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I. ~:!J.~.Y.~ Tb:l.s report cleecF::lh"1s f.m ~.~:·r.-eri.n.H?. ni: :l.ti ·i:~h:t~h ;;. 
group of 6 J~l atud.ents solved a :;-~; . .:!~ ... ~ .Libo!<:'at~-,~~'Y ')?Z'oi:d.if."ffi ~vV:h 
th~ aid of time..-ooar:tng console~> c 1 Tlr'i.s 1aborator.y p;;:db:l em, 
s str.aightforwsrd hit ma.nipulat:f.ng pl"()gx·a.ruv was th (l;~ firr-;t 
encounter. u,;.th the Ft.~P l.angu.tlgr~ fez:· t h E: cl~ss. To £rltd !::h ~~ 
stud~:mtsD an automatic grading sy~t:~~r.d •:va9 de\.~isea. 1. .~J.:;: ~'t:li~ & .. 
sr~eci~;.liz,z:d testing program. whif;h com1.~~q_:ted with t:b~ 1-''APDRr:;?l: 
C•:Jrrm~n.ld. 'Uu'! students were limited t o two hours <'f t:otd:;;ol(f: 
~~oimr-" "l"~ "''lO""t "·~"'-r""> ..,.bl .... to ,. ,..,,.a-- -il "'-i' ~" -th" n •,•o'l.•l r..<·) ·1 -.--.. 1-i·· ·~(-· ,,_ .;..,. .-::, t.. .. . ....... fl . C.. ... ~~.3, tl. 0 .. W(;A ,;,;.. C!l. ~ " •'....ili..._l-rlf.j"C ...... ~ .... ~·~ ,~~· t-- Il .. )~ ...... ;.!., .. .. ,., \.4 "" !L.!G'- to_., ~ .. C-i-1'-~• 

'lhe:..: .~N{;\;;:·sg~~ a>noun't of IBM 70943 tim~ t!~~~d W~fl s.bu•·it: 5 minutes , 
f',-.,·r· i'• .rt-!l1H~r·1 r. .... n !J ,, .~J·"~il •"'r g.,..,..~~- ,••f' ,,.,~ ... ~.fi··-.•'>t ~ _,. ,., ";,,.~,.,:{ j •1'<.~.> t:l.A..;>">'!:> 

·l,J .-. l:'"· .. _.Y~- ..L · ·)'\oJ" , c ~;.. .. ..l ...a.~ ell """ vu.~ <r.. f ~J-t... ~"A'f ..... ;! l. a t;:Y~, .. \. r ~--- ~ ... r.. , ....... ... ... c .. ~za~..,.. 

!Jit::"Obl~·{!i u G-ir.J.g standa rd ba.tch-p:rtoc~suf~~g _ tedn:~.J.qt!:?.~d .. 'fhi.i; 
s e-ccisd grbu~ used .Hbout l minut:e of /()<Jlv. 'tinu·~ pe~~ :-:.~t:uri~"Hlt . 
The~:~ i.e no~ quetTi:.iLm that unde:;c t:ba c~nditiom-'s of th~ e:>t~Jl-; 1'::-r i .... 
tn~n~~ {··~ l'" -;mc:mnt o f 709,4 time U """•'='d :~"-'1"'~~';-.· ~ tc) be P''"t\;(~ :rb1 ·(.:.l·':t(::"'1y 
high!. 'il~i;;;;;er ~ .t:h~!'e .sn~e clear:~;;:~~' ·~c,~~;~~e. ::4 of im~;:;;;~{~;,;t ', ... 
A thought:t:-~~1 ~&lysis l ndic&tf.$ t:hat r.l"H~ C<Jmput~i· t~~wr.~:~ u.s .. ::d 
fo~· tiri!e,,~'ha~i!tg c1.atla pz-og::·~ams rt.e~d 1r1ot: b~ to~; gr.·~~~t.: i! 
CO'.:.~p~.~.~:~-lti.tYely ~ .;trl.C there fllBY o•~~ di:wiae:m.d.S in ~;he fO'l.'i\1 Of 
incl::'e~:t.sed u.n.dex-atanding with lees t;f.fQ~~-·t on t h0:: p&~w:·t: of both 
the eri:ud~nt.s and l nsti:uetoz-. 

11. 1!!~:tf:>~~~~Jc.t!J2.n; ln oz·der to ('ib\: .S~.in S(:a1b1g :tnforru£1t: i .m't needr:~d 
to ~r1o•-~ 1.nt.:~iligent discuasicn a .f -wb.~i:'her. oz· ne)t. t.i.m~~,zh;t.:r-i.r."'lg 
consoles eb:.>uld h€ used for. eomptltf~:e pEogr&-uro.ing S\.<s'bj ®~~(: s p an 
~:mperi•·;1 -sut ~'as undet>taken t:o l~axn ~h.rH-: techniqu~s m~,ght be 
u seful9 ~i·"Hi h0'¥1 mt1~h console Clncl CrtlilJP~.!t.-.~r ti.'\Jl 4:! rvmuJ.d b€: ne..:od.ed . 
'rhe 6 . 4-llt Sp~ing t .e1C'iil v 1964 c l;.1sn was di .. u-ifkf1. at: :"!.'t-;T.Hi!'.lm tr~t:o 
t~ro groupcG of &bm.J.t 40 student3 ef§ch. Dn.~ g1coup ~H.(\ th0..: fifth 
m~Y~hine pA."(.:;blem in the u stan.d:Jxdn . ~~~sid.oi~ u::-;.;:~d fm~· ~;;~~.,-.~·r-.;-..1 
S!G~aest~~"'s '3. rt 6 l.r...l "'U~~ ttin-~' d<t->('>"i,..:, ;·•. {'' ··~::~ ?·-1··~ '~'<'• 'i: .. ,.J> ,~.,"."' , .,.t" ~~·-;,-o .- .... ~~<.: ~~ ., ~ ~ f~ U~l!.~- • • ~) ....... ._ .A. :~~o- "'-' .... or ..•• •• , .u. '-1 ~- · t'.: .. ... .,~ ~.._. ...... ~:..._ .... .., - ~ ..... -~-

a batch·r.p·~>:.:·c~saing mo-nitor ~xteD.''..k.:d t 6 include:~ e. t~p)t-:t~ :Lnlized .\' n,.. E l " . . • . I' 0 'li. d ·3,u.tomat .... c grauJ .. ng r-·t·og:J.:-am. ac.:-t 3~::u•::·~t':r~t: :t n tn:u:1 g.:(·.:·t-:,p ~~ .:~ .. 
,;:_..., .. "" H c.-~--~""' ~,•: 1.~ ~..-<r .. ·i ,.h to g".;o t l..,-~ -:·· .... ~ ...... .. ::;,~ _.~.·· ·; ~-~l""'"1"in~ . 1:'-t· ·,~ . .r.~~·-t.;.. ~ n .t..VIk.f. • ., t.~ .. ) .. .J.~.,...~ &.!l. "~\f' .... ~... ~ t.J ....... ~~ ~,.,. r,..J..J."'!! L""·.:E,~L • .;..-.~ . :J~~ • ·~·;<J ~" ~ ~ t..;. . • . ~~--L·r.-o J .. _ 

the ~ec~;:Y~1d gt"oup ~'Irate the Sll.rr:.-e p:~>:og::.~ ·t:Jm 2 br.rt a~?!'btt[!r~/''.d it at 
t ·1 '"'~2 •• Qh.t>1"") ~--, (', .... ;,.."T, ~tO~l a"" du .. ~j ~';.!'lr ~ "w"" :::m, ... ~"· .~ ·~ Wh!O W~<2\,•.a¥.:~d f:! F~ach -~l... u .. '"".s -~ ........ h-.60 ~t.. .... ~c;.... Go " j,l.. .. .. ~ .. ~ _ v '"""~ ~-· > "" ""'"' :" .... _ , .. .. - ··'· • . ~ 

stude~t in. this gt·oup had u~' t !'J f <')G:-: "f.;.::J f···hour. pe~d.!J;·s1~~ in ~m'lch 
to t ypta ii:1 hi.s p:eog:1:am and rJ~bu.g it .. 

