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The WISC is a synchronous sequential three address binary- digital 
computer located in the Computing Laboratory of the Department or 
Electrical Engineering of the University ot Wisconsino 

The WISC uses a magnetic drum rotating at 3600 R.P.M. to store 
all data and instructions. There are a total or 1024 storage locations 
on the drum• each or which is capable or storing a group or So binary 
di.gitso 

.Any ar1 thmetic operation is completed within tour drum revolutioos • 
but because or the integrally synchronized nature or the computer. four 
instructions are being executed at any given time. Hence, the effective 
time or execution for any arithmetic instruction is one drum revolution 
(about 17 milliseconds )J the basic clock rate of the computer is lOO 
kilocycles per second. 

WORDS 

All wcrds in the WISC consist ot So binary digits o For convenience, 
these bits are grouped into sets or four bits each, and references to the 
actual bits are made in the hexadecimal (base 16) nwuber 8)'8temo 'lhe 
hexadecimal characters used in this laboratory are the ten Arabic numerals 
O through 9 and the first six l<Mer case letters a through f o 

The bits within a work are numbered right to let-t from one to fifty, 
representing the tine sequence in which they appear within the machineo 
H~wever, the thirteen hexadecimal characters which are used to make up 
a word are numbered £ran left to righto Since this is the sequence most 
familiar to the user it is in this order that the hexadecimal characters 
are -supplied to the computer, and it will be in this order that results 
are delivered frooi the computer. 

It a word is to be treated as a number, the bi ts are thought ot 
as being grouped into a 40 bit binary fraction and an 8 bit binary 
exponent of the base twoo Both parts of a number carry a sign, with 
bit b9 representing the sign of the exponent and bit 50 the sign of 
the fraction (a plus sign is stored as a zero and a minus sign is 
stored as a one)o It should be noted, as shown below, that the 
assumed binary point separates the fraction .fran the exp6nento 

f ,,,q ~~o 
~ASS4A-••d b~"".'"l ro~ll\T 

Hence$ numbers within the WISC are stored as 

2q x p 

where q is the exponent (with its sign) and p is the binary traction 
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(with its sign)o It -should be observed that p must be less than 
unity in magnitude because it is a binary fractiono Moreover, a 
ttnonnalized" number is stored so that bit 40 or a normalised number 
must be a one; this means that p is greater than or equal to one­
balt in magnitude. Zero, however• is always stored as a completely 
blank wordo 

or greater convenience, a decimal rormat is available tor the 
input and output of data. Conversion between the decimal and normal• 
ized binary formats is accomplished by a stored subroutine. 

In a decimal format the bits or a word are considered to be grouped 
into ten digits or significant figures and two digits of an exponent 
of the base teno Again, each portion of a number carries a sign with 
the same convention as used in the binary format. To conform with 
stan~d scientitic notation, the decimal point is assumed to rollow 
the first significant figure o 

x 

G.SS4'.'W\eeo4 clec.i tMOl po;"\1 

A nUntber expressed in this format would be 

t 

where Q is the decimal exponent (with its sign) and P is the 
group ot significant figures (with its sign). Q is ·restricted to 
be less than 76 in magnitude, and P is restricted to be equal to 
or greater than one• and less than ten in magnitudeo As in the 
binary format• zero is represented by a completely blank wordo 

It a word is to ba treated as an order, the bits are considered 
to be grouped into five tieldst three address fields or 12 bits each, 
an order field of 4 bits, and a special inf'ol11lation field ot 10 bitso 
A complete description ot the meaning and use of these fields is 
given in the section on orderso 

mnm OF ARITHMETIC OPERATION 

'!here are three modes ot arithmetic operation available to the 
user of the WISC o 'ftlese modes ot operation differ primarily in the 
marmer in which the exponent portion of numbers are handledo 

'lbe normal operation 0£ the canputer is with the'~thmetic Mode 
Selector" {mounted on the console) set to the "Floating Point" 
positiono 'lWo modes of operation are then available to the programmer 
through the use of a key bit in each arithmetic ordero If bit h9 of 
an arithmetic order is a zero the order will be executed in the 
floating point mod J if' bit 49 or an arithmetic order is a one the 
order will be executed in the ordinary fixed point modeo 
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With the ttArithmetic Mode Selector" set at the "Fixed Point - A~ 
position all arithmetic will be pe1·£ormed '.in the ordinary fixed point 
modeo With the "Arithmetic Mode Selector" set to •tFixed Point -- O" 
position all arithmetic will be performed in the special fixed point 
modeo Bl.t 49 is not used in any arithmetic order if the selector is 
set to either ot these positions. 

In the floating point mode arithmetic is pertormed with the 
numbers assumed to be in the nonnalized binary format described above. 
All results are delivered in the co?Tect normalised binary format it 
both operands were in the standard format. It both operands were not 
in the standard f'onnat the result will not, in general, be in the 
standard formate In some cases the result will be meaningless if both 
operands were not in the standard tormato 

In the ordinar7 tixad point mode arithmetic is performed with 
the numbers assumed to be only ho bit binary- tractions. 'lhe exponent 
ot the A. operand will be delivered as the exponent ot the resulto It 
is not necessary to have the operands in the normalized format. and 
the result will not, in eeneral• be in the nonnalized format. How­
ever. since the result is a binary fraction (with an attached exponent), 
the result ot any arithmetic operation must be loss tl:an unity in 
magnitudeo · 

In the special tixed point mode arithmetic is again performed with 
the numbers assumed to be only 40 bit binaey- rractio~s, but the exponent 
or the result will always be zero • 

It should be noted that no saving is time is achieved in any or 
the modes of operation because or the integrally synchronized nature 
ot WISC operationso 

ORDERS 

'lbe WISC employs a three address type or order structureo Each 
order consists of an order type (one ot the aixteen types available), 
three addresses. and certain special infomation. Fa.ch address refers 
to a unique storage location on the magnetic drum 

All orders to be executed by the computer are stored on the drum 
and are read from the drum before execution. ~cause ot the sequential 
operation or the WISC, orders are normally executed in the sequence 
in which they appear on the drumJ certain orders. however, instruct the 
computer to take the next instruction frm a specified drum position 
and then to proceed saquentially from tliat positiono 

. 'lbere are four classes of orders available in the sixteen order 
types of the WISC: 

Arithmetic orders instruct the computer to perform some arithmetic 
on two operands located in specified torage locations and to deliver 
the result to a specified storage location • 

Control orders instruct the computer to perform some control 
function (such as punching a paper tape) and then to take the next 
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instruction from a specified drum position rather than from the next 
sequential locationo 

Comparison orders combine some ot the features of each of the 
aboveo 4rhe7 instruct the computer to perform some arithmetic on two 
operands located in specified storage locations, and depending on the 
result to take the next instruction fran one of two drum positions o 

If' the conditions or the comparison are met the next instruction is 
taken from a specified drum position, but it the conditions of the 
comparison are riot met the next instruction is taken from the next 
sequential position. 

IDfical orders instruct the computer to perform so e logical 
(non-ar~nmetic) operation on two words located in specified storage 
locations. 

In the following description of the order types, each order 
will be identified by its name and by a set or three letters which 
serves as a nmemonic code tor that order. '!be execution time ·(in 
milliseconds) for each order is also listed. A skeleton form ot 
each order shows the pertinent parts of the order. 1he order type 
is alwqs given by the fourth hexadecimal character of the order. 
'lhe address or a storage location I is indicated by -x- and 
tJle contents of storage location X is indicated b7 (I) • 

If the "Arithmetic lt>de Selectortt is in the "Floating Point" 
position all arithmetic and comparison orders have two meanings, 
with bit 49 serving to decide which mode of operation is to be used 
for that order. In the order descriptiom all arithrnE!tic orders have 
an n tor the first character in the skeleton form to indicate the 
two possible operations. 'lhe mnenonic codes for the two orders are 
identicalt the code for the noating point order (bit 119 is a zero) 
is in upper case lettersJ the code for the fixed point order (bit 
49 is a one) is in l<Mer case letters. 

~Paper !!2! (RPT) (34 + 17 N) 

0 00 0 -A.- -B- -c-

'lhis order fills locations •A• through -a- with words 
supplied from the input tape reader o Af'ter filling these ·1ocations 
the next instruction will be taken from -C• o 

Since this order uses the input buffer storage the tape should 
have been read into the buffer storage before this order is reached 
in the programo It is desirable to limit all inputs to blocks ot 
32 words or less 1 becaus_e the buffer storage can hold only 32 words; 
if more than 32 words are required by a RPT order, operation will be 
correct. but the computer will have to wait while tape is read into 
the buff er storage 

If the input is restricted so that the computer does not have 
to wait for the tape reader, this order requires about 34 + 17 N 
milliseconds (where N is the numJer of words to be taken from the 
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buf.fe:r storage) for completion~ U tape must b.e read into the buffer 
storage this order requires a~out 34 + lSOO M milliseconds (where M is 
the number of words to be read into butter storage) for completion • 

EKtra.ct . (EXT) 

0 xx l ·A~ zyz -C-

This order replaces a specified numbe_r of bits in (C) with 
bits from (A) ~ 1ba x information 1dcmt.1tiss where 1n (A) the 
extr~tion is tQ beginJ the 7 intonnation identities where in (C) 
the ~p1acement is to begin; the z intormation specifies the number 
or bits to be ·r p"lacedo kch of these pieces ot into:nnation is given 
bl' six bits~ ~ese bits are arranged i1',I the EXT order as sham belows 

00 00xx XXJCt 0001 AAA.A AAA.A ilAA tJ17 Y1r.f' SS B CCCC CCCC CCCC 

The x iDtormation is given b7 bi ts 41 through h6. 'lhe 7 
intormation is given by bits 17 through 22. The z infonnation is 
split into two portions for better compatibility with the hexadecimal 
code used in inputs tbe two most significant bits are given by bits 
23 and 2h-and the four least significant bits are given by bits 13 
through 16. 

(CLE) (34) Clear and Extract --------
1 xx l -A- -yzy -C• 

1his order is very similar to the EXT order described bove. 
However, · (C) is cleared to a zero (a completely blank word) before 
the extraction talces place. 

MultipJ.y (MPY) (mpy) (17) 
2, 

n OO/! ~• -· -~ ~-

'lhia order replaces ( C) with the product of (A.) and ( B) • 

3 Divide (DIV) (div) (17) -
n 00 3 -A . -a-~ 

'Ibis order replaces ( C) with the quotient of. (A) divided 
by ( B) • 
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!2_ Operation (NOP) (.17) 

0 00 4 000 000 000 

'lhis order <baa nothing except introduce a dala7 of 
17 milliseconds. 

Traner er (TR ) (34) 

0 00 S 000 000 oCo 

This order causes the next illstructioa to be taken trom -C• 
rather than from the next sequential location• 

Breakpoint Transfer (BTR) (34 or 17) 

l 00 S Okk 000 •C• 

This order is executed like a m.A. order lF arrr o£ the eight 
Breakpoint Sw1 tcbes on th console th.at correspond to bits 
(switch No. l corresponds to bit. 2)) are set to •Yes" OR it the 
Breakpoint Overri Switch on the console is set to •Ovei=ride." 
U none of these conditions is met this order is exectited like a 
NOP order. • 

Halt and transfer ------ (HTR) ( -) 

0 00 6 000 000 -C• 

'lhia order causes the computer to halt after canpleting 
all operations than in progress. When the computer halts (C)' 
will be di.splayed in the order register display- on the console. 
1hen the computer is started the next i nstruction will be taken 
fran -C- ~athe~ than from the next sequential location • 
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Breakpoin~ ~ ~ Transfer (BHT) ( - or 17) 

1 00 6 Okk oo0 -Ce 

'lbis order is executed like a HTR order IF an7 of the eight 
BreakpoiJ.lt S· tches on the console that corre$pond to bits k 
(switch No. l corresponds to bit 25) are set to "Yes'' OR if the 
Breakpoint Override Switch on the console is set to "Override." 
If none 0£ these conditions is met this order is executed like 
IDP order. 

Puncb. Pa~ TaJ2!_ (PPT) (Jh 17 N) 
(34 + lSOO M) 

0 00 7 -h- -B- eC-

'lhis order causes the contents of •A• through -&- to 
be punched on paper tape in standard form with the desired format 
control (as described in the section on console co..'ltrols). After 
the specified words ar deli vared to the output buffer storage the 
next inst·ruction will be taken from -C- • 

Since this order delivers words to the output buffer storage, 
which can hold only 32 words• outp t should be limited to blocks 
of no more than .32 ords. It this is not d e 1 operc;tion will be 
correct but the computer will have l..o wait for the punch to punch 
the paper tape. · 

If the output is restricted so th :t the computer does not have 
to wait for the punch this orde;c• requires about 34 + 17 N mil]J.seconds 
(where N is the number of words to be delivered to the buffer storage) 
for completion o If the punch tm st operate this order requires about 
34 + lSOO M milliseconds (where M is the number of words to be punc ed) 
for completion. 

