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/4 0INTRODUCTION
%

CAL-TSS is a large-scale general-purpose time shared operating
system, implemented on the CDC 6400. The function of the system is
to represent the physical resources of the computer as a universe
of "objects"? within which large numbers of parallel computations
may occur in an orderly fashion. The notion=of computation is embodied
in a distinguished class of objects  called "processes", which can
manipulate the various objects in the universe.‘ The definition

and regulatiqn of these manipulations is a major aspect of the operating
system.

A central concept of CAL=TSS is that of "layering"; the user-system
dichotomy has been replaced by a general scheme of flexibly graded
spheres of protection or "layers." Instead of one very large and totally
privileXged supervisory program, CAL-TSS is implemented as a small,
fast, thoroughly debugged "core" system, surrounded by several
layers of successively larger, slower, and more general routines.

Each layer sees all previous layers as one unified system, and in turn,
presents a unified extension of that system to the subsequent layers.
Failure of a layer cannot destroy the system of previous layers upon
which the offending layer is running. A special construct, CE%E
"operation"@ﬂ;s used to avoid large overhead in calls to the layered
system.

TBe innermost layer of CAL-TSS is called the "ECS system." Thke
universe of objects defined by the ECS system includes:

a) FILES: sequences of addressable words (<2U%ords long)

b) PROCESSES: virtual processors, each with associated

address space.(map) and capabilities (C-1list)

c) C=LISTS: LLiéés of capabilities (access priviledges)
which allow the orderly distribution of protection/
pgég%&gﬁggamong processes,

d) KBE¥S: protected words used by the system as "name-
tags" in various circumstances.

e) EVENT CHANNELS: special queue structures used for
interlocking, synchronization, and communication between

processes,

f) ALLOCATION BLOCKS: "bank accounts" allowing the orderly
allocation of and accounting for system resources
(ECS space and CPU time)




g) OPERATIONS: Objects used to facilitate the transfer
of control between spheres of protection/privelege
in an efficient, uniform way.
T
Tile ECS system allocates (and periodically compacts) ECS and schedules 'g“
processes to be swapped from ECS to CM and be run, The ECS system also ;““E
performs various manipulations of primitive objects on behalf of ék@ gﬁgﬂ@
processesbwn;iwupdﬂ?@ alloedatn bloeks Vo QUURAS D0 AU aee gﬁ =7
The second layer of CAL-TSS is called the "Disk system." -All
objecte)exiipt files,in the universe defined by~the disk system are
identical swwith those defined by the ECS system. The introduction of the

disk improves files in two ways: @ﬁb “
a) The total space availabl 1s increased by a factor of 30
b) Files become permanent objects, surviving system
restarts. .
Further logical structure isﬁintroduced into files, .ineluding opening
and closing of files, and/a procedure whereby a process may declare itS
s "working .set" of fileblocks to increase swapping efficiency.

The third layer of CAL-TSS is called the "directory system," and
defines a universe includigéaeeveral klnds of permanent objects, whigch
are referred to by symbolic name, é&%@e@eﬁ&@e)hold the symbolic
names of objects , and function as permanent bank accounts for
funding those objects.,

The outermost layer of CAL-TSS is called the "executive." It
provides a civilized interface to "user-programs" and to users at
consoles: Included under "user-programs" are compilers, editors,
utilities, and so on, as well as "application" programs. '




.,OHARDWARE CONFIGURATION AND ITS IMPLICATISNS

&ga F&ﬁ@%gk{\§ﬁ@ﬁéf¢ éwgggg&are—gvﬁkfg-xaﬁ&@p“ A1l hardware is CDC &7
n

andard ¢ except the teletype multiplexor)which was built by the
Computer Center. ' Extended Core Storage (ECS) makes the Gine especially
attractive for tlme haring, ECSCg%ffers from IBM's LCS in that:

[
a) It is nogféh extension of the central memoryfﬁdé;aﬂs

r{’erms Llock Hromsfers 4o € ot 029
,}éii-dgﬁery high aemaemes rate (10’ 60 bit words/sec.)

hardwore | |
The addressing sismedsssme. of the 6400 is very simple. CM and

ECS each have reference address (RA) a;, fleld length (FL) registerslbu// £
arts inaccessible to the running program. %E&sdallows only a single
contiguous block of physical core to represent the address space,

as opposed to the more sophisticated "paged" memories on some machines.

