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1. :Nmnm

This docunent descrubes t,hv LOGO system mplmntod for the PIJ’ 11745 at’
the 1. 1. T. Artufuclal lntolligonco Laboratory. ‘The wntw" inciudn not
onlu tha LDGO evaluator, but llso a dodu:lt.d time-sharing system utm:h0
eervuces about a dozen users, There an allo various apocll' dcv‘icn such
as ropot turt!es. tone generators. and CRT displays. - ]
‘ We feel obliged to b.gin uith"-on disclaimers. This muél is
mtended onlg as a Ianguage dcscrlptuon and not as a prhnr No hope it
mll be useful as a rofercnco for uurn of our lulton and as_a source of
comparison for users of other LOGO sgstns. Sncmtd!u..m believe that the
syntactic details of a i:o_uphtor language are of imignifié’mt”iibar’t'a'nc;_? )
‘compared to considerations of ho\u‘thd | anguage ai used. Anuono who reads
this paper to find out "uhth LOGO is like" shoutd not ‘neglect the papers of
Papert and Solomon. Finally, the LOGO language is part of an ongoing
' research project. It is to be fully expscted that the Imgul;;o
specufncatuons Wwill change uith our oxporuncn. . .

Nhu le thare have bun numerous contributors to the dovolopnnt of
the LOGO Ianguage. those specufucallu concurmd uith the PDP 11 {'5_:;-
implement‘ation are: | | » . 5

. ¥ : oo

Ron Lebel, time-sharing system; Wade Williams, LOGO svaluator; Joe
Cohep.tit%me-sharing input/output; Nat Goodn? and Ral Abolnon. display and ’
music box; Ron Lebel and Roger Hale, filing system. As, plrt of the P[Pll
_prograwming project uc have deVeloped a POP 1] dobuggmg proqru which is.

similar but nore bomrful than DEC’s 00T program. Thn Has done by Radia

Periman. Our dusplw control ler uas degigned and bullt bu Tom Knight.

. . .
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There is also an essentially coqpat'\bln LOGO evaluator which hag been »

‘e

implemented in M.1.7.'s vorni.on of) LISP by ‘Ira Goldstein and Henry
Lieberman. HWe must also cite the contributions of Richard Greenblatt on

matters of system design and, of course, Seymour Papert ahd Cynthia Solomon
. on language specification. . | S ' ’

. . L . Ha! Abelison

‘ A - A Nat Goodwan .

< - 7 Les Rudolen :

\\ °
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2. BASICS S
Thl! uctlon mtrodum some basic um voclbullru. Luco ., |
statewents are” typed in at thu comolo. You type a line of instructions
and the computer sxecutes it (or ts,pnan error message). The conputor .
indicates that it is ready for an. instruction by tmllng a question mk.
Your line of instructions will not be executed untH you .nd the line by
twing a carruago return, ‘ _
' The basic "built-In* words that the computer understands are caﬁod
-LOGO primitives. “These are dncrtb-d in thl- manual, The lmt important
primitive is 10, uhuch allous you to teach the computer new words. These -
private words that you: tnch the computer are called g:o_godwn .
Primitives and procedures often take one or more inputs, For
example, PRINT is aprimitive uhich takes ono input and prints lt on the

.

console, B

PRINT is an example of a comsand, A cowmand is an inporative. It
telis the computer to do something, , .

Other primitives may output. Thou provid, ] ;rlluo which can be - )
used as an input for another LOGO word, SN, for example, takes two

numeric inputs and output- their sum: Procedures which output are called

M_ ) v . ’
, . . : s
All complete LOGD statements are imperatives, so that an operation

cannot stand by itself.. If you type:
' REURURS .
LOGO will respond uith the error message:
YOU DON'T SAY HHAT TO DO MITH 43.
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* in contrast: - « P . >

PRINT SUM 17 26 _
. is a cdnglete statement., The computer sill print &3. “.‘. ' R |

If you make a typing mistake you Can press the “delete” or "rubout”
key. This causes LOGO to ignore the p'r-{\iouq character. 1t indicates this
by retyping the ignored character with slashes sround it. Pressing rubout ‘
again Will cause LOGO to ignore the charactel before that, and so on, '\
Another featurs |s the "panic button” ctl-G (control G). Typing ;:tl—G
in the middle of a comand |ine causes the entire line to be ignornd. ..
aTupmg ctl-G uhnlo LOGO is exscuting & conund causes it to utop and
returns control to tho t-lotwc. Thh is especially useful if uou Hrite
Lprocedures which do no} stop bu thunlvu- ‘
Note: The "cti®:key is like
a shift key. In order to
‘tup. cti-G, hold down the
‘ "cti” key and type G. In
o this manual we sowetimes
o N uss ~ to indicate "control."”
‘l'hun G stands for control G.
Some primitives have abbrevistions. 1f you type the sbbreviation s

part of a procedure “Line, LOGO will expand i to the full form.

A




‘3. DEFINING AND EDITING LOGO PROCEDURES e
3.1 T0 and EDIT (aobreviated ED'  ° L .
. Both comandl put you in{a -dlting mode. Tholr Input. e
rntnctod as follouss ‘
)] Nbllﬁ) pr{i.uitivu |
H) For EDIT--one input, the name o‘j a procedure
. vhich Is already defined
yor TO--varisble number of inputes il but
tln first are dlmalrublu uhich stond
7 for sventuale inpute.4o tln—nQ procodu-o; ’
.,‘thcﬂntllﬁutmbcmm ch is . ~

not, already the rewe of & procedurs. - | -

' ‘ For wore on Inputo. m“Soctlon 3’ below,

. : LIS -

3.2 END
Takes you out of editing wode.

. 3 3 RESTRICTIONS IN EDlTlm HMODE

| " Hnile y6u are detining/editing 8 procedure you can still do wost
of the things you usually can do in the LOGO worid: uee a display, @

5 turtle, a music box, or othor chvico; w&:lum procodtﬂi--»cm thc one uou

are in the midst of doflmnglnditing. Hovever, you conno dofinolodit any

_other procedure? That id, TO and EDIT are invalid commands once you are in
'oditing mode. |




Fo

3.4 THE EDlT BLFFER ,

Lines you type pasy into the procodun definition via an edit
bufm. A line igput into the edit buffer If the first word on the line -
isa Ima number (a whole number greater that 8 and less than 32768), If a
line number: is not present, what you type in uill be regarded as standard
LOGO input. mth the above restrictions. Every character and splcc 'uou
tupe after a lmo nunbor is put into the buffor until you type a carrilgc
return, (A uchmc-oxocutod carrllgo return--which happens automatically
i$ you type too many chiracters on one 1ine fo‘r- the.console, or whatever,
to acconnodatas- doesn’t have this effect). The cpuccuﬁlng carriage return
W11 then empty that buffer into the procedure defini tion.

Harni ing: - The buffer can only accbmbdltc|190 ch.lracton and spaces, 8
little over three lines on the teletype; putting in more than thlt
Hill jam things up and leave you no recourse but “G.

Thres other uays to get things into tho edit buffer are EDIT LINE,

EDIT TITLE and ~Y. EDIT LINE (abbrcvlmd EDL), a single comond dup:tc

the space, takes one input, a line nusber, and If that Ilno exists it is

put in the buffer, EDIT TITLE (abbreviated EDT) takes no inputs, and puts

the title of the procedure you are duflnlng into the buffer. ."V puts the '

previous line uou typed Into the buffer (handy if you forgot to tyupe aline

nqnb!r._l for example).- _ , ) -

V lvlhm you have something in the edit buffer, you can manipulate it

Hith these specval control charactonz 7
~ prints out and stores the next chlnctor in the !::uffw E .
N prints out and stores the mnt word

5 _s_kup---i.-.. deletes the next word

8




R prmts out and _stores the rnt; and at lny,.tln {not just. ily ) ..
.odntmg mode) you can use, besides tho rubout or dulnto key which d-lctn
the previous character,
U which deletes the previous word, ' | \\ . -
3.5 ERASING - | " S )
When you are not in editing nodo ERASE (abbroviatcd ER) takes one
input, a procadure name, and removes thlt procodurn from yous uorkspaco.
l-lhcnuouare in odutmqnodc. it dou the same, but you are not allouod to. ' "
ERASE the procedure you aro doflningloditltig. In editing mode only, you "
can use the command ERASE LINE Iabbrqvlmd ERL). {ts input is @ llnc_

number, and it erases that gm. ' . J

. 3.6 PRINTING OUT ’

Hhen uoﬁ are not in editing mode, PRINTOUT (sbbreviated PO) takes as
input any procedure name, and printe out the definition of that procedurs,
By default, if it is giv.on‘no input it ptjints out the dcflni.tlon of the
last procedure you defined or edited, Hhen you are in editing mode, It
uorks the same; its default input is the procedure you are
defining/editing. ‘

In editing mode only, the commands PRINT(IJT LIPE (abbreviated POL) and
PRINTOUT TITLE (abbreviated POT) can be used; the first takes bne input, a

line number, and printn out that Iim; the second takn no inputs, and
. prints out the title of the procedure bolng odited. Nolthor command putse

anything in the udlt buffor. - o




3.7 DUMMY VARIABLES FOR IPPUTS ,

-After its fu‘nt lnput. T0 con take furthor inputs of the form t<uord>.c
Each oq these stands for an input which tho defined procodwc ulll havc to
be gwan. See oxnpln throughout the manual. ) '

4
3.8 PROCEDLHES l.HICH EDIT PROCEDURES
It is possiblo to use any of the commards ducunud abovc within a

. LOGD procedure. They work the same, uith @ single exception: if the user,

uorking at top level, types END to finish dqflnifﬁb.lprocodtrc. LOGO
replies FOO DEFINED (here FOO is the title). This Is not printed out when.

"the editing procedures are ullnd bu other procedures; & great convenience. o\'J

Note, however, that the rntrlctlom of Soctlon 3.3 aluays ‘spply--you

®

cannot be defining’more than one procedure at & time. (See Section 18,2

for more details). : . ‘ ' \

a
”

3.9 comsms P .
Toxt enclosed betueen uxclmtlon pomtn or betueen ln cxclmtlon

point and the end of the line is ignored and can be used for cowmente.’

LY
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& WORDS AND LISTS OF WOROS - .
61 WORDS - | |
ln LOGO strings of chlnctorl are called yords. A word nu be
Indlcltod by profnxmg it with a quote, as in:

PPRINT “HHOOPIE
HHOOPIE ¢

The uord consists of all the characters betuesn the quots and the

L]

> folloning space. (A carriage return also terminates words.) Therefore & | '
vord may not contain a space as one of its chat:acturs. , | | o
The PRINT command (sbbreviated PR) can be used to print uordt a8
indicated above. PRINT takes one input and prints it followed by a

carriage return, A very similer con_md is TYPE, which acts just like

PRINT except that it don not include the carrisge return. A word may
include any prmtmq character except space, carriage roturn lnd left and
right square brackets [ and 1. Jn perticular, & word l?w contatn quotation
marks: )

| PPRINT *A"

AN 3 .

7PRINT ** 7
L]

>

A uord may.also contain no characters, Such a word: is calied "the

. empty Tord" and is indicated by a quote followed by no characters:

PPRINT *

A percent sign in-a uord is prlntoa s 2 space. Thlc is useful in draming '~ &

pltterm on the tolotwc. as . - .




&'

. o TOBOX . - | )
" 18 PRINT "XXXXK C : L |
28 PRINT "X%%% . , o S
38 PRINT "XX%%X | e =
. 4B PRINT *X¥¥xX
5 PRINT "0 __ o
280X '
XXKKX
X X, | L
X X S :
X X |
XKKKX 4 4 , | :

6.2 LISTS OF WOROS : | .

. Grdared col lections of uords are called |ists, (L(BO also allous

'noro gonoral lists as ducribod in Choptor 15.) A list may be indicated by ,
giving the words in the list, upr!tcd by wpaces and mloud in uquarl
bracko_ts.

2PRINT C1 At A LIST) . o
1 A A LIST | - .

Notice that tho,uordu in the list sre not quoted and that the

—

'-urrounding brackets are not printed. The spaces batueen the uords urvc

onlu to separato the words and, strictly opuklng, ae not plt‘t of the

&9

| list. Extra lpacn e ignorodbgLfBOz L S

2PRINT_[EXTRA SPACES)
EXTRA SPACES » : .