Add (ADD) (add) (17) 

n 00 8 -A· B- C-

'Ibis order replaces (C) with {A) + (B) • 

Add Absolute Values (ADA) (ad >. {17) 

n 00 9 A• -. Jl- -c-

This order replaces. (C) with I (A)f + J (B)I • 
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a -

b 

c -

Subtract (SUB) (sub) (17) 

n 00 a -A· -a- -C-

'fnis order replaces (C) with (A) - (B) • 

Subtract Absolute vaJnea (SUA) (sua) (17) 

n 00 b · A- -B- ~0-

'lhis order replaces (C) t-rith l<A>( - l<a>I • 

Transter on Zero ----- ( 1ZE) ~:tze) (34 or $1) 

11 00 c -A• •B- -C• 

1bis order causes the next instruction to be taken from 
c- IF (A) • (B). is zeroJ 1£ this condition is met this 

order requires . Sl milliseconds ror execution. It (A) - ( B) 

a • 

is not zero the nex~ instruction is taken from the next sequential 
locationJ this order then requires 34 milliseconds f9r executiono 

d Transfer ~~Absolute (TZA) (tza) (34 or 51) 

e 

n 00 d -A- eB- C 

'!his lrder causes tre next instruction to be taken from 
-c- IF (A)I • ICB) is zero; if this condition is met this 

order requ res ~1 milliseconds for executiono If l<A>I - I< B)I 
is not zero the nexli instruction is taken from the next sequential 
location; this order then requires 34 milliseconds for executiono 

Trans£ er 2!!_ Mega ti v,e ( TNE) ( tne) (34 or 51) 

n 00 e ·A- -Ba •Ce 

'lhis order causes the next !ns,iruotion to be taken from · 
-c- IF (A) - (B) is negative; it this condition is met this 

order requires Sl milllsecon ds r or execution. If (A) - ( B) . 

- - - .. --- .. -.. 
Zero, regardless of how produced, is always treated as positive 
in the WISC. 
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is i1ot negati '\"a the r~xt instruction is ta.ken from the next 
sequential location; this order than requires 34 milliseconds 
for execution. 

Transfer ~n Negative Absolute ('1.WA) (tna) (34 or 51) 

This order causes tp.e next inatruction to' be taken from 
-c- · IF ICA)) - l(B)I is negative*; if this condition is met 

this order requires Sl milliseconds ·for execution. If ICA)I -
ICa)I is not negative the next instruction is taken from the 

next sequential locationJ this order than requires Jh milliseconds 
for execuiiion. 

TIMING CONSIDERATIOMS 

Short Mem.oey 

Because of the integral synchronization of . the WISC~ the 
result of an arl thmetic order will not be delivered to the drum 
location specified by the order in time to be used by the next 
order. To circumvert this difficulty~ all arithmetic results are 
delivered to a special storage location called ~short memorY'' as 
soon as they are proa'uced. If short memory coding{8oo16*) is 

used for the A or B address~ of an arithmaM.c, extract, or comparison 
order, the result of the preceding order will be obtained for the 
specified operc.tnd. 

If the result of an arithmetic order is to be used only by 
the next order, short memory codi."lg may be used in place or a drwn 
address for ·~he C address of the former. The result will then be 
delivered only to short 1• memory, whence it will be available until 
another arithmetic~ canparison, extract, or input order destroys it. 

Since ali comparison orders are actually subtract and compare . 
operations~ the result of the subtraction called for in a comparison 
order is available from short memory on the sa~e basis as the result 
of a norma! arithmetic ordero · 

~cause an extract order requires two ·cycles .for exeGution, 
the result or an EXT or CLE order may be obtained by using the 
drum address of that result in the next order. Do NOT use short 
memory coding to obtain this result z However, shortmernory 
contains that A operand of the extract order (shifted the 

---- ------* If it is not clear what number system is being used~ the base 
of the number system is ue.ed as a subscript to the number 
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appropriate number oi" places) at the conclusion or an extract order, 
and this may be obtained by using short memory codii1g: in "c,he next; 
ordero The shifting of the A operand loses bits at one end or the 
word and supplies zeros at the other end or th~ wordo 

Automatic Delays 

Whenever the computer attempts to read a word from the drum 
at. the same time that a word is being ~itten onto the dr't.llll an 
automatic delay of one cycle takes place. During this cycle of 
delay• -writing takes place, a.11d reading is permitted during the 
next cycleo This will cause all pr05rams to run slightly slower 
that wruld be e::q:>ected from the times listed ·for the execution 
of the orders (about 10% increase in running time time is typical)o 

Because all instructions ax~ read from the drum slightly 
before they are used~ it is necessary to have completed any 
modifications of an order some time before that order is to be 
executed. This means that there inust be at least two cycles 
between the instruction that modifies &4 order and that order 
-itself. It is better to leave at least one more cycle (in 
addition to the two mentioned above) be-tween the two orders 
to prevent an automatic delay of one cycleo 
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number or subroutines are available to WISC users tor such 
special operations as: evaluation of cormnonly used function, s elution 
of dif'fer.ant:1. .. al equationss- program m difica.tion, et,co '!he WISC 
Library Book contains an index of the subroutines available, and 
Users• Sheets which give for each subroutines 

Operation performed 
Dava required 
Nu..'Tlbe1" of memory locations used 
Av·ero.2.ge time for completion 
!fue linkage or calling sequence required 

Persons interested in more detailed .. nformation about a particular 
subroutine may consult members of· the staff of the Computing Laboratory 
for more complete descriptions, ·copies or the program, and flow 
diagramso 

All subroutines make use of certain shared Operational Storage 
locations (OP3TOts) on the drum (locations 354·3~e1h)o TP.e user 
links to any subroutine by planting a link word in location J5r16, 
which is therefore lmmm as Linkage Opsto (LO). In a standard 
linkage th~s link word contains the address qf the operand, the 
address for the result~ and the address of the nexG instructiono 

To illustrate, suppose that instruction 120 completes the 
calculation or a quantity y and delivers it to 2009 that the 
square root of y is wanted, &'"ld that the square root subroutine 
is in locati.ons 001-012 The following three word linkage ca: ses 
the square root of y to be calculated and stored in location 2011 
and control retumed to locaticn 1240 

XXX X XXX JOOC 200 

10~ 8 123 3ff~ 3f ~ 
000 , 000 000 001 
000 0 200 201 
next operation 

LINKAGE '00 
SQUARE ROOT 

All subroutines are w.ri.tten to be used in the memory with their 
first instruction in location 001 o If any subroutine is to be used 
in another location (as nm.st be the case when more tha.11 one are used), 
it must be adapted for that locationo The Modification and Adaption 
Subroutine (MAD) is a permanently stored subroutine for accomplish...tng 
this by examining the addresses of all orders in the uutroutine and 
modify-lng all that refer to locations within the subroutineo 

In additio.."1 to Mao, two other important subroutines are permanently 
stored on the drwn for the convenience of the tlser t CON-DECON a.'ld 
ITRo CON cmvei'ts any nu:mbel'" inserted in floating decimal format 
to floating binary; DECON accomplishes the reverse conversion 0£ 
floating binary nu.mbers before outputo ?.ae selection between these 
two is made by tagging the link rork as + or - 9 respectively 
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In acfrrt. on to the t~ ras ·mportarr~ subI outinec:; cL-:-cr:i.bed abo e 
. set o ... 24 orrano.sly used cons ax ·cs is also permaI .. r!t.J.;: stored in the 

memory .l~EaSID)o Apiandix B provld s a ..,,.ist r these co stc:._ts~ 

PH.EPAPJl1"'ION OF. TAPES 

~ v~r eod1 g :s coi.p~eted t' 0 lat st p ~he problem 
for rurr :_ng on tf1e c mpute is ·i.;o cut it on a tape 
us· g tha Fle ... owriter electr:i.c typvt·.ritoro F..a.t .. h char~;.rte1 ..... £ a o 
c or respond<:> ·to Lhe s t>l"U-".Ll'lg of one k ... y on ti1e F:!.e:xowri ·ver:.: ·wh • c.h 1n 
1.rurn produces one xcw oi holes on the tape. R ... L won-'. (: stru.cti.on 
or numbc-) must consist or thi iieen charac·cers, f ollc-; 9d by a co ~ 

and ei.thei a TAB o.,. Q. CARRI I! GE E.El'URN Ex!:,:.1 a SPc:"'C s CR 'a or other 
"'j,nnbo.i..S may be inser·~rid a <les:tred; o y the 16 h.::.o:r.:..dooimal 
c racters 0-9 ru."d a f , and the comn.--~ lEnd of ~~ord) a.r;;.;. o.f my 
significan ~c to the colnpucer,. At the e£~d of every ape ns·u~. Cod n 
&Jd sevei 1 '"T.!1pe Fee:' \i· sl'rocket holes should be punchedo 

--~ is po sibl~ "co reproduce a tape by feeding it ·~hrough the 
ape readar of "'·h9 Fl x -Irit-.:::r wh:i.l .... the n Punchi' contr 1 is u 

In this ·~ype of' reproduction .. l ooever, Code Deletes. (a ~ [ of holes 
acrosa -'iihe tape ~~h_..c-~ m;;y be sed t,o nerase" er rs), Tape Feeds 
and Sto~ Codes are not repro~~a o 

After ct~ting th~ tape it is good practioe to prep~re a typed 
listing of ·li .e p~·ogi"ari1 £ran tn.e tape : st. cu·tiu 1his list. g .. should 
then be h.eteed 'gains:, the or ginal V·.! st .11 of t.iie progr-- 4 to 
catch any mif. takes that have occu..'?"l ed in typing~ l nen ha P- ogrammer 
· s ce .... "'vain t at the t ~we · s an ccurate copy of his .. rogrru , , '"' is 
re~ dy --o ru:. is p.ob1em on "e c tputero 

O"'ER.'\ 1!J:OM OF COMPU'l'ER 

Do not u..-rn 0:1 tt.; comput. -i· : Only persorts dQ igna · ..... d by the 
staff of the Co~i putil g L-abo_,a:,f"lt~y ar authorized to energize oi: 
deene gh~e it If y ~u sign up i1 a -~.ra."1 ~ for conrrru.tir.ig ti.I.ie 1 
you will min.:...uze wa. ti g and de Yo 

1.ro ~dent.:ry the following l.i.g ht : a.11d m.;i tchGs ~ \;;;:t'er to -'"he 
diagram of the console llr"'pendix J a 

Pilot Lights s:li t;h. top of the con ... o_e indicate the stat 
of tile machine: Stopped, Runningg Flnergancy 
H +.. 
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~eed Si ·tch 

?bde •tch 

Clear Button 

3 • 

b nk o $0 eon ... • d • splay..... he_..:ade. _ l 
oda the o de about to b e: ~ u~;,ed. (It 
;ill show certain other features ~.lring the 
odd cycles or mult:L cycle orders snch as EXT 
RPT~ PPl' etc ) 

gives h 1 c ion or the e: orde~ to e 
e ec1.1't.ed. unless a comparison or con~.rol 
ord already in progress c ngea the 
sequenceo 

allows the user to select the speed f 
co putation: F'ULL (6o operations a econd)., 
RAPID (8), MEDIUM (2)~ and SJ.av (l/2)o 

selects th~ typ0 of operatiooo Under the 
MANUAL setting the computer will advance one 
cycle each time the RUN bottom is depressed 
and rel ased. On the SEMI U1*0MATIC s tting 
the canpu.ter will continue to run as long 
as the RUN bottom is held down. Wit this 
SY!tch set to AU'IUMATIC• the comput will 
start running as soon as the RUN bot-u in is 
d pressed and re leased~ and will step only 
when the STOP buttom is depressed (o a 
Halt . ~rder dacodsdo) 

clears .the contents of the Order Hsgister to 
a complete blank ( 'lhis should be d:me only 
when t e canputer is stopped ~ prevent it from 
ove ~ting p tions of the progra'll ) When 
the RUN botvom is then depre d the _ compi~ter 
"'ill e ecute tre order in the order registe~· 
Since this order will n0&1 be the order 
000 0 000 000 000 the computer w.ill read 
one word fran input buffer storage, l:1ri "e it 
into st01 .. age location 000 • d then t_ ansfer 

that location £or the next instructi .l .• 

is the usual method for getting startedo 

int Switches 
Bre , Sdtch · These are discussed under the BKT 

rn · 11IT orders On the Breakpoint '&-:itches 
up cor:responds to ''Yes" o 

Arithme ic ?t>de Switch is located above the Order Rsgister 
It should be left e for flo~ting point 
operation unle s pproved by o of the staff 
members of the Computing 1.a.boratory 