3, 

{j . 



t' 
Th!!:~ st~ude:nts 't!ie~e to "i<¥1.'2. te .a ~~~;J.br.-c:.ut:l'ft~~ :b."!. t:i::v·:, 1/A'P'" 

102¥.1glltlge 'ii.fuich e:~tamines tl1e 3u~hit '~1K:rr:~. in tiH~ ii'IQ TG,~1.st~:::~..:·, 
and t"~y:~o:rta the length of the lor.~g<?:st •.1..nbi:~oktr.~a St::i:in~ of 

".; 'i"!-..1. ,., ~!":>..,. ... ~ ........ in~·..,,.., A-r-: ..:1 ·':!"' •··•· ·!~·lf·~··o r-::: •• "' ~· .;:.r- --.. , J~ • •• O:ll'S<-OJ.t::a. .tUl.b li,a.Or;; ... c.•l>l·,, - . ~~o;;;r.•• . ..t·.~,•-~ ..-•~ ·::'. .. •. ~.;. .... IS. ~·.~0 <.. "'- -•! . .-. •~ ... • 

th·a FAP 1Au:iguage, ca11 be writi.:~~J. i.n ~b~' .. .lt a d.('l~~f.:~:;; :i. ;Q!ftx:·t:i{:i:J;)rH:;_, 
ye·~ i~l mod:erat~:!ly ir1t:t.·:tc at€! i n t e'l'mS of. lcg1.~~il:l 1 1::eiiit~ 'Mhh'::h 
t!R~at b2 perf.o:n-nea. It is sttrlilar :ttl d:Lffl~!ulty t:t; i.ntro-~ 
•. T .. ~:'" ··'" o"l·~-1 ;;.·r."u ""n··""blem~ tsi .... Ofio to 6 41 h ·~ " r"'e·.:- ~ -n ~·J•f' ~'"j!r::tst t;.,S..1..J. · ~-~" _..._:, 4-~:..r r JJ.. ~ ....... w 0 v ... ~.J. . ._ ...... , . .a.. . ..,l,;.!.~;;.J ~ • • t .... r. .. !;:·- ~- • .: 

;, ·-~--,.~l-.f-:.r of ""n~c·r nl br:or-'r."'""c:• .,.,., . ...,.,...,. .,.,.~-i 0}" ;::, .... - ~-;..-n~~A ~.-f r·"'··,..,: .. . t f. t t.<A\t,,. '- <:>it"-.;; -<t' 0 . ... ~ • .:.> ••'<..; .• '-<• wt. •• •·· ~~--A ·~•'·•"-·"- •"" . 0 . . .. ·'·'·'·'·..._ 

t o a.id th~:.> students in de ugg;ing the:t'r p:r.Y.)fp·:ams . E:s.f:!h 
2~.::u.d·et1t: cii~tained a copy of two such pt>ogl!:'ems, ,:;. tt:-~sting 
.,., •. l"""l:'i' 'J··a·m. ....... ·d a &roA-ft•CY p· .. ···~·-.... Th4 !:i!~~,.d,.,.,-. ~·~ t"'.:> <'o~·'!·.:i ~ ·h·>'> ·! .. ~ 
1Y~ ... v,~ ,.... . ~a.s. 0 -:;e.~ .. 0 .1.u0 .t .. ~.. l ~ ~- .,.1 ....... ,..u .... t.... "';;...~,., .. ~ .. u t.. .. ~· d·-

uUbp7t>Ogr&mS themselves; wh~., ·they w..2x-e satisfied that the 
9nbpz:ogx-&-a:t workedj) they submi f.: ted it to their inr:h:zut!tor for 
a grade with the aid of the grading ·~~:ogrmn . '!'hey >«~re penni. tted 
only e:u.(?. f.!hsnc(-,! ·a:o have their fJV.hpT.(~gz.·c:,m. gA:sd~-:d. 

III. SuJjpoxt J?f'o86'a:ms:. 6 The atuctr?!nt typed in .and c:orir'ected bi.s 
}":i:·(;gi.tim""iift t t eatandezd s"rstem INPUT,, ED I'.{' s i:.':rnd FILl': commands, 
ttnd. t:t"&'lslated it with the fAP ccrcnma.nd . At thi s point he 
,::~all~~d. 1.nto play a special ~rograrn p?.ov i.ded by h:ts :tnstructor 
nam~d TES'J?. This rn~ogzam contained tt.:·n i..u-,pc:ctant: rlodulE:a,\) 
FAPl"HJ..t~" &'i~.d a Sileeia1 testing routin~; (namet1 EV.AJ.,) '\f;r:J.:cten for 
th~ sttu'l~nt' s subroutine. A lao us.ed ~~~f.lSJ a gen~j:-al t~~ting 
paclts ge1 si.mil~r to thst used in b~tch p!:'Oecsning ,"jp:t:l'.:ltion s s 
~·hieh pro,Jided clock, output and ge:r:~~;J_c,~ r,Ju.t:i.t~.e,-; for. the 
'E?Ji~T~. 

('11hel:'e c~ is the na"l}.fs of his BSS suhroutlne. 'I.'he '!'ESc;: ~...,~ogr.wn 
r.;tOV<'-!3 a. BSS in:i:o ccr!lmon file r.:n.e;: wh<:!J:'.O a testi:ng :F.i.in:·a·ry 
is otox.·ed, .-md chains to LOADC-0 1oa.dinx thr?. e.tude?.n..t ~ s vJ.·og:c.am[l 
a main i"i:ogramJ) 2nd the test:tng :tiln:at:y . Comm1Jn file 011~ 1.s 
used ~-n this ar;plication to keep d"wn the s:!.!l:~ of th.~ 'i?ESfr 
~rt>cg:<"mz•. If TEST contained the t~~sting llb~.Hry, i:;;vm~~ 20 ... 30 
t :ca.cks 1:1~mld be neeessary t:o stnre it; ~C!'t<1m1er ~ as .::s chaining 
~~ .... 1 ~ ~J n•l> 'J t .n~ly t .... """'"" o~'tP- ~Ar~c1r. ... "''""'~·- ~'i N, .... ..,'2.~l·"- ('> ... '·1" -! ng ~ince ~ ;.;~t1.. JI ... r\ L~ -.~ -.... ..... ~ Q;!.c~~::; Qt ~,..., _ .f,.o c.c. t ~· a '""'U .. t1d,... ,.. .... ,,;;.&.ct.. ~.... ..'in .! - - ..:;; 

each student must he:~~ a copy of th& 1<-r;s·r pzogr&m. .~!mother 
ad-v·arrt.c;,;ge of t 'his t:~1ehniq_ue is tbat: e. bug h1 tba t~!~~ting 
"li'l\ b f:'.t~ ' I 1• T. ,. • 1~ < '~ rJ?.."~.r.y can ® >:.u~E~~' w. tnout llS:~tLng 'CO t~-~.~t ~acn &octt<:.£tlt to 
obt~f.t1 a n~r~> ~O'PY of th.e TES~r -;:;r@~X:'f.;rt!l. - • H ~ 

6. 