A carriage return within a list ie equivalent to 8 shace; ' _ ”
© mmNTmoRE TN o o7
. 0N | : oo : - | ,
. LN | e |
© MORE THAN ONE LINE - » .
Going along uith the ewpty word we have the empty 11st which con-

“tains no words: ‘ : s L N oa




‘ Note that tha enptywd i:auordmdthouptylht lcalhtlndthcg : ‘5 _,f,",
‘ are nqt the sane.*(Sea alsoSochonb.S.L C R '
. ' K SR ‘o .‘v.x" (
Y S -

v 43 mma.urmc uonusxtt LISIS

. '&.«\ B ” ‘ ' . k
o | ) There are a. nunber\o( operationu for mipulating uordu and liotnz e
. 4 . :
T IS

e \ Takea one input. lf the inpyt“u a uord |t output- thc nunber of
P lettgrs in the ward, 1 the input 188 1ist It outpute” the. nu-w- of. uordo |

S » .
j - ln the llst. S oo ‘

FIRST (abbrevuted - "7 R

) Soh e

- PN ta . .. R
Lo Takes one mput. I+ thc mput ise uord it outputs thc first
:/ »”
. letter of the uord. (f thc input te ] lht it outputo thc flnt word of '
. oo o N , , R
_t“"u”“- Ao T e e |
: | LAST (L) o o c. . .'f' _. .\v . " ;
Lo Sumlar to Fmsr. Outputo the mt l.tt-r (mp. uord) oia word N
(re-p. list) _‘- - o o ' AU
'-', . ' 1 ) “ ‘ . - A . . .
BUTFIRST (BF) o o "  . C \
(Jutpute all but the firat letter of l Hord; Ill but thc ﬂr&t word
| of a hst. S B
’ . L ‘ : B " " ' " . \\ ) .

& ‘ Suular to BUTFIHST. : FIRST, I.AST, WTFIRS? !nd WTLAST ‘way ndt be

applied to the empty word- o the oty list. K .\\- f
“a " ﬁ - Theae operatiom take uordu lnd liste lpart. For puttlng thoa R
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/3 :
together ue have: -
| . ..: ” " - Y o - .
Takes tao inputs, both of uhlch lmt bo words and put: tm

e togethcr ‘to nake a longer words RS S o .
‘ ‘} v ‘ R - h; . . ’ ‘
PRAINT HORD "Nll PERE ' S
NOWHERE .
- SENTENCE (abbreviated SE) .. S e

,‘K

Takes two ipputs. If both aro Iloh it putl them together to nko

LY

" a longer hst. lf one is a word and one h a Iht it adds the uord to the

list, It both are uorde it naku a list out of thcn: R S ' <

SENTENCE [THIS IS] [A LISTI outputs LIS IS ALISTIY .
'SENTENCE HANGO "CHUTNEY outputs TMANGO CHUTNEY) T
SENTENCE (TH ISI "VECCH outpute TWATH IS YECDH  ~ ‘ L
Example e T R L :
| TO REPLACE fLET il sL2 ) o '
18 IF- :LET - tLl UJTPUT sLZ ELSE uuwur :I.ET '
10 usp W - o _ .-
10 TF sH =.® OUTRUT * ,
20 UTPUT WORD REPLAGE FIRST "5 TH usp BUTFIRST oM o
CEMD - | | '
1O MALTILISP 16
o 18 1F 15 = £ 1 OUTPUT [}
" 20 QUTRUT SENTENCE LISP FIRST 18 MLTILISP aumnsr 'S

s .
.

END S
" %PRINT MULTILISP [THIS IS A RECURSIVE PocEssl . :
THITH ITH A RECIRTHIVE PROCETHTH o . -

¢
4.4 REQUEST D wvem; I'u.TlPLE lmns :
7
The LOGO operation RECI.EST vaits for the user to tun ina list and

' r

then Qutput.t that' list.

* - . . ) .
[ . ) . o )




TO AGREE ,
18 PRINT [TYPE SOMETHING YOU LIKE) o
12530 PRINT (SENTENCE (I le REOUEST tmon T
PAGREE T
TYPE SOMETHING YOU les
>PICKLE JELLO WITH PEANUT BUTTER
* 1 LIKE PICKLE JELLO WITH PEMUT BUTTER Too

ln the above example the prompt charlctor > indicatn that LOGO io
waiting 'for a REQUEST to be typed in. Thc fist typed ints a REQUEST is not_
" enclosed in brackets, and Is terminated by a crrlm-roturn.

The above exanple also -ulluntratn that the SENTENCE opcration can
be made to take more than two inputa bu oncloung tho uord SENTENCE  and all
the mputs in parentheul. "SENTENCE' thcn conblnu all tho inputl lnto onc
List. WORD, PRINT and TYPE can aho tako mltipln inputs. in this uay

Note: Do not confuse plranthnn and ‘-im ‘."‘f‘

square brackets. Parantheses indicate
grouping of inputs. Square brackets
are more {ike quotation marks. 'They

' mdlcate that something is to be teken ~ .
Iuterallu s list, . : - .

2 . < L5

REQUEST aluaya outputs a. lht. even |f it is a list contaimng on-
(or no) words. The operation TYPElN is Iikt REQUEST oxupt that it outputl
-a word. TYPElN is oqulvalent to FlRST of REQUEST. .

4.5. FPNNT

Under the LOGO pr'lntind convantions the ¢ ty word snd the empty -

. list both print as a hlapk~line'. Likewise a word and a one-word |ist print

the same: )

-

C WRINT WMBLE | y -
PRINT MNBLEI .. | o




“Hhile this h cqmnimt for urmng convorutioml programs it. can

aluo bo m‘sluding. upccialm when tracklngdmm bugo -which may come froﬂ
. confusmg words and Iutu. To heip here, LOGO provldn the connnd FPRINT
" ("Full PRINT*) which is just ike PRINT except that It prints the bracklto

. L surroundmg Iists, o R T
" : o - » '. (] O
T T Wl :
»
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; T . . .
C L S, MXBERS MO MITHETIC
s INTEGERS |
The Jargest intm that s accoptod bu L(BO arithmetic is
' 2;1@7 483, 647, The nnallnt rumber is -2, 167 ,483,647.  (Note, houwor.

: that nunbera are urlttcn m LOGO uithout cqmu )

5.2 INFIX FORMS - kR

| Each of the.basic arithmetic oporatlom hu n Infix foru (infin
because the sysbol goes bctunn the opoundnh \ s

' + for addition 142

for subtraction, 1-2

T x for mltlpl 'cation. 1x2
/ for the gmtu t of intm dlvmon. 3/6 outputn 0
\ for thg remainder of lntogor division.‘ 3\4 outputs 3

for unary minus. (This is not t-chnicallg an infix oporator. but :
its use is effictively the sane as oubtractlng the operand from zoro.) .
- 5.3 PRECEDENCE — _ : '
| X /e \ have & higher precedence than + and -3 that means that
%,/, and \ are ovaluatod before + and -3
TPRINT 4a5-4xS

in oquwalont to
- ?PRINT (415) (4%5)

) - (435)
za-zu ,
. 8 . .
8 ‘ o . .

As opposed to




N ) . B ’/r . ) ";‘-?’.’ . I3 . . ) ‘ i
. - - 'f‘(‘i(" Iy
! ’ ' F‘
' A ..}_/”
| PRINT 6x(5-6)08 .~ A
ek 1T a5 .
. T & x5
/ | . 28
A % .

]
o

| A1l these infix cperators have higher pncodc_hco than prefix ones which is

o why atl the arithmetic wt% done before any PRIL)NTing lnppons;

.- : . ® #
>

Tooe o, 5. mmcm. cummtms
<, >, and = are infix forn of opoutiom that couparo tuo
. numbers. <\nam "less". < outputo TRUE 14 the first mnbcr is less than
“ the ucond, FALSE othorulu. = mesns "equal”. - > weans grutor .

Thesé work in the sawe manner as < §

. | ~ 7PRINT 100 - 108
PRINT 100 > 108 v |
e L. . FM—’E . ’. ‘ ) . \ .
. o ' <, s ,and = have Iouir precedence than the other arithwet

operations, 3o when. pcrfornmg " cmim the ar!thntfc is done fir-t.
~ These.operations are usually used with the LOGO conditionals, IF and TES‘I'

\'\

and > roqqiru that ‘their inputs be nusbers. . - %‘\ ’ 2

"APPLE > "PEMR | ’ Oy <2

,

~ (see Chapter 9).

is considered nonsense and Hil! generats an error.

-, houcv.r. can be used to compare any tuo LOGO objects. For oxu_p.lo.' \
"FOOEY = "FOOEY - = S
* does make sinu and i1l work, |




j.
%
g

"(sus Section 4.4),

C LOGD MANUAL 18

5.5 PREFIX FORMS
Each of the arithmetic oporltlm has a prefix form (prefix bocauu
|t comes before the opcrandu);

S
DIFFERENCE
PROOUCT -
QUOTIENT
REMAINDER
GREATER
LESS
EQUAL

DAV ~AN%1 +

N
- v

. N
€ kY
- . - ' .

S and PRODUCT make use of thﬁ_ varisble number of inputs feature

PRINT (SU1 96) | I -

.96 | SR |
L --‘?mmnstmzssssn T : S -
RN ’ "128 N , ‘ e -

5.6 RANOOHM

<

. Takes no inpuh, outputs a single digit nndpu integer.

5.7 FLOATING POINT NUMBERS. N _

~ In addition to the integer numeric for aimdy wentioned, LOGO '.'
also acccpts floaung point nuwbers. Thuo nusbers can be expressed in two
diffcront formats for both input and output.” These forms are standard
igccinl notation and exponential notation. Exponential notation is of wiho.
follouing fofnz : ' ! |

<numbers<E or N><m&mnt> ‘ ‘

where <nuwbers (called the mantissa) is either 8 floating point nusber in

standard decimal form o:';'i'n integer, and <exponent> is an integer

19
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°
(rcpru,ntihg a pover of ,1‘0). If the onpononf is poa‘.lti”_vp. the latter E -ln'
used to separate the nuwber from its exponent; if the ‘oxpomnt is negative,
the letter N is used. -There should be no spaces betuesn these three
olﬁontn of exponential notation. For dociul notation, a riunbor ip
written in almost the same forn as an" integer, but thoro nu:t bs a docinal
point at gone pogutioﬁ ln the nusber.  1f this decinal point h not
present, the number will be regarded as an integer. Here _au»aon nxan‘fln
of valid floating point mmbers In exponential forme .
g?:ék 4, 56’303 L ' b
~4E4 : o ,
~2,5925E9 -258 25902 S '
~ The follouing are not in corétcf’oxpoﬁntial formt

v

o 5.1 ) . (The s oxpomnt js.not sn integer)
2.7E-1 (The létter should be N)
18 E1 ~(There should be no space)

-

= Tho follouing nusbers are oxuplu of floating polnt mut;in in
decimal notatwm

l‘c : ) ’ .
4.56 . - ! .

The output of 8 floating point number wil1 aluays be in one of
these tuo formats. Usually the output uill be in decimal notation nith
non-significant and tratling zeros removed. 1f the number is too large or” '
~too small to be represented nith.7 digits and a decimal point, it will be
| automatically converted to exponential notation (uith one digit of the

mantissa to the left of the decimal point). The maximum magnitude of a
floating point number in LOGO s approuintolu 1.7014E38, The minimum

magnitude is approxinately 2,9387N39 (however, this csnnot be entered from

20



»

& console-- the swallsst magnitude. that can be giverr as Input to LOGO is
1.N38).  These iimits are the same for both positive and negative rumbers,
A1 arithmetic operations on floating point numbbes uield floating

point numbers. In order to' force conversion of a f'lutinq point nunbor' to

n jpteger, the INTEGER operation is und. INTEGER tekes one input, a

goatihg point number in decimal or exponential form, and obtputs this
pid

nuwber converted to an integer. (Rewssber » that INTEGER is subject
to th'c' atandard L(BO'_i»initu on intm uizo. and conversion of floating

L4

point nunboru oxcndmg this size uitl ull ) In order to force the

j”convanuon of an integer to a flonting paint rmbor. .iuplu nultlplu by 1.,

.. 5.8 NBERS AS WORDS e .
- Nusbers ‘are comidorod to be LOGO" words {see Chaptor 4); atl word--
v-ampui‘;tmg :;oratuom work on nuwbers, too.
..?PRINT FIRST 45678

?PR!NT H.ITFIRST 45678

¢ 567 ‘o
.« ?PR;NT (HORD 12 34) + (WORD 56 78)
© 631 .

Integers or floating point nuwbers excesding their rupcctin size
" limits are still treated as words but cannot be used. in arithwetic. Evbn
though numbers are words they do not hlvc to be quoted u:;nn twod in.
5.9 NUMBERP ‘

| Takes one input, lf"“t‘hfc input is & nuwber In the allousble range
"f'or' its respective type, MEFP» outpdto TRUE. 1t the input is a number
outside that range, or fan't a number at al !, NUYBERP outputs FALSE.

o
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. three _fypu of arrays-- integer, fldlt'ing point, and pointer. -

“Arrays in LOGO are of oni.; tuo or three dimlloni. There are

"
T AL
»

6.4 [EFJMEARHAY
To croatc n array, the conand EFI'EWY hbbrovlatdd mFAR) ‘is

-used. Depending on thq nuwber of dimaiom. EFIWAV tlku up to five

mputu the name of t)n array, the dlmniom of thu arrag. and the array
tupo (B for intcw 1 for floating point, 2 for polntor)., «lf the Orrau
has more than ons dimension, the cowmand L’EF"EMY and Hl lnput- must be

enclosed in parentheses. . E [ R

T -
v

6.2 ARRAY SIZE and SPACE M.L“II:ATIW \

The namm size of arrays-is dopcndont upon the curront anount of
aray -pacc. Array space i nornllu allocated to allow approxintulu 2600
‘alements in pointor arra\n. and half this smount in Integer and floating

_point arrng:. The total amnt of space used is spproxinately equal to' the

sum of the ri'n’ub.r of -lmhto in uoh array, uith polntor arsy o!.mnt-
only using half as much space as integer and floating point. (However, It
should be notod that every time ln array is created sowe extra space is’
used td ﬂoro the ducriptlon of that srray, making it more sfficient
rogwc&m space to uu single large arrays whenever poulblo.)

