
i.R.D.8bell 
J. Hwang 

THE CORRELATION OF TENSION STRENGH 
WITH SPEXJIFIC GRAVITY 

,OR SELECTED WOD SAMPLES •-

A PROOR/1M FOR THI ALWAC III•I COMPUTER 
AT '!"HE UMIVF.RSI'rY OF BRI'r'ISH COLUBIA. 

Mareh 1960 



SUIIIIJ&l"YI Thi1 program n.coepta the input or data in a specified format 

and aa1putea the tension strength and speoitio gravity tor eaah 

specimen. It then computes th mean, standard dniation, end 

oorrelation of thee-.. quantities o,er ea.ah sub-sample, and, at 

the end of the entire samnle, the aorre,tl.ation ot these sub-

so.mple mP.1ans . 

Ope.r tine; 
Instructions: 
1 . Set le.rt margin sto:) on Flexowriter at 6. 

Set tabuletor stops on IPlexowriter at 12, 20, 2a, 36, 44. 

" • OOMPU·r~R-C1'F-FTZXOWRITER swi toh to 001-fPUTER 
TYPE-Oli'F-COl'PUTE :witch to TfPE 
RF.CORD swi tab ON 
FREE-ISOLATE sui toh nt ISOLATE 
All other console aw1tchee at NORMAL 

,3 . 'l'llrn High Speed Reader OM 
Place program tape in Hi Sp'-'ted Reader ( narrow side in) 
Presa CLEAR button 
Type on Flexovrt.terl · OeOO carriage return 

4. Plaoe data tape in High Speed Reader 
frees CLEAR button 
fype on Flexowriter1 8000 ourriage rt!turn 

5. Canputer may halt on instruction lb90 before ocapleting the input or all 
the data in a ring. 

If' so, aheak the data tape ror that ring. It th• tape is ooneot, move it 
baek until the reader ia at the beginning ot the ring on "'1iah the 
oomputer stopped. 

Place the JUMP-NORMAL-PROCEED switah briefly to JUMP 
The computer then accepts re•input or the data for thRt ring. 

ALARMS• In a long run, involving many observations or many rings, OYerfiow 
may ooour in the aooumulatione. Should this happen, the tollcndng 
one-word ohangee alter the scaling or the largest values, and thus 
nasult in a progr.'8111 slightly lees aoourate, but having a greater 
oape.oiv. 

e7470000 
oS53a318 
4153e753 
00004944 
000<1>15t 
2Sb2a318 
0000eb40 

()Q.:)o(,.Sst.. -e7-l70'.>0G 
0. ~oB81oS •e'139a308 

in word fT1 
0o 
14 
18 
Ob 
30 
16 

or ahannel 80 
8.2 
82 
8;.: 
8.2 
83 

-2&- 30 
84 a; 

-30-3S 85 



Ala.rm 
contd. 

t Input Fo at1 

2 

in wrcl ~ or ohannel BS 
in 3b 8S 

1. a three di,:Lt number 1peaities N • the number of' rines 
a three digit number apec1fie• i - the :ring number 

2. 

a tw d1iit num r epeoities n • the nwnber or individuals in the ring 
a three digit number spt,c1f1es j • the individual number 

'lb.e fo.rm£4t ia 

NNl~ aarrie.ge return 
iii carriage return 
nn " " 
jjj t&.bulnte A, B, c, A..' ~ sr:uoe aarriage return 
JJJ ft A'J.. B1. c .. A! B' n " " .... 

•• ••• •• 

jjj " A" B..., A' B~ '- " .... 

• • • 
111 eurria~ return 
nn II " 
jjj tabulate A, B, C, A' B' ff)?H08 oerriag9 return 

I ,. 

.... ~ .. 
jjj " A I<\ B..._ Ca."" A' B' " n. " 

Rote thata Ee.oh ring is preoe d lJ7 the ring n\Dllber aad the talllllber of itema 
in the ring. 
entry, 1nolucl1ng th l t, in e ah ro 1 tollowed by a spaoe. 

Ea. row ia termi t d by carriage return, :mept the st row ot 
the last ring, which is te · t d by 1 ( , s1gnift1 "end, 

Restriction t '!he program was written under the assumption that the data would 
satief)' the following restrictions. Overflow ma,y oocur it theae 
restrictions are violated. 

