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1 • I MTRODUCT I O~J 

I IT Research Institute has just concluderl an agreement with 

Allen-Babcock Computing, Inc. of Los Angeles for extension of 

its RUSH time-sharing system to I !TRI clients in the mirlwest. 

The service will he availahle on a suhscription basis h~~inning 

September 1. 

RUSH (Remote User Sharer! 1-1ardware) is a conversational pro

~ramming system for the IBM System/360 which has many features 

not available in similar existing systems. In addition to 

powerful algebraic capahilities, including nested loops anrl 

subscripted arrays, it has instructions for hanrll Ing character 

strinp:s anrl extensive file manipulation. The RUSH language is 

a subset of Pl/ l, a language deve 1 oper! recent 1 y by SH.l\RE ancl 

IBM to combine the hest and most usable features of FORTR~N, 

C0!30l, and ALGOL and rresently avai1al--i1e in the 1!1M 360 line 

of software. RUSH has demonstrated utility in comrnercinl as 

well as in scif'ntific anrl en~im~ering applications. A specially 

designed set of micro-instructions to make execution of RUSH 

pro~rams extremPly efficient on t~e 360 Model 50 has heen 

incorporated in the harrlware. Durin~ program input there is 

imrnerlinte fper!hack when an error is encountered and during 

execution recognizahle program errors are flagged i1nrrediately. 

Both of these features contribute to getting a pro~ram into 

production rapidly awt make RUSH a very easy lanr;uaee to learn. 

Ill RESEARCH INSTITUTE 

-1 -



The cost of the system tnst~lled fn the Chica~o area fs low. 

After a fixerl monthly charge for equipment (termfnal, telephone 

rlata sets and transmission devices) the user pays only for 

CPU timP an~ core memory userl. There is no extra charRe for 

time on the terminal during the hours of scherluled service. 

The RUSH terminal may also be userl as an access device for 

remote joh entry to conventional System/360 hatch operations 

under OS (Operating System), using FORTRAN, COBOL, PL/1 and 

360 Assembly language. Programs so entered will he run in the 

background during RUSH operation. 

These services will he provided on a time shared basis, making 

the cost a fraction of that expended for leasing or buying the 

equipment, yet the user will have powerful computation speed 

and access to a growing 1 ihrary of teste1 applications programs. 

In orrler to insure arfequate services, initial pl1rns call for 

I ITRI to limit the number of suhscriptions offererl to twenty

five (25). 

2. RUSH CHARACTERISTICS 

The RUSH statements are a suhset of PL/l (Programming 

Language/One), or an extension of it. PL/1 Is an IBM supporterl 

general-purpose programmin~ language meant to express either 

scientific or business problems in a single, compact system. 

It is the emerPc;ing programminR; lanp;uar;e of the computer 
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industry, comhinln~ in certain respects the roles of C080l, 

FORTRAN, ALGOL anrl assemhly languages, while exceerling any one 

in it's flexibility and ease of translation from or to English 

or mathematical notation. 

The RUSH system contains a strikingly user oriented, con

versationally interactive (between user anrl system) compiler/ 

interoreter. Rv means of the RUSH PL/1 langua~e the user is 

1 inquisticallv convenh~nc~rl. RUSH languap;p components are 

particularly useful to tir1e-sharin.r: .. truly enahlln1; it to hP 

conversational. P r o .\Y, r a :'1m i n P.: a n l i n p u t e r r o r d i a r: n o s t i c s a re 

provi~erl immediately. Durln~ ~ata input the system asks the 

terminal user for the require1 v~lues In sequential orier. 

In addition, programs can read rlata from an OS/360 data set 

(e.g. disk files, data cell irives, etc.). 

The RUSH system provides other on-1 ine pro~rammin~ facilities. 

In a'lr:lition to the instant ::!iag;nostics, the systP.r:i provides 

autoriwtic 1 ine nurnher rr::sequencing. /\byproduct of re

sequencin?: is the ability to "block move" statements v'iithin 

a program. Durin~ pro~ram creation the entire program or any 

part can be re-1 isted. It Is unnecessary to write a pro~ram 

manually, then enter it on thr> mC'lchine. It is \"'est, in fnct, 

to rlo the development completely on the terminal, usin~ the 

interactive qualities of the syste1:1. Erasure of whole or 
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partial lines or single characters ls easily accomplished. 

A correcterl or changed statement can supplant another 1 ine 

with the same number. Additional statements can he inter

jecterl between existin~ ones hy assi~nin~ new line numbers 

with values ~etween thosP of exist In~ 1 ine numhers. 

