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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.I.T. Computation Center. It is designed to acquaint a 
system programmer 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. 

This report was prepared with the aid of the compatible 
t 'me-sharf ng system and the TYPSET and RUNOFF commands. 
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Pr.f.c. 

Th. writer Intends th ••• note. to provide a technIcal 
Introduction to the op.rat'on of the 1094 Compatible TIme 
Sharln. Sy.t_ for. u.er who wl.tt ••.. to participate In 
pro.r .... n. and relatad deftlo,..,.t of the tlme-sharln~ 
system. In theIr pr ..... t rOU'" fo ... , the notes attempt to 
fill a. quickly ...... Ibl. a need for tutorial 
documentation of the tlme-.harln, system • .. (-:, 

The ~~'d.r should have consld.rable experience in 
computer pro,rammln" (ncludln, a knowledge of the machine 
lanlu.,. (FAP) of th.709 .. computer •. He sho",ld also be at 
least a casual user of the tlme-sharln, system and· thus 
familiar with the operatfn, charact.rlstlcs of the system, 
and he should be famlll.r with the system description 
provided In the CTSS users' manu. 1 (1). However, when 
hl,hly technical aspects of the 709.. operation or special 
features of thetlme-sh,rlna system are discussed, the notes 
will provld. enouch back,round material for a reader 
familiar with the.e subjects • 

..tm..t,a: In the Inter.st of ,ectln, Into distrIbution a maxImum 
amount of Information In a minimum amount of time, sections 
5,6, and 7 of the Technic:., Not.s cons'st mostly of tables 
and ch.rts, w'th •• fn'" . of.,a·r~l description. They 
should provld •• u.efulr.'.rence source, though_· they are 
not Id.al for tutorl,l pur ...... 

1~( 
f~: . ~ 

(1) lba 'pmAltl~Je Time-Sharing 
Qu'., 1iC.I.T. Press, Cambrldle, 
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1. Introduction to the, Tee ..... e.t Aspects of CTS,S. 

In this sectIon we will review several Ideas which are 
covered In the CTSS Pro,r ...... r's Guide, but from the poInt 
of view of •• ,yst_·Pf'oar ..... r."_ .. ,t .... ntha~t of a tlser of 
the Syst .... 'We will ,,1 s.fl~.i., tur .. ' d1e. computer on which 
the s~n~«em OP .... t •• ", the , ....... 11 ' 'dee'en p ... 'lncl.,I8s; the 
place of the disk and drum I118ftM)rles In the system; the 
relation between the user and the sUPervisor; the types of 
contnands; and finally, the modular construction of the 
system supervisor. 

lbA Com .... r • ,', .. 

Whl1:emany of the Ideas Involved In the time-sharing 
syst .... are to'.OM ,ext.ftt InMpe_"'t .of the computer which 
the Syst.,.. u ••• ,· a . tee.t..fcel dJ.:Nus.14n.tt,.·.sent ty [equl res a 
speclflcre'e,e • .:e COdat.ns of the partlet.tlar compUter. 
Th.cOlQputer In ,"ese note. Is the 11M 7091t with several 
special features.· The _.tlm .... tant .are; 

1. Core sto,a,e Intervaltl ... ,. clock. This Includes an 

2. 

3. 

"alarmclock" ""Ie.hc;an cause a pro, ram interruption 
s Imll.r to a cl8ta c:twflmel ,trap. 

M8fAOry protection and r.toeatlOft reel sters. 'Fhasa 
perml t • sect'lon of the computer ·JiteIIC)ry 'and certain 
In.tructlon. 'to b. ".cl ... ed"off lh .. , ts'.I to a pro,ram; 
• trap ,will occ~r ~_, .. IIro .... · .,tampts to tread 
"off Hiltl ts .. ~· ' . , 

·:t 
At l.'st fiVe d.tacha~ls,connect.d to the foHow'ng 
equ , pmen t : 

Channel A: Printer, pUnch, r •• der, tapes, and 
Chronolol clock. 

Ch.nnel 8: Tape •• 

Channel C, Disk ~ Or .... Stor ... . 

Channet 0: 01 reet Qta ·'nput ..... ~tput for special 
.. perlments. 

Channel EI 77S0 C ..... nlc.tlon. Channel (which . 
cOfllftUftlcetes.lth t~,J t_consoles). 

The Project MAC ComPlle.r h •• two, addft·fonal channels: 

Chan"~ F: DI.k and DrumSte,r.,e. 
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Channel G: High Speed Drum. 

4. Two 32K core storage modules. 

These special features are combIned with an extensive 
supervisor program" known as the "time-sharIng system 
supervisor" to provIde a complete time-sharing system. 

pesfgn 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 ltated clearly at this paint. 

1. Although subsidiary computers (the 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 con~unlcate on a Ilne-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. I nput and output from user programs are prov I ded 
by supervisor subroutines which allow the user to specify by 
name the function he desires without Irrelevant detail and 
bookkeeping on fl.lts part. For example, if he wishes to store 
some information·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 programmer; but a subroutine call 
Is provided which 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 commands from a user" it has no 
direct interest in what the co~nds 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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,Uuaf .fl.LIAAmill.rJlD $mUlc,. 

As mentioned above" Input and Qutput are handled by 
supervisor $ubrQutlnes for the user. ThIs 'conment applies 
espec.al1~·-t.:'-tt\e· f!+sk' IU. ' ••. -' .... ~r+.· ctrum memor~. A 
specfalsupervlsor module, the dls~ . control, handles all. 
Input ,and outPtftfor tPi.seunf!t.:.Th.~(fr$k ~ontrol module 
has been d •• r;C .. d sotl'i.tcNe 'user ::'CaM()t dl stlncu'S sh 
between the dljkand drUmnletnorf'eS. fflereare four primary 
uses of the disk fll.s: 

1. 

2. 

3. 

User ffles. These are ffles of In'formatlon which it 

user wishes to store away for future reference. They 
may consist of procrams,d.-ta for programs, or any 
other InformatJon the u.erd~I,....Theyare kept on 
the dl sk" ndeflnl tatly.fttf.l~low. user to· retr t e~ a 
pro.ram 5.veral weekS .fterf'f.wrote ft. Thus, the 
dl'$kr.,.laces the decle.of cards and r.e 15 of magMt I c 
tape; ldUal1v assocIated·' wf tWa large' cOmputer 
I ns ta 11i1 t I on. 

Working programs. When a proaram actually works, It 
shar~·the computer wl<th .ever.lother users. Since 
not a) lof·these ueerewl J r f1 tfnto core memory a t 
once, ·jth.-eJicess a,,'It stored t_pot-arn y on the dl sk or 
drum to be hr.ouaht Jntothe~e,. when thelr turn to 
use the c:entral processor .come:s upa,a'n. 

SupervlsQr convnands. Wh.neYIJr a U$er 
visor- command, he Implicit 1 y requests 
proaram. I rimost'CHes, 1:hl's' e .... nd 
on the dlsle. 

'. types a 
'execut Ion 

procram 'Is 

super­
of a 

kept 

4. ' Scratch Pad memory. "Many ·pro .... "'s,· such as trans­
lators, requl re lar.e block·s of tentPOrary storale wh I ch 
do not "ft Into cor.~"y. fhedlsk'ls also used to 
fulfill' this need. 

All files kept on the dIsk (and drum) are known to the 
user onl y by name: the supe~' ,or disk control modul e keeps 
for .eachu.er adf rectory of ~'a"d- O!n're$l'Ondln, track 
locations .... the disk. A 51"",1. Qheln:l",c procedur. Is .used 

.to locate ,ny gIven fll •• 

A mast.r file directory, which contains the 
Identification of all potenttal uae-rso-f thee system, starts 
a t a f I xedpl ace on the .' dllka~ . COlft.' ftS a 11 .•• rt I lien t 
Information about the us.,.,lftC,i·.ctln.the~ IDcatlon of his 
personal file dl recto-rYe HS,f-lledl".-:·toryll sts names and 
st.tt I nalocatlons on the dl.,k 'of'; _eh of hIs perSGna 1 
f f les. Every user of the en stt COfttr\it mod,,)., I ncl ud I ng 
even the supervisor, must appear In the master fIle 
directory. As will be seen later, the supervisor modules 
are .1 so stored In relocatable binary form as files on. the 



CTSS Technical Notes PAGE 4 

disk under the user number of a special BSS loader which 
starts up the system. 

Relation Between ~, ~ program, ang Supervisor. 

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" wi 11 usually change several times whi le 
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 s ta te 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 It; 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 actdal1y 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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"Wa I t 1 ng Command". I f a user lsi n 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.Quld ',be actively considered by the 
scheduling algorithm. When his turn comes to use the 
computer, the col-responding 'Cormland program is located, 
loaded If necessary, and his state Is then changed to 
"working". Note that a command 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.. "I nput Wa I til. When a work I ng user program a t 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 untl1 such time as the needed line 
has arrived. Although in principle a request for input 
from any device could result In the input walt 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. 

5. "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 Btf.. The superv I sor I sin memory A, and user 
programs ace in memory B. It Is not essential that such a 
division ot equipment take place, but a formalized division 
greatly .simplifies the progranrnlngwlthln t.he supervisor .• 

SyperyisorCQflJD§nds. 

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 cons i dered "pub 11 c 
commands" and are s.tored 'in 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 commanrl programs are the 
MAD and FAP translator programs. An Important aspect of the 
way in wh I ch the., superv i sor hand1 es commands (reques ts for 
the execution of',a command program) is that the supervisor 
remains aloof, as it were, from the operation of the command 
program. 

Suppose a user types the command MAD with appropriate 
arguments. The supervisor accepts this Ihput 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 BCD command program names 
and command program starting locations. If the command 
named MAD Is found In the directory, the file named "MAD 
TSSOC." Is read from the disk Into core B and started at 
the location given In the dIrectory. This command program 
Is now the user's program and runs exactly as if he had 
written and loaded it himself. Note, however, that the 
supervisor Itself has n2 Information about the command or 
what It does, except its name and starting location. It is 
t n th I s sense tha.t the superv i sor Is context-.f..rJ:..e. 

There are, In fact, three kinds of commands; we have 
just described the operation of "disk-loaded" commands. A 
second type of command, also context-free, Is the ~-~ 
transfer command. I f 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 command 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 Is 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.h.A Modulsar I..l.Ju:'Sharlng SYstem. 

