
POLICY STATEMENT 

Users of the computer are invited to make use of the various 

programming aids and numerical analysis references to be found in 

the lab. 

Suggestions for improvement of laboratory facilities and 

references will be appreciated by the staff of the laboratory. 

Comments may be directed to any member of the staff. 

Users of the laboratory are to leave the lab as clean as they 

found it. 

Users of the laboratory may not enter the maintenance area. 

Violation of the rules of the Laboratory may result in 

(a) explusion from the laboratory, 

(b) termination of computing privilefges, 

(c) disciplinary action by the Department, and 

(d) disciplinary action by the University. 

GOOD COMPUTING 
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MEMORANDUM 
From (.,. H. Ila.vi e~ son 

To 

• 

(\,... 

• 

0c µtember AO, 19 60 

All EE Staff 
~uoject Avail:tbility of 

computing facilities 

The attachecl m.1t(:Jri 1 will be taugl1t in EE 182 the first 
week of cla.sscs this r-..11, anc1 will be used as ... art of tile eX

4

Jeri
ment run the secon,1 ,. \Veek in .. ~ 183. It · ','fill be taught al so in 
. .11 ·; 34 the secon0 week, i ncl used in ' LJ 35 tlle third .-. ee.k, Subse

quentl.Y, in ho th Bl~ 182 m cl B~ 31, h omv\vork 1. SSii~nments will be 
m·Hle frequently th it require the sturlents to use tdo<1igital 
computer to stu11y n.n<:' solve ;;roblcrns reln.tcd to the course 
content. ln addition, Kl~ 42, assuming the majority or st·udents 
arc conchrrentl.Y registered in either c;J~ 34 or E~ 182, will make 
similar use of the com~utcr in connection with course requirementso 

In the light of this new facility on the part of our u~per 
cl~ss unoergraduatcs, it is hoped that still other instructors 
will take advantage of the o~portunity Lo use n general pur~ose 
digital com~utor as a tool in engineering education, analysis, 
anc1 rcson.rch. lt is realized th ~it for some st"tff members ·this 
·.vill involve .first becoming fa.mili3.r \Vith tii1e comJ.mter .. nc its use. 
,'o this end, the staff of the comj_Juting l'lboratory .,;ron:ises every 
n.s·sistn.nca in answerin quest.ions, writing programs, n.ncl running· 
t h e nm.chine o 

Specifically, you arc cordially invited to attena either 
,·;E 182 lecture, 8:50 or 1:20, on Fri(' ay, September 16; or the 
.~E 34 lecture at 8:50 on hursday, September 22. Material on 
digitn.l computer ")rogramming will be presen-ted, ·ind l'AT codimg 
will be discussed. 

If any of us can help you in planning for increased coma?uter 
usefulness, Jle ~ se feel free to ask. 

L. H. Davidson i-o 
l,. vi. Mel.lure 

j). L. Victmuyer D. R.. Smith A. K. Sci<1more ~. c. Bjerke J • P. AlcNall .B. I., • Weinberg 
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P. T 

Introduction 

PAT is a pseudo assembler translator available to users of th 
WISC~ whereby the ccmputer can be programmed as a t~ee address~ 
floating oint, decimal machine with a large class of special 
functions available as special order typeso 

F.ach PAT order conta..'ins an order type which identities the 
order, an one, two:1 or three a.ddresseso 'Ihese addresses refer to 
three hundred memory positions m.nnbared from 000 to 299 in which 
instructions or numerioal data may be sto1 ado A prograli'l is executed 
sequentially except when transfer instructions are encounteredo 

Classes of Ord ~s 

!hers are six classes of orders available to PA'l' users: 

lo I.oadir€ 
2 o Arithmetic 
3o Control 
4 o Ccrnpa.rison 
So Special Function 
60 Counting 

In the following discussion the symbol •X• refers to the 
address of X 1 and (X) refers to the contents of memory 
position X o 

Note that all words prepared for or received from the computer 
must consist of thirteen characters (eY..cluding spaces or periods) 
and a. canlnao 

lo 11.le LOAD instruction is a class to itself a -

2o -

LOAD N
-

o 

'nlere may be only one LOAD instruction in a program~ and it must be 
the first instruction given to the canputero LOAD instructs the 
eanputer to store the progi .. a.m that; follows into memory positions 
caliJ'- to -v.,. o ltt the end of this program t..he word ttend, '' must be 
5..nserted, when this is en ountered the canpu·ter stops o When the 
computer · s estarted the first instruction to be executed will be 
the order stored in M• o · 

'!he second cl.ass of orders available to PAT users consists 
of arithme·~ic instructions o .A.s typified by the ADD instruction~ 

ADD 

each of these six order types specifies an arithmetic operation T9 
the address of two operands A and B and an address to which 
the esul·t R is to be sent o 
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Control :1.nS'l.:iTJ.1.c·tionn spacily t-he add.res s cf the · nexi; 
:fa strucr';:i.cn &"ld thuv .i.u-(jerru1:rt ·t; e nox:ma1. sequential opera:t;irm 
or the p.~cgrc:.m • . 'l1lle TRA ins1,,ruction t..:Rn~~·:~~s control wi:thou·t 
Stopp· ng; Iffi .f:h'S.r. . halts i~he CO'.iUpute.!~ '-.ransfers only er.a.en 
campu-'ca:i6ion ie · ·est ~J.rtodo . 

Ccmnax ison ins·tructicrns co , bis."'le some. of the feat•ures of ~las0e.s 
two and-hiiNa' tlhey call .for a subtr"iction of two numbers, ~"1.d a 
tra.nsf'e1 .. o? con-Grol c;ondi-~ional upon the sign of this resul·&o 

'lhis class of omers consists o~ a :Na .. ~~~ m . .m1be:r oi" spec.::.a.1 
.func icn inst_. ctions o !IC'dever :» ·t.hree o~ tmse instru.ctim'ls dese1"Ve 
special a·ttenticn he"--ao. 

'!he IN o-rder :L.'1Structs the c:anputel"' to """'oad numerical data 
into a specified band of sequential locations,. t;he OUT 01"<.ier instructs 
·the computer to punch numerical da:ta fro n a similar bando 'lhe 
format of the numbers necessary £or proper operation or these 
orders is desc1,..: bed under t~mnbera o 

The CRK instruction tells the compi.rter- to check i tse1f 
for e~ro;r......fres. ope1 .. ation., If ~ny fault is fo1md the computer wiJ1 
stop; if the c0111putel., is restarted it will again check itself o 

If no erro""' is fer .. ·the oon1pntel .. will r tm.'"'1! control to the 
proerarn tn1der pro~ess~ 

lhe !'i)ma;'l'ling special .tm1c!·(i:lons a.re all of the type which 
operate upon a single ope2·and to produce a single result; e~g., 

SQR 010 4 A 000 R4;9, 

delivers to aR~ the squal'"e root of (A) f1 A complete list of the 
pecial fu..."lctions presently avai able is found on the. order summ.:al'"'Y 

sheet~ other special fu ctions ma\\' be added from time to ~imeo 
The aom1racy of all special f'unctions is at least OuOOJ..% and may 
oa much better in some oases Fut--ther infonr:.ation about special 
functions may be obtained .fro.Yfl members of the staff o.f the 
nomputir1g Laboratory 

Count1nrt. inst,ructio1'lS are availaJJle only in PA11tICK see 
"Advanced'~£.t~~" page 3o 

Short Kiemo!:l 

Whenevc e .1 o: .~1er 1~quires the result o.r the immedia:tely 
precedinp ord~'9 o. spscial coding must be usedo lb obtain the 
immediately prececUrig result fo .. eithm ... the A O- B operand 
of an order (or both), use t,he address 800 .., lrJhich is knmm 
as Hshort idemor.r u Note, howei1er that nej.thex the ope and 
_1or ·t,he r~i5ult. of a sp~cia f..u"ction may be obtained this 
way; L11 a spef"inl function il1stru.ction~ and in the order 
itriiitedia·hely follcr-w.i.YJg it, use the ac·tual addresses of the 
opers11d.s o 
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Advanced P'.coblems ---------
For the st,udent who is :inte.!.asted in solving more advanced problems, 

such as those involving differential equations~ matrices, or statistical 
procedures, a more powerful version or PAT (known as PATRICK) is availablao 
Beyond this, the basic machine language of the WISC is the most flexible 
tool for handling more involved p1--ograms e While for simple problems most 
PAT progl·ams will operate almost as fast as programs written in WISC 
language, as the complexity increases so does the speed advantage as 
well as the power of WISCG 

De·tails of existing variants of PAT and information on WISC 
progi•amming may be obtained from mambers of the staff of the 
Computing lraboratoryo 

tilnibers ..._ 

To conform to standard scientific notation, all numbers for 
PAT consist of a ten digit number with the decimal point assumed 
to follow the first digit and a two digit exponent of the base 
teno lhus, numbers are represented in the form 

where P must be in the range between tan and one in magnitude g 

and Q nmst be less than 76 in lTk"lgnitudeo 

Both the s igniticant digits and the exponent cart'y signs 1 
and the first character of a number :identifies the signs with 
the follo-rling convention: · 

O positive m.unberJ positive exponent 
l positive number; negative expo,ent 
2 negative number; positive exponent 
3 negative nUJ~ber; negative exponento 

lhe reader familiar w·.: th binary numbers should be able to derive 
this code frooi the two sign bit,s imrolved o 

The £ollor.Af°"L.11g examples show the manner in which numbers are 
prepared for inpu'~ to the computer and the form in which rrumbers 
are delivered as output from the computer I» A number is assembled 
by giving the sign character descr:ihoo above the two digivs of 
the exponent, and the ten digits of the significant figure o 

Number 

0 
2 

c.75 
0045 

-000467 

~t 

000 OoOOO 000 000, 
00~ ~oOOO 000 000, 
201 70500 000 0005 
102 !r.500 000 000~ 
~3 406/0 000 00011 

~:.~ 
oi' 

/ 
oooooooof) 

0 .. f)OOOOOOOO:; 
201 ~0000000, 
10 . 00000000, 30i 0000000, 
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PAT ORDER SUMM~Y 

LOAD 000 0 .. w: •V• - s Load program into positions -w .. 
to ·V-J start at -Nao 

(program to be loaded must be followed by:) 

Arithmetic 

Control 

ADD 

ADA 
SU.13 

SUA 

MPY 

DIV 

Special ~·~ion 

CHK 

SQR 

SIM a 
SIMD 

COS R 

COS D 

LOGE 

I.00 T 
EXP E 

EXP T 

ARC R 

AJW D 

end,, 

000 8 -A -a- ~, 

000 9 -A- -:a.. ..... R-. 

000 a •A• •B- R·:> 

000 b -A- B- •R•$ 

000 2 faA• •Ba •R·~ 

000 3 ·A- B- -R-$ 

000 , 000 000 111>NQ, 

000 9 000 000 co $ 

000 e •A- B-· -~, 

000 f -A B- • 

000 4 000 000 ooo, 

001 4 •F• 000 •L-1 

002 4 -Ii'- 000 -L-~ 
I 

010 4 A• 000 •Il-9 

00$ 4 •A- 000 -R !> 

015 4 A0 000 CiP~n 

006 4 000 -R.,." 