“excka.nse.- Jumfms’l
The 6400 is capable of(sav1ng and restoring the entire state of o 33
: L
the CPq)ln 2 mlcrosgjpnds, THis is very important for efficient m&y*‘ikg

gpltiprogramming. IHe standard 6400 allows only the PPUs to‘igg;;:;
SR g s <o CAL-TSS requires a CDC standard .
d % ﬁm

optlon which allows the CPU to exchange- jumb itself)ﬁ

_ Sl T T .,:4”‘4 L e 32 .':,,' e e ’ &y e Sy e, L e e --.,'{,;;.5.;-,-37; 3

awazmaoei $ zﬁi c4572?ku¢.ﬁﬁﬁ: Q&fﬁsé% - TR L gporer c/ﬁb//vﬁk & L57 «gxo ,4,¢222 Eif

ﬂ,“ ,gA{L; a,,f, ;dﬁ/wzc / o~ é/’dm AT dree Do Axc /e,n eJ,uq,
1 f/

0 on 2he 6400 must go through the 10 Peripheral Pr@oessors.
Jgﬁesé small (UK x 12-bit) machines are totally unprotected and
uninterruptible, whereas the large (32K x 60 bit) CPU is both
protected and interruptible.

[ o e R

27

o
The design of CAL-TSS is based on the following cod&lusions about

the hardware:
- a) Since the PPUs are slow and unprotected, no sophisticated

tasks are performed by them. ’

Q “W(MZ{@Z /0/0(/// MMZ_Z @A&/éﬁ .M;Z&i%g/uu., &'4/,

orcrflbars, anne exchomgt - jempaHe CPY
o Aseecn ? Gy G SPES, TAL &72/5; PPbLs
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. L) Since the CPU is Jast, is protected, has o high speed
l’i.nk Yo Ecg) and Can exo‘\mge-ww (ucEJ‘:.
’;'ASfVuthov\>) ‘H'\e bodj 0-,0 #\ﬁ S 5+3M) l'nolua(bﬁ

| T/o (Lolﬂd':fc»\7 runs on +he CPU, | |
d) Since ‘H’xe gimpie ao(ciresslﬁ hardware ODMf'l‘CN(TSS %e
S-H)Wlﬂc allocation Soxc'i‘wqye_)%d, Since the ECS
+ VQMS‘F&V m/"\'ﬁ chtum{'es ijgoM S’wd{f(nj OW\A
C‘,OMPUHAj Co,y\,pga‘f e ‘DVBYLQ.FFQO{'7 on(j Ohe process
s allovsed. ik cM ot o tim ¢ . .,l -
| ' AT

2 @) ~Since ETS 1is "ﬁn@fﬁ%%ﬁééible; complex data struc— . &
) F Y & YRS Ny :yr'f
tures and smaliﬁﬂébjects can be used to advantage

without incurring large overhead costsy dve o /a:femcao
 Since the memory-mapping hardware is very simple,
on eftended or Segmented
no attempt is made to providepsmissse "virtual memory".

Instead, a software mapping mechanism is provided,which Heley maps

g€ ECS into CM during swapping.




MECHANISMS OF PROTECTION AND PRi@LEGE

2,1 g Capabilitiesémickets to use of objects

Within the context ofﬁa multi-user system, it is essential that
access to Ob%&fts which are maintained by the operating system (eg. files,
processeslfetca be strictly_controlled by the system. Within the
ECS systemgcapabilities are the entities which authorize access to and
manipulation of the objects existing within the time sharing system.

A capability identifies the object to which it refers. It also controls
the kinds of manipulations (eg.)for files: read, write, destroy, etc.)
which the "owner" of the capability may perform on the object. Since
capabilities authorize access to objects within the system, they

may never be fabricated by the user. Therefore, capabilities are gathered
together in arrays of capabilities called capability lists (C-1listd
where the user may refer to them buaxgirectly modify them. C-=lists

are primitive objects created and maintained by the ECS system. Moving
capabilities from one C-list to another, while (possibly) down-

grading the set of manipulations allogig o&zthe object, facilitates

the sharing of objects and provideeﬁflex1ble control over the exact
limits of access to shared objects. -

The ECS system maintains a Master giject table (MOT)., It contains
the unique name and ECS address of each primitive object in ECS,