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 pro,rams. 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 
basis. 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 Is 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 

1/0 Adapter 

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 SSS 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 SSS 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 SSS loader which contains a copy of the disk 
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control moduht' 'J's . loaded, , ..... a'ur-d, .. 4et:·or'~ ·eta., Into 
the 1'094. Theloa'der Is follcMe<t b" a.: )-.upervl $orname 
card. n The BSSloadernas . a, uft1": '.: ...... I'lji anch thus has 
ac.cessto theaf"f(~f l to' with th1l;'c.' .".,"' tta .:dlsk control 
moclul'e. The ".uPerv'sor , ....... ~ ,.Pril ..... 'he ,0",_ of a 
dIsk fl1* accessltite to th. I.S';l-eader~Wfil'Ch',CIM\ .. aJ,n$ ,II list 
of name. of 'the "~f'f( ffr •• to ';b:eJoa1ted t.'.;".rm,:a~s .. pe'vl sor 
program. 

There are ,two I nterest I nlaa.pects.ofth' sp,.oc~dure for 
loading the time-sharing system supervIsor. First, maxf'mum 
use Is made of.xlstln. progJ'atU#-"sw:h .as.the dIsk control 
module. Second,'f a module b.lnlcheckedout develops a 
bUI, It can be very e.sllV removed from the 'system (and an 
older, reliable version substltu.ted) w'lthamlnimum of fuss. 
and bo~"'er, simply by., reload.ln. of the .p~lal BSS loader 
wIth a supervlsor'name card Which &peclflesa different list 
of dls,k 'fll.$to be" loaded to producethe.\tpervlsor. This 
feature Is vItal In a system which Is In use-while still In 
a state of development. 

EDI Jogue. 

In conclusion ... , a picture of ~ .. _cnltude of . this 
undertaklnl, IntarMS 01, rela.th,e,;;aJ .. e 'of the pro,rams 
1nvolved, may be of htterest. ' ... 11MJ. supervisor pro,ram 
consists of·aboutl~tl.OO (~I"'·).,I:_t:"M.tfona plus tables. 
This tI,ure compares ",l·th 11:",OOO-fw the MAD cQmPUer, 
16,000 for the FAP ......... '" _d.""".,. 60;'00 InstructIons 
In thea 1 der IBM ·Fort:".. n COIM:t-ll.·. ::thUs. In the proper 
perspectIve, the tlme-sharlna 'system 'supervisor Is an 
undertakln. comparable to the d.".lopmentof· a completely 
new com'))f ler system. t ,,; .dd'·!~on' <to., ,-tht fA-P and MAD 
translators, conwnenct procrams totalfftC another 6,000 
Instru,ctloM are nec.saar~· to "1'""'.0..,'1 """ •• ble" time 
shar I ngsystem. 
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2. Construction of the Supervisor Program 

Introduction. 

In this section we examine the general flow of control 
within the ~upervlsor 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. 

Syperyisor program ~. 

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, 

r 'J 

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. I f he is allowed to 
continue running, his program Is restarted at the point at 
which It was Interrupted by the clock trap; If not, another 
user I s a 11 owed to run, and a "swap'" may have to take pI 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 sOpervtsor 
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. 

~ Channel ang Clock Traps. 

For the Interpretation of the flow diagram In flgurL 
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 
Is not interrupted; Instead the trap is remembered unt(' 
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 ~ 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 Is 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 
Is 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 mayor 
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 

CL"C 

CTRL 

ST"R 

SCDA 
SCDS 
SCDC 
SCDD 
SCDE 
SCDF 
SCDG 

TC0R 

PMTA 

Function 

Initialize time-sharing supervisor. 

Clock trap processor. 

Main Control Section. 

Storage algorithm. 

Scheduling algorlthm.* 

Typewriter coordinator. 

Protection mode violation processor. 



RTRN 

SAVR 

UTRP 

RFLX 

Cf}MC 

C0MO 

Cf}NV 

f}NLN 

EDSG 

Lf}GA} 
L0GB 
L0GC 

SAVC 
"CTC 

OSK I 

AOPI 

AP75 

TST0 

CHNE 

HIGH 

UNIT 

DCER 

PL0TS 
or 

KLUO 

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/f) for supervisor. 

Post mortem and trace routines for 
debugging the supervisor. 

L0GIN, L0G0UT commands •• 

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

Dis k con t 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 0 1/0 adapter. 

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

NOTE: More detail about the entry points of each module Is 
contained In Chapter 7. 
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Figure 2.2 -- Block diagram of supervisor showing important inter-module links. 
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3. I nput and Output 

Introdyctlon. 

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. 

~ General Logic gf Input ~. 

Figure 3.1 Is 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 pool 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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action is taken unless one of the characters typed by the 
user is 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 dlstributinp­
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 is at command level (dead or dormant) the message is a 
command and is placed in the user's command buffer. If the 
user Is 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 command 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 obtalntng 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 Logic 2! pytoyt ~. 

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

side of 
we wi 11 

until we 



¥.J+'M;;+.4L)¥",W~qmfA!4ip2N1l4;tili2U,g¥lk"MlA!i;ei'kJgg'~"f ''''~~'··~~~~~~~i;''''~if!?",~~",,".; .. ,~;,;::U;;WA;g;lAL.t;XtY4;;! 

I ~TS$ T~;.l Not.. PAG.£ 18 '" 

! ' 

1··- , 

, 
f' 
f 

.havasurveved the :f" .. ~l.ted. OU .. '~ ... " .. '. \'." .. :,.,.., ... J,...., ... : ... <Qu.'~ ~.,. ~" 1 5 .. ,handled 
In a way. qult •• · . .,.·hl.rto .. ~ ;'WJ: .lth, .. $~· 'ffffCe$Sary 

dl ft .......... ,....... .~_ .. J~ 4 . .J~(;f, . .,.:~· •.•. : ...... ;c.;J.A.,~· •. it.,:.~.·:,.t;.·."a." .,·~r.p.r:am can 
pt"Oduce .. ~ ?fte:·c¥.ry ;:.btl_it:~~;,; Wt~ ~ .. ~. ~;yplst ean 

produee d ... t'onl»\:~ _f$,~~t"'~~.).!~.'~;.;~.,:el;." hand/ . the 

output ~QCeUOr.; QAft ",IJ·,.,~",.:'·N,.,..of'flt too much 
output:cames out, '\'fttoo _"",\.; •.. ,'~~1. it" c }:_~t .•... p,r;ocessor 

cannot tvrn 'o'f:. 'nl.'.,,1 ~~\,... .. vt,~I'\fm . :artd .perhaps 

los' ns. Isomeof. >ht's tvpedcfut .. act-.".. . 

Thusoneoenmake su,~.'~ri:p,I_J'"''''~ that the system 

keel'S up wl'th thet_pl,. t.~y, """'~i ,~t\ •. ci\,.,aet4!lr pOo 1 

buffer lar,e e.,O"lhto: ',.4C.l~,~., ''',~Imuftr f)UI1)ber of 

characters that all thetyplsts "COuld' produce In, 'Say, tWO 

seconds.. Then, 1f.,\,". t\(~l.'.r""c""d~l"t()r attempts to 
ert\Pt' the char",." pOol bvff:~_".t.' le •• t,'oqe:. per. second, 

only ver, " ••• -1, wIll the buff.r,overfloW and '. the typists 
tol d',to de,f't,., . ," . . ,- . ,. '. 

'In contlo; •• ti:'·theoutput •• o., fOR, o,fih.·supervlsor . must 

constaAtly.a"," . to' b&,. ov.r~"""d.,~~wft~ QU~P"t lines 
produced,by _0.,. ... _I,p ,r.~'.,.r 'tan,;;~lie" .t.~rl terse 

The' superyl..,.' h~~,es.,th.;,~,l_,.rJ;;$il~lvi '.' ~~ ...... refus 1 n, 
toaeee_.ou't1!*t .. ·'""".'c N: .. ~,~~~.,~ec:;l •. r. for the 
data In th.·_tpuitdH.ff .... ~,·-~', .. r,~ftF!t,.re . full , the. 
user's pro.~_ Is :f)laced In "0 .... twe1t . status, Theuler 

pro ..... m ...... · '. not. '.',; rMurn,;t,,· _r~ ~ .. ,-"t"'r>.~. ntllbuffer space 
1-5 av •• l.abl.fO?:the. pr .. ram',,: '.'PJ,tt. ", ,. '.' .' . 

- , ' .,' -~ , .. - .' , - ~ 

. . WIth ,the .. ~ .. n.~de".tl~;;Jn.~H~·· "'TC8~ n~lookat 
fISU're, J:,.2·1 .•• l • ...".::dl .••.. )~ .. """iIf.· ;"'~._""".'.' ~""'f."'~'''.' • ...... '.as .•.... '. In ••. '. outp.ut 
or.4, !'".us when: ~~ .... :t.-. .... , _l'll;;:J"' . .fhe , •. u·per v 'SOl' 

sub-pro.ram,WRFLX .eM". waF".. Tn. --""' .. ;1." ._ •• ,els 

converted to "II-b1 t form If '" "I ... t .l~ •• ay .1 "that form 

(tha·t.t~:,'lf,the,; .. r '1. J~ .. ~ .. '> .. 'nor,.. .... ' ·l.~~>; .. ~ .. ~ .. :.'. ,b .. J;t. " mode) and 
nJOvedln.<the-' prtNtrtt.-clte, ~'jtf., ,''\ .... ,'~u.'~tl,r, _ has room 

. for 29 ;wor.-I,·.I ftc. t"".fIe; "l~ -b l~ii;ttar;_, .. ,.,.",; .• r. .~or.d I n a 
word, there" ·roaat. fot" .• tt 1:-'_"" , of· .. ,. cNlfectus plus a 
carrla,. ret'urn. ., ..... '. 

. . 

Subroutl,.. ,WRFLX f'OW Qa.1l.!CM ~~~t".~ter .. modul e at 

t'he entry •• "t. ... Q;ftl.~V;_ wrt_ t ..... clM.,._t.~ out' on th. 

77S0':COlRPU~r: •. ~,,··~,."',_."', .. ~~.f~an error 
re-t~,; however,.. 'to>i mt&ta_;~".,.,,;~ .. ' ",nJiOcto.~i·. ·flO t. have 
room ftW·· tt. .... & •• ·l(:_I.:;I;~,;;\W; .~. ",$tIRFU I tsel f 

.' ::;::~=t::.~~ft ==~:=7.~.~. ':: . Jtso OU!f~~ 
send a conapl.t' on S'I"" 1 back .. e.. :'; ... ;,,=,;,~!.,~tt\IS user 
wll 1 come beck (, te wo"kln.st.t~.. As. soon as theus.r 

~~:I :!lr::r:!!n:o:f:r;~!~"~ •. il~~t'l.~r w~~: 
buffeT-'( II n.·thekuf' ... _~hav.''''''u •• d:b¥ someone else 
'while the ft rst user was In ou __ twaltl. ~. . 