016 4 -A- 000 •R 1 

007 4 A 000 ~R• 1 . 

017 4 -AP 000 uaR-9 

008 4 -A- 000 GIR-9 
018 h -A 000 ~RQtB 
009 h •A .. 000 lli>Rca1 

019 ~. -AP 000 PP9 

(R) (A) + (B) 

(R) • {(A)j + f<B>I 
{R) {A) - (B) 

(R) (CA>I. f<B>I 
{R) (A) x (B) 

(R) o (A) I (B) 

Next instruction from •N-

Halt.; next instruction from -N:-

Next instruction fran -N- if 
(~) • (B) < 0 

Next instruction fran •Ni- if 
(CAll • f <B)] < o · 

Check computerJ stop if not 
working properly 
Load numerical data into positions 

Fe to ,tp, 

Punch m:rra.erical data from positions 
411F"' to -L-

(R) square root of (A) 

(R) sin (A)J (A) in radians 

(R) sin (A); (A) in degrees 

(R c s (A) J (A) in radians 

(R) ~ cos (A); (A) in degrees 
( R) · loB

0 
(A) 

(R) loglD (A) 
(R) a{A;-

(R) 10( .. 1\.) 

( R) arctan (A); (R.) in radians 

(R) arctan (A); (R) in degre s 

• 
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0 !. sin 2 II 3 :r,: 'JG°, Mi0 $. @l!f>) 

PAT CODING FOR ___ .:__~~;...-----~~~~-------=--~----=--
Bv __ o_~f.tl_ .. e ____ __.;;;....__ DATE r&r'i!'l•OO PAGE l oF_l _ 

1 DECIMAL FLOW 
# TYPE COMMENTS N x T A -a R 

LOJJ'J Lo~ Prqgrm . _.._ . Jl!llG 0 o~ ot,€i 03E ...... 

IN &'ing in cona~t . _.._ . o~ 001 4 lOl .... 10] • .La 

CHK Ch~ek t~~ eomp_'.2.te..~ . 03$ ~ h ~ ~ ~-__._ . 
:Oi Bring in 9 . :;._ ...... . --"-

Olio 001 1+ lt1i ~ J.fil 
snm Fo~ a~ g 

~ . 041 015 4 J.~? ~ l~ 
.:rn S~am f.!ln G j . . Ob2 8\nlllo 2 198 198 ·~· ;! . 

043 800 101 l-99 DIV c~ 1/2. ~Lt{· ~ . . ~ 3 
OOT ~h ':a ~ill ~.- l/2 .Er1ny e. O}JL 002 h 197 -.o1 19~ 
man S~PJ r~ to_._1~1~.t 04; -- 6 ... -039 . 
a:nd. 

_._ _._ } . _._ . end.t . 
C~stwtG_._ 101 2 ~ ... O'.-it . . _.._ . 
~ l$1 001 l ~ · -- --. _._ . _._ . 
32. 19*1 om. L soo - ... . _._ . . . 

• ~, J.97 201 1 $00 - o• . _._ . . 
. . _.._ . . 

7 . 
OhS 038 ~ _._ . __._ . 000 0 038 . 

r 001 li 101 000 101 ~ . . __.... . _. 

000 4 000 000 _900 . -"- . k . . __._ _.._ 

. 001 h~ 197 000 197 k . . . 
!Astiijig o prabls-:.n tg.!ipe .re~d:r 01$ 4 197 000 198 . -. . .• 

-z to be fed hlto ecmpu.tar ~ 000 2 198 198 000 ~ . . . . . .. ~ ·1 
000 3 800 101 199 . . __.... . . 

(Note USG of CGlmW. at t:MC.l (}f . . . _.._ ... . __._ . 002 b ~1 000 199 
each Wordci) 000 6 000 000 039j _. . _.. __._ _.._ . -"- . 

. '. . ....L . . lend-t 
000 2 000 000 000 . . ....L . __.... . 
Pll ~ 000 000 ()()j . -• '• _._ . __. . ,,, 

~sul.t " ~c~:,i b:v ~(\mpute~ 001 h ,00 000 000 . .t • _.._ t.. • __._ a . 

' ~""-:-;: 201 l. 500 000 000 _._ . 
Ii" ~ 

~ . . . _._ _._ 

O!b l<J WlfY.lf'lfJ[)[jo~ .... . .... . ..... 101 ~ ·99999918~ lOl bl21~99999~ 9. 
OOl ~~oo, lOl ~1111061~29, . .Ol ~~OOOOC'O: ~_J ' . . .. 
200 ~!ir,00000000 D 303 ~lsamsoJOo J)' 102 ~f3li93Qi9i IS, l a. __. ...... . . 
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Certa· 1 additional feat, res ate c..v· llaole ~·thi ~ A_ 1.Jh:i.ch m··l e ·.t 
possible to rr"i.,e more ilvohed pro3rar1 .. ·o ... olte 'n J::l difficult pr blemso 
Foremost among t.he aadit· o al features a e (LJ.) coun .. ing instr iction.., aid 
(b) t.he se of s ubrout.ines fo1· sol ,ing many s ·.an· ard problems s ch ac.! 
simull'.a ..-ous linear. eq a.tions Si po~ .yno1 ial ec ... iatlo s ana ord nary differ 
ential e~uations 

'Ihe -f'ive c _un i 1g :1.nstrucvions cause .:.ns ·ruct · ons .,1ithin pr gram +o 
be edified uring the runni. g of t .e prog - ~ in so doi g ve ~r p wex f l 
p~ogrmn iay be obta~ el 

DO 

DOK .: nstru ~ion 
times a d · s the byp. 

,, ex u ,ed as a 'IRA order .tor - specified n mber of 
... d ·) ce ·J t is wri 'J te... (;; s ~ 

DOK. 000 l -i\. 000 N 

where 

it is 
as a 
locatio 
""eset -' .... o 

Le reset 

muse be l:;~s ·v ian lODo 

is - es s t. 1an 
ers be'*' •1:.' n -

Fo ex-- r ple -vl e f llo r.i.nt~ inst · c ti.on 

as ~ cri 

t e r:rst K-1 times 
reat o. 

in 
ction i 

ma .. 

this in tr1ctlon has h ef et 
a.t1d -i- to bJ execute time? 

01 000 049 

wou. d caus t 1e b oclr o.f or 'e . r~ 

a d .· en -'-1: e o d in 1 · t· .o " 057 
o5S ;o bee ec - e el ve_ t1ne~ 
exec t€do 
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lhc -lf.Q"'l~ j_1s~-- ct.io::s moV·; one o."'d \oit -r a Lium· er 01"' :·:1 inytrcct·_on) 
f om o e oc ion i,c a 01.he:,...:: ·he 110 1E ir st uc i ns 1-ay ~hen be aut ma ically 
m.od:.1.fie o a- e m 1:h\,en :. .. r::. 

'"here x indicates "L11e ~ .. \ldresi::~es which a e to 1::.e i ere .• Er1t~d 
followin,_,. aach ~ .. xecut~.on, ~Ji·th ijhe co.1 -. ntiun 

~~A~ x - 1 Increment A'°" o.ly 

MT:R. x ·~ 2 Increment eR only 

Ji. - 3 in\..~ ernen (. -..,o~h -f\; an ·R"", 

is the t-ao diglt in~r .melt. to be added to the sp'""cifi d 
a.ddres sos; 

and s• l.S ·tJ.1e si~n of t.he :.ncrement.. posi 1ji'V e inc remen v .. enoted 
by s :.-: O_, and negative increment oy s = le 

Each t{me IV!O"(T<' in..::i r ction ~.s executed ·he co ent.s of. · ne cur;.:-en 
=L.- s cop· ed intt) 'Gh-? i.irrent "R di the A rnd/or t,hc R 1_.ddresses oJ.' "Ghe 
EOVI1: i.c 1truct,ion arr.~ :l nc eme :te b.Y the upp1 .. opri· e a.1Toun· ? and a ,..ecor 
is m· de of the nurnb Jr of times the t'.OV' instruction las bee 1 exec :te · 
{':'he 01:gjnal vc-...~iUGL1 oft.he A a ,d F~ add~.edses ma~r be res·'-orc-d at, <.ny time 

, by (; ItS :n :.t.:1:F't.1~uct~.on, as describe belo 1 ) 

1',or t.;.X~ , t)le, the 'ol .owing . air of il.st uct~.o s 

001 J 109 001 299 

002 1 299 001 250, 

..rould ca lSe the con J-ents of 10:; to be copied into 299 and the-. i nto 250 
the first time t~hey rer executed a 'Ihe nex1.1 time they were e "ecu' ed 
(as um ng -hat t.hey have 110 cer i-·eset :rn the interim) the con· ents o 
110 ouJ d '-)a .. opte mv 299 and then into 251" 1he 1 e L time the we e 
execute{ the "'on-ton ,,s o. 11 .. ou.., d be copie .-.nto 299 and then in ·O 252 o 

Fote tha'; th· sam =-~sul" could i ~v been obt.ainiqd b tr e order pair i 

PA · 

(a) 
\ 

b, 

An erro, pun chi 
id1.splay s.n<nmg 

O' 
t::> 

011: 00] l. 109 001 299 

00; l 109 001 250 

itber t.he ope_"! ~d nor the l"es lt o.~ a 
..., ob tiainr.::d ' ~a. short .1 er:1ory., U .... e the actual 

i1 ~. e r..1. 1 E inf!truct1.0ll and j_n th0 01 er 

\ '"! .11 O""·";Ul'.' and t.he c mput ·r ill sto Pith t lG . 
·i. 

1 OVE i1 trucuion ln .. bBcm .. ccuted more jhar1 100 times w.i. t..10 ..\. 
~ 

being ?:'"ese·, O"(" 
•J:t 
l..L 

v upd .t,e r R addre .. es a: its ~6 t. l:L'T 1.ts o'"' T 
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stateo 
RST ins l, c uion I es· ores a DOK or a r.10\TE instruct ion to its o :i.ginal 
It is writt3 as 0 

RST: io . 004 -Q 000 000 

wh~e -Q= is the ar · ess of the counting inst uct.Lon t;o be reseto 

The only action wh n a DOK instruction is eset to that the coun~e 
associated with that iist uction is set equal to zeroo 

'.!he action ~hen a lliOVE ins-true ·ion is reset consists not only of settine 
the count.er- associated with that instruction e ual to zero but also of 
restoring the or· einc,l values of the A and the R ad.dresses c 

All MOVE and DOY instructions are reset at the tune of loading by nAT 
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Addit. 