»it is pO”lb'l to allocate extra space for arrays by u-ing
SETAS!Z! command, SETASIZE tekes one argunnt. the uount of spaco to be

sl located, in words (woru word ntorn ons pointer lrrlu slement, cmu tuo

22
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words stores one integer or float'lng point array ollmntl'. The mim
‘.input to_v_‘:‘gET.ASVIAZE is approximdtely 11000, which mekes it possible to expand :
&rag ibiuﬂbu a factor of thres, One inportant note sbout SETASIZE:- the
use of this command involves a ri—!nitialiutim of the sizs of the UO..I"'l_A
“workspace, ‘luﬂ/ich means that a m'IELCﬂ'E TO 11L0GO™ wessage will be ,
“printed upon conplction of *the comsand. Thuc any use of %TASIZE lhwld

be invoked before using the flllnu ouim in order to save the troubu of

' having to rnd fulu mln. stc.
Arrays are not saved in the filing mtnt-&. Section 11.1). They

| are automatically iraud uhm uou tupe HELLD or GmYE to LOGO, and so

'thcu wust be rc-mwﬂ sach tin wuuu?ﬂ, Hoawor they can be

srased at any tnn bu uuing the ‘command EHA$ m (ahhrwlat-d ER ARAAY),”

This comand taku ”» input an array nawe md orgno it frou w uorknplco

 (ace Section 16.2). The compand ERASE AAYS (ER ARAYS) takes o Inputs
and erases all arrauo from your uork»lco.

6.3 GET and STORE | -

When an lrrlg is created, alf thc elements arc set to zero. In
ordcr to assign values to npocmc elements of tho srray, the STORE command
is used. GET is an operation uud to reference the valus of a specific . '
element. STORE takes t‘ho same nusber of inputs as the cﬁrruponding

lEFl;EABﬂAY command: 1ts lr.::uéc in order are: the array nawe, the
_A co&dinitn of the desired element, and the valus to be assigned to the
elewent, . GET takes one less input than the corresponding STORE Gommand;

its inputs are: the array name, snd the coordinates of the desired -l_omt.




Unlike STORE and DEFINEARRAY, GET outputs a value. As in DEFINEARRAY, GET

and STORE and their respsctive inpute must be onvclboud‘ln plt‘.ﬁt“l’! if

_the array is of more ‘than one dimension. AU k

lt is mportant to remember in using the GET md smns oporatiom '
- that LOGO uses B-wlgm mdoxing. I.t. for any dlmsion of I.nqth n, thc
.elennts are nuwbered @ to n-l. For tnauplh. the fourth c|mnt ina
single duunuo':arrag i givon coordinate mnbor 3 tho olmnt in thc
.fourth rou, ‘third colum of a8 tuo- dimensional array FOO Io addruud "FOO

-3 2 3 and so -on. B

| 6.4 PRINTING OUT MRAYS - | o o
) ASIZE is-an operation uhich tokes one lnput. ”, arnu name
| (qu;:;d) and outputs tho dinmlom of the array. The command PRlN}wT
ARRAY (PO ARRAY) takes as. input b rry ~nene and prlntl out its type and
dlnnuom. PR!NTL‘IJT ARRAYS (PO MYS) tikes no input. and porforn PO
ARRAY for all arrays curently d-flnod in your uorlupacc.

‘Examples of m-au oporaﬁms o

?msrm-azzm

.gm(cer-'azn

2(STORE "B 11 7

u;nmsr,-'su“

PR (GET "B 1 2)

INDEX REFERENCE OUT OF BOUNOS
7EFAR "A 2008 8 5

NOT ENOUGH ARRAY SPACE ~ S
7GETAGIZE 6000 . B
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' list or aduthmg slse. .

» - ? '
. - ~
., - o v .
3 \ . l R
. 4 c e 3 _ X . ©
¥ o Cg ) . . .

LT 7. NAING D

L K4 . s . . R IE ©

L. « s ¢ - g

70 MKE - . y ,
e

| The LDGU equmd HN(E h used f:ming. MAKE taku two lnputu

i thc m-t is tho nm lnd the ucond is "the tmng being nawed. -

. ‘ v

, MAKE "X 37 , ©
ulll assign the name X to 21, ,A mmt uuLoso word (ses Section 4.1

"about uords). 27 is thc valuoor th!ng. andmboanuub-r or & word or &

o

o

Thc uu of the sywbol & (prommc'od "dots") as & puflx to.a werd

| ;rotri-vn the thmg or valuc of 2 uord. ,

- PPRINT X , : - .
21 . s : ‘ ¢
AMKE  "XYZ .a . S i
: (The NAE) - : (The THING)
;;RINT :XYZ .t .

THIM; io n -xpllclt L(m prlnitlu that does what 1 dou. I.a.. It ‘
. f\ ) ] Y

extracts the thing from a uord., I (
| PERINT THING *XYZ

PRINT sRABBIT _. » . :
HARE : ,

PRINT THING sRABBIT -

uill gomratu n crror. because the uord HARE hn no thlng.

Let's gwo.HARE a valves ° e
MAKE "HWE 1A B'C) . S
WRINT HARE . - | ‘
mweer (

 9PRINT THING :maen |
(W8 Cl
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The backarrou sgubol fe) is an lnfix forl of HAKE

| L P'NAME « "REANNE © .. | o
IR | T 2INME 27 B
G e eRIN REAME o S
: ? s - a - » 2 . . - : . .
B S 7(ORD “HEAL 'mnm' '

uorku. too. Sn does: !

‘?"Mm«a , o
2(UORD "ARRAY tNUM) « -uuse S
Rvggém THING (MGRD “ARRAY sNRO

7

lt is also pomblc to use: tho HAKE connnd tu glvn mltiplo nemes
to tha sm value. » Thu u dom ln tho fulloulng unmr: “to ghn tuo names .

"‘  A andB tha san valuc. uc uu

"'A "B «valu» ",

. This can bu done for afi: arbitrarg nuanr of nawes (oubj-ct onlu to
e the lmtatmn on the Itngth of one nn. in.LOGOD. numpu nAKE can b. '

“ perforned onlu mth the infix forn of the HAKE coullnd (c-). 3
712 LOCAL D GLOBAL"MA'ES e

‘ " The inputs to a proc.duro e local nun. that lo. tho name ii the
procedure s own private nawe. For oxamples. « "

° 270 INC :A . :
. >18 MAKE "A 1A+l ‘\
- >20 PRINT :A .
= "« >END : R
B INC DEFINED ' S
MAKE A 3
?'MZ3

?mmr T

*




o o .

P

ln the above oxanph. tho nm A ln thc proccduro has nothmg to do

-

uith the niane A at tho top Ievcl. : ’ . : . 3

ln contralt. nms which aro not inputs to a proc.duro are giob: !. ’

*

Compare ui,th the previcus axanple.

M I

. : >18 MAKE "A tA+l :
' - >28 PRINT :A o .
' , ~ >END L

INC DEFINED

“MAKE "A 3"

?IMZ

4

?PRINT :A

4

Both uses of A rofer to the. un globll varilblc. - a " ‘
| ‘It is posoible to cause 2 nan to be local to ] proccdure cnn if
it is not an input THis u done uith thc LG:AL command. LmAL takes one
input, the nane to be dtcllr-d local.

Exanplvw ' .
- 10 CMTSWARES X
10 IF :X =8 STOP
- 28 NAKE XS0 X = 31X
' 30 COUNTSOUARES :X-l
' o 40 PRINT :X5Q
g .7 END :
_ .~ 2COUNTSOUARES & -

Ll andanl o
L

Here XSO is a lccal varisble. Compare Hith
70 COUNTSQOUARES X .
5 LOCAL "Xs8 . S '
10 IF X0 STG’ : ’ = ' v v
28 ‘MAKE "XSQ X x X' o - : - , :
30 COUNTSQUARES :X-1 * o o . ,
40 PRINT XS0 -, ‘ . :




‘ *
| 7 ‘
; . & -', '
. &
3
g ) Here each invocation of countsquares has its oun " R ’ “ | . .

Nawes local to a procoduro are d-ﬂmd in that procodurc ad in all
subprocedures (unhu the wbproc.du'c has its own locll vorsim of the

. same name), - 4 S o




a

4

s.cNRL
8160 o -
This command must be part of a procedure. It takes one input, 8
line number, in that pfocWo,‘md trmsfug'coﬁtrol to that line.
S 8.2 SR

This also belongs in a procedure. lt;twnimton.ukgtioﬂ of 8

procedure and returns control to the calling procedure. Y

8.3 TOPLEVEL

<

oA

This returns control in a procedure inmediately tov‘ the top.l-vo_l.}»;r

8.6 OUTRUT o

This commend tan o_ﬁlu be used. in a procedures it returns control to '
the calling procedurs, and outputs its srgument. 'Bg' using OUTPUT the user

cb o ) can define procedures which sre ofnratlom.‘




- 9. CONDITIONALS AND RELATED COMHANDS
" 9.1 Conditionals are operations which output either TRUE or FALSE.
You can make your oun, if you usnt. LOGO has three classes of resdymsde

. conditionals:

a) Nunnctl conditlonnlt. n.g. LESS. (See dwpur 5.) But note
that EQUAL and « can alsa, teke non-numeric inputl. 4
_b) Logical conditimlo. Thuc take inputs uhich ovnlum
either to TRUE or to FALSE, and perform logical operations on thu:_ thue
they are used in conjunction with other oonditlomh. They aro:
BOTH-~ takn tuo inpute: outputs TRUE if both waluau to
m.e outputs FALSE if one or both evaluste to FALSE. '
- ElTlER-- takes two inputes outputs TRUE ‘it one or both
evaluate to TRUE, outputn FALSE if both evaluate to FALSE, ]
MJT-- toku one lnput; outputo Tll£ it tho input evaluates
to FALSE, and vice verss. ' ‘_.,;\
4 _ c) Predicative conditlonlh. ) Thu. ses whether or not their
inputu ovaluatc to a specified kind of thing. They are:
* WORDP-~ cutputs TRUE I the input evalusites to a word,

FALSE otheruise. . ' Co

LISTP-- outputs TAE if the trput evalustes o a list,
FALSE otherwise. - ) ,; . <

EMPTYP-- output. TRE if the input WIIUItu lith.r to the

uptu uord or to the empty {ist, FALSE othorulu.
NUMBERP--~outputs THUE. H the input cnluutu to a rumber,

BN

. FANLSE otheruise, ‘ . .
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\
-
\

:Exaq’plua | -
COMAKE X L1 WKE 2 37
SO PPRINT WORDP <X
'  FMSE
. WRINT LISTP X .
TRUE |

PRINT LISTP 12
4 | | FALSE |
| PRINT EMPTYP X

TERINT Wreere CONT ¥ \

9.2 Condutmnall can ‘be iterated, that h. thﬂr lnputo can be
conditionals: ’
, TO ANYOF 3A 3B :C -
'II;‘][IJTPUT EITHER 3A ElTI-ER sl 1C

TO STROKE :A :B ’
- 18 OUTPUT EITHER BOTH xA 'OT :8 nom 18 nm' sA

Pacentheses can be inserted, H dulrod. Thog llwt clesn w

STROKE:
é'ﬂanPUT EITHER (BOTH sA NOT :B) (BOTH 3B NOT :A)
¢ : v

Thére are also & rumber of standerd commsnds which are used In
conjunction uith conditionals: they all dessnd that their inputs evalusts
to TAUE or FALSE. | | )

a)IF and ELSE. IF tekes one input; if the lrp;lt evaluates to the uor&‘
TRUE, ‘the res“t of the LOGD line is evaluated; if the input evaluates to
(FALSE, the rest of the Iine is skipped. Howsver, if ELSE appears in the
iim.g this behavior is modified 1n the obvious way.