Data 
to be 
typed 
In core 
A 

CTSS Technical 

WRFLX 

• Move line to 
Primary Write 

Buffer 

Do code conver-
slon for thIs 
device 

Place data In 
Channel Output 
Buffer 

'S 7750 
~ __ ~~~~'-1storage space 

(Full available? 
__ ----------~Ireturn) 

Perform 
3,4 return 

Write 7750 

Notes 

---

I -

PAGE 19 

, 

I 
I 
I (29 words) 

I 
I 

I 

Char. and Physical 
Unit number 

Channel 
E 

Output 
Buffer 

E 

Return to caller Type Type Type 
writer at 4,4 writer writer 

Figure 3.2 -- Output flow. (TCOORD 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. 
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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 worrls, they also always specify a 
multiple of 3 or 6 characters, dependlnR 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 bufferC·lnterface I) and the 
subroutine-type call to the output adapter. The resulting 
independence makes it very easy to remove one I/O adapter 
program and insert another for a different class of 
input-output devices. 

An lLQ 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 I/O adapter module, but 
remember that this is only a descriPtion of a typical 
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 I/O adapter module is of course split into two 
Quite independent parts, one handling input and the other 
output. Let us consirler 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, flexowrlter, 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 in 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 ch~racters in the 7750 
buffer, and the amount wh I ch any user (nay 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 OUtPllt. If he 
will exceed AL0T, an error return is given to indicate that 
he should go into output walt. 

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

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 pool 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. 

~ Typewriter Coordinator 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. Its-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 ILINES table Is set to Indicate that there is a 
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Figure 3.4 -- Flow diagram of TypewrIter Coordinator. 

character It 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 Is put back Into the 
character pool buffer. 

Assuming that all these tests are passed, the program 
then checks the variable FUlSW(USER) to determine whether or 
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not the user's program Is using a full (12-blt Bcn) mode. 
If the user Is using the ordinary 6-bit mode, the 12-blt 
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,1I 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 poss i bl e mappt ng 
into 6-btt codes. If these non-mappable characters are 
encountered, they are discarded at this point. 

Having performed a 12-to-6 bit 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 Is to see either If the character Is an ordinary break 
(end-of-message) character or If It filled up the secondary 
read buffer. If either case is true, the varlahle 
ILlNES(USER) Is set to contain "PZE FIRST"n" where FIRST is 
the address of the secondary read buffer, and lin II is the 
number of words In the buffer. This Is 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 AOePT 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 30 users). 
14 words. 
29 words (1 line). 

The typewriter coordinator consists of about 500 
Instructions and about 2000 words of buffer space. 



l .1> CTSStec'hnleal Notes PAGE 25 
, 

! 
.. 

• 

, i 
, 
)1 

l 

OCber .I.L.Q. P.X'$fI': 

So far, the discussIon ha. been restricted to 
character""orlented Input/output devices, Includlnc the 
typewrIter. A11 such device. have work" throuah the 
character Interface of the tlme-sharlnl system, known as 
Interface I •. AnY"c:har:~ter,.t~ ~evlc. can easily be 
att.chad t9the I, • .tela ,b.:9rQ¥'~I ... ) _",1/0 . ada,pter procram 
wh leh CODVeI'ts the r •• he,.re,:. -l.'t~rfaC. Into the It,andard 
format of Int.rf.~~, wt\'.t\~.1 st. of one ctw.racte.r/word 
In the character pool buff.c. 

There I I al so ano,ther broad clal5 of devt ces,. such 85 
m8lneth:taP41, whlchworle',flUtr. 9' words, and blocks of 
words. A second Int ... f.c.o~l. pr~lc1ed for thasedevl ces. 
The d.~f.lsof Int.rf~~ '10,' ~ be found In M.I.T. 
Camputatlon Cent.r~ ... dumCC~U',.For any Input or 
9Utput . "vleft " for, ,~Jc;41:I"'t.'''.~. , . II appears 'to be 
approprl.te, .an·I/P ~r ..,le MY he wrItten to perform 
the function of mateb.ln. tbe ha.r •• re characteristics to 
Interface II. . . 
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4. The Schedulln, Al,orlthm .and the Stor~~e A1lorlthm 

In t h J s sec t I onwe."8tnlfte ttle QPe .... ·t:t On of two 
Important module_' df·the'I".~lfta ,; ...... r¥'~: the 
mOdule whlch decTd .. 'who"stt.u' .. , .... 1 "'1Il"lf.£~r> ttow . 10nl, 
and the' modal. Which .1' l'oc8t ... t .... ~ ..... "', 'tIIMftOrv ·'are. amon, 
various user pro,rams. The .. "'" ~~·I ..... ~" ... tfthti' tng and 
anocatlon, are In, fact closely related, and have been 
separated t n ·t'he 'sup."vl1J,or':(·, ~"itM' part 1culer 
at lOrl thmsuS..d 'Hf'fnI'1:: t:tt\t •• ParJ"t.:c.l~ lenef the two 
prob ,_. A rricireConiPft •• 1 Cc1fqithfrti1ft ~.,,-, •• ~ der· both of 
·thesefunctJorts·ln"lt •• o.,~f·"·the"'fOt.~~"'i both 
inoduleS •. A·;;'t·ffl"<I~t'ton~it'J.~(.'~"'/;;1\"~"~"" Into 
:bo~h(j'the~ •. ~";'st~h~:.f;t:~\l,p" ,~":ttlf' ~1.« by a 
s~Para,t.' mo(4a HI •. ' Tn.'Pf"G1'*r< .¥~tn'trf,; ,tbi'.~'i funet Ions 
Is stt 11 ~b.,.n to' cttiltate, .hctthW,n"- ,.:-:'''~14fJe:<1- here may 
not represent the be~t possIble or.anl~.tloh~ '" 

1 '. '" 

The ScbedyJIQIAJIP[ltbm 

All schedulinaPO,lIcy Is contained In the scheduling 
module; In fact no mechanics of the tlme'-ah4u·'na system are 
performed·by t~l& mo6ule. The schedvllnc iJIKlu)e,f.s for the 
res t of the supervlsqr a •• ,8 who ,.$ occ •• lonal1 vas~ed for 
a" opinion, . but not asked to '40 anvthlna,' else. Since 
mechanics are ab.ent·;, . the ache.ul t_ :adule 1>$ well suited 
to the MAD I*Alua .. ,1 n will ch 'It .,. written. . SInce I t Is 
hardly necessary to 'wrtte an .Involved deScription of a 
well-oraanl~.dl4AOpro,ram, only tJut pollcylftvolved wi 11 be 
stated. A rea'dertnter .. ted fneaple.rln. how the policy Is 
ca r r I ed out can eas II y under.~1\4 the proarem I tse 1 f. The 
explanatory cOf1lllOnts at the b •• lnnlna of the prosratn serve 
to prov I de suff I e lent documenta t Ion. . 

A Typlca) S,hedUUO&' policy 

The partlcularschedulln, policy delcrlbed here tsnot 
the.only such polley, and may not be the best policy, 
particularly In the choice of the ... ' ..... c.r. alven In the 
proaram IIstl na. However, It Is a .tvPlc.1pol Icy, and the 
parameters ,Iven aro'typlca' par ... '.,.,. If one concludes 
that a 'dlfferent parameter, or a completely dIfferent 
policy, will produce better r •• u1t., then a dlffe.rent 

. version of the schedullnc allor'thm.v be e.slly Inserted 
Into the system Instead. Here, then, are the Important 
aspects of thls·allorlthm. Flaure 1t.1 Isa flow dla,ram of 
the schedullnl alaorlthm 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," are 
considered to 
order. 

state 2 or 3, "working" or 
kept tn a set of queues, which 
b~ 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 wi th 1 eve 1 "j +1". 
There are MAXLVL+1 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. 

5. A user at level IIj" Is moved to level "j+1" 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 wi thout runn I ng 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 proportion fixes roughly the maximum 
efficiency of the sYstem. (The 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. 

a. A user at I eve I "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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sturn 

EVfNT i f.ve lone walt'''' 
clock ---",us.rs to end' of 
InterruPt hi &herpr J or i ty 

,/1, ~i' ' 1, O,nl, r~A tri, 
cutrent user to end decide 
of lowel' prlorltv' 

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

"8ue," 

~------------·declde 

EV~HT 2 __ ........ ' 
a user 
ehan,.d 
state 

EVENT :5 
dump I n, of 01 d ".lel1.T,e ~ld yMr.f~;,~M!9,l~i. ,Ime ~return 
use, be,lns 

EVENT... h.t ... • 14 "M", fQl' cIump!n, time 
dwnp Ina of old unl •• s n_.u"I' h •• , h ' .... '. ., '. 
user, done; lo.d .. te>rltv ,or.cCiY' d ~r lJ,_a4;~o.,nd 
of new use' 1 •• , char.. ~,<:~r., for .Cil\IIJlP. 
be,lns 

return 

flaure ... I" .. Flow diagram of Scheduling Algorithm. (SCHEDL.) 
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Flow diaaram of Scb.GluJ In&~,l,o'tthm (cont.) 

EY~NT 61
---, ... met,LEIli!Ilr:'J, i ;,',;;, ! QQt; ,Yrreot •• dec t de 

user changed curr~t ser user 
length 

ComputelEY:EL but, don 1 t change 
queues.' Allow lo~r,runnlng 
time if new LEVEL t~sc,of' lower return 
pr:IQrJt)', \pr,a"l~ LEVEL. 

,;' . i ; ( ,;' .. 

Is head of queues user no 
,dJ ffer~~~ lrQ,A),curren~to-,------...,., eturn 

S\-IAP4--1 
NEWUSR +--head of queues user 
OLOUSR~~,ent usar 

• .~ " . .' - -" ".! .". 

(When the SWAP swl tchl 5 set non-zero, the supervisor will 
call EYENT's 3, 4, and 5 In succesalon as 500n as It can. 
NEWUSR will be the next user to run. 

, , 

figure 4.1-~Flow diagram of $,chedul1ngAlgotrthm. (SCHEDl.) 



9. 

10. 

Wh en a user 1 eave. 5 tate. "2 Or l" he I. r .... ved from the 
queues. When he returns tQ sta". Z or 1 he I 5 a.·slaned 
anewprlorft)f ltMl'; .hl,."pa .• "",., rYAn'", time I 5 not 
taken', "C'o ,Cc.nl id.r.t'fon'~' '; TMtt~,~ ' •• ·.,...·''thm : boncerns 
Its e , f'.,rtma rl.l y , . wi t'ti '~,,,*)., .·''tl .... ;: '. Wl t hi n 

, (ntaract J011 •• /'APto,f'.~', ~Y''':'fOr\i.~ ~ 'iC~~ r s 
not considered CI new InterRt't_;'t.wt'lt:S,level ma:, be 
chan.ed If the new c8ftlAllft4 Irs" lOfCer. 

