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Part |

Origami is an internationalphenomenonthat has moved fabeyondits traditional boundaries of
Japan and Spain. Itpractitioners arefound world-wide, andthe language thegommunicate in is
made up of diagrams. Thgreat strength of this language its uniformity acrosshe world. In this
series, based on a paneliscussion at Conventiof88 and a diagramming questionnaire sent to
diagrammers aroundhe world, | am recognizing existing standardsdaigramming and proposing
new ones to further promote worldwidemmunication othe art.*

Introduction

One of thedifficulties facing a diagrammer ihat of consistency with the past, haal folding group,
the national scene, and potential co-authorstHa case offhe Friend$, there is also theuestion of
consistency with whahas beenprinted before in conventioprograms, teaching sessions, and other
articles in theFriends’ Newsletter (such as Bvid Shall's concurrent series of articles)Minor
differences appear, for example, in $ois lists printed in thériends’ Newsletter#27 (Fall of '87)
and the Annual Convention '88 program (Spring'@8). When you bring in books the situation gets
evenmore conplicated. | have written, or amorking on diagrams for, three different bookso with

a co-author. Because we each had strong opinions abloait symbolswere best, weended up
compromising, and | must use a different set of symbols for piajbct. Asconfusing as this is for a
diagrammer, it is bound to be worse for teader’

Before Convention '88, a number of folders recognized that there wasddor standardization, and
The Fiiendshavetakensteps towardhat end, for example, publishirbe listsjust mentioned. Before
the convention, | sent a questionnaire to somed2grammers aroundhe world; many returned not
only the questionnaire but sent pages of additioconaiments. Athe conventioritself, we held a panel
discussion on uniformity that included most thie American diagrammers andsome overseas
participants asvell. Its results, and the results of thaestionnairewill be included in the articleshat
follow.

This article kicks off a series in which Iwill take adetailed look at diagramming syrnols and
conventions. Where thefgave been competing claimshdpe taresolvethem. Where there are gaps, |
hope tdill them in. | also willgive some explanation fowhy touse a certairsymbol. This serieswil
run aslong as it takes teover the material, so ifyou havestrong disagreementith something here,
send me getterand I'll discuss itin a future installment.

' These articlesverewritten in 1989-1991. I've updated a few bits with thésetnotes.
>The Friends ofhe Origami Center oAmerica which is now calle®rigamiUSA

* The next thredooks were solo effortgnd I've pretty much standardized on the consensysbols
describechere, as has a large parttbé origami diagramming community.
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It would be nice to start with something simgike a valley fold.We're going to starevensimpler than

that. Many of thecomments orsymbology that Ireceivedconcerned generalitiasther thanspecifics;

they took theform of basic principles to follow whediagramming a modelet us begin with sme of

those principles. Following these ideadl eliminate many ofthe bugaboos thahave had readers
tearing theirhair out, andthey can help taesolvefuture questions opropriety in diagramming as
they arise.

Be consistent with  the past

The way hings havebeen done in th@ast has dig thing going forit: it is known to work,and it is
known to many. In origami diagramming, thaeans that unlesthere is pressing reasastherwise,
we should usehe standard notatiordeveloped byYoshizawa. To (dilly appreciate thechange his
symbols made in theorld of folding, one has only to examine sometloé olderJapanesebookswith
their dashes and P’s, dhe modern Germanbooks with noarrows and nodistinction between
mountain and valley folds. Yoshizawaisotation is clear, it hastood thetest of time,and therefore it
should behe diagrammer’s first source. (Justhat thosesymbols are will beshown later — these are
general principles at thmoment.)

Yoshizawa is not the ultimate authorithough, because hipesnot diagram comlicated models, and
his symbols are therefore somewltiatited. Many of the newer symboland most of thecontentious
ones,were developednhore recently to describeequences that are nedsily described by thestandard
symbols. It would beunreasonablefor the diagrammer,when confrontedwith an entirely new
sequence, tiry to squeeze it into the existing symbols. And it would probablgdpgally uncomfortable
for the reader to follow. However, othauthorshave stepped in tfil the gaps inorigami symbology.
In the West, books byHarbin, Randlett, Sakodakenneway, Montroll, Weissand Jackson, already
describe a multitude of sequences. Many of these ba@ksunfortunately, out of print, bdiey are
still used as aeference by many folders. Those that are out of print may be foutie libraries of
the major origami societies,and models from them continue to resurface the periodicals and
publications of themajor origami societies, so thewre still accessile. Consequently, ifYoshizawa
doesn’t have a symbdbr it, one of these probably will.

