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PREFACE

The Rock Valley College Technology Division has two
types of Wang calculators available for use: the 500
series and the kDO series.

The purpose of this paper is to provide a condensed
set of operating instructions to enable a person to become
proficient on the Wang calculator in the least amount of
time. A person wishing to learn the proper operation of
both machines would have to study and absorb the informa-
tion contained in nine books totaling over one thousand
pages which are provided by Wang Labs- This would consume
many many hours of valuable time which an instructor can
profitably use in other endeavors.

Hopefully. this manual will save the instructor an
appreciable amount of the time normally needed to master
these machines-

I would like to thank the following Rock Valley stu-
dents who contributed greatly to the production of this
manual by offering constructive criticism and serving as
co-authors for some sections: David Dahlen. James Dunlea-

George fFulop and Drew Reid.

Gene A- Streitmatter

Rockford- Illinois

August. 197k
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— .

. INTRODUCTION TO MACHINE

:zg o The Wang calculétdrs ake ektremely éapable mach;nes-

— ‘The Rock Valley College Technology Division‘has two types

— available for use: the 500 series and the kOO series-

“wq The two machines have many similar operating procedures

e and features. It should be made clear at this point that

:;E | the LOO series is capable qf all the operations performed

- by the 500 plus many additional features.

Wﬂé | Some valuable statistics about the two calculators

“47 follows in a condensed form.

“"“5 | WANG 500 WANG 00

—_E Tybe of Display Nixie Segmented

sy ; ,

- ‘Number of Digits ‘ : 12 _ ’ 12

Wﬁ; , Scientific‘Nﬁtation Limit 99 | +99

—— ' Printout Capability Yes Yes

e ' Auto Auto

Manual ‘ Manual

«ﬂ% | giggﬁgﬁtigaéogﬁe;:Zﬁgges Scientific or Floating Decimal Point

“‘? Language  ‘ | ~ Keyboard | b' Keyboard

if% Tépe Cassette ' . ’_Yes Yes

ﬂét gzgggr of Programming S - .

Mﬂ? Number of Stohagev

= Registers . ’ 40 : ' - 103

ﬁwi Keyboard Registers 1k '. i |

- Type of Address Direct ‘ Direct/Inidrect |
:
4




ANG 500 WANG kDD

Type of Peripheraly © Card Reader Card Reader
Equipment Available (lassroom Display Plotter
ROM Pak
Typewriter I/0
General Library Available VYes Yes
Multiple Function Keys  VYes Yes
Overflow : Flashing Display
Self Loading No Yes

The first eleven sections of this manual will deal
only with the Wang 500 and its use. The last nine will:
deal with the LOD and its equipment feétures-

Turn-on Procedure

Both machines are turned on in the same manner. As
you sit facing the machine. the power switch is in the
back on the left. Simply reach around the back with the
left hand near the bottom and tip the switch in. As

the machine turns on. it can be seen that
. PROG MACH
ERROR ERROR

the program error light and the machine

error light are on and the diSplay is in- (:)(:)
dicating a calculatidn overflow which is a flashing display.
The correction for this-situation is té depress the
and [CLEAR | keys- Both error lights should turn off and

the display should stop flashing. The machine is now ready

for use-.
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PRINT-
LEARN ) sp FL DF(‘ ER
AND LIST . : PAPER
AUN  LEARN PRINT PROGRAM CLEAR T + - X + ST RE fx ON Sc RAO ON FEED .
C—o 3 3 3
RELEASE FORWARD TAPE © REWIND
READY '
18 0 g2 03 04 05 06 o7 10 ’
PROG MACH
- ERROR ERROR
00 - 01 02 03 o4 || o5 || o6 07 08 09 10 n 12 13 14 15 O O
] 01 02 03 04 05 06 07 o8 09 . 10 1 12 13 14 5 ~—
/fﬁ! | | | | ®)
st cos™! OEO';'E g
. 0906 0907 . & 0904 £ . .
— CHANGE]|. . LOAD SET ; .
PRIME SIN COs ITOTAL v SIGN 7 8 9 —_— TOTAL PROG JIir O PC. o ) . i
0808 0807 0115 0315 0012 0007 0098 0009 0314 0114 0214 0304
DEGQ‘;—'{:; ran'l{  metuRw ' [ 1L RE ERRORA
N 0908 0915 CLEAR i 0206 0905
. RIFY
R EG TAN X L= DIgP 4 [ 6 ] 4= SEARCH Jr + ] VPEROG
. 0203 0815 0515 : 0015 0004 0005 0006 0514 0300 0805
l LG X 10" ] + . + sTOP STORE
0910 0911 SET 11 ) 0903}| 0901 )
. S |l tosx e | = EXP 1 2 3 = recaLL||RECORD
‘ 0310 1 : 415 001 414 | 0301
O I 08 0 0215 0011 0 0002 0003 0214 041 o
F 17T % X, 4
T 0912 0913 . . 09G2
x’ \/’)( o STORE j] RECALL 0 . RECALL]| STORE PRINT STEP
0812 0813 : 0615 0715 0000 0010 0714 0614 0803 0802

E-T




| P o P M A O A D - B B I R Y e I R i
JENE TR R LT T U U PO N B R A S B B I T T A 4 ¢ 8 v ©
PRINT-
LEARN SP |=L o G ER
AND LIsT PAPER
UN  LEARN PRINT PROGRAM CLEAR T + - X N 14 fx Sc RAD ON FEED
D U [:I :l l:”:] D lU |:H ‘ [H RELEASE * FORWARD TAPE REWIND
READY
{MODE OF OPERATION SWITCHES) 0014 0i 02 03 04 05 06 -
{HIGH ORDER CODES}
PROG MACH
ERROR ERROR
00 [¢3] 02 03 04 05 06 07 03 09 10 1 12 13 14 15 O O
00 - 01 02 03 04 0s 06 07 o8 09 10 11 12 13 14 15 - »
(LOW ORDER CODES)
SM. SINT cos™! 95'1‘3 oo S
0906 0907 0904
: - CHANGE LOAD . SET
PRIME || SIN cos TOTAL SIGN 7 8 9 — || ToTAL proa || 9o 1/0 pe.
0806 0807 0115 0315 -0012 0007 0008 0009 0314 0114 0814 0804 1502
VEG-RAD TAN" RETURN| MARK ERROR B.S.
0909 0908 0915 . CLEAR a 5 6 . 0900 03%05||{ GROUP VERIFY
RAD-DEG|| TAN X i DisP . "= SEARCH|| JF + 1 PROG
0809 0808 0815 0515 0015 0004 0005 0006 0514 0800 0805 1513
LOG X 10" + SET + gg; - STORE DEL
09 0911 0901} | GROUP
s |lwoex | e = EXP ! 2 3 X= recact|| 2 ||RESORD
:‘ 0810 0811 0415 0215 0011 0001 0002 0003 0214 0414 0801 1514
F INT X X GO @
T 0912 0913 0902
X2 VX STORE || RECALL ] . RECALL]|| STORE prinT || inDiR | sTER
0812 0813 0615 0718 0000 0010 0714 0614 0803 0802 1511

=
=




1.5

Keyboard Description

1. If you are sitting in front of the'machinew you should
refer to the keyboard. If nota vou should refer to the

diagram included here.

The keys shown at the left will be
CHANGE
SIGN 7 8 i ‘ -
0012 0007 0008 0009 referred to as the data entry kays
CLEAR|| - , 5 from now on. They are similar to
DIsP 6
0015 0004 | 0005 0006 . R
any standard calculator or adding
SET
EXP ! 2 3 . , ) , :
011 0001 || o002 0003 machine and are used in the same
0 . | manner. There are three keys shoun
0000 0010 )

here that are different from those

found on an adding machine: (HANGE SIGN. CLEAR DISPLAY. and

SET EXP. The change sign key changes the algebraic sign of

the displayed number or exponent. {If the set exp key 1is
depressed priorvto the change sign. the sian of the ekpo—
nent will be changed'rather than the sign of the number
itself.?} |

The set exponent key activates the scientific notation
capability of ﬂhe"machine- When depressed. two additional
digital displays and a sign display are made available and
the power’of 10 may be used in expréssing the value. The
power of ten must be expressed in. two digits,which establish
a limit of 10*79 to 2079%. Therefore. in order to expresé

3.576 x 1072, you would key the following sequence: 3. --

5. 7?2 b+ Set Exp. chage signs 0. 5.

The clear display key is used to erase the displayed




value if an erronr is made in entering the number.

0311

TOTAL
0114

+

0214

RECALL
0714

STORE |

LEFT

0614

REG

- {15}

these keys will be discussed in the section on arithmetic

DO NOT USE [PRIME | OR USE THE RED

‘| CLEAR | BUTTON FOR THIS PURPOSE.

The keys at the left and right of the

Data Entry Keys are the arithmetic
. . TOTAL -
controls for the Left and Right SCRATCH ons_J| ests
REGISTERS. The Left Register is Reg 15a +=
’ . 0515
the Right Register is Reg L4. They will +
be called Scratch Registers when both oars_J| o215
are being referred to and by Left and STORE || RECALL
! ‘ 0615 0715
Right if specific reference is made to
» RIGHT REG
one or the other. The specific use of {L4%

operations-.

SM. sin~! cos”!
0906 0907
PRIME SIN cos
|| osos 0807
DEG-RAD -1 RETURN
0909 o808 0915
RADDEG TAN 1/X
0809 0808 0815
LOG, X 10%
0;20 0911
S LOG,X e
:’ 0810 0811
F INT X i
T 0912 091
X VX
0812 0813

The keys shown here will be referred to in

the:future as the Math keys as a group or

by their function in a specific case-. Notice

that each of these keys except PRIME and

SHIFT have a second function imprinted in the

upper right hand corner. These functions can

junction with the Function key desired-

~ be perfohmed‘by using the Shift key in con-

~For exaﬁplen in order to find L, of 30. enter 30 on the

display and depress the L0G,X key- However. to get the

Logyp 30. enter BG on the display and depress Shift. LogypgX




R

{in the’upper case}. The Shift kéy gives access to the
upper caselfunctidns in a way sihilar to the shift to capi-
tal in typing. Once used. however. the machine automatical-
ly PetUPnsvto the lower case functions and doeé not stay in
the upper case. The Prime key will eliminate an overflow

indicatioh"{flashing display} and the program error indi-

cator.
THE PRIME KEY ALSO RESETS THE PROGRAM COUNTER
TO STEP ™0™ SO UNTIL PROGRAMMING OPERATIONS
HAVE BEEN DISCUSSED. USE IT SPARINGLY.
Y. All these keysa with the exception of ST o
. L O‘K’é"‘ ; ’Fm)[;)-'. SET
the Recall and Print key. are used exlu- PROG I " s || 7€
sively when dealing with programming and B osoo|| “"oocs v
SEOAE:Z;: i JO‘:O; ' VPERRO‘Z
will therefore be referred to as the pro- e
0903 0907
: . . RecaLL[|RECORD
gramming keys- The Recall key is used in ot || PROC
: Go
5 s 3 N 0902
conjunction with the Upper Registers and print Il step
0803 0802

the special function switches to store data
away in what wili be called substorage and will be discussed
élong with the special function switches. |

The Pﬁint key - may be used any time a permanent record
of £he display is desired. {The Printer On switch at the
top must be on for the printer to operate under any circum-
stances.}  The Print keylis also used for one other opera—
tion and that is to geneﬁate éﬁ ¢ {alphal} code. This code-

in turn. is used in several ways in programming. For
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éxamplew o 00 geneﬁates m {Pi} on the display register. To
get the value of 1 - key;Shift-Print~Register {00} and pi
will appear on the display-

‘NOTE: On the kOO. the fix} special function key must

also be depréssed-

un

00 01 02 03 04 05 1 12 13 14 15
] 01 02 03 04 05 1 12 13 5

UPPER REGISTERS

Registers 00 through 15

These keys give the operator direct access to the first

sixteen Data Storage Registebs which will be designated the
Upper Registers. They are used basically for three func-
tions: {1} access to Storage Register: {2} generation of

low order portions of programming codes. {3} decimal place-

‘ment and movement in printing and display respectively.

Function {1} will be discussed in the arithmetic section and
{2} and {3} in their appropriate places in the programminag
section-.

Notice the strip of tape below the keys laid out in

blocks- These blocks can be labeled for use by the operator

to facilitate and remember Register data such as what is

~stored in each one by symbol or what program it calls- In

general. the tape is used to record register assignments

" and program numbers.




These switches are referred to as the Mode

LEARN Switches. They determine the way in which
AND LIST
AUN LEARN PRINT PROGRAM

- the machine is to be used. The run mode is
fﬁﬁ [] [J [] [:] the mode in which the machine will most

commonly be operated- 'In this mode- the ma-
chine will operate as a standard desktop calculator. and

o o execute previously programmed operations when called upon

— - to do so-

o : In both the Learn. and Learn and Print modes- the ma-
7‘3 chine will "remember”™ or Store away in memory the seguence
imﬂ of keystrokes made while in this mode. It might rightly
wT; be called the programming mode. Thé‘Learn and Print mode

— additionally gives you a written record of keystrokes as

the program is developed- - - ﬁ

The List Program mode will list out the keystrokes in

memory from the step where it is. at the beginning until the

- gnd of program code is encountered-.
—— - These modes will be extensively discussed in the pro-
Mo, ‘gramming section-.
T 7. PRINT.

. SP FL DEG ER
- [ T A R e

. CLEAR T o+ - X + ST RE fx ON Sc RAD ON = FEED
o D D DDDDDDDDDDD
' . 14 01 02 03 04 g5 06 07 0 o3 7
Bhad These keys. located in the top center of the keyboard-
O , will be referred to as the function switches and the ¢lear
. switch. 1

—ro




|

L

L

L

Lok

J

e

i WU e

O R

Lo

ed

| W S
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. The (lear switch will clear all data stored in the
uhper registers and scratch regiSters but not the displéy-
All of these switches are multiple function’switches
and are used to accomplish basically four things: {1} pro-
vide arithmetic functions for the upper registers. {2} gen-

erate high order codes for programming. {3} determine alpha

b‘labelinga {4} determine display mode.

The Printer and Paper Feed switches are only used in
manual operation. That is. the printer cannot be turned

on from the keyboard and the paper can be advanced manually

" any time without affecting the programming or operation of

~ the machine.

a.

| ] | | ]

RELEASE FORWARD TAPE REWIND
READY

The Tape (ontrol switches are similar to those found
on any normal tape cassette. [RELEASE ] opens the cassette's

compartment for insertion or removal of program tapes-

[ FORWARD | and [ REWIND | are self-explanatory and need no com-

‘ment. The | TAPE READY | switch means that the cassette drive

motors are ready to respond to keyboard or programmed instruc-
tions. . The different ways in which the tape can be used will
be discussed in the section on tape storage of data and pro-

grams.

Auxiliary Eguipment

1. The Wang 500 calculators were purchased with the fol-

lowing equipment features:




Ef The

tionally

11
2}
3%

4}

Wang LOO haé

incorporates:

L}
2}

31

Rotational drum printef

‘Classroom display

Mark sense card reader

Cassette

Capacity

tape storage capability.

all of the above features and addi-

for a ROM {read only memory}

Flatbed plotter

Capacity for an input-output writer

Yt 'Cépacity for.pekiphenal memory




II. BASIC ARITHMETIC
A- Arithmetic Key
B. Scratch Registers
C. Stores Recallw Total
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£E. Upper Reaister Technique




BASTC ARITHMETIC

The oné common error that most people make when first
stahfing to use the Wang is in not beginning instructions
to the machine in proper sequences. The [§E§EE] key seems
to be the culprit. For example. in order to divide Y4 by
2. the key strokes would be as follows; G ]- [ STORE |-

Following is an analysis of what has just been done.