If a user returnstosta'e, a ·OJ' J.h. Is p1aced at the 
end of the Queue at his prf,:or!t,y J,e.el'ba'.<.f'o.npf'..,.ram 
1en,th. ' 

ltw'll be seeA from tha,Qro.t.m:,~C;odl n, that on~ user, 
user number· ~ero,may be accor."d specla'" treatment at 
various 'points' ht the alaorl,t-lvtt.,: "'~_~""; ~,..p.r .... ents the 
back,round batch-processfn, .ystemwh'eh Is maintaIned by 
the supervl.sor both for com.-tlbl1lty with old.rsyatems and 
toproylde ••• ~"'Pt .. d bac"l~ ~~-;~,.,for t .... CQfhplJter In 
case no re.ularC"for .... otm4 .. ): ....-.r." ...... td nHd •• rvlc. for 
a time. The fOllowln, addlttona1 policy rules describe the 
position of the back,round system with respeet to the other 
users: 

11. The'backaround system ... alwllY. at the end of the Queue 
of users to-be run. Ift.he ........ ~-.hould bece»me empty, 
the back.round sy.tem w111 then run until some other 
user enters the queue. . 

12. . The bac,urownd::: operato/'J may nforce" the back,round. 
system to bettmby depF''''fna 'certain keys on his 
console. 'The back&round'y.'tem will" brou,ht In at 
'the next clo~k trap, anctii run exclvllve1 y unt 11 the 
operator s I,nals that norm.ll..-tI ..... -.hared operation 
shou 1 d cont I nue. ' . 

13. It Is possl ble to &uar.nt.,.~'Ut ,back.round system a 
certaIn percenta.eof thefacl'Ity of the computer, by 
settlnathe variable "PS" to the desired percentale In 
thelnftlallzatlon of th.t al.orlthm. When "PB" Is 
non-zero, the back,round system wi 11 pr.-ampt whenever 
it falls behl..,d Its ,uar.nt.ed percent.,e. 

, '. "- > '. 

The above en~ratlon ~f policy rule. does not describe 
all of the codl'nl In the sChedullri,a"sd,1 tlim 1riocJul~.,. As 
mentIoned In the Introduction, a certain amount of 
time-accountlnc polIcy Is maintained Inthl. module. This 
pol icy Is handled by the codlna followln, "events" 3, It, and 
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5. (See program listing for definition of an "event.") A 
brief description of this charging polley can be stated in 
the following five rules: 

1 • Each user pays for central processor time used. 

2. A user mAX pay for the time It takes to load him and 
dump him depending on whom he follows or precedes. 
Note that with the present storage algorithm, loading 
and dumping of a user are .D.Q.t overlapped wi 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. 

5. 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 Algorithm. 

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 wll) be when time permtts. 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 basic features: dumping and loading of user 
programs are D21 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 tat I me, a 11 0 f memo r y I s now a va I 1 a b 1. e for the n ext 
program, when necessary. The current storage algorithm 
attempts to Improve this performance by dumping only enough 
of a user to fit 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. 



It¥:;E@I.;;i;&}i"N¥Z$;;i;;.KM»J¥f:s;t¥J;Q.;¥H;C!g;~.,: "'. '.<,~ .. ",'~~~:;f'\~?,~" f('ow"~.<~;-'t'~'·c;",":., .. 4.,M£'¥1M4t¥;a¥fQ4h4A41gg;; 
. , . . . ~ 

.• ' 

PAGE 32 

Since a thf refuser, followf_;;the i.~,; :maY':be lar,.r 
than theseCOAd, HI 'may b.ttec ..... y;at .' ;_nr' t:.'me·to dump 
more of the flrstuler.'H '.,'C' . 

To·J1lustra:t. CMt-:plft-tltt., .,n.tcMrtltcur .. 4.2-4.6, 
In which several lucce.slv. at.t •• of the UJer memory area 
are shown. tn "iI'~,uftr'A;l._c_I ... '~ _,cote I1MVdOry, 
and Is about to be·' dump_dIn f"'f.f'~ Il.;:' 'o!\,lowlnl the 
dtMnP, c:(),.e~ry..,.,.rs inf·'ij •• J3J :",ttlf :.r t:o:f user A 
In eore, pa.r't oathe'drum.' Now, user C .. il.· 'to ·a.. broulht 
into memory, 50 user 8 Is splIt In the ..... ;".' .. hlon, as 
shown In figure 4.4 •. If the n.~t&l$er, .. O,requlr.sa lar,er 
space, as fndfcattd· "n fll.';";"" C' '.... ;"'-complete I y 
dumPed, the dump of " II "MUlt be~ ff "t; ___ .r_d·'ttie: 'dump of A 
continued a little farther. Ther.lutt., shown In 4.5. If 
now, followlns'osef!.c'8, '" .. r;A 'fs'W;' .... t.;th.·: dutnpof 
useI'D willhave: •• ·iie complete tJut~""vt,,·, ..... t»'o'f A which 
was dumped will have to be ....... , .. , :\ftNI, ... l"':tome time. 
The res.ult 1.5 shown In 4.6. . .'. 

In thl sexample,'only twO. use .... ,:. '_.1MO.it, 
betwaenldemOr;aftd ~"t1t. '·ft'''a-C OM:..~J,_.'" ·A.; 
usors may, be $pll t ~b.CWMft~,1lJn. ",;.~ •. 
onto the drum are ""de In blOc.klof 20"*' words. 

were 
naRY 

All 

spIt t 
as 1.6 

d"",pS 

A 1 thouSh t n the n.h.ts.tN(l~.I.w.~", .• ,;.:,.t_ll 'tlOiQ.,qt of 
time was saved ultlmotely by not 4 ....... ,10' A'at first, 
in a dJ'f.reltt'.;f!~t't_,,,.,~ ~ *-,;fftlUCh more 
effect Ive. . Cons''''''. ' ...... , ~ ... ;~t'.~.I .. ,;,Wh..·onl 'I 
two o,.,thl"' .. : .... ,.· ... "SA~ .. $Wf.it"> .-Pi! :"JIfil""r __ .. are 
us .. ",t'''' sy.t .... ,'i.wti• __ .'1.i ... ~ .... 5~ .... i'!Sbr.. of 
the tt •• ' , SJ;ric .... .,.ftd{; .... ~.$_: .... NRw/, ... t of 
It ,r"J*41t, coN. ai ~~.rtt:t...., .. l .... _;"f~.IJ. :.~, .... ~ to 
make room for u,. _ner for'cround ..... :; ..... ·~~y'need 
time. In thl.c ••• "t ...... vlna Cefl be .I",e •. 

TUtt"r; , ... 

When a u •• r 'S ct"edf~: ...... : ·....."v,· a . fll. ts 
created on the,. drum metIOf'y. Thl.' 'Il.'nclude. t.o 

. S1IJCt Ion,. 

1. Th.Wse' _ohfjM._dtt; .... ;' ... '_~ .. I.i.nd the· 
U • .,.I:sk ,.'RW "c,.tn.':,:':'t' ... b&4'..tfte. . current 
·Het' ot'l ,of ttl. .... f 1l.i~.".)c' . ' .. 

2. The us.r· s cor. • ..... 

The seconds.t Ion I. not wrl;ttcen .,... .• "'l"',_ln •. co the 
"dead" statf.ThefUec,na.ted.ls,of",.5h1111PONr. ~, and 
named "08'0021 UOUMP ."f'Or us." 11" •••. ,lHI sf I,l:e Is 
conslde'redone o"th.SUPef'vl'S'O'r·.l:t~' ·f·fles· 'and' does 
not app.arln theuur's fll. cnredtory.,, 
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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 It restore the new user core image 
and his status tables. 

3. Subroutine FREEUP Is called with one parameter 
(tiNWORDS"), the number of words of core memory 
needed for the next user. 
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fl,ures 4.2-4.6--The Onion Skin Storace Allorlthm. 
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all SCHEOL 
(Ev ,t 3) 

no 

Dump all of 
use" on low 
speed drum 

r disk thru 
·~"~--------~read buffer 

Rftu,rh 

figure ... 7-"!'F1ow'd •• 'ftamof subroutine DUMP. 

T 
Call FREEUP 
to .. ke room 

',I ;CQ~. 

Return 

figure ".8--Flow diagram of subroutine UNDUMP. 
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L 
! 
~ . 

, 
I' 
! .. , 

\'Ir'te out 
nolotah "word • ... _~ 

tQ .. kerQOlli 

Return 

eturn 

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

States of a User 

output wait 

input walt 

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: 

o dead - not waiting to run and no core image; 
command 1 eve 1 • 
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 walt - program waiting for Input from console. 
S output wait - 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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Oeser I pt Ion of Trans I t tons 

d •• d to .'C'V C;0Pm'~ '-~t\.".." typed In a defined 
Conl'rNlnd andl.,plac.tI~n the q __ , to welt· hi' turn ·to run. 

.' tl"',NI .al. - th., &lMr bglnS; .. tq run the 
cor.nand ~:;W~(:t'st tl_. from ROw on ..... /-c ..... rid'prolram 
I s treated exactly 11k. a user pr ... ra~' " 

mck,lal &,,101"&1 .'C ~,\be u.er'.'prol,"" ""els Input from 
the console and the u'''~ •• ,ftOt ~4tt c.,pedln an,J:rlS~ut 11".. 
(RDFLX) . '.' , " . 

IQPyt·.lt·~A'.Ck,IDI -.the u •• rtvped In an Input line 
terminated with aWreakr'charact.,.. 

WOrkIQlCQ" AU.,.I"· .... , tha:user'" J)t'O"_. b.. cenerated 
enouih output ,'to;flU' 'Ute,.output buf'.rfi;., (.,,"X) 

. , . .,,1, ".. - .' 

AYt.PY& .It tQ .. cilDI - tbe output buff.rs are empty. 