i • 

;:mder the 
\i.?lll 



l•ihen LOADGO h.!!B lc2d~d th>?t :2-·:;·:!!.~ d<F~-;:rc 0 ~~ !)Z'\.)gt"t-ID'A ,qnd t:h~ 
te9'd .n g li.brt«y:, it t1:'~ns:te:i: :-. t:>.~· ·;:.t,~;::: m .. ~.in prog1:~r ·~-ftr~ ch 
inH.::t~li~es t:rap returnss et.;:. ~, ,md 1::1:ansf~rs to t he ~·pt~cit!l "' 
lzed testing pro~ram for this s t ud::nt Bflbl~out:tm~. At this 
point9 the exact p~.~ocedure used to tas t t h e student ll E Nl..tb«> 
!."outine is up to the testing !Jt·ogr:·am:• 1J;V.A:f..,o 

·:~n the EVA.L u sedp an b1itial E'.APi\n~:£.; r 21f{U•ast fi l e was 
... r""·"'Y-t;),d ,_o""t""ining oo-enne"''"' "' ~~.,. .............. ~. r··h«.·· "'t' ~d ·::.n"'" 0 .. ~r'""r:~· ... -.. b \100~-~ $ ....,. l.il g. ~~ -'"-1- ctltw ~ \..""• 'tU~J,:~ t\.. '-. - ~·.~ ·'t .. ~ 4,.;l \~ a... ·r'.J i/' ".JC,Z. G).Uit 

ru:t'-' to _define the locations of 10 f!tftK y ):lt.li nt s into the 
EV'Al,.9 V!li.ch were to he u9ed as entrh::.e ·i:·:~ 10 te~t csS.(0~~ ,. 
The EVAL t:hut chained t o FAPDB(;o 

'l1ae student t h en initiated action hv ·t yptn.g i?A£'1.H1.~ 
r equest s. 'l:he ten S)1llbols "Tl'? t'iu:ou~~ ' 1Tl ot: ~;::m-::;-~e~pond~d 
to tl1f~ 10 _test cases ta.ili ch the T!.f!iii • . ,.?,fW prE:pm~ed t o use on 
h i fl S"..lbr out:!.neo The s t udent" t:o cn:tl ~frrn: oae of ttH~sa tf!s t 
et1.ses$, ·t yped a ~'go" requ~st : 

G '1'1 

.for t·~m:armple ., Thi.s r~r,.'llest returr~.~~d. <:~ontt'<)l to the EVA!. 
t~.'h icb p&of.:eeded wit h test case tme, li. nurn.b~r tias pl~c~~d. 
i n the ~p md control FBSBed to the ;~t;.,d~nt: 0 a prot;rf.~.m" 
I u. moat csaes~ cont1:ol return~dfl th<'-2 EVAl. :pz-inted mt ~ppropri&te 
CO«Cl.ent.l) tt:;td chained to i'APUBG t:o a.:~r;;,~J. t: f-ur ther request~ o 

If the student was s-~tisf:led with the ;r~aults of t he first 
test c~sep he could go on to anoth~r ., lf not , lu:l hg d th(I!J 
full f~cili.t.iea o f Xf'APDBG to explm:s hl.B progrti-m. ~ ('I'he 
stude:~t was not t old of all t he fac1.1lt1.e s of FAl?I.mGP Gnd. 
coneet!tJJ:~ntly used FAPDBG primari.ly ~s 8 post .,.moxt~rm pt'ogr~tm~) 
When he uneove :t'ed an error$; or w~r3 f:1.n 1. ahed ~"ith a.ll ten t eats p 
he typed a 3iQ" request to m~it f x·om FA:;.:>pB(; and w~·nt on t o. 
t~ake ccn:recti ons r. logout ll or hhY'v~ his v . .-;:?c-,gz-<ii.=1 t;r~decL. 

W:'"len ~ student ~·.1\\lu sat1~sfi.ed 'fJ1. ~~h h:ts pt·og:::&m,) h~ mr.l~ .. , 
mitted it t:o h is i n s t r.uctor b y t y1;d ng 

REST.nJill t";R~DE ct l!SS 
Tl-- "'-' ·~ P.">>'"'M_.- f-r ld f"\"li:r~>E '"O'"''"'d h~ b .'!'.:.t ·1 '" •t,. .• p, :-.•--::•tl ·" 7, ..... . ,. ., ....... . .... t.'·.A ~ , ., ~t'~ n __ v,.; .l. ~ ;.w .. ~>..·i.w· ..,. "' ""' ,;,., o .LJ.~- "~~ ''" .o.\'.-,;h) ..!. ~'- ~··V ·.;.;t,:•!•.m.;."lh ~ •. x . . v~ 

t •\'JFto t::t.. ''' "" '?~nt j.~ ~1 ~'' <">. "~ 'i.': 'J r.'V'P ·~ A·•'''"'· 1zH11'·'·,.· r.~y·" il · ~·~·1·''" -i• ,., () ~, . ._....,,,_.~ t;> u p -..~t:'t'i<•l.t. ._.Qoo:o ~;. •• ~t..o ~J lt.n. l.-#1$~1411 1 ~{"" ..~. ..... ~oJ ..... l£:JJ} ~t.:-·'!F fi .. L - .... '~·:1 ....... .1:. • .--;· ~·:'C.r~, 'f..J~ !S. ·-...a ~'J 

"~.•. ·;:,,_!'Jtl .. ...... ,..{ ..,Q ~o 1-"' ··~k -i •• , c ... ,_.. ..... ,.. .;;:.z ".!_ ·.:. -;.t .. ~-· ,.,~ .. ~ .r.:_._ ~<ft ,.,. ·~~-~ ' l e, u (J 1\·~·;t1 
.:_..,..,..,.l~ .a.~V.:.;,._ A..;:,A.l :\O ~. , ~ '-f .. '-'~4 .. 'ttt.'GIJ;UI'-' ~~ ..:::11..!.,.!._~ .. -t.-~1\.t..~: t.uo- "~' •••• lll-.;iJ. .• ~ .. ""!&. -.o!,.(,..~ "i ~-~ r:. IQ 

The in i~r~rtu~ t:o"'~ ...,.:;,..-.:. 'll o g,..,""'d i1"' -;<•0< .,."~."' ~~.;;,.,,.. .. , .. , .-. '' '"' ·:;.- ··· "~ ·~ . ·«-· ·ti·· ·~,.., n ,.. "!: .... r~ · . ... l.. .,; _,, .s.. 'KlGi w ,.:.. ~,.w _, (!!. r,.. O.\·"~ J ~. -~!1.&.'\• •••, 'l,:ro+.,_t.;~,..x f.:-i...IJ":... I.:~ •.,_: .a..l,;.o.".""V'-.... ""'-·"·~-(') ~to:: 

p1:ogt:.1!m n.mn~d :U)OK" This program ~Jii:.i' dl~o i i-1 ~~ SI.EEP l nop s 
looki ng i n co-.-mlon f:lle t ·wo f ur p:t'og~i!~"S.~~ to gt>~.de. ., 't}h~n a 
l''>"' 'F> •""'~<~ :·,_ .. .:lfi:<':i ·-"A•'I-;··I~ .; ;:~ "'~"" "' cr'o"' '!;t...l.:;~l.:j l •••17 'i'"1:<1'f'I'O '~ "" tl! '~ t • ~ . .,..:: Z,1:':> .. "-' i'l>(.l-"' ' r,.,;A. t..tJ!,~~ ~"~'-' J ... t.J')..,.l-:.4"'•'"8 ...r.,..~ YfC.iil c;:,l.. ~~\-h . .... !:;:l ¥--.#_;! ~~ •• :~ . • . • !.,~ .t.a~q .. s.,,.,.. +nS .. "boo!.t ~ L.'",..~-~ 

prog:t"'Bll'l. :~i.mi1ax tc.t tl1~~ one th~ r;r..ude~!it 1 ;!.~~~-il for t~~fl t::J .n~, 
but 'tl1itt': diff0r:~,;:n.z~ test eat~es.. (Sinee l! r §.nc.a:n 
number gt'!neratc:r ~<().iU'!.ot. be Uf~£~t:~ t o ~J:.-::,.J. ;;,~ .. ~ t test t!ftS~,;¥ a\: :ean~.om 
the ~!>t:1:-cti¢tsJ . .r1.r ~~ct of t~st t:E;~e~ Ufl~:· ~2 .. /=.t:1fH;ndGd C!! the 
dtat~ .:• t;:J.me:!, .r;;.:nd l€:n.gt:h of th~ r.H:u.d&~~t. ~ ~;, p :c·ogr .ma. ) The 
r~wn.ltrt '~f: t h i s g~~.;:,d:tnl~· -::...·t:!n ~~·~g·e pL~· ~~ ~'d :b~. ~- £l.lt~~ s;a P.W' in 