The swi1.1ches on the extreme left side of the input console 
cont.rol the motors fo r the reader and the rewind driveo 

.• 
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To loa d a. tape~ it should be fed over the reader drive sprocket 
:Iit,h t he mot or st oppedo If the ~~c1ear--mnpty1t button is now depressed_, 
he input unit is r.eaqy to accept new information from the t &pe., When 

the ~start•t button is now depressed~ the tape reader will start read:lng 
·;C!"ds from ·the tape and storing them .. n the buffer storage., Note that 
··11e oompute1· may be operating on another part 'or the program or another 
p cgram whil e at 1 this is going ono The reader will stop whenever it 
reads a Stop Code on ~1e tape, or at the end of the word be:tng r ead if 
t e i nput "Stop•t button is depressed.,, 

If mor e than 32 words are loaded at one t ime i t is possible to 
load the entire tape into the buffer storage ready for high speed 
t~ansfer t o the mem"'1'1y when the computer executes a RPT ordc.u~ o If' 
a 'i.;ape of more than 32 words is presented to the ccmputer before a 
RPI order is executed,, automatic circui tS wl 11 halt the tape reader 
·~hen t he buff er is full,, and reading will be resumed when buffer has 
":>sA.n emptiecto Operation will be .correct, but time will be losto 

'!he switch on the right panel of the cons~le controls the motor 
for the punch o 'rhis :switch should naver be l e.ft in the ''off." position o 

When t he "Tape Feed" button is depressed the punch advances the 
·• -:)pe and pu11ches sprocket holes but no 1..?lf'onnationo When the "Stop 
C den button is depressed Stop Codes ar e punched on the tapeo Before 
a tape is remov:ed from the punch, a Stop Code should be punched and 
·en the tape . advanced by means of the ''Tape Feed'~. 

When the "Clear--Enpty1~ butt on i s depressed the output unit is 
readied to accept information f r an the cornputero As soon as the output 
mit receives such information t he punch begina delivering the 
'1.fonnation and continues ur1til all t he \'1ords have been punched on 
~~e tape (or the ~Clear--Emptyf1 button is again depressed)~ 

Since the output buffer storage can hold 32 words, PPT order s 
should call for output in blocks of no more than 32 words o If t oo 
, .. y ·words are called for, or PPT orders occur too frequently, 
automatic delays ensure correct operation, but again tirae wi 11 be 
l "-!ft 0 

'Ihe "Format Control" allows the user to determine the number of. 
~olumns that wil l be lis ~ed across the page when the output is typed 
by t he Flexowrit,er~ 

If it appears that imnediate shut-down or the comput er is necessary 
and no staff member can be reached, the main power switch loca·ted 

t he po-wer Sb.pply r ack near the doer to Room 3024 may be t hrown to 
eno,_·e all pave from the c om.putero A fire extinguisher is l ocated 

at the other side of this door,, 
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PREnAU1-IONS 

If the B operand (the di visor) o.t a £Joe.ting point div .!.sion is 
not normalized~ ~ meaningless result ·~ill be producedo 

If the · B opa1<.nd (the divisor) of a fixed point d~~~-eion .:s 
smallei"' than tho A operand a meanlngless result will be producedo 

If an over£ ow occurs in any fixed point addition the fraction 
;ill be shifted one _lace to the right to prevent loss of the most 
significant bit, and the exponent will be adjusted to compensate 
fo r this shifto 

If the A or B address or an order is the same as the C address of 
the order preceding (unless the preceding order is an extract order)-' 
:l..t cannot be guaranteed that the resu t of the preceding order will be 
obtained, nor can it be guaranteed that the previous contents of the 
l ocation will be obtained Use short memory codingo 

Short rnemory coding following an extract order will give the 
s hifted A operando If the result of the extract order is desired~ 
use the address of that result directlyo 

Do not attempt to achieve an exact equality, such as is tested 
_~or by a TZE orde , or any two numbers when either or both have passed 
t hrough CONo 

It is impossible to write into PERS'l'Oo 

Allow at least two cycles between an order which modifies another 
rder and the order being modifi.ado 
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13 
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IS-

0 l 

00 0 l 
01 16 1'7 
0,2 32 33 
03 48 49 
04 64 65 
05 80 81 
06 96 9'1 
0'1 112 113 
08 128 129 
09 144 145 
Oe. I 160 161 
Ob 1'76 177 
Oo 192 193 

_M_ 208 209 
Oe 224 225 

Hr 240 241 
10 256 257 
11 i 272 273 

12 1 288 269 
13 301): 305 
14 ij 320 321 
15 I 336 337 J 
16 :!!;2 353 
17 368 36_i 
18 384 385 
19 400 401 
la 416 41''{ . 
lb 432 433 
lo 448 449 
ld 464 465 
lo 480 481 

-11 ~96 49'7 

2 3 4 5 6 

2 3 4 5 G 
18 19 20 21 2:2 
34 35 36 37 38 
50 51 52 53 54 
66 67 68 69 '10 
82 83 84 85 86 
98 99 100 101 102 

114 115 116 11'1 118 
130 131 132 133 134 
146 14'1 148 149 150 
162 163 164 165 166 
1'18 179 180 181 182 

. 194 195 196 19'1 198 
210 211 212 213 214 
226 227 228 229 230 
242 243 244 245 ~46 
256 259 260 261 262 
274 2'15 276 27'1 278 
290 291 292 293 294 
306 307 3.Q.B 309 310 
322 323 324 325 I 326 
336 339 340 341 342 
354 3S5 356 357 358 
370 371 372 373 374 
386 387 aas I 389 390 
402 403 404 405 406 
418 419 420 421 422 
434 435 436 43'7 438 
450 451 452 453 454 
466 46'/ 468 469 470 
482 483 464 405 486 
498 499 500 501 i 502 

• 
---~ ---

'I ·a g a b c d • f 

'1 8 9 10 11 12 13 14 15 
23 24 25 26 27 28 29 30 31 
39 40 41 42 43 44 45 46 47 
55 56 57 58 59 60 61 62 63 
71 72 . 73 74 'IS '76 77 I 78 19 t 
8'1 88 89 90 91 92 93 94 . 95 

103 104 105 106 10'7 108 109 110 111 
119 1-20 121 122 123 124 125 126 127 
135 136 13., 138 139 140 141 142 143 
151 152 153 154 155 156 157 158 159 
16'1 168 169 170 171 172 173 174 175 
183 184 185 186 187 186 189 190 191 
199 200 201 202 203 204 205 I 206 l 207 
215 21~ 21'1 218 219 220 221 222 223 
231 232 233 234 235 236 237 238 239 
247 248 249 250 251 ..2-52 253 254 _255 
263 I 264 265 266 26'1 268 269 2'10 I 211 
279 280 281 282 283 284 265 286 287 
295 296 297 298 299 300 301 302 303 
311 312 313 314 315 316 31'1 318 ~l.U 
327 328 l 329 330 331 332 333 334 335 
343 344 345 346 347 348 349 350 351 
359 a6o t a61 362 363 364 365 366 367 
375 376 377 3'78 379 380 361 382 383 
391 392 393 394 I 395 I 396 I 397 398 399 
407 408 409 410 411 . 412 413 414 415 
423 . 424 425 426 427 428 429 430 431 
439 440 :441 442 443 .444. 445 446 441 
455 456 45'1 I 4ss 459 I 460 I 461 462 463 
471 472 4'13 4?4 475 476 477 478 4'79 
487 488 489 490 491 492 493 494 495 
503 504 505 506 50'1 508 509 510 511 
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17 

18 

I !J 

z() 
2.1 

1.2 

t3 
t.,4 

2.S 

z~ 

27 

z,B 

2'9 

30 

~I 

20 
21 
22 
23 l 24 25 
26 
27 
28 
29 
2a 

_2_b 
2o 
2d 
2e 
2f 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
3a 
3b 

I 3c 
I 3d 

3e 
I 3£ 

0 l 2 

512 513 514 
528 529 530 
544 545 546 
560 561 562 
576 5'1'1 5'18 
592 593 594 
608 609 610 
624 625 626 
640 64·1 642 
656 65'1 658 
6'12 673 674 
688 689 690 
704 705 706 
720 721 722 
736 737 '138 
752 753 754 
768 769 '110 
'184 785 '186 
800 801 802 
816 817 818 
832 833 834 
848 849 850 
864 865 866 
880 881 882 
896 897 898 
912 913 914 
928 929 930 
944 · 945 946 
960 961 962 
976 9'17 9'18 
992 993 994 

1008 1009 1010 

• 
3 4 5 6 'I 

515 516 51'7 518 519 
531 532 533 534 535 
54'1 548 549 550 551 
563 564 565 566 567 
5'79 580 561 582 583 
595 596 59'1 598 599 
611 612 613 614 615 
627 628 629 630 631 
643 644 645 646 647 
659 660 661 662 663 
675 6'/6 677 678 679 
691 692 693 694 695 
707 '108 709 710 711 
723 724 725 726 727 
739 74-0 741 742 743 
755 756 757 758 759 
771 772 773 774 775 
787 '788 789 790 791 
603 804 805 806 80'1 
819 820 621 822 823 
835 836 83'1 838 839 
851 852 853 854 855 
867 868 869 870 871 . 
883 884 885 686 887 
899 900 901 902 903 
915 916 917 918 919 
931 932 . 933 934 935 
94'1 948 949 950 951 
963 964 965 966 967 
9'19 980 981 982 983 
995 996 99'1 998 999 

1011 1012 1013 1014 1015 

6 9 a b e 

520 521 522 523 524 
536 537 538 539 540 
552 553 !>54 555 556 
568 569 570 571 5'12 
584 585 586 587 568 
600 601 602 603 604 
616 617 618 619 620 
632 633 634 635 636 
648 649 650 651 652 
664 665 666 66'1 668 
680 681 682 683 684 
696 697 698 699 700 

'1121 713 714 715 '116 
728 729 730 '131 732 
'144 745 '146 '14'1 '148 
760 761 762 763 '164 
7'16 777 776 779 780 
792 '193 794 795 796 
aoa 809 810 811 812 
824 825 826 ' 827 828 
840 641 842 843 8441 
856 857 858 859 860 
872 873 874 875 876 
888 889 890 891 892 
904 905 906 907 908 
920 921 922 923 924 
936 93'1 938 939 940 
952 953 954 955 956 
968 969 970 971 972 
984 985 986 987 988 

1000 1001 1002 1003 1004 
1016 1017 1018 1019 1020 

200-3tt 

d e t 

525 526 527 
541 542 543 
55'1 558 559 
573 574 575 
589 590 591 
605 606 607 
621 622 623 
637 636 639 
653 654 655 
669 670 671 
685 686 687 
701 702 703 
717 710 719 
733 734 735 
749 750 751 
765 766 767 . 
781 7s2 f 1aa 
797 796 799 
813 814 815 
029 830 831 
845 846 I 847 
861 862 863 
8'77 878 879 
893 894 895 
909 910 911 
925 ' 926 927 
941 942 943 
957 958 959 
9'13 974 975 
989 990 991 

1005 1006 1007 
1021 1022 1023 
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.o l 2 3 4 5 6 7 8 

4p:1 1024 1025 1026 1027 1028 1029 1030 1031 1032 
41 1040 1041 1042 1043 1044 1045 1046 1047 . 1048 
42 1056 105'1 " 1058 l059 1060 1061 1062 1063 1064 
43 1072 1073 1074 1075 1076 10'77 1078 1079 1080 
44 1088 1089 1090 1091 1092 1093 . 1094 1095 1096 
45 1104 1105 1106 110'1 1108 1109 1110 1111 1112 
46 1120 1121 1122 1123 1124 1125 1126 1127 1128 
47 1136 1137 1138 1139 1140 1141 1142 1143 1144 
48 1152 1153 1154 1155 1156 1157 1158 1159 1160 
49 1168 1169 1170 1171 11'12 1173 . 1174 1175 1176 
4e. 1184 1185 1186 1187 1188. 1189 1190 1191 1192 
4b 1200 1201 1202 1203 1204 1205 1206 120'1" 121)8 
4c 1216 121'7 1218 1219 1220 1221 1222 1223 1224 
4d 1232 1233 1234 1235 1236 1237 1236 1239 1240 
4.e 1248 1249 1250 1251 1252 " 1253 1254 1255 1256 
4f 1264 1265 1266 1267 1268. 1269 12'70 1271 1272 
50 1280 1261 1282 1283 1284 1285 1286 1287 1286 
51 1296 1297 1296 1299 1~00 1301 1302 1303 1304 
52 1312 1313 1314 1315 1316 1317 1318 1319 1320 
53 1328 1329 133-0 13.31 1332 1333 lS34 1335 1336 
5.4 1344 1345 1"346 1347 1_348 1349 1350 1351 1352 
55 . 1360 13~1 1362 "1363 1364 1365 1366 1367 1368 
~~ 13"16 1377 ;_"1378 .. 1379 1380 ·1381 1382 1383 1384 
57 1392 1393 1394 1395 1396 1397 1398 1399 1400 
sa 1408 1409 1410 1411 1412 1413 1414 1415 1416 
59 1424 1425 1426 142r/ 1426 1429 1430 1431 1432 
Sa 1440 1441 1442 1(43 1444 1445 1446 1447 1448 
5b 1456 1457 . 1458 1459 1460 1461 1462 1463 1464 
Sc 1472 14'73 1474 14'15 14'76 · 1477 1478 1479 1480 
Sd 1488 1489 1490 1491 1492 1493 1494 1495 1496 