1 ' 32




- 10 CHECX W
&IFW:HPRINTWE.SEPRINT *NOUORD
. | 7CHECK *FO0 | B S
CHECK lTHlS LlSTl N ,
NOWORD '
IFs lor IF--ELSE pain) can be stacked uithin themse i ves.
N 10 ETTEH}{CK tH .
" 18 IF NOT EMPTYP M THEN (IFW:HMFRINT "HOROD -
. ELSE. PRINT *NOWORO) ELSE PRINT "EMNPTY
. Ew .
TI~EN isa mlu word® uhi;ch does not in itself affect the
v -vnluctlon of the LOGO mprnsion in ulﬁch it sppears, but holp- to make
the syntax of the oxpnnim more "nntural" The parentheses are also
optional, but help to make the expression sasier ta read, -
. BITEST, IFTRE, and IFFMSE. TEST evaiustes its argument (to TALE or
FALSE} and puts the result in a "test box". Until the next TEST, IFTRUE
(abbr-vutod lFT) and IFFALSE (sbbreviated IFF) will look 6nto the box and
cause condutional execution of the rest of the line In uhlch thog appur
There is go device analogous to ELSE which allous conditional executi
- only a part of the rest of the line. Some non-obvious propbrtin of the '
. \
.test box ares first, if no TEST has been made, the box contalql I;ALSE by
default; second, the box is uniques~ a neuw TEST, although it may have been
executed conditionally, changes the contents, of the box sbsolutely,

Each procedure has |ts own "test box®, which Is strictly local to}'

that procedure. TESTs which sre made In a subprocedure do not affect the

‘ ‘test box of the calling procedurs, Bnd conversely,

IFTRUE and IFFALSE can appesr anywhere in a procedurs, and they do

~
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' ' not have to be on the sane line (indeed a command such as IFTRUE "FOO |
IFFALSE "BAR can never cause BAR to be evaluated.)
7 . -
9,3 TRUE and FALSE are LOGO words, - It is perfectly valid to say .
TEST "TRUE . - a
TEST HORD "TR "E
- F}eueuber that all words which ork to be taken Htorallu wust be | T
quot;d on typein lexcept for numbers): o “ ) ' ‘ e .
i TEST TRLE .
-Wﬂ:nil expect you to havc a procodtﬂ naned TFI.E Also )
‘ ) - TEST (TR} ,

is an error. (The input to TEST nult be & word.)

Ul




16.1 WHAT'S IN A HORKSPACE? :

18, HORKSPACE R
'Uhen you define a procedurs or create a namse by using HAkE
becomes a2 part of your workspace. You cen think of uwr workspace as a
chalkboard or scratchpad containing all the procedures gou sre using. The
LOGO fnle sgutu allous you to store everything that is in your workspace

and retrieve it at sowe later tine (see Chapter 11). Before a procedurs or

name can be used it must be in your workepace. To get something into the

workspace you must sither type it in at the console or. resd it‘in from a
LOGD file. TRore are aiso cowssnds for exsmining snd getting rid of

.. various parts of the norkepsce. ' ° :2

PRINTOUT (sbbreviated PO} is & cowsend which prints out various

' parts of your uorkspace. To ) the text of & procedurs, type mmwr

fol loued by the procedure name. (The procedure name is not quotod.)

PRINTOUT TITLES (abbreviated PO TITLES or FUTS) printa out the
tities of all procedures in your uot-kquco. ‘

~ -PRINTOUT NAMES (abbreviated PO NAES) prints out all the nases in

your uorkspace. | ‘ |

PRINTOUT PKEEI]IES (PO m) prints out the text of all
def ined procedures. ) | |

PRINTOUT ALL (PO ALL) prints both names and procedures.

(The PRINTOUT LINE and PRINTOUT TITLE commands are discussed under
editing, PRINTOUT FILE and PRINTOUT INEX are discussed under filing. The

‘? hd . R
PRINTOUT ARRAY and PRINTOUT ARRAYS commardds are dheqnod under arrays.)

30 *
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->

" The opeufation CONTENTS outputs a liutA containing the fitles of all
procedures in your Horkspace. Note the distinction betuesn CWTENTS and.
PRINTOUT TITLES. The former is an operation, while the latter is a
command. '; | | ‘

A sinilar distinction okiltn betueen the comsand PRINTOUT and the
operation TEXT, TEXT takes one input, a procedure name (not quotedf. and
outputs the text of the procedure as a list. The lines of the proc-dur-_q’
appear as sublists. The END statement is not included. |

18,2 GETTING RID OF PARTS OF THE HORKSPACE |
The basic comsand is ERASE (stbreviated ER). ERASE fol lowed by 8

w&QMe name (not quoted) removes the procedure from the workepaces
There Sc;o alsot o v‘ - .

ERASE ALL Gets rid of all nawes and all

P \

PFOCOMOI.
ERASE PROCEDURES Gets rid of the procedures-- leaves the

names. - ' :

ERASE NN‘ES Gets rid of the names-- leaves the

J procedures. ’ A .
ERASE NAME™ Takn.om input, a name (qupted), and

gets rid of that porticulor nane.
{ERASE LINE is discussed under editing, ERASE FILE and ERASE INDEX
are discussed under filing, ERASE TRACE snd ERASE STEP are discussed under
debugging. ERASE ARRAY and ERA§ ARRAYS are discussed under arrays.)

36
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18,3 BURY |

The MY command -ffoctivolu "hides” a procedure and protects it
from acc:dcntal dchtlon. BURY tskes one input, th. newe of the procedure
to be buried (the command BURY ALL can also be uud). Once a procedure has
been pur"oed. it uill not appear in any PRINTOUT cmand unless it is named
explicitiy. For example,a file FOO which has been bnn buried will not
appear under the commands POTS and ra ALL. but the command PO "FO0 mll
print out the contents of FOO. Thin property also holde for ERASE
commands. ERASE ALL will not erase burisd prooodwn. but if the name of a
buried procedure is specified in an EMGE comsend it uill be erased. To
anuru a procedure, the command ERASE BURY followed by the procedurs name -
lor ALL) is used. ‘ I

o
b
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11. THE FILE SYSTEN
The LOGO file mtn a11ous you to savé fon disk) phat is in your
v uorkapaco and read it back at a later thn. A user may have many filn at
once, The files are dlstmguuhod by the flct that they are named. All

files belongmg to a single user are grouped under that user's index.

11.1 USE, READ, and WRITE
The cowmand USE mcifin the index under which LOGO should
reference files., Al lubuqumt READ or ll‘-llTE commands will refer to that
index, unti! the next USE. USE takes one input, the quoted name of an
/ | index, uhich is a word of up to ten cheracters. For cxuplo. to r.forcnco
the files under the index ELUISE. tupe
.  USE "ELOISE |
The WRITE cmand. creates filaes. 'lt takes one input, the name of
the file to be created (a word of up to ten charactorl). Into the ‘fill
gou everything that is currently in the unr 8 Horkepace. , | .
This is a comon source of confdsion. Hany users often think that
_.bif they have, for example, a procedure named BEETLE, then
| WAITE "BEETLE. |
Will somehou save only that one procedurs. Thh‘ is notv the case., All the
procedures in .thc workspace nill be saved, The file will merely have the
sawe nawe as one of the procedures in it,
1f the user already has a filé uith tho sane nowe as ‘the one to be
created, LOGO will first ask |f thc old one ihould bc orlud and then wait

for a response (y or N} to be tupcd in, The old fill must be erased before "

. ” ) 4
| . _ .




11.2 POl and POF

~them into the workspace.
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@

a 'ne-u file uith the same.name can be ‘created,’

"The ‘READ' cowmand takes a file name as inpaut_ and reads the contents
of the ffﬂkl,‘e‘ into the workepace. . All _proi:odurn and nawes saved in the file
will .then\ 6econe defined in the uo:-kgpaco. If tho‘uorknpacse already
contains a procedure With the same nawe as one of the -bﬁoced&es in the
flle. the procedure will not be r.dofinnd and thi dcfumtuon in tha file
Hill be sklpped.

SNAPS (see Sect-ion 13.3) cannot be saved in files. 1f PIC, for

. example. is the nawme of a snap, then urnting out tho Horkspace and rndlng

it back will causo tPIC to bccon thc nptu uord.

ka4

These are r;qnnandi which alfou you to examine files uithout reading
PRINTOUT INDEX (abbreviated POI) téﬁn no inputn and pr'“i’ntn the
names of all the filas. in the. index, (The mdcx io specified by the .
previous USE command,) PH!NTCIJT FILE (PO FILE) takn a file name a» mput

~and tupes the contents of the file, It.doss not read the file into the

workspace, i.e., procedures in the file will not bscowe defined in the

9

Horkspace, E » ) A
ERASE FILE‘ (ER FILE) takes & file nawe as input and gets rid of the

fileo.‘ o .

11.3 FILE SUBTLETIES.

The description of the filing system wo far, thougli accurate and

&

]

S )
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'adequate for ordinary ‘use, i mconplotny ln fact. thc L,(BO fllo wltcn
has a tree stru;ture. The conanda USE. IEAU umm. ltc.. as described so

) far. make use of that itructure onlg mplicltlu. But thcu can be nade to

- use the fulmg tree much uoro nxphcutlu. and there are other connandl not
yet dugcusg,:d uhn;h allow a user to .nqlpulgto the tree -- pruning it,

adding br'anches. etc. ’

i
<

" o Ea;h ﬁser'q index k‘cﬁn be Sm root of a general tree ntryctqro of
- files, This means that tﬁ; index .nau not vonly contain filu.<bid' also sub-
indices which contain fi I?. and -:;s‘b-indic:s’ and so-on. For ixanpio. the -
index ELOISE wight contain the 'n,fm DAYL,MARBLE,. and the sub-index 'A
K ) | 'DISPL'AY which coﬁtaino files doaiing With Eloise's display projects. In
.‘ thus case. the hla structure uould be: ; ‘

Ve : l ELOISE
: : - DAYL

. E . etc.”
The 1's specufu md:cn. (Norullu a nunbcr uHI apper aftor each
ﬁ ' ‘fil:nane. This is just the number of storage blockn that the Hlo
' 1 occhpies.)' This tru utructur. is printod out by the PO TREE connnd
!Note that the trne u actulllu upside doun, with the root at the top.~ For
| thls reason. the root of a tree. is often referred to as the “top level” of
'the file system, while the branches are called the. “lower levels”, whers

pach suh . m!-v remnent! a nev level, l POl dou not print out the

wntents vt summhw!“. ln tho abovc can. it uould print: \




ELOISE : ‘ Se q )
DAYL . « . o

* MARBLE g | T
I' DlSPLAY _ | : . B B o - v i

®

. o ‘
(The root mdex does not havo ‘an | printod boforo tt.) . e

Each file m thls tree structuro is opoolfiod bg a list startmg
mth tho ‘user name. This’ hst gives thc *pathi* doun tho treo frou the user
. nané to the fHe. For exaylo, to read the file mm in Elolu s sub-index '

- DISPLAY ue could say: ' N o 7

USE “ELOISE - e
READ MISPLAY DRM e

or ue could sag. L
. USE fELOISE msmvr

. s

ln goneral. the inpu& to tho FE&U conund is a‘dod onto tho input _
of tho previous USE conand and tho whole :trlng bocons the file
specmcatuon. (Hhat happom is that the USE colmnd ntabluhn tho lavel
from uhich all follouing comands e to be carrhd out. Thus. if the USE

' 'command rafero onlu, to the user nno. the plth to a fHe contaimd under a

 sub-index mll be longer than if tho USE command refers to tho the desired

‘ 'sub—mdex. Ue-wuill see later hou this level can bo changed wi thout |

| repeatmg the USEs conand ) Tho inputs to WRITE, PI'.F. Ind ERASE FILE an -~ "
_pork in the sa!ue uau. Hh:lo POI prints out the index spacified by the |

| previous USE comand. PO TREE prints out a noro conplnto vorsion. ‘

: consisting of all of thc trn contaimd below thh indox. includmg sub- -

)indsces.p,. L, B
Io create "aséi\sh-indox.' the 'CHINIG* comand is used. This adds on




. . } o, B ) .. .4.:".. : s ° N ] . v‘ e
o ( ' - e

e _ . | |
to the branch specifued bu the previous USE. For example, ELOISE’'S sub- -
index DISPLAY uas created bu typmgs - | L -

USE *ELOISE e
cmmex "DISPLAY N

3

. To then create a sub-index of DISPLAY naned PLOTTER, He could L

- smplg say: S ;

L T CRINGEK. tmsruw PLOTIER) - ? |

. B R To get/rud of ‘an’ index us¥ the ERASE IM'.EX covmnd This takes one
inpuf uhcch apecufnes, in the same nnmr a8 the abon cmands. .the index

o be erased. . An mdex may not be ‘erased un!nn itis cnptu. fen,

v . . . /

contams no hles or oub-mdlcu.