,.., . ...,.,. .. n,.·~· ·Fi· 'll. "" th-.··~e "'""d ~-"}, "'' ~·;·,~ ... ~, .... ·!f-· ~ ~~: "'"~r.·..:s~ ~·y·')P-> ... ~ ,..,,<-, r .. ·-n t'-l,o ·~"""~ .. v ..... .s. ,..,_ 1-.'!iO- . .4.~ SJ tz..~.~ 'l""3"<-·· "~'·;;.#• ... -.,···--:- ~ .~-~- .-, d u.r~·ui~'- ~o~o : :.ur'1:h ..~~"'"' ~ l.r.t...._ 

instz~ ... ~ctor' s console" '.the LCG:K IJ!'Gg!:Bm \:h~n rett.~?.n!i.'::d to . 
its SLEE~., loopo When t:he St"udonts G'i(JU}E progr.~ discovered 
the ~;a FW• file in common file three, it p:r.:i.nted its cont:e-rtt:s 
on the a~udent 0 s console, and logg~d him out~ as be had 
no further use for the facil:i.ties o 

The technique used be1·e has ae'\r"er81 virttM!B" Fix-:-Jt"' 
it ie COU!plet:ely &utomatie. lf desired$ the 1.nstr..1ct.or cClm 
be left logged in and LOOK i ing ft.lr a period of times withe:;u.t 
'.:~irect a~er,risicn wd without: using mw.':h computer tim~:~ 
It also affords a degree of security$ since the stude~1t 
cannot interact 'it.Ti.th his program 'iei1ile it: is ha:b.1g ~p:sded~ 
Also3 :tt: is very difficult for him to &£5::ect hia g~:~de~ 
except by wdting a correct programo (v1ith th0 2.-ddition of 
the menor•;· orotect feature~ it ahct.,ld become :I.rJpcnHd.bh1 f·~ra:· 
him to breach any ~•~urity boundaries.) 

(..\-!e d!.fficulty r-emains in the ut:~~gi~ of comr.11on f:Ll~s 
fo·r tr.anmn:it:t:ing the progrmn to ~nd f:com. the tnstruetoz g 
Anothi'Ji' atudent: could intercept t:he px:'ogr.-mu (or;; l~.~ss 
imilOF.''i:tm .. tly.~ the pQt:""illDT.tem) uhile it is in the eo'll'.IDo:a file" 
'l'hi.s ls only a minor problem, ho;«r>,rel~, in a 1.."eS~!Hm~bly 
sm~1l and friendly class1 end wJ.11 probably b~ r~auetl:Lecl iT~ 
fut1.:o:-e versions of the time ... shal:':lng syst:em w'rd.ch b~'!le bett~er 
bulk m·a!3~f:lga handling techniques .. 

A significan~ virtue of both the g~&diug ~nd ~~sting 
pY.·ogrliillls is that the student need kuo't<O' nothing &..bout hoii 
they ape?.ate or: for example~ about ccrumon files~ In the 
cotrcse of using the time-sharing system" l1e o~tly lea:t'nS a 
'\>""OC~!bt.1.1oz-y of .mbottt ten camro~..ndsD tmd f.i,'~J'e PA£-1>:81] r~~'.IU*~ts ~ 