It is the only crltlcal table in the ECS system. All eapabilities

point to objects'%h§% the MOT. Tﬁﬁs design facllitates'gaﬁbaéijm?&&Hmﬁ
ﬂﬁ%&@@%&@ﬁd@? Ecs)and the unique name in tegg MOT provides a necessary

iR e -uewwyww“checknthe validity capabilities,

Thus, a capability for an object consists of 1) unique identi&
fication, 2) an MOT index, 3) a type, and 4) a set of allowed
manipulations. Whenever a new object is created for a process, ﬁhe
ECS system returns to the process C-list a capability for the new
objectgwhich authorizes all possible manipulations of the object.

the system is enforced by the mechanism of capabllltles. A program
PRS- _
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/é. Processing environment or Sphere of protection/priv;lege

The processimg environment is the context in which a program
cAL-T SS
wiGme m. It consists

executes instructions wikhin t=e oS
of 1) a set of capabilities, 2) the ‘size of the address space,
and 3) the contents of the address space.

The set of capabilities which may be directly invoked by a program
defines the access privg¢lz¥es of the program. _Tﬁﬁs set of capabilities
(called the full C-list) is the logical concatenation of one or more

C-lists. Capabilities may be referred to by their index in the array

of capabilities which makes up the full C—list;& set of objects
mwgmﬂuﬁmQCﬂm .
and allowed manipulations defines the privileges enjoyed by the assoclated
program, ‘
CAL-TSS

The #%® address spacé is a one level vector of words. The size
of the address space and its contents (including the program) are W&‘é&r\j F“ft
R tof the processing environment. The content@ of the
address space is defined by a #iap which associates igﬁéﬁié&s
of the address space with inﬁzgﬁgis of files. The map is interpreted
as a swappins directi%e when the process is activated. The address

space is a sequence of addressable words in which the addressﬁ%an be
interpreted by the hardware. A file is a sequence of addressable
words whose addresses must be interpreted by the ECS system.

Whenever a program is to run on the CPU, its address space must L
constructed from'fileS'wnich are residing in ECS. Only the required
portions of the files need be resident in ECS. To reduce the over—
head involved in constructing the address space (swapping) the logical

map entries (file, file address, address space address, and word count)
are "cémbiled" to the absolute ECS addressgsof the file data. S le
of the address space which are either "dure" procedure or a constant
data base, ﬁ:ﬁi not #® copied back to their respective files when the




The configuration the processing environment clearly limits the

e Programs A

ong another by associating with each siilmewe its own processing environment.

2> -
4%? Process and Subprocess or Combining program environments
)@(é o learcal W”“ o b mobma,mmwzi maerma&‘i’ %ayer
g—seem the mechanisms used by the insw epesiniegey OF 1S8R CAL-TsS
: wld_now bee.

> j o e = to define a processing environment, we—shail
Qiégégg how a number of related programs with different processing

environments are combined into one process. A process is 1) a CPU

state (registers, etc), 2) a set of state flags .4

3) a set of subprocesses, and # 4)&call stack. Assoclated with each
C:){,-@ubpr'ocess is a "local" processing environment which consists of a

C-1ist, the size of the address space, and a %ap. So ore Maﬁlﬁ'ﬁ&GLv
E}YD@VW A St)bpwéggt\é“ QPM TU' @y@;é o @a@ﬁ@“ W&L S M‘h«@@&ﬁ\v M.

wid
The subprocesses il 2 process are organized in a rooted tree structure.

The unique path through the subproc¢es§ ree from any subprocesstto
thegroot-ef the tree defines a set of subprocess called the "ancestors"
of the subprocess. In addition, a subprocess is defined to be its

own "ancestor". In general, AP .
root of the subprocess trggkggUhelng more "powerful"™ than subprocesses
near the leaves of the tree. ‘

# subprocesses closer to the

At any given time, there are two distinguished (not necessarily
distinct) subprocesses within a process. These are called the
1)"current" subprocess and the 2) "end-of-path" subprocess. The
"current" subprocess 1s always an "ancestor" of the "end-of-path."

It is. the subprocess currently in control (ie. the subprocess) whose
program is running). Thé subprocesses between the "current" and
"end-of-path" subprocesses (inclusive) are called the full path.