.: Se 1504 1505 1506 1507 1508 1509 1510 1511 1512 
5f" 1520 1521 1522 1523 1524 1525 1526 1527 1528 

9 a b 0 d 

1033 1034 1035 1036 1037 
1049 · 1050 1051 1052 1053 
1065 1066 106'7 1068 1069 
1081. 1082 108.~. 1084. 1085 
1097 1096 1099 1100 1101 
1113 1114 1115 1116 1117 
1129 1130 1131 1132 1133 
1145 1146 114'1'. 1148 1149 
1161 1162 1163 1164 1165 
11'1'1 1178 1179 1180 1181 
1193 1194 1195 1196 1197 
1209 1210 1211 1212 1213 
1225 1226 1227 1228 1229 
1241 1242 1243 1244 1245 
1257 1258 1259 1260 1261 
1273 1274 12'"15 1276 127'1 
1289 1290 1291 1292 1293 " 
1305 1306 130'1 1306 1309 
1321 1322 1323 1324 1:325 
1337 1338 1339 1340 1341 
1353 1354 1355 1356 1357 
;1369 1370 1371 1372 13'/3 
1385 1386 1367 1368 1389 
1401 1402 1403 1404 1405 
1417 1418 1419 1420 1421 
1433 1434 1435 1436 143'7 
1449 1450 1451 1452 1453 
1465 1466 1467 1468 1469 
1481 1482 1483 1484 1485 
1497 1498 1499 1500 1501 
1513 1514 1515 1516 1517 
1529 1530 1531 1532 1533 

400•5ff 

e t 

1038 1039 
1054 1055 
·1070 1071 ' 
1086 lQ~~~ 
1102 110·3 . 
1118 1119 
1134 1135 
1150 1151 
1166 1167 
1182 1183 
1196 1199" 
1214. 1Jl5 . 
1230 1231 
1246 124'7 
1262 1263 
1278 12'19 
1294 1295 
1310 1311 
1326 1327 
1342 · 1343. 
1358 1359 

-1374 1375 
1390 139i 
l.405 1407 

.1422 1423 
1438 1439 
1454 1455 
14'70 147i 
1486 1487 
1502 1503 
1518' "1519 .. 
1534 1535 . 
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60 1536 1537 1538 1539 1540 1541 1542 1543 1544 
61 1552 1553 1554 1555 1556 1557 1558 1559 1560 
62 1568 1569 1570 1571 1572 1573 15'74 15'15 1576 
63 1584 .1585 1586 158'7 1588 1589 1590 1591 1592 
64 1600 1601 1602 1603 1604 1605 1606 160'7 1608 
65 161G 161'/ " 1618 1619 1620 1621 1622 1623 1624 
66 1632 1633 1634 1635 1636 1637 1638 1639 1640 ,,,, 1648 1649 1650 l.651 · J .. 652 1653 1654 1655 1656 
68 1664 1665 1666 166'1 1668 16&9 1670 16'11 16'12 
19 1680 1681 1682 1683 1684 1685 1686 168'1 1688 
6a 1696 1697 1698 1699 1'100 1701 1702 1'103 1704 
ab 1'112 1'113 1714 1'115 1716 1'11'1 1'118 1'119 1'120 
Go 1'728 1729 1730 1'131 1'132 1733 l'lH 1'135 1736 
&d 1'144 1'145 1'146 174'1 1748 1'149 1750 1751 1752 
6• 1760 1761 1762 1763 1'164 1765 1"166 1767 1'168 
Gf 17'16 17'1'1 17'18 17'19 1'780 ·lYSl 1782 l'/83 1784 
70 1792 1793 1'194 1795 1'796 1'197 lV9B 1799 1800 
'71 1808 1809 1810 1811 1812 1813 1814 1815 1816 
72 1824 1825 1826 1827 1828 1829 1830 1831 1832 
'13 1840 1841 1842 1843 1844 1845 1846 1847 1848 
.,4 185& 185'1 1858 1859 1860 1861 1862 1863 1864 
'15 1872 1873 18'14 1875 1876 1877 1878 18'19 1880 
'76 1888 1889 1890 1891 1892 ·1893 1894 1895 1896 
77 1904 1905 1906 1907 1908 1909 1910 1911 1912 
78 1920 1921 1922 1923 1924 1925 1926 1927 1928 
79 1936: 1937 1938· 1939 1940 1941 1942 1943 1944 
'la 1952 1953 195'1z ·1955 1956 1951 1958 1959 1960 
'lb 1968 , 1969 19'70 1971 1972 1973 1974 1975 1976 
-70 -1984 -:L98S- 1986 1987 1988 1989 1990 1991 1992 
7d 2000 2001 2002 2003 2004 2005 2006 2007 2008 
7e 2016 2017 2018 2019 2020 2021 2022 2023 2024 
'It 2032 2033 2034 2035 2036 203'1 2038 2039 2040 

9 a b c · 

1545 1546· 154'7" 1548 
1561 1562 -i563 1564" 
15'17 157.8 15'19 1580 
1593 1594 1595 1596 
1609 1610 · 1611 1612 
1625 1626 1627 1628 
1641 1642 1643 1644 
1657 1658 1659 1660 
1673 16'14 1675 16"16 
1689 · 1690 1691 1"692 
1705 1706 1707 1708 
1721 1'122 1723 1724 
lV37 1738 1'139 l"/40 
l"/53 1'154 1755 1'156 
1769 1'1'10 17'11 1'"1'72 
1'785 1786 1'787 1788 
1801 1802 1803 1804 
1817 1818 1819 1820 
1833 1834 1835 1636 
1849 1850" 1851 1852 . 
1865 1866 ·186'1 ~1868 

1881 1882 1853 · 1884 
1897 1898 1899 1900 
1913 191'1\ 1915 1916 
1929 1930 1931 1932 
1945 lM-6 194"/ 1948 
1961 1~62 . 1963 1964 
197.7 1978 1979 1980 
1993 .1994 1995 1996 
200_9 2010 2011 2012 
2025 2026 202'1 2028 
2041 2042 2043 2044 

... 

d a-

1549 ' 1550 
1565 - 1566• 
1581 1582 
159'1 ' 1598 
1613. 1614 
1429' 1630" 
1645 1646" 
1661 1662 
1677- 16'18 
1693 1694 
1'109 1710 
l.,25 1726 
l74X 1742 
1757 1758' 
1'173 17'74 
1789 i790 
1805 180-g-
1821 1822 
1837 isaa 
1853 1854 
TS1)9 ll.S"IU 
1885 1886 
l90i 1902 
191? 1918 
1933 1934 
1949 1950 
1965 1966 
1981 1982 
199'1 1998 
2012 . 2014 
2029 2030 
2045 2046 

600~7tt 
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1551 
1567 
1583 
1599 
1615 
16.31 
1647 
1663 
16'19 
1695 
1'111 
1727 
1'143 
1759 
1775 
1'191 
1807 
1823 
1839 
1855 
l8'TJ. 
188'1 
1903 
1919 
1935 
1951 
196'7 
1983 
1999 
2015 
2031 
204'1 
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' 11 so'~ - 204a I 2049 2050 2051 2052 2osa 

It 
S'l 2064 2065 2066 2067 2068 2069 
82 2060 2081 2082 2083 2084: 2085 
83 2096 2097 2098 2099 2100 2101 
64 2112 2113 2114 2115 2116 2117 
85 2128 2129 2130 2131 2132 2133 
86 2144 2145 2146 2147 214$ 2149 
87 2160 2161 2162 2163 2164 . 2165 
ea 2176 2117 2178 2179 2180 21a1 
89 2192 21~3 2194 2195 2196 2197 
Sa 2208 2209 2210 2211 2212 2213 
Sb 2224 2225 2226 2227 2228 2229 
ac 2240 2241 2242 2243 2244 2245 
Sd 2256 2257 2258 2259 2260 2261 
Se 2272 2273 2274 22'15 22~6 2277 
Sf 2288 2289 2290 2291 2292 2293 

j 90 2304.· 2305 2306 230'7 2308 2309 
! 91 2320 2321 2322 2323 2324 2325 
I 92 zas6 2337 23sa 2139 2a40 2341 
. 93 2352 2353 2354 2355 2356 235V 

94 2368 2369 ~-D-- --23?1 23'12' 2373 
95 2384. --·2385,_ ~-2386 238'f 2388 2389 

" 96 2400 2401 2402 2403'. 2404 2405 
97 2•1& 2417 2418 2419: 2420 2421 

I 
98 2432 2433 2434 2435 . 243G 2437 
99 2448 2449 2450 2451 2452 2453 
9a 2464 2465 2466 2467· 2468 2469 
9b 2480 2481 2482 2483 2484 2485 
9c 2496 2497 _. 2498 2499 2500 . 2501 

11 9d 2512 2513 2514 2515 ' 2516 2517 

I
. 9e 2528 2529 . 2530 2531 2532 2533 
il gr 2544 2545· 2546 2547 2548 2549 

• 
6 7 8 

2054 2055 2056 
2070 20 .. /l 20'72 
2085 208'1 2088 
2102 2103 2104 
2118 2119 2120 
2134 2135 2136 
2150 2151 2152 
21.66 2167 2168 
2182 2183 2184 
2198 21~9 2200 
2214 2215 2216 
2230 2231 2232 
2246 224'1 224-8 
~202 2263 2264 
221e 2279 22ao 
2294 2295 2296 
2310 I 2311 2312 
2326 2327 2328 
2342 2343 2344 
2358 2359 2360 
23'14 2375 2376 
2390 2391 ' 2392 
2406 240'7 2408 
2422 2423 2424 
2438 2439 2440 
2454 2455 2456 
2470 2471 2472 
2486 2487 2488 
2502 2503 2504 
2518 2519 2520 
2534 2535 2536 
2550 2551 2552 

800•9f 

9 a b 0 d $ t 

2057 2058 2059 f 2060 2061 2062 2063 
2073 2071- 2075 . 207tl' . 2077 2078 . 2079 
2089 2090 2091 2092 . 2093 2094 2095 
2105 _: 2106 2107 2108 2109 2110 2111 
2121 :2122 2123 2124 2125 2126 2127 
213'1 :-2138 2139 2140 2141 2142 2143 
2153 . :2154 2155 2156 215'1 2158 2159 
2169 ·2170 2171 2172 2173 21'74 2175 · 
2185 '2186 2187 2168 . 2189 2190 2191 
2201 2202· 2203 2204 2205 2206 2207 
2217 ·2218 ·2219 2220 -2221 2222 2223 
2233 2234 2235 2236 2237 2238 2239 
2249 2250 ~ 2251 2252 2253 2254 2255 
2265 2266 2267 2268 2269 2270 22'71 
2281 2282 2283 2284 2285 2286 2287 
2297 2298 2299 2300 2301 2302 2303 
2a1a 2a14 2a1s 2316 231'7 2a1a 2a19 
2329 2330 2331 2332 2333 2334 2335 
2345 2346 2347 2348 2349 2350 2351 
2361 · 2362 2363 2364 2365 '2366 236'7 
2377 2378 2379 2380_1_23Sl1--23-S2n231fS 
2393 2394 2395 239& 2397 2398 2399 
2409 2410 2411 2412 ' 2413 2414 2415 
2425 2426 2427 2428 2429 2430 2431 
2441 2442 24~ 2444 2445 2"6 2 
2457 2458 2459 2460 2461 2462 2463 
2473 2474 2475 24'1~ 12477 2478 2479 
2489 2490 2491 . 2492 2493 24~'l 2495 
2505 2506 2507 2508, . 2509 2510 2511 
2521 , 2522 2523 2524 ' 2525 2526 2527 
2537 2538 2539 · 2540 2541 2542 2543 
2553 2554 2555 2556 2551 2558 2559 
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• • 
e.00-btt 