'lV o l&f.A.ill.£.~ of the ~etl,m~,.t: 'fhe 6a4~ c!~a~ ~JAS r.Dindomly 
cplit ~:nto ttt-o gzoups of about fc%'ty s~;ua~nts e~ch ~ One 
~rcup w~a to t~se time&">sh&ring~ th~ oth~E beiltch fi'."ot;es.5lng~ 
~~~:!h st:ttdertt wns in:strc.lcted to wt·!,r::~ hLn o~.;n scHJ2.t~ttrn eo 
ti·~e probl~.~ Sttu.iente in the h~t:ch pr;•)r;e~H~ir:,.g g:t'~C;up prm{!hed 
their solution on ~t:ill'ds and sttbrd .. tted tiP to :eotn~ r~:ruB -ttt 
3=to .. i~ day inter:•alB over a o~o 't0~ek p!:';~~icdc TherJ:i! :tTI tl1~ 
time=r.~!~.elr.'ia1g group ~ign~d t:!.p for lvalf=honr r&!Ot1flolrt!. (\l;t~~~alo!H~ 
e.JTI tw·,') con.i3H:~r:utive %':reekemi2o ~·km:t};:;rs ~;')f t'hi.!J g.rourt ·~r·~r0 
~1.lcrmld 1.1p to t~,;o hour a tot~l ~i:Jnsole t:L!'r;.~~ o 

ln.etlnlctors in then course provi"~~~d tb.(~ ~:S)w;put#.~.t:_i.on Center 
v:~:tt:h ~~1rds punched -;;:rlt:h st:ud~nt ·u.~~~,-; .. :~r.~:; 'f.T.cg~;E~.sr ns.tmbe;:g,, 
pf.16ll'fJOA:6sp trelck allotm®n.ts., et~~ .. ~· to s:tm;p:HJ:y t.h21 tf..t~k of 
:tn&;e:;:-t:1.ng t:h€m into the systemo 'X'o :i.r~~wt1.:-e ths.t tr:H:~ prlmaey 
~s,.phgr.d.s w.us on cmu~ole t1.m~1 U!.?.~:d, ~::.~ ge11.ex·o:u.:~ ~£Jri.:pt~t~z- t1 .. rue 

.. ~ "" . lj; '1. •" ~ t i . \b ~- .l' ..... d QJ' • .!Of:!TI'-:'!l'P.C l)~ J..:l 'IDU!U. ea Wti:.1a g Vell1l e!S'i.Ct~ <1lb~~'-'-~l"l"i;. K~K\: i:llt:U en.i:C 
and tT.::ll~ir ins true tot: 't1l'itr~ @.f.U~i.gn,~d ~n .fl p.8A:'~:y= 11~'r;l"'~: group of 
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group i:eSt:~icting tbij!lll to t:elet:y"peu 1-u rocm 
restriction to t~letypes only resulted fr~1 
of nhe1·a ieu codes on the 1050 consoles~ 

G con~u1~~ use 
26 ... 265 .. The 
a tsmpore.cy l&ck 

During the W!ekends of the exper1~ment., .!1\n instr.uc·s:\1X' 
wss on du·cy at all times to answer cr-.s.eationa and hamdl e 
e..me-r..-gencies. As a further aid. to the stud~m.t» a b~i.e£ maiM) 
was written descrlbit1g basic featu-res of the time.,z.ha~ing 
syst~:mz, ten commands ., and five FAPDBG requeste.. ~;\ ~cpy cf 
this memo is included as appendix A of thin :t<epc~:rt ,, 

V.. ResuJJ:.f!.: A total of 40 st:udents 'Here in the g:i:ottp ~1hi.ch 
uee<ltime~sbaring. Fcur of the~e studeni:a tb:opped the ~;.;our.iitS 
before r:he experiment had finishedp ~n.d si:-t more ~.id not 
~ttempt to do th3 problemo Thirty stu.ci.ent:a., t!'u:m 9 p&rt:i.ci~ 
pated in the experiment.~ On the other Bide of th~ ledger.p 
43 stt.~dents were to use ba.\t:c:b pr.m"!easi~ng. Of t:hest:1 t~~o 
dropped., and two :failed to wo~k on the problems leevb~g 39 
atuder.1t:a participating. '1::be follo'k>'i.ng stAt isti.r.:s were 
collect~d on the time-sharing group~ 

Console time used 

&Verage 
of grot:!p 

Numbex of dist1.nt"!t console sesnim1:s, Z" 7 
Average t~e per ccnsole session. 
7094 ti.m~ Qsed (timea typed at 

logout) 
'J:ime. spen~ in Y..:l.JPUT p EDIT.~ and 

b"'LE c~ds. 
Humber of uses of INPUT-FILE or 

ED!T~FILE ee~Jence . 

time ~pent in FAP command 
~Ui~ho:c t-'f u.seo of FAJ! ccwm.1Jnd 
'rime ~pm-tt in T~ST p:t·ogr8J.Il 

U~m;l\1des lorJding) 
Nt!tl!bez- o:I: u~es of TEST progr.sro-1 
'lir!l;2 spfc1nt in (;ther mi2c®llaneous 

commands 
Tota l 7094 t.imf! at;cc.mnted for i n 

abav~ co~~d bre~kdo~ms: 

5 .6 mi.no 

7 
29 E!@C~ 

spt>ead 
(stanwu:d 
de'll1-ation~ 

45 min .. 
L.4 
not ~Ol.nf.Uted 

3 •. 2 

t~2 E~C (!) 

·5 
z-:t ..... 

• 
~---~ · 

1].2 

5 

5!~ St:JC ., 

I 0 
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go c•ve;c th0ir outnut lis t:Lu.g:J CG);Q:;:u:t1y ~o note ti.mc~H~ 
t;yped at: uREA))yn f;y the ~Y'-'ten. T"ne total 7094 time used. 
by e .£<:h student was ebecked by comp&r1~ son ~"i t:h rec\~rds 
k!pt by ~he time~sharing syst~n~ and in most e~ses w~s 

\ W1.tl1:tn ~bout 10 pei'cent of tl'!e student 1 s computation of 
···· 7094 t:l-c:i:ir=. usedp indicating a reaaorw.ble ck~.gr.ee o£ t:~li.&b!"~ttty 
c~f t;he rntudent-collected data. 

. By the way of contrast:> th.a 41 st~i\dents uning the 
t>at:ch·"'P~·oeessi.ng technique used a total of 42 minu1.:eG uf 
1'094 ti.me for an average of a l:t ttle tY~er on.e. minuta of 
7094 tir.l'Zl per pm::aon. They used an ,ft'.n~~uge of 3 ru.n.s to 
eoop:let~ the problem. 

VL, ~'14tt~s ~.md Dit1cusgion.J!f .. ;,)tesul!f!: ~~hn stati8tJ..cs of. 
t:.he prwious section are to a o1a]or m~t:ent me~ninglest~ 
uz:.tf-1 some i.nterpretation is ap~lied tc th~~ So-t.n:~ qu~li. "' 
f1.catlons are provided he:.i7e. 

1 o Computer til.ne used. A bald ~~t.1'.npLJ.ri.scn of camput:e:r 
t:hlle used by the two ~O\.\~S iv..!licat:es th,@.t: titm::..,~iha.ring 
is unprof:f.t&ble by a t:i.ve ... to·~one raru:g:tn.. Ho~Jever.!, ~)e 
should make s~f:l7t.ll q"tl4li.fica~;ion~ t.ct t:h!:!~a~ figj.'lres ~ 

'I.'he most obvious qualification is that of compa1:ing 
unon.,.equivalent'; jobs. For. example,\) the tf.me.,.sharing 
group used typing and editing facilities connected 
with the computerjl and wexe charged for computer time 
for these operations. rlhe background gr~~p used 
keypunches and listing machines for this fiL~ctian; it 
is clear that in this area the jobs performed by the 
computer are not equivalento In a more important 
sense a different type of education was &lso acca,npl:f.shed. 
l-1hlle both groups baa about 30 per-cent S"llccess in gett:ing 
the:f.r progrmns to work, the group uai.n.g keypunches 
uorked under the usual h8ndicap of ezcesgive attention 
to detail; those using tune-sharing \-.re?a able to d(..ovote 
less attention to detail &ld mo!:'e to under.r.tanding thlll 
nature of their problem and. lear111:ng the Jti•Ap l•;mguage. 
Students '-tsing time .. sharin.g wer:e &bl·~ to conce3':tx-nte all 
tbeix energ:J.es of en afternoon ol' ti<io to th~~ soluticll of 
the problem,; "~th batch-t-sroceMiing,, .\l nm turned around 
every three or four &~ys r0quiLed dr.opping and picking 
up the problem several times.. Althottgh stat:t2tics on 
hours t'}ere not collected:- probably fe~~r stu.dent hour.s 
~.;ere Bpent accomplishing an equiva.lent le\~el of learning., 

A second qufllificatlon is that thin ~·:as t he students • 
fi1: st use of the ti.me·-shar.ing sy~::1 te:u ~ ~nd there 't~as 
certainly some cc"ln.pu.ter time iH~BtG:d s..s they became familiar 