.’
-~

Unce an mdex has been created. it in possible to adjust thc root

" of the fnle tree so that all ‘filtnq commands refer oniy to those filu and
mduces contamed in the tree bclou 2 spocifi.d ind-x. The cémand which Y ' ' ‘
des this p SETINOEX. SETINGEX (abbreviated SETI) takes one input |
apectfgmg ‘an mdex which uill bo tho root of -a neu tree forming soné part . i )‘
of the uhole file tree of the uorkspaco. As before, the input specifies : |
Wthe path taken doun or up the troe frou the current root to reach the o

- ’ desured mdex. I'¥ more than one level of inducu is involved in the path,

| a list is recessarg to spec:fu the uholc path. Houcver, |f the desired

mdex is ;ust one level above or below the current root, & singlc word is

' sufflcwnt to’ specifu the path. o ‘;s\‘ . o e o

Unce an. mdex belou the user name has been nt.,abluhod as the

B

current reot. all connands refer only to that plrt of tshn tree belou thin ‘ - ,‘

" new undex. For example, let'n conludor Eloiu s file nuntu agam. onlu

thos time nith a fen more brlnchu addld:

A
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ELOISE

I DISPLAY
Pu_Y 4 ) . 1 A . .
I ALGEBRA - | ,

~FACTOR | |

| ATRIX - o

© INVERSE |

!n order  to make ALGEDRA the new root indcx. the couund SETI "ALGEB‘M ic ‘

) used. The neu tree (prmted out by PO TREE) looks fike thlu:
AMLGEBRA R .
FACTOR e
I MATRIX ”
INVERSE

| - Nohce alsa that files not in this part of the tres cannot be resd
mthout gomg back up the "branch" and doun another until the appropruto
mdax under which the f:l- is containod is reached, For naplo. typmg
READ "PCI.Y Will return an orror nnugo. "FILE NOT FOUMD", since the path.
name ‘has nat bnn fully specifisd. _ -
In. order to move the current root back up the tree touards thc main
dnrectory name, thc mput "f is used. The up-lrrou can be uud in lists . _

‘:,;ust like index naum. 0 that alist containing n *9 used n input to

SETI moves the current root up n levels. Thus, in the sbove .xanplu. in
 order to read POLY, the comaand READ [~ PU.Y] Is used,

11.4 OPEN FILE HANlPu.ATlm
: .opsuu takes one mpw dnirod tile name (quot-d). (Thu fllc -
._dou not have to already exist in the tile systen,) IPEN opens the ///\ o N
selacted file (or creates one if It does not siresdy exist) anchallos it '

-2 4(‘ -
L ~.
N : "




to be urltten into, etarting at the beginmng of the file. lf the file

alreddy exists in the fulmg egeten. the user uill be asked to delete lt

T

before urltlng. smce the old inforntlon contained in the file uill be
uritten over by the new input to the conand .FlLEP. |

" .FILEP is used, once the file hae been opened for urlting. to
perfornthe actual urtting. .FILEP ‘takes as input a lut contaming the:
desured mfornatlon to be uritten mto the ftle. Each' tiue .FILEP is ueed.
a neu- line tmth a maximum Iength of 198 charectere} is created in the

file. The mput to .FILEP can also be a procedure name (unquoted). in

- which case the procedwe is executed and its output is untten into the

file. lf there is no output, nothing is written, _
.OPENA open's a file for uriting much fike .OPEMI, but all -
information uritten is added (eppendeti) to the end of the file. None of

the origihal contents of the file are altered. .FILEP works in the same

manner as before. | v

DPENR is used to open a file for reedtng. It takes one. input, the
desired file name (quoted). The command ueed with JOPENR to dov the actual
reading is .FILER._ Untike FILEP, _.FlLEtI‘ takes no inputs but returns sn
,dt:_tpt_st. - This output Is the-_éurrent line of the file being read. Every

time a file is ppened for readiﬁg. an internal pointer 'Ie 'eet to the firet

line of the file. Each time .FILER is ‘ueed. this potnter is incremented so

that the next line will be read nith the next use of .FILER. Hhen the end
of the fule is encountered. one blank line uHI be printed out by FILER.
and then the file uill be sutomstically closed. In _order to read the file

again, .(PEM? must be'ueed” again. [f the current line of the ~tf-ile is 8

44 -




procedure name, that procedure will be executed. 4 {This fact enables a user ..
_ to execute procedures "implicitly" while reading a file. [t is utilized

by the INIT file; see the LOGIN comsand.) Any word encountered uhich is

not part of a procedice definition or is not a LOGD cowsand is assumed to
L_ba a procedure name If such a'procoduro does not exist, an error ﬁill be

returned. | _ ,
+CLOSEF is used to close any open file, .CLOSEF takes no inputs
“and closes tho:";,il‘c currently open (only one file at a time can be open). |

I[fno file is currently open, the command is ignored.

. ll.SkLCISlN _

) "LOGIN takes one input, your user name (quoted). This “tells the
nuﬁte; who you ake", ‘and this information is used by ftho PEEK cbnihd.
LOGIN aiso uerforn anwtouiti_c USE. .However, LOGIN is most ‘useful for ]
initializing certain conditions in the workepace ‘and for printing out wail. -

~ When LOGIN is used, the system locks in the user’s file system to
see if there is a file nanle’lT tn the top level of the file tree, l'fr

| this file exists, the system reads the file and performs all commands

written directly into the file (thf;um the uss of tfn commands .OPENU,
.OPENA, and .FILEP). This facility allous the user to do many useful .

,  things. For instance, the INIT file can be used to read all the files in

the, user's fils su}(:u "automatical ly" when logging in, or to print out

messages upon Iogqihg' in.

The LOGIN command also causes the system to ssarch for the file

- named MAIL, 1f this file is found, the contents are printed, and the user
. - ¥
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is then asked if the mail should be deleted.

-~ ' -
11.6 PAPER TAPE  ° |

LOGO procedures way also be otorcd on paper tap'. The bser may -

' pass information betueen papor tapc and the workspace using the folloumg

- prlnnttves.

-

mlTEPTP punchn out the contonto of the uorksplco onto paper tape.
It -does not involve the file system. ‘

REMQPTR reads into the uorkepace from the baper tape reader.

" Neither READPTR nor HRITEPTR take any inputs.

You should havo someone shou You the mechanics of using the rudcr

and punch before you use the papcr tape commands. H



-~

12. TURTLES
This section I8 about the physical turtles thet run sround on the
- floor. (See Chapter 13 for dispiay turtles.)

12,1 You wust tell the system which turtie you uant to use before issuing
turtie commands, Py ‘ S
TRTLE . - |
Takes one input which should be the nuwber of -the turtlo you Hent
to uu., The . nuebers are narked sbove the plugs on the controller box, and
e l, 2, 30r 4 Normally only 1 and 2 have turtles plugged into thn
NOTURTLE . _
: Takes no inputs. mnnﬁ.e releases the turtle from your control so -
soweone else v::an use it, / .
12,2 BASIC TURTLE COMMANDS
 FORMARD (FD)
BACK (BK)

These commands take one input which must be a number bctuuh -32768
-and 32767 inclusive. They comand the turtle to move <lnpdt> mi;g forusrd
(in the direction it is pointing) or backusrd.
T RIGHT @)
LEFT (LT)
These take one input uhich nult be & nuwber betuween -32768 and
32767 inclusive. They command thc turtlo to rotato <input> dcorus

. clockuise or counterclockuise, respectively.

g7 ,




. pen is doun the turtle Will deaw a line as it moves,

PENUP (PUY-
PENDOUN: (PD)
Raises or louers the pen holding sechanism of the turtle. Hhen the

%

12.3 SOME TURTLES HAVE A HEADLIGHT
\Am | |
LAMPOFF
Turns the. headl ight on and off.

12,4 SOE HAVE A WISRE o
| “ 100t o | |
Tékes one Input which must be & number betwesn -32768 and 32767

inclusive. It blows the whistle that number of times. =

L ) . /

Y

12,5 TOUCH TURTLES

There is a varisty of turties that have sensors that can tell when
" the turtle is bumping against sn object. The follou{nq prinitives are us;d
to test uhether ssnsors are on or off. . '

FTOUCH  + | .
Outputs TRUE if the front of the turtle is touching something:

v

FALSE otherwise, °
BTOUCH means back touch |
RTOUCH meang right touch ) -

LTOUCH weans left touch
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Here's a procedure to bounce the turtle between tuo wallss
T0 BOUNCE
19 TEST FTOUCH

28 IFTRUE LEFT 188 ! TURN AROUND
38 FORUARD 18 '

48 BOUNCE I
1f the turtie is hltting an object at an obileque angle tuo touch ‘
sensors may be TRUE at the same time. " ‘ .
. 12.6 SEEING EYE TURTLE
He have a prototype turtlc-uith—m-qjo. The sys is extremely
.+ simple ~ it tells the smount of tight It is seeing in & very nerrow field.
LIGHT R o , .

A

Outputs the light level. ' This is a number betueen § and 63,

LAPIN |

LAWPOFF

Seeing eye turties don't have hesdiights (yet). These cowands
| currently énable}'. and ‘diub_I, 2 mode whereby the eye can rotate. LAMPON

enables this mode, LAPOFF qiiablon it.
FORUARD, BACK, RIGHT, LEFT .
Hhen in vtho mode described sbove thess commands change the angle of

elevation of the sye. Hhen not in that mode these commands perform their

normal functions.

t 12,7 THE LIGHT BOX

I\ It is convenient to use the light box in conjunction with the

seeing-eye turtie. = The light box can supply current to any subset of up to




six light bulbs (at the mowent only four light bulbi_ are plugged in). The .

light box is controlled by unding’it a nuabcr via the .TVO command (uc

, Chapter- 19); The light box n spccifud by the input "LIGHT + 80 to send.

the. nunber 28 to the box two
. .TY0 "LlGHT 20 o _
What the box does when it got! a number is determined as follom:

Urite the number in bmaru. Then the

1's place specifies whether light number 1 is to be on
or off, the 2's place 1ight number 2. the &°s ploco
light nuuber 3, ‘etc.

Note: The controller to which the light box
~ is attached traps 17 (octal 21) as its reset
character. Thus 17 sent to the light box
will not be seen, |f you desperately uant
to send 17 (to turn on lights five and one
togother) you can use the fact that the |ight

box .ignores more than six bits and send it
64+17=81 (octal 131).

12.8 THE SWITCH PANEL

The suitch pansl is a "biue box* which has on its front"IG small
light bulbs, Each of thess lights ropnunta the status of one of 16
harduare suutches. Hhen a suitch is ut. the corresponding Iight n turned
on; when it is cleared, the light 'is turned off. The folloding LOGO

v primitives can be used to test and mipu»lnt- the lta.tun of thcl- sditches.

SNI TCH

PR Takes one argument, the mumber of a suitch (0—15) and outputs TRE

it the mutch is set, otheruise FALSE.
RELAY
Takes tuo inputs, the number of & suitch and a value to be assigned




. ‘ e . . . . ."*"
to it (B or 1). lf_~ 8, the suitch is turned off. if 1, it I's turned on,
BITOUT . /
Takc_s one input, a mubor/mich is converted into a lG—digl.t/’binaru
a - ( value. Each digit of this value is then used to dotwlfm"thy condition of
‘ the corresponding suitch (effectively the sawe as performing a RELAY “for

gach suitch).

\
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o | |
13, DISPLAY TURTLES | -~
fhe display screen is 400 turtie units high by 408 wide. The
cent’er of the screen has cgoc:dlnatn (0,0); the bottom left hand corner is
(-208,-200): and the top right hand corner is (206,208). When the turtle
; . is pointing straight up its hcadmg i . ‘Heading iu innurud clockuuu ,

4

h.e. REGHT) from that poutcon. L ) “
13.1 leT_lAlemc THE DISPLAYS
CLEARSCREEN (CS)
Erases everything on the display screen and places the turtie at
~ the center of the screen pointing up. You should do cs first, before

unumg any othor cmandl to the turtli.
-, WIPECLEAN M:)
Erases everything on the display screen but leaves the turtie where
it is. .
NODISPLAY
Tucns off the display.
STARTDISPLAY .
Takes one input.A which sust be 8 or 1. @ eterts up a half-size
. diiplau. 1 starts a full size display. S’fAHTDléPLAY 1 u”&. same as
) - ~ CLEARSCREEN. - . . S

]

«

13.2 BASIC COMMANDS f
FoRMARD (FD) -
BACK (EK) '

N
Do




Takes one input which must be either an integer or ‘floating point
nunber Moves fh- turtie <input> ‘units furuu'ic‘l (in the direction it is
pointing) or backuard, ‘

RIGHT BT}

© LEFT @M | |

Takes one inputeshich must be either an integer or ticating point
nuwber. otates the turtle <inputs nusber of degrees clockxise or
counterclockufso. rupoctivilu.

., PENOON (D) -
PENUP (PU)
" Lowsrs or _Faises thu turtie’s ntuhorlcll pen. 1f the pen is doun

tho turtle draus a line n it moves. .

‘ PEm - . ’ -
‘Qutputs TRUE I the pen is doun. FMSE if it is up.
AP o | - o
NP v

" "HRAP enables a nodc 20 that if you try to wove the turtlo beyond
the edge of the display it uraps around to the other odgo mm turns
off this mode; if you try to move beyond the edge you got ] o\rror.

Hl(lETLRTLF (HT)

- SHOWTURTLE (ST)” _ | ,

HIDETURTLE tells the conpufbf to stop showing the littie triangle
that represents the display turtie. The turtle will still draw lines (if

" the pen is down) even though you cannot see him, SHOMTURTLE brings the

turtie out of hiding.