1 < B ~ 2 

2 .._ C < 4 

a " 20 
N ~ 10:J 

. 001 <. A1 ...- . S 

.001 °' B' <. 2 

0 



Ch ck ~ • 

.lo 
The progr us I routiua A•l, Itll• aad I •l( i n 
ohanael■ OS, le, and 1t reapeoti••l.7• 

80 2f9e70Sd 
81 t 57e 7la 
82 6foCX,69 
83 2694f8fl 
84 a 665750 
85 4 2f ef85 

(Theee check sum ap ly to th 
pro am t ape h ving the moditioatiou 
li te under Alarms.) 
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8000 

001 
01~5 
044 
043 

r. 

002 
055 
054 
053 

r. 

R. 

SAMPLE CALCULA'rION USING THE MODIFIED PROGRAM 

DATA 

o4o 
001 
03 
045 1.700 1.57 3.12 .0228 .0525 
044 1.460 1.57 2.62 .0210 .0495 
043 1.070 1.57 2.65 .0157 .0493 
002 
03 
055 1. 700 1. 57 3.12 .0228 .0525 
054 1 . 460 1 .57 2.62 .0210 .0495 
053 1. 070 1. 57 2.65 .0157 .0493 e 

839.7087 11943.rn 
858.7891 12214.557 
622.2600 8850.403 

773.5859 11002.712 
131.3963 1868.850 

.9881 

839.7087 1191~3 .177 
858.7891 12211~. 557 
622.2600 8850.403 

773.5859 11002.712 
131.3963 1868.850 

.9881 

1.0000 

1.3026 
1.3571 
2.1401 

1.6000 
.1~686 

1.3026 
1.3571 
2.1401 

1.6000 
.4686 

.5111 

. 1~972 

.3579 

.4554 l'-\<t.._" j 

.084-7 'h, ..... \ .. ~l ~.,I .. ~ 

.5111 

.!+972 

.3579 

.4554 

.081~7 



WORKING CHAJJNEL I 

08 l11 I e~l.f., '" ~188 
09 lo.1 lo<tl b 1 I ,iJ99 Oa .14~ I <\t ls-:1J o 18• oJ, I ls-s- l "l'l ~ .. 18b . 

Oc ~1 1ts l49,4o lsc od~1lo1-{41 l't3 18doel ,, , ~~ hol- 180 o~f19 ,~'l ,81 ,,~ 18~ 



WORKING CHANNEL II 

20 Id f I S"i I 1:11 j 1e.1'1° 21I Cl~ I 91 l.l ls-'l r1 2214 'I ,.,g le-i 144 l '2 231(,'l I 3 t I l <, l:i-t 1'3 

24 I sbl 4 'i"I \\ hocla4 25[-1c, I sri lr1c, lt4 1~5 26IC'.i3 lo4 l ~' l'i, I a6 271 1'1 19\ !c.\t I s ~ a? 

2a 1 ~~ j 44 j s-b ls, l18 29l s, I,\ I sb ls'll~9 2J~9 1~4 1'1, l4J '.la 2b l Ql 1~2. I \\ 100 1~9 

2cJ\\ Ibo I ~'1 ,4+lac 2df\\ k~ IJ{l~~,ad 2e1~ ,4~1\\ 1~~ 1ae 2rlto\ 13~l1ci lb'l laf 

3orloel - l°'' lo~lbO 311 '19 14'! 1~d4~lb1 32141 j44-le'714'7 lb2 33l1, lkri lcl<r lo1 lb3 

3'4 leb l 44lc~b41b4. 351~1- 1'1~ hiz..lb5 361~~ ~4- ''°' l)tt.lb6 371 l\ lc:t.1 l lb h 0 lb? 