with consoles p commnnds, edi tin.g pr,')g7c.mru.~ ,, etc~ The 
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px·dblema in other ltmg1.U1geS twing batch ~-proceas'-.ng;Q 
and were familia-r with the techni-ques c.nd level of pl:e­
cis:ton required. It seemc l:Ut~ly th8.t a second mmch:Lne 
problem would have required lt~BH tim8» on tbe ~vernge~ 
t•;)t: the time---sharing group .. 

The last qualification is. t:bst the figurea being 
co:.z1par~d are for a. higbly-t:tmed batch ... f:roe:essii_!~ sy.stem 
BpeciaJ.ly modiff.ed for classes, and a tfirst erfoJ..utn 
at t:i.ma .... sharing techniques. The b~tch ... proceasing systenl 8 used a special short library snd a compressed syst~ tape 
contsining only essential system records. Toese student 
jobs were assembled~ teated9 .md given dumps in an ~'nerage 
of 15-20 seconds per job, including operator setup time 
and occasionally emergencies such as bad tapes o The 
operation was so highly ~ttomntic that an oparator was 
ne~ded only to start the batch aud to take it off th~ 
computer.. '!his level of automatic operat:ion is not 
uatt..~lly attained in the case of the atandazod. batch· .. 
processed monitox-; it !s li.kely that if a group of. inc true­
tors had not made special efforts o're:£· the last fett~ years 
to 81 tuna01 l>lnd streamline the ayste-n'l. ~ei. .. I!Cion fo~ th~ 
clG.sa that tha time re(i1xix'ed for the bstchc.t'l.·ocemied 
gro"L~p ~ould hmre doubled. 

On tbe other. band., there aril! e 1e~r t.rvenues of 1-mp:t<~!Ver_, 
n1~nt ln tl"Hl} time=she.ring teehn:tqut'W used. '!he figt.u~·~ for 
at1.me spent in teat pr.ogJ:&'ffiu show3 t.bst elose to three 
mi11t.1tes per student were apent :lo.;;.ding .'lnd teai;ittg his 
progE"mn.. Loading h~s been mear.nu:e.d at ~bout 15 secon.da, 
including library searc'h.'l thus on the bas:i.s of five losdG 
(the number of assemblies) p~r a~~dentt 75 seconds were 
spent in loading.. J~ter timing eL.)">erimento hntYe shown 
that if a cooaplete 1 ibra:t"y is pr.ov:tded~ negating amy 
i'lead for a sesreh of the systa1 l:t.brary); sGT..;en. seconds 
can be aaved on each loadingD redueing the total time per 
student bv about a h~lf a minute (s.f)ain assum:tng five 
load:tngs). Tb~ rema:t.ning minutil ana a half of feating 
time represents an sverage of ~bout 45 F~~E~ requests 
per student" By .ituliciouf.b repJ:"ogr~~:i.ng of th~ testing 
prcg~am to chain from one test caae to the n~~t on 
rn~ccesa:;ful results, t:hia numbe4 of :reqttests csn p:r.ob£lb1y 
be low~red to an &v~rsge of 209 s~~ing e1ruoet ~ minute. 
{I:E interaction wers for.egm.1e"' an.d post-~uv.Yrt:~·u-; glv{;!n 
instead, the testing figure Cl',"tU.J.t1 p;:ob~bly 1>@ (h:opped to 

1, d 1 lf ~ \ .... , ··~ ............ f l we -·~ un er iS ~ · a ml.n.ute. ,, xnug s::t:t~~t ~e~mt::...c.a.u.. 

3. J .!-!. Seltzer, r~cl . .SYS!l A Frcg:r,s.m to I-'.r;;.ciJ,i.t~te Ucc of the 
Hlill ·r~alHl!;!l'l.tol"' .. u Ml'I' Cc-'f.!J!Y.ttatl.(;.-;~2 CcJ.:tc::,:· {':'f~:r_-'} :ec~.<to~:,. 
(unpublished). ~ 



imr.:rov~ents on thes~ t·oo poiAYi.:S ~Jt~u.ld brtng t he ave:;:age 
t.1..rae per student from fi.,re rn1d one h~lf r-xtr:.ut0s do'$~1 to 
about four minutes~ 

Given these figures of about: four minut~l3 for ti.ms~ 
sharing and two minutes for batch ~-~roceeaing for eomplei:e 
uolution of a typical student pl:oblem roe can mclte a more 
r®~soned comparison in the light of the above comments 
on "eqo..tivale:nt jobo". It should be c1e&r.v by the ·wz.y.~ 
th~t a more sophiatf.ested class problem» wie'h :res,n.ti.res 
several eeeonde of computer time f or e3:ecution ··wlll mdd 
little to these figures, since execution time of the 
~tudent • s .program is slmost a neglf.gible pm:t: of ~be · 
total computer time used. Put another way~ the difference 
between the four minutes of titne .. abared time and-two -­
m:tnutes of batch-processed tima represents the mBJ(im\l!ll 
extra overhead involved in processing student programs 
141ich do negligible computation~ If the student programs 
required, . say, minutes of execution tim~ extra overhead 
8S a fraction o"f"' tota"f time used W0'.1ld ba COllSi.de1'Eibly 
smaller8 since the execution time -~ld add appr.o7.fmately 
the gsme amount to each figure~ 

2. Console Time used. Seu-eral interesting o'beerr1ationa 
c~"l be draw-n fran the statistics of cc.msole time used. 
first of all, although studerltB were a.skeci to aigr:1 up 
for half-hour ie1"iods at the console, the .tr'ller.!1ge time 
u&ed in a soes ·on was in f&et 35 ~Lnutea~ A rnunber of 
students were quite cone ientious about logging out at t:ha 
end of thirty minut:ea, but sevc:cttl t:ook ~l~lmttf3ge of 
f~ee consoles and continued to wo~k for ~ little ~~ile 
l onge-r; if the thirty11inute re~~r:tc~ion had not been 
arbitrarily imposed0 probably ~verage tim~:; t..':OUld be a 
little greater.. It was noted by ai2ver.nl stude11ts t hat. 
the first period at the console particularly could 
profitably be extended to pe1.'illit slcr~ typists to at 
least get to the point of testing their program cnceo 
A more reasona.ble sign ... up procedure tl'ight be to break 
each hour into three 20-minute ~agroent:s, &."ld have. 
students si81:* up for one or two segrnents depending on 
the smoWlt of ir!put tbey have to do.. In most eases» 
they would sign up for two segments for their first 
session, and only one afte~dsc 

'I'here is no doubtf) o f collrse, that the m.rerage console 
time uaed, 102 minutes, waa sffect~d by die 2ohour 
t1.m~ limit o Ho'tojevex :o the interef!lting fi.gur.·e is the number 
of student s t~tilo were able to g£t their pil:'cgrarJHi l!rorking 
t·rlth:f.n the tim~ :U.m:i.t , 24 out of 30~ From a pedagogical 
poin~ of vie~1, and cona1ifer:A:ng the point <Jf the time"" 
sharing ayt;t€m~ p:?:ob&bly a ti.m~ limit on cangolG~ ~;.ime :l.s 
unde-sirable. An alt:~rneta npr~rouch m:lg'ht: b~ to g:tve 
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unl:tmited console time end establish m gr~de on tcle 
mnnunt of console or computer tim.e used,1 t:he7-.:eby 
minimizing the penalty on careful, cautious thinking. 
Dtt.rlng most of this experiment:, however!! console time 
w2s in fact a precious commodity; this situation is 