The processing environment of the"current" subprocess is the concatenation
of the "local" processing-environmgnts of all the subprocesses in the

full path. Thus, the full C-list is the Eoncatenation of all the

C-lists of all the subprocesses in the full path. The size of the

full address space is the sum of the sizes of all the "local" address




4

i
spaces in the full path and the contents of each}"local? address space

is defined by the map of the corresponding subprocess.

gm h@&:
of the full path inédieates that less "powerful"

subprocesses (i.e. near the leaves of the subprocess tree) may,

under the proper full path conditiong, have their "local" processing
environment annexed to the "local" environments of other, more "powerful ")
subprocesses., The most obwvious application of this concept is one. in
which a "debugging" subprocess annexes the processing envigonment of

the "debuggee", ise=mettve., Another application allows two subprocesses

to be "protected" from each other if they are on different branches

of the subprocess tree.

Control may passgﬁrom one subprocess to another by_mechanisms
discussed in section . As control passes between subprocesses, the
full path is defined dynamical®y by the relationship between the sub-
process receiving control and thef"end-ofgpath". The subprocess
receiving control becomes the "current" subprocess., If the new
"current" subprocess is an "ancestor" of the present "end-of#path", then
the "end-of-path" remains unchanged. Otherwise, the "end-of-path" is
set equal to the new "current" subprocess.

To keep track of the flow of control each process maintains a
call stack. The call stack records the "current" and "end-of-path"

subprocess and the P-counter of the "current" subprocess. This
inf;fmation is sufficient to reconstruct the processing environment
andﬁreﬁart a program which has been interrupted by calling another program.

In the example of the debugging subprocess, we can assume that

" the debugger is a proper "ancestor" of the "debugee". We see thatgif

a breakpoint has been inserted in the "debuggee" which causes control

to be transferred to the "debuggerﬁ‘,the full path includes both the

"debugger" and the "debugee"{with_the_.debu ger being in controﬁ Consi-
= e S

T g0

dering

'“v=subprocesses, one subprocess may never annex the

environment of the other since ¢ ubprocesses do not have an
5¢ Cach, ?5 ﬁTé%&: ﬁ@ga %L£ N alaa Y
descendants in common,, Therefore, the transfer of control from one

subprocess to the other will always result in the "end-of-path" being
ZAe REmL b
reset to be-dédentdeai—to the subprocess receiving control.




* B/ Transfer of Control or Protected Cﬁg!s

Often, one program may wish to initiate execution of another
program which requires a different processing environment. This occurs
not only in the case of transferring control between subprocesses@”a’”

but alsquQhen a program calls upon theésystem to perform some
manipulation on an object maintained by the .system. To accomplish
these transfers of control, wéiﬁigﬁ to provide a clean interface d&;
between programs ranning in dlfferent processing environments wﬁ&eé?
not only facilitateg the call®0f one program by another, but also
k%bscureéfthe distinction between the“calls tg the basic»system and
7 fade.

Mﬂw A
calls which activate subprocesses. > aTFZCCOMp:- 'A*~i:; calls on

the basic system may have the same format as calls upon subprocesses
which may perform "system like" actions.
v Wama
When B§é§s£enxiag controlﬁfrom one program to another, the
parameters of the call must also e transferred to the environment
of the program being called. Parameters come in two varigies:
datum parameters representing numerical values or pointers; and

capability parameters which refer to objects within the system.

N

B the calling interface it is desirable to do checking on the capa=

biiity parametefs. A program expecting a capability to write on a file

would surely be in trouble if it received, instead, the capability

for a C-1list or a file caE?bility without write access. Thus, we—wish—t0
crasat bu oheched .

check capability parametersAto insure that they are of the correct

type and that they permit the required manipulations of the object.

Next, the calling interface must control the number of parameters
transferred to the environment of the program being‘called. Since
the parameters must occupy some space in the new environment, the
called program must allocate this space. Skould an arbitrary number

of parameters arrive, other information within the new enviramment would
be destroyed.

Finally, the entry point (the address at which execution is
initiated) of the called program must be implicit in the specification
of the program to be called. This consideration 3s necessary to
protect the calleq program from beilng intf&ted at other than its
expected starting point.




The mechanisms to manage the transfer of control between
sphere's of protection are incorporated in the primitive objects’

called gperations. Operations specify the ppogram which is to

be entered and provide parameter checking information. An opera-
tion is invqﬁﬁ;gﬁby calling the ECS system (executiné an exchange
jumpdeJ) and passing a pointer to ?gara?ster vector. The zeroﬁ%
element of the vector is the capabilitj%index of a capability for

the desired operation.