38 ,~~I- I~\ ls-~ jbB 39lo+ leci I crl44jb9 
Ja~ C\ ls-~l4tl ~Qba Jpku lc() loo 1"3tfb 

3c l-1, 1~ le, 144jbc Jd f31 I- I~\ I s-slbd 3e ~ <R 1-1-V-~~ \ 'be 3f ko bC) I 00 ,~brr 



r 
WORKING CHANNEL I 

oo C, () 

08 b d lo I e~ 'II j88 
09 l"\1 l.nle 'l lt'l 189 oa.~ l j, + b l•lf J8a oJtnl oet t.. d <;~lsb · 

'( Q.~ \9 

oc CS Sl ?>'A - ~c 0Js~l1bh\ llc,o l8doelL~ l4bl~r:>. l- 18e ofi'\ lcs~I \\ 1~ 1sr 

( ..q I is 31 

14 l00l00le11~3194 15lael- l c.:, I,~ l95
16 le7 l4b la3 local96 

11lc, h sl O'\ lez.197 

(o..:) oo'] 

18 ~3los l1~144j9s 1Jebl4d 32l- l99 1al-1c:i 14'1 1 ~dsel9a 1J o(oloc_l 093r " l9b 



WORKING CHANNEL II 

[°'-~\91 

3crl~ l\b~a~hC> lbO 31l~.-, l?>tla~loclb1 
321 (I lbol°', l0 slb2 :331!l~lo+lsbla<=t l03 

--------- --- -----



WORKING CHANNEL I 
( 

I 

[oo oo} 

14 k1 I 5"3le, l1bl94 1sl~l~9l·~2 l- l95 16 lad oglebl"tol96 11...._l-t_.__l --l..-~I __,J1 j
97 



WORKING CHANNEL II 

a oo 1 
3or~ sl 0 8 I 6 ~k clbo 31lea ~ I ~+i otj - lb1 321 I I I lb2 33~1 ----1-,____,____,.jb3 

.... 



WORKING CHANNEL III 

40 Ir I f\/'t : ,J J lcO ul 1·0 ~ '· ~ Jf 1) ~J '0 I ool 0 ~lc2
. li3k 0 -I I ~ ', ; 11 °3 

\ @ •• t+ 

I I I ldb 
2" }l G-~ : \ o 

L ~ aQ 1 

50 I I I I re 5dl I I I rd 5el I I I re 5f-, --, -, ---, F 

L.~&)l.@ ~~8 C ..UF@ ~ ,°6 Z-wr)l..~ '.18 

\: oo~ 

2?pG>r (@?·.to 

'C:• oe) 



2b00 
80 1 81 2 82 l 83 2 84 1 85 2 
80 1 
00 8586 550L~ 80 Ol f1l~2 a 710 l 81 02 a508 494·1 82 03 615!1- 4954 83 
04 2805 4860 84 05 1+91~1 3734 85 06 5b4c 1160 86 07 e747 0000 87 
08 1781~ fl!1-3 88 09 a70L~ 67L~2 89 Oa 1+944 5b50 Ba Ob 6155 L~955 Sb 
Oc a718 1.~9L~o 8c Od a 70!1. 494 3 8d Oe 1160 3000 8e Of 7947 87lf Bf 
10 flOl 551!~ 90 11 f301 f30L~ 91 12 e7!1.4 2330 92 13 5bl~d 1160 93 
14 2007 485b 9!1- 15 a706 no4 95 16 e7l+8 233a 96 17 df59 lH47 97 
18 1794 f30L~ 98 19 87le 5bL~f OCl la 7947 0fe9 9a lb e749 5b4e 9b ./,.I 

le a706 f704 9c ld 1160 f5e2 9d le c547 3200 9e lf 83811160 9f 

Gl 2 
20 d:f59 87le aO 21 a308 6157 al 22 4958 e744 a2 23 673r 192r a3 
2L~ 5b4-5 1160 al~ 25 1~957 7944 a5 26 a304 6159 a6 27 1791 df5b a7 
28 L~9L1-4 5b51 a8 29 87lf 51>52 a9 2a 1~959 791~4 aa 2b 8182 1100 ab 
2c 1160 67!~4. ac 2d 1160 df59 ad 2e 5b46 1160 ae 2f 613b 19b7 af 
30 OeOO al08 bO 31 79411- 614a bl 32 41411- e7L~7 b2 33 l 7b7 d901 b3 
34 ebl1-L~ c544 b4 35 3a00 7942 b5 36 a30!+ 615a b6 37 lla7 lb90 b7 
38 3200 6156 b8 39 0fe9 c544 b9 3a L1-95a df5b ba 3b 0000 003f bb 
3c 4956 e7L~4 be 3d 3200 6158 bd 3e 2800 f301 be 3f 0000 005b bf 