\‘ \
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' |

L‘F' 1‘

S .

13.3 shaps 1

SNAP | | |

 Takes no i'np(itn_. Outputs a reference to "the stuff on the display ' -
screen.”  For bx'a_nplo: ' R e R . .

MAKE *PIC SMWAP I

causes tPIC to refer to uhatﬁof is currently on the screen. Later uou
can cause aijtothm; cdpg to appear by saying: ‘\ | \ k\
- DISPLAY sPIC L

. ptj"_erau it tﬁ;‘wing:‘

HIPE sPIC | _ )
- Each SNAP has associated ‘uﬁth it a "starting locatiqn" which is
| normally the center of the screen (buf see also P.EIJSNAP). -:SNAPS cannot bo |
_-saved With the mlTE‘cM (vee Section 11.1). o

DISPLAY S

& Takes one input uhlch Imt be a SMP (l.o. a rofounco created by

SNAP)_. ‘The SNAP is duplmd at the curront turtle po.ition and the turtle _
is then moved to the end of the SNAP, as if the turtle had just draun the = v
- GNAP explicitiy. The turtie's heading has no effect on th§ displayed SNAP,

. The SNAP always appcaro‘in the orientation in which it was originally

'draun. ' . t
' !
. HIPE
: :
Takes one input which must be 8 SNAP. 1t erases all sppearances of
" that SNAP from the display screen. oy
musm_g,»

'quos no inputs. It cavdes the inage currentiy on the screen not

N
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g to be part of subsequent SNAPS Moo sots th- otarting Locatnon of
‘,'o °subsequent SNAPS to the curront posltion of th. turtll rlthor than the ° ‘
o » centcr of the acrun. o e L C o
13,4 LOCATING Tl-l"'-I.Tl.RTLE‘- ST B )
- © SETIWRILE iseTn - - * E ;
| HERE outputs a liat of thc x—coordinatc. u—coordinatc and heading .
" of the turtle. You can use HERE tn nﬁe J phcc on the duplay. SEITLHTLE ’,’
takes one input, a lnst of thru nunbers bﬁtunn —32768 and 32767 : e |
, . incluawe. The first is uangned to ‘th& x-coordimtc. the ucond to the v
2 F coordinate and the thsrd to tho headigg You con use SETT!RTLE to lovc tho -
. turtie to a place that uas nmd ming!ﬂ! lt um drm a Iim H the
| pen is. doun.- _ ( o
. HOHE is equi:valén.t to"S‘ETi 19 em.m ot;;buts anunber uhicﬁ i’s | -
' ‘ the current x-coordur@tq of thc turtlo. YCOR output; ] nunbnr uhu:h is the
current g-coordmate of. th. turtlc. ° |
st
. o SETX takes one nuuertcal input and novu tm turtlc honzontallu to
’ o ' that X~coordmate. SETY faku fone riunrical input and moves the turtle
& : 0




vertically to that Y-coordinate,. SETXY takes two numerical! inputs and:
. m_ovés' the turtie to _thev"d'esi:’onated ;posvitio‘h.; E'ach'pf these commands witl
-drau a ti;ie,if ‘the pen is down. | o
, © HEADING
“ . . H ' . g *
e | " SETHEADING
1‘"' “ , . 'HEAUING outputs a .number uhlch is the headmg hn degrecs) of the .

< o

turtle. ice., . the durectlon in uhlch lt 's pointmg. SETl-EADIM? takes one
vnunber as unput and pomts the turtle in that durectcon.
L 135PLOTTER S R v
 The plotter is often used in conjunctnon uith displags. To use th.
| 'plotter. tupe PLOTTER. Uhen you are through«mg the plqtter, tupe _
B i o NDPLDTTER A1I other plotter commands are tho same as dusplay coumands. -
Houever, certdin .display commands do not applu to the p'iottcr and will be

. vgnored”tf tgped to the plottcr, Theu are all falrlg obwous; theu

include: CLEARSCREEY, HIPECLEM, . WRAP, HIDETURTLE, smurmne. WP, WIPE, -

“and, DISPLAY. The plotter also has a wore reatricted argunnt rango than = - .

“the displags. . ' o D g

| : _ | .v . ’ . A )
‘,:13snu.nPLEuev1cecoumu. o T

o lt is posslblu to control more than one dovic- at at time on LDGD
. - ThiAsv can be done through the use of the cmands ALSO and CNTFI.. 1§ you
. ‘ are already usmg one device and uish to use tmothcr ulthout ,glvmg up  the
. first, tgpe ' _ '
P j N ALSO «device> . I R e




@

g

-

where <device> .-'is the device you Wish to use. ALSD g’ivcj you access to -

'addntuonal devices. but: it ls mcuury to specify to uhich dcvico a

‘ specuflc connand is directed. Thll is done with the CNTRL connand ONTRL

takes one mput the Name of a dwict uhich uou currmtlu oun® and

:apecmes that device as the obuct of thc next cmmd you type. For

’ exanple. suppose you are uolng a diopllu and you docnde you uant to use 8
"floor turtle also. First type - . t,

ALSO TURTLE <numoer> - ,
V HoueyggﬁﬁjinQu~nOH?1§PC I . S -

¥ &

,,‘ro'or' L o

g

LOGO Hill respond
T(IIT ONLY VALID IF YOU HAVE A TLHTLE

Befoﬁe you ' can diroct comands to the turtle, it'Ivu nicuury to
type

A ONRL TIRME <rumtee ‘
MI valnd floor turtle conandn mll now be accoptcd. If you uant to use
the‘dlsplag again, you must sag ;
CNTRL DlSPLAY . ‘
LUGO now will acccpt display commands, but not loor turtle
comwands. Each time you nant to changs betueen dovicn. the CNTRL connnd

referrmg to the device that you want to use must be typed. However,

subsequent commands can only refer to one device at a time.

X~

Jgir

&
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14, MUSIC BOX S
_'LOGO has primitives vhich supply output for the music box. - A LOGO
user can specify pa;-tn for up to & simultaneous voices, each voice having a
'- range of five chromatic octaves. In order tb avoid timing problems the

‘music is compiled into temporary storage and then output to ‘the box at a

constant rate, rather than played in "real time®. = - Lot
14,1 NOTE ‘
. The NOTE coumand gnneratn one noto of music. NOTE takes tuo -

numerucrunputs. the first spucifun the p'tch and the ucond the duration. .
Pitches are numbered ¢hronatucall_g from -2& to 36 with @ being middle C. |
o fhere afe ailsorthre"e special "pi tchél":
-28 is a silence
-27, -26 are the pcrcuuuon sounds "boom” and "ssh®
-25.is nct a valud pitch
Duratuona must be betueen B and 127 units. ~Each unit ii normally
about 1/8 second (but see NVOICES belou). ’v | |
The actual output of NOTE :P :0 i’ dotorn.in_cd as fol l.oun:.
It :0 :B NOTE generates nothing. o
. lf':D»v- 1 NOTE generates a pifch 1 wnit long
7 1140 > 1 NOTE generates a pitch 10-1 units long followed by 1 wnit
-'of rest, Thargforé. iuslc uill not sound ;‘ﬁlurrdd'. | : “
It :P ‘is. -26 or =27 NOTE generates a sound for one unit folloned bu
:0-1 units_of_r‘est,. This makes-it convenient to use the percussion sounds

to "generate a beat”,




_ t!]TEvoan' a.lso take nultiplo inputs . The format is (MJTE Pl :01

:P2 102 etc:] uhere sach pair specifies the pitch snd duration for orie
note: (The total nuwber of inputs must 5% o‘von.)" - / X
14.2 PM _ . ,
" The command Pt htands for PLAY nusxc» takes no inputo. It causes

the output of prov:ouo MTE)IMI to be played on the music box. As the

music is plauad |t is oraud from tonporary storage and must be regenerated

if you wish to hear it again. Typing a ctl—G while music is being plauod A

causes an muedmta break and also olun out temporary -torogo m.em

can be used to clear out the music bufter. ('I'onporaru ltorlgo is 8l located |
. ‘in the same area as the user's proc:dw'n. voriablu. stc, Tho smount of

music that nau be conpulod at one time depends therefore on how much other

stuff is in the user uorklpaco.)

14, 3 VOICE

°

" The music system can generate up to four -inultanoou- voices. The
VUICE comman; dcrecto the output of lubnquont MJTE comands to the various
vouces., Pl'1 then plays the voucn olnultmouolu.
Example:

TO SEVENTH :TONIC :D : , S
18 °VOICE 1 NOTE :TONIC :D ' - -
20°VOICE 2 NOTE :TONIC+3 :D : .
. - 36 VOICE 3 NOTE sTONIC+6 :D .
. 48 VOICE NOTE :TONIC+9 :0
, 58 P
’ - HWil] ptay a chord.




VblCE takes one input which lmit be a.nunb'or botucen‘ 1 and 4, This
= beconus the current voice untul the mxt voico couand is givcn. 1f no
) VOICE comnand is given, the wltn outputs to voico nuwber 1.~
l4s VLEN and N | B R

vy 7 . : These are operations which take no inputs.. VLEN outputs the total
| | ~ length of the music compiled for the current voice. MLEN outputs the
R . Ieng,th.f'or the l_aﬁes,t voice. - R
B . 'For instance, if ue have g‘onnra’tcd a ,nllodu in voice number 1 ue
can provide it with an accompaniment: |
| 10 OOMPAH. |
] 18 VOICE 2 -
) 20 (NOTE @ 4 (-5) 4)
-» ‘ 38 IF VLEN « MLEN STOP ELSE GO 28
.- This will generate compahs for as long as the melody lasts.
14.5 NYOICES :
~ The music nusta; n&r.ullu multiplexes output smwong fow.voicn.
Voices for which no output has been generated are fed silences. 1t is also
possible to send output to only one or‘ tud voices. This is done with the
e NVOICES. command: | |
* NVOICES 1 output only to voice 1 |
. NYOICES 2 output to voices 1 and 2 |
) NVUICES!@ output to all four voices (the normal mode) _
Since the music box is fed at'a constant rate N(élCES 1 (resp.
NVOICES 2) causes the basic unit of duration to be one-fourth (ragp. haglﬂ

v . ' o s
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-,V“ long as With NVOICES &, NVDICES also clurn out temsporary otorage and

resets the curront voncc to voice 1.

14.6 NOMUSIC

'VOr}ily one user at a time way have access to the music 'box. When a
usef gives a music command, LOGD assigns the nuufc box to hi‘u if no one
else if using it. A user may release the ml'c system by giving the
NOMUSIC command. | |

14.7 HUTYO AN HUCTRL

These commands are a contabution touard rul-tin music generation,
They enabla the user to bwau the muusic buffor. and the PN command, and
hence have a chanco at least to generate real-time music.

I‘IJTYU takes 2 inputs, each one a music box pitch, and makes .tho
music box play the pitches. Pitches to MUTYD are the same numbers as ‘
Vpit'ches in the regular music system -- middie C i; §, rest is -28. and s0
* forth. mrvo autowatical ly converts those pitch nuuborl into the nunbtrt

“ the music box harduare requires.

MUCTRL stands for music control. Its main purposs is to specify to

the- music box -harduare hou many voices uou Wish to load. This io uuilar

to the NVOICES connand in the regular music wntn.
A\

14,8 SYSTEH CONSTRAINTS |
The music system has been designed uith specific uses in mind.
(See, . u.9, the papers of Jeanne Bamberger.) Users who are hampered by this
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® o
should bear in mind that the .TYO commsnd can be used to output arbitrary
charactérs to the music box, (See Chapter 19.) - A
i

e
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U - . 15, LISTS |
‘  LOGO is equipped to handle general lists, i.s. lists wose slewents
may themselves be Intc. For example: .
[(THIS 1S) A ILIST STRUCTURE])
is a list of three elements, two of which are lists.
PRINT does not print the outer brackets around a Iist.

?PRINT [[THIS IS] A [LIST STRUCTURE)}
(THIS IS] A [ILIST STRUCTURE)

Atl of the lut operations ducribod in Soction & work with general

Intl. l.g.:

MAKE "A [ITHIS IS) A [LIST STRUCTURE])

COUNT :A output 3

FIRST :A outputs [THIS IS}

BUTFIRST :A outputs [A ILIST STRUCTURE])
~ LAST :A outputs (LIST STRUCTURE)

BUTLAST :A outputs [[THIS IS] A)

SENTEM?E generalizes as follous:

1f all of its inputs are lists, it puts their slements together to
. . s .
make one big list: ‘

(SENTENCE_[PIECES OF) [A BIG) ILISTI)”
outputs [PIECES OF A BIG LIST)

~ 1f any of the arguments to SENTENCE sre words it first converts
each word to a one-word list and spplies the sbove rules

(SENTENCE "PIECES (OF) *A *BIG [LIST))
- outputs (PIECES OF A BIG LIST)

N

. LOGO has sows other list operations. LIST tekes two inputs and

. outputs a 2-element list:

LIST ITHIS IS) (A LISTY .
“outputs [ITHIS IS) (A LIST)) \

~

r 2
LIST cen also teke multiple inputs. It outpute 8 list whose
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N
elements are the inputs: ' . . .
¢ (LIST {LOTS} "OF [LISTSH)

 outputs [ILOTS] OF ILISTS]) |
Notice that if all inputs to LIST are words, then LIST is squivalent to

.