rtot likely to change in the near futw:eo As a pra.ctic::.tl 
matters tb two-hour limit probably only encouraged 
thrifty use of console time~ and app~sred to h~Je only 
a ~~nor effect on Whether or. not tbe studf&nt finished 
the problem. 

One other problEm should be mentim-~.ed with respect 
to o2!ll0Unt of console time reqUired.. Thia prohl~11 1.s . 
'!compt.tter-downH time. On t.he first d:~y of the e..""tper.iruent,, 
for exlllOlple, thet t:!.m-e-sharl.ng system dJ.O. not come into 
operation until 5 p.m. in the u.fte:::noo£.1 (inst~ad of 
9 a.mo as scheduled). '1':~1.s probl~~ war; anticipated~ 
bo\:Jever » and gtudent:s w~re schefluJ.ad t~o work only 10 
out of the 14 time-sharing hours of Cti~h df~Y., Tht.'\8 
on the tto.~ weekends 40 out of s. possible 56 l'wm:s lf"\'~;r:e 
scheduled leaving 16 hours for emezgencieso In fa~t~ 
the system was net in opez-ation for 12 hotlt'B du:t.·ing 
this period, but t:he only effect his had on the expari~ 
ment waa to re~re rejuggling of signup timeso (Also» 
the students hed stand&y privileges on other teletypes:. 
when other users were not active sbtd~~ts ~ere permitted 
to use tbase on a firatoccme, first~serv~d b~sioo At 
tim.~a~ tben0 there were three or W i!i1 fc\U!' students 
l'1orking simultaneously ratl1er than ·t:be scb~lduled two .. ) 
lt is likely that if tight scheduling h3.d been attempted 
the experiment would ha\re end.ed in f~i1ure. 

With these cons:tderations in udnd» ~ome general 
acnling figures may be conot:t'Ueted. tthe genc&.rd. rule 
observed is that to allow for emarg~ncies only sbout 2/3 
);o 3/4 of the availttble time ahcu:i.d bf.l sch~\iuled9 and a 
student will requi.re ~round 2 hours tc sol:'i.:re ~ si.mple 
problem. (A later problem co1.:~ld be more difficult t1nd 
yet 1:--equire no more timeJI ainee t:he ~t:udent is now 
f<-miili~ with i:he faeilit1.es.) Thus ·tf tlH·~~ ~;m1uole i s 
&-v~il~ble for 78 hours ~'er we~k~ onl y l:thcu~: 54 hou'!:s 
should be scheduled; t1bct.\t 27 5tudet1ts c.ov.lt CC.'AH>lete 
a problem tn the cour::1e of a week vd~;h t his faci1ity . 
Any more specific st..utements s s t o the uur.ch~~r of consoles 
required for a g:tven cl~aw WO'ltld of cm1s.se 7:€\fu.:tre knowledge 
cf the num.be:: of prob1£~:us to b:e sol'\':'®d, ~r~d the ~1es1.red. 
- '" ~- "' of S'"',"·t·7o""• c ,..._.,.. ~ ... ·~~-·~~~'! ,,.,. ""<'A") • ·• .... on1"·n .... ,...,.,d be .4 ~~ 1_-,. f;: ":',J.Ji;.~ .._.,.._ 1.! t ~J..i3J& ~J~·'Z> .. ~.::.!)~l a.:...f:i'"•t ""':.,.,.ti;. &..6'1, . ._&CU. "-""V~, :,_';.. 

stretched out c.-ver thr€e weeks 31 ~:tlm·::lng 81. stud~nts to 
Fft!rt1.cipate with the one console d~~:H<::t:lb~d abova .. 



--------- ··--·---

Page 10 

Note also that: ta concol~ is required for the 
:tnntructor during the time that the student is having 
his program graded. The system was designed for a 
situation in Which say8 25 students are wor~ing 
si...""lUltaneously ~ and the in.struetor 9 s program h;;.J.S some=> 
thing to do a substautial porti.on of the time o T'ne 
syst£.-m could easily be modified to t!ollect student 
solutions and have the instructor log in to ,p:ade them 
say once a d~y~ rather than fmmadiately9 

Oa.e final result shcr1.1ld be uot:~£Jdj) ti1a1: lg3 Gtu.de1-::.t 
reactf.on to tbe experu ::.:.~t. ...c"•nonz; the stfl'.tistics 
co.U .. ected were ao.swers to two ql.sestions about atudent ~ ::• 
impressionso The resultn of both questions ~e~:e pract:tc.Qlly 
ltt1~nimous o The studeni:s did not feel that ler&."r!iug the 
t1saeesharing console language i.nterfet•ed m th their: de'-~ 
buggingl! and they nr..tch pr~ferred the time,~harit'Ag method 
to the bateh proeessir~. 

These reactions ware~ of course., affected by the 
no~elty of using a time~sharing systems hut the pedagogical 
eEfeet of student enthusiasm for the f~cilities should 
not be overlooked. 

Vll~ Conclusions~ In brief: then8 these ~.re the t.'esults of the 
-eitperfiient: 

1. Studtmnts using the time~, ah~.r!ng system reach~d a 
similar level of snccess in getti.ng their programs debugg~d 
a2 did those using batchQprocesaing. 

2.. Tha time-shared group used an av-errage of 5 l/2 mino 
of 7094 time apiece; suggestions h~1c been of:f~xed ~o 
rDdtt~e this time to about 4 rainutc3~ 'J:he coll1.Pl:1!riaon 
gro1.1p used .about 1 w~nt.tte of com.pttter tim~ on ~- h1.ghly 
tuned mon:U.:or system~ compaT.able '~rlt:h about 2 -;:r:d.tmte?..\ll 

on a mom typicltll batcb""'proceas1.ng f5yE!tei:.lo 

3,. 'll."t~,'lO hours of console ti.me pel.· atud~nt was ~uffie::i.ent 
f:or most o.f them to ccmplete their. ~'D1d1.o ln schadulit"lg 
a cortt~ole,. hoYeVer., only .abont 2/3 to 3/l1 of ~he mrailable 
t:We should be scheduled.!! to allo~J for i!G~-uter d.o'Wn 
t1Jme and simila~ en'ergencieso 

In addition» the gen~rBl re8pcnse of eh~1 stude-tlts to 
the ~;;r.pe1:iment snd to tbfa time·.-. sharing syste'm vtas €&~nchusiastic; 
thi~ factor ahould not be overlookedo 
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VIII~ ~f!lO!'led&Gments_: Most of. the progr2ii.'.min~ :requir~d to 
cury out t6e expet.:rinen~ ineludi'i1g minor modi.£ications to 
the FAPDBG command, was done by R. H. C~ipbell. In addition: 
M., G .. Smith, Ro S. Fabry, and J .. S. Zucker contrU~ut0d time 
on weekea1ds to act as inst~uctors for the class. The 
C~~utation Center Progrsmming Staff ~~~~red innumsrsble 
~~estions about their time-shaxing system. !n general~ tha 
6 .. 41 sttv:lents were pat:f.ent, tLi'lder&t...'\nd:i.ng (indeed_, enthusi~stic) 
~~bjects of the e~eriement. 

Submitt~d June 15, 1964 

J. 11 .. Saltzer 

lnst~tctor; Department of Electrical Engineering 



."----" 

Special notes written for 6.41 students for the 
t:1...n:.e-~haring mq>eriment Q 

1. Preliminary announcement 

2. Description of the time-sharing systemo 

3. Sta·ttstf.cs collection. " . . 

{Tne pages are numbered as they appeared in th2 6o41 notes.) 



<tlASSACHt'SETTS IN:. 

('curse 6 •P Yia:11 .¢.. 1964 

SPECIAL NO!'ES ON M/'.C JUNE PROBlEM # f; !l.M!.=; 

:'\s r.n expe riment , ~ughly h!~lf t:;f the $ . 4.I r.· las~< ·~,n ~. d<: mac h:l.r!e p.n->blt<~r:l. 

5 ~. <1 t ht' usual manner , turning :t.n decks in !~6-167 ; t h0' -=· ~:her ho1.f cf tile 