STRINGS and FILES were the first extension to the original 

RUSH Pl/1 i111ple:nentation. STRINGS refer to the charocter 

data type and the functions an1 operations n~cessary to 

manipulate charClcter strin~s. FILES refer to implementation 

of record 1/0 facil itles, a necessary companion to STRINGS 

for a broarl class of applications concerned vJith non-mathe

matical processing (i.e., commercial data processln~ as opposed 

to scientific data proc~ssin~). Further, the r~cord 110 

implementation gives RUSH capabil I ties in communicating with 

other processors across disk files. FILES supports hoth 

sequential and rlirect access file methorls utilizini; the Data 

Management interface routines available in OS/360. STRINGS 

anrl FILES allow tbe conversational pro~ra~rner to hui11 pro

gra~s for such ap~l !cations as syntax-directed compilers, 

information retrieval, context text editors, freip,ht rate 

hill in~, inventory control, simulation, and business mana~e

ment activities. 
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Current RUSH lan~uage development inclu~es the CALL, PROCEDURE, 

EXTERNAL and RETURN statements to give the user subroutine 

capabi1 ity ~xceeding that of FORTRAN and COBOL. Parts and 

pieces of lar~e programs may be constructed, debugged, P.dited 

anrl cataloged onto rlisk. Different portions then may he 

co11ecterl into a sinP,le parcel for the required solutions. 

Programs too large for resident core may be overlayerl, using 

external, resident rlata ~locks. This capability in RUSH 

obviates the need for other languages or large batch core runs 

in order to achieve full programming needs. Most data pro

cessing problems may now reside in the full, interactive 

environment. 

There are two major categories of RUSH statements -- "direct" 

and 11 collect 11 • Direct statements are executed immediately 

upon entry, while collect statements are translated, gathered, 

and executed only when a direct statement to execute is given. 

The two klnrls of statements are dlstinguisherl by the fact 

that collect statements must always hegin with a 1 ine number 

and direct statements he~ln with a per cent sign (%). The 

value of the 1 ine numher indicates the position of the collect 

statement in the program. 

There are four types of collect statements in RUSY -

declarative, assignment, control and input-output. Declara

tive statements give information ahout program variables. 
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This may fnc1ude the size df arrays, the type, if not numeric 

(character, label and file types are presently Implemented), 

the length of character strings, the precision of numeric 

data and the use of files. 

Assignment statements allow values to be assigned to program 

variahles. A 11 no rrna 1 arithmetic, relational and logical 

operations a re allowed, as ~'le 1 1 as concatenation of character 

strin.~s. A number of mathematical and 'character string 

functions are also available. 

Control state~ents include facilities for conditional and 

unconditional transfers and for automatic iteration of a 

range of statements. Statements which are being transferred 

to must be labeled with alphameric names. These names can 

be assigned to label variables. loops must also be labeled. 

There are facilities for performing input anrl output on the 

terminal as well as on external files. Terminal 1/0 can be 

an unformatted stream of values or characters or can he in a 

defin?.rl format. 

Two non-PL/1 statemP.nts have been inclurlerl in RUSN to make 

p r or; r a mm i n ~ a t t h e t e rm i n a 1 !'! a s i e r • 0 n e a 1 1 O\'I/ s rl e f i n i t i on 

of a one-statement function with suhstitutahle arguments 

wh i ch can then be use rl i n the p r o g ram. Th i s i s ca 1 l e d 
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the LJ:T stc1tement. The other .a11ov1s riefining the format of 

terninal input or output hy a comhination of characters, ".'lots 

an~ dashes. This is called the IMAGE statement. 

Din~ct statenents include assi.":nment and input-output state-

:nr:nts, vJhich are also collect. In addition, many tenninal 

operations are carrie1 out hy ~irect statements. These opera-

tions include savinc; awl 1ondin£Y, pro:i;rarns, 1 istin;:r,, erasing, 

and resequencing entirP pro~ra~s or se~me~ts of progra~s, 

scheduling an·l checking on johs subuitted for hack[';roun1 

process in~, 1 istin~ pro~r2ms save.J and erasing save~ pro~ra~s 

fron the user's file. 

3. R .. JJ: CH,1\R/'iCTEP.ISTtr.S 

The arility to resi·!p in a rnultipro1Tramrninrr environ:-:i0nt has 

been very inoortnnt to tre success of RUS'L In nrl-iition to 

the user conveniences of the ~USll langua~e Allen-Babcock has 

~eveloperl an extension of the m~chine scope and versatility 

ccille,J P-'-JF. (R(·~:11ote cln'"' Entry). The R.JE capal;ility enn 1 il(~S 

a n"!,1ote time-sharin,o; terininal, via IWSH to co11m1an·:l OS/360 to 

in it i ut~ th~ :->rocess in:~ of <:l prop; ram (in FORTRMJ, COBOL, PL/ 1 

or othr~ r I ~t1-supportr> ! 1 an[uap:e) for Pxecut ion in the hackr;roun i 

ba"tch processiw~ mcY~P. f}y utilizing the "core partition" 

option of OS/360, tl-iis procf"ssinri; occurs at thP s;:irne time 

that the RlJS~~ syste1,1 is opPr<1tinr;. The ;m11tipro";rarnr1ln0 
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capability of OS/360 is an important asset to the success of 

RJE. The system accommodates numerous RJE users by a queueing 

type of scheduling during the simultaneous execution of regular 

RUSH pro~rarns. RJE throu~h RUSH enables the user to update 

files, to interro~ate OS/360 output concernin~ the status of 

execution, an~ to receive the print-out at a terminal or on 

a hi~h speed printer. Of particular importance to the user 

is the ability to store OS/360 list output on an external file 

and subsequently, through RUSY, examine 'and list the important 

parts. Unrler OS/360 control, data storage and retrieval can 

be achieved using the data cell drive. 