SENTENCE.

[ " : '
FPUT is another list operation. l‘@ takes tuwo inputs of which the

second must be-a list. It sticks the first input onto the front of the

second to make a nen list:

FPUT “THIS (IS HOW FPUT HORKS)
outputs (THIS 1S HOW FRUT HORKS]

FPUT (THIS 1S) (HOW FPUT WORKS])
outputs LITHIS 1S) HOH FPUT- HORKS]

LPUT is similar, 1t sticks its first input onto the end of the
'i’to - C ) )

LPUT "THIS (1S HOW LPUT WORKS]
outputs (1S HOW LPUT HORKS THIS]

LPUT (THIS 1S) [HOW LPUT HORKS]
outputs [HOW LPUT HORKS (THIS 1S1),

FPUT and LPUT can also take multiple inputs. The last input must
_aluays be a lists N

(FPUT "MAKE (THIS) [A LIST))
outputs [MAKE (THIS) A LIST)

. (LPUT "MAXE [THIS} (A LIST))
outputs [A LIST HAXE (THIS))

Lists may also contain SNAPS as elements, e.g.!
MAKE "A SENTENCE "HOW SNAP
then it is perfectly valid to says
“ PRINT FIRST 3A

or o
DISPLAY LAST 3A

but
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16. DEBUGGING FEATURES
LOGOD includes features which a'id users in debugging t‘lioir pro--

grams, The smplnt such fnaturo is ctl-b. Prnlmg ctl-G will stop

execution of ang program, lf t is not much hclp as a dobugqmg feature,
w
it-at Ieast can serve as a panic button, * ' ‘ . R
el

16.1 PAUSE, CONTINUE AND ctl-Z .
Uhen the PAUSE: command is executed in procedurc. the procedure
Instead of

i® -
tenborari Iy halted and control is returned. to the console.
typing only ? as a prompt charscter, LOGO also indicates at what level it

currently is. Level refers to "hou um.procodtﬁl desp” current execution

. Lt .
is. (Commands given from the console are at level 8. Commands given in

procedures called from the consale are at level 1. Commands given in

ﬁ;nd so on.) lvhilo

-~

procedures called by level 1 procedures are at level 2.
in a PAUSE the user can access any names R{-
: . ) L E y ey

For example:

TO BLA :A o ,

18 FORMARD 1A 3

28 PAUSE |

END . N .

A is a Iocal name. Running BLA will ceuse LOGO to pauu. He can

then accqss the value of A. ¢ Y

28LA 28 "o .

5 _ 'PAUSE AT LEVEL 1 IN LINE 20 IN BLA C
L17PRINT :A S
20 - A

L1? o | | .

™~

There are tug Ways to get out of & pause. Typing ctl-G will, as

 usual, return the user to the top level.
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The CONTINUE command (abbreviated CO) wil) contlnue executlng the
procedure starting with the next line after the PAUSE. (Note that for this
reason PAUSE should be the- Int conund ona line if the user nishes to
contunue) 4 )

While it is legal to g’iv“:m LOGD cdmr'.d in a PAUSEd situation,
the user may get into trouble if he or she ernee or edite]the procedurs
"and then tries to contmue. T / .

- Ct1-Z is mular to cti-G axcept that it goneratn a pause rather %
than a break at the top level. |

'16.2 DEBUG o | oo
The DEBUG cowmand changes what LOGO does when an error is
: encountered in a user’s program. Normally, an error prlnts a message and
terminates executmn. .The DEBUG facility causes errors to genorlte PAUSESs.
The user can then examine local varlabln and CONTINUE ulth the next Hne

of the procedure. DEBUG is a connnd uhich tlkel no inpute. Jts ue_e ~

emtches this feature on and off.

T e
-~ 16.3 TRACE-
‘ “The “TRACE comhand takes one lnput, shich 1y the nawe of a

procedure. The _procedure name is not quoted. Everg time a TRACEd _
. procedure is run. LOGO prints out a message to that effect md telis what
the mbute to the procedure #e. LOGO also indicates if the procedure
s outputs. - S N b |

To get rid of a riuice, use ERASE TRACE as in:

. . .
: N . . : . .
| ' : co . ‘ ¥y
- . &£
| s . : : 6 1 4
] . : . ¢ .




¥4

™~ ' ~
. .
?ERASE TRACE <procedure name> } :
‘ 4 . _ It is possible tostrace all procedures bu uging TRACE AL. There
| " is also ERASE TRACE MLL.
. j\' . r 1)
| 16.4 STEP o S

_ STEP is like.a supur TRACE" Not bnlu is the procedure THACEd but
before each line of the procedure is executed, LOGD tupu out the Imn and
uaits for the usgr to respond. There are thres optior‘m

8 (1) Typing a carriage feturn couses the line to be executed

and goes on to the next line.

K o {2) Typing ctl-G terminates execution as alma.
(3) Typing cti-Z gcnoratu a PAUSE as ducrubod |
above. The user may then execute other commands snd lator |
CONTINUE. . | D ‘
~. - The syntax for STEP Is like TRACE.  ERASE STEP, STEP ALL. and ERASE - {
|
|
\

STEP ALL are also availablu.

et ‘ ~
¢ / R e . °




o8

a8
g

' ‘ Thc error hand! ing facnluhu allou you to lpodtfu thc uau LOGD "

n

T

treats errors. ,

SN maERETed R, . o e
The ERSET: comuand takes oné mput. : procedure nm. As uith TO.

EDlT THACE etc.. the proceduro name Io not quotod. ERSE? causes the

¢ procedure goven as mput to be executed uvery tine an error occurs._ The
-

v

procedure mll arab be «run_ eru tin ctl-G or ctl-Z is: hlt. ~Aftar tho

-procedure has been executed. LOGp tlkn the follquing lctionz . ‘ | . | "
(1) If the procedurc doea not output um prints. thc norhal error ’
neasagz. .
2) 1§ fhe procedurs outputo. L(IJD printo ihc nutput inotud of thc -
nornal error nessaqe. o o O o ‘ o
\4 b lf an error occurl un the ERSET procbdure itulf the ERSET uill not o
" happen. The varvoua SYSTEN BLG erroro cannot be ov'rridden bu an ERSET. g RV L
- &l Lo ‘ ' ’
-0 ’The ERCLR command. uhich taken no mputs. ‘desctivates EHSET. S
,; s L . L . >
§ 172EHRET-and ERLIN, o B R
’ . As descrnbed above, t ERSET can providc parnonal orror nssagn.

| but shll termmates ex:cutlon. Another use of ERSET is to allou the : |
‘:_pOSSlbl“ty of nodufgmg the condutuon that caund the error and contmuing
execution,  The command ERRET tak-s one input, a lim nunber. lnd returnsv D
, ‘ ‘executhn@to that line of the proccdurs in uhich the error uccurnd. ) '

. -"Useful in COﬂjunCtIDﬂ mth ‘this is the ERLIN opontmn‘uhich outputs tho

._Ilne nunber in uhich tho error. occurrad. Thuo. for oxnplc: ;




Y
&
3 t

ERRET»ERL!N

Example. -

N

. Here is a uag to move @ ball, back and for th acon the screen.
Suposé :BALL is a SNAP of a ball and ve wove the ball bgs*

70 HOVEBALL .
- 16 FORWARD 20 o '
28 DISPLAY ¢BALL :
30 WAIT 5 _
A 48 WIPE :BALL ' o
. secolE - . . e
~ Run MOVEBALL but first ERSET the folloning procedure:

0 TURN - 0

18 LEFT 180 |

20 ERRET 18 -

T o

Ty : ¥

Nou-every tina the "0UT OF W.NJS error .occurs TtBN uill turn the - |

. turt|e around and keep going.

But thls ‘simple’ schene has a bad bug. Tl.m niltl be run'uhe?quer‘ . o

_a_gg. error occurs. " Even Worse; It uill be run when ue hit ctl-G. Thcré TR

“no uay to stop. I‘IDVEBALL' What we- rullu want is to only uecuto the ERRET

~ in the case of the partncular error "GJT OF MNJS

17.,3 ERNAIY, ERBRK and ERPRO
To help overcone the above-nntioned bug. Ltm prowdes the ERNM‘I
' bropera“tuon. The easiest yay tp gmd out the nanp-of an error, is to

gener\"ate the &rror and then PRINT ERNAY, He can m the bug in TURN aboves

m an ERSET pnocndure will rq-execute the lme in which the error occurred. -




' . A . . . . - Fl :

" T0 TURN ,
10 TEST ERNA.= 008 , - 1 '

. 20 IFFALSE STOP - - o : ',
_ .30 LEFT 1808, . _ ‘ R
ce 40 ERHET 10 . S
f‘*f SR Em | . L PR

~our OF aums "has error name 00B) | - |

. . ERPRO outputs the name of the procodtn in which tho lnt orror ;
A' occurred. 80 if we. would |ike TURN to onm teake cfuct durlng MVEBALL we .
“".AclnTESTtasceifERPRO WVEBAL, "

ERSRK handle- ctl-G and ctI-Z. lt is an oporation uhlch outputu

| 1 sf ‘the "urror . s caused bu punlng ct1-G | : -
- S |f the error ull caused by prnling ct)-Z R N
| 8.othermse- . . | ,
' Sonetmu |t h uuful to ut thingl up 0 that pruling ctl-G ' 3

durmg a REQlEST re-dm the FEGEST rathor thln otopping the progru.

Here |s an exauple of how. thlt can be donoz '

S 10 SPECMLREU.EST

18 ERSET TRYAGAIN

- 28 MAKE "X REQUEST

+ -« - 30 ERCLR :
o - © 4B OUTPUT X

. Em Lo,
TO TRYAGAIN
18 IF ERBRK = 1 ERRET ERLIN
END . Y

Mith. TRYAGAIN we can still stop the show by hitting cti-Z.

17 lo ERNUN, ERT(K. ERL(I‘.. and LI o
ERM.MEachtupooforrorhuamnuollc?anm ERM.M : : .
outputs the number of the error. ) '
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|ERTOK outputs the "‘t‘okon nunbor" th which tlﬁ previous error
occurred in the lins. This gives some indication of exactly where in the
line the error ocqurr;d. but it is hard to use unless _bou'ari inlgiatcd ‘
irito the ngsterioi of the L[BO ovnlua_tbr. ,

ERLOC outputs t\ho- Jocation in vth; Pﬂ’ll'; core at Qh,i:h the error
occurred. It is useful nainiu to systen progrm'. ’ “ ,

_'ILlle outputs -the last line typed in at the console. lt is useful
for doing analysis of crr,ﬁra that occwrad‘ihilo tﬁo user Has typing in |

*direct commands",

. ‘ y
- . . . _ .

»
"




, ) 1&.' EVALUATING TEXT
18.1 AN . | _
It u ofton uuful to -uluatc oconmende thlt M\n bnn conputod

 rather than tupcd in. The bnic LOGD pﬂnmn which does thh is H.N.
RUN takes om mput. a lht. and waluotu lt juct o it thc tist vere

tmd in at the conlol-:
?RLN [PRINT 'uuu)

It the input to RUN opoclfln ", oporlﬂon. then llll uutputn

z?gﬂlNT RUN [ﬂﬂ 18 51

Of course, the input to M need not be typed ln Iltorallu:

?PRINT AUN (SE S 18 5) o !
_ 23 ¢ ~ E .
For -xgnple: v L '
MAKE "X "PRINT
RUN SE :X 5
5 .

. ’Another exanple.

. 1f ue have procedures callod. sy, STRATEGYI. STRATEGYZ nd
STRATEGY3. one uay to lnvoko the proper one is to sey: '
BN (SE WORD "STRATEGY :N)

if:Nisl, 2, or 3. He use SE with one argument since AUN's input must be’

_a-list.

_ “There is a tricky point hers. RN exscutes the Iist just as If the

. list were typed in. In the sxample

RUN [PRINT *HOW) | ﬂ |
the first character in the second word of the input is @ qﬁot_-. To
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ganc}'ata the list we would say . - | . 5
RN SE "PRINT "M . | R
In contrast the command
RUN SE "PRINT "HOM
n equivalent Vto‘ | :
,, RN [PRINT HOW) _
which would be an error uniess there wers & procedure nawed HOW.