82 1 
00 8383 df59 Bo 01 7953 5blf 81 02 1160 df59 82 03 5bl3 11/SO 83 
04 7954 OeOO 84 05 1160 df59 85 06 7958 OeOO 86 07 4153 e74b 87 
08 all0 eb41 88 09 4153 e749 89 Oa alll~ eb41 Ba Ob 0000 615r 8b 
Oc c553 a318 Sc Od 5blb 1160 8d Oe c54b 3200 Se Of L1-95f 1120 8f 
10 615b 495b 90 11 df59 7956 91 12 615d 495d 92 13 0118 0407 93 
14 4153 e753 94 15 OeOO aJ.10 95 16 e74b a308 96 17 0118 0482 97 
18 0000 L1.944 98 19 eb41 3200 99 la 4947 615e 9a lb o6oc 0311 9b 
le 615e 1~95e 9e ld 493f 5bl7 9d le 495e 79L1-b 9e lf 0510 0485 9f 

83 2 
20 df5b 0000 aO 21 5b2c 1160 al 22 e7!+1 a30c a2 23 4147 e741 a3 
24 Ln44 e741 a4 25 a310 4-93c a5 26 6557 al08 a6 27 alOc 3000 a7 
28 a310 6555 a8 29 3000 e749 a9 2a eb43 2800 aa 2b 6559 al08 ab 
2c Oe25 eb43 ac 2d 493d 413f ad 2e a30f3 5b30 ae 2f eb43 2800 af 
30 28b2 a318 bO 31 e73f a30c bl 32 1160 al08 b2 33 a304 5b29 b3 
34 8705 1121 b4 35 3000 1122 b5 36 c53e 1123 b6 37 8184 1160 b7 
38 0510 0410 b8 39 060c 0310 b9 3a 0118 0410 ba 3b Ollc 0410 bb 
Jc 0000 0000 be 3d 0000 0000 bd 3e 0000 0000 be 3f 0000 0000 bf 

84 1 
00 a10L1. c53f 80 01 655a L~91r 81 02 5blb 1160 82 03 eb40 c513 83 
04 5511 87lf 84 05 L1-13c e73f 85 06 df5b df5b 86 07 e713 a308 87 
08 df59 7f3L1-0 88 09 a308 3000 89 Oa dll2 0000 8a Ob 3000 e74o 8b 
Oc 5a3c 1160 Be Od e7!+3 a308 8d Oe 8180 1190 8e Of 8385 1120 Bf 
10 1708 df5b 90 11 3aol+ 79lf 91 12 7951> OeOO 92 13 0000 0000 93 
14 4153 e71tb 9!~ 15 0fe9 3200 95 16 0000 ebL1-o 96 17 0000 0000 97 
18 aJ08 3000 98 19 df4f df53 99 la c517 795d 9a lb 031c 0406 9b 
le e741 a310l9e ld df7f df51 9d le OeOO al08 9e lf 0000 0000 9f 

85 2 
20 a308 655e aO 21 a3ll 4933 al 22 df7f df51 a2 23 0000 0000 a3 
zlt 4937 IH17 a4 25 4117 e713 a5 26 1160 lbOO a6 27 0000 0000 a7 
28 e717 a308 a8 29 a308 3000 a9 2a 0000 0000 aa 2b 0000 0000 ab 
2c 3000 e740 ac 2d e740 0000 ad 2e 0000 0000 ae 2f 0000 0000 af 
30 0000 655c b0 31 655f OeOO bl 32 0000 0000 b2 33 0000 0000 b3 
34 3000 e737 b4 35 eb33 3200 b5 36 0000 0000 b6 37 0000 0000 b7 
38 a308 8705 b8 39 87lf 5bt b9 3a 0000 0000 ba 3b 0317 o4a6 bb 
Jc 5b3f 1160 be 3d df53 df f bd 3e 0000 0000 be 3f 0021 0000 bf 



2820 
2820 
80--85 
80 2f9e70d8 
81 f57e2'(la 
82 6fc0669a 
83 2694f8fl 
8!+ ae665·75c 
t35 l~b2fef85 
8 ·- X 



u. B. c. Computing Centre 

SQU~RE ROor SUBROUTINE 

Routine A-1 
May 15., 1959. 