I.any a , i sub. out· nes are avt ilauJ e c . Al' U=>ers in the ·.;ISc 
li ary <- T ee e m s useful of these sub ou i' . -Jill b ~escribed 
in ' etail he_ ei nform· .tion on ctr ers may bE; cbtaine 1.. rn e-mbers of the 
st' f of the Co 1put1ng L'.boratory o 3ecause all subrout,ines were written 
to be u ed 1r1ithout PAT it ;_s necessary to digress to e cplain the procedure 
for loading a group of words directly into the compu·cer m ·mory o 

A RPT instruct~on is used in much the same manner as the LOAD 
instruction which starts very P T program; however, it may be executed 
at any dme d.rring a prograrn It is written as: 

ooo o -w- -v ..... r. 

where is the address of the first word to be loude~ 

-v- is the addr ss of the last word to be loaded 

and N is the addresu 01 the ne·t order to be execut .do 

RPT inst u.ct ·on c s ·che co'"riputer to load addi·tio aI data /i r 
ins· uctions direc o the memory of the comp1te ~ s·n.c.., tl'les 
add tio ... 1al instructio lS ao not pass through PAT for translationj the u~er 
must supply the correct form for t.he instructions In particular j it uill 
be necessary to convert all decimal addresses to their binary equivalents 
(PAT does t is automa ically for all inst uctions loaded thro ~h .~T)o 
However since 12=bit binary numbers are awkua d for hunan beings to handlej 
it is customary to group th se bits in groups of four, ~ represent each 
group as a single hexadecima or b 5e i·; character (21-i 16)0 I'h.ese 
characters consist of the ten decimal dig1ts 0-9 and the first six letliers 
a·af o Here and elsewhere, a su script on a number indicates the radix or 
base to which the digits of that number referQ e,g ~ OOOJ;oo o2 121r, _8 0 u 

The at ·ached conversion table ~i s the decimal hexadecimal qui· alents ~ a~ 
wil be required for s cl cor v-r;jions 

P L"' NOHIAL ~~. 'l' ... LV~" 

PRB is a very powerful subl"outin J that, "1ill quickly evalllate the real 
and complex roots of polynomial 1ith real coeff cien So 

'Ih :l polynomial must be in a standard orm "or use with PHS o 'lhe 
coefficien s mis be isted i order of descerrllng p~~ers of the unknown 
with the leadinr; coefficien· (coefficient of the highest power of the 
unknown) equal to u.ni ·,y All the coefficients .... xcept the leadi 1g 
coeff 0.cient (which i unity) must be stored n a band of sequential 
locatim s (where · s the degree f t e polyno ial) o 'Ille band of 
locati s used for the c.oeff .. d.ents . st be selected with care ecause PliS 
not only destroys h co.fficients in t e process of extracting the roo~s. 
bat also uses the 2n h -O ationc ediate y following the coefficientso 

io req ired by PHSj "t is necessary 
three wo,..ds that comprise the link 
l· k is 0 
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~i ere L 2 i 

c is 

and 

.1 the a d e e 
for the 

The roots of 
they 
be p ·C 

deb ee 

a) If the second 
d can be fo 

(b) 

~here 

n ber 

If th sec n 

the 

the 

·he 

the 

I' 2 

2 

0 s 
2. 0 

rt 1r ·~ of th h r1 link t·o 

d .ere of t,he polyn; 1al 

addres<; of the r·rst coef ici nt vto ed 

addre s of the rder •Jo be e ·ecuted te.r all 
o_ the po yno, ·al ha-ve b en found 
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SrEP 

ial 

e that v il 
of u J. 

!<'S i · ab .e to ·ntegrat ahead for ~ ly one step at · t me, if a ma er 
c n rol program i . rov·· 'led 1 l. • ossiole "'ter -.a h st.ep to re C3 1 er , KS 
r nd hue:"' co ]_ ·1e the integra ,; , n over l y des.· ed - angeo 

I 
0 

e many integration r'or1 lae ~ IL S w1:L, ha.ndl0 directly only systems o 
1.rst 0· 1 .e eau· .t ·ens Ho ,ev any system o differenticil equa\,ions may be 

reduc to .. sys em of first orcer equatio s by he simple trick of .. 1ng 

s 
y 

an 

that nly i':t.rs t derhr ti ves ar in the 1 ei system is then 
"'ol re this sy t,em of .quat ·. n~ e .. , icit y .. or these fi 

~··o .. examples c nsi e tl e d ·ere t ··J. eq1 t n 

yH y 0 

th·o eq, a ;i n ow e , ss 1 ble to use :1 >..:> t obta:rn 
ation Ln t ~ fom Uffiff ical 0 

(y y y 0 

tT k ng t e ... bsti utions 

y 

"'2 c y - y 

o exam le: 

. ~; York 9r;6 pp., 
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terms onl of and y2 jf the e .uatio s w_ 11 b in t e v~n ~ "d form 

needed ~or numeric·1l ~olutiono 

y 
2 

Y' l 

In or er ::or a user to employ :i '.) it ~.s necessary ·tihat he supply 
( ) t.h"" mxnhe of eqaations eing solvi:; , 
(b) th storage locations of the variables .. 
( ) th ini·tial alues f o all variaoles and the value of t' t! 

in.rement to be u3ed in stepping the independent variable; 
( d) at whc.1.t .~_ntervals re.;u 4:.s a e to be listerl. 
(e) th nwber of deperden· variableo to be listed ·.n the re~ults, 
(f) the method of evalua:ing ~he de i ·t res of a 1 jhe iao e~o 

I ems (a)~ (b),, () and (e) are given in t.e linka ... ,e to .i.KS~ ·s 
.escribed below. It is cor venie l to be ab ~-e to specify item d; vhe 

number of integration steps betuee istincs oft e ,..eaults t maint::in 
a reasona le balance bet men accuracy · .1d q antity of output ': hile 
decreas n', the step size inc eases the accur·· cy of the inte ;.>ration proce s, 
the i creased number of nswe ... s pro uccd quickly passes the point of 
dim1n shing returns o 'l'h rn it is desirable ~1hen using a s·r:.:i 1 s·c.ep s · ze 
to ta.ke a large numbe o.r steps b·,trieen lb-tin~-~ of the results o 

In he pre e in-~ ex· pm» for .instance, · .L ·t. ha::i ~een decided (by 
some "guess" or p.i. evious ,.nowled ,~) that a step si?:e or Oo02 is re uired 
to achieve the des· red a .... curacy uoulr.: nol> improve the ace racy of 
plot ed re~ulvs to have B compu r lis"' some So pa· rs of nu. bers vo 
cover th8 range from 0 ·(,o lo 8'J :1avin ., re~ults listed follouinr; e 1ery 
fiftn integration.i; the volume of ou·tiput (a1 d plottinR e fort) is reduced 
to a ea$onab size:.i ye· adequate accure:cy is :reta"nedc 

For much the same r .a~lon U i.s desi_r.ahle to restr ·ct the i · s .ing of 
the dependent vudabl s : 1 tern (e 1 ] If problem • ~ ... e thi 
order diffe· ·ertial e .u~1 tion of y x " for Ltl~tance ~ .Ia3 
irnuld p nch out at e- er. specified nterval l .t only x t also 3 y t> 

correspo ding to y ,. ~ · nd yr o y !'"" 1 ·· ·tine L+2 wor » 
t 1e latter t 1 •o ""'ould be supp e s .. d a d y would be pW1C .. e _ 

It should be noted that l '"' . · u supp . r t e ~)u put o · re~ults ·Jit ou 
any fu 'her p oc ~ 1 ing o 

Item c)~ the 

~ ·tor age 
v~ri'"'b 

steps 
those ~to 

of v e 
ass·· ene 

p ndent 
ocations c 
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.t ·he method o evc..lu'"ting .he derive!~ i all t.h ·. r ... • pendent 
va' iables tne l eart r, .~ intec:::r"tion sys errio \ i hi . ¥.S:; calculate 
values are p aced in t,he st rage locatio_ s as.., gned to the dependent and 
indepe11dent varia 1es o Cont .. rol is then transfe red from ·.KS to the F'unction 
Evaluat on Block (F BlocJ-) The 11' Block must rep ace each i:ieoendent variab e 
by the calcula· ed va.tue or the deri ative f aa v ... r ... &blo as spec:iJ.J.ed by the 

. equation(s) being solvedo Ifter computing all the tlcri atives contro nr. st be 
transfe1 ed to location 00 !1 whic a low· RKS to con .:.nue ;;Jit,h the computation ti 

where 

and 

The actual link betl een a PA program and .'KS isx . 

T.I~ 00 d r.~2 jff 35f f1 

L+l: CDO 5 ore 000 '01 

Opp 1+5 -F:c> -N 1 

L+3: 000 C 000 000 OOn. 

1+4 : ncrement 

J.+5: 

{ 

L+6: 

L+n+5 l 

1+2 

pp 

y 

x 
0 

.ndependent variable 

Dependent variable 

.is the add ess of the third link word 

is th num er of integration steps bet\1een 1 · s t.ings 
.[Iten (d) above]Q Recommended valu s ar ~ 10~ or 
20; g 1.vcn as os

19
ll oa16 lh16 · 

:8 the nu.moer of depe1 ent variables to be punched 
ou G a1,. each listing [Item ( e) above] 

L 5 is th address or the fif 1 i.. k \iJOrd (inde""91:1dPnt variable 

-F- i· the address of the fist order in the r illocl 

n 

is th 
block 
(ofte 

address of the irst order in the master co .trol 
o be execute follo"ling each integrat ·on step 
called t ,e ''returnn ) 

in the number of equations being solved [Item {a) above] 

he link g.ven abov is commonly used only for the initial trDnsfer to 
il.KS because it c·1use.s rr to set up the desired integration step size 
determine certain co.1stan 'Js set the counter used .r or determining men 
to list res 11lts a1 d ca y ou· the integration for one stepo Referring to 
the flm chart 01 page 16 it can be seen t:ia ... there are a total of vhree 
entranc .._, to .:{Ka..S The above link trans.fers to the first entrance f QOl) hich 
is t,he start o·l'> the set p 'block of . Kc" 

L * A ta e is availao ... ~vh ich :w y b f e'" through c.he Flexouri ter to produc 
the i.xed portion of he i · nk This t· pe will stop at each place t t 
the user must s .polJ · a '" .~hi ch is uni ue tc l is program n 
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..i.. • ncremen j number of no · l:tstir"' e not to b 
changed n r. H course of the intee ion it is mo e ef1 icie t to bypass 
the set, up block in R IB in subse uen · lj k ges '!his l. pos Ciible by 
transfe rin~ ~o the second entranc · (002) .rorn the mast r nt~o1 blocK 
follow] g e!'lc inte5 rati n s .ep. uhich will cau.·e \S to ahead 
one stepo 

'Ihe t 1 d er trc.<,nce (003) j .:• s d in conjuL ct· on ~ t the F Block as 
described abover, 

'lhere a.re also two exits from RKS: one eYiv is used to· transfer 1:,o vhe 
F Block in the c-ourse of each intee:r·ation step; the othe · exit is used to 
transfe to the rilaster contr 1 lock ollow_n e c step 

Al though ·tihe 6 n t rds in the link mus·ll be s ore it ccnse ... uti ve 
locations~ two differ .,n loading instructions must be uC!edo TI1e fir~t 
four link words must. be oaCl'':d by a llPT instruct;.o ; hence ull ad ,resses 
contained ~ ·these ~crds must. be · iven n the hexadecimal equivalents of 
the decimal addres ... es usedo 1he emaming n+2 words (the increme1t a d 
the in:tial valtes of the va~ia ~es) rrru~t be loaded by n.n IJ i structiono 