WAckl n,,· tg .'elol ,"'ruI-:tm. :;" •• r', prOlram Issued a 
conmand. (CHNCfJM or N£XC'M). 

worklQI to doCila, the u •• r'. pro,ram fInIshed Its 
compUtation but the cor. t ..... cls:,.tU,l v,.f"l. (QI.~MNT) 

.,.ot '9.""91'91.'84,. th.,·" •• r ,IV"d· . .,,\ a ,defined 
eonM,n":Whloh .... .-~,Ope,..t.ion bl' .o,.,,;, ...... ~,or ,may destroy 
It and start fr •• h • 

.ackJoa tp ""d the user'. '".'"..-''' flnt.hed. Its 
computation and the core"" •• Is to be'destroyed ,(OEAD). 

dgrgottA lIU)C.hl' - SUPervisor 1.;".'~.l~J"',the user's 
p,octamw1.houC" a.f conso.. f nter,ctJoa. (S-..U). 

"', 
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·App.n~f~. 
\ -; " . 

R. *****.**:**.': ,.T:.t.~ *'AR .. >:tH't.· .. ·~~Bt ....... ~ .. :;:~~.;:~~. ;'.;TH~ ****-*****.-**** 
R T. HA&1'1_i~"O"W.~:04t~':'~' ,.,', '-'-." . , 
R . F'. ',:,' . ,'- «:~ .",.', .,~.~.<:- ~:-,~~~,:, ,;~ 1 ,,'. ,'"' ';', ' ' 

R THE SCH!DUl.lf$ ALGO~lriiJi: ~".1tt~rlftOl:·J.OW;1 NGPtJNCT "ONS 
R - "_. -. ,- ' " .t-~' j ~/\-~ ._~, :-.'.':~'i ~/, <co ,;' ,,~ '; : '.:, >": '. " 

R 1. DETE.AM,... • .. WH ... _IC,.,H.'~.,.I.·"'£ ".T,.'l., RUN ... · •... e .. ',1 .. ~.XT .. , .:. R 2. OETEfO.f· :wHEN- ' .. - ~t'.,',yo, ;t\Jti.; > . 

R 3. DET~Rttt. , .. $~1:·a;, ... '.';;, .. '. '.' :~l$; .",. RUN 
R 4. CHARGO',jti*l:R&' ,,.. ~ ~ tAMbL**'n tfG r fM'E 
R 5. ·itEfPS':l1iCi'w, TftIJ~m.'dF;~'U6£'R .' R -' , . . -v ·;·'i:~:-:.~ ~~f_~ /\' - ~':'~ <~),: '~ .. 'l'.'; 

R THE SCH£i)lfl . . '"'ROM THE-SUPERVI SOR~ BY 
"' ".; - . . 

R EXECUTE 
R AFTtR 
R 'US ~ i 

R TIi!' '''''.' .<0'.-. ... 

R OR 

R • R " R 1 
R 2 
R J 
R 4 
R S 
R ' 6 
R 7 
R a 
R 9 
R 10 
r~ 11' 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
K 
R 
R 

·'~XUSR ", 
'£VENT': 

E 



1" 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

, .' ",..4 
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R BEGQUE.C") - PLAC~USEfl -'AlBEG OF QUEUE lEVEL(J) 
R ILOG2.'N) - RETURNS INTEG£RPART'OF lOG ,TO RASE 2 N 
R I.(J) - CONVERTS FORtlAROIHDfX 'J' TO BACKWARO 
R I ND£X FOR REFERR I NG TO MAO ARRAYS 
R INITIM. - INITIALIZE TIME ACCOUNTING' 
R I NT It". - USER 'u' LOGGED IN 
R OUT 1M. - 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 BEn'lEEN 'GETOTL.O·' AND TIME 'T' 
R T tME 'T' I S ALSO SET TO GETOTl. (0) 
R CURTIM.(O) - RETURNS THE CUR~ENT TIM£ SINCE MIDNIG ... T 
R OF DAY SYSTEM WAS INITIALIZED 
R MONSCl. (EVENT, USER, ARG) io1OHITORS SCHED. 
R MuNSC2 •• S.CA~~~O WHENS~~EOl!\CI1~N(iES COMMON 
R PlOT1.(EV£NT, OSER, ARGl 'PLOTS SYSTEM ON ESl SCOPE 
R PLOT 2. " I S CALLED WHEN SCHED. CHANGED COMMON 
R , 

R 

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

R •• 
R •• 
R •• 

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

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

EVENT • A 
USR • B 
I USER • I. (USR) 
ARG • C 
EXECUTE MoNSC1.(EVENT, USR, ARG) 
EXECUTE PLOT1.(EVENT, USR, ARG) 
MON ITR • CHANGE 
STAT£J4ENT LABEL MON ITR, RETURN" CHANGE 
TRANSFER TO EVNT(EVENT) 
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EVNT(O) 

R •• 'EVENT' .E •. 0, INITIALIZE ,SC.H~OUI,IHGA\.GORITHM FOR N USERS 
R.. INfT'ALIZE lNOEPENDEHTC~ ~VARI"tES 

MlUSRS • 31 . "'. 
MAXLVL • 8 
MINLVL • 0 
FULLVL • 3 
EMPLVL • 2 
FULLEN. • 4096 
PB • a 
QNTWAT • 36410 
LEVI He • o· 
QUANTM • 30 
TBASE • 0 
INACTY • 21tiOOO 
HANGUP • 7200 

R 
R.. INITIALIZE QUEUES AND TIME ACCOUNTI.NG 

EXECUTE INITQ. . .... 
EXECUTE INITIM. 

R 
R.. INITIALIZE TABLES 

THROUGH "LOOP, FOR " • 0, 1, " .G. UMAX 
"USER • 1.(") 

"LOOP L I. NMUL ("USER) • 1 
R \ 
R.. SET 8ACKGROUNQ(USER 0) TOIUN 
R.. USER 0 IS ALWAYS' tMPLfCITt'A'f tND· OF QUEUES 
SYST 114 • CURT 1M. (0) 
STATUS(I.(O» • 2 
SWAP • lB 
FIRST} • lB 
BGMAX • 180 
TRANSFER TO CHANGE 
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EVNT(l) 

KLOOP 

R.. 'EVENT', " • E,' 1" "Cl,.OClt ,,' • ",I~" 
R. • ASS., C~lf W~ .a. .. ,: "'It' 8'!' C",*,GEO' 
t40NITR it RETURN' "'", 
I CUR - I. (CUftUSR) 
T .GETO~n .• ,til) , " 

R.. 00 ~'OLLOWl NG" eH£CK IltG£vnV '10, SECONDS 
R. .CHAftGEPAYI. UlI'A' ,FQRTl. 
R. • MOYEL:ONG WA I TI.USI'R$ UP :Hf P1tU)'R'. TV 
R. • LOGOUT I MACT I VE USERS, HANG UP' '" "ACTIVE L tHES 

WH ENEVEAT. B.CH,ICKT 
CH ECKT- 'T + 600 
EXECUTE CHARGE.(PAVUSR, DELTIt1. (PAYT'M» 
THROUQH'KLOOP,FOR K- 1, 1, K ',tf.'UMAX 

WHEM£¥ER',,, .E. CURUSR, TAANS1=D TO KLOOP 
KUSER",. r. (K)', " , ", 
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DELT -T - WATTI'M( KUSER) 
WH£NEV'£'R$JATU$(~SJ,J\J ,.E. ,.pR. STATU,S( KUSER) .E. 2 

wHlM.KniLt, ~G.,'''T*T .MD. LEVEL (KUSE-R) .G. MtNlVL 
MOiU:fA .. C~t ' "" , 
EX~Wr£ 't)Q.QUE.(K\), 
LEV,Jt. (~C1\) "LI1£t. {'KuteR> - 1 
EXtWr·£" ~u£, •. U() ; " ',' 
'WATT' tot( 1\I$l!1)- 'T 

, T I,ML;EV(KUSlJf) •• O' 
: ·ENo, lJF'COtft) f1tOtW..' " 

OR WHENEVER PR08H(KUS:£R) .. MI. ':0 
WH!NE-YERDELT' ,.G. 'IHACft ~MO.LtN£"O(KUSER) .E. 0 

MOM'TR - ,CHANGE ' " 
HOT U4E(KUSER) iii 2 

, WATT IM( KUSE,R> - T 
ENO' OF COND IT' ONAL 

OTHERWISE ' 
WIf!HVER DELT .G. HANQUP .'AMO~ADOPT(KtJSER) • E. 0 

MONtTR -.,CM4NGE 
J.oT'M£(KUSEIH - .. 
WATlll4(~ERl.." , 

END OF COltOt'TIONA" 
END OF CONDITIONAL ' 

CONT INUE 
END OF CONDITIOHAL 

R.. MOVE UlNG RUM. NG 'CURUSR'DOWN IN PRt ORI TV 
WHENEVER CURUSR .NE. 0 .AND. T .G. MAXTIM 

1 .AND •• NOT ~ SWAP 
MONITR- CHANGE 
EXECUTE DELQUE. (cuaWI)" . 
WHENEVER LEVEL(ICUR' .t~ MAlLYL, 

1 LEVEL( I CUI\) .. LEViL( ICURI,'.l 
EXECUTE ENBQUE.(CURUSR) . 
LEVTIM - T 
T I MLEV( I CUR) .' 0 
MAXTIM - T + TRUN. (CURUSR, LEVELClCUR» 

END OF CONDITIONAL 
TRANSFER TO DECIDE 
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EVNT(2) 

R •• 'EVENT' .E.2,; 'U$Il·(·IU'~~·~) CHA~E .:STArE 
R... DISPATCH"o.. "£\'1 STcATE,,:rJII,Q ... ".,JlI... .' :,""'TRANSITIONS 

,fiiENEVER USR' '-HE •. 0, TRAU"!ft' """''1~t;. ...... . .. . 
TRANSFER TO RETURN . " '. ' ... ' , 

R 
, '(I' t) T R. ., IISR . " US~R,. WEN 

STAT(U) EXECUTE OElQUE.(Ul'O 
STATUS(lU$£tU • u . 