First. a humber was generated by keying the 4. 0n the
Wang~ keying a number does not automatically put it into
the machine's operating registers. The number. when keyed-

only exists at one place ih”machine——on the display- You

~must now give that number to the machine for further arith-

metic operations. This is done by pressing the store key-.

~ When | STORE | is keyeds the machine will take what is on the

display at that time and write it intec the memory reqgister

being keyed- If'anything was in that register previouslya

it is automatically erased when the store command is gener-

ated. Another number {2} was then generated on the display.
Again. it exists only in the display. UWhen you key the [ : |
you are generating the arithmetic instruction '[divide the

number on the display into this registery:] The machine does
this and automatically re-stores the ansuer number.back'iﬁto
.the register. d{lLatera whén programming the'machinew it Qill

save you steps if you remember that the machihe always stores

|




the answers from arithmetic instructions back in the rea-

ister.} You do not have to store the answer to prevent

it from being lost.

Arithmetic Key

The operator must always keep in mind that. when he
generates an arithmetic instruction. the machine will use

the number on the display. operate on the register keyed

‘and store the answer of the operation in the register keyed.

This answer is then available for further operations. . In
verbal form. the arithmetic keys genératé the following
instrUction§=

-+ add the display to register keyed

- subtract the display from register keyed

diQide the display into register keved
'x multiply the display by register keyed
Reﬁember1 the answer is always stored in the registef

keyed. | |

Scratch Registers -

Both the Wang 500 and k0O have sixteenvregisters avéil—
able .fbr arithmetic operations: Registers [jﬂ___l:t] > .
Registers iH and 15+ however. can be addressed and operated
from two piaces on the keyboard- One method of addressing
these registers is by using the Blue keys at the left and
right of the Data Entry keys. {Right = Reg 143 Left = Reg 15}
These two’begistersw commonly called Scratch Registers. may

also be operated using the function selectors at the top of




the keyboard in combination with the upper register keys

and [15 | -

 Store. Recall. Total

The [ STORE | key in the scratch registers will store
whqtever is on the display into the Pegistéﬁ for which the
key has been depressed. Very much like a tape recorder. it
also erases anything previously stored in the register.

The EEEEKEEj key duplicates on the display whatever
is in the register at the time the key is depressed- It
is important to remember that using'the recall key does
not empfy the registers the number is’still in the register
memory .

The Ej§f§£:]key removes whatever is in the register

and transfers the number to the display- It must be remem-

bered that the number is removed from the register and the
register then contains ™0." |

The decision as to whether Recall or Total should be
used hinges on two considerations: {1} Does that number
need to remain in memory? {2} Does the operator need that
register available for further use?

An example of when the Recall and Total keys would be
used follows=k‘

A {B/A} +>A = X

Notice: A is going to be used three tiﬁes-
PROCEDURE:

Key value B '
B is now in Left Register




2.4
- Key store left
Key value A
- Key store right A now is in two places: on
the display and in the Right
Register
Kay + left | Display is divided into Left
Register. The value B/A is in

the Left Register.

Brings A to the display and
also leaves it in Right Reg-
ister for further use.

Key recall right

~ Key {x¥ left Display times Left.

A {B/A} now in Left Register
Key total right Removes A from Richt Register
Key + left Adds display to 'Left Register

7 A {B/AY + A now in Left Reo-

ister and Right Register has

been cleared for future use.

The completes the inthoduction to the Scratch Regis-

ter ‘arithmetic keys and what they do-.

Equation Handling {Simple}

Below are examplesbof how to handle some simpie equa-
tions. o . | |
-~Example 1--
_AB
A+ B

Procedure {correct} . Procedure {incorrect?}

Key value A
Store left
Store right
Key value B
{x} left
Reg value B
{+} right
{:} left

Key value A
Store left
Key value B
{+} left
Key value A
Store right

Key value B

{x} right




u?
. 8'5
w? Recall left
. {#} right
_ Notice that the correct procedure is two steps shorters
~;] Both procedures generate a correct answer. However. the
“:} shorter procedure will be the more desirable one later when
B minimum steps and most efficient handling are essential.
:} {You should always strive for the most effeicient procedure.}
- Two more examples would be:
~m$ -~Example 2-- ‘ ~--Example 3--
1] A+ B =( 3{A+2} - B{C+3}
PROCEDURE : PROCEDURE :
] Key A | Key A ;
- Store left : © Store left
Key B ‘ Key 2
*] + L : + left
— Answer on display Key 3
; | ’ A x L
*7 Key C
N Store right
o Key 3
- — ; rlght
| ey
- X right
- left
““} Answer on display
o _
' It is good to practice now for the proagramming section
—_
_wj, “later. You should practice writing out the procedural steps
- of several simple equations provided in the supplement. -
— An attempt to solve problems using only the two scratch
) registers will lead to the discovery that there are many
{ :
e ‘ . . .
: : problems which cannot be handled at this point. Therefore. it
.*1 . . .
w_; becomes necessary to explain how the upper register can be
__ utilized in conjunction with the special function switches.
WU el W8I
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to expand your ability to handle problehs-

Upper Reaister Technique

It may already be evident to you that the arithmetic
keys of the scratch regisfers are the same commands as the
first seven‘special function switches on the left end. To
do aﬁithmetic with the upper register. two key strokes afe
required- The switch sets up the machine cohmand for Qhat
it is to do and keying one of the registers tells it on
which register it is to operate. By using one switch and
one register for each operational step. the same operations
as donevwith'the'scratch keys can be accomplished.

Example: Add A + B in the 03 register-

Key A »
| STORE SWITCH |1 03] Puts A in Register 3
Key B : -
[+ SWITCH | (03] Adds B to Register 3

_You must remember that doing arithmetic in the upper
register requires two key strokes {one step};
{1 a special\function switch {what to do}
{2} a hegiéter {where to do it}

You should now practice the problems provided for this

section in the supplement.

The Uppér registers and sératch}register may be used
separately- together or in any number of combinations-.
Following is a procedure td solve six problems at once
for six different values of x.
Ix + Y

b




First. depress the | STORE SWITCH | - Then key the

values of x. one after the other. and depress the register

into which each one is to go as follows:

Key 3 IUB]

Key 5.5 >
Key b ~ [ 03]

' : Each number is now stored
Key 4 - | Ok f in its appropriate register.
Key 2 + [ 04 ]
Key -5 - [O5]

Now depress fhe X {ﬁultiply} SWITCHs then Key 3 and
the registers ocne after the other=‘ Key 3 0l - Key 3 » 02a
Key 3 -~ D3, etc. Each register has just been multiplied
by 3. |

| Depress {+1} switch key 4 -+ Dlw’Key 4 ~>V_IZIEw etc.
Depress {:} switcha Key b » 01+ Key b-~ 02. etc.

All six problems have now been solved and the answers

are 'in register 1 through L. To see what they are. depress

the Recall switch and key each register in turn and the
answers will appear on the display-

The USe_of the registers {scratch and upper} to solve

- problems is only limited by your imagination.
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SPECIAL FUNCTION KEYS

Néaning of Codes

Every key on the Wang 500 and LOO. with the exception

of the modes switches and the tape control. generate oper*

ational codes. These codes are generated in four‘digits

Axx yy}. The first two digits {xx} are high order func-

tional commands. They. in essences tell the machine what

{yy} determine where the operation 1is

{Reg. l.2-3J-etc.}.

to do {store. add. total. etc.-}. The second two digits

to be accomplished

The following is a listing of the machine codes and

the switches. keys and registers necessary to generate

those codes-

Special function switches generate high order codes.

0} yy - Total 09 yy -
02 yy - + 10 yy -
03 yy - - ‘ 1L yy -
o4 yy - Xx 2 yy -
05 yy - = 13 yy -
Ok yy - St : 4 yy -
07 yy - Re © 15 yy -
08 yy - SP

Register keys generate low order
xx 00 - 00 xx 08 -
xx 01l - 0L ‘ xx 09 -
xx Og - 0& _ xx 10 -
xx 03 - 03 Xxx Lb -
xx g - 04 xX L2 -
xx 085 - 05 xx 23 -
xx Ob - Ob xx Ly -
xx 07 - 07 ' ; xX 15 -

SP Total
SP +

SP -

SP x
SP =
SP - ST
SP  Re

codes .

0a
09
10
11
1e
13
1y
15

Using these switches and keys in combination allows you

to generate any code you wish-




The next three pageé ére a11isting of the codes and
their meaning to the machine. The first page is a layout
of all tHe;instPuctional codes you use when programming.
You shouldbbe aware- hoﬁevera that there are.other codes
that can be generated uéing the Print key and the Shift
key to change tHe code meanihg- The secoﬁd paae is‘a
listing of the alphahumeric codes that the machine can
print and their meahingl The third page is a code listing

of codes generated by the keyboard keys.
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‘ 3.3
PROGRAM CODES
COOE KEY CODE KEY CODE KEY CODE KEY
0000 0 / 0015 - CLD 0801 RECALL 0901 STORE
0001 1 0114 TOTALR 0802 PRINT 0902 o

0002 2 0116 TOTAL L 0803 GO 0903 sTOP
0003 3 0214 +R 0804 Jifo 0904 Jit#0
0004 4 0215 +L 0805 Jif+ 0905 J if ERROR
0005 5 0314 " -R 0806 SIN 03906 SIN™
6006 6 0315 -t 0807 cos 0907 cos~!

0007 7 0414 XR 0808 TAN 0908 Tan~ 1
0008 8 0415 XL 0809 RAD — DEG 0909 DEG — RAD
0009 9 0514 +R 0810 Log X 0910 Log, oX
0010 . 0515 2L 0311 e* © 0911 10%10
0011 SET EXP 0614 STR 0812 x2 0912 INT X
0012 CHS e 0615 STL 0813 VX 0913 x|
0013 SEARCH 0714 RE R 0814 LOAD PROG 0914 END

& STOP 0715 RE L 0815 17X 0915 RETURN
0014 CLEAR 0800 SEARCH 0900 MARK :

Decimal Shifting Left +  Decimal Shifting Right * Register Keys 1 Selector Switches t
CODE KEY CODE KEY CODE KEY CODE SWITCH
101 13-1 1001 10} XX00 00 o1YY TOTAL
1102 1072 1002 102 XX01 01, 02vY N

1103 10‘3 1003 103 XX02 02 -e3YY -

1104 10° 1004 105 XX03 03 o4YyY X

1105 1072 1005 | 107 XX04 04 osYY +

1106 10“75 1006 105 XX05 05 06YY STORE

1107 10 ¢ 1007 10¢ XX06 06 o7rYY RECALL
1108 10~ 1008 10 XX07 07 08YY SP

1109 1073 1009 103 XX08 08 10YY 1(x)

1110 10_ 0 1010 10“ XX09 09 1Yy * Fix)

1N 107, 1on1 10, XX10 10 14YY SP & ST

1112 107 2 1012 10,3 XX11 11

1113 1077 1013 10,7 . XX12 12

1114 1072 1014 10,0 XX13 12

1115 10” 1015 10 XX14 14 * ghift

g XX15 15 -
Alpha Characters ** Decimal Setting °* Miscellaneous
CODE SWITCH CODE . KEY . CODE KEY
’ *Must be preceded by an @

oovYY All up XX00 00 0902 a } & command.

oYy SPup Tdown XX01 01 1000 00 . .

02YY SP up +down XX02 02 0902 P } pAUSE .| 15elgf:tor Switches {high order})
03YY | SPup - down XX03 03 0903 | sToP Register Keys (low order).
04YY SP up X down XX04 04 ®*Must be preceded by 2 Print
05YY | SP up +down XX05 05 command. -

06YY | SP up ST down X X08 06 .

o7YyY SP up RE down XX07 . 07 **Alpha charactar {high order}
03YY | SP down XX08 08 Decimal Setting (low order).
ogYy SP down T down XX09 0o -

10YY  [SPdown +down XX10 10 .FP

t1YY  {SP down - down XX11 11, SN

12YY SP down X down 0015 cLo prp

13YY SP down =down )

14YY SP down ST down

i5YY SP down RE down
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PRINTING CODES

All command preceded by a print command
Require two additional strokes, a switch (High Order) and a

reglster (low order).

High Order Switch ‘ Low Order Key

_Code Position Meaning Code Reg Meaning
00 all up Label X 00 00 0 decimal
01 T Label Y | 01 01 1 decimal
02 + " z 02 02 2 "
03 - " A. 03 03 3 "
04 X " B 04 04 4 "
05 5 "ooc 05 05 s "
06 ST " D 06 06 6 "
07 Re " E 07 07 7 "
08 (sP down) " F 08 08 8 "
09 sp T "G 09 09 9 "
10 SP + " H 10 10 10 floating
11 SP - L 4 11 11 11 scientific
12 SP x "nog |
13 SP *’ " K
14 Sp ST " L
15 SP Re " M 15 15 15 paper feed

one line
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Having looked through the preceding pages-. you have

probably noticed that the codes generated by the regular

keyboard keys can be duplicated by some combination of

the special function keys and the register keys-
Later. in the sections on printing and programming-

you will find that the seguence of key strokes will also

determine what is to be printed and how it is to be printed.

Other Switches

1. fl-sc: In the up position. the machine will give

and receive numbers in standard decimal form and the an-

swer will be displayed in floating decimal up to ten digits-

Beyond that. it will always automatically go to scientific
hotation.
When the switch is depreséed1 the machine will always

give and receive numbers in scientific form. For example: .

Key 4S5k7.4

~ STORE '
The machine will store Y4-5b74 x 1073
4.5L7400000 +03

All answers and operations will be handled in standard

scientific notation-.

2. Rad -~ Deg: UWhen handling trigometric operations. the

machine will interpret the display in degrees when the

switch is up and in radians when the switch is down-. You

should interpret any answers given by the machine in like

manner .
NOTE: The switch position is not programmable.

3. Printer on: Depressing the printer on switch activates

- bz
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the brinter drum and readies the machine for printing.
4. Paper feed: This advances the paper by one printed
row for each stroke of the kev.

The {fl-sc- Rad - Degw‘and4printef on} keys are all
two touch keys- That is- the first touch encages- the
second touch releases them- All ohters are released when
another key is depressed {similar to a car radiok}.

Substorage Access

1. The Wang 500 provides- in’addition'to the sixteen
upper storage registers. forty storage Pegiéters in its
memory circuits which can be directly addressed for simple
storage. These registers will be referred to as substorage
registers. They can be used for storage by keying a par-
ticular sequence of keys for each register. Each storage
register has an address just as you have a home address-
When you wish to store a number into or take a number out
of the Pegist9551 you must use this address. The address
is composed of a ggmmgﬂg‘and a lggétion-

2. - The Command

Notice in the green programming kevs. a LRECALL-STORE]

KEY-. This is the substorage command key. It tells the
machine you are going to put a number in {STORE} or take it
out {RECALL}. To recall. simply touch the key. To storen-
key Shift/Recall {Store}. This procedure has used one step
of programming as you will later discover: Then key the

addﬁess; The address is composed of two key strokes: a




special function switch and a register key- »Thé addresses

for the registers are as follows:

SELECTION SWITCH - REGISTER KEY - REG NO.
T - 0o addresses - 1k
T 01 " I
T 5} " 18

+ ¢
T 15 " 31
+ no " 32
C* 01 n 33
+ - 0e " 3y -
4 _ ¥
+ 15 " 47
- 0o n ua
- 0l " 49
+ : +

- | | D m 55
EXAMPLE: Store the number 35?4 in Reg. 15.
Key the number |

Shift Store {Green key}
[T Selector switch

* Register key

The number is now located in the register for recall

~any time it is needed. To bring the number back- you touch

‘Recall {green key} and the address T{00} and the number

will be brought to the display-

Alpha Codes

There are two other codes that can be used directly
from the>keyboard without programming that allow some flex-
ibility of operation-

Decimal Shifting: ' The decimal point of any number can

be moved left and right on the machine without affecting

the sequence of digits displayed.