RKS uses he envi.L e ban(. of locatio s from OOl. through l~O for its 
proer~ , and i. 1 add ·.tion 11 it uses a and of 2n locations (where n is 
che number of equa ions oeing solved) follo1.J·ne location ~O for tempo ary 
atora~e of in ,ermediate 13sults o F'urtherr.iore, of cotu·s 5+n consecuvive 
locations are needed f 01 the link itse f" Care should be exercised that 
the PAT program usinp; rt'· doe nr>t p ace any inst1uctions or data in memory 
locatio s be lo~ l~O + 2n Q 

Spccj_ · J. loading p ocedures ( Bre· poi t, '>witches, etc u) m st he used to 
allow P T to process a p ogram con '1ainine a .tPT inst1 uction and to · nsure 
that RKJ is availabL o he perrwn in charge o· the compute .. uill be able 
~o assist he user ·n ~hese matterso It ·s further sugcestea that a member 
of the canputine st· f be consulted :·.hen ever a ~ys t~ l o1 more nin 
equations is being prog ammedo 
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(RKS _must Jle loads~n .. . . 
_._ -"-

_.__ . . .., 
1,0AD 14oad the PAT nr~run_i _.tc:.>et },,C .. o a 2... 000 0 250 2!>9 2~0 

--"- _._ --"- . -• 

RP'f 1,oa.d .the _!i.rs_t_ _!c.ur. ~ds of~ .t:.he 1J nk 2!)0 boo 0 270 211 2~1 

m !.nad .ttba ~in.in.rt wnrrJs rd~ t.he 1in k 251_ 001 ltt 2Th oco 280 

rw..A Go ·to_._ th~ link _._ . . . 2<;2 CIOO 15 QOQ( ~000 270 

-"- . . . . 
=*=- CHK Check the ~om\::uter . . 2~ ... Q_oo 4 000 000 coo 

1WE Is 1t_ les_e_ than _._ 1:£_ ?_._ _._ _._ 254 000 e 275 278 002 
,,. 

H'ITT il1 t.hrouLtl\_J_ _._ _._ _._ _._ 2~5 000 6 000 000 25~ 

' 
-"- -"- _._ _._ . _._ 

=Fe;::; m11 Ferm _.. 6~ _._ . . 2)6 000 12 279 276 290 
~ 

• ADD Forrn .... Jd. ....... 'i~ _._ _._ . . 257 000 B 277 280 276 -
ADD Form _._ tl 'i? + _q~, . . . 2S8 000 8 2 .. n 290 277 

~ -.::I" 

TIU\ Go ba.i.c k to. RRS ..&. _...._ -"- -"- 2~9 000 s 000 000 003 

_._ -"- _...._ _._ .. --" 
end!1 -Link _._to m{S _...._ _.__ . . 270 1100 8 l1tr-: ) ·3rr 35.f 

.a. --"- jl_ . . 271 000 5 000 000 001 

_._ _._ . . . . .272 005 1 lll3-J _oo~ ~ O_l_d~ 

_._ _...._ ... . . . 271 OOQ_ 0 000 000 002 ..... . 
_._ _._ _._ Iner.ement. ··274 102 2 000 ODO 000 

_._ -"-
_.__ _.._ 1 . .. m 000 o. 000 O_t_')Q 000 

..&. -"- . . ~ l . 276 000 I~ 000 OvO O()(J 

_._ -"- ....... ~ '!- . 277 O'JO ll 000 Cv-0 000 

_.L _...._ _._ .. _._ I 278 000 Iii 000 000 ooc 
-"- ..&. . Cons tant..9. < 279 000 6 000 000 000 ..... 

..... _._ ....L _...._ -"- . ..IL -"-
\ 280 000 b OCJV 000 000 

--uo 2·121. s 11)1 ~ w 2--1s1n l._6 _.._ ~ _._ .J .._ ·~ . 
ioo-16 • 25 6.J.o; 0.f' • '>t*~ 0 1; t- .,1_ 1Q ..... o _._ ... _._ 

• _._ _._ 
~ A . . 

_._ _._ _._ . . . 
.... _._ _.._ _._ . 
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Solving a syst. of linear algeb aic e u ions is a rather straieht
forwardi although laborious procedure invol ing considerable repetitious 
calculationo It is therefore natural to use a digital computer to obtain 
the desired results t,h less labor and fewer chances for human error o 

SER is a subrout1 e that solves a system of linear algebraic equations 
uith real coeffic:i.ents b"r the Crout methodo 'Ihe user of SER does not need 
to understand the method employed f he can prepare the equations for 
numerical solution ana write the :...ink .1hich 'nll cause SE. to solve the 
syst,emo 

rt. is necessary to write the equations in the standard m trix form: 

~l X:J. + a12 ~ + o o a o 

0 0 0 

a x... + n2 ·c. 

o o a o o Q o o 

0 0 0 0 0 + a xn • Y. nn n 

'Ihe terms of the augmen ed matrixi efined s the i:natrix of the 
coeff cients of the sys·tem with the column of constants affixed to the 
right s1dei must be stored in the computer sequentially by rous before 
control is transferred to SEUo ']hat is the following terms must be 
loaded by an IN inc;truction into a band of consecutive locations g 

0 • Q 

SER w 11 solve the system of equations descr bed by the augmented 
matrix and store the solutions obtained in a band of n + 1 sequenti 1 
locations o 1he value of ~ will be placed in tne first location in this 

band» to ?e f ollo~ed by ~ , x
3 

~ o o o xn o fue dete minant of the system 

will also be computed and stored in the loc·tion folloring Xno 

! e bands of n(n + 1) sequential loJations for the terms of the 
auemen~ed matrix and (n + 1) sequential locations for the results must 
be chose dth care because of their sizeo Since SER uses the entire b d 
of locations frQ~ 001 throueh 60i care must be exercised that neither the 

~ Hildebrand I! Q Q » Introduction to Uumerical ]!!alysis i·1cGI a.w-HilllJ 
1oew Yorki 19~1) ppo 422i-433o 
Y.unzj Io o~ Numerical Analysis, i:cGraw=:Hills; "Jew York 1957 PPo 215=2430 

Ni ·lson Ko L , ·~ev ods in i·~ mertc;il ~lysis ~ Facmillan Gou~ New York.9 
1956~ PPo 178- 9Bc- -
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PA1 pr ogram nor any d ~ver placed in loc :>elow lCO . Of course 
the two bands chosen should not overlap each otLerj or should they over~ 
write any of the PAT program o It should be fur her noted that SER destroys 
the augme ted matrix in the process of solution a 

'lhe accuracy of the results obtained from the Crout Method cannot be 
guaranteed because of the limitations of fL~ite accuracy ithin the computer, 
round-offj etco 'lhe best results are obt,ained when the equations are arranged 
so that ~l is the largest or the x.1 coef'.ficientu 0 

An approximate analysis could be carried out to obtai.11 a rough figure 
for the accuracy of the results» but the analysis is as involved as the actual 
solutiono A fairly sensitive indicator of the accuracy of the results is the 
magnitude of the determinant of the system: if the magn"tude of the de erminant 
is much smaller {say a few orders of magnitude) than the solutions, very little 
accuracy may be anticipa ,ed o However SI this is not always a reliable guide si nee 
the solution of a problem of a limited number of equations may be quite accurate 
even when the determinant is small o 'lhe final check on the accuracy of the 
solutions is to substitute the solutions back into the orieinal equations~ 

If poor result are obtained 51 check with a member of the computing staff o 

An improved version of SER. is available which will produce better results in 
some cases by the process of back=substitution and iterationo However, even 
this method will not always eive useable results because some matrices are 
''ill-conditioned" or numerical solution o 

1he link between SER and the PAT program is" 

L+lQ i 
J-': 

1+2: 

100 8 L+2 3ff 35f ~ l 
000 5 000 000 

000 n -A- -X- -N-, 
- '> 

.~~~~~~-~ 

vb ere J,+2 is the address of the third link word 

n is the numb of equations being solved 

-A~ is the address of the first location of the band of 
n(n + 1) sequential locations used for the terms 

of the augmented matrixo 

-x- is the address of the first location of the band of 
(n + 1) sequential locations to be used for the 

solutions 

and -N- is the address of tne first instruction to be executed 
after all the solutions have been obtained (often called 
the ."return") 

Because the link must be loaded by a RPT instruction 9 all address s 
must be converted to the hexadecimal equ valents of the decimal addresses 
usedo In addition, certain procedures (such as Br'eakpoint S~itches, etco) 
are required to allow PAT to process a program containing an RPT instruction~ 
and to insure tl at SER is available o 'Ihe person in charge of the computer can 
assist the user in these matters Furthennorej it is suggested that a member 

, A tape is a ·ai a le which m;iy be fed uhrough the Flexowriter to produce the 
fixed portion of th link T"nis tape will stop at each place tha ' t.he use 
must supply data uhich is unique to his rogram.., 
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of th... 01 put:i. g s l.aff he consult:.~ w en a s rs .em of more than ni e t"J 
bei 1g progr ... mmedo 

LEAST SQUA ,. N 

2 0 

It is possiole o constru~t many functi~n~ to re~~esent emprical data 
wh·ch is given il terms of da~a poin~s ( ?Y) Of th· simp esv function j 

the po ynomialss in.any e~ ressions coul be found that would represent 
the data i some "best" ma ero* A polynomi.;.l of degie 'm ) c "l 

construcved s. that i~ will pass tXac· 13 through m data poin!.1S~ and 
as a smooth approximat:i ng f ctio for poi ts .:.n betwsen o If a polyn'"".,. ............. 
degree less tha m - 1) is used to represent t e data. •t wi 1 ot be 
possible~ in general to l:ave the polyno i.a. pass th ough all the data pointso 

A number of crite ia may be used to <let-ermine what onsti' t ·tes the bestrt 
represent.atior of the da-t~ao One polynomial r1ay pa s through the t, o end points 
and the mid=point An()ther may r, i.nimize the dil ference between the lynomi a 
and the data pointso One of the most useful is the polynomial that mi imizes 
the sum of squares of the differences b .... tween the polynom ·.al and the data 
po:i.ntso 

I.SN is a suuroutine tbat will determine the coe ficients of an r th degree 
polynomial tha.t will m~nimize the su,."Tl of the squares of the differences 
bet -reen the polynomial and m data poin i..s <> T'nis polynomial is then k 101-m 

as the least sq11ares nt degr e polynanial approximation o t.he c:.iv n 
datao It is not necessary that '.,he user un ~rstand the .net,hod used to 
generat,;e the coefficients of this ~olynom:i. ·-1 as lonO' .~ l-ie is able to 
call it into i1seo 

In many L-.1ays ~ l.SN is tne easiest of t .e subroutines or the us r o 
employo It ls neces acy for him to specify to lSN only the degree o.r the 
polyt omial desired and t,he number of dat.a. po.:nts available<} urn wil i put 
the data as requ.:.red~ compute the coef ficie:..- ts of the esL ~d p 1 omial 9 
and pu ch out the (n 1) coe.t"ficient,s in order of pori r of. 
x o After con.pleting this j lSN will transfer bQcl'" to uhe beginni 1g of 

P. T and stop with the P T display sho.1ing; at this time the computer is 
ready to load a new rog-r amo 

LSN will produce a meaningfu . result only if the number of data points 
is at least, one greater than t ie degree o ~ -t:.ne des ired polynomial, and if a 1 
the data points are distinct Ho;evera it ls not necessary to supply the 
d~ta poin;s in any par icu1ar ordero 

Be ause of the time required for input and handling of the data by LS ~$ 
only he min l number of data poi ts consistent i-,it.n the req ired · ceurac 
should be used o Of course it is ndesirabJ :::ii to s ci y a. p lynomi~.1 of de~ee 
higner than requil·ed f r uch the same 1 ~asono It is lsefu.1 to not.f:~ that if 
the data shm-is a mar'"ed symmetry :. bout some poi t a ·t,ra s c-.i.ti 1 of t e axis 
coupled ~Jith sup_)lying data J.·rom onl ~ 011e side of the ne 11 

he re ulting olyn mia _ o rep vsent t,h entire datao If even ymm 
is sh mm i -.he d ta a l ol om ial f e en d gree s .ould be specified; if odd 
symme ,ry is shown, ~ oly omial of odd degree. 