DUO, E~£.NT:ti. WfLL t~OT OCCUR 

TRANS'FER TOOEC IDE 
R 
R. • . , USR' (' I US ER I) WENT DORMANT WH t L£ RUNNING 
R. • OR PU$HED ,QUI T BUTTON 

STAT(l) EXECUTE DELQUE.(USR) 
STATUSCI USER) .• 1 

R 

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

R.. 'USR'( t I USER ') TO·8EG IN WORKfNGAFTER 1/0 WAfTING 
R..· • ORALAfU4CLOCKRth~RH'F:;80t .. ()~"1·TO.WORKI NG 

STAT( 2) WHENEVERSTATU$( lUSER) .,G,£ .;"~·bR.·$'TAr~US( I USER) • E. 1 
. WHENEVE~ ~TAtu&"lUS'£R) .NE\l..'.·. ', ... 

wHEt~VER L'EVEL'(IUSER) .. LEi-JIIC.GE. MINLVL" 
1 LEVEL CI USER) • LEVEL(JUs;tJU-- LEY I Ne 

LEV • LEVELF. (LE"GTK.( 1US:ClOr' . 
\iHENEV~R LEV • L. LEV'Et.(,lllRIQ~LEV£Lr( I US ER) • LEV 
T I MLEV( I USlR). 0 

ENDOf·CQNOflIONAL 
EXECUTE ENO\lUE.(USR) 
WATT IM( IUSIR) • GETOTL. (0) 
STATUS(HI$ER) • 2 
TRANSFER TO' DECIDE 

END OF CONDITIONAL 
TRMtSFER TO RETURN 

R 
R.. I USR' ( 'I USER') 8~GAN WAITING FOR A COMMAND 

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

WHENEVER LEV .0. LEVEL( 1 US(tU . 
EXECUTE OELQUE. (USR) . 
TRANSFER TO COMAN 0 , 

END OF CON04TIONAL 
OTHERWISE 

COI-4AND LEVEL ( I USER) • LEV 
EXECUTE ENOQUE. (USR) 
TIMLEV(IUS£R) • 0 . 
WATTIM('USER) • GETOTL.(O) 

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

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

EXECUTE DELQUE.(USR) 
STATUS(IUSER) .. 4 
TRANSFER TO DECIDE 

END OF CONDITIONAL 
TRANSFER TO RETURN 

R 
R.. 'USR'('IUSER') ENTERED OUTPUT WAIT 

STAT(S) WHENEVER STATUS(IUSER) .E. 2 
EXECUTE DELQUE.(USR) 
STATUS(IUSER) .. S 
TRANSFER TO DECIDE 

END OF CONDITIONAL 
TRANSFER TO RETURN 

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

EVNT(3) 

R •• AS A RESULT OF 'S~~AP' BEING SET NON-ZERO. 
R •• 'OLDUSR' DOES NOT PAY FOR HI S DUMP, UNLESS 
Ro 0 'NEWUSR' I S OF EQUAL OR LOWER PRIOR I TY • 
R.o 'NEWUSR' AL\-JAYS PAYS FOR BEl NG RESTORED EXCEPT 
R.. BACKGROUND NEVER PAYS FOR DUMP OR RESTORE. 
R 
R •• 'EVENT' .E. 3, SAVING OF 'USR'('IUSER') 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 'OLDUSR' 
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.(PAYTIM» 
WHENEVER LEVEL(I.(NEWUSR» .GE. LEVEL(I.(OLDUSR» 

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

OTHERWISE 
PAYUSR .. NEWUSR 

END Of CONDITIONAL 
TIMLEV(I.(OLDUSR» • TIMLEV(I.(OLDUSR» + DELTIM.(LEVTIM) 

OTHERWISE 
EXECUTE CHRGS~~. 
WHENEVER USR .E. OLDUSR 

DMPOLD III 1B 
OR ~oJHENEVER Dt~POLD .AND. U'SR .NE. OLDUSR 

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

END OF CONDITIONAL 
END OF CONDIT10NAL 

END OF CONDITIONAL 
TRANSFER TO CHANGE 



EVNT(4) 

EVNT(5) 

R.. • EVENT' .E. 4# RE$:TOftUfGOP·.WU.s1lJ ,t·S BEG INN. NG 
EXECUTE CHRGSW. 
WHENEVER N£WUSR .E. ~ 

PAYUSR .. OLDUSR 
OTHER", SE 

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

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

R 
R •• 'EVENT' .E. 5, 'NEWUSR' 8EGfNSJijJHMlNG AFTER RESTORE 

EXECUTE CHARGE. (PAYUSR, DELT I M.(PA:YT·'·M:):.) 
PAYUSR • NEWUSR 
WHENEVER STATUS(I.CNEWUSR» .E. 3, STATUSCI.CNEWUSR» • 2 
BEGT tt4 • GETOTL .hl ) 
LEVTI.M • SEGllM 
MAXTI'" • -8EGT1M + iRUN~ (K£WU$R,LEVEL'.I.~(NEWUSR») 

1 -TIMLEV<J-. (HeWUSR» 
SWAP • US 
FIRST5 • IS 
DMPOLO • OS 
TRANSFER TO DECIDE 
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R •• 'EVENT' .E. 6, 'USR.f('IUS:Eft'> CORE 'SOF LENGTH 'ARG' 
R.. JUST BEFORE .ENTERU": WA·lf ttfG 'COMMAND 
R. • OR LENGTH CHANG.£OWt .. LE RUNNING 

EVHT( 6) LENGTH(J USER) • ARGo 
WHENEVER USR .E. CURUSR 

LEV • LEVELF • (LENGTH( I USER» 
'iH£NEV£R LEV.G. L£Y~(tUS£R), 

1 MUrIN • 8EGT." +TRUN.(eURUSR, LEV) - TIMLEV(tUSER) 
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'('IUSER') LOGGED IN PROPERLY 

EVNT (8) L I NMUL ( I USER) • ARG' 
EXECUTE IHT,M.(USR) 
TRANSFER TO CHANGE 

R 
R •• 'EVENT' .E. 9, 'USR'('IUSER') LOGGED OUT 

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

R , 
R •• 'EYENT' .E. 10, IS 'NE\.,USR' STILL RUNA8LE 

EVNT(10) WHENEVER STATUS ( I.(NEWUSR» .E. 2 
1 .OR. STATUS(I.(NEWUSR» .E. 3, TRANSFER TO REltJRH 

SWAP • OB 
TRANSFER TO DEC I DE 

R 
R •• 'EVENT' .E. 11, 'USR'('IUSER') DIALED UP CO'-1PUlfER 

EVNT(ll) WATT'MCIUSER). GETOTL.UI) 
NOT 'ME( I USER) • 0 
TRANSFER TO CHANGE 

R 
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DECIDE 

CHANGE 

RETURN· 

CTSS Technical Note. 

R •• COtooN EXI T FROM SCHEO·. 
R.. DEClO! I F IT IS T I'ME TO RUN A MEW USER 
R 
R. • NO DEC'S I ON WH I LE SWAPPiNG 
. WHENEVER S\~AP, TRANSFER TOMONITR 
R . 
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R. • CHECK IF 8AC1tGROliHO NOTM££T1NG aUMANTEED PERCENTAGE 
WHENEVER SKaTfH .L. (PB/IOO.) .,G61'OT1...'(O) 

1 • AND. CURUSR • NE. 0, BACUfl* 1 
U • liEDUSR. (0) 
WHENEVER BACKGR .NE. 0 .OR. KEYS .NE. 0 , U • U 

R 
R.. RUN USER 'U· IF 'CURUSR' HAS RUN AS UlNa AS 'u' WOULD 

WHENEVER U .NE. CURUSR .AND. 
1 (PRE'>tPT.(TRUN.(U, LEVEL(I.(U)) .OR. CUaUSR .E. 0) 
2 .OR. STATUS<I.(CURUSR» .HE.2 .OR. BACKGR .NE. 0 

MON'l'R -CHAHGE 
SWAP • lB 
NE\'1USR • U 
OLDUSR • CURUSR 
BACKGR • u 

END OF CONOITIONAL 
R 
R •• CALL 140NSC2. IF COMMON CHANGEO, E'-SE· JU&T RETURN 

TRANSFER TO MONtTR 
EXECUTE MONSe2. 
EXECUTE PLOT2. 
F UNCT HlN RET URN 
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R •• INTERNAL FUNCTIONS 
TRUN R.. 'TRUN' ;"COMPUTES ~,1:IME Fi)R USE8 'out ATLIVEL 'OL' 

INTERNAL FUNCTION TROH. (W, tlL).' \ 

LEVELF 

1 TBASE + LINMU1.(I.(OU» • UUAMTtf~ 2.P. OL 
R ' 
R.. 'LEVELF' - COMPUTE PRIORtTYlEV£LBASED ON LENGTH 'LEN' 

I NTERNAt FUNCTIONllEN) . 
ENTRY TO LEVELF. 
WHENEVER LEN .GE. FU1.LEN 

.. - FUlLVL 
OTHERWISE 

L - EMP1.VL + ILOG2.CL£N/CFULLEH/(Z .P. (FULLVL-EtWLVL»» 
END OF CONDITIONAL 
FUNCT ION RETURN L 
END OF FUNCTION 

R 
PREMPT R.. 'PRtHPT' - lS TRU£IFPREMPTION IS ,PERMITTED 

R.. BASED. ON TIME fNTER1WPTEIt·,Wlll. R.UN '1 NT RUN , 
BOOLEAN Plta",T.' 
INTERNAL F UNCT ION PRWl. ( t NT RUN') • 

1 I NTRUN .L. GETOT1.. (0) - IJEGt I'M 
R 
R •• SUBROUTINE TO CHARGE SWAPP,ING "TIME 

CHRGS~'I R.. fOREGROUNOPAYS fOR1AC1t1JROUNDSWAP UP TO 3 SECONDS 
I NTERNA1.fUl1CTION . 
ENTRY TaCHR~ ·sw. 
TOEL - ·OELTfM. (PAYT'IM) 
WHENEVER OLD,t.t~Jl .E. O.AHD. 'tD£;L.G.BGMAX 

EXECUTEC'HAltGE. (PA¥USR, "&QMkX>' 
EXECUTE CHARGE. (0, TOEL-8Gf4AX,) 

OTHERWISE 
EXECUTE CHARQ£ .'(PAYUSR. TDEL) 

END OF ~OHj)ITI~L 
FUNeT roN' R'ETURN ' 
END OF FUNCTION 
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PROGRAM COMMON PAYTIM, LEVTIM, SWAP, MAXLVL, MINLVL 
PROGRAM COMMON FULLVL 
PROGRAM COMMON EMPLVL, FULLEN, PB, QNTWAT 
PROGRAM COMl\10N LEVINC,INACTV, HANGUP 

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

R •• OTHER VARIABLES 
PROGRAM COMMON USER, DATE, DATEYR, T I t-1NOW, NUSERS 
PROGRAf-1. COi;1MON SWPSW, COMSW, TOTT 1M, BKGT I M, SWPTIM 
PROGRAM COMMON COr~T 1M, USRWAT, SWPWAT, COMWAT, AUTOND 
PROGRAM COf\1MON CLKTIM, MXLINE, NWORDS, STOPSW 
PROGRAM COMMON DSKLOC, BASEAD, ~-IA IT, DUt~MY8, READY 
PROGRAf-1 COMMON BUFULL, DUMMYC 
PROGRAt-1 COMMON PBUFF, DUMMYE, DBUF1, DUMMYG, DBUF2 

R •• USER t4ACHINE 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 ftve flow charts of Main 
Control, the clock and protectIon tra~pr()c;essor$i 'and the 
fI10dule RSTCPU. Th~se fJow dle,rams art to-":helo . provide a 
te"'l)orary brtd,. b.t~.O cOPtpltttf! lat~ Of t"fbnnatfon about 
these modules and the.assembly lIstfnss th •• 'ves. 