Coded by: E. N. Ward, Alwac 

Purposes 
This subroutine computes the square root of a double~length number located in 
the AB register and leaves the result in the same location. 

Storage: 
The routine is stored in channel 05 in the isolated portion of the drum., and 
operates in working charmel IV. 

Use: 
fuce x sea.led .32:32 in the AB rep.ister with sign x in B., and use the calling 
sequence 

8705 
5b(W) 
ll60 

where W is the address of the keyword 

Control is returned to the address RA., with v£ in the AB register scaled 32:.32, 

The subroutine is resetting., but destroys the contents of the E register. 

Alarm Conditions: 
The range of x is 264_ 1 ~ x.232 ; O. 

If xis negative, control is transferred to the Alarm Exit subroutine, U-261 
assumed to be stored in channel OA. This routine will type out "Alarm SQRe.1 11 

and the return address RA, and will halt on a lb instruction. Depre1eing the 
NORMAL-START switch will set A and B equal to zero and retum control to the 
program (but note that the Alarm Exit subroutine., rather than the Square Root 
subroutine., will be left in world.ng channel IV). 

Timing: 
JOO ms. maximum. 

Mathematical Analysis: 
The first approximation to F(x) is given by the Rational Function: 

and: 

y • a (x + . d) + b - x~ where 1 ~ x ~ 2, 

a. - 0.20865631 
b = 1.19814519 
c .. 1.69407941 
d = 1.41.39259.3 

One application of the Newton-Ralphson Fornrula then gives 32 bit accuracy. 

Error Analysis: 

j vSc" - F(x) I ( 2-.31,1.x. 



U, El. c, Computing dentre 

fopy of Ll.brary Tape: 

0504 
3a,004d6b 00000000 4973616~ bd73a3'-f 
3babl9e8 5a7dc32f 41713n0v 1779alCO 
U6bld6f 00000000 e56b616cl 11000010 
3B,00al01 995cd253 497f79rl 5b6b87()g. 
616b4de7 3635e606 e973300100000000 
2800a311 00000000 657r3aoo (u4trr:r 
36oo3aoo 3()00e77b 7973e975 b504f333 
alOll.162 e.30Ule7 2800c773 00000000 

Page 2 
Routine A-1 



I-13 
26th February, 1958. 

U.B.C. COMPUTING CENTRE 

Decimal Typewriter Input 

This routine operates .ex-9.Ctly ao described in. the attached 
write-up of I-3. 

Routine I-3 hc;i.s been slightly modified however, so that it ...... 
could be used to input decimal numhe!"s . both via the fie.x.o:writer 
~nd the high-speed ·unit. 

When the high-~peed unit is ON, the decimal ~umbers will. •e 
input by that unit whether the flexowriter is ON or OFF. When 
the high-speed unit is OFF, decimal numbers can be input. by the 
flexowriter. 

Timing: 

Average time: 230 ms. per character from the flexowriter 
:md 80 ms.· per character from the high-speed 
unit. 

Copy of Libr~ry Tape : 

lel)4 
38004dff llfd6174 ·~0ou965 29306970 
c3?84d6e :15017568 36006775 3bJ8el68 
2930280f 517J.lf79 ldf22800 17e7313a 
576df3~1 677e657a a3005b71 697e3128 
197cllec 1,6s5775 ll773734 a300e976 
0000003c 11620000 616e4d73 5778c5f8 
00000000 e37a2800 0000000a 997c79f8 
67741901 17623oro oooooc,05 22001100. 
2822 
le db435e82 

(All modifications h4ve been underlined) 



UBC COMPUTING CENTR(!; 

Routine I-3 
November 13, 1957. 

Summa,ry of 11decim:1l t~pewriter i n, ut n r outine ( coded by A. Beek 
in A.usust, 195 as !Uwac r outine LR-15.1, DTI-2). 

Description: 
This routine is used to r e~d in~ decim~l number, convert 
it to binary and le:=i.vo the r esult in the A r egister. 