- With the f ;.3 switch douwn:
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-m? 3.9

o

— Shift - Alpha +| Reg | # tells the machine to shift
- decimal right , "

- ' | Shift"’",_Alpha + shift ~ [Reg | # tells the machine
] to shift left-

The register # selected tells how many digist to

i} ”f“- shift.

Calling v : The number x {Pi} may be called up out.

S of the machine'srmehory by keying {shift -~ Alpha - rDD; ¥
N ‘ V These opérations may be used at your discretion when.
- heeded-
_Jz | | | SUMMARY OF ALPHA OPERATIONS
T Shiftino Decimal Point to the Right or Left
T Shifting Right , . Shifting Left
f{x} down f{x} doun
o SHIFT . R SHIFT
o, o 1 place o L place
| ol | ' SHIFT{ |
o . L -J
M“E ’ SHIFT | - SHIFT
o -~ .2 places . Lo« ¢ places
o e : 0e SHIFT
; | 03
] -~ SHIFT| SHIFT) |
—d o 1 places o 3 places
' o3 - SHIFT
== . | a3
T | SHIF SHIFT) |
— , : 15 places 15 places
| ' 15 SHIFT
e , : 15
S Calling w
(‘SHIFT) | R
% : Brings « to the display
0o | o | |
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Alpha commands are normally two step procedures and
simply alert the machine for the next code:to be handled

differently than normal.




IV. MATH GROUP

A.- Use of Shift Key

B- Trig Keys
(. Log Keys

'D’ Rad—Dég“
E- Reciprocal

F. 0% .




Rad-Deq
By using the Rad to Deg key. the calculator will intér~'
pret whétever is oﬁ the display as dégreés;of rotation and
convert it to radians of rotation. With the use of tho
shift key. you will generate the second function o% Deo to
.Rad- The calculator will nou interpretvthe display  as
Padians.and conveft i£ to degree measurement. These kéys
are used in conjunction with a second Deg to Rad,switch-
When the switch is up. all numbers are interpﬁeted aS
degrees® Qhen thebswitch is down- all values are inter-
preted as radians.
.gggigrocal
Use of this key will take the number on the display
and divide it into 1 {reciprocall}-

10%

.

To generate this function. you use the Second fuhction
of the e* key. To do this. you pressythe shift key and
‘then eX. This will raise 10 to the power of the number on
the displéy-
) .

]x

The x% key takes the number on the display and multi-

plies it by itself or sguagres it.

vV X ix;

The Vx key takes the displayed humber and finds the
square root- The second function of this key is {x§>which

takes the absolute value of the number on the display {makes




all numbers positivel-.

INT x

The INT x function is the second of the x© key. This’
key truncates or subtracts the decimal part of the number
on the display- Following is a brief proaram to demonstrate
one usekof this key.

SHIFT MARK This program will convert a value of degrees

0 with its decimal counterpart into Degrees-
Re 00 : Minutes and Seconds. It will also round off
ST L the seconds' value using .5 as the base for
SHIFT INT x- comparison. '
PRINT : : '
- 10 > {-switch+ and register 10}

{labels A} {scientific notation}

—_ L .
kO
XL ,
SHIFT INT x
PRINT .
x .10 {labels B}
- L ’ .
&0
x L
SHIFT INT x
ST R
- L
-1
x L
e
+ L
Jif + , : :
L S If decimal is greater than .5. the seconds'
+ R value will be increased by 1.
Re R . '
PRINT
¢ 1D : {labels c- in scientific notation}
SHIFT END ‘ '

For practice you should attempt the problems for this
section in the supplement. Try writing out the key strokes

for each pFOblem prior to doing them on the machine.
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V. PRINTER CAPABILITIES

IntrodUction"

1. Switches {0n. Paper Feed}

2. Key -- {Print?}

3. Mode {lLearn Print}

Automatic Printing

‘Manual Decimal Setting

Trace Capability

‘L. - Program trace

d. Manual trace

{List Proaram}




PRINTER CAPABILITIES

Introddction

The wang 500 is supplied with a'rotating,drum line

printer which is very useful in several uays- There are

basically four switches and one key used in connection

with the operation of the drum printer.

L.  PRINT-ON-SWITCH: This switch must be in the de-

pressed position for the printer to operate in any manner.
PAPER FEED-SWITCH: Advances the paper by one line

for each stroke of the switch:-

2. PRINT. KEY: <(auses whatever is in the display windou

to be‘printed,on thé,paper tape- ’
3. LEARN-PRINT MODE SNITCH: When this switch is de-

pressed-. the calculator will automatically make a hard cbpy

~listing of the proghamming steps being entered by the pro-

grammer as he enters them.
LIST PROGRAM-MODE SWITCH: UWhen this switch is de-
pressed and the [Ga ! is keyed- the machine will list out

the program steps in its memory from the present pc position

~in groups of 100. This may be stopped at any>time by touch-

ing the step key. This feature is very useful in debugging‘
and listing proarams for record kéeping-

Automatic Printing

You may instruct the calculator to print automatically

~all functional operations being processed.- The instructions

“are as follows:




auto print "on" auto print Toff"
“shift shift ~
brint ‘ v shift

A
Two different orintino operations can occur in this
mode: single or double cvcle pnrintina. For addition, SQE*
traction- storing. recalling and total. only a sincle entrv
will be printed: either the number being entered dr the
number being extracted. A runnina total will not be entered.
Fér'all otheﬁ QpePationsﬁ a double entrvy 1s oﬁihted: the

number and the operation beinaq berformed and the result of

- the operation.

Manual Decimal Settina {Manual Control}

- If a specific decimal settinc is desired for manuai
print operations. the unit can be instructed to print in
floating decimal-s scientific notation. or up to nine desig-
nated places- THE DECIMAL POINT SETTING FOR MANUAL PRINTING
ALSO APPLIES FOR AUTOMATIC PRINTING AS WELL .

To condition the unit to read and print the desired
decimal setting:
Set PC _ .
Far the 500. index a 3 digit number
"Foér the LOO- index a Y4 digit number
The last digit determines the decimal setting
0 = floating

1 = scientific

2] o
ij = number of digits following decimal
g : :

The instructicens from this point on apply only to the

 LOO calculator.




Trace Capabiiity
k- If a.programmer could open his calculator and watch
his program'being’executed step by steps he would be able

to correct his programming problems in half the time. Since

~ he could see an error when it first occured. most of the
problem of fixing a programming error would be elimihated-

While it is not practical with today's high-speed electronic

machines. the Wang LOO offers the next best thinag--a step—
by-step printout of each program operation showing all inter-

mediate results. The program logic becomes clear as well

since all MARK SEARCH and Subroutine branchings-are §houwn

as they occur in the normél flow of the program. This
allows the programmeh to make on-the-spot changes and
modification in‘a.program-

The method of initiating a Pbogrém Step Traceris by
means of a two-step ALPHA command. which programs contrdl-

of the Column Printer. The two- step ALPHA {u} LoggX {for

LogygX} signals the TRACE-ON. while ALPHA {:} e* for 1073
turns the Program TRACE-OFF. Output of the Printer;jn—

cludes a printout of the window contents. and the program

symbol representing the program step beino executed at the

time of the printout.

E- | Thé Step Trace fegture can be initiated from the key-
boérd as well aé by a program. Suppose you had a program
in'memory which you wanted to Step Trace through its entire

opehatioh-‘bAll you would have to do is turn the Trace Mode




" ON and then key the normal operating instructions. Depress

the "PRINTER ON" Switcha.

1.
e-
3

Key PRIME : '

Key ALPHA {a}. LoggX {or LogypgX}--{turns TRACE ON}
Key in the data needed by“fﬁ%ﬂﬁrogram {if the.
normal program instructions require 1t}. and

key 6O. '

RESULTS: The Printer will trace the entire program-.

If a "TRACE OFF™ Command {ALPHA {«} e* or
ALPHA {«} 10%} is found within the program
however. the Trace will end at that point.




VI. INTRODUCTION TO PROGRAMMING

A. Definition of and Reasons for Programming

B- 'Developing~PPograms

1- Cammon features

2. Flow diagrams

3. Saving steps
'C;j Utilizing a Program
. Debugging

E- Record'Keeping
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INTRODUCTION TO PROGRAMMING

Definition of and Reasons for Proagramming

‘Sovfarn we have been .using the lWang as a calfulatow,
However. most of the m5ng's usefulness lieé in its ability
to be programmed. This allows the Wang to calculate auto-
matically by utilizing a program stored in iLs memory .

making the Wang more like a computer.

The program consists of ‘@ complete set of instructions

which enable the calculator to process the values given it

to obtain the desired results. The program can eliminate

~all the time-consuming and repetitive keystrokes that would

be pebformed ménually for each set of keystrokes-~

Thus programs:'

‘ L. Save time
2. Save work

3. Add to the versatility of the machine

Developing Programs

L. In every program. there are certain features that are

commaon -

The first item ‘in a program must be some sort of identi-

fication. Just like defferent telephones ring when differ-

ent phone numbers are dialed. each program has a different

"number™ called a fug. These identifications are necessary

in more complex situations where several programs are

stored simultaneously in the memory- On the UWang. any




L.2
ol
el programmable keyboard function can serve as an identifi-
g . cation. To distinguish the function as an identification-,

i

it is preceded by the "™Mark™ command which "marks” the

‘J program- This is sometimes referred to as the index- ' The
. ,

i last item in a program is the "End Program" command. This
gJ tells the Wang . to Stop'talculating- This must absolutely

_be the final step after all calculations are made or the
Wang will Stop‘before completion of the proaram.

The phoéram itself consists of the instructions given:
the Wang to do the necessary calculations- Thesevaﬁe the
same commands you would use if the calculations were béing

~performed manually. Proagrams should bevversatile enough
so any values can be plugged in- Therefore a register may
be recalled‘in place of a value {unless 1t is a constant

" in the formula}. The register then contains the value of

i

the number and can be readily changed-. N

Let's consider the example:

A= 'irha

This formula is used to find the area of a circle.
The variable would be “r" in this example. If we assign
it a register {for instance 00}. we can give it any value-

The value of "«" itself should be inserted in the proaranm -

i

’i‘;m i ’;Ww  jmmi‘ﬁ;

since it is a constant.

The program needs a mark flag. in the example "1."

-

So the sequence of instructions given the UWlang would be:
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INSTRUCTION OPERATION
MARK 1
RECALL ga ‘ . {radiusl} . ™~
X : , re g '
ST L P in left register
3-.14 _ o
X L = ,
END PROGRAM #r® {ANSWER ON DISPLAYY

This is essentially the program to find the area of a
circle. Although it may be simple. even the most complex
programs consist of smaller programs like these- |

The program must not cdntain ény illegal maneuvers or
directionsw such as dividing by =zero or\ﬂinding the tangent
of 90 degreess or any other undefined functions.

These are the basic rules to programming:

1. Every program must start with a Mark "x" command -
2. Every program must have‘an End Progrém‘éommand-
3. The pﬁOgram can be used for any set of Values-
4. The program should not produce any undefined
~ values. '
B-b - To write a program- it is netessary to plan the éequence
of operations that‘the calculator is to perform- The rela-

tionships between the operations may become complex and

dif ficulit™ to Eeep élearly in.-mind- For this Peasoh; pro-
grammers usually sketch out an outline of the‘program- The
outline- called a flow diagram. gives the programmer a visual
representation of the relationships involved-

A set of symbols are used to show the computer opera-

tions. and lines and arrows are used to show the flow of




Logic between them.

A'Thevfollowina symbols are used in a flow diégram»

(f N An oval box indicates a startlnq or stooplnq
A — /operatlon :

Arrows indicate the direction of flow through
—_— — the diaaram. Every connecting line should
have an arrow on it.

‘{ l A rectangular box indicates any processinq'
operation except a decision.

_ . A diamond 1nd1cates a decision. The lines
F”<<::>rf1 leaving the decision box indicate the pos-
i sible paths the program can follow.

] A large circle indicates a connection in a .

\ ‘ / program where a number may be 1ndexed-
N | i
An example of the use of these symbols follows. This
is the flow diagram for the example used earlier {A = ure}‘

This is the "mark™ or index of the
program-

This is the body of the program which
does the processing-

-

\END PROGRAM This is the "End Program” command-

3.  Although this flow chart shows a simple program- a
flouw chéht could be invaluable in a'mbre complex program.
Tﬁe progham can be mapped out to show the flow thfough ita
and Steps‘can Be saved by determining the most'effecientyw
way to design the pPogPaM- Thesé methods will be’discussed’
in the sections’coﬁterning looping and subroutines-

Utilizing a Program

When doing the actual programming. 1t is important to
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hemember~that the,process_;s the same as 1t would be if it

were being done under manual control-

1. Depress the learn mode button. -

¢- Set the Program (Counter at the step where the first
program command will be stored. In mOSf casesns iﬁ
will be at step 000 if no other proarams are 1in
memory- The program counter is set by depressing
the SET Eg key followed by a three digiﬁ nuhber
indexed‘by using the Data Entry keys. If vyou want
to start at step 000, depress the Frime key. Thié
sets the P.C. at 000. |

3. Introduce the program via the sequence of key-
strokes the program requires- Do not forget the
"Mark” command or the "End Prdgram" command -

4. The program is now stored in the memory and can
be executed by switching to the Run lMode-

5. Any valuesvrequired should be stored in the proper
Pegiéters~
'&he To_rum the program. depress the,§g§££n command
followed by the mark "Flag” atﬂfhe beginning of
the program. |
Debugging |
If it‘is necessary to alter or “"debug™ a pfogramj a

listing of the program stored in the memory can be retreived y

by pressing the list program switch and keying the ao

butten.




By putting the Wang in Learn mode and using the step

key-s the display will show the same as the paper printout-

minus the alphanumeri; translation which is found on the

Pight side of the paper.

ooo 00 oo l [
Step No- ~ Function being Alphanumeric
L ‘ Processed / Translation
- e e e e
DISPLAY ONLY - PAPER ONLY

The ‘listing or display will show a set of codes which
tell what the program does. . The step no. is indicatedw and
then the two-part code-‘rA set of pull-out cards on the
bottom of the calculator tell what the codes mean. The
listing can be éompared with the original nrogram to see
if there are ahy discrepancies-

With the machine invggg mode- the flow of values
throth the program can be monitored by using the step key-
If the programmer has an idea of what the values should be
at eéch particular step. he can determine where his error.
is. |

If a sfep needs to be changed. the Wang should be put
in learn mdde- Set the érogram caunter to the step to be:
caﬁnged and key in the new step. Steps may be‘deleted»oh
the wangvSDﬂ by replacing them with QQ commands. Extra
steps may be insertedvﬁr deleted on the Wang LOO.