0 1 2 3 4 5 6 ' 8 9 a b c d t 

aO 2560 2561 2562 2563 2564 2565 2566 256'1 2568 2569 25'10 25'11 I 25721 25'13 25'74 25'15 
al 2576 2577 2578 2579 2580 2581 2582 2583 2584 2585 2586 2587 2588 2589 2590 2591 
a2 2592 2593 2594 2595 2596 2597 2598 2599 2600 -2601 2602 2603 2604 2605 2606 260'1 
a3 2608 2609 2610 2&11 2612 2613 2614 2615 2616 2617 2518 26~9 , 2620 2321 2622 2623 
a4 2624 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 2637 2638 2639 

_ a5 2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 · 2651 2652 2653 2654 2655 

l
l ~6 2656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2666 2661 2668 2669 2670 2671 

a7 2672 2673 2674 26'5 2676 2677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687 
aa 2688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 2'102 2703 
a9 2704 2705 2706 2707 2708 2709 2710 2711 - 2112 2713 2714 2'15 2716 2717 2718 2Vl9 
M. 2720 2721 2'122 2723 2'24 2?25 2726 272' a728 2'129 ·2730 2731 2'132 a'/33 2734 2'135 
ab 2736 2737 2'138 2739 2"140 f'141 2'142 2'143 2'144 2'145 2746 2'47 2748 2749 2?50 2751 
~o 2?52 2753 2754 2?55 2756 2757 2758 2759 2'760 2761 · 2762 2'/63 2764 2765 2766 276V 

.d. . 2768 2769 2770 27'11 24172 2773 2'174 27'15 27'16 2'"17 2778 ?!/'19 2780 2781 2782 2783 
~o 2784 2785 2'186 2787 2788 2789 2790 2791 2'92 2?93 2194 2795 2796 ?:/97 2798 2799 
at 2800 2801 2802 2803 28M_ 280_5_ 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815 
bO 2816 2817 2818 2819 2820 2821 2822 2828 2824 2825" 2826 2827 2828 2829 2830 2831 
bl 2832 2833- 2834 2835 2836 2837 2838 2839 2840 2841 2842 2843 28f.c4 2845 2846 2847 
b2 2848 2849 2850 2851 2852 2853 2854 2855 2856 285'1 2858 2859 2860 2861 2862 2863 

?- bS 286!!_ 2865 2866 2867 2868 2869 2870 2871 2812 2873 2874 2875 2876 2877 2878 2879 
b4 aaso 2aa1 2sa2 2ea3 2884 2aas 2886 2as7 .2eea 2eag 2ago 2e91 2a92 2893 ·2a94 2095 
b5 2896 2897 2898 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911 
b6 2912 2913 2914 2915 2916 2917 2918. I 2919 2920 2921 2922 2923 2924 2925 2926 292'1 

- b7 2928 _2_9_2:9 2930 _aga_l_ 293_a 2933 293Ai _2_935 29-16 _2_937 2938 2939 2940 2941 2942 2943 
bS 2944 2945 2946 2947 2948 2949 2950 2951 2952 2953 2954 2955 2956 2957 2958 2959 
b9 " 2960 2961 2962 2963 2964 2965 2966. 2967 2968 2969 2970 2971 · 29?2 2973 2914 2975 
b!\ 2976 29?.7 2978 2979 2980 2981 2982; 2983 2984 2965 . 2986 2987 2988 2989 2990 2991 
bb 2992 2993 2994 2995 2996 2997 2998: 2999 3000 3001 3002 3003 3004 3005 3006 3007 

1

-1 bo 3008 3009 3010 3011 3012 3013 3014i 3015 3016 301'1 3018 3019 3020 _ 3021 3022 . ··3023 

I 
bd 3024 3025 3026 3027 3028 3029 3030'. 3031 3032 3033 3034 3035 3036 3037 3038 3039 
be 3040 3041 3042 3043 3044 3045 3046; 304'1 3048 3049 3050 - 3051 3052 3053 3054 3055 I bf 3056 3057 ao5a 3059 soao 3061. 3os2: ao63 3064 socs aoaal·ao67 aoGe so69 3070 ao71 

i ~ 
! 

:' 
I 

g 
i 
~ 

• 

0 ~ 
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~ ~ 
~ e0-

0 
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~ ~ 
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• • 
0 l 2 3 4 5 6 ' · e 

oO 3072 3073 30'74 30'15 3076 30'17 3078 30'19 3080 
cl 3088 3089 3090 3091 3092 3093 3094 3095 3096 
o2 . 3104 3105 3106 310'7 3108 3109 3110 3lil 3112 
c3 3120 3121 3122 3123 3124 3125 3126 3127 3128 
c4 3136 313V 3138 3139 314.-0 3141 3142 31.3 3144 
cs 3152 3153 3154 3155 3156 315'7 3158 3159 3160 
c6 3168 3169 31'10 31'11 3172 3173 31'14 31'15 3176 
c"I 3184 3185 3186 3187 3188 3169 3190 3191 3192 

I c8 3200 3201 3202 3203 3304 3205 3206 320'1 3208 
e9 3216 3217 3218 3219 ~220 3221 3222 3223 3224 
oa 3232 3233 3234 3235 323& 3237 3238 3239 3240 
ob 3248 3249 3250 3251 3252 3253 3254 3255 3256 
co 3264 3265 3266 3267 3268 3269 3270 32'11 3272 
cd 3280 3281 3282 3283 3284 3285 3286 3287 3288 
00 3296 3297 3298 3299 330.0. 3301.- a·so2 3303 3304 
at 3312 33].3 3314 3315 3316 3317 •3318 3319 3320 
dO 3328 3329 3330 3331 3332 3333 3334 3335 3336 
dl 3344 3345 3346 3347 3346 3349 · 3350 3351 3352 
d2 3360 3361 3362 3363 3364 3365 -3366 3367 3368. 
d3 3376 33'1'1 3378 33'19 3380 3381 !3382 3383 3384 
d4 3392 3393 3394 3395 3396 339'7 :3398 3399 3400 
d5 3408 3409 3410 3411 3412 3413 3414 3415 3416 
du 3424 3425 "3426 ~427 a4_2e 3429 3430 3431 3432 
d.7 3440 3441 3442 3443 3444 3445 3446 3447 3448 
dS 3456 3457 3458 3459 3460 3461 3462 3463 3464 
d9 3472 3473 34'74 34'15 347G . 34'17 3478 34'19 3480 
da 3488 3489 3490 3491 3492 3493 3494 3495 3496 
db 3504 35QS 3506 " 350'1 3508 3509 3510 3511 3512 
do 3520 3521 ~5"2 . 3523 ·ss24 3525 352& 3527 3528 
dd 3536 353'1 3538 3539 3540 3541· 3542 3543 3544 
de 3552 3553 3554 3555 3556 355'7 3558 3559 3560 
df 3568 3569" ·-3570··· 3571 · ·· 3572 3573 3574 3575 35'16 

-~ .. 
9 a b 0 

3081 3082 3083 3084 
3097 309S 3099 ·3100 
3113 3ll4 3115 3116. 
3129 3130 3131 3132 

·3145 ·3146 · 3147 3148· 
3161 3162 3163 -3164 
317'1 3178 31'19 3180 
3193 3194 3195 3196 
3209 3210 3211 3212 
3225 3226 3227 .3228 
3241 3242 3243 3244 
3257 3258 3259 :3260 
3273 3274 3275 ··3276 
3289 3290 3291 :3292 
3305 3306 33o7 3308 
3321 3322 3323 3324 
3337 3338 3339 -3340 
3353 3354 3355 3356" 
3369 3370 33'11 3372 
3385 3386 3381 3328 
3401 3402 3403 3404 
3417 3418 3419- 3420 
3433 3434 3435 3436 
3449 3450 3451 3452 
3455 3466 3467 3468 
3481 3482 3483 3484 
349'1 3498 3499 3500 
3513 3514 3515 3516 
3529 3530 3531 3532 
3545 3546 354'1 --3548 .. 
3561 3562 3563 3564 
357'1 3578 3579 3S80 
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oOO-dff 

d e f 

3085 3086 308'1 
3101 . 3102 3103 
3117 3118 3119 
3133 3134 3135 
3149 3150 315I 
3165 3166 3167 
3181 3182 3183 
3197 3198 3199 
3213 3214 3215 
3229 3230 3231 
3245 3246 3247 
3261 3262 3263 
3277 3278 3279 
3293 3294 3295 
3309 3310 3311 
3325 3326 332'1 
3341 3342 3343 
·-a-35-7 . ·3359 3359 
33'13 3374 3375 
3389 3390 3391 
3405 · 3406 3407 
3421 3422 3423 
3437 3438 3439 
3453 3454 3455 
3469 3470 3471 
3485 3486 3487 
3501 3502 3503 
3517 3518 3519 
3533 3534 3535 
-3549 3550 3551 
3565 3566 356'7 
3581 3582 3583 
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eOOft"fff 

0 1 2 3 4 5 6 '1 a 9 a b a d " I £ 

eO 3584 3585 3586 358'1 3588 3589 3590 3591 35·92 3593 3594 3595 ·3596 359'1 3598 3599 
·el 3600 3601 3602 3603 3604 3605 3606 3607 3608 3609 3610 3611 3612 3613 3614 3615 
e2 3616 361'1 3618 3619 3620 3621 3622 3623 3624 3625 ~626 3627 3628 3629 3630 3631 
e3 3632 3633 3634 3635" 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 3646 364'1 
e4 3648 3649 3650 3651 3652 3653 3654 3655 3656 365'1 3658 3659 3660 3661 3662 3663 
es 3664 3665 3666 3667 3668 3669 3670 36'11 3672 3673 3674 3675 3676 3677 3678 3679 
e6 3680 3681 3682 3683 3684 3685 3686 368'1 3688 3689. 3690 3691 3692 3693 3694 3695 

. e7 3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3'710 3711 
ea 3'112 3'113 3714 3'115 3716 371'1 3718 3719 . 3720 372f 3722 37.23 3724 3725 . 3726 .3'727 
e9 3728 3'129 3'730 3731 3732 3733 3734 3735 3736 3737 :_ 3'738 3739 3740 3741 3742 3743 
ea 3744 3'145 3'146 3747 3'148 3749 3750 3751 3752 3753 · 3'(54 3755 3756 375'1 3'758 3759 
$b 3760 3'/61 3'162 3763 3764 3765 3766 3767 3768 3769 ' 3770 3771 3"/'12 3'7'13 3'174 3775 
ec 37'16 37'1'1 3'1'18 3779 3780 3781 37~,. ::.311-as: · ; 3.784 3785 3786 378'1 3788 3789 3790 3791 
ed 3792 3793 3794 3'195 3796 379'1 3798 3799 3800 3801 3802 3803 3804 3805 3806 380'1 
ee 3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 ": 3818 3819 3820 3821 3822 3823 
et 3824 3825 3826 3827 3828 3829 3830 3831 3832 3833 ' 3834 3835 3836 3837 3838 3839 
f .O 3840 3841 3842 3843 3844 3845 3846 3847 3846 3849 .S850 3851 3852 3853 3854 3855 I f .1 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 '3866 386'1 3868 3869 38'10 3'371 
r ·2 3872 3873 3874 3875 3876 3877 38'78 3879 3880 3881 3882 3883 3884 3885 3886 388'1 
i'.3 3888 3889 3890 3891 38_ll_ 3.1193 3894 .3895 369_6 3897_ -3898 38_99 _3jOQ_ 3901 3902 3_9-0_i 
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f 4 3904 3905 3906 390"1 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 .·3918 3919 
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t .6 3936 393'7 3938 3939 3940 3941 3942 3943 3944 3945 3946 394'1 3948 3949 3950 3951 
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DECI MAL to HEX.ADI.CTI!~ 

• . CONVERSION TABLE 

0000-04-00 

0 1 2 3 4 5 6 7 a 9 

0 000 001 002 003 004 005 006 007 008 009 
l OOa OO'b OOo OOd OOe OOf 010 011 0 2 013 
.2 01~. 015 016 017 018 019 Ola Ol°t) 0 e Old 
3 Ole Olf 020 021 022 023 .024 025 026 027 
4 028 029 02a 02b 02c 02d 02e 02f 030 031 

¥ . . •. 