18.2 PROCEDURES DEFINING PROCEDURES

4
It is valid in LOGO to have a procedure which defines another "
_ . procedure: _ _ ' |
v -~ T0ODRIB.
- . 16 TO DRAB . .
20,18 PRINT "WHOOPIE
s 38 END
. _ .. . ™~
Running ORIB defines the procedure:
TO DRAB L
.19 PRINT "WHOOPIE
END | -
Naturally, we can use RUN in-this context: |
g T0 DEFINE sPROC N
. 10 RUN SE. "TO :PROC
N §2 gﬁ SE 118 PRINT) oN
' .gill cause . o v
DEFINE WO e
to. create . ‘ - . |
| T0 N '
] 10 PRINT 7
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18, MISCELLANEOUS COMTIANGS

181 B R

BELL takes no inputn. Rings the bell on the comolo.

CLOCK takes no Inputs. Outputs a nuubor which is’ incrmntod ovtru

1/60 seconds.

DATE outputn a 3-olomt list contaming wonth, day, year.

TIME outputs a3l \Qnt fist containing hour, mnutu. ucond

WATT takes one input. hum LOGD. to uait fop_that wanj 1/38
ucpnd mt-rvaln.

HELLD clears out workspace; "rntnrtn _LOGO for You.

GOODBYE same as HELLO,

LEVEL takes no inputs. Uutputn a nuwber which tells "hon nany
brocodures deep” currcnt execution Is.

PEEK prints out wltn status ‘information.

NAIL The MAIL command enables users to send messages to othor users
o LOGO. MAIL takes one input- the user name {quoted) of the person to
whom the mail is to be sent. The cowputer responds uith a back-arron («)
uhich indicates that angthing typed in on the console is regarded as wail.
To end the message, type a line uith a single per iod fol lowed by a carrisge
return. The éonplotcd messege is then plaéod in the filing system of the

user to whow it is sent, contained in & file nesed MAIL. The mail can be

read either when logging m. or by printing the file using the POF command.
It 1s helpful to be logged in when sending mail, aince the user's login
nawe is used to identify the source qf. the mail to the pefson who receives
it. ‘ ‘




.

-

SEND takes tuo inputn. Tho first is the nusber of a comolo. and
the second is a list uhlch is printod out as a message dir.ctly on that
comolo._ o )

SYSPR takés as Input a list uhich i print-d out as a message on

P

oall consoles currently in use.

SIN takn one number (rnprlmting degress) as lﬁput and returne
the sine of that angle. ' N

COS takes om‘lryputA in degress and outputs the cosine of that
angle. L . ” - |

ks
2
19.2 IMPLEMENTATION EPMNT Pmnmves

.The follouing are primitivas which refer npociflclllu to this

. mplenntatuon of LOGO.

~<TYO takes tuo Inputs. The firet spacifies a device. This nay be
either a device number or nene. The nawes that Lwo understands for

devices are:

LI . for th.lightboﬁ g .

CTIRL for turtle ) |
"TUR2 for turtie 2 uhen It is piugged in
"MUSIC | for the music box

C"PLOTTER  for the plotter

ITTY O for you own console., °

.T.ho uqénd_ input/opocifiu a number uhléh is relayed to the given device as
output, o \

The obvious use of this feature is with regard to the light box.
] _ . _

= i
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;TYOing to a turtlo is slightly uuful: cortain th that cin be done

by the turtle harduare have never baen’ inplmntod in.LOGO noftuarc {mainly.

because theg are only vory slightly uufull. Tho turtle can. “for .instance,

" waddle instead of walk. ' ‘ o -

Jry this program:

TO WADOLE :STEPS
18 IF :STEPS = 8 STOP
20 .TYO "TURL 94
30 .TYO "TURL 95 : , .
. 48 WADDLE :STEPS - 1 ‘ .
END _
The interested ruder is referred to the TURTLE GENERAL Enginesring
Handbook, Appendix A_for more detaile. A
.TYI takes one input which -pieiﬂn a device {n the same manner as
.TY0. The next pisce of information ‘(interpreted as a number) received

from the device -is given as output..

.CLOSE | 1f you use .TY] "oi- .TYﬁ. LU)O assigns the device to you so '

Athat no one else can use it, To roluu tho device thc .CLUSE command ie

used, taking an its input the given device opocificatlon.
.CTYl and .CTYO are similar to TVl snd .TYﬂ except that tho

_specified device is the user's console. .CTYD takes one input, WCTYl takes

none. )

CTYOUAIT and TYOHAIT , v _

These commands 'ori a species of HAIT comand -- like HAIT 68 -~ but
instead of aiting a fixed amount of time, they uait until a teletype has '

fmnhod tupmg out.

»

P

3 A simple use of CTYOHAIT is to omch'onizo a procedure that draus
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~ on the display and also prints stuff out. Suppose-you wish to drau a POLY -
and print the turtie’s heading at each corner. Normally in such a PNO".. ‘
the dusplaging gets furthor and further dvud of the prlntlng. But, -

‘ CTY(]JMT Hill force the procoduro to wait for the printlng to bc couplotod '

before going on: o .
TO-POLY sSIDE (NG 2 U .
18 FORMARD sSIDE | :
28 RIGHT IANGLE o | .

' - 30 PRINT HEADING
: 48 CTYOUAIT 18 !The number is how much time to uait ln
addition to waiting for the t!lotwa.
S8 POLY :SIDE :ANGLE Y
END | S
TYOWAIT is I1ke CTYOHAIT, except that you epecify which device to
uait for. TYOUAIT understands the same device names that .TYO and company
understand. It also accepts teletype numbers. A good use for TYOAIT is
to synchronize the floor turtle with the display turtle. |
.GUN takes one input, & user number, and restarts that user’s LOGO"
lequivalent to typing HELLO at his console). This is used when soweone’s
consle gets hbpelenlu hung up. » '
«CASESH On consolss equipped to handlo Iouor case, ano nornllu
converts characters to upper case. CASESU is I conlnd uhich taku no

inputo and turns this festurs on and off. _
LECHOSH takes no inputl. Turns off and on I futurc which inhlbitt

echoing of characters typed at the conlolc. '
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g o . 28, PAINLY FOR SYSTEN PROGRMTERS
- : j ’ The folloning prliltivoiodoal ul_th the maintenance and debugging of

the LOGO systemw. They are useful painly to systen programwmers.
~ .STF and .CTF set and clear a trace of the ovalultor.
.SGCF and .CGCF  set and clear 3 futuro uhich cauln a gerbage

cal lection each tun a nodo is allocated,

T . +SPNF and .CPNF set and clur printing the number of fres nodes
N left uhen garbags collections are run, "
| .STATUS unlock protected comsands - ‘
.PURCLR do & reset of the PP 11 and-aall dovlcu.. i
| Not to bc used cnulllu. |
RUG  halt LOGO and -tart the debugger
+SETTY- set the lultn time vnriablnl o *
' .GCDLL run a garbage collcctlon. \
<EXAMINE ‘axamine location, in POPLL core. B
+DEPOSIT deposit into core,
.NODES - output number of free ‘nodes.
o :VERSIW output which vorn’ion of LOGO this is.
- VAL output the itew on topof the S-PIL. |
. JUSRTIME output the amount of user time run by the system,
" K4 |
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( R 21, M mex OF LOGD PRIMITIVES |

o Thg paqn that follou are 3 listing of prnont um priumvu. :

" uith thc exception of th. -p.cm comsinds |inted in Chq:tor . Mong
: With each priultivo is the fououlng informations '

ABB.-- Abbrnviatiom and infix forms. Infix forme ae indicated bu
.
| NUHBER OF INPUTS-- The inaication nY mesns the primitve may use the
variable input feature’ Sea Soctlon 4.8) &;uhon n is the standard mumber of
inputs.t . ""6/”'_ '
ouTPur-- Y mm it does output!N weans it does not.
PAGE (5)-- The e nary P""" on{ahlch the prinitive is discussed,

“plus any important wpplmntarg lnforutim.

L ’
1




- T PRIMITIVE  "ABB

58
=

-

ouTPUT

PAGE (S)

ALSO ;
ASIZE .
BACK . . BK
BELL
BOTH
BTOUCH
BURY
" ALL -
BUTFIRST  BF
BUTLAST BL
.CASESH ;
CLEARSCREEN CS
CLocK .
-CLOSE
.CLOSEF
CNTRL .
CONTENTS
 CONTINUE co
cos
CCOUNT -
CRINDEX
.CT¥1
.CTYO
CTYOUAI T
DATE
- DEBUG

DEFINEARRAY DEFAR -

DIFFERENCE - (i)

DISPLAY .
ECHOSH
EOIT ED
" LINE EDL
* TITLE  EOT
EITHER
ELSE -
EWPTYP
END

© EQUAL “ti)
ERASE ER
" ALL

" ARRAY

' ARRAYS _

» " BmY - R
" BURY ALL -
" FILE o
" LINE ERL
LI .

—
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-
(414
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P

E5-56 * .
23

, 46,648,501 °
75 o

39

47

%

36

12,62

12,62

7

51 : ’
B - :

76

46

55- .
my ' lo . ¢ . e

68

75

12.2 ? 4

40-41
77

77

77

75

% .
21-2
16-18
83
78
8.73
7.

7

30
31-32
30

6

. 17-18,38

8,35

35

22
22
36
36
33

8

35




% STEP

" NAMES

" PROCEDURES
™ STEP AL

" TRACE
" TRACE ALL
ERBAK -

- ERCLR
ERLIN © -

- ERLOC .
ERNAM -

-, ERNUN
*.ERPRO

ERRET
ERSET _
ERTOK - 7

FILEP - A

«FILER ~ €

FIRST . - F

FORWARD . - FD

.~ FPRINT ‘B
e

FTOUCH -

GET . . =

GO -
GOODBYE

_ GREATER > (i)

- . GUN

* HEADING -

- HELLO
HERE"

' HIDETURTLE HT
HOME

IF |
IFFALSE  IFF
IFTRUE IFT
ILINE .
_INTEGER ‘
LAMPOFF

LAMPON

COLAST L
LEFT LT

LESS - - ‘e (i)

.. LEVEL . .
= LIGHT ) )

LIST ’ L

ouswe LS

LOCAL? '

R

: -y . i - .
. . ‘ Loy
r e . . . . o . -
< : ot E Ca
- . N . ) - . . L
' s T . . P
. . W . O . . ! | - ‘
- N - . a® . i v o
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N
N
N
N
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N
Y
N
Y

a4

Iy
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»
o .
.
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o -
v
.

y
Y
N
N
Y
N
Y
Y
N
N
y
Y
Y
N
N
Y
N
it
N
y
y
N
N
Y
Y
N
N
y
Y
Y
Y
Y
Y
Y
N
N
Y

0 0

|

47,48
e
3P

N .“fa ; . |
&4 . -

7

87 \
- .6B-67 . S
&7 . e

78 -

B 585",‘5"”' W o L
: 68'69 S o

no

‘7B
- 53_33~ -

»

68 : L o vx o ;'
wn - -

4346
12,62
‘6'“'51 ‘

14-15,40 -~ . o
63 ) . o

22,24 ST
; zs . ) .\"' I
-17-18

/- SN

B85 L

7

. ‘A
- 54 -
Bt ] -

52° 4
5S4

- 31-32

32 ) - . “‘-"‘xl"" .
32 - ." " e

©.

47,48 .

42,62
46,48,51.

17-18

48
62-53
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" HCLEAR |
. MEN .

 NEMSNAP -
- NODISPLAY
.. NOMUSIC -
" NOPLOTTER

- NOTE ~
- NOTURTLE
. NOWRAP

.voIcEs
: -""“.AT.DPENR-- |
e JOPENW
COUTRUT
UOPEEK .
" .PENDOWN © PD -
L PENP . -
PENPP - . PU

> PRODUCT

- RANDOM .
*READ

. REQUEST .

. A *

MAIL
MAKE"

MUCTRL . .
MUTYO

NOT .

NUMBERP
.OPENA

PAUSE . - . ¢

PLOTTER
PR
PRINT

. PR
CPRINTOUT - . PO . °

M&L‘
" ARRAY

. OVARRAYS: . .,

FILE ,
1NDEX POI .
LINE
NAMES

* PROCEDURES .
TITLE POT
TITLES |
v fREE!

'833’

QUOTIENT
READPTR &
REMAINDER = \ (i) ,

RIGHT BT
RTOUCH. B

b 4

“somatimes

N
\j
N
N \*

PR ZR LT EZ<XETZZZZRZZ<ZIZTETZTZZ

zz=

i . . 3
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ss-sa |
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-

RN

~ SEND -

SENTENCE  "SE
SETASIZE
SETHEADING  ~
SETIINDEX ~ SETI
SETTURTLE - SETT
SETX .. .
“SETXY

SETY

" SHOMTURTLE ST .

SIN
SNAP

- STARTDISPLAY -

STEP. . -

" ALL |
STOP

STORE

S 4t

SYSPR
TEST

© TEXT

THING
TIME

0

00T
TOPLEVEL
TRACE -
AL
TURTLE
LTV

.TY0 .

_TYOUAIT - -

TYPE

OTYPEMR .
- veE

VLEN
VOICE

WAIT
WIPE R
WIPECLEAN  UC
KORO X
WORDP -
WRAP

WRIYE

LRITERTP.

XCBR

"~ YCOR

GO D I = D = D N = e e e N N

R e D D
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