"# Hi eb a d ~ Ti' ci " :; 

New York 9 956~ P. 

in N lieric·il Anal sis ~;acm·11a Co" r:ew 01"' 
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~ th~ u 't- s pro 'j ~d'V\ 

Ihe user will have to wr·te only the link to call I.S1 into pJuyc The 
data points must not ed b8cause LSN ·; · for the data from the 
input tape reader when e •.Aed ,/ r1his data mua" b l · sted in (x~y) ~airs 
~ith the~dependent variable fir~t. 

where 

ln 
'=. 

The link between LSN and the PAT program is 

1° 100 8 L+2 3ff 35f i 
J-'+ 1° 000 5 000 000 001 s 

1+2 o 000 0 OOn -m 000 $ 

L+2 is the address of the third link word 

n is the degree of the polynomial desired 

and --m is the number of data points availableo 

~cause the link must be loaded with an RPT instruct ion all data must 
be given in the hexadecimal equivalents of the decir11al numbers usedv Since 
the addresses are already filled in on the standard link to IS. provided in 
the laboratory~ it will be necessary to convert only m fran decimal to 
hexadec :i.mal o 

In addition, certain procedures (such as Breakpoint Switches, etco) are 
required to allow PAT to process a program containing an RPT instruction and 
to insure that LSN is available,, 'lhe person in charge of the computer can 
assist the user in these matterso Furthermore.s i" is suggest d that a memoer 
of the computL"'lg staff be consul ter.i when a polynomJ.al of~ degree higher them 
nine is being progranunedQ 
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PEHA TI ON i\IME5 

PAT and PA'rH.ICK programs 

~'1hen writing long programs it is desirable to be able to estimate the 
running time that will be equired 'rhe follo·dng table of operating times 
can be used as a guide .9 with the understanding that it will be only approximate 
because the time required for a special function :ts soroowhat dependent on the 
value of the function being computedo 

LOAD 39 + 2o7T + 2olS seconds.9 where T ls the total number 
of special function an:l countine; instructions .9 and S 
is the total number of other instructionso 

t ARI'IHNE'l'IC 0 0016 seconds o 

COL·~PAHISON 0,,032 seconds if transfer does not talce place; 
Oo048 seconds if transfer does take placeo 

IN Oo6 + 2olN + Oo9Z seconds uhere Z is the number of 
zero, and N is the number of non zero, numbers being 
loadedo 

OUT 

SQR 

SINR1 COSR 
SIND~ COSD 

:Ui.CR, ARCD 

EXPEi EXP r 

LOGE, LOGT 

OOK 

.1.10VE 

ns·r 

CHK 

Oo6 + 2 o 7N .,. Oo9Z seconds where Z is the number of 
zero, and N is the number of non-zero~ n hers being 
punched out o 

lo2 secondsc 

108 secondso 

L.O secondso 

107 secondso 

1()6 seconds o 

lo2 secondso 

lo2 secondso 

Oo9 secondso 

102 seconds~. 



• 

• 

• 

30 

32 
3 

34 

iV 

·I 



• 

• 

• 

1 

HALT 

181 

Di r\ay . PAT 
Set Pr~re~ Inc\,'"°~'" :: 0 

Copt CoP'(•tJ~ BLoc.~ 
i Y'\ +o \ '" lt $ to '-14L 

HH~ 

3sa 

Cop~ S\.4bc-oub'\e Cof\tro i 
a\'\d PAT C on1-ro\ \..-.'h> 

I\ ve sToro~ e 

5 e i- P<'oj ru~ 1 o/\c:l ."toi---r : 00 \ 
Set R. = aoo ·) i:. ooo ,-\ 

\j ; o o o ; j -:. t 8 1 ; To.~ : -

355 

Fi\\ df"um with 

H oal+ o~Jer.s 
as6 

52 • 
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\a\:> 
Set PrC>j. IY\d. ~ 0\ 0 

P\Ct.,t T> A.A.,A,A.3 
lbO 
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Reset 
Set 

le9 
p 1. ~ 001 

1~d 

'oad~~ +~ 
i:A) V=V 

N-=-R 

If I 
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Set P.I.: 1 cd 
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352. 
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Se+ P.1. -= 1o1 

1l3 

Q.f \o..cQ. 

b'1 10 - 8 

224 

Set up ~ 

\ t- t"o.j~ 1 
~ rc::le'"' 

22.8 

Set P. I. : 102. 

Pl <l't'\t B \-.'\ "'"'k. 
~ ord.S 

6L 
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Move: 
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Set M 4-or 
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USING THE FLEXOWRITER 

The Flexowriter electric typewriter is used to prepare program 

tapes for the computer and to list the answe~ and error punchouts 

produced by the computer. The following important points should be 

kept in mind when using the Flexowriter. 

(1) Always use three sheets of paper in the Flexowriter to protect 

the roller. 

(2) Every key on the keyboard produces a unique combination of 

holes on t he tape when the PUNCH switch is on. 

(3) All orders and numbers must consist of 13 characters (ignoring 

spaces and a decimal point) AND a comma. It is desirable to 

insert spaces in an instruction to separate the parts of the 

order. It is also desirable to insert the decimal point (period) 

in a number, and to insert spaces to make numbers the same 

length as orders. 

( 4) Errors in typing may be corrected either by over-punching (if 

this is possible) or by removing the incorrect character with 

the CODE DELWI'E switch and typing the correct character. It is 

not good practice to try to glue holes back onto the tape! 

(5) Place a Stop Code at the end of the tape using the STOP CODE 

switch. Advance the tape using the TAPE FEED switch. Place 

some identification (including the name of the typist) on the 

tape as unlabeled tapes WILL BE m5TROYED AT ONCE! 

(6) Prepare a listing of the tape using the reading feature of the 

Flexowriter. Always proof-read the listing so produced to 

guarantee that the tape correctly represents the written program. 

(7) It is possible to reproduce a tape using the combined reading 

and punching feature of the Flexowriter. The START BEAD switch 

will prevent reading while it is depressed; the STOP READ switch 

will tenninate reading when it is depress~d. 



PAT OPERATING INSTRUCTIONS 

The console of the computer is divided into three areas: 

(1) The computer console is the center third of the console and is 

used to control the computer proper. 

(2) The input console is the left third of the console and is used 

to. control the input tape reader, which is located near the 

canputer console. 

( 3) The output console is the right third of the console and is 

used to control the output tape punch, which is located at the 

right side of the console. 

All switches will be referred to in this manual by stating the 

name of the switch in capital letters within quotation marks separated 

by double spaces from the remainder of the text; the same name appears 

on the console by the switch. 

Only those switches mentioned by name in this man~l are i be 

used by PAT users. While a PAT user may open the input and output 

console doors to check the state of certain neon displays, no switches 

nor tubes located within these consoles are to be touched. 
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Every user should have four it811ls ready when he arrives 

to use the computer: 

(1) a program that the user feels is correct, 

(2) a tape which is a faithful copy of the program, 

(3) a listing of the tape, and 

(4) some sort of a check for the ccnputer results. 

In order to load a PJ.'f or PATRICK program into the computer 

~he following steps must be performed in the order listed. Extreme 

care must be exercised to ensure that all steps are executed in 

the exact manner described. Notify the engineer in charge if the 

proper execution of any step does not result in the indicated 

action. 

ST WING 

1. Sign in on the canputer log. 

2. Stop the c<aputer by pushing the "STOP" button 0n the 

caaputer console. 

3. Clear the caaputer by pushing the "CLEAR" button on the 

computer console at least three times. 

4. Place a "Start PAT" tape into the input tape reader, being 

careful to have the tape under the guides and the drive 

wheel engaging the sprocket holes in the tape. (The "Start 

P!T" label rill be readable from the front of the console 

when the tape is properly inserted into the reader.) 

5. Push the "CLEAR EMPJ.'I" button on the input console. 

6. Tum on the tape reader motor with the toggle switch located 

to the left of the tape reader. 

7. Start the tape reader by pushing the "ST.A.Rr" button on 

the inpit console; the tape reader will stop autana.tically 

when it reaches the end of the tape. 



• 

• 

• 

a. Start the computer by pushing the "RUN" button on the 

canputer console. The computer will stop at once with the 

PAT display shown below displayed in the neon bulbs located 

on the canpu.ter console. 

0 0 0 0 • 0 0. 0 • 
0 0 • • 0. . / 0 ' • • 0 • 0 

• • • .10 ' ' 0 0 0 0. 0 

• 0 0 ' ' 0 0 0 • 0. 0 • 0 

9. Remove the "Start PAT" tape from the input tape reader. 

lOa. If no subroutines nor counting instructions are to be used 

lOb. 

lOc. 

in the program to be loaded, throw all "BREAKPOINT SWI'l'CH&S'' 

on the computer console down; skip to step 26. 

If counting instructions but no subroutines are to be used 

in the program to be lo~ed, throw "BREAKPOINT SWITCH # 7" 
on the caaputer console up and .all other "BREAKPOIIT SWITCH!5" 

down; skip to step 26. 

If it is known that the ~broutine to be used with the program 

to be loaded is available, throw "BREAKPOINT SWITCHi5 # 7 and # 8" 

on the computer console up and all other "BREAKPOINT SWIT~" 

down; skip to step 26. 

lOd. If' the subroutine to be used with the program to be loaded 

is not available, throw all "BREAKPOINT SWl'l'CBES" on the 

canputer console down; proceed to step 11. 

0 
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LOADmG A SUBROUTINE 

11. Start the computer by pushing the "RUN" button on the 

computer console. This will cause PAT to erase all traces 

of previous programs and subroutines. 

12. Locate the desired subroutine tape on the top of the console. 

All subroutine~ are on heavy red tape and are identified by 

a label giving the name of the subroutine on the leader. 