5 032 033 034 035 035 037 038 039 0.!)a 03b 
6 03c OSd 03a 03f 040 041 042 043 O~A 045 
7 046 047 048 049 04a 04b 04e Md O .. a 04f 
a 050 051 052 053 054 055 056 057 050 059 
9 05a 05b OSc 05 OSe> OSf 060 061 062 063 

10 06 065 066 067 068 069 o6a 06b 06c 06d 
ll 06@ 06f 070 071 0'12 073 074 075 076 077 
12 0'18 079 07 07b 07c 07d o7e 07f 080 081 

·13 082 083 084 085 086 087 088 089 08a OSb 
14 08o 08d 08e OSf 090 091 092 093 094 095 

• 15 096 097 098 099 09& 09 09c 09d 09e 09f 
16 · OaO Oal Oa2 Oa3 Oe.4 Oa5 Oa6 Os.7 0 8 0 9 
l'f Os.a Oab Oao Oe.d Oae Oaf ObO Obl Ob2 Ob3 
18 Ob4 Ob5 Ob6 Ob7 Ob8 Ob9 Oba · Obb 0 Obd 
19 Obe O'bf OcO Oel Oe2 Oc3 Oo OcS OcS Oc7 

20 Oc8 Oe9 0 Q Oob Occ Ocd Oae Oat OdO Odl 
21 Od2 Od3 Od4 OdS Od6 Od7 Oda Od9 Oda Odb 
22 Ode Odd Ode Odf 0 0 0 1 0 2 Oe3 0 OeS 
23 Oe6 Oe7 Oe8 0 g Oea 0 Oac Oed Oee Oef 
24 o:ro Ofl Of 2 Ot3 0£4 Ot5 Ot6 0£7 01·s Of9 

25 Of a Ofb Of c Of'd Of G Off 100 101 102 103 
26 104 105 106 107 108 10 lOa lOb lOc lOd 
2'1 lOG lOf 110 111 112 113 114 115 i ... 6 117 
28 118 119 lla llb llc lld ' lle ll:f 120 121 
29 122 123 124 125 125 127 12e 129 12a 12b 

30 12c 12d 120 12f. 130 131 132 133 134 135 
31 136 137 138 139 13a 13b 13c l3d l3e 13t 
32 140 141 142 143 144 145 146 47 l '-18 149 
33 l4a l4b l4c 14d 14e l4f 150 151 1: 2 153 
34 154 155 156 15'7 158 159 l5a lS'b 1''c 15d 

35 l S l Sf 160 161 162 163 164 165 166 167 
36 168 169 16a 16'b 160 l6d 16e l6f l 0 lVl 
37 1"12 1'73 lf4 175 176 1?7 178 179 ra l?b 
38 l'lc 17d 17 l'Tf 180 181 182 103 1 ... 185 •• 
39 186 18'1 188 189 lSa lSb l8c led lt\e Ulf 



DECIMAL to HEXADECD.W .. • CONVERSION TABLE 

0400-0799 

0 1 2 3 · 4 5 6 "I 8 9 

40 190 191 192 193 194 195 196 19'/ 198 199 
41 · 1ta 19b 19c 194 19e l9f laO lal la2 la3 
42 la4 la5 la6 la7 la8 la9 lea . lab lac lad 
43 lae lat lbO lbl lb2 11~3 1b4 lb5 lba lb'1 
44 lb8 lb9 lba lbb lbc lbd lbe lht lcO lol 

45 lc2 lo3 lc4 lc5 106 lc7 lea lc9 lea lcb 
46 leo led · lee let ldO ldl ld2 -ld3 ld4 ld5 
47 ld6 ldf ld8 ld9 lda ' ldb ldc ldd lde ldt 
48 leO lel le2 le3 le4 le5 1e6 le7 188 le9 
49 lea leb lee led lee let lfO ltl lf 2 lf 3 

so lf 4 lf 5 lt6 11'1 lf 8 lf 9 l.f a ltb lto lf d 
51 , lte ltt 200 201 202 203 204 205 206 207 
52 208 209 20a 20b" 200 204 208 20t 210 211 
53 212 213 . 214 215 216 21'1 218 219 2la 2lb 
54 2le 2ld 2le 2lt 220 221 222 223 224 225 

• 55 22' 22' 228 229 22a 22b 22c 22d 22e 22t 
58 230 231 232 233 234 235 236 23'1 238 239 
5'1 23a . 23b 23o 23d 23e 23t 240 241 242 243 . 
58 244 245 246 24'1 248 249 24a 24b 24c 24d 
59 24e 24f 250 251 252 253 254 255 256 257 

60 258 259 25a 25b 250 2Sd 25e 2St 260 261 
61 262 263 264 265 266 267 268 269 26a 26b 
62 26c 26d 26e 26f 2'10 2'11 292 2?3 274 2'75 
63 276 ?:1'I 2"18 2'79 27a 2'7b 2:1c 27d 2'1e 21t 
64 280 281 282 283 284 285 286 287 288 289 

65 28a 28b 28c 28d 28• 28t 290 291 292 293 
66 294 295 296 29'1 298 299 29a 29b 29c 29d 
6'1 298 29f 2a0 2al 2a2 2&3 2a4 2a5 2a6 2a7 
68 2a8 2a9 24& 2.ab 2ac 2ad 2ae 2at 2b0 2bl 
69 2b2 2b3 2b4 2b5 2b6 2b'1 2b8 2b9 2ba. 2bb 

"10 2bc 2bd 2be 2bf 2o0 2cl 2c2 2c3 2c4 2c5 
71 2c6 2c'1 2c8 2c9 2ca 2cb 2cc 2cd 2ce 2ct 
'12 2d0 2dl 2d2 2d3 2d4 2d5 2d6 2d'1 2d8 2d9 
'73 2da 2db 2dc 2dd 2cle 2dt 2e0 2el 2e2 2i3 
'14 2e4 2e5 2e6 2e7 2ea 2e9 2ea 2eb 2ec 2sd 

/ 

'15 2ee 2ef 2f O 2tl 2t2 2t3 2t4 2f'5 2t6 2t'l 
76 2f 8 2t9 2ta 2fb 2f o 2f d 2te 2tl 300 301 
'1'1 302 303 304 ·305 306 30'7 308 309 30a 30b 
'78 30c 30d 30e 30f . 310 3ll 312 313 314 315 • '19 31& 31'7 318 319 3la 3lb 3lc 3ld 3le 3lf 



• DECIMAL to HTQ"~ECIHAL 

COMVERSION TABJ..E 

0800 ... 1199 
-· -

0 1 2 3 . 4 
-1 

5 6 '7 8 9 
·- "'I r--· 

80 320 321 322 323 324 325· 325 327 328 329 
. 81 328 32b 32c 32d 32e 32f 330 33 332 333 
82 334 335 33 331 338 339 33'"'" 33b 33c 33cl 
83 

I 
33e 33! 34:0 341 342 343 ~.:4 345 3 .IB 347 

84 3 8 349 343 A" 34c 34ti 34e 34:f 350 351 _o 
1---· -

85 352 "'53 354 355 355 357 358 359 35a ~5b 

86 35c 35d 35e 35f 360 351 362 363 364 3o5 
7 366 367 368 369 36a 36b 36c 36d 36e 36f 

sa 3r10 371 372 373 374 375 37 371
'/ 378 379 

89 37a 37b 37c 37d 37e 37£ 380 3Sl 382 383 

90 384 385 306 387 388 389 3& 38b 38c 38d 
91 38G 38f 390 391 392 393 394 395 396 397 
92 398 ~99 39a 39b 39c 39d 39e 39! 3a0 3~.1 

93 3a2 Se.3 3a4 3a5 . 3a6 3a7 3a8 3a9 3aa 3ab 
94 3e.e 3a.d 3aa 3af. 3b0 3bl 3b2 3b3 3b4 ~b5 

95 3b6 3b7 3b8 3b9 3ba 31ob 3bc 3bd 3be 3bt 
96 3c0 3cl 3c2 3c3 3c4 3c5 3e6 3c7 3e8 3c9 • 9'1 3ce. 3eb 3cc 3cd 3ce I 3cf 3d0 3dl 3d2 3d3 ' 
98 3d4 SdS 3d6 3d"l 3d8 3d9 3de. 3db 3dc 3dd 
99 3d 3df 3s0 3el 302 3e3 3G4 3e5 3e6 Se? 

100 3a8 3e9 300. 3 b 

I 
3ea 3ed 3ee 3ef 3f O Bf 1 

101 3f 2 3£3 3f'4 3f 5 3f6 3f 7 3f S 3f9 "·3fa ~fb 

102 ' .fc 3f d 3f a> 3f f 4-0 401 402 403 404 tJ.-05 
103 4-06 407 408 409 

I 
40a 40b 40c 40d 400 40£ 

104 410 411 412' 413 41~ 415 416 417 418 419 

lOS 41a 4lb 4lc '-..ld 4-le 41- 420 421 422 423 
106 424 425 426 427 428 429 ·42a 42b 42c 42d 
107 42e 42!' 430 431 432 433 43~ 435 436 437 
108 438 439 43a 4 b 43c 43d 43a 43£ 4:1'0 441 
109 442 443 44 ...: 445 446 4::47 448 449 4.-4a 44b 

110 44:o 44d 4:4e 4i., 450 451 452 453 454 "..:55 
lll 456 4:57 458 459 45& 45b 450 45d 45e (:5f 
112 460 461 ·402 ~~3 464 465 466 4:67 468 12.~9 I 
lJ.3 46a 46b 46c 4Sd 45e 46£ 470 4?1 472 4ll3 
114 474 475 476 477 478 479 47a 47b 47c i:t7d 

• 115 47e 47f 480 i 481 462 483 484 465 486 ~".:8? 

116 488 489 48a 48b 4Sc 48d 48e 48f 490 491 
117 492 493 494 , 495 496 497 498 499 49a 4*9b 
118 49c 49d 49e 49£ 4a0 4al 4a.2 4a3 4a4 ~-as 

119 4&6 4a7 %8 4a9 4na 4ab 4ac 4s.d 4ae 4af u .. 



• 
Q l 

120 4b0 4bl 
121 4ba 4bb 
122 4c4 4c5 
123 4c• 4ct 
124 448 449 

125 4e2 4e3 
126 4eo 4e4 
127 4f 6 4f 7 
128 500 501 
129 SOa 501) 

130 514 515 
131 5le Slt 
132 528 529 
133 532 533 
134 53c 534 

• 135 546 54'7 
136 550 551 
13'7 55& 55b 
138 564 565 
139 5Ge 56t 

140 5'78 5'"/9 
14! ~ 582 583 
142· 58c 58d. 
143 596 59'1 
144 5aO 5el 

145 Saa Sab 
146 5bi 5b5 
14'7 5'be 5bf 
148 5c8 5c9 
149 542 5d3 

150 5do 5dd 
151 sea Se'l 
152 5f 0 Stl 
153 5f a 5tb 
154 604 605 

• 155 60& 60f 
156 618 619 
15'1 622 623 
158 62o 6al 
159 636 63'7 

DECDIAL TO HEXAD~DIAL 

COMVERSION TABLE 

2 a 4 s 

4b2 4b3 4b4 4b5 : 
4bc 4bd 4be 4bf 
·4c6 4c7 4c8 4c9 
4ci0 441 4d.2 4d3 . 
4:da 4db 4dc 44d 

484 465 466·· 4e7 
4ee 4et '4f0 . 4fl· 
4f 8 4f 9 4f a 4tb 
502 503 504 505. 
SOo 50d 50e 50f 

516 51'1 518 519 
520 521 522 523 
52a 52b 52c 52cl 
534 ~35 536 53'7 
53e 53.f 540 541 

548 549 54a '54b 
552 553 554 "· 555 
5Sc 55d 55e Sst 
566 567 568 ·5&9 
570 571 572 .5'13 

57a 57b 57c 574 
584 585 586 58'7 
sae sat 590 591 
598 599 . 59a 59b 
5a2 SaS 5a4 5a5 

5ac Sad Sao Sat 
5b6 5b7 5b8 5"b9 
5cO 'Scl 5c2 5c3 
Sea Sob Sec· 5c4 
544 5d5 5d'6 547 

5de 5df SeO 5el 
5e8 ·5e9 Sea Seb 
5t2· 5.f 3 5f'4 5f 5 
Sf o std Ste Stt 
606 607 608 609 

610 611 612 613 
6la 6lb 610 614 
624 625 626 627 
&2e 62t 630 631 
638 639 63a 6Sb 

_.... 