cla:;::.o wt :ll check n ut tb(.'!ir S{'lut!<'ns at consoles of t be t i ll:ie -shz..rtng a:ystem 
Narlles o! tho se wb.t' will dv toe pr >.: blem w~th t1ce-sr~!?.<:'1. ng ax·e pr.>sted :i.n 26··167 : 
the .r·est e>f th:ts sE>t e>f notes 1.s d irectly nnly at OM!t g~·(·~•P 0! s tudent9 . 

rhf:' first tne.j1.>r differor:;ci? ln s0Jvi;·1.g a. f,i1'Ci l.>l ~<'>.: \.'lib: (,L:.& ::dd :·d~ H!{' till'a-
sht\:-:·ing :2'ystt3m is that you de n :::.t have t{.' kf~vp;,me'b .'l deck :>: c~rds hwtE:3d, 
vou t)l:P€." v ·:our p..:·c-gram d1rE"ct1y in ~t the t 1.aK• .. sb.a!lng c :m s<.:<I G. yr)•,: sL.I';uJ.d 
th~?-ref<":.:·e , '»,"1rk out you r s(•l.uti"-11 t .r· ! lAX 1.n t h0 w;u. .. 'l. l f <:>.sh•.c 11 ~ r-. r: c' ph~n t f.'l 

type j t 1rt t: r : the computer durin~ y nux fi n:;t se2.lS:i JA: <".t 3 ~('ns ,;;JE" 

r~.me-srulnng c onsoles wil l be ava.:::. ·~~b.!•;' :i.:• Ron;:; ~(;-::}~)::i fi ,~.r::. g FJ - t~ . V · 
U p.m . { e-x('ept ·for an bour f r:·.:m 4 ~5 .::: . !"" - ) <:·:n tb!:l -: •. ;,~ c.> .. : \::• ·vs and ~Und;;lys . Li>:.~\' ·c) 10 

and 16., 1'1 . i£0:1 will be a.b'ie ~-~ s:i..gn up .:' 1' :- 'l~~ t;:) :f<:l•.\r ::r';) · \~r. r;secut ·.\ V!.! !;S\ H'-
hou:.-' seff~ 1.t:l::l S' du.ri ng these t9it':' •;·;eel-~-end:;. ! t ~ r1 e:xp'i~~ tr;;;l t :~.:~·t t t.t~-<' cons:~~ ·r..e s 

wtll be nva~.lrt~Jle e t a.ll times . end sign-:.1p s.:··:,·t:: ts :.~i U l;<;: r;r:·sted ·;"o.r t b.mn iu 
~~11-·1 67 _ 11 '; t her 0onsoles are :free, ~ -"u U\a '' ~;2 ~bl.e ... .. ::-::: '~· th:a-m ;-J ut yQu a r e 
limj ted :t.n en~· ct.;se tc- nco mor~ tl:en 3 U""·U.!'T' t(>tn1 ·:. •"nS' '.le t::ime . 

Tbc ti:~:.--s.:u. r.lng sys telll wn t.e·-up pr:)v:i..des de t&>.i:.a 0n v;htcJ:: b;.: ~·tGns t o pus:). 
nt whr-. ·,: tlli<G hut Y('U wii.l prnt.ably b.a ''~1 tu a xpe.r:l.x;v:n t ''· U .tU<' at f i r·s t t.:-. t>e .;: ,·,~w= 

fami :t~.r rf: ch tb.e c-:>nst•le and t he SV!>i':-:0\m p r e>gnuns wU d~ h~·, i.p mu.k~ ~ t use.f.u1 . 
ttoep tn m:l.n<.J t~1~t you are part1 .. ci.pat:. ng t n :;:)"). oxp~::-n.m~nt n.•,-bt ch ma y f aj P. ~-~ 

y·ou ar-c pt;~~z l:>d by any aspec t ,-_,f the t.ic:e-sha.r •!:',,C!: svst.:-m an instructc~r wLU. b~' 

avd l e.b1e -::c i~nswer questi<•ns s.ncl f? r:p·LnH1 mys~:~:n'{ t)US ccm1n~ntg 002de by th~;. e·:r ~:: t ;:H::i. 

'i.bf~ t;w·>.i ~'lg progra m f .-:-r ~;{ which w:! ll ba alfd.lcb\ =?~ ,.,t tht~ ·;: ·;.u~-shar-1 ng 
C(':l>;;n ] e f,: oJa:; ·: e test <:ases bui.J ~ . .L.lt") J. ·;: nrnr.r;e:::·ed t X. ... tlO' Th•::.'.~.: .-.: ll lll')t)~)l·s 

e 7'~ U~'~(} '.Vi i; l:; the ' 'g" request d,.;, ~;cr:l OOC l :1 the t;tn;,:o~- :~bO.f'~~:l&: Sy3t.e~·, "'TJ. t~up . 

PU:J"\i':i\'; SA.V£ AL L ~ Ot:!.~. ·::-YPEWR1TEF. {)l.!TP!.:T , AS !I :•_: <.t. !Jf NEED;~:D I.?i Tlii:> 

cOUJ.i.:CrJCt: OF S ,'ATISTlCS 0.~~ f HE EXPERH.'i5NT 
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flESP.r.lE UIAOF SMl Til USSJ 

Ib:iB c··~ud will take from thr~e t( f1\'e miouti-s J.i: whlch time a. resu:_t :~· f 

\.hjs p·.;h~er..i :yc.·u should use :tt w1'Jely . 

f:igu.re ~-ut i.F ·\11 to proceed .. Yt.•u shculd log 0ut and ~:L L<• i n he.lp ·f xT•<n Vl u::r· 

Tb.8 fi t·st .s ~ep when usJng the tl.me··9hartng s.vstem Hen, l ~ t<: tHa1 the C(:mputa· · s 

tone, dial 26l or 25~ . After the te!etvp~ s t~ps &~king 

strange noises J t is ready tr:·· use 
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Mo\SSAC : rUSET 
n~p~ t' -..men t 

I tiT ROO UC '1'! ON 

1S1':1 T -~ OF' l'ECHNOL:.X!Y 
ectr. tl Eng:t nee ring 

;,rse !1 

AUTO! TIC :, OMPl'TATlON 

Attacht~d to th.'is shP.e~ 

a sta.ttst:ic ~, o=u.mmary shee ~ 

tht: typ~wr1 t~r •:>utput prc•d 

·e fc-tp· sta ttstj es col!~<.' tir.n wc,rkshaets and 

ll ~ut tl:lese sheets t : " referrlng t c· 

wb1 

·. 1 1 . • 

tbe stn tjstl~A shee ts . 

, ... t . •u used the t ime-sbJ:o :d ng r.;y stem 

pr,,vide ~;. l'<?::::.·::.cnab.ie facs:imi J e of vour <7",ttn des1 gn. } rtes! , gr 

th.i'(' l!P.b y<.'llr ·t .- pi!!w!'i Ler outp t f.r<'r4 anch pe.rind , fi11Jn g l!" a.n entry 

)tt' u.c 

t b •.' n umbers t~)ed after the letter " l" wben the <' C'IllU~'l.nd : s :"'. ni::>hed. }'o r 

•12 ! ,_: : _::·-:- F1 HST LCX::ATION NOT USED BY TIHS PR'Jf: ':''/~M ·. 

n : ~ . 4r .. =.) 'i . ; ·, c- ~::. 

" 10 .9'' . 

timi? typed following compl.<H ' a c f a .,FlU:" c()mmand The tlme ~:; pent in 



. '-..../ 

RESt:ME TEST j s typed out when y C\u type " Q" c;r tYben v c,ur program goes ~"ild . 

cau5ing you to have to type "FAPDBG" ., the tim,;:- spent in RESlfME GRADE 

c.an.nC't re,;:nom~bly be mea~.ured , sc• d cm 't attempt to put down a figurt' fo r 

that coa",n.land .. tiote tr...at a l though vou s pe nt minutes (or h.ours 1 a t tJ:Ie 

cons('lr~, "'OU never used the computer foremo:re than a few s e cc...'nds n t a t1rue , 

Wh•m ~l.! the _-.:;Orksheets :!l'e .fi 11ed in, calcul at~· t t .e ni.''(:~ssarv t r:otals 

and fi \1 out the s ummary 7;heet.. Ce1 culate the "J'ota:< C0mput~!r Tj me Used" 

b~r add.l. ng H\S the times t.v:;~o f ;.•l.low:\. ng "LOGOUT " corru!:!and :<.. . r a tbe r than 

tot a J h :.1g- ~·;e'()n .l'a t e command ti roes • 



NAME 

'TitDef-' u!;ed. J n secrmds . -------.... -·--····--.. fsum ot' figuc·es t~ped following "If'') 

TOtal 
ti !r.t:1 u;SC{~ 

tn tr~_ls-

Number of 

en t:~·j_e~; ·~n 

thi~:; column 

fNPtlT, 
r::mT. 
F'l LE 

FAP TEST 
(>r FAPDOfr 

PRINTF 
-\LL 

OTHEH. 
COMMANDS 

----------~-------· 

. I L _______ 1. ___ _ 
I 

LOGOtr-.r v. t t! me . Date · 

cor.wuter timf-; used: m~nutes, 

console time used·. m.1nutes. 



1. 

2 , Nmuber- of (H s tinct c:onsole se>.sl on~~: 

3 T0i:al eorap\..•, t-~r time used 1 sum c-f Umes typer,;\ by 
' ' tf.XiOL'l'' ' ~ommnncs ): 

4 .. ~l lt'.t! s pc e:t :; :: JNPUT, EDIT . a nd fi!.f. c<:Jmmand-s· 

8 . 

r;e ~oncs .. 

. , l 
" J. •. , 

12. 

! .. L1"l d .. ; f ·. :,: . . find tbnt learni ng the tJ,me-sharing conso] e language .t .~:.t;.~ r- -fe r~d 

eXt!~ ~~.'-' ;' 'Jt~l -.: wt th vc.·ur r-asl jcb, le;u·ning about p;;_p? 

2. ';~r:7 .. v;~:·;. ;:, :·rw;! ca o:f dofng a future pr0blem w.l. tb time·- shn r :i.ag or wt t h. the 
"-d,;,mch: ; ·d r:lt: thod, wbich would ~ou prefer? wl~ ·,? 