4. SYSTEM CHARACTERISTICS 

At present the remote terminal consists of an 19M 2741 

( C ::rn1m u n i ca t i on Te rm i n a 1) conn e c t e d to a d a ta s e t ( '1 e 1 1 Sy s t em 

Morle1 103A2, or equivalent) which is connecterl to a Be11 System 

exchange facility (exar-:iple, husiness line>. Therefore rlirect 

access to the time-sharin~ co~puter system is or~inated ky the 

remote terminal by direct rlial ing the special (non-puhl ished, 

non-listerl) I ITRI Chica~o telephone number. Upon connection, 

the data would then flow to and from the on-line computer 

upon command. 

Data flat•/ hetv1een the I ITRJ access location and the /\BC data 

center is via n 2712 Remote fi1ultiplexor vJhich may he consirlere1 
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as a "transparent" medium •. Therefore,, the terminal may be 

considered as directly connecterl to the computer. 

As mentioned before, the operating environment of RUSH/RJE 

utilizes the multiprogra~ming. multiprocessing concepts. RUSH 

manages and maintains it 1s own rner1ory space anrJ 1/0 facilities 

requirements for terminal users, and all RJE scheiuled tasks 

are processed hy a separate scherluler. This is accompl I shed 

by usin~ the Option 2 scheduler of OS/360 which supervises the 

"partitions" of memory in the p;ross sense. 

RUS!l occupies the hifh priorit~ partition (No. 1) with tvw 

other partitions use~ hy other concurrent tasks. One such 

task is for an "experimental" copy of the f1USH syste1-;i for th~ 

convenience of the system support staff. During the rlay, 

this copy is availahle to certain predetermlnerl i/O ports to 

allow virtually unrestricte~ testing of future versions. This 

technique assures the user of aiequately tested functions 

before release. Another task is the actual execution of the 

backcround batch processinf. 

In the implementation of the RUS'! system one of the first 

hardware decisions was to use l~rge Capacity Storage (core 

storage) as a suhstitute for a hl~h-perfornance, high-speed 

drum. The economies of these lar"';c cor~s are just f'.ecominp; 

appar~nt in the conputin<:!; field. RUSH is one of the first 
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applications which utilizes this scheme. Yhe LCS (Large 

Capacity Storage) has a cycle time of 8 microseconds Con the 

Model 50 each cycle includes 4 bytes). The access time to 

the LCS is 3 microseconds. It is this overlap of access to 

cycle time that makes the LCS even more attractive as a high 

speed secondary memory device. 

The LCS was chosen to replace the traditional high speed 

drum normally user:i In time sharing for "core swapping". In 

most time-sharing systems, there are usually more simultaneous 

users active than there is core available to process them. 

A very larve high speed core is the solution to the diffi-

culties Jn those time-sharing systems that are using drums 

wt th access t Imes on. the order of 4 to 8 mi 11 i seconds and 

no facility for addressing at the byte level. The Allen-

Babcock use of LCS forces the executed instructions into the 

high-spee~ main memory and the data into the LCS. The overlap 

features of LCS allow very efficient usage during execution. 

Another important RUSH choice was to use interpretation as 

opposed to compilation prior to execution. PL/l syntax in 

many cases calls for an interpretation rather than a compllin~ 

techniqLe; particularly in those areas where the language is 

"dynamic" rather than "static". 
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A disadvantag~ of interpretation of a high level language is 

execution time de~radatlon. For this reason micro-programming 

was employed to arlrl Instructions to the computer to increase 

the speed of interpretation. Instructions have been arlrleri by 

Allen-Babcock to the System/360 model SOH for the implementa

tion of RUSH. They have effected an over-all increase in 

speed up to 50 to over the same Implementation with standar1 

360 instructions. Continual improvements in the hardware/ 

software interface routines nromise an even greater execution 

efficiency. 

5. COST AND SCHEDULES 

llTRI offers ABC's RUSH time-sharing; service on either a 

11 fu11-day 11 or 11 ha1f-rlay 11 basis as lnrlicaterl on the attacher! 

Access Schedule. The cost breakrlown for hath the full-day 

and half-day service is given on the attached Rate Scherlu1e. 

These costs consists of flxerl anrl variable monthly charges 

as inrllcaterl on the Rate Schedule. It is interestin~ to 

ohserve that the rate structure Is not based on terminal 

time, but only on CPU time and arlditional storage require

ments. 
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