This routine is normally stored in main memory channel 1~ 
When this is the case, use the calling sequence: 

87le 
5b(W) 
1160 

where W j s the adiress of the keyword of the 
form I !B I I RA I when the binary point 
is requir ed to be B places from the right 
end of the A. ref ister. 

The computer then waits for the inDut of a decimal number 
including its minus sign if any, and its decimal point if 
any. (This information may be preceded by any number of 
spaces.) 

A.fter th ,,J first character not a s:oace has been entered, 
the next, space terminates the in,,ut, and the binary 
equivalent of the input (rounded to B binary places) is 
left in the A register. 
The routine is resetting and it restores the E register. 

If a, b, c, d, ore (or any character with one of these 
as hexadecimal part) is ente red before the final space, 
the routine starts over again. (This fact can be used 
to correct errors which are caught in time.) 

Restrictions: 
The computer will stop and alarm on 6774 in 7c if the 
overflow is on as the routine is entered. 

Overflow will occur, or the inj ut will be misinterpreted, 
unless the ~allowing conditions are satisfied: 

(a) the number of decimal nlaces in the input must 

(b) 
be ~ B, 
the number of decim3.l places in the input must 

(c) 
be ~ 1.3, 
the final r esult must not exceed the capacity 
of a register 

(d) 0 ~ B ~ 63. 



U. B. C. Computing Centre 

Swmna.ry: 

FAST DECIMU TYPEWRITER OUTPUT 

Coded by: G. A. Bachelor, OSC. 

Modified by: J. R. H. Dempster and 
W. Dettwiler, u. B. C. 

Routine I-20 
January 29, 1960 

This routine is used to take a number from the A register, convert it to decimal 
and output the result. Outp.1t is via the High-speed Punch if it is on, otherwise 
via the Flexowriter. 

~: 
This routine is normally stored in ma:in rremory channel lf, replacing I-4. If this 
is the case, and the number to be output is in the A register, use the calling 
sequence: 

87lf 
5b(W) 
1160 

where Wis the address of the keyword of the form 
l L ! B IR l RA I. Bis the number of binary places from 
the right end of the A register to the binary point. R is 
the number of olaces reauired to the right of the decimal 
point, and L i; the maximum numbe·r to the left. 

The number is then rounded, and out.rut, according to the prescribed fonnat. 
L + R + 2 cha~acters will always be output, the two extra being the decimal point 
and the sign (minus or space). Zeros on the left are replaced by spaces, and the 
minus sign, if any, is moved over next to the first digit. 

The routine is resetting and it restores the E register. 

Restrictions: 
0 ~ L '- 9, 0 ~ R ~ 9, 0 .( B, 6J. Error in last place < .23 10L+R-9 

If B > 32, only 32 bits will be retained after the binary point. 
If the number to be output has more than L decimal digits to the left of the 
decimal point, either an overflow alarm will occur on 5163 at 62, or (if L ~ 0) 
a ~econd decimal point and R extra digits will be output. , 

The computer will stop and alarm on 7366 at 6c if the overflow is on as 1✓he routine is entered. 
1 

\ 

Timing: .. 
I \ 

234 + (L+R) 17 ms. per number, on High-speed Punch, or approximately 150 ms. per 
character on Flexowriter. 

e 61 alOl ee7f el 62 5163 lfe7 e2 63 1999 999a e3 
64 4d69 4dt2 e4 65 310e 697-r e5 66 d501 0001 e6 67 0000 dfOO e7 
68 c367 a5o8 e8 69 e.100 55fu e9 fu 0200 f541 ea 6b f5el 1762 eb 
6c 7366 4d6e. ec 6d bd7f ea7f ed 6e 17ea lfef ee 6t d500 df7e ef 
70 f5a4 4d6f f'O 71 3326 lleb fl 72 5767 1100 f2 73 556f ll6e f3 
74 373e U61 r4 75 3b9a ca.00 f5 76 05r5 elOO t6 77 0098 9680 f7 
78 ooo:r 424o ra 79 0001 Boo.o f9 7a 0000 2710 fa 7b 0000 03e8 f'b 
7c 0000 0064 fc 7d 0000 OOOe. fd 7e 0000 0001 fe 7f 5.583 ef9a ff 

Check Sum: c7af44ea Switch Keyword: 100007ff 

\ 

• I 