This is not to say that you shoub@ver replace arold symbolwith a new one — because invary few
cases, that isxactlywhat | plan to suggest — but if yalo, youhad better have an overwhelmingly
good reason forit. For example, it was suggested at the patiscussion that dashes awdt-dot-
dashes fowalley and mountainfolds should bereplaced bydotsand dashestespectively,becausethey
wereeasier for the reader to distinguidaven ifthat were so(and I'm not saying it isn't)the dashes
and dot-dot-dashes are so firngptrenched irthe minds offolders thatmaking a changeovexould
bring mass confusion to those already familgith the art. So dashes and dot-dot-dashvels
remain’ (We won’'t mention dot-dashes versus dot-dot-daspets. Onthe otherhand, the Harbin
“repeat arrow” isless well established. It isavoided by severalprominent authors (Randlett,
Weiss/Jackson, Montroll), haseveralshortcomings, and | am going to suggest a replacement for it
later on.

What I've done here is tocollect from various sources syols and drawing conventions that are
general, clear, and consistemith the past. | wouldike to think thatthe symbols in this seriezuld
describe any situation that would ever arise, but I'm not that naivga® is developing technically at
an ever-increasing rate, ande art will almost certainly outstrighe capabilities of any description
language.Someday, a new prodare will arise that cannot beasily diagrammed usinghe standard
notation. However, if you are diagramming a step, you shouldtfir¢b use the symbolshown here;

* However, inlarge crease patterns (such the “crease pattern challenges” @rigami Tanteidan
Magazine dashes and dot-dashes blur into incomprehensibility, uae dftwo different colors ofsolid
line becomes a more useful tool. We should néatdristory and convention get in theay of clarity.
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and only if that is impossible amreasonablyifficult should you make up new ones. Arglenthen,
keepsimplicity, generality, and clarity uppermost in youind.

Make the drawings stand alone

The goal of international origami communication aany bereached if anyone can read directions;
therefore, @et ofdrawings should not have tely onlanguage. Drawings shouliddicate all relevant
information. Verbal instructions shoulibt benecessary teesolveambiguities.

Make the text stand alone, if possible

Because manyeople work bettefrom verbal descriptionghan from diagramsthe diagrammer
should, if possible, include verbal directions sufficient in themselves to wbrkugh the model.
However, it isnearly impossible taneet this goal in corplicated modelsThe verbal constructions
requiredsimply to navigatearound the model becomeéaunting, and it iflatly impossible to describe
solely in words astep inwhich youbring twenty or thirty creases together (as oftbappens inbox-
pleatedmodels). In such cases, the verbal directions stiinenhancethe clarity of thedrawingsbut it
would be impractical tatrive for complete self-sufficiency. Irgeneral, though, beginnergly more
heavily onthe wordsthan experienced folders, so it isore important tayet the words right oreasy
folds than on hard ones.

Use letters to idicate important features.

It is astonishing to note themount ofsimplification that can comsimply by sticking a singldetter on

the drawing toindicate a point or flapCompare “Foldthe largebluntish point justleft of the center
line of themodel up to the point where tleeease made istep 4crosses theedge ofthe squash-folded
rabbit ear under the rigtobe ofthe large, irregular portion dahe model” to “Fold flap A to point C.”
On simple models that have words, theginner has #endency tdollow only the wordsand notlook

at the pictureexcept as dast resort. The occasional reference tetier onthe figure hasthe helpful

effect ofreminding such a person lmok occasionally at what the drawing is doing.

Be grammatically correct

Striving for a clearand unambiguousverbal descriptioomeans, among other things, thatu must
stick to aconsistent origamgrammar. It iswell-established irEnglish-language origambooks (e.qg.,
the Harbin/Randlett books) that origami nouns are not hyphenatedethgare. Thus, Ireverse-fold
the flap into theinterior, but | flatten outhe reversefold. Is that adouble rabbit ear? It was,but |

triple-petal-foldedit a few minutes ago.

Similarly, while the names of different ovesare nouns and shdd thus be inlower casethosethat
incorporate names, such as Elias-strefebrb) or Hias stretch (noun) shoulchave the name
capitalized. The names of bases, dahe otherhand, are proper names, and should entirely
capitalized: Bird Base, Aterbomb Base, Preliminary Base. (Okay, Preliminary Fold.) Whether you
capitalize thename ofthe final model is up to you. If it isimply adescription (“This is a bear.”), it
should belower case. If it is atitle (“Man Riding a Uhicycle at Dusk”), it should pobably be
capitalized.

Use arrows to indicate motion

An arrow should be usednly to indicate motion or action: movement offlap, pressing here,
squeezing there, pulling this, et cete®pecifically, itshould not be used tpoint out aparticular
feature or taonvey factuainformation (see figure 1). In oldeorigami books Qrigami Dokuhon for

one) youwill find a differenttype of indicator; it iscalled aleader, and consists of \&ry thin line

extending fromthe information tothe drawing. Leaders are useaddely in mechanical drawingThey

should be used in origami agell.
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This flap
moves.

