELY), HIGH, AP75 

Subroutine to discard all of a 
user's present output stored 
In 7750. 
ca 11 er s : AP 7 5 

Assigns logical unit numbers to consoles 

24 7 

ASNUNI 

US2BS 

Subroutine to assign a logical 
unit number to a physical unit. 
callers: ADAP, HIGH 

Subroutine to look up a physical 
unit number given a logical unit 
number. 
callers: ADPI, AP75 



e . 

Module: 

Function: 

Size: 

F.ntry Points: 
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BS2US 

ERSUNI 

UTRP 

Look up lop,lcal unit numher given 
physical unit number. 
ca 11 er s : AO P I , AP 7 5 

Subroutine to erase lo~ical unit 
assignment. 
callers: CL0C, L0GA 

Process user traps. 

4228 

A TRAP 

BT RAP 

STRTRP 

FLPTRP 

CTRAPS 

UPCL0C 

Pr~cess rlata channel trap 
from channel A. 
callers: MAIN, channel A 
data channel trap. 

Process data channel trap 
from channel R. 
callers: MAIN, channel B data 
channel trap. 

Process STR in a user's program. 
callers: MAIN, STR trap. 

Process floating Point traps 
In user program. 
callers: MAIN, floating point 
trap. 

Subroutine to check for waiting 
traps. 
callers: RTRN 

Subroutine to update core clock 
for current user. 
callers: CL0C 
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