1200•1599 

6 '1 8 9 

4b6 4b'1 4ba 4b9 
4c0 4ol 4c2 4c3 
4ca 4cb 4co 4cd 
4d4 4d5 446 4d7 
4d~ 4dt 4e0 4el 

4e8 4e9 4ea 4ab 
·4f2 4f 3 4£4 4f 5 
4tc 4f d 4te 4f f 
506 5.()11 508 509 
510 511 512 513 

5la 51b Slc 51d 
524 525 526 52"1 
52e 52t 530 591 
538 539 53a 53b 
542 543 544 545 

54c 54d 54e S4f 
556 55'1 558 559 
·550 . 561 562 563 
56& 56b 56C 56d 
5'14 5?5 5'16 5'1'1 

57e 57f 580 581 
588 589 58a 58'b 
592 593 594 595 
59c 59d 59e 59t 
Se.6 Sa7 5a8 Sa9 

5b0 Sbl 5b2 5b3 
Sba Sbb 5bc· Sbd 
5c4 5o5 506 5c'7 
5Ce Set 540 . Sal . 
5d8 549 5cl& Sd'b 

5e2 SeS 5e4 5e5 
Sec 5ed 5ee 5ef 
5t6 Sf"/ 5t8 5f9· 
600 601 602 603 
60a 60b 60c 60d 

&14 615 616 617 
Gle 6lf 620 621 
628 629 62'. 621' 
632 633 634 635 
630 . 63ti 63e 63f 

J 
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CONVERSION TABLE 

0 l 2 3 4 s 6 7 8 .9 

160 j 640 64]. 642 643 644 645 646 647 648 649 
161 646. 64b 64e 64d 64e 64f 65() 651 652 653 
162 654 655 656 65'7 658 659 65a 65b 650 65d 
163 6Se 65f' 660 661 662 663 664 665 666 667 
164 668 669 66a 66b 66e 66d 660 66f 670 671 

165 672 673 674 675 676 677 678 672 67a . 67b . . 

166 670 67d 67e 67f 680 661 6S2 683 684: ' 685 
l67 686 687 688 689 6Sa Gab 6Sc, 6~d 68e 68f' 
168 690 691 . 692 693 694 695 696 697 698 699 
169 69a 69b 69a 69d 69e 69f 6a0 C"al &.2 6a3 

1'70 Ga4 6a.5 6a6 6a'I 6a8 Ga.9 Gu &ab Gae 6ad 
1'71 6ae 68.t 6b0 6bl 6b2 6bS 6b4 6b5 6b5 Gb?. 

172 6b8 6b9 Gba 6bb" Gbc Gbd Gbe 6bf 6c0 · 6el 
173 6c2 6c3 6c4 6c5 6c6 6c7 GcS 609 6ca 6cb 

• 174 6ca 6cd 6ce 6c.f eao· 6dl 6d2 6d3 ~4 6d5 

175 6d6 6d'1 6d8 6d9 6da 6db tide 6dd Gde 6dt 
1'16 6GO Gel 6e2 6e3 6e4 6e5 6e6 · 6e7 6e8 6s~ 
177 6ea. 6eb Gee 6ed 6ee 6e£ 6f O 6fl 6£2 Gf 3 
178 6£4 6f 5 6f 6 6fV 5t8 6f 9 6fa 6fb 6f c 6f d 
179 6te ett 700 701 702 703 1704 705 706 707 

-. 
180 708 709 706 70b . 70c 70d 70e 70f '11:0 711 
181 '712 713 714 715 . 716 717 718 719 71a - 'Tlb 
182 '7lc ?'J.d 7la 7lf 720 721 722 723 724 725 
183 726 7?!/ '128 729 7211 72b 72e 72d '2e "12f 
184 730 '131 732 '133 734 735 "136 737 7,sa F/39 

i . 

185 73a 73b 736 73d 73e 73£ 740 741 '74~l '143 
186 744 745 746 747 740 749 74a 74b 7'l:c 74d 
187 74e '14t 750 751 752 753 754 755 756 'f 57 

· 185 '158 759 75 75b 75c '75c.l 75e 75£ . '160 . 761 
189 762 '163 7&'! "165 '166 76'1 768 '769 76a 76b 

190 760 76d 76e 76f '"1'10 771 '772 T73 '174 775 
19-1- 776 '777 . 778 979 77a 77b 77c ,~,d '17e 77t" 
192 780 '781 '782 '183 784 785 ~1as 787 788 789 
193 7Sa 78b 78c 7.Sd 'l8e 78£ 790 791~ 793 
194 794 795 '796 797 798 799 79a 79b '19c 794 

• 195 '19e 79f 7e.O 7u 7a2 7a3 '1a4 7o.S 7&6 fle.7 
196 7a8 7a9 'lea 7ab 7ac ?'ad 7ae 7af 'TilO rlbl 
197 . 7b2 7b3 'TM . 7b5 Yb6 7b7 '1b8 7b9 Toa 7bb 
198 7bc 'lbd 7be 7bf 7c0 7el 7c2 7o3 . 7c4 '105 
199 7c6 7c7 6c8 7c9 '10.~ 7cb 7cc 'Fed 7ce 7of 
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242 
243 
24i.z 

245 
246 
247 
248 
24 
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251 
252 
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960 9 1 962 
96e. gc~ 6c 
974 G1J5 9: 6 
91e 97£ 980 
98 9Q9 9aa 

992 99 t4 
99c 99d 990 
9e5 9a7 9a8 
9b0 9bl 9b2 
9ba 9b'b 9bc 

CONVERSION TABLE 

':}63 964: 
9 d 96e 
917 9"18 
981 982 
980 · 98c 

5 r 6 
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65 966 
96=? 910 
979 · ~na. 
983 934 
98d 98@ 
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967 968. 1969 
_971 . 972 9 3 
97b 97c 97d 
985 986 98 
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a.35 a36 a37 
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a49 a4a a4b 
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200 ;;...fO af 1 af 2 af':3 af 4 9.f5 . ~f6 a.f 7 af 8 ai')9 
281 af a afb arc af d e.f 0 a.ff' bOO bOl b02 b03 
282 bO~ bOS b06 b0'1 b08 l.l09 bOa bOb bOc bOd 
283 bOe bO?. blO bll 1:>12 bl3 b14 bl5 b16 b17 
284 bl8 b19 bla blb blc bld ble blf b20 b21 

-'I 

285 b22 b23 b24 b25 b26 b27 b20 b29 b2a. .b2b 

I 
286 b2c b2d b2e b2f' b30 b3l b32 b33 b34 b35 
287 b36 b37 b38 b39 b3a b3b b3c b3d b3a b3f 
288 b40 b41 b42 b43 b44 b45 b46 b47 b48 b49 
289 b4a. b4b b4c b4d b4s b4i" bSO b51 b52 b53 

290 b54 b55 b56 b57 b58 b59 b5a b5b b5c b5d 
291 b5e b5f b60 b61 b62 b63 b64 b65 b66 b67 
292 b68 b69 b6a 

I 
b6b b6c b6d b6e b6£ 'b70 b'll 

293 b72 b73 b74 b75 b76 b77 b78 b79 b7a b7b 
294 b7c b7c! b7e b7f b80 b8l b82 b83 b84 b85 

-• 295 b66 b87 b88 b89 b8a b8b b8c Bd b8e b8f 
296 b90 b9l 'b92 b93 b94 b95 b96 b97 b98 b99 
29'7 b9a b9b b9c b9d b9e b9£ baO al ba.2 .. ba3 
298 ba4 · ba5 ba6 ba7. ba8 ba9 baa b.ab: 1nic bad 
299 bae .bat bbO bbl bb2 bb3 bb4 bb5 l:ib6 bb7 

-
300 bb8 bb9 b'OO. . bbb bbc bbd bbs bbf · bcO bcl 
301 be2 bc3 bc4 bes bc6 ·bc7 ·bc8 bc9 bca , .. beb 
302 bee bod bee bcf bdO ;bdl bd2 d3 bd4 'b 5 
303 bd6 bd7 bd8 -bd9 bd.a bdb bdc iodd bde bdf 
304 beO bel be2 be3 . be4 be5 loe6 be'7 be8 be9 

.• 

305 bea beb b c . bad bee bsr }Jf 0 bf'l bf 2 bf3 
306 . bf'4 bf'5. bf 6 bf'7 '·b£8 bf 9 bf a bfb bfc bf'd 
3(11 bf a bi'£ coo c01 c02 co~ c04 c05 c06 co' 
308 c08 c09 aOa cOb cOc cOd cOe cOf' elO ell 
309 cl2 c13 cl4 cl5 c16 cl? elS cl9 cla elb -
310 clc cld ele clt c20 · · 021 . c22 e23 c24 c25 
311 c26 027 e2e c29 o2a c.2b c2e e2d · c2e · 02£ 
312 e30 c3l c32- c33 c34 c~S c36 c31 c38 e39 
313 o3e. c3b c3c ,Q3d c3a · c3f c40 c41 e42 c43 
314 e44 t;45 .,e-4"'C'' . c4'7 c4:8 c49 c4a c4b c4c c4d 

: 

315 e4e c4f c50 e5'- 052 ·. e53 c54. c55 e56 · c5'1 
316 cSS c59 c5a e5b c5c c5d c5 e5f' eGO cGJ. 
317 c62 c63 cM c55 e66 . c67 c68 c69 c6a :· eSb • 318 ·e6.c e6d c6e c6f c70 ·c71 e72 c73 c74 c75 
3 . 9 c76 c77 e?8 c79 · e7e. e?b c7c c7d e7e e"lf 
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320 c 80 c8l c32 c83 c B~ c85 6 c 7 ca c8S 
321 c8f.t . cab cae c8d c8 c82 c90 c9 a9~ c 3 
322 c9~ c95 c96 c9rl c98 cS}9 cQa c9 o9c c d 
323 c90 c9f caO cal ca2 cn3 c. 4 . ca 5 ca c 7 
324 c.a8 ca.9 c ... a cao cac cad ·,ae cat .ctiO_ abl . 

. ~ .. 
. . 

325 ch2 cb3 cb4 cb5 cb6 cb7 cb8 cb9 cha c b 
326 cbc obd cbe cbf ccO eel ec2 cc3 co4 cc5 
327 ac6 ecr7 ~ca cc9 cc~ ceb CCC ocd oce ccf 
328 OdO cdl ad2 cd3 od'l: cd5 cdG cd7 od8 cd9 
329 cda cdb cdc cdd cde cdf eeO eel ca2 C·3 

330 ee~ ce5 ee6 ce7 ce8 
I . 

ee9 cab I ced Cea oec 
331 cee cef cfO ef cf 2 cf 3 cf 4 cf5 cf6 cf7 
332 cfa cf 9 cf cf b of e cfd cf e ef f aOO dOl 
333 d02 d03 d04r dOS d06 d07 aos d09 dOa dOb 
334 dOc dOd dOs c10f dlO dll dl2 dl3 d 4 d15 

• 335 16 dl7 a dl9 dla ·10 dlc tild dle dlf 
336 d20 d2l d22 d23 dM d25 d26 .d27 d28 d29 
337 d2rt d2b d2·0 d2d d2e d2f '130 d3l d32 33 
338 d3°- . 35 d36 d3'7 d30 d3S d3a d3b cl3c d3d 
339 d3a d3f d40 d4l d42 d43 d44 d45 d 6 all.rt 

340 d48 d.J) d4a d4b d4c d4d d4e d f d~O .. d51 
341 d52 d53 d54 d55 d5G d57 d58 dS d5a d5 
34:2 d5c d5d d50 dSf d60 d61 tl62 d63 d64 d65 
34:3 d66 67 d68 . ~69 d6a d6b d6o d6d d6e d6f 
344 d70 d7l d72 d73 d74 d75 d.76 d17 d78 d79 
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380 ed8 d9 sda ed edc dd ede adt eeO I eol . 
381 e2 ee3 e4 ee5 ee6 ee"/ e e ee9 e eeb 
382 eec eed eee eat f O fl et2 ef 3 e -4 .. ef 5 
383 ef 6 ef7 af S ef 9 ate. ef b af c af d ete ff 
384 too f 01 t02 f 03 fO'l: ros· f 06 f07 toa £09 

385 roa f Ob f Oc f Od fOe tot tlO f'll . fl2 f 13 
386 fl4 f 15 fl6 fl7 na f _9 f le. fib f lc f ld 
38'1 fle flf f 20 ' f21 f 22 f 23 f 24 f 25 f 26 f 27 
388 f 28 f 29 f 2a f 2b f2C f 2d f 2e t2t f 30 f 31 
389 f32 f33 : f 34 £35 f 3 f 37 f38 ' f39 f 3&. t3b 

-'-

390 f 3c f 3d f 30 f3f f 40 f 41 f 42 f 43 f 44 f 4S 
3 ·1 f 46 f4l1 48 f g f 4& f 4b f 4c t4d f 4G t . f 
392 f SO ts1 · f52 f53 f 54 f55 f 56 f 57 f 58 f59 ' 
393 I i'S f Sb f 5o f 5d Sa f5£ f 60 f 61 f 62 :63 -
394 f 64 -65 f 66 f G? r a f69 f 6a £6b f 6c . f6d · 

395 t6e f Gf f70 £11 f72 f'13 f74 f75 t76 ' f77 
396 f78 f19 f7a f 7b f7G :Yd f7a f7f f'S f Sl • 397 f 82 f 83 f 84 f85 £'86 f 87 £88 f 89 f Sa f 8b 
398 f Sc f Sd f ae f 8f £'9.0 f 91 f92 f93 f 94 I t95 
399 f 98 f 97 f 98 f99 f 9 f 9b f 9c f9d . . f9e l f 9f 



~ ' I , _ . 