Parameter checking 1s controlled by a set of parameter

specifications contained in the operation. The parameter speci-

fications direct the processing of the parameter vector. Datum

parameters are simply copied from the pérametéé ﬁector. Oapabiligiﬁymwwaﬁzgf
are dendted in the parameter vector by thelr index in the user's full
C-list. THe capability is checked, using the parameter specifi-

cation, for the correct type and required set of permissible

manipulatlions.

Operations must also speclfy the program which 1s to be called.
For ECS system programs 1t is sufficient to provide an integer
to identify which ECS system program should be called. The specifi-

cation of a subprocess to be called involves more subl%e considerations.

e Al \&3@;?& 0';

+he gystem outside ‘, sytem are wplemented,
a4 subprocesses whlchouWlliEEmy part of every ordinary s process.

A

S prded do
e shoutd—Iike to avold creating seplrate operations for each ﬁﬁﬁhsfrm&%§%j

- 1 . 3] . .‘J"o - .{D .
Thusy—we—need a naming fa0111t¥Aby;which—us~eaﬂ identify
subprocesses. With such a facility, th;éperation may carry the

i
subprocess "ngmeg", Opergtions ma¥£%e shared by all

N\-&C\'\ I s it L]
processesjsare equipped with the "named”™ subprocess.




The

! O "ngming" facility must 1) produce unigue "homes" Zimb-
(hwt the wrong subprocess get called); and 2) provide for mechanisms
of protection and restricted access to the "names" (so that the
careless user cannot use "names" already assigned to other sub-
processes). By making these "names" primitive objects within
the basic system, ﬂe_aﬁhl&ne the protection and access control A
“wo athugied
of the cagabillty mecharismy Eﬁ?ﬁhﬂ?ﬂ;iiie basic system provides
A c\ags rodes ) 4.
objects (called ¥oaguss ameumb-to- protected 60 bit data items,.
of a elass cod@: ia
The contentuzmiiiiggze (1.e. the 60 bit datum) e used by operations

) class code
to identify the subprocess to be called; while the Wm¥ (i.e. the

object) is used to construct operations or to "name" subprocesses

Qan dzég&%ﬁmﬂ i -
when they are created. We—shall seein 560++0R——— SHOW gh&%ﬁ @@é&@
are also used to identify users and authorize access to file

directeriesy&:gm&&uJ/&LéﬁU C<QJL~£¢&L§W»¢ﬁ3

WM st Bt
- Havinsdiseussed the echanisnms 1nvohied when one program

calls another ,/we—sh&%i—ﬁﬁeeeeé to the question of how control

is returned when a program hgs completed 1its function.

5.
p

sulb- procss '
A Dresesm may :complete either by performing its computation

or manipulation to completion or byidiscovering it cannot complete
the desired computation or fumctioﬁ:iighis distiretion is analogous
to the success and failure transfers in SNOBOL when trying to
match a patteﬁn) For example, a file read by the ECS system will
fail if gome- portion of the file referenced by. the read 1is not

currently in ECS.

When a prokram completes successfully, it should im@éi;;te
a normal return (by calling theECS system with an operation for

2,3
return). A return causes the call stack (SectionEEEE) to be fﬂﬁﬁf&i,




0B

The environment specified by the new top of the call stack is
established. Executlon is resumed ‘at the locgtion obtaiged;

by adding the P-counter saved in fhe call\staék to the low order
18 bits of the CEJ instruction word originally used to initigte

the transfer of control.

it e dpasentile.
If a program fails, Wefgﬁ%—wéﬁh-to provide for some other

program to attempt to complete the function of the first program.
Within the'basie system, the mechanism of Fireturns”provides this
feature. To achlieve this result, it is necegsary to extend the
notions embodied in the operation mechanism. Opergtions ﬂwm%wakﬂi rw%?
specify a sequence of programs to be called in case of Freturns.
When a program initaﬁQSqﬁFﬁreturn, the next program in the sequence

& Che

specified by th%f%peration is called., The program specifications

for alternative actions must be resiricted to subprocess calls

to protect the integrity of the ECS system. Another féature of the

“Fireturn mechanism is to provide for additional parameter specifi-

cations with each program specification. This allows additional

~parameters to be passed to the subse@@nt programs, If the sequence

of alternative subprocess specificatlons has been exhausted by owne or moye
{~ggshi.lry ro-ss "z Flreturns, a ez return must be made to the
originating program. However, the P-counter is not effsetian

' tond, Qeives IO
this case as in the normal case of the regular return3 §h§S'notifﬁés
the originator of the call (s) that the requested function was

not psrformed.