13. Place the subroutine tape into the input tape reader, being 

careful to have the tape under the guides and the drive 

wheel engaging the sprocket holes in the tape. (The label 

on the tape will be readable from the front of the console 

when the tape is properly inserted into the reader.) 

14. Wait until the computer completes erasing the previous program. 

This will be indicated by the computer ceasing computation 

while the RUN light neat'" the top of the console remains on. 

15. Stop the computer by pushing the "STOP" button on the 

computer console. 

16. Clear the computer by pushing the "CLEAR" button on the 

computer console at least three times. 

17. Start the input tape teader by pushing the "START" button .. 

on the input console. The tape reader will stop automatically 

when it reaches the end of the subroutine tape. 

18. Start the computer by pushing the "RUN" button on the 

computer console. This causes the computer to load the 

subroutine for future use. 

19. The computer will stop automatically when the input tape 

reader stops. The STOP light located near the top of the 

console will come on. At this time remove the subroutine 

tape from the input tape reader and rewind it. 

It is convenient to wind long subroutine tapes onto the 
rewind spool while the tape is being read by the reader. 
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20. Clear the computer by pushing the "CLEAR" button on the 

caaputer console at least three times. 

21. Place a 0Start PATu tape into the input tape reader, being 

careful to have the tape under the guides and the drive wheel 

engaging the sprocket holes in the tape. (The "Start PAT" 

label will be readable from the front of the console when the 

tape is properly inserted into the reader.) 

22. Start the input tape reader by pushing the "ST.ARI'" button 

on the input console; the tape reader will stop autana.tically 

when it reaches the end of the tape. 

23. Start the canputer by pushing the "RUN" button on the 

computer console. The computer will stop at once with the 

PAT display shown in step 8 displayed in the neon bulbs 

located on the computer console. 

24. Remove the "Start PAT" tape from the input tape reader. 

25. Throw "BREAKPOINT SWITCID5 # 7 and # 8" on the ccnputer 

console up and check that all other "BREAKPOINT SWITCHES" 
are down • 
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26. 

21. · 

LOADING A PROGRAM 

Start the computer by pushing the "RUN" button on the 

computer console. This will cause PAT to prepare to examine 

the program to follow. 

Set the Format Control (identified as "WOROO/LINEtt ) on the 

output console to the desired number of columns of results. 

28. Push the "CLEAR EMP.r!" button on the output console. This 

button must be depressed quite firmly for proper operation. 

Call the engineer in charge to check the proper operation 

of this button if in doubt. 

29. If any punched tape has been left in the output punch, advance 

the tape by depressing the "TAPE FEED" button on the output 

console. Tear off the unwanted tape and discard it. 

30. Place the program tape into the input tape reader, being 

careful to have the tape under the guides and the drive wheel 

engaging the sprocket holes in the tape. (The line of 

printing on the tape will be visible from the frOl').t of the 

console when the tape is properly inserted into the reader.) 

31. Start the tape reader by pushing the "START" button on the 

input console. The tape reader will stop automatically only 

when it reaches a stop code on the tape. PAT will now check 

the program for logical errors and store the program in the 

memory of the computer • 
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32a. The computer will stop without producing any output if no 

logical errors are found in the program. 

Reset the timer located above the "BREAKPOINT SWITCHES" 

if it is desired to obtain the running time of the program. 

This timer is controlled by the computer and runs whenever 

the computer is running. 

~tart the computer by pushing the "RUN" button on the 

canputer console. This causes the canputerto start executing 

the program. 

When all the program tape has been read by the input tape 

reader, tum off the tape reader motor with the toggle switch 

to the left of the tape reader. Remove the program tape from 

the reader. 

Follow steps 33-39 when it is desired to remove an answer 

tape from the output punch. 

32b. The computer will stop with the PAT display showing in the 

neon bulbs on the computer console CliLY if a logical error 

has been found. 

Stop the input tape reader by pushing the "STOPtt button 

on the input console. Tum off the tape reader motor with 

the toggle switch to the left of the tape reader. Remove 

the program tape from the reader. 

Follow steps 34-39 to remove the error tape from the output 

punch. 

Identify the error using the error codes listed in another 

part of this manual. (It is convenient to be able to read 

an error tape without listing it via the Flexowriter. 

~Mai&i~~.._~ .... ~~~---~ 
~ ~ 0 

Correct the error in the program tape and 

canputer again • 

c 
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REMOVING !. .TAP! 

33. · Stop the canputer by pushing the "STOP" button on the 

computer console whenever a tape is to be removed from the 

output punch. 

34. Wait until the punch stops punching if it is still punching 

information onto the tape. 

35. Place a stop code on the tape by depressing and releasing 

the "STOP CODE" ' button on the output console. 

36. Advance the tape by depressing the "TAPE FEED" button on 

the output console until all the information punched on the 

tape is beyond the end of the punch. 

37. Teu off the tape and put some identification (including 

both the user's name and the date) on it at once. The 

engineer is charge will destroy all unlabeled tapes 

immediately and will destroy all properly labeled tapes 

after 48 hours • 

:38. If it is desired to continue with the caaputation, restart . 
the computer by pushing the "RUN" button on the computer 
console. 

39. Relinguish the canputer and sign out on the canputer log as 
.. 

soon as you are through with the computer. This means both 

when you finish a problem and when you leave the computer to 
correct an error! 



Charles W. McClur 

IBE of BREAKPOINT SWITCHES SEP - 5 1960 

All switches are nonnally down for PAT. 

BP 8 .If this switch is up the drum will not be filled with the 

halt orders to catch any transfers outside the program. This feature 

will have to be used whenever an additional subroutine (RKS, PRS, etc.) 

is used because that subroutine will have to be loaded before control 
1 

is given to PAT. 
r 

It is suggested that "Start PAT" be fed in which will cause 
~ ~ ~ 

the drum to be filled with halt orders 'PheB the desired subroutine 
2 

loaded· ~ "Start PAT" fed in again :EJl(,o~ this time with BP 8 
~ j 

up; folleuea 'Sy the program. Io c:? cl • 

Bp 7 If this switch is up PAT will allow order type 0 and 1 

orders to be processed. ..This feature distinguishes between PAT 

programs and PATRICK programs. 

BP 6 If this switch is up PAT will allow an unlimited number of 
4 o"""- i- ~ ~ • 

subroutine links. Nonnally nly 42 type 4 and type 1 orders may be 
) 

employed because the links for these orders (two link words per order) 

are stored in the band from 19c to 17f. Further subroutine links 

will be placed in PAT space starting at the top of the space and . 

working down. 

5 
BP If this switch is up the computer will halt after competing 

each subroutine. The result of the subroutine will have been delivered 

when the canputer halts, and the order in the order register will be 

the transfer instruction to return to the PAT program. 

All other breakpoint switches may be used in other subroutines 

(such as RKS, PRS, etc.) to control iteration, accuracy limits, form 

of solutions, etc. 

r-
e 

I 

" 
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After loading a program as described on the preceding pages, 

PAT will examine the program for logical errors. It is, of course, 

impossible to detect all errors because PAT can not know what problem 

is being solved, but it is possible to detect all violations of the 

basic rules of PAT programming. 

If no errors are found in the program, the computer will stop 

with a transfer instruction displayed in the neons on the computer 

console. The Id address of this transfer instruction will be the 

address specified by the LOAD instruction as the first order of the 

program to be executed. This address will be specified as a hexadecimal 

number, and may be converted to a decimal number by the table in the 

section on HEXADECIMAL N1J¥BERS. 

If an error is found in the program, PAT will prepare an error 

punchout describing the type ·of error, the address of the instruction 

containing the error, and a copy of the incorrect instruction. After 

. producing the error punchout the computer will stop with the/PAT , 

· /display showing in the neons on the computer console. PAT is now 

ready to examine another program. . 

As indicated above, an error punchout will consist of two words 

containing an error key descriVing the error found. Msca1iP the 

-fhe ,rs four characters are the error key; discard St><. 

characters (which will always be zeros); the ~_t three characters 
' 

give the address of the incorrect instruction. The second word 

will be a copy of the incorrect order. 

The following pages list all the error keys produced by PAT. 

It is possible to have the program correct, but to ask for an 

impossible special function (such as the logarithm of a negative number). 

Such errors will produce error punchouts during running. The meaning 

of these error keys are also listed. It should be noted that the 

order calling for this impossible operation will be punched out with 

the error key, but it will be in hexadecimal number fonn. 

• 
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ERROR KEYS 

0000 Program started with special order "end" 

0001 Loading instruction was incorrect 

(a) Order type was not 0 

(b) -A- was greater than -B

(c) -B- was greater than 299 

0002 Loading instruction does not agree with length of tape 

0010 

0020 

(a) If the address in the error punchout is less than 

or equal to -'i- in the loading instruction, there were 

not enough words between the loading instruction and "end11 

(b) If the address in the error punchout is greater 

than -ti- in the loading instruction, there were too 

many words between the loading instruction and "end" 

Order has an impossible A addre~s () 

(a) Some character was greater than 9 

(b) Total address was greater than 299 and not short memoijr 

Order has an impossible B address 

Some character was greater than 9 . (a) 

(b) Total address was greater than 299 and not short memory 

0040 Order has an impossible R address 

(a) Some character was greater than 9 

(b) Total address was greater than 299 

CXJBO Order has an incorrect use of short memory in a normal order 

(a) Should have used 800 to pick up preceding result 

(b) Should not have used 800 to pick up preceding result 
\ 

0100 Order has an incorrect use of order type 0 or 1 

(a) Breakpoint Switch 7 was not up 

(b) Order type 0 with -A- greater than -B

(c) Order type 0 with -B- greater than 299 

0101 Order called for a MOVE order with a step of greater than 100. 

0102 Order called for a non-existent type of counting instruction 

0103 Order called for a DOK order with • K greater than 100 
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ERROR KEYS (Cont.) 

0400 Order called for a non-existent type of special function 

0401 Order would have called for more than 42 subroutine links. 

Every order type 4 and order type 1 generates a sub

routine link. Breakpoint switch 6 allows more links 

at the expense of program space; consult with a staff 

member for further details. 

0480 Order called for preceding result with short memory in a 

special function or counting instruction. 

07cd Order used illegal order type 7, c, or d. 

1001 An IN or an our order specified -F- greater than -L-

1004 The MOVE instruction has been used more than 100 times without 

1001 

1002 

being reset; or the MOVE instruction used an -A- or -R

address outside the range of PAT (000-299) 

The angle being specified for the sine or cosine special 

functions was outside the range of computability 

The number being specified for the exponential special 

functions was outside the range of computability 

1003 The number specified for the logarithm special functions 

register. 

will 

was less than.Vzero. 

..,.,_,~/ fo 

e running of a program, 

not produce rror punchouts. 

computer will 

e in the order 

Computer 

3b8 in the 

1 OUT orders • 
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HALTS 

If the computer ever halts during the running of a program, 

check the following error stops, which do not produce error punchouts, 

and follow the suggested procedure. 

A machine error detected by the CHECK instruction. 