Record Keeping

It is usually desirable to keep a record of a proaram

once it is written in case it 1s necessary to use the pro-

gram4in the future. Forms such as those of the follewino




pages'are ideal since they are set up to facilitate pro-
N gramming on the Wang-.

o Record keeping and methods of storing brograms will

R " be covered in greater detail in later sections-
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7.1
SUBROUTINES
Subroutines are programs within a main program. Many
times a program will contain many subroutines. THe sub-

routines are called upon by the main program. whenever
necessary. to perform a series of calculations. After
these calculations are performed. the subroutine then re-
turns control to thé main program. |

Reasons for Subroutines

Let's say you have a program that uses a fifty step
calculation four times. Instead of writing this program fQUP
times. and using 200 program steps-. 1t is written as a sub-

routine just once. taking fifty program steps- and is

called upoh by the main program when needed as shown in the

ekample below-

The diagram would-be: Y ‘ ' SUBROUTINE
\________» _________ s
O 2O
{ \‘V v/“//47
l RS e
'; >} v/‘f4 | 50 STEPS
A4 RN
~er” s 7 v
D )® s/ ~
MAIN LINE { . . - ’:/g _i_
. OF V 7/ // ”A///
PROGRAM \ ¥ T A
| @ ~7 S P
® 4 P
v A P
- ﬁ ;( -
A/
~/ _
-
~




Use within Mainlines

How do you write subroutines in a program? Let's say
you have a program and at Step 18 you want to go to a sub-
routine- do the calculations. and return to vour mainline:

It would look like this:

Step Command Code Step Command Code
0oos ! ' 0040 Mark 0090
0010 Search 1013 1013~ 00Ul 1013 1013
0011 — Cogose - :
T 0043
~—— aouy . | .-
TTS~.DO4S Return 0915

- The command in the mainline used to search for the sub-
routine is the subroutine/command itself. The machine
searches foﬁ the subroutine f{l3}- represented by a MARK
command and then the subroutine command. UWhen the machine
finds the subroutine. it runs through it and then returns
to the mainline program by means of a RETURN command. VYou
may use subroutines within subroutines up to five deep -

" Most subroutines are written in hemory prior to the
mainline program.

Subroutine Coding .

Most programs you write willvuse no more than a few
Subroutines; .Howeverw to assure an adeguate numbera. almost
every Kkey on the Keyboard can be used to address a sub-
routine. The basic set of thihty—twd subroutine codes is

given on the following page. -




CODE SYMBOL CODE  SYMBOL
1000  f(00) 1100  F(00)
1001 f(01) 1101 F(01)
1002  f(02) - 1102 - F(02)
1003  (03) 11.03  F(03)
1004  f(04) 1104  F(04)
1005  f(05) 1105  F(05)
1006  f(06) 1106  F(06)
1007 f(07) : 1107  F(07)
1008  f(08) ~ 1108 F(08)
1009  f(09) 1109  F(09)
1010 f(10) ‘ 1110  F(10)
1011 f(11) 1111 F(11)
1012 f(12) ' 1112 F(12)
1013 £(13) 1113 F(13)
1014 f(14) - 1114 F(14)
1015 f(15) 1115 F(19)

To generate the Subroutine codes~ the f{x} switch must
by down and the register key is pushed for the subroutine
number - For example. f doun and | 04 will generate 10 0O4.

Shift. f, down and [ ou | will generate L1 0O4.

Subroutine (onsiderations

When using subroutines. remember that their main pur-
pose is to reduce the number of steps required to accomplish

a particular operation. If this is not accomplished. the

'program}uould be better done without the subroutine.

Mhen using various subroutine levels. be very careful
that the reguirements of the program do not cause the sub-
routines to exceed five levels. If this'happensw the cal-
culatdn will hot be able to find and return to its previous

poéition- The machine is only capable of remembering five




prior step’positions and would therefore lose track of

its "train of th0ught-"
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PROGRAMMED PRINTING

When to Print

Printihg instructions in a program can be used to
obtain a permanent.recqrd of a problem and to save time if
the equafion or program has multiple anSwers- In addition
to‘printing the anguers‘qf a programw you ﬁay want to have
thé progra.a include instructioné to print the values in the
input registers. This will give you a record of the Qari—
ables used.as well as the results. |

If you want youﬁ calculated number to be brinted in a.

specific order other than the order calculated. you can

store the numbers in registers and recall them in the order

desired. This can be‘a help if you are using a iooping pro-

grém which will be used for graphing. |
qu programmed printing. you must also remember to

manually turn the brinter on. {Always remember to turn

printer off before turning main‘calculator of f.}

" How to Print

Pﬁogrammed printing ihvolves two steps of program and
will print‘the numberlon the display previous to the print
command-. The first step is the actual print command key
produciné the code 0802. The second tells the calculator
hbw to label the.previous number {using high order codes}
and also how to print it numerically- This means to print:
it in scientific notation. floating. or with fixed decimal

point {using low order codes}. If you forget to include the
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second step of the printing procedure. the calculator will

interpret the next program step as the code for how to
print and cause program error. The chart on what'keys to
use for labeling and printing the numbers numerically can

be found on the following page-

Labeling

When you label in a program. some thought should be

given to what letter will best represent the answer. An

~example would be to label a current by using I.which is

denoted by the high order cdde 11 and generated by using
the {SP} and {-} suwitches in the douwn position-

Paper Feeding

During your program. you may want to separate groups
of printed answers for easier identification. This is ac-

complished by using a pre-programmed paper feed step.. This

‘procedube contains two program steps the same as any other

printing routine. The first is the print command and the

second is register 15. The switch‘positions do not matter

in. this case.




PRINTING CODES

All command preceded by a print command
Require two additional strokes, a switch (High Order) and a
register (low order).

High Order - Switch ‘ Low Order Key

. Code Position Meaning Code ~__Reg Meaning
00 | all up Label X 00 00 0 decimal
01 | T . Label Y 01 01 1 decimal
02+ vz 02 02 2 "
03 - v oA 03 03 3
04 x " B 04 04 PR
05 e "ooC 05 os 5 "
06 . - ST " p 06 06 6 "
.07 Re " E 07 07 :7 o
08 (SP down) " P 08 08 g v
09 . SpT "G 09 o9 9 "
10 SP + "oog 0. 10 10 floating
11 . SP - "I 11 11 11 scientific
12 SP x vy : '
13 sp 3 " K ; ; ;
14 SP ST " L f f :
| ‘ | M 15 ‘ .£5k n£5‘ paper' feed

15 SP Re L
S one line
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s LOOPS AND DECISION KEYS

Decision Key Functions
: The Wang is capable of marking 4 {four} decisions

{Display Recognitions}: |

Jump if +

Jump if 0

Jump if error {shift function}

Jump 1if # 0 {shift functionl

These "decision™ keys compare what is on the display to

a preset condition{\ If that condition is met. the calcula-
tor skips the next two steps of programming and carries out
the third iﬁstructional step after the jump command. ‘If‘
the condition is not met. the calculator continueé as it
ndrmally would- The flow chart symbol for a decision is

~

//

The actual operation that occurs is as follows:

Step No. - ¥
010 -L
011 -~ j if 0 --» compare display
‘012 Co ix] {instructions for con-
013 : xj § 77 ditions not being met?
giu ~- Print ~--+ continue instructions
+ if the conditions are
met. '

The two steps that are used when .the ;ondition is not
met'are.uéually used to create a loop or direct the calcu-
lator to a differént program or subroutine.

A loop is created when you‘tell the program’to search

for its won mark code.  You may direct the ma¢hine to anoth-

er completely separate program by "Search™ "[ Program Code |"




which Pequiresktwo’steps- You may also call for a subroutine
{1l stepl and:the machine will branch to the subroutine and
come come back as has been previously discussed. . Because.
only one program step 'is used to call for a subroutine- ydu
must fill the leftover step with a _GO command -

The th steps may also be used in any manner épprophi—
ate to the program being written. | I

Use of Loops

A loop differs from a subroutine in that a loop sets
up a_repeating or/cycling operation that continues until
the condition desired is met while a subroutine is usually
a éompletely separate set of‘operations-_ Since subroutines
have already been discussed- the following is an’example of

setting up ‘@ looping routine.’

Step No--
000 ————— Mark This program will count
ooy ———m— 1 by 2's form the begin-
ggy —mm— k2 ning value {stored in the
003 ————————— +L left register} until it
004 ——————— ST Rt "exceeds the ending value
pops ————— « % sec {stored in 00} at which
00k ——————— STOP pause time it will jump to the
go0? ——— - Re 00 End Program.
ooy —————— -Rt
0094 ———————¢j if +
010 ——— i Search
0y ——11]
01g —LEP

Inerimenting Routines

The example above is a form of incrimenting routine.’
An incrimenting routine is a program loop that counts up. or

down by a value that is predetermined by the program- The




count being generated can then be uséd‘in another program.
EXAMPLE:k Incriment from 10.000 to 100-.000 by 500's

and use each incriment in a subroutine {f1}- Store the

first value in [00 - store the last value in [ 01 |- store

incriment ini UEI-

Mark ; This method of incrimenting may be
1 ' used or any number of other possible
Feoo forms can be used by the programmer
{f3} to accomplish just the conditions he

Repg wishes to create. '
+00 ‘ o
STL
Repy
_L ‘
jif +
Search
1
ReDl
{1}
EP

¥

Try some of the problems in the supplement that apply

to this section-
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PROGRAM STORAGE

ards

™

l

1. The card input 1is another way ofvinputing the program
codes into thercaiculator-

On your cards-~ you have your'high order and low order
codes- To program the cards. you simply coiqr in the appro-

priate squares. For example:

To enter code for SIN{080L} Y N L INSERT THS DO I RGADER-- THS SI0E WP

[
L N f 1
[

=122

TIiTLE /NO:

LS

——

i
ilk
ojojojojojojojojolo

6

I —
bz | = o
9 CS

TP &M COGE] SKIF | 8 4 2 1 8 4 2 pR—
, el I e W e Sl e B [ s R B e Sl
you first color in the box =l o o olo = o o
. oo oo oo = = o
labeled &+ the high order part el = 0 5l o o o
‘ ' =l oo oo oo o
{08xx} . s EIEEEEEEEIEEE ==
Then you color in the Y = 7\&\[:1 e ——
’ L]
box and the 2 box- the sum of . e e s
N 91:\:1@:3(:1:/'%@:3‘
. . , =Y == == = o o
which is the low order code. ~ -
oo o o e Rl e e B e R
{xx0LY - ' ' ) 1olo o o/ olo o o D:
o : 3(:3[:)(:1::1:3(:)::1[:3:3-
Try to fill in this code- 12290 910 0 9 9
; o 5 S\ZDCIDDEDDD~
Store reg. 03 {0LO3} and re- » I B 0 00 g & e
~ ‘ NEIEEEEEI NN,
call reg. 15 {0715%}. ol oo g o oo o da
‘ - 3 Jrojm oo OO @ | e
The skip box is there so IEEEEEEIEEE D:
) o O O O|. O O o
that if. for any reason. you oo o o o/a o o :3:.
o o § ] [y e S o I e Y e v Y o Y e
wish to skip that line. just ; oo oo o oo
' ' ' = === =l == = =
fill in the box. ' P e R e e e R
Tole oo olo oo a™
J === === =
e ! gralon o o o)l o o o
o f = == .
J Hoaloo o |3 l:] — D‘
Aoafen o olo o o o™
e em o oOlo oo o
4 ¢ oOlo oo o™
=== ==
ol o o =™
[ ]

... R G o o "N 628L8Nwe - Iy



2. ‘To enter the card into the calculator make the nec-

essary attachments.

)

1. PRIN

€. DEPRESS LEARN MODE

3. INSERT CARD INTO CARD READER4{bencil marks up-
arrouws first} |

The card will autqmatically be pulled through the card
reader. The calculafqr.display will now show that it has
read forty steps {minus skip marks}. If it does not read
this-. PRIME and start over. |

If two cahds are entéred consecutively. the calculator
display will read that it is on step &0. ‘You‘can keep doing
this until you.hun out of memory. In most cases. for thev’
'wang 500's~ it takes 312 steps-

Program storage on cards of this type is especially

good for numerous not too lengthly programs.

Tape
| L.  The Wang also hés the capability of storing prbgrams
on fape- Let's suppose you have a'program in memoby'and on
wish to stre it on tape- Follow this procedure:
| 1. Place calcuiator’into RUN ﬂQLg-
E; Insert tape cassette.
3. Rewind tape-

4. Engage TAPE READY switch.

5. a. If you wish to start‘recording from step 000-
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depress PRIME and key RECORD PROGRAM.x
5. b. If you wish to start recordihg‘from a steb;
i.e. 138 simply set P.C. {phogram counterl

to step 138 and key RECORD program.x

2. How to load program from tape into memory

1. Place calculator into RUN MODE.

2. Insert tape and rewind. |

3Qf Depresé the tape ready switch.

Y a- If y@u wish to lbad from step UDU_and‘on "
Key PRIME

Key LOAD PROGRAM

b- If you wish to load starting at some other step
in memory
Set PC {to that stepl

Key LOAD PROGRAM

Bootstrap Routine

A Bobtstrap routine is a program which lets you choose
and load any one program from a‘tape- All you do is enter
the number of itsypositiog on the tape into the calculatdr-

‘Following is one way to do this-

' The first block of your tape must be the index and con-
tain these stéps: | |

0000 ST13

xThere must be an END PROGRAM {EP} command at the end
of your program for the calculator will record up to
and includeing the EP and STOP- :




0001 Mark

- 0ooe 0
0oo3 LP
oogy . EP

All other program bldes must have these steps pre-

B ceeding the actual program itself:

”J' ' Steps for Steps for - Steps for Steps for
E‘ " 1st block cdnd block drd block Yth block
— 1 _ 1 c 3 . 4
: stl stl - stl ’ stl
t ~ Re 13 - Re 13 Re 13 - " Re 13
. -L , -L -L o -L
) joif + ] if + joif + j oif +
ST search _ search search search
e KKKKKKKKKKKKKKKKXKACTUAL PROGRAMXXK KK KKK KKK KKKKKKKK KK X-
EP EP EP EP ’
These seven steps do the comparing between the numbers

. youiput into:the calculator and the actual numbers of the.
program block.
Let's say that you have loaded the Indevalock into the
céiculator-"The memory now looks like this:

0ooo STL3
000 Mark

oooe 0 |
oog3  LP |
pogy  EP |

And now you‘wish‘td load the second program- 'Mitﬁ the
Wang in run mode- enter 2 and key 0. Calculation will
Start at step 0000 and continue- When the load program com—

“mand is encountered- the tape will start running and load in

the next block program- These steps will be loaded from thé
J, ~ step after the load program command and on. So the memory

- now looks like this:




rrewNeoO
-
©

EP
. lWhen the tape drive Stops;‘the calculation will resume

oberation from step 00O4. The next Bootstrap step will com-
pare the number that you entered with the number of that
block- |

In this case. the number that we entered was 2 and the
number of the block is 1. The math compares thesg numbers
{1 -2 = -1}. UWhen the jump if positive {j if +% command
is éncounteredw the program willlnot'jump because the ansuwer
ris negative.  Instead{,it wiil do the next two steps and
search for the 0 mark. |

Now we abe back‘to step DDUL- When the load program
command iS encountered againw fhé next'pnogram bibck Qiil be
loaded‘in- Then again. the humber we entered will be com—‘

pared to the block number {this time. 2%}.