Call SCHEOL 
(·Event 10) 
'Las t chance 
Co set 
S AP 0 

II s 
, Yes 

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

no 

Dump USER 
Restore NEWUSR 

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

Is user 
• NEWUSR 

Call SCHEDl 
(Event 5) 

Transfer to 
core A command 

es Insure 
L!~~~~ __ -r--~~IEnough Room 

for command 
( FREEUP) 

Dump USER 
Restore tables 
for NEWUSR 

load command 
file Into 
core B 

Reset user 
machine conditions 
and active files. 

Call SCHEOl 
(Event 5) 

Figure 5.2 -- Command Processing In Main Control. 



.".;; 

200 ms 
clock tr 

ave 
~ch'nft 
ConditIons 

r.a 11 SCHEOL. 
(Event 1) 

••• 
.~ 0 forI "PUt _1!0-4_. Set OUTPSW·( t ) 
• 0 Jf buffer 
, em t . 

tYp~· •. T 
~y.' 'ommand 
Jl"j;::to 
comt1tand buff 
Ca 11$e.HEDL 
(Event '2) to, 
:S1tt "~$TATUS, to." .. ' . - , 

PAGE 5,. 

(I ts the ". user 
I nde:x:ln the 
POtll~'l oop. ) 

Return to 
~~"~--~~~~~~"lnterruPted 

Program vi. 
ConJ11C)n Exit 

Figure 5.3 -- The Clock Trap Processor. 

.. 
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rl ~, s:-::s:7.':w';iA';;'p-:~r-;:o;"1I---y""'e"'s---I~"~ 
• no ~ 

Did user Interrupt?1 yes + no 
Is he expecting 

no interrupts? 
yes ,. " 

I:ypp.: I Save current ILC, 
"No Action" Reset ILC for 

Interrupt 

'. --
1 eve 1 I Drop user Interrupt 

,r 
Type new level number I ,r 

Check for HTR -
at Il C 1 oca t Ion -

no l yes - Type "PROGRAM 
~r - STOP AT 0000" ENDUSR 

Restore Machine 
Conditions 

" Go to user. J 

Figure 5.4 -- Flow diagram of RSTCPU (Restart user.) 
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.;" .... _. , 

Protect I on 
. ·Mode 
vtolatlon' 

Pick up 
'vlolatlng 
Instruction 

yes 

L..!..;L.~"':!'...!...!A--It---....... IoII4_-t.... t s use r 
Back round 

Pte k upward 
ataddt"ess of 

yes 

I,; th I s a ~-.:.:n:::::o ____ -II" 
sUbrol~toe . ~~ __ ~~w.y , ,es 

no 

~ . 
Transfer to 
user S:.ubt-out lne' 
(10 protection 
section.> 

" 

Figure 5.5 -- T~e Protection trap processor. 
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6. The Olsk Control Module. 

Introduction. 

As mentioned earlier, there are four distinct uses of 
the disk ano drum memories: 1) temporary storage of workinp, 
programs which do not fit Into memory; 2) storap,e of 
supervisor command programs; 3) storaee of user pror.rams and 
data; and 4) scratch pad storage by user programs. These 
uses have enough In common, however, that a slnp,le Interface 
program, the Disk Control Module, handles ~ use of these 
memories. Calls from the supervisor are not dlstlnp,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 ruu. 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 puncheo copies of their pe~sonal 
files. The load routine copies a tape onto the disk to 
re-Inltlallze the time-sharing system, and also processes 
users' request cards to add files (consisting of punched 
cards) to the disk. 

The Plsk Control Roy tines. 

A complete, though slightly out-of-date, technical 
description of the current disk control module may be found 
In the Computation Center Memo CC-196, July 11, 1962. A new 
disk control module Is currently being designed. 

Loading and Dymplng the Dllk. 

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. 

PJlk Roy tine Tablel. 

The format of the master file directory Is 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! 

PrograMmer Problem 
Number number 

Track Address of user 
Quota file dIrectory. 

......... 

--

;.',,1"-

1\ 
') 
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two-word 
entries 

etc. 

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

UTABlE 

TRCNT 

QUOTA 

FllNR 

UFllTR 

Figure 6.1 -- Format of Master FIle Directory 

chain word 

document 

PrImary file name 

Secondary file name 

Mode 

Date last 
used 

tracks 

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 

ASNMon 

UFLGS 

TRKOVR 

SVUFOT 

CTSS Technical Notes 

Locat Ion of first 
track usage tabl e track 
Historical not used 

Swltch--UFO has been 
changed 
Primar.y file name 

Secondary flIp. name 

~uffer addresses 

Track to .be written np.xt 7-word 
> 

Word count entries 

Word count 

-
-

Logical Module AssIgnment 

Historical 
5 words 

not used 

Error Flags 

Amount track quota is 

PAGE 59 

Active 

File 

Table 

10 x 7 

words 

Figure 6.2 (cont.) The User disk status table. 
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7. l'lescrlptlon of Entry points anti Cross Referencp. Table 

Introduction. 

An Invaluahle aid In studying the operation of any 
slngle-~odule or suhroutlne 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 the 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 the subroutine. In this 
section, then, Is listed each entry point of each module, a 
hrlef 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 
"IA!" of the time-sharing supervisor. All program sizes are 
gIven In oc ta 1 • 

Module 

Function: 

Size: 

Entry Points: 

ADPI 

7750 I/O adapter module. 

2340 words. 

WRTELY 

ROTELY 

Subroutine to write a line on a 
teletype. 

Suhroutlne to acc~pt characters 
from a teletype. 
callers: CHNE (ETRAP) 



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 

ST"PE 

STARTE 

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

Subroutine to transmit data to 
7750. 
ca 1 1 e r s : A P 75 

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

Shut down channel E for ht"h-speed 
drum. 
callers: ST"R 

Restart channel E after ST0PE 
has stopped It. 
ca 11 ers: ST"R 
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II· . 
fl' Module: r.lfC ' 

J: ' 
I' 

'I 
I " 
I~ . 

Function: 

Size: 

Entry PoInts: 

Module: 

FunctIon: 

Size: 

Entry PoInts: 

Clock trap proce.'.or modUle:. 

1.377 

STCl,C 

CLKINT 

GeTOTL 

ADOTIM 

C'MC 

Subroutln. 'to start up I nt.rva 1 
timer clock. 
callers : CT~L l MAt,N 

l.ncerval timer trap entry. 
caller.: MAINs clock trap. 

Get t hne .vsC_, ha. been runn I nl. 
eal1.~,. i seNftf 

Update time .u •• d. 
cal~.r. :" ·t"1t~l:j.·· ST,R 

MIscellaneous subroutines. 

1 .. 6 

ENKEYS, 

STOPIF 

C,MCHK 

SETUSIl 

SubroutIne to enter console keys 
of Interrupt to CTSS. 
call.r.: CL'C, CTRL, PMTA 

SubroutIne to stop If key 24 Is 
down. 
callers: PMTA, RTRN 

Subr.out' ne to surch command 
dIrectory for conwnand In logical 
AC. 
eatter,: ct,e,CTlll 

Subroutine to .stabllsh current 
user a. a dl'.k user. 
ca 11ers: ' CTRl, LeGA, PMTA, SAVe 
ST,R 

-, 



Module: 

Function: 

Size: 

Entry Points: 

".; 

, . ~ .. 
Module: 

Function: 
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BReOM 

SWEEP 

CeMD 

Scan adapt I Of' ",ystem. 
callers: ' CL'C, TCeR, PMTA, ROFX, 
LfGA 

Continue BROOM scan. 
ca'htrs: Ct.,C, TC,R, PMTA, RD~X, 
l.eGA 

The command directory. 

;J72 

C,MOIR 

FILE 

L,GIN 

ENDL,G 

START 

TFILE 

CfNV 

Entry to command directory 
eNt.,al word. 
caller: CJMC (C'MCHK) SCHED 

IH.-.t entrYf;to F'l.E entry In 
c ..... nd directory. ca'''.".: CL.C 

entry In 

PMTA, ST,R 

Direct entry to ENDLeG entry In 
conmend directory. 
callers: CLfC, CTRL, L,GA 

DIrect entry to START entry In 
command d'rec;tory. 
cal .... s: 'et.ac 

"Direct entry to TFILE entry In 
command ell l"ee.tb r Y • 
caller.: CL,C 

Conversion routtnes. 



/' 
I.·, 
I. . 
i. 
1 ' .. 

j .. 

I···. 

I, 
I 
I . 

I. 
I~ , 
i 
I : 

t 
i 
i 

.S I ze; 2468 

Entry Points: 
CTIME 

TCTIME 

OTBC 

.BTOC 

OTBC 

eTIC 

ROYTIN 

Module: CTRL 
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Subroutine to conv.ert time In 60th 
to SeD 1/10th' •• utes. 
cal1.rs: LISA, l,GS 

SubroutIne to convert tIme In 60th 
to Bel) <I n .01 hours. 
ca 11 ers: L,GA,PMTA 

Subroutine to convert decImal to 
bInary. . 
ult-ers%ftfMe'(SfTU$R) .. l'GA, L.GB .. 
flNLN.. PMTA 

Subrou.tlne to ~Oftv.rt binary to 
decimal. 
ca 11 ers: L'GA, PMTA 

Subroutine to convert octaHBCO) to 
blMry. 
ca 11 er : ,CTC 

S.broutlne to COftvert binary to 
oct.:1 BCD. 
eal1ers: 'CTC, PMTA, ST'R, RTRN 

SultrMt I ft.to f .... , n user cormand 
t't •• us.d.to . be typed'wl th the 
"Rt~8Yu .CQClIften-t. 
ca 11.r. :ct.e, CTRL 

Function. MaIn control II1Odule. 

SIze: 1160 

Entry PoInts: 
CHNC,M 

NEWC,M 

Entry to pick up next program­
'n It I.a ted cOJ, ••• ~d f f any., 
callers: 'CTC, PMTA; SAVC 

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

~ 

,-

c ~~ 

, " 

r -, • 
I· 

.. 