The computer will stop with 3d4 in the order counter and 

100 9 3e5 3ff 35e in the order register. Call the engineer in charge. 

An unnonnalized number has been delivered to DECC!f. 

The computer will stop with 3b9 in the order counter and 

200 6 000 000 3b8 in the order register. "Start PAT" must be fed 

in, causing PAT to load a new program as described in STARI'ING PAT. 

Examine the program to find an our instruction that caused a number 

to be delivered to DECON that had not be~ generated by the program. 

A transfer outside of the program. 

The computer will stop with 200 6 3f9 355 -i- in the order 

register, where -i- is the address to which transfer has taken place. 

"Start PAT" must be fed in, causing PAT to load a new program as 

described in STARTING PAT. Examine the program to find a transfer 

outside the range of the program. PAT fills all unused locations 

with halt orders to catch any transfers beyond the program. 
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HEXADECIMAL NUMBERS 

The computer actually works only with binary numbers, and all 

decimal numbers supplied to it are converted to binary notation. 

However, to facilitate human understanding, the binary bits are 

grouped into sets of four bits each, and the hexadecimal number 

system is used for reading the binary numbers. 

The orders displayed in the order register neons on the computer 

console are grouped into sets of four bits vertically, and the entire 

50 bit (13 hexadecimal characters) word can be read from the neons. 

The light patterns for the sixteen combinations and the hexadecimal 

equivalents are shown ti~hi~1t page. Once an address has been 

read from the neons (af the R address of the transfer order will 

causes PAT to transfer to the program after loading), the hexadecimal

decimal conversion tables can be consulted to find the corresponding 

decimal address. The allll!l!91!t'd page following is such a conversion table. 
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CLEARING INPur and OUTPUT 

The "CLEAR EMPrY" push buttons on both the input and the output 

consoles must be depressed quite finnly to cause proper operation. 

It is suggested that a check be made on the proper operation 

of the "CLEAR EMPfitt push button on the output console (the procedure 

is the same for the input console) whenever it is used. 

Ji}c Open the console door and check that all the neons on the 

chassis indicated in the sketch below are out. If any neon is on, 

depress "CLEAR EMPrY" again. If it is impossible to clear all 

the neons, call the engineer in charge • 
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EE 183 Exp 1 ~ (5) 

Second Version with Error Correction 

• 000000101Y,001, 0000001014001, 0000001014001, 0000001015001, 
0014195000200, 0014195000200, 0014195000200, 0014195000200, 
0014201000201, 0014201000201, 0014201000201, 0014201000201, 
0024201000201, 0024201000201, 0024201000201, 0024201000201, 
0008198195202, 0008198195202, 0008198195202, 0008198195202, 
000al95201201, oooa195201201, oooa195201201, oooa195201201, 
0006oooooooo7, 0006000000007, 0006oooooooo7, 0006000000007, 
ooo4ooooooooo, ooo4ooooooooo, 0004000000000, ooo4ooooooooo, 
0003202201000, 0003202201000, 0003202201000, 0003202201000, 
0084000000000, 0084000000000, 0084000000000, 0084000000000, 
oooa1968oo oo, oooa196oooooo, oooa196oooooo, oooa196000000, 
0002197000203, 0002197000203, 00021978oo203, 0002197&>0203, 
0024202000203, 0024202000203, 0024202000203, 0024202000203, 
0002202199202, 0002202199202, 0002202199202, 0002202199202, 
oooe8oo200007, oooe8oo200007, oooe8oo200007, oooe8oo200007, 
0005000000002 ,- 0005000000002, 0005000000002, 0005000000002, 
end, end, end, end, 
0000000000000, 0000000000000, 0000000000000, 0000000000000, 
0001000000000, 0001000000000, 0001000000000, 0001000000000, 
0007000000000, 0007000000000, 0007000000000, 0007000000000, 
1011000000000, 1011000000000, 1011000000000, 1011000000000, 
0002000000000, 0002000000000, 0002000000000, 0002000000000, 
0011000000000, 0011000000000, 0011000000000, 0011000000000, 
1011000000000, 1011000000000, 1011000000000, 1011000000000, • .1012500000000' 1012500000000, 1012500000000, 1012500000000, 
0001000000000, 0001000000000, 0001000000000, 0001000000000, 
0002500000000, 0002500000000, 0002500000000, . 0002500000000, 
0011000000000, 0011000000000, 0011000000000, 0011000000000, 

'- ov.. 
oooooBooooo 

() , oooa1968o- oo, · 
s~ t 

00000~000011, 0002197000203, 
-1 

0000002000015, , 0005000000002, 
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Answers • 1011000000000, 
1011000000000, 0004424843811, 
1012000000000, 0006052652743, 
1014000000000, 0006871790514, 
1018ooooooooo, 0006997651761, 
0001600000000, 0006999999212, 
0003200000000, 0007000000000, 
0006400000000, 0007000000000, 
1012500000000, 
1011000000000, 0002307758601, 
1012000000000, 0003854696917, 
1014000000000, 0005586724218, 
1018ooooooooo, 0006714664470, 
00016oooooooo, 0006988369099, 
0003200000000, 000699998o674, 
0006400000000, 0007000000000, 
0001000000000, 
1011000000000, 10l666137588o, 
1012000000000, 0001268884299, 
1014000000000, 00023077586o1, 
1018ooooooooo, 0003854696917, 
00016oooooooo, 0005586724218, 
0003200000000, 0006714664470, 

• 0006400000000, 0006988369099, 
rz 0002500000000, 

lOllOOOOOOOOO, 1012744739203, 
1012000000000, 1015381854102, 
1014000000000, 0001034993356, 
1018ooooooooo, 0001916956478, 
00016oooooooo, 000330895i569, 
0003200000000, 00050537384.93, 
0006400000000, 0006458866792, 
0011000000000, 
1011000000000, 1026965116087, 
1012000000000, 1011386092418, 
1014000000000, 1012744739203, 
1018ooooooooo, 1015381854102, 
00016oooooooo, 0001034993356, 
0003200000000, 0001916956478, 
0006400000000, 0003308951569, 

• 
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\\a ooo6oooooo181, ooJ.e.4ta4 7a78t8, 10083tf3f'f'35e, 10081873f'f'35a, 
~ ioo818831't35b, · ioo81863tt35·c,-c ::· ..... · · bbb50000bb)5a, · · · · · ~ 1ooa1&~:tt,i.:o, 
i 100835aiac:;35&, 0000001000001; · , ; ~.: .. : .. ..-: ·019135ai9c~·, · · 10Q835a3:rt>aoo, 
~01918ooo1c34c, OOcU.35dOlc348, 1008ooo3f'f'35f', 01918ool9a347, 

,~000<U.35ro1a34a, · 1<>082383tt35b, 00050000002oa., ioo835r3rrooo, 
l00835c3f'to0b, 1006ol000034c, 0005000000000, 101135clcl0f'f':t, 
1008ooo3f'f'35d, 2005000000340, 100834e3t:tl8o, 12c834:t3t:f'l81, 
101135dcl0000, . 0005000000ldf, 100508oooola6, 100&3f9355000, 

\a.o loo83553:td355; •: . lOOe800l.84}55·,· • • ' I 00b500b000l.86,· • • • • 00000008t>o000, 
100a3t935518o, . . .0005000000354., 000035f35f'la7, 100835f'3:t:t35d, 
02dl35t296350, · 000e35035lle6, l00e340.352314, · · ·· ·· 1008'eb3ft35e, 
125135t254355, 119135f'Odc356, 119135f'Od435a, lldl35tl2435b, 

\ \;0 12ll35f'l7435c:, 100c356la3lba, 100e23635a314, 100e23735b314, 
100235cl968oo, 10088oo35b800, 10028oo1968oo, 10088oo35a356, 
i00e2378oo314., ·00dl35'6J.9C'35tr, · ' · · · · l00835e35e3'5.e', · · · · · · lt>al.35?0C1c35:7, 
10dl35f'Od435a, 111135tl24.35b, 115135f'l7435c, 100c357la3lc8, 

"o 100e23635a314, . 100e23735b314·, · · · · ' · l'00235'cl96&X)', · · · · · · l0088o035b80o, 
.10028oo1968oo., .. - ~ 100Baoo35a357.,. 1ooe2378oo314, 00dl3570dc35d, 
100835e35e35e, 10li35:rodc358; I • r > l.Ol.135"f'Oa435a, . • • • < • l05135n2435b, 
109135fl7435c, 100e23635a314, 100e23735b314, l00235cl968oo, 

\Ao 10088oo35b8oo, · 10028oo1968oo, 10088oo35a358, 100e2378oo.-Jl4, 
00dl358olc35d, lOOe34t3f'tle9, · ll911del9c.35e; · · · · 1ooe35531-tit2, 
100eldd355le2, 10ll3ee20135e, ·:. '·. · IOOc356359314, · ·100d357359314, 

\ 
l OOeldb355ltd, 1C>Ob:S·583r:r359; · .. '.' · ·00057cdooo352, l0083fb3:f'b35e, 
10083523td352, 00050000001a6,· · ·.. · ·" 100eldb355ld9, 0005000000314, 
~oo835e3fb35e, · 0005000000233, : 100e34d352le8, 0005000000314, 
~0006oooooo34c, · l0083tb3:t1'35e, 100ela63553llt., 100e357356314, 

100e237357314, ' ,100934t3tf.34t1 ·· ;· 00d13560lc352, 00dl3570lc34d; 
(o 00dl35&:>lc34c, 0005000000la6, 100e3553f'9lt6, 100c3553t91ft, 

100e355le81fd, : · . 0005000000314·;, 100elf'0355ld9, · 10023fa3f'a35e, 
1005o400001fa, : 00050000003141 · .. . :·=.· 100C31'a35522l, 100e357356314, 
100e237357314, 1008la331't359, 0005000000352, 10023fa3f'935e, 

-zoo 129135:f07835b, 02bl35f193347, : : ·.' · · ·12ai35to1135a, 129135:f01135c, 
l.00e35b3tc347, 0005000000314, 125135b0dc35b, 0005000000210, 
'100c35c3ft206, 119135b0dc35b, 0005000000210, 10dl35b0dc35b, 
0005000000210, 100c35a3tt2o8, . 100c35c3tf'20b, 101135b0dc35b, 

,_, 100c35b3ft3.14, 00d135b0dc34t, 10dl2lal9c35e, 001135cl0da35d, 
0011352l9c'4t, · .. · .. 0~512la25435d, 100a3503f'3350, 100a35131'3351, 
00118oolOA 21•e . oon~5001c"'5d . ' . . . . 1N'\C:0204012lc· ..... , ·1ooe3<0220}l4-·7"ft I ,,,/ ,,,/ I .vv_, I '-1 . ... ' 

11912lf'l9c35e, lOOe237,56314, 1008la33f'f359, 000548oooo350, 
loo834e3tf'l2b, . 100835e3f'b35e, · · · , · · 100e357240224:;,- · · ' · · ·1ooa24o357357, 
·129135f'Ob835b, 029135f'23135d, 02a135fl7135d, lOO:f2403573i4, 
00dl35729734t, 032135730134.t, 10083tt35d35d, 100835e3f'b35e, 
100e3fc35b314, 100c3ft35ble4, 100c3:tc35b231, 00dl2300dc34:t, 

&.-1.vooo50002e6212, 00dl.2320dc34t, '.00050002tc212, lOOe240356314, 
·00dl23504e~f, . 00050002da212, 0000000009000, 000000012b000, 
·02d82dl2d0000, · · 000028<)288242, 02a8262000000, 0000000000000, 
02c2000000000, .0000285287241, 02a7261000000, 0000000000001, 

14.~000, .· .OOll3ee32134.o, .· '. 100e35b3td25f', 10ll3ee2cl355, 
'029135b2l8355, 031135b321355, 00083553tf'355, 000f'3ea8oo25d, 
'000&355355355, 000a35b3fe356, 00088oo3ea8oo, 00033568oo356, 

' ooo88oo3ff357 I . Q0083f'e3ff'358, .· 0002356356359 I 0002357358357 I 

; .. . 