After the comparison {2 - E.ﬁ 0} the j if + command
will jump the program over the Search 0 command and execute

the rest of your program.
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TAPE FEATURES

Introduction

- The Wano 500 and EDD are both supplied with cassSette
tape drive mechanisms. These greatly enhancebthe versa-
tiiify of the machines. Programs can be "chained"” or
sequencéd into the machine allowing for‘thé development of
programs hich exceed tHe capability of the machine in terms
of pﬁogram steps-

| The ﬁqutstPapﬁing" technigue used on the MéhgvSUU haé
already‘been discussed and will hot be presented againbhere-
It.should be stated. however. that the same technique‘may be

used with the Wang kOO as well.

Program Transfers

L Recording a program from memory to tape and vice-versa
are gquite simple and very straight forward-
Record Progbam

a} Place in run mode

b} Rewind tape

c} Tape ready

d} If you wish to start recording from step 0000-
prime the machine. If. however., the block of.
core you wish to record starts at some position
other than 0000+ you should set P.C. to the
desired step before recording-. ;

e} Key record program {orange key}. All steps of
programming from the initial setting position
of the PC up to and including the END PROG
command will be recorded on tape. .

2. Load Program

ar Place in run mode

b} Rewind tape , .
c} Tape ready :
d} Set PC to the step where you wish to start




loading into memory. If you wish to start at

0000. "prime.™ If the tape block you wish to

load is locate on tape at. for example. the

third position on the tape. you would depress

the load program three times as follows-

1} Set PC to starting step

2} Load program {When tape stops- the first
tape block has been loaded -and the program
counter has been reset to the 1n1t1a1
setting.¥

3} Load: program again--Second block is loaded
~and PC is reset.

4} Load program one last time and the third
block is 'now loaded into the memory star-
ting at the step you specified.

This method of loading may be used either on the 500 or

LOO0. However. the LOO has a tape feature which eliminates
this somewhat time-consuming procedure. It is called alpha
loading-
3. Alpha Loading {tape block search and load} lets you
automatically skip over a designated number of blocks of
programs on tape and load the desired block without fol-
lowing the procedure stated above.
a- Suppose the same situation exists' as was previously set
up; ~That ‘is~» you. have a phogram‘written in the third posi-
tion on a tape and you would like this to be loaded into
memory starting at step 257. Proceed as follows:

a¥ Place in run mode

b}  Rewind tape

c} Tape ready

d} Set P.(C. at 0257 ‘

e} Key 2. {The number of blocks you wish to skip

ocverlt :
f} Key {shift. alpha. load program}
The first two tape blocks will be skipped over and the

third block will be loaded into memory Stérting at step 257
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and continuing until an end proaram is encountered.
This procedure for loading memory from tape may be pro-
grammed and used for sequential loading and chaining and

save a tremendous amount of time spent searchina for a par-

ticular program.

b. Another technique usihg alpha load which you will find
very convenient is one 1in which you position the tape for
recording a program that'has been wﬁittén in memory-

Suppose you’have written a program into mehory that
you wish to put on tape in the fifth block position:

a} Place in run mode
b} Rewind tape
c}r Tape Peady
d} Set P.C. to last program Step {08237
e} Key 3 :
f} Key {shift. alpha. load?} ,
The calculator will skip the first three blocks
on tape and attempt to load the fourth program
into the last 8 program steps {which it cannot
do}. This causes a program error liaght {Tape
~ stops at E.P. of fourth block?}-
g} C(lear the error {primel}.
h} Set PC to the becinning position of the program
to be recorded-.
i} Key record program-.

This results in the program in memory being loaded into
position 5 on the tape.

Data Trénsfér

Daté that is stored in memory may be transferred to
tape for permanent or temporary storage. Also. data that
has been stored on tape may be transferred\ihfo memory reg-
isters USing the alpha store and alpha recall cbmmands- Al -

pha store pulls data out of memory registers and stores it
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on tapeiy alpha recall pulls‘data'off the tape and puts it .
into the memory registers.
1. Suppose you had data in registers 00 through 2Lt that
was to be used over and over in several programs. It would
be very convenient to have this data on tape rather than.
having to load it manually for each program.

a} Place in run mode-

b} Rewind. tape

c} Tape ready

d} Prime :

e} Key the last register you wish to record {in

this case. 2k?

f+ Key {falpha. storet.

When the tape stops. the contents of the registers will
have been transferred toc tape in reverse order. that is. 2k
first and 00 last-.

c- Any time you wish to recall this data back into memory
from tape- you follow the'same procedure except that you
use {alpha. recall} instead of alpha. store. That is:

a}l Place in run mode-.

b} Rewind tape

c} Tape ready

d} Prime i

e} Key first register to be loaded {2k}

f} Alpha. recall '

The data will be transferred into memory beaginning with.
register 2k and continuing until all data has been loaded-

NOTE: Alpha store may be used to store as many regis-

' ters as you wish. However. once stored on tape-
the entire block must be recalled. If this is

not dones you will receive a program error indl-
cation- C




XII. -

INTRODUCTION TO THE PLOTTER

A-
..

C-

Switches and Controls,
.Bed Layout

Scaling

Opération

L. Plotting

e - .Printing

3. 1/0 Writing




INTRODUCTION TO THE PLOTTER

Switches and Controls

The Model bl Flatbed Plotter is connected to the Wang
EOO0 calculator by connecting the input cable to the type-
Wwriter output receptacle. There are several switches and
controls on the front of the plotter. They are as follows:

Contraols {zero referencel’

Check {Push button} Brings pen to Zero positian
- X : {Knok} . Controls Horizontal position
Y {Knob} (ontrols Vertical position

{Scale adj} »
Check’ {Push button} - Moves pen to upper right

position
X {Knob} (ontrols Horizontal position
oY ~{Knob}  Controls Vertical position
Switches
Power on - off

"Select Plotter - typewriter _
Chart Hold - release {Hold paper}

Pen Up - locks pen in up position

‘ Down - allows calculator control

Bed Layout

| The plétting surfacé of the plotter has a maximum chart
cépability of‘LD" x 15" baper- Ahy smaller size paper may
be .used and the scale may be aajusted to it;v Whatever the
size paper scaled fora the area scaled will be autométically
divided inEO'ﬁﬂq vertical incriment; and ﬁﬂq horizontal units.
Once the plotfing area ié scaied1 all blotting énd alphanu—:

meric writing are done by incriments and do not depend upon

actual size of area scaled. You should also remember that

scaling adjustments affect the size of the area being scaled




- while zero reference adjustments move the entire area to

new positions. {The plotting praportions do not change.?}

el Scélihg
Scaling the area to be plotted is done as follows:

Press zero reference check

Adjust X and Y to {lower left} zero point
Press scaling check '

Adjust X and Y to extreme upper right point.

£oud U e

Area of plot is now scaled.

Rememberﬁ To chande size. make scaling adjuStments-
To change position. make zero reference
adjustments.

(ondensed plotter instructions:

"Turn plotter on —-- load paper
Set reference point
Set scaling point
NOTE: The scaled area will always be divided into
999 parts for both X and Y axes no matter
what the actual size in inches-
Maximum scale size is 10" x 157
One unit = 1/999 of axis size-
Ex: 5" horizontal scale
one horizontal unit = .0058"7
Once the area is scaled. moVing the refer-

ence point moves the whole area.
The proportions do not change-

‘Ogerafion
There are basicallyvthree ways in which the plotﬁer'may
cperate: |
L- Plotting mode'
£- Alphanumeric printinag
3. I/90 prinfing

L.  All plotting commands are generated using a combination
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of selector switches {high order} and storage registers

{low ordert.

There are basically six plotting commands :

Code - Switch Register

Plot ' 0502 : 0c
Advance {without plot} 0503 : 03
Return {to zero} 0511 : 11
Pen up 0103 T 3.
Pen dowuwn ’ + Doz T oe
Move {1 incriment? gune X ‘02

AlI of these command codes are preceded by an & code
and folléwed by an end alpha command {« - 0902} d{end « -
p202y. |

When plotting or advangihg’the incriment amounts are
stored prior to the command -

X amount stored in 00 {in incriments}
Y amount stored in 01 {in incriments}

X and Y values exceeding 999 incriments cannot be

plotted by the plotter.

CONDENSED MANUAL PLOTTING OF LINES

Y coordinate is always in 00 Reg Y in incriments
X coordinate is always in 0l Reg X in incriments

There are three basic plotting commands:
1. Plot a line
2. Advance {no plot?
3. Return to zero

These are accomplished as follows:

1. Plot a line

Key stroke Instruction Code Number
o Alpha 0902
o2 ' Plot AXAY - gsoe

+ 02 End alpha o ge20e




mn

Key stroke
Advance
o

03
+ 0&

12.y

Return 70"

o
R
+ 0d

Instruction  Code Number
Alpha 0902
Advance A\XAY 0503
End alpha 0202
Alpha - - D402
Return 707 - 0511
End alpha g20e

No value in 00 or 01 should exceed 999. . , : '

2- Printing with the plotter is done by setting character

size- setting the character spacing and then generating a-

printing

For alphanumberic printing- the plotter reauires three

bits of information for it to write:

codes -

Character
Character
Numeric co

Setting size:

Set

L- Enter size {1 to 15%} ~ :
c. Store in 0L 0LDL St 0k
1. Alpha 0902 Shift print {u«l}
4. Set size 05048 04
5. End alpha . 0202 + 02
spacing:
1. Enter horizontal spacing

‘ {in incriments? 0t0L St 0L
2. Store in 0% _
3. Enter vertical spacing ‘

: {in incrimentsl} os00 St 00
4. Store in 0O '
5. Alpha 0s02 Shift «
b. Set spacing ‘ 0510 =10
7. End alpha ' 0coe + 02
8. Open and generate alphanumeric codes.

size {oncel} .
spacing {oncel}
de for each character
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NOTE: Restrictions

Sizes are multiples of single numeric size.

Each numeric is 10 units high by 9 units wide.

— ‘ ' Size 1 allows 99 vertical units and 110 hori-
' zontal units.

A table of possible units follows.

Number of . Number of

Vertical ‘ Horizontal

Characters Characters
Size & 100 ’ 110
Size ¢ 50 ‘ 5§
Size 3 33 3k
Size Y 25 ‘ - 27.5
Size' 5 20 2c
Size b L7 - 19
Size 7 Ly Lk
Size 8 12 13
Size 9 Ll . 12
Size 10 - 10 ‘ 11
Size 11 9 -
Size 1¢ & 9
"Size 13 8 9
Size 14 ? &
Size 15 b ?

Spacing is from center to center.

Vertical Spacing should he no less than 10 X charac-
ter size. . : :

Horizontal spacing should be no less than 13 X char-
acter size-. '

The 13 multiple allows for space between chaPacteFS-
Don't forget to close « at the end of a nrinting block-
The next two pages éré a listing of the keys. switches-
and other codes wHich will generate the alphanumeric-char—

acters.
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c. Character list {Table of Alpha Characters}
, SWITCH TO BE KEY TO
CHARACTER - DEPRESSED ‘ - PRESS

12

00

12

13

05
CLEAR {red switch}
CLEAR DISPLAY

01

oY

5

ou

15

15

0k

09

5

y

13

0l

07

1y

1Yy

00

15
, ) ' ~
- 07 . |
» 0b C

+ 4+ + + 3

+

-

—S+ =1 4

CNAXE<SCCANDIRTVOZRMACHIMNTIMYEAD>
TR |

-3

: 2
- 0L
+ a9
- . S 1]
- ) 1Y
- 09
- 05
: Oy
— 13
- 12
" SET EX
8
ALL UP - 13
» CHANGE SIGN
q

1
=
>
m
m

YA ldRNTrOSWUE O
I

b
: 0
T 05
3

N NS e




One precaution must be taken here: if you ask the

plotter to print when it is located immediately beside

el eitherthe left edge or bottom edge of the plotting area-
= the characters will be distorted. Therefore. before actu-
ally generating the character codes. you should position

'

more. You will also find that the generation of characters

gj the pen away from both edges by 1/2 a spacing value or

is somewhat frustrating because of the time consuméd in
cross referencing and pushing éll the character combina-
tions. - A technique for using the input/output writérlhas
_been developed whereby you can simply type in the letters
and they will be duplicated on the plotteb;

3. There 1s another way in wHich the plotter may be used-
It can be instructed to print out the results of calcula-
tions located on the display- All procédures concerning
scalinga sbacingn sizing and positioning wefé previously
discussed and still apply in this case.

A two sfep command is required for printbut of the
‘display value. The first is the I/0 command 15023 which
alerts the calculator to the need for dispiay priﬁtout-

The second ;ommand is called the format command- Using a
combination of a switch and a register key. you indicate the
‘number of digits befofe and after tHe décimal point. .The
selector Switﬁh determines the digits to the left df the
decimal and the register indicates the positions to the right.

~Théﬂe’is a maximum number of digits of nine to the left and




nine to the right.

A listing of switches and reaisters follows.

Selector Switch Print Positions Function Key - Print Positions

* All Switches UP

Suppresses decimal point
“T* Switch DOWN
“+'" Switch DOWN
" Switch DOWN

X' Switch DOWN decimal
'+ Switch DOWN " point
“St” Switch DOWN .

“Re" Switch DOWN
“Sp’’ Switch DOWN
“Sp” and “T" DOWN

WONONHWN=O
ol lolo| oiiolio]iollo| o
[{e) SO O] ] DT INS] j—a
O WNO O HWN —

The plotter will ignore ngn {1eéding zeroes} positions
to the left of the decimal and space ovePVOne position for
each zero. The plotter may’also be instructed to space |
over without printing again by usihg a two step command-.

I/0 1502
SP XX L2 XX

The low order of the second step determines the number of
spaces the pen will‘move.ovér-

One last note: 1if you "underformat" that is- 1f you do
not providevfor enough positions to the left of thé,decimal
ppint1 the plotter will automaticélly print the answer 1in
full scientific notation- |

CONDENSED I/O WRITING

All sizing. spacing. and scaling rules épply as before.

L. . Key ]/(‘)' l ,

¢+ Give format | Switches Register

Digits before decimal Digits after
' " decimal
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Spacing command Lexx . SP X REG

Try some of the examples and probtlems in the supplement.
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85 Types of agraphs,
3.  Types qf'ages

(- Loading the Options ' | |

"D. Program Conbinations
‘L- Pie chart

2« Line araph
3.  Bar graph
4. Point graph
5. Linear regression
k- Math function
?. Alpha labeling

E- Drawing and Numbering the Axes
L. Option 1é
c- Option 13
3. Option 14
Y. OptiOn lS.

F. Alpha Labeling | ’ S 'vf
1. Procedure |

2. Character list

y G- General Procedures and Considerations
* .
— : ~ H. Summary Sheets: Procedure and Notes on Plotting

‘I. Math Function Usage
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PLOTTER UTILITY PACKAGE

Introduction

4wang'L§boratohies provides a softwane/package of the
Wang EDD—IQ calculator for use with the kl2 plotter. This
utility péckage allows the operator selection of many dif-
ferent combinations of fifteen‘plotfing options. These
options are grouped into three types: ~
L. ‘Types of scaling
2. Type of .graph
3. Type of axis
The calculator may plot boints entered oripoints calcu-
lated. ‘'Calculated point plbtting is}done by using the math
function procedure. Since it is the method most used in
electronics+ it will recelve the msot digcussion here .

List of Options

L- Types of scales

Eﬁl | X Linear Y LLinear
No restrictions

NEN X Linear Y Logarithmic

EN X Logarthmic = Y Linear

[@ﬂ”j X Logarithmic Y Logarithmic
{In choosing the logarithmic option. the opera-
tor restricts himself to values which may be
neither "0" or negative. An attempt to plot
either a "O" or a negative value will result in
a program error-} :

Polar coordinates .
X = redius Y = 0 angle
{Calculated or entered data points are limited
to the above restrictions. The radius desianates’

‘D
iL—l!
i




o
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the distance from the origin and the anale is
measured counter-clockwise from the x axis.2}

[ .