Module: 

Size: 

Entry Points: 

" I 

r.,lO 

DEAO 

ENOUSR 

ENDC"M 

CYCLE 

CKQUIT 

IllC,M 

OCER 

2168 

EPRINT 

AllSAV 

ALLRST 

Entry to I"estartsystem after 
XEe l()()p, etc. 
eall ers: EOSn(PAtHC), MA IN 

Entry to place current user In 
"OEAD" status, 
callers: l,GA; 'PMTA, SAVC, ST,R 

Entry to set user status and type 
ready. 
callers: ICTC, PMTA, RTRN 

Entry at end of command - ready 
not 'typed. 
caller: If)GA, PMTA 

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

Suhr()ut,'ne to fInd if current 
",5ttl" :1'\~S pusKedt'QLJ I Til wh f 1 e 
Insurrery'sor. 
ca 1.1 er: PMTA, RTRN 

Ent~y .fter "1e~al sequence 
of c~nds. ' 
eallerr aCTC, ~AVr. 

On-ltne print subroutine (saves 
channel A). 
ealfer: CHNE, nSKJ, ST0R 

SubroutIne wht'eh saves all basic 
macblnt conditIons. 
cal"r.: CMNE, DSKI 

SubroutIne which restores all 
basiC'machf.". conditions. 
ea'11et.: CHNE, DSK I 



Module: 

FunctIon: 

SIze: 

Entry PoInts: 
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DSKI 

DIsk control module 

11506 

• DINIT 

.OPEN 

.CLOSE 

.ASIAN 

• APENO 

• WRITE 

• FILE 

.RELRW 

.SEEK 

• READ 

.ENDRD 

.DLETE 

InItialIze disk routIne • 
ca 11 e r : MA I N 

SIgn user on to dIsk, 
callers: C'MC(SETUSR), CTRL, 
L,GA, MAIN, PMTA, SAVC 

Remove user from dIsk fIle. 
callers: l,GA, L'GB, PMTA 

InItialIze wrIting a new file. 
callers: l,GB, PMTA, SAVC, ST~R 

Add to end of an old disk fIle • 
callers: l'GB, PMTA, SAVe 

WrIte data wIth a dIsk fIle • 
callers: l'GB, PMTA, SAVC, ST~R 

TermInate wrItIng of a fIle • 
callers: lIGB, PMTA, SAVC, STIR 

Open a file for relatIve 
read/wrIte. 
call~rs: l'GB, PMTA, SAVC 

InItialize a disk fIle for 
readln,. 
callers: CTRL, l'GS, PMTA, 
SAVe, ST,R 

Read data from a disk file • 
callers: CTRl, l,GB, PMTA, 
SAVC, STIR 

Terminate readIng from a disk 
file 
callers: CTRL, leGB, AMTA, 
SAVC, STIR 

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



• 
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·CTEST 

• GTFlG 

• SETOU 

.STATl 

.FllDR 

.UPDAT 

.DFINE 

• RESET 

• FSTAT 

• SETAR 

.RDWAT 

.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 e r s : MA I N 

Read a track of user file 
dIrectory. 
ca 11 e r s : PMT A 

Update user fIle 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 S • 
callers: CT~l, l0GS, MAIN, PMTA, 
RTRN, SAVC, STeR 

Read out and reset channel 
waItIng tIme. 
callers: CTRl, SAVe, ST0R 

Walt untIl all disk actIvIty Is 
fInIshed. 
ca 11 ers: STeR 

Set error return on disk track 
error. 
callers: CeMC(SETUSR), CTRL, 
LeGA, LeGS, MAIN, ST0R, RTRN 

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



Module: 

Function: 

Size: 

En try po I n t s' : 

Module: 

Function: 

Size: 

Entry Points: 
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• GETDS 

• RENAM 

EOBG 

Get status of active disk flIes • 
callers: SAVC 

Change name or mode of a file • 
caller: PMTA 

System debugging aids 

764 

PANI C 

ADUMP 

BOUMP 

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: CUI)C 

Subroutine to dump memory B. 
ca 11 er: CL~C 

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

High Speed line adaPter 

252 

RDHIGH 

WRHIGH 

.Read high speed line. 
ca 11 e r : A 0 P I 

Write high speed line. 
caller: ADPI 



t-1odule: 

Function: 

Size: 

Entry Points: 

Morlule: 

Function: 

Size: 

Entries: 

Called 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 e r : PMT A 

Entry in case of error setting 
up user's file rlirectory. 
callers: C0MC(SETUSR) 

TSS Automatic logout entry. 
ca 11 e r : C0MD I R 

TSS logout command. 
ca 11 e r : C0MO 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: 

FunctIon: 

Size: 

Entry Points: 

Module: 

Function: 

SIze: 

Entry PoInts: 
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6 (Oum~y not presently used) 

M0NITR 

EREAD 

0eTC 

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 command for core B. 
ca 11 e r : r.0MO r R 

TSS 0CTPAT command for core B. 
caller: C0MOIR 

TSS 0CTTRA command for core B. 
callers: C0MOIR 

On-line device manipulators for supervisor 

IJ20 

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 



'i 

Module: 

Function: 

Size: 

Entry Points: 

Module: 

Function: 

Size: 

Entry Points: 
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PUNCH Punch a card on-line. 
ca 1 1 e r : L0 GA 

KLUD (PL0T at Computation Center) 

Channel 0 1/0 Adapter. 

2161 at Center, 7173 at MAC 

PL0TS 

DSC0PE 

DTRAP 

DDTRAP 

ST0PO 

STARTO 

PMTA 

Plot statistics on 7094 scope 
(center). 
ca 11 er: CL0C 

Display Information on ESL scope. 
ca 11 e r : PM T A 

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: ST0R 

Restart data channel 0 after 
High Speed Orum. 
ca 1 1 e r : S T0 R 

Protection trap processor. 

5144 

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

ERR0R 

[)PRINT 

[)ERR 

USERER 

RFLX 

2705 

ROFLXA 

ENTLI N 

RSSRB 

RSSWB 

RTRN 

2111 

Entry to service background 
(requested by Keys). 
caller: CTRL 

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

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

Entry to nrocess 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 I nput buffer. 
callers: CLeC, PMTA 

Entry to reset all Input lines 
for this user. 
callers: CLeC, CTRL, PMTA, TC0R 

Entry to reset user's outnut 
1 I nes. 
callers: CL0C, CTRL, L0GA, 
TC0R 

.' 

:: 
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RSTCPU 

CMEXIT 

CMXRTN 

LQJAO.4 

SAVC 

Save, 

624 

XDUMP 

SAVE 

RESUME 

XL~AO 

START 

SAVR 

Entry to return to user program. 
callers: CTRL, L~GA, MAIN, 
PMTA, SAVC 

Entry to return to Interrupt 
program. 
callers: CHNE(ETRAP), ClQJC 
OSKI, PL,T, UTRP 

Cell containing return location. 
callers:' EDRCHTRACE) 

Cell containing IR4. 
callers: EDBG(TRACE) 

restore, resume and start commands. 

This Is the SAVE command entry 
poInt. 
callers: C0MOIR 

Subroutine to save a user. 
(Used by XDUMP and ENDl0G). 
callers: L0GA(ENOL0G) 

TSS resume command. 
callers: C'MOIR 

TSS restor command. 
caller: C0MDIR 

TSS start command. 
caller: C0MOIR 

Save and restore routine. 
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SAVCPU 

RESTQ)R 

LQ)NGSV: 

LNGRST: 

Subroutines to save basic user 
machine conditions. 
callers: CL'C, PMTA 

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

Subroutine to save complete user 
machine conditions. 
callers: ST,R 

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

SCDA, B, C, 0, E, F, G, H 

Schedu ling, t I me account I ng, and man I tor I ng,. 
Including all subroutines. 

A 1567 
B 421 
C 523 
o 22 
E 174 

SCHEDL 

F 266 
G 73 
H 20 

Entry to notIfy scheduling algo­
rIthm that something has happened. 
callers: CL'C, CTRL, LQ)GA, MAIN, 
PMTA, SAVC, ST'R, ADPI 

MQ)NSCO,M'NINF Monitoring 
t;a 11 e r : PMT A 

STQ)R 

Storage allocation algorithm module. 
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Size: 

Entry Poln~s: 

Module: 

FunctIon: 

Size: 

• Entry PoInts: 

:1 

~. 

2165' 

DUMP 

UNDUM' 

FREEUP 

TC,R 

Subrou,tlneto dump uler onto disk. 
caller.: . CTRL . 

Subroutine to restore a user from 
t"-1IIa)(.. 
caller.:' erRt, 

Subroutine to fre~up N words of 
memory R. 
caJlers: eTRL~ PMTA~SAVC 

. Typewr' ter c9,ordl.nator ... break processor. 

5205 

rCOO·IlD 

WRFLX' 

WRFLXA 

RSSRI. 

TO POO L 

s .... routlne to coll.ct Input char­
acti .. s"hlCO ...... '.1 and look for 
b" •• kdutrltcters •. 
c,l1er.: CLtC 

Subroutine to ""tte • me •• ace on a 
typewrIter. 'ollow messa,e wi th a 

::~f1:ffn r;tI!!'4 CTRl~ U)GA~ l'G8~ 
teTC, PMTA, RTMI, STIR, SAVE 

SubroutIne to wrIte a messa.e Oft a 
ty_rlter. No carrla.e retu'n 

. prO'lhled. cane,.., eLK, L'GA~ PMTA 

$ilbtowtl,.. to r •• et a user's 
.~,y' r.d buffe·r. 
ea It ••• ; R't.~, 

S ... tiroull fte to ,.lace an I nou t 
c&ttlcter In the character pool 
bu'f.t~ 
ca n er.: ADAP(RDTEL Y), HIGH 
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ROll NE 

TST0 

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

7750 storage allocator. <r~AO ) 

254 

TOET 

TGIVE 

TRESET 

UNIT 

Subroutine to obtain a block 
of 7750 storage. 
ca 1 1 e r s : A P 7 5 

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

Subroutine to discard all of a 
user's present output stored 
In 7750. 
ca 11 e r s : A P 75 

Assigns logical unit numbers to consoles 

247 

ASNUNI 

US2BS 

SubroutIne to assign a logical 
unit number to a physical unit. 
callers: AOAP, HIGH 

Subroutine to look up a physical 
unit number given a logical unit 
number. 
callers: AOPI, AP75 
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F.ntry Points: 
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BS2US 

F.RSUNI 

UTRP 

Look up lop,lcal unit numher given 
physical unit number. 
ca 11 e r s : A [) PI, A P 75 

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

Process user traps. 

4228 

ATRAP 

BTRAP 

STRTRP 

FLPTRP 

CTRAPS 

UPCL"e 

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. 
ca 11 ers: cUte 
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