·, 

• •• • .• • ,. • • ... • ~ • • ' ·,. '• - • - .. ' ,. !" ' - •. • t "' 1'! • • .. .. - ... ~ 

. .. . • _, 



1 0008358,ea,58, 0003359aooaoo, 00023578oo357, 00083568oo356, 
0002eoo312aoo, · · ·ooor8cio35·12'4'i, · · · · · · bbb~35~ea~'5o, · • · " · · bt>02355Joei80o, 
.00083568Qo35c, .. i00e3:r:r34034a, 000335c30d35c, 100934-03tt34o, 
. 000500000034& : · · : : l0083f05b351f r -!" :·" • • C5d05'~~ · .., · · .. · ll91'2"6019d35e 

• ,, t1> 00050830oo313:-' ' · ·oou}ee321340;:rL; .·::· <c>0093'1>3t:r8oo; ·: . > r. ·txx>&'at>t>3:te355; 
·00088oo3ea8QO, 0003355Boo355, 00028oo8oo356; 00028oo27d8oo, 
oooaaoo21e600:, ... "o002aoo35·6eoo, 00088oo21:raoo1 0002aoo3568oo1 
.00088oo28o800, -.· . ·00o2800356Boo, 00088oo2818oo, 00028oo3568oo, 

,, 1f> 00088oo282&x>, . oob28003568oo, 00088oo2838oo; 00028003568oo, 
00088oo28480o, .. · . .. 00028oo3558oo:, 00088oo27c35c; 032135b32135c, 
iooe3rr34034&1 · · · " ood335'c3c>C~5c,· · - · · ·10093403:rt.,.o; · · · · · ·000500<100034&, 
000c90fdaa222, .. .. 307.84-.d7e74-3.55, . ... . l05b3165ld7e0, 304e50lc3c528, 

i 03c577d:r4db3', 302Be6c62d66c~ · · le52c·c·40a5b'5dl.',· · · .. "· .,cn:&aa'6lbe2Jlc, 
OOO:ft:f'ff'4ced2, 000235b30c8oo; 0005000000289, 000235b30c8oo, 
o6oa30b8ooaad, 00038oo3f'2355, ooo:r8oo31028d, 119128cl9d35e, 
0005081000313~ 00083:re3tf'356, oooe3:r:r355291, OOOa3:ff355355, 

i r; a3f':r35635·6·, .. _. · d0083i635,8do , .. · · · · · ·ddda8dd3l0800 ,. · ·· · , · ·ooaa~8003?5, 
00050000002.97 ~ .. ... . . oooa3rr3.56356, OOOa3553fe355, oooe3:r88oo295 ,-
00023553f"2357, : . .. . ooo28od8oo8dd,· . ., ~ . . ·oooa:~:rraoo35a:,· .. ·. · · ·CJ008're93'ff'3S9, 
ooo83573ff3.58, . -· ·. 00083593.ea359.,. oooa8oo3f'e8oo; 00033588oo8oo, 
00028oo35a8oo, · 0003800359358; · · · · ·· "dOd83578oo357 ,· · · "· ~ ·OCJ02&:1c13'].2~, 
ooo:r8oo35829d, 000235735635c, 0005ccccoo34.a, 000235b30d35b, 
00038oo30e355, .. · · 000f'30f'8oo2bd, 00083f'83f'f'356:, 0009355 311357, 
OOll800298356, 0008'351311800;'.. ::· ·. i00028003oe358; ·~ ···: ·:. · : .. ' ~GOOb35b8o0357, 
00083rf'3rr358, oooB3t•3tt35~ 1 "·;·;" " , · .· 00083'fe3t1'3591 · · · · ·· :~ .00083583te358, 
0003351aooaoo, 0002aoo359359; · '.. ·· ·.. · .. 000835c·aoo35c, 00028c>o312aoo, 
000f'8oo3592b3' ' ooo235635c·35·e,.. · .. : .. ; . 000e3f'f'35b34a, 00033f'e35c35c, 
0005000000348, ·. ~ oooe3tf',5b2~o, .. ~ 00083:r:r3:rr35c, 000500000034a, 
11912cll9d35e, · ".d0050B2ooo313, 000935b 3f'f35e, 000a35c 35c 35c, 
OOOc35b3f'f'34a, · " Ooo8.3ee3ft3Sc~ .. · · 02al.35b29735c, 031135b3ll35c, 
000335e35c8oo, · ·000a80035c-Boo, · 00028oo3r835a, 00088oo35c35c, 
00028oo312Boo, . . ooot8oOJ·5&2e8, 032135b32135c, v 000500000034&~ 
100b3tf'35f'35f, .; ·ll91351'0dC35'5 ;- .... : ";i..<>IOdl:35:fOdc356, 00dl2d501c35f', 
100e3563552d6, · ·0oo500034b36o, 11912d719d35e, 0005001000313, 
l0082d93f'f35f', · ·: 000500034b3d3;'. ' ·: ' .. i · :" :i1006,5·ft}:rr35c, Ol9135d0lc34a, 
129135foa.8355, :119135fQd8356, 10083553fc355; 10088oo3fc8oo, 
l00e3568oo2e4, · · .... 00<1135529835c, 00d135tolc34c, 000500000034-a, 
10083:f'f'35:f'35c, · 0005000000,i.:a. ,. · · ·. · ·, 100835b 3f:f'35c, Ol9135d0lc 349, 
l29135f'Od8355, ,·. '. · 129135d0d7}56, 030135d321356, ll9135f0da357, 
10dl.35toc1&35.8, .. : 19Qe24o3552f'a, loo83553fc8oo, OOdlBoo29835f, 
lOOe2373572:ra, · ·1ooe2373582:re.; · · · · · · 123135:ro11357; · · · · · · 117135ro11,5,8, 
100c3573t:f2f'7,. . lQ03,5§3e~~' loo835t8oo35:f', 100c3583t:r349, 
100835:r35635:r,. 0005000000349; · · · · ·10d12n>l9d3,e; · · · - · ·0005ooioo4,i3, 
loo8ooo3t:f'35c, 01913470lc349, 129135blb8355, loo83ft35b35t, 

) ~ 10088oo3td80o, OOll8c>ol9c347, 00d13030lc,i48, 00050003o4347, 
l.29135blb7356, 030135b321356, 10023553568oo, 100&3f:f'8oo356, 

' 

00050000002f'2, · . ; 20050000001eo,·, ·:·. f .'. • .-0000000000000, ooic9019c1aa222, 
l058eta351296, '. '. 0029354844dab, .. 000bl7217:f'7d2, oo8tettttftt:f', 

1 \ ;) 0298ooooooooo, . ·.02aeoooooooo1, 1108ooooooooo, 0191344o1c352, 
ll9135e25435e, ·: .·1ou35209&354, 1003354.24o8oo, loo88oo3tc354, 
02518ooo9435e, : · · : : .. 00113:tta54 354 :,.. . :-. A .100~35419635Jt., 02018ooo54 35e, 
00113:f':f'6oo354, " ·10023541968oo, 01b18ooo1435e, 000735•35f309, 

: . . 

A • ., " .. -.., 4 t ., • \'I • t .W o • T .. .. t • 'f ,. 'lo f' • • I ' Jf • • I I &• ~ f- • ' ... • · 11 • .. f & ,oi .. •: ··c.:• 



i 
\. 

' 
ii 

D. Libraries • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 60 
1. Use 
2. Form 
3. Adaptation 

a. Types of Addresses 
(1) Non-essential 
(2) Fixed 

i·, (J:) Essential 1 

How to 'Accompl~sh Adaptation .; 
(1) Manuar . 
(2) , .(l,utonatic. - · 
(3) . Semi~automa.tic 

c. The Adaptarti<npt Routine. 
I -

III".. TESTING . . I I j ,r ;.; 

r: ' r 
' -

.· -A~ Preventive .n -------J . : ~' ~ ) J°: • .C : r 

--Test Routim:e1 <; .••• • . ~ · ... ; . ---. ~ ••••••• .• • • ••• · . -~ 1. •••• ~ •••••• . ~ -~ •• ~ • • •• ·; 77 . 
"~What is ,Testing: (). -- ' 
. 2·• A utomati-cJ Testing: · 
·3 .··· Nature 'Of a Test Reutine 

l I 

a. Complications :-= 
b. Simtllfications .. 

(1) ~ Ari thmetie . ControlJ Voltages.· · c 
( 2) Transf~,r -' ·1 

(3l J Sh0rt. vemory Addresses 
c • A ccompl:ishme:dts · 
d. Ina:de·quacie<S _, " 

(l) ~ The:,Ha1t <Jrder 
( 2 ) Me-rro~ J 
(3) NmnlDers) USea c 

(a) - Gen~rcftion of ·zero .~ 
(b) Too Small an EXpoxierft., r• 
(c) D~t'er?nination ·o.f the· Larger Exponent 
('d) .. Toor Great a Differ.ence . in .. EX:ponents ) 

e. Value'· . )f~ · 

c· J. ~ 

C. · · Trouble Shooting Routine . . '~ 

••••••••••• ·· -· ·· •• • -• . ' •. : •••• ••• ~ •••••.• J 
...... 

c c• 

83 

D .- ' -One Cycle Ope:rtati0n ••••••••••••••• · · ~ ...... ·._' ••••••• ~ •• -•• ;-. ; .. ·a5 
- J 1• ,... I • •• .. l'• .-

• ~' 

E• 
J 

Checking ••••• • 1 ••• ••••• • ............... · '· . ... ............ -~ •••• - . . . . ) " 

.f c· 

J A~. Standard Ope-Fating.-Procedure 
G ; · ~ ,- • J J 

;' 

B. Conclusions 
1. Programming 
2. Maintenanc·e 
3. Applications 
4 .: Operating; Rule-s ' 

J 

APPENDIX 1: 
APPE~~X 2: 

Mech·anized Cbniputation•-HoW' the WISC Works . •"'• ~ ~ .. ~ .,._- 92 
Binacy Arithnretic •••••• · ••••••• ~ ,·. ; •••••• l~ ~ · .J •-•• J . 96 · 

~-r. • J ·).; 

REfERENCES 


	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65
	66