The E%éturn mechanism 1s useful Ir—bhzt system action rﬂ ests
are first attempted at the lowest (most efficlent) levels of the

system. Unﬁéual conditions are automatically reflected to higher 3&3&P$ §£:

the s ystem o TR R

Hierarchies of processing and data structure manipulation can be

—




embedded in the Preturn mechanigms while appearing to be single.

ﬁp@mm from the point of view of %&&eﬁ:%%émﬁi}m%mm\“g
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In order to understand the status of TSS, it is necessary to understand
its architecture. TSS is built up in three layers called the ECS layer, the
disk layer and the executive layer. The ECS layer is the core of the system.
Its design has strong implications for all higher layers. Its function is to
create, manage anddestroy objects in ECS and to provide protection walls and
and communication paths between processes and other TSS objects. It also .
includes the process scheduler and the ECS-CM swapper. The disk layer reflects

ECS files up into the disk store. It provides facilities for creating, managing

and destroying disk files as well as opening and closing them. The executive
consists of a command processor, log in-log out procedures, accounting routines
and a directory system. Its duties are comparable to those at SCOPE except
that the objects that it manipulates are the disk/ECS objects created by the
low—-level systems. Compilers, interpreters, editors and user—-constructed
subsystems run "on top of' the exec just as the exec runs "on top of'" the

disk system. '

Currently the ECS system is operative. About four months of work and
an equal amount of documentation remain to be done on it. There is a provi-
sional executive program running on top of the ECS system allowing TSS to be
written on itself (see Figure 1}. Currently TSS has enough CPU to support 60
systems programmers (or about 150 oxrdinary users). However, there is only
enough ECS for about 10 active processes. There are 6 teletypes connected to
TSS. We are confident that TSS will gracefully support 100# student users
when it is complete.

The design of the disk system is almost complete. Implementation has begun
recently and should be complete by Feb. 1. This project is in series with a
disk driver program which will be available in mid-December. With the advent
of the disk system, a new porivisional executive will be written. At that
point TSS will be able to support many (™~ 60) users. We plan to offer TSS
to persons who can provide their own teletypes and -who are developing sub- -
systems for TSS (e.g., Basic, CAL, APL, FORTRAN, ...). A manual on the
system is being prepared for this eventuality.

The executive is in the preliminary design stages. A reasonable guess
of its delivery date is mid-summer 197C.

A background batch system is in development. It will run simple SCOPE
jobs (no tapes) and will be SCOPE-compatible. It requires routines to drive
card readers and printers, a display driver and a dayfile generator. Almost
all other work to interface SCOPE with TSS is done in the SCOPE simulator -~
now running.
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To facilitate systems programming one software subsystem (not part of TSS)
is being implemented. It is an assembler/debugger called Cool Aid. The
assembler has an Algol syntax and an elegant macro—facility. It is designed s
to be very fast (™~ 10 times faster than Compass) and compact, and is- re—entrant.
It will feed a loader which is SCOPE-compatible. There will be a run time
interactive debugger which will allow the teletype to examine and modlfy
(symbolically) a running program without complete reassembly.

Also in development is a sophisticated editor. Members of the CS and EECS
departments are supervising the development of a BASIC and an APL.

I plan to implement a JOSS-like language next spring (with the

help of CS
undergraduates) and to supervise FORTRAN and ALGOL syntax checkers at that
time.
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The developers of Cool Aid have expressed an ‘interest in producing an
interactive SNOBOL 4.

Current Status (October 10, 1969)
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The. current personnel allocation is

Malbra%p

. McJones Debugger/as§embler (Feb. 28)

Redell

Bentley Complete and document ECS system {(Jan. 1)
Vaughan

o Lampson
, Lindsey
SR ‘Morris Design executive system (mid-summer)

Redell -
Sturgis
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Lindsey a . )
Redell Implement core disk (Feb. 1)

Sturgis Implement disk driver (Jan. 1)
Gray ~ Design and Implement editor (Jan. 1)

Standiford Implement batch system (April 1)
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