Figure 1
Use a leader to indicate
information about the model.
Use an arrow to indicate
motion or action.

Don't leave the reader dangling

One of the greatest cruelties diagrammer carperpetrate uponthe reader is illustrated by the
following scenario. Instep113, we are instructed to perform axceedingly complicatederies of
closed sinks and to turthhe paper over. Step 1l#herefore, showshe opposite side of theodel. The
paperdoesnot get turned back overuntil step243, at which point weliscover we folded step 113 all
wrong, but it'stoo late now.Always show the result chny proceduremmediately.

9

Figure 2
What happened? Show
results before turning the
paper over.

This seemdike an easyscenario taavoid, but there is actually sery good reasonwhy it happens all
the time. Drawing diagrams itediousand hardwork, and it seems like a great waste of timeltaw a
step in vhich nothing happens. The diagrammer nmesiize, however, that his goal is to makaings
as easy as possibler thereader, not for himself (painful though that may be).

Show one step per drawing

For muchthe samereason, it is commoipractice tocram as manystepsinto each drawing as is
possible. his is notonly confusing tothe novice, it isnot the way anyone actuallyfolds a model.
Suppose you are folding an animaith four legsand a headYou don’'t make ondold on thefront
legs,one on the back, one on the headopther on the front, another time back, another othe head,
a third on the front, a third on the back, a third on the head, afaitho The way most people would

®In thedays ofpen and inkthe tendency ofliagrammers to be sparingith their drawings was
understandable (if not necessarily forgivable); but when duplication-and-modification is a matter of a
few mouse clicks on a computer, theeally is noexcuse for not showing the resultaferystep.
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fold theanimal is tcentirely fold thefront legs, then entirely fold the baclones, then turn attention to
the head (or some similar permutation). If people don't fold a modelparticular order, ishouldn’t
be diagrammed in that order. Tlaly reason to cram many procedures into a sirsidg is to cut
down on theamount of drawing; but again, that is a cas¢hefdiagrammerplacing himselfahead of
thereader, and that is not the proper stataftdirs.

Distort the model for clarity

If a diagrammerwere todraw a model in a mathematicaligeal way, it would convey verylittle
information: all edges wuld line up,all creases wouldun all the way to corners; multiple layers
would perfectly overlap. In practice, then, thdiagrammer mustintroduce small distortionsgaps
betweenedges, layers that do not line up. Such distortmmrseyfar more information and should be
included wherever appropriate (of course, they are also harder to draw).

A B

Figure 3
(A) is more accurate, but
(B) is more informative.

Along those same lines...
Show multiple layers  whenever possible

Here is where mangiagrammersfall down on the job: if a modéias multiple edges stacked up on
each other, SHOWhe multiple edges. If therare too many, you don't have toshow themall, but at
leastshowenough tandicate that there’snore than ondayer thee. This is far more illuminating to
thereader than a mathematicabyactsilhouette of the model.

And now, having established those basic ideas, on to some symbols.

Partll.

Lines: edges, creases, mountain and valley folds

In Part I, | wrote of many ofhe general principles that should guitlee origami diagrammerThey
may be summarized roughly as, “make it simple,” “make it consistent,” and “m#hkerdugh.” How
these principlesare actually put into practicenill be the topic for the rest of this series. In this
installment, I'll talk about the bread and butterdiigramming:lines, mountain folds and valley folds.

There is a fair amount of craftsmanship,ndt artistry, indiagramming. Atthe very least,there are
distinctly recognizablstyles ofdiagramming, just as there are dististles offolding. In attempting to
define the standards of diagrammin@or maximum clarity, we nust avoid squeezing individual
expressiorentirely out of them.Our goal is clarity, not clonesThus, a srall amount ofvariation
betweendifferent diagrammers’work is inevitable. However, theseariations should be in points of
style —line weights, qualityyariations in proportions — and not basic symbols.

Edges versus creases
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Professional diagrammers — meanigpge few who wite books andget paid for it — usually use
two different line weights irtheir drawings taonvey edgesind creases. ypical sizesare 1- andl/2-
point lines, respectively,for edgesand creases. (A “point” is a typographer’s unit, equalal@ut
1/72nd of an inch)Professional diagrammetachievethis by using technical pens — for example,
Rapidograph pensThey costabout $15 each, occasionallglog up and, becauséhey are ink pens
rather thanpencils, theconsequences of a mistake arificlilt to eradicate(electric erasers cost
anywhere from $60-$100). That is how professiongés two different line weights, butmost
diagrammersare notprofessionals;they don’'t have access to professional drawingols, and they
should not