·, · DECIMAL to HEXADECIMAL 

CONVERSlO TABLE 

4000~4095 

0 l 2 3 4 5 6 7 8 9 

400 f 0 fi , fa2 fa4 f a5 fa~ fa7 f 8 
4:01 f aa ab fao ra.e - r fbo '!bi tb2 
402 f M 5 6 f"tJS fb9 f b fbb . 0 
403 · .f'be f :f:'eO rc2 fo3 f c4 res rc·G 
404 f c8 fc9 tea tc .. f ce ncf tdO 

. 405 f d2 f d3 f d4 f dS f d6 f d7 d8 fd9 f da f db . 4.-06 f dc f dd tde f df f aO f el £02 f 3 f a4 f e5 
~-07 re f<:H f ea f a9 f ea f eb t c fa fee Gf 
.408' f fO f fl £f2 £3 ?f 4 ff 5 t£ f £7 f'f 8 f f9 
409 ff a :ttb f 0 tl/ f·e f £f 

• 

• 



• 

· -

3 .. ,., 
J';) 01 

Q? 

... o: 01 
u02 
003 

l· 
0) 

.,06 
:J07 
.08 
009 
10 

t:.. 01 
03 0 

0-' 

( 

·c. 
003 

5 

7 o:. CL 
2 

~-QOl 

02 

PAT 

I 
~ 

liW) 

li 
.,. 

l .\,,i 

l 

_.i..; 

Q lt' 
t.'ER 

S3 

L 

s h 

As 

:; 00. 

.. r 

...f .. st Cl1.l..:.r.l"e5" ";ubic 

I Lil 
a:· ·i~s 

,... ai genbe:t .. g Pr ble... !~ J ~ 

intracanp.1ta·tional ?~st Routine 
Ve :.r cation 

R 't.;iine 

) 

) 

aL?;ebraic 



0 01 
.,02 
.,03 .01 
.04oOl 

002 
003 

0.05.01 
.02 

l oOltlOl 

2oOl.Ol 
u02 
~03 
.,04 
.Q05 
~06 
007 
008 
09 

olO 
o02j)Ol 
,,OJi)Ol 

3 ·001 
o02 QQ1 

;J02 
003 
oOJ.i. 
005 .,01 

3oOSo02 
c06,.0l 

4o01 
002 
.03 

5 

6 

7o01o0l 
t102 

1:102 
.,03 
.04 
.o5 
.06 
.07.01 
,,08 
.09 

9.01.01 
.02 
eO) 

COl? 
P:.Dll 
MOD 
MOV 
W.D 
IJKD 

SQR 
E](B 

SCR 
LNS 
A'IS 
ATP 
CUR 
EXP 
Ll.'W 
GAP 
CAC 
ILT 

RKS 
IIT 

PR'3 
QUF 
SFR 

LS3 

NIN 
STS 

SP!i 

I :ffi 
VER 
RWC 

Cor . versio~Decorr\i ers:i.on 
Adapta i:,ior~ 
Hodi.ficat.ion 
Move 
L'.md 
Ioad and Adapt 

Sq are Root 
Ex-ponent.ial (5.nfinit-e series) 
Sine~cosine Routine ( "...._.L~ ~ .s 'es) 
Iagari tl:m1 (bo.se e) . 
fil"nt·~Y'\(';"'. .. 1"" -'• (' .. l'l>')·!.'I·~ n·j t""' 'C!O."""l o~ •j t,...ra.t.·~on) ~--- v ~:.·0\:. ..... ~ V . 1~ .. .L...1 .. - .. "" r..;; a.l,~t.. - o ....., ~- V.-4 

l!rctungent (polyaomiaJ. D.:pp:roximation) 
Gube Root 
Exponential. (polj>nomial app~oxtmation) 
If.>garithm (ei·thor base) (polynanial a.pproxi.mat,\ on) 
Gmmna IiUnctio.n ( f o\) ~o ~ i. ~l af r o i J 
Complex Arithme-lj:-J.c {Cartesian ) 
Inverse T.;.;;.place Tra1s:t"or:m. 

Hu:nge Kutta Step 
Tntegral Interval Tester 

Polynomial R.oot Solver 
Quadratic Formula 
Silnultaneatts Equaticns Rou·l;ine {algebraic) 

ieas t SquaresetMGubic 

Nin 
Saints 

Spa.~enberg Problem 0.-'*h 

LJ.t racampu·tational Test Routine 
Verifica·f:;i on · 
Read ... ~·Jri te C:11.eck 
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se 

a) C 11 g Linkage 

L a 100 8 Lt-2 3££ 
L + l I 000 s _,..-/ ---
L + 2 t · ~?Jl- -NL-~ 

'"" 

· b) ~ .. or 

DEAD STORAGE 
360 . t o 3at 

_!L. op tos: 35$ . to -

a) M thod of operation 
Floating point 

b) Ran~e d o , of . a · able 
Floa'Cing point 
fQI~ 16 JqJ ~ . 2SS 

c) cur y 
CON --= 33 bits · 

dix 

3St 
360 

13 

3St 
f NUM6E.R. 

It 000 0 OJI l . ooot 0 0 lO O Ol l • - ---s ,·j" ~+ 
Yi44 « r· 

DFCON •• !l in loth digit 
d) Pertorr.1ance t ... m 

CON e about 3 sec/noo 
DFr;ON -· about 3 sec/noo 

·. 

0000 

h 
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F"l N 

Modi.fication _and Ada~ion Rout~e 

~\DAPTATION 

Oper ation 

Use 

To modif'7 the INTERNAL (or REIATIVE) -[l 
addresses of a subroutine to app~ to 
the pre s0nt location of the subrout ine f 

a) Calling Linkage 

[~+l:: ~:: ~!~] 
L + 2 t 0 j w1 k j3 -

br Ex:planation of Symbols 

Assume a library subroutine consists ot j words i the 
first k of which are orders o It is written for storage 
starting with location 001~ but is presently. loaded into 
a block of j locations starting with wi 0 

MODIFICATION 

Operation 

Use 

To modify ~.:,he addresses of a group of I 
orders that refer to a band of words 
that have been relocated!O) · 

a) Calling Linkage 

b)" 

L t 100 B i,+2 3rr 3)t-

L + l I 000 s 000 000 Jbl 
L .+ 2 I 2~ m ..L ..L. -
" + 3 ~ 000 0 . £_. _.l..., s 

Explanation of Symbols 

Assume of group or orders located in positions m to 
p ref er to a band of words which were located in 
positions r to l , but these words have been moved to a 
ba11d starting with tlOSition s o 
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GENERAL 

Dead storage 3b0 to 3dl 
Also uses the Set=Up and Completion blocks ot CON. 
Eleven opstos 1 35S to\ 3Sf o 

Requirements and Performance 

a) Method of Operation: Address modification, either in fixed 
or floating point computero 

b) Other information required: The subroutine or orders to be 
modit1edt which may be either fixed or floating point 
hexadecimally coded WISC orders 

c) Performance t:iJne: Approxi..'":lately.S sec/order 

d) Limitations : MAD does not move arcr ll::) rds • It merely 
accounts ror some movement or words that has taken 
place • 

Also please note that the A address 
or B'l'R and dI T orders are treated as -drum 
addresseso 
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br e (2 o~, test routine 
· to be scheduled f r ·quently y 

t he programmer duri ng the course 
of a com ta iono · 

) c 

: 100 8 L+l 3f f 
l l 000 5 000 . ~ 

35f 
3d3 

c) 

c 

4 ops to 

3d3 L• 3 1 

35a. t o a~sr. 

Floating point 

one 

Approximately So sec 

Re om.a G· 1ded . eCJ. · c:.;1 of u. : Every 2000-5000 machine cycles 
at convenient points 1n a programo 

I'l'R is to be programmed during problem,, its purpose bein'g to 
p ovide sane degree of assurance that the machine is working correctl3' 
on the problem$ Each successful pas ing of this routine will be 
interpreted as a reasooable guarantee of the reliability of the 
machine results p to t hat point., 

Please note however, that ITR does not test input, output, or 
half orders and tes s very few storage locationso 

OU 

Ii' the computer f ails to pass ITR, it will halt with 100 9 3a5 )ff 35e 
showing i n the l i ghtso Call the engineer in chargeo 
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Operati • Square Root Routine 

r• {b 

Use -
) Calling Linkage 

L t 100 6 [ L 2 ] [ Jf t ] C 3Sr l 
L 1 i --- , [ __,,.. ] [ --- ] [SQRil] 

L 2 r __... 0 - b- - r _.. 13 

b) Adapt tion li.nkWord 

L + 2 012 -·W 1 012 

• c) Storage 

j. J!_ words 

k 18 orders -
0 constants 

3 opstosa 3Sd to 3St -
Requirements and Perf o 

) thod of oper tion Floating point - successive Newton-Ralphson 
iterations 

b) Addition routines required None 

c) Range and fom ot vari ble b must be real and normalized 

U b < 0 1 r •i/ibi is .tumished with a negative signo 

d) c~ y 1 x r40 ot-significant numhero 

•· e) Perf ormanoe t 
About lol S8Co 
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Mt\lN CONSOLE. 

r-

Run Stop 

·".I/ "'' / /o ....... /? I 

i
-Fixed point * 

Floa·liing point 

Fixed point - .-

[ D 
Signs and 
Extract 

Breakpoint 

Order 
'l'Jpe 

Override .8ormal Clear 

0 
Remote 

0 

--- ~-- -

NOl'"fn Ehlerg 

,1/ ,1/ 

/9'-. /o" I 

Halt Halt 

Breakpoint Switches 

8 7 6 s 4 3 2 l 

~ & ~ i i £ ' ~ 

ORDER REGISTER 

A Register B Register 

Order Counter S Register 

Mode ot Operation 
M@~~al - Sim; ·~~1'~ 

0 0 0 

0 
0 
Stop 

0 

C Register 

R Register 

Spead Selector 
sa~tf8 Meit · "AiiP' F ... u 

o (jo o 
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~ 
0 
Ul 
g 

.U 

Rewind Reader 

Tape 
I?eed 

0 

INPUT CONSOLE 

Punch ~lord/line S_top Clear Clear 
Code ~t7 FUll 1 i. 3 

&i 
0 0 0 0 . 

Punch 

OUTPUT CONSOLE 

Clear Clear Stop Start 
Full mn~ty 

0 0 0 0 

TAPE READER 

..... 

TAPE PUNCH 
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~-{ 

EXAMPLc._ ~:ttl 
2 

(~ -+ lz) 
P = Jw/ + /x+ y I 

lnis 

CON 

/Jc IP 11.se 

.for A , 

l\/ole liner/ 

Alo le use 

po inf 

FcY"m x+y 
l"l. 

'l.+y"z2 
S1"ve {x+y-t l 7 )~ 

-3.B 
J .. ZS 

DECO/\/- ITR 

of Jhorf mPmo:._J (Boo) 
B and c Pd~l'e'$St?.S • 

' 

I rn11s?,,.- lo 8~8 • 

c,/ ficcr/;, :J and ;; }(tt?d 
C> {/ p,,.... ('? f; C' ,..,s. 

I CbPcl com{Jli'r 
!Tl? 
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e:-

).,':;~" ~ .-~~ \L ,.. "' 
• t 

( "' +·.'/ + r. 'Z. ) 2. 

'f · ··o ~ E ~ 0 
"'('\ p I~-* 1 . -F_ =:._ l w \ .,. J ~-+ y l 

y _CW 1'Vl c _. ____ o e _.s:- . -lo2-. 2. 2 

c 
] 

//0 

J . ( ] 

t---~~~-+--~~J __ ,. i ] 

t l __ _.,,_.__.....,_,...._.,,.__, 

r _J_w~._~....._~......._........__~ 

-..,.--- -· - ] ( ] [ J 

·-__ .l __ , l l ] - . 

DfloN 
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