2. Types of graphs

LQE] Pie chart

, » ' {When doing this graph-. NO other options are
- needed. That is- you need not specify tvpe
of scaling and type of axis as thev have no
meaning in a pie chart.? "

i
jwu]
-~

Point to point line graph

|
|

Vertical bar chart

FPoint graph

JENC

10 | Linear regression
[11 ] Math function
{This option requires that a subroutine labeled
1101 be written and that this subroutine
loads X in register 1 and Y in register 0.3}
3. Types of axes

12 | X and Y both positive

[1e]
Eiij X and Y positive or hegativé
[14 ] Horizontal lines

[ 15 ] Hatched fill.

If you desire alpha labeling after the plot is finished-

you may key "shift ]DL[-” This will give you the optiOn to

write on the graph. You may write anything at anv point in
any size letters. UWriting is restricted to horizontal. If

you wish to write vertically. you should pass on the alpha
labeling and use the standard alphanumeric plottina proce-
dure.

‘Loading theiOptions

To select and load the program option proceed as follous:




: !
i , i i

To select and load the program option proceed as

follows:

Insert cassette--Rewind--Tape ready--Run mode--prime--
load program--verify. ~

Display should read Luyy.

With f{x} depressed. key EQQ_[and then select options
‘desired.

The procedure 1s used each time vou wish to proaoram a
particular type of plot. Once done. however, the
plotting capability is loaded in the machine and need
only be used according to the restriction inherent in
each set of options. This procedure needs to be re-
peated only if the operator wishes to change the
options selected.

I

- In the following discussion- the steps specified above
will be designated by the words LOAD OPTIONS ‘and then
the desired options will be specified. Options are

" selected by keying registers specified- Uhen finished
selecting options. key [ GO ] and options will be loaded
automatically- '

When loading options-. always specify:
scaling first|
graph second ~ Alpha loading is always the 1ast
axis third option.. .

NOTE: UWhen selecting options--

ONLY ONE SCALING OPTIONw ONE GRAPH OPTION.
AND ONE AXIS OPTION MAY BE CHOSEN AT A
TIME.

Scaling is a mathematical procedure for the calculator
which tells it Bow to lay out the graph on the area to be
m ‘:§1@tt&d-‘ You must later be careful that you bbey the re-
ku7ﬁidﬁi0ﬂ$ of the scaling method you have chosen. {These

~V@¢@1”@ady been specified-}




Axis selection tells the calculator how you wish to
draw. the axis and is restricted to the type of scaling

you have chosen. For example. you would not choose option

I 13 | with option {DQT_QP} 05 ] polar coordinates do not

have a Y axis and therefore 14-15 axis labeling method
would not be chosen. and so on-

‘Program Combinations

1. Pie chart: Load options Uh[a
d- For. line grabh of observed data pointss

Load option: Scaling Graph

(e

\

oe | Select one

|

Select one !

IS

]
&=

:

|

Gl

{No axis selection?

3. Bar graph: \
Load options Scaling Graph Axis .
oy [15]
:ig} Scaiing NOT usable with bar chartQ
4.  Point graph: |
l.oad oppions ‘Scaling Graph Axis

o] [ms] (2]

[oe} REN




I

i

¥

i 0]
.Eﬁgj No axis selection
5. Linear regression:
Load options Scaling Gfaph Axis

I

—
U]
et

Use of [ 02 | [ 03 [oul{os|[ay]

and EEEZ not appropriate

k- Math function:
Load options \ Scaling - Graph Axis
* N B

[2 ]
ERR =N

[03 ] | Ly
[og!
IE |

7. Alpha labeling may not'aiways be compatible with the

|

=
[Sa]

ghaph chosen. Therefores if you wish to label. you Qill
haQe to scale the calculator after plottihg is completed-.
The pie chart is a gobd example ofvthis problem. |
DPrawing and Nuhbéring the Axés

1. Option [iij

Key fnai——x hash spacing--60--{hashes ‘drauwnl
Y hash spacing--G0 {hashes drawnt

Key Eﬁg:}—first X--60--last X--GO0--Incriment X--

GO--{X axis numbered} 3
--first Y--G0--last Y--60--Incriment Y-=GO--

{Y axis numbered?}

- Numbering is in whole numberssy decimal parts not printed-.




c- Optiagn {LB[

Using this option reguires a scaling which includes
"0." Therefore. since legrithmic scaling cannot

be done with either ™07 or negative values. these
two options are mutually exclusive-

The procedure for thlS option is the same as for

optlonf L ,
3. Option [ 14|

Key Eﬁiﬂ—-x hash spacing--60--{hashes drawn}
--Y line spacing--G0--{lines drawn}

Key [ 04 |--first X--G0--last Y--go--frequency Y--
GO~--{Y printed?}

Numbering done in whole numbers only-

Y. Option [ 15 ]

Note: Data must be entered and scaled prior to
axis/labeling and. drawing- Also. data should be entered. if
possible~ in a sequence of increasing X values. Xmin must

be smallestX and Xmax must be largest X used when scaling-.

Key UB]——vePtlcal line snac1n0—~60-—{vert1cal
lines drawn}

--Horizontal line spacing--60--{horizontal lines
drawnl

Key ’DH F—flrst X--60--last X--60--X incriment--
6O0-~{X axis numbered}
--first Y--60--last Y--GO--Y 1ncr1ment~—60——{Y axis

numbered?}

Alpha Labeling

L Note: Alpha labeling reqguires prior scaling.

Key [ 05 [--X starting point--G0--Y startino point--GO--
{pen moves to start} '

.NOTEI STARTING POINT\POSITION MUST BE SPECIFIED
IN THE SAME COORDINATE MANNER AS THE SCALING -
SCHEME CHOSEN-




c.

Character list {Table of Alpha Characters}

CHARACTER -

N ALAXE<LCCAHMMADVOZ=ETAReHIONTMO N WX

g
0
>
m
™

b e O NI OIS WU Q

N o=+ N

SUITCH TO BE
DEPRESSED

T
+
+
+
+

+

._]

-+ a1+

| + A+ =3

| + 1

KEY TO
PRESS

i=

no

12

13

0s5.
CLEAR {red switchl}
CLEAR DISPLAY

0l

oy

?

gu

L5

15

Ok

049

5

Y

13

0L

07

14

1y

oo

15

1

g7

Ok .

2

0L

J9

Ob

1Yy

09

g5k

oy

L3

i

on
SET EXP

8 N

13 C
CHANGE SIGN

3




General Procedures and Considerations

in geneﬁalﬁ most df the plots can be done by‘following
these steps in order: _ | |

1. 'Key [00 ] and enter data- |

2- Key [O1 ] and scale the calculator.

‘3- .Key [ﬁgj'and plot the agraph. |

Y. Key,[ﬁjj and draw the axes.

5. Key rﬁa_]and number the axes-

L- Key LQS? and alpha label.

The pie chart is a program by itself. However. if
alpha labeling is desired- then it will be necessary to
choose the scaling with X and Y both linear as well as the
alpha lébeling option. After the pie chart itself is drawh1
$cale the caiculatoh by touching key [ﬁij and then locate
the point to print'according to how it was scaled-
| Do not use polar coordinates with any type of axesx
with the bar chart or with linear regression-‘ Locate the-
point to start alpha labéling a polar plot iﬁ ferms of r
and 0.

The axes cénnot be numbered with decimal fractions-

With the hatched axes- X-min should be the minimum
value of X and X-max should be the maximum value of X .

Do not uSe any logarithmic type of scaling with either
linear regressionror the hatched axes-

The following 1s a one page summary of procedure and

options-




1 ?t%

Loading the Program
Turn on Machine

Clear - Prime - Run'Node

Insert Cassette

Rewind - Tape ready

Load Program

Vérify-
Key - ' : > fix}
Choose scale type fix}

‘Summary Sheets: Procedure and Notes on Plotting

Display

1444.0000000

Reg 00

Req 9L

iE
03
oy
05

X linear Y linear

X linear Y linear
X linear Y log
X log Y linear
X log Y log
Polar coordinate

Log scales may not be equal to O
or - value-

Choose tymp of graph

Choose type of axiS fixt

Alpha labeling optional

f{xr Reg DE'

Pie chart

07 Line chart
8 Bar chart
09 Point chart
10 Linear regression
L1 Math function
Reg. 12 X & Y positive
13 X & Y {positive or negativel}
L4 Horizontal lines
15 Hatched
Shift 0L

CAUTION: Labeling program is set to print only hori-
: : zontally. If you wish.vertical labeling. use
the standard alphanumeric procedure. :




c.

Character list {Table of Alpha Characters}

CHARACTER -

N ALAXE<LCCAHMMADVOZ=ETAReHIONTMO N WX

g
0
>
m
™

b e O NI OIS WU Q

N o=+ N

SUITCH TO BE
DEPRESSED

T
+
+
+
+

+

._]

-+ a1+

| + A+ =3

| + 1

KEY TO
PRESS

i=

no

12

13

0s5.
CLEAR {red switchl}
CLEAR DISPLAY

0l

oy

?

gu

L5

15

Ok

049

5

Y

13

0L

07

14

1y

oo

15

1

g7

Ok .

2

0L

J9

Ob

1Yy

09

g5k

oy

L3

i

on
SET EXP

8 N

13 C
CHANGE SIGN

3




General Procedures and Considerations

in geneﬁalﬁ most df the plots can be done by‘following
these steps in order: _ | |

1. 'Key [00 ] and enter data- |

2- Key [O1 ] and scale the calculator.

‘3- .Key [ﬁgj'and plot the agraph. |

Y. Key,[ﬁjj and draw the axes.

5. Key rﬁa_]and number the axes-

L- Key LQS? and alpha label.

The pie chart is a program by itself. However. if
alpha labeling is desired- then it will be necessary to
choose the scaling with X and Y both linear as well as the
alpha lébeling option. After the pie chart itself is drawh1
$cale the caiculatoh by touching key [ﬁij and then locate
the point to print'according to how it was scaled-
| Do not use polar coordinates with any type of axesx
with the bar chart or with linear regression-‘ Locate the-
point to start alpha labéling a polar plot iﬁ ferms of r
and 0.

The axes cénnot be numbered with decimal fractions-

With the hatched axes- X-min should be the minimum
value of X and X-max should be the maximum value of X .

Do not uSe any logarithmic type of scaling with either
linear regressionror the hatched axes-

The following 1s a one page summary of procedure and

options-




1 ?t%

Loading the Program
Turn on Machine

Clear - Prime - Run'Node

Insert Cassette

Rewind - Tape ready

Load Program

Vérify-
Key - ' : > fix}
Choose scale type fix}

‘Summary Sheets: Procedure and Notes on Plotting

Display

1444.0000000

Reg 00

Req 9L

iE
03
oy
05

X linear Y linear

X linear Y linear
X linear Y log
X log Y linear
X log Y log
Polar coordinate

Log scales may not be equal to O
or - value-

Choose tymp of graph

Choose type of axiS fixt

Alpha labeling optional

f{xr Reg DE'

Pie chart

07 Line chart
8 Bar chart
09 Point chart
10 Linear regression
L1 Math function
Reg. 12 X & Y positive
13 X & Y {positive or negativel}
L4 Horizontal lines
15 Hatched
Shift 0L

CAUTION: Labeling program is set to print only hori-
: : zontally. If you wish.vertical labeling. use
the standard alphanumeric procedure. :
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Math Function‘Usaqe
The following 1s a condensed set of instructions for
uSing the math functiagn graph option- ,
Load options { 01 j! 11 || 23] shift [ 01 |
=G0 --
When GO is keyed. the program options you have chosen
will be automatically loaded. ‘
{Now add your subroutinel
~*Verify program — 5 Key Subroutine
Run Mode
Subroutine limitations:
Subroutine for math function must carry: a Fl mark.
X value must always be brought to Peg 01 {11011}
Y value must always be brought to Rea 00 if polar
coordinates are beinag plotted '
Radius is broucht to Reg 01
Angle is brought to Reg 00 /
The following registers are not available for use in
calculations: o
00 0l 07 08 09 10 1l 12 13
{Tooy A{Tony A{T02} A{TO3x {tour {TOSLZ}
Lk 17 18 19 20 - 21
Subroutines and marks used in the function subroutine
may use only the codes listed below or as subroutine
using "1507" marks. {SP-Re yn?g»} {Register Key?}
xNOTE: It has been found to be very convenient to step

over the end program command after verifyino and
before keying the subroutine. his allows you 'to
very quickly locate the beginning of the subrou-
tine later if changes are desired.,




Key

Key

Key

Key

13.11

ALL up Reg OO0 -+ 15

T Reg 00 ~ 15

+ Reg 00 -+ 15

- Reg 00 ~» 1§

X " Reg 00 - 15
Display Reads
f{x} 01 Scaling Calculator +1.000000000
X min GO +2.000000000
X max GO +3.000000000
Y max 60 | +4.000000000

{Pen goes to plot start point.}
f{x} 02 Plotting Function +1.000000000
T min 60 {initial valuel +2.000000000
. hot necessarily
X max
T Max GO0 {final value?} ~+3.000000000
‘hot necessarily :
X max '
AT GO {incriment?}
{Function will be plotted.}
f{x} 03

Drawing axis with hash marks {Dark screenl

Key X Hash Mark Separation--G0{Dark screen}t
X axis will be drawn with hash marks.

Key Y Hash Mark Separétion*-GO{DaPk.screen}
Y axis will be drawn with hash marks

f{x} O4Y Numbering the Axis +1.000000000
First X--G0 ' | +2.000000000
Last X--G0 ~ =3.000000000
Frequency of X--G0O

{X axis will be numbered.}



NOTE: X axis numbers are set up

L3.12

to allow for four {4}

digits centered on hash marks- Therefore-

single digit numbers will

be offset to richt

of hash marks. You can correct this by ad-

justing the "0O7 reference
small amount prior to the
Use caution in doing this
tering the entire scgaling

First Y--G0O
Last Y--60

horizontally {X} a
numbering process.
because you are al--
area of the plotter.

+1.0008000cC0
+2.000000000
+3.008000000

Y axis will be numbered}

- PRECAUTION: These are restrictions on the labeling
' program which may cause problems. La-
beling can usually be accomplished with

more flexibility by

using the procedures

given in the Flat Bed Plotter instructions

section.

‘Remember . when scaling Log graphs. you may ngt use

"0's" or negative numbers on the logarithmic axis- Also

when scaling for polar coordinates. you need only specify

the maximum radius and key G0. Realize also that  when

choosing the LDS i{Polar} option. an axis need not be speci-

fied. You would only choose an axis if you desired one on

the drawing-

For other examples of options and combinations. you may

refer to the Utility Package book provided by Wana Labora-

tories-.
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DEBUGGING A PROGRAM

A.

5.

Definitions

Error Indications

1. Check with known values

2- Progfam erﬁor indicator
3. vMachine error indicatdr
Y. Verify‘codes

Finding errors

L. Step

2. Backstep

3. List program function

4. Mark search and search mark {S-M-2

S5O Tréce

Correcting a Program
1. (Changing
2. Deleting

3- Inserting




1y.%

DEBUGGING A PROGRAM

Definitions

THe most experienced programmer may spend weeks on a
progrém/only to find that.it does nbt work- In his nroarama
,there aré-cehtain‘erroﬁs that keep it from working- These
errors,.or "bugs." cah be in the form of an incorrectly
keyed,progfam or in the form of incorrect logic on the part
bof the prougrammer. To help the programmer "debug"” his pro-
grams - fhé Wang has seyeral features to make debugging
easier.

Error Indication

L. When first running the program. it 1is always a good
idea to enter values to which the answer 1s already known.
This will provide the quickest and easiest check of the pro-
gram. If the answer is what was expected: then no debugging
is necessary.
2. Sometimes. when running the program- the proaram error
ihdicator will light and the display will flash. This is ‘an
automatic feature of the Wanc which checks for certaln types
of errors in a program. These are the conditions which will
cause the program error indicatoh to activate:

1. - Calculated results exceedinag 1077 {overflow

conditionl’} '

c Dividing by zero

3. Finding the sguare root of a negative number-

4. Finding the natural log or common log of a non- -

positive number. .
5. Searchina for a non-existent mark-




4.2

b. Exceeding capacity of memory with tape.x

7. No "End Program™ command when -recording or
verifying. ( _

6. Sin- cogs or tan of an angle areater than 10
radians or 572°.

9. Sin " . Cos ¥ of a number whose absolute value
is greater than 1. :

3. The machine error ihdicatar {located next to the pro-
gram error indicator} will light if data is not transferred
‘pﬁoperly from or onto the tape. To correct this situétionw
prime as you wduld if the program er¢or indicators wefe to
light>and then Pepéat the loading or recording operation-
y. Ahother\way to check if an error were to be introduﬁed
.in the program is by using the verify program;key- The
verify pfogﬁam‘key adds the»first two digits of the program
codes beginning at step 0000 until it encounters END code-

The sum is shown on the display-

EXAMPLE :
STEP KEY LODE
0000 MARK 0900 < {83'
0001 1 opoy  ~ 489
ooz x° Dale < -i%%.
ooo3 STOP 0913 < )gg

{

- ¥NOTE: If an End Program command 1s located on the last
step in the program memory {step 0311 for Model LOO-2-
step 085 for Model LOO-L-+ and step 1847 for Model

- b00-14} the proaram will load properly. but the er-

ror indicator will go on- Even though the End Pro-
gram command is not missing. the Program Error indi-
cator will go on when this program is transferred to
tape. If this is the case. prime and ignore the
Program Error indicator. '




0004 END PROG- 901y EE‘—
| ., ES
THE VERIFY CODE FOR THIS PROCRAN IS b5.

This is valuable when Pe;inthoducing a program- -to the
méchine- If the correct verify code is known. then it is
easy to see if the program‘put in memory is éorrect by
seeing if/it has the correct code. It 1s very unlikely. that
two verify‘codes would be the same for different programs.

{After the execution of the Verify Program operationa,

the Program Counter is set at the End Program step-}

\

Now that we have discussed ways of'determining if an
error exists. the next section will deal with finding where
the errors are in the program.

Finding Errors

vSuppose the proaram entered does not work. The cause
of érror will bé'either a mistake created by intorrectly
entering the progaram or by incorrect logic when the progham
was writtem. A person experienced 1in programminé and with the
generél operating characteristics of the Wang will make few-
er logic erroﬁs such as intréduciné undefined values or im-
properly arranaging éteps or Sybhoutines- However . whatever
the error iswvit should be fairly obvious to a programmer at
this stagelafter a little study of the program-
L- Debuggihg reguires aﬁ understandina of the four digit
operation code in the machine. This code can be translated

by use of the pull-out cards under the lang or by the same
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table reprinted in the back of this manual. By recognizina
the codes-. theoperator can put the Wang -in learn mode and
Stephthfagh the operational codes to see thé program in
memory with the Step key- 'starting at a step set by the pro-
gram counter.

c- It is possible tovﬁack Step in a program by using the

upper case of the Verify Program key- This is accessed by
putting the Wang in Run-Learn mode- {Simultaneonly depress

both Run and Learn switches.} Then use the key as you would

use the step key-

3- It is also easier to seevmistakes if the entire program
is printed out on paper. To do this. put the Wang in List

Program mode, prime {or set the Progranm Countebvto the point
to be listed} and key 60. The program will be printed out
until the End Proghém cﬁmmand is reached. There will also
be on the tabe an éiphanumehic translation of tﬁe operation
code to make debugging easier-.

Suppose we want to watch values run through a proaram
to determine where errors aré- It tﬁis is the case. put the
Wang in run mode. enter values in the appropriate registers
and then use the step key and follbw the‘values through the

program. The programmer will have some idea of what to ex-

pect and will therefore find at what point the error is

made .
y. It is possible to only run one subroutine by using the
Mark-Search routine- This is done by keying search and then

e



| " the flag which‘corresponds t§ thelsubroutine to be run. The
- program will run from that point.

|
ng - It may be desirable to go to the point where the sub-
1 routine starts aﬁd then stop before executing. This is \
ol done.with the Search-Mark function found on the Prime key

Né {Wtang kOO oﬁly}- Place in the Run-Learn mode- key.the
=

Search-Mark key. and then the flag which corresponds with

the section of the program to be studied. The display will

show the first command after the Mark number. The step key

can be used 1n this mode to check the codes1 or the Wanag
can be returned to run mode and values can be stepped
through the subroutine.

5. .Suppose we wanted the Wang to step throuéh a program
autqmatically-in run mode. print out all the values as they
moved through the program after every step and indicate the
function beiﬁg processed. This is possible on the UWang E00
with the Trace function- Before running the proaram. key
Alpha {uls Logex {or Alpha- Logypgx} to turn‘the Trace on-

. Then run the program- To turn off the Trace function. key
Alpha. eX {or Alphan 10%X¥. It is possible to pléce thé
trace on -and of f functions into the program to’traée certain
sections as the program runs. This is done by inserting.

steps in a program. a procedure which will be covered in the

next section on correcting & program.

Correcting a Program

L. Many times when debugaing a program. a mistake will be
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found that only needs to be replaced or fwfitten over.-" Tu
do this. switch to Learn mode . Set_the’program counter to
the step to be changed and then key in the corréct command -
The program is now changed. {This method will write over
existing steps. It cannot be used to add extra steps-?
¢- Te correct a program it 1is snmetimeé necessary to de-
lete a step or steps- On the Wano 500, this was done by
réplacing the unnecessary steps with 60 commands~ On the
Model &00. it 1s possible to delete a step entirely and
therefore save program steps. This is done by going to
the step or steps to be deleted- placing the Wang in Run-
Learn mode and then keying Delete- The step deleted will
disappear and all of the remaining steps will move up to
take its piace-‘ EP {End Program} step; are automatically
inserted at the end of theiprogram as the steps move up.into
the new positions.
3. The most pouerf&l debugging feature on the Wana LODO
fonly} is its‘ability to - insert steps- Onvthe 590- it‘is
necessary to regrite the entire program from the point where
steps are addediy but on the LOO. the neu Stepsrare inserted
directly into the program beﬁween existing ones to make roogm
forvthe new commands .

Te insert a step-» set the program counter to the com-
mand wﬁich is to immediately follow the inserted step or
steps- Then put the Wang LOO 1in Run-Learn mode and key

Insert. This will insert a G0 command into the program. The -
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command thét was on tHe display uill have moved up one step
along with all the commands after it- To iﬁsert two steps,
key Insert twice.and all the commands afteﬁ it will move up
two steps. and so on. The steps that were inserted were
0803 60 commands- These are now writfen‘overlby,setting the
program counter td the desired step {or using the backstep
key} and keying the new étep or steps over the 60 commands.

Remember : Before you insert. the program Step that is
to follow must be on the display.

If you must insert steps in more than one place in d
program it will be easier tb locate the places if tﬁe last
set of ihserts is done first. Since doing an insertion

changes the step numbers of the steps following the 1nser-

.tions locating other places in the program would be more

difficult if the first set of inserts were done first.
Every programmer develops his own»preferenées and tech-
niques from the methods described in this chapter. Even 1if

a programmer never makes mistakes. some programs can be

’changed for the 'sake of improvement or adapted for other

programs and is easily done with the methods previously dis-

cussed here-
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SPECIAL ADDRESSING

Introduction

Both the Wang 500 and kOO can interpret the internal
Pégisters as elther programmed steps or as data storage
positions. Pbogramming has already been explained. . There
is a technique known as indirect addressing which allows:
the operator to use the internal storage as data handlinag
fregisteh- That is. you can add- subtract. multiply. divide.-
store and recall values in any of the Substoragé registers
rusing the upper sixteen registers'as "pointer™ registers-
The term "indirect”™ comes from the fact that you "get tb"
vthe register by an indirect path using the.uppef Pegisters
to point the way-

L. To understand the procedrue. you need to understand the
layout aof the Pegistefs in the machine. Look at the dia-
| gram on the followina page-

2 - To indirectly address any one of registers 1k through

118+ you store the number in one of the'upper begisters and

1)

then key- "indirectly." the functional operation switch and

the pointer register in which you stored-the address-

EXAMPLE: Suppose you wished to add 45 and 7?9 in reg-

ister 89. Use 00 as pointer.
Key 59
ST 00 {pointer register 00 now contains the
address "89"%} ‘
ys5 '
indirect :
ST 00 {45 is now in register 89}
79 , .
indirect

+008 {79 + 45} now in &9
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Once you have established a pointer PEéiStEPw arith¥
metic commands performed in the subétorage become simple two
step commands-.

3. The indirect pPocedure'may also be uséd to,séqueﬁtiéliy
store numbers in registers. |

" EXAMPLE: Store the numbers 20 through 30 in Registeré_

45 through §55. \Use-

Key 20
STL
45

04 as the pointer:

Mark 1
Re L
Indirect

ST 04 : ST 4
Search L 1
+L
I3
+0Y
ST Rt .
5b
-Rt
I
i Search
L
-- EP

The numbers 20+30 are now stored in Registers
45 + 55. : :

‘There are many ways in which the ability to address the
lower registers can be extremely useful. It is well worth

your time to explore this feature of the kOO.

Variable Length Jump

‘Mhen the program encounters the two step command "In-
direct goxx™ {where XX is the register in which the num5er
df_steps to be jumped is stored}s it will add the contents
of the XX register to the proaram counter causing the pro-

gram to skip that number of steps-
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EXAMPLE: Suppose you wanted the program to skip
from step 450 to 5kL5.

p 5k5
-450
— You need to skip 115 steps.
115 ' :

STORE 115 in one of the upper registers {e.g. Ok}.
At step 449. the program should read: :

STEP CODE ' COMMAND

Du49 1511 Indirect
7= Ous0 oook Ok
! :
| , :
- 05bLS XX XX XXXX

The calculator automatically takes the contents éf
Ob and adds it to the progran couﬁter causing a 115 step
jump -
You may jump up to 999 steps if your calculator has
that capacity-

NOTE: 1} Only the absolute integer portion of the contents
of the keyboard register designated are used.
Negative numbers are interpreted as positive-
Thus "jump™ can only be forward in the program
flow-

er If a<jump is attempted to a non-existent step
{e.g. --step 2000}. execution halts and the pro-
gram error light turns on. '
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MODEL hlL-INPUT/OUTPUT‘HRITER

Introduction

The bll Input/Output Uriter {I/0 Writer} is an auto-

matic typewriter. It will print out alphanumerics upon pro-

gram command from the bLOO calculator. The I/0 UWUriter may
also input alphanumeric programs into the Wang. And. of
course, it may be used as a regular typeuriter.

Modes of Operation

The I/0 UWriter itself has four modes of operation:
output- input. type and local modes- All are indicated on
the I/0 control panel. Ffor the four modes see the figure

helow.

611 IN LOCAL MODE
GO 611 IN /O {OUTPUT) MODE Go
END . END
ALPHA 170 Writer Keyboard ALPHA

. Unlocked
ALPHA . ALPHA,
/O Writer Keyboard
Locked .
vo @ Locat vo €O tocaL

L wh%ﬂ the toggle switch on the I/0 Writer control panél
is pyaéad into the local position. the Writer is in the

local mode. This enables you to use it as a reqular elec-
tﬁic‘typemﬁitew indepehdent of the caluclator- If the cal-

culator is executing a program and the switch is placed to
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Local- the calculation will be interrupted and the writer

keyhoard freed for local maniuplation. When switched back-

- the execution of the brogram wili continue ffom where it
left off.
2- When the toggle switch on the I/0 Writer is placed into
the "I/0" position. the output indicator light will iiluf
minate. This shows that the writer is ready to oprint upon
@rogrém command from the kO0. The writer keyboard is now |
locked up-

3. The input mode is used to input the alphanumeric pro-

gram codes into the calculator by use of the I/0 keyboard.
To change to the input mode. the codes {1514} and {0uld}
must be generatéed in the.calculator- For example. place

calculator into the run mode-

key group 2 {1514}
depress {x} and key Reg 12 {04YLZ}

- The I/0 control pénel should now have the input liaht
illuminated- The calculétor keyboard is now locked up. with
the exception of the debuqgging and'EﬁlﬂE keys -

Thechanging of the writer to input mode can‘also take
place in a proogram-.
H; The type ﬁode is-a way of lettino you type something
while the ca1cu1afor is still running a proaram. The codes
{1514} and {DHL3} are‘encantered1 the calculation will
stop thus allowing you to use the wriperrwithout generating
program codes into the bLOO.  UWhen you have finished typina,

key GO0 and the calculation will continue under program
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control.

Here is an example of how to place the writer into
type mode:

Depress run button on calculator-
Key Group 2 {1514} '
Depress {x} and key Reg 13 10413}

Programming from I/0 Uriter

After the writer has been switched to input mode- any
key that is touched on the 1/0 keyboard will produce a code
in the LOO- | |

Any program which is to be printed out on the writer
must be preceded by a write alpha.comhand and terminated

with-an end alpha command. The calculator will then orint

‘out anything within the alpha and end alpha commands. For

example. to print out "Wang Labs-." follow this procedure:

key PRIME
place I/0 writer to INPUT MODE
key WRITE ALPHA
key CR/LF {carriage left}
key INDEX ‘
key SPACE
key SPACE .
key UP SHIFT
key ™ {guotation marks?}
key W
key DOWN SHIFT
key A
key N
key G .
SPACE
UP SHIFT
L k
~ DOWN SHIFT
a
)
UP SHIFT
o3y
~ DOUN SHIFT
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key END ALPHA

THIS PROGRAM IN NOW IN THE LOO.
key 60 on I/0 {Returns command back to calculator}?
~depress LEARN mode button on the kOO
key END PROGRAM {EP} {Every proaram must have an
: EP command.}
- depress RUN mode button
THE &00 IS NOU READY_TO RUN YOUR PRQCRAM-

key 60 on calculator to run program-

Correcting Input Errors

As mentioned before. one of thé advantages of pro-
gramming tﬁe calculator via the I1/0 Writer is that the pEo—
grammer canvwatch for input errors as he types and easily
correct them. If a major error is found. the easiest way
to cohfect it is to reset the proaoram counter on the calcu-
lator {reset P.C:}. and use the I/0 Writer to Pefenteb the
eﬁtire string of alphanumerics;

| Suppose. howevera a bnogrammer was usino the I/0 Writer
to enter some alphanumeric characters into the calculator

and found himself in the following situation:

0o4l — — — —

Regression Coefdicients

. NKJ/O Writer Carriace
& positions in this position

is+ while proagramming Some‘coluhnvheadingsw he
 ly;typéd the letter "d" instead of an "f" in the
cients.” He could retype the entire line or he

L oa %ihgle letter. If hé chooses to retype

here are two possible ways of nproceeding:
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‘PROCEDURE I FOR CORRECTING ERRORS

Step a- Key END ALPHA on the I/0 Writer {if this was
" not already donel}

Step b. Put the calculator in the RUN/LEARN mode {that

is- depress both the RUN and LEARN mode
‘ : switches simultaneouslyl} -

Step ¢. Key B-S. {BACKSTEP} & times {remember--only
programmable keys on the calculator are locked
at this time--therefore. the BACKSTEP key will
work?’.

The situation now looks like this:

Programming Position Program Code
According to Calculator -for 1etp§P md"

_ Number Regression Coefdlglents l 0033 02 13 |
& positions T

Actual pbsition of
the I/0 UWriter
Carriage is still here
That isa althodgh‘the I/0 Writer is positioned at the
spéce following the letter "s." the pﬁogram counter {and
therefore the program step} of the calculator is positioned
at the letter "d."
Step d- Now depress the "f" key on the I/0 Uriter's
keyboard. thereby replacing the "d" with an
l’lf"‘ )

The situation would now look like this:

Qﬂ‘?é@&ri
:‘ _ Calculatdr Display
iHQﬁ&Qﬁ Regression Coefd1c1entsf lDDBH DL 04|
. I/0 Writer “““’i/‘ o ,/f |
positioned here Program Code

for letter "i"

Iﬁ the C@lrulator Memory :

Numbeﬁ . hagr9551on Coefgiiiints

Programming position a
to the calculator




Step e. Put the Calculator,back in the RUN mode {i-e-
depress the RUN mode switch?}.

Step f. Since the error has now been corrected- de-
press the 60 key on the I/0 UWUriter. This
returns programming control to the calculator.

To be sure that all errors have been corrected and that
the alphanumeric programming has the proper format-
make a test run of the printout- :

NOTE: UWhen attempting to correct alphanumeric proaramminag
errors. remember to count all shift up. shift downn-
and tabbing operations as program steps:

PROCEDURE II FOR ERROR CORRECTION

Step a- Key END ALPHA {if this has not already been.
done-}

Step b- Key GO on the I/0 Writer. . This will transfer
programmina control back to the calculator.

Step c¢.' In RUN mode- SET P.C. to the beginning of the
alphanumeric programming. and STEP through the
alphanumeric printout. The diagram below shows
the situation after the STEP key has been

- keyed b times {i-e. after Program Step 0045
has been executed.-?}

Num)\" v
Position of the I/0 Uriter

Key STEP until the mistake 1is printed- The
situation will now look like this:

Number Rearession Coefdp

<

Position of the I/0 Writer

; $tep d. If the calculator is now -put in the RUN/LEARN
mode - the display will show the program code
of the next letter to be printeq=

| Do3e gugy !

d

w”

The codebfor letter "i

If you key B.S. { BACKSTEP }. the display will
then show the code for the letter "d". the
error: ~
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TEPEETE I

The code for letteh ngn

ThEPefoFea you know that the mistake is lo-
cated in step no. N031.

Step e. Put the calculator back lﬂtO RUN mode -

- Step F-k'Nou transfer programming ccntrol to the I/O
: Uriter: On the calculator. key GROUP 2.+_and
with the {X} Selector Switch downa“?ey 12

Since programming control is now centered in
the I/0 Uriter- the calculator display will
show: _

Q031 0eL3

although the calculator's RUN mode switch 15
st111 depressed..

Step g-‘ Depress the "f" key on the I/0 UWriter keyboarda
thereby replacing the "d" with an "f." The
correction has now been made. Therefore. de-
press the G0 key on the I/0 Uriter to return
control to the calculator.

The error correction procedure is now complete.

Depress Learn mode button on the kOO.

The LOD is now ready to run your program.

Key 60 on calculator to RUN program.

In addition to programming alphanumeric characters into
the calculator using the I/0 Uriter. these characters can be
entered into program memory via the calculator keyboard. To

do this. the broqrammer uses the Special Yélector switches

and the data reglster keys at the top of the calculator key-

board

The Selector switches are used to generate the "high

order” part‘of'a program code. while the data register keys
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are used to generate the low order code:
High Order 01 08 Low Order
\___./\_/
Program Code
Below is a listing of the b1l I/0 Writer Format com-

mands .

611 1/0 WRITER FORMAT COMMANDS

FUNCT!ON CODE SELECTOR SWITCH SETTING FUNCTION KEY SETTING.

(Generates High-Order Code) (Generates Low-Order Code)
Space ' 0002 All Switches Up
Backspace 0003 All Switches Up
Index (LF) 0110 “T" Switch Down '
Shift Up 0103 “T" Switch Down .
Shift Down 0102 T Switch Down
GCR/LF . 0108 “T* Switch Down
Tab 0008 All Switches Up
Clear Tab 0011 All Switches Up
.

Set Tab 0010 All Switches Up

The following page contains the manual entry codes for

printing-




CHARACTER
Ala )
B/b

Clc

D/d
Ele

F/f

G/g

H/h

I/

I
K/k

L/

1w

O/o
P/p
Q/q
R/r
S/s
T/t
U/u
V/v
W/w
X/x

]
]
]

CODE

© 0112

0200
0212
0213
0205
0014
0015
0201
0104
0007
0204
0209
0115
0206

0109

0005
0004
0113
0101

0207

0214
0114
0100
0215
0001
0307
0315
0306
0314
0309
0305.

0304

0313

MANUAL ENTRY CODES FOR PRINTING
SELECTOR SWITCH SETTING

“T" Switch Down
"+ Switch Down
‘*+" Switch Down
“+' Switch Down

"4 Sywitch Down

All Switches Up.
All Switches Up
"+ Switch Down
“T" Switch Down
All Switches Up
4+ Switch Down
“+' Switch Down
“T* Switch Down
"+ Switch Down
“T" Switch Down
All Switches Up
All Switches Up
“T* Switch Down
T Switch Down
“+* Switch Down
“+" Switch Down
“T" Switch Down
T’ Switch Down
"+’ Switch Down
All Switches Up
- Switch Down
“.** Switch Down
“."* Switch Down
“."" Switch Down
' Switch Down
. Switch Down

“_* Switch Down )

- Switch Down
“.1 Switch Down
“-"* Switch Down
. Switch Down
All Switches Up

-~ Al Switches Up

“T" Switch Down
All Switches Up

T Switch Down
_ All Switches Up
“T" Switch Down
All Switches Up

éd;b\/?n ALPHA command and end with an END ALPHA

‘FUNCTION KEY SETTING

1

N

oo{—-o—‘oo o ~ll=llojio —|loli=|lolioll= ~il=llolloli=ilo]|lo oli-lollojlollolioll=l{=|{ol=l—
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NOTE: Each of the commands on the previous two pages
must be preceded by an ALPHA command {0902},
and end with an END ALPHA command {02023.

Printing Display Answers

Numerical answers can also be printed out on the I/0

driter. The Writer will only print out the number that 1is

in the display of the calculator.

To print this number out

on the I/0+ a two step command is needed.

The first step is

- the I/0 command. Key the I/0 button thus producing the

11502} code. The second command is the formatihgvcommand

which serves as a means of telling the I/0 how it is to

“print the number out.

You have a choice of how many dioits before and after

the decimal point are to be printed out-

This command must immediately follow the I/0 command.

Here is a table of your formating choices:

The selector switches generate the #
~ of positions to the left of the decimal
point.

- Selector Switch Print Positions
Allup 0.
“T* Switch down 1
“+' Switch down 2
- Switch down 3
"X Switch down 4
=" Switch down 5
“St” Switch down - 6
“Re’" Switch down 7
‘Sp”’ Switch . down 8
“Sp' and “T" down 9

decimal
point
[ ]

The function keys generate the # of -
‘positions to the right of the decimal

point.

Function Key

00
01
02
03
04
05
06
07
08
09

Print Positions

Suppresses decimal pt.

OO NS WN -

As you can see, there can be a maximum of nine digits

to the left and to the right of the decimal point.
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. Exarhple 1
| i | | | Key the number 987654321, followed by
Calculator Keystrokes | Code Generated
1. 1O 1502
9. With the (Sp) and (T) Selector Switches down,
key. : 0909
The 1/0 Writer will print out ,
initial 1/O i |987654321.OOOOOOOOOKﬁnaI
Writer positionﬁ '\__,____\\ position
1 space left for sign (here “4'* is assumed)

Example 2
Now key .123456789. followed by

Calculator Keystrokes Code Generated

1. 1/0 1502
9. With the (Sp) and (T) Selector Switches down,
key [09] | - 0909

‘The 1/O Writer will print out _
| 123456789, final

initial 1/0 /\I | A -
position

Writer position \l/

10 spaces = 1 for sign + 9 leading spéces

O Writer will not print'out leading zero

~ As you can see, the |/
-ated number of spaces.

s. Instead, it will space over the
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= To have a printout in scientific notation. all that has
]  to be done is to under format the left of the decimal-
EXAMPLE — [ =123-5956L0000 )
If the calculator display looked like this and you at-
b tempted to print out the number with less than three digits
to the left of the decimal point. let's say as follows: .
B e Calculator Keystrokes Code Generated
T o 1. Key I/0 ‘ {1502}
2- UWith the {T} switch
- down., key _OY 101043}
i :  The I/0 Writer will print out the .following:
i -1.2345L0000e 02
In this case- it did not matter how many digits vyou

instructed the I/0 Writer to type after the decimal point.
The number would always be printed in scientific notation-
since you instructed the Model bll to type out only one
digit in front of the decimal point. when the number actu-
ally had three digits in front of the decimal point. This
is a case of under-formattinag. ' '

I/0 Spacing Commands

These codes will allow you to have the carriage skip up'

i

“to fifteen spates without using fifteen steps.

1/0 1502 Generated by keying with the
one space 1201 —  (Sp) and (X) switches down .
1/0 o 1602 Generated by keying ‘ with the
two spaces 1202 (Sp) and (X) switches down
1/0 . 1602 Generated by keying with the
three spaces 1203 - {Sp) and (X) switches down
1/0 . 1502 Generated by keying with the
| fifteen spaces 1215 - {Sp) and (X) switches down
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- RECORDKEEPING

Purpose of Recordkeeping

Keeping a complete and thorough record of your hrograms
as they are develdped is easily as important as developing
the program itself. Even the best program in the world is
useless if you cannotﬂremember how to use it or what the
results show. It is therefore extremeiy important for you
to develop proper.recdrdkeeping habits Pight along with your
programming skills. UWhat follows is a short discussion con-
‘cerning what should be included in your dchmentation of a
program as it develops. |

~What to Include in a Specific Program:

L. When setting out to write a»phoghamn‘wﬁite briefly what
you want the program fo accomplish and the order in which |
you wish thaf calculation to be done.- Also determine the
méthod of storége: tape- cards., or simply written record-.
The decisions made at this point determine the 1ayoutvand
progressidn of the program and form the basis for later for-
mal description of the program- |
c- Ne%tw lay out a rough flow diagram of the program.

This diagram need not include a greét amount of detail but
should block out the ﬁaiﬁ routine. subroutines and decision
points. vLater1 after the actual program has been finished-
‘the flow chart should be refined to include all the details

of the program as loops. marks. data entry points. decision

conditions. etc-




17.2

The following flow diagram symbols my be useful.
PN, o .
> start or stop
————  main flow

________ subroutine flow

progham block {function block}

decision point

index

data entry point

search and reform point

3. Once you have made the decisions above. you arezpeadj
to begin the gctual proceés ofvwriting the program- Fifstu
éssigh any registers that will be required and give marks to
the program blocks and subroutineslas necggsary- Proceed to -
formulate thé prober step’to aécomplish the'program- After
the writingn.run‘the program and proceed. to remove any ef—
rors and make any changes necessary until the program is
satisfactory- |

4. After you have the program developed to vour satisfac-
tion. run it at least once completely throuah. making a for-
mal record of the results and a printout of the,answers‘if
any - Write out in detail the operational procedures needed
to run the program. a descriptién of the program and its
functionw a detailed flow diagram. a code listing of the
program and any other jnformétion necessary to unﬁerstanding
the program. ‘This material should be well-organized and |

contain all detail necessary for efficient usage -
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5. Organize all of this into a package to be filed for
future Peference; The following is an example of what the
results mught loock like for a simple program;

PROGRAM EXAMPLE

Program Description .

This program will make the conversion from
polar phaser form to rectancular form. The opera-
tor need enter only the magnitude and the angle
and the proaram will print back the horizontal {X}
and the vertical {Y} portions of the phaser.

Enter Mag ;0

Printout Horiz {X} ; Y
Vert {Y7}
e
o conv ) .. - % .
Z 40 - Z' cos 0 + j.sin 0 {functional equationkt’

Operational Procedure:

Select card #25 from card file. Put the machine
in learn mode and run card through the card reader-
Verify that the program is loaded-

Verification f427.

Key search 3. lhen the display reads +1. enter. mag-
nitudes key G603 +2 enter angle. key GO. :
Program will print out results.

Flow diagram
I Mark l

3 .

¥ v

.
GreeD

<i> Enter Z

Store
Reg

0L

Stop

lg

Enter . 14




Store
Reg
e

Z cos @
+ j Z sin 0

Prime
Results

Stop
EP

Storage Informatlon

Program stored on card #25 {card flle}
Number or steps: 28
Verification #u27
Print out X—Horiz vaule & digits
Y—Vert value L digits
Finally. fill out a program description form and
file it with the program-

Program Files

1. Card’files are one of the tuwo ﬁethods that can be used

to store programs for Qse by the Wang calculator. The pro-

cedure for entering data on the cards has already been shbwn
and will not be dis cussed here-

a- When filing cards- you should have a master list which

tells basically what each card fontains'and how to identify

it- You will‘notice that each card has on its edge a place

to write a title. a card number, ahd how maﬁy cards are in-

cluded in the group-

b It is suggested‘that‘éllvthe identification information
on the front side be duplicated on the back as well. The

reverse sic of the card also lends itself well to including
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an abbreviated set of operational instructions. verification

number and register. assignments.

¢ It has»alsd beén‘found to- be extremely uséful to have

a looseleaf notebook cbntaining a’set of program description
forms and the operation insthuétions- A sample of these
forms may be found at the end of this section.. These have
proved to be quite helpful. You may wish to make up your
own form or to use thernes provided; e would sugoests
however . tﬁat whatever form you use. you should have some:

kind of master list that can be s=zarched out quickly-

c. Cassette tape is the other method of program storage
provided for ‘the Wana calculator. It has the advantage of
being ablé to store many programs in arsmall physical space.
The program Petrieval'systemw however. is somewhat more com-
plex and reqguires thé use of a bootstrapbing system as a
self-designed retrieval method-

a-. You should again kéep some form of master file of ref-
erence métenial includiné suéh items as have been hrevi;usly

mentioned:

Program description. verification of
numbers. operational procedures-. etc-.

In addition ‘to these. you wili find it useful to have a
block diagram of the tape showing the positidn of the pro-
gram on the tape.

b. Because tape\rethieval systems are somewhat more. complex

than card systems. you should include loading instructions
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with each program that is 10adedvon tape-v
Summary | |

As you have probablylalready noticedw the keeping of
program records iﬁcludes a fair amount of duplication of
instructions-b bhile this may seem to be wasted>paper1 vau
will find that. especially with tape retieval- the availa-
biliﬁyvof loading and operating ihstructions without the
necessity of éctually pulling the file on a particular pro-
gram’ is very handy.

It is worthwhile repeating that complete records are
extremely important and withbut them your programs.ténd to
become useless pieces of paper 1ayiﬁg on your desk which

seldon. if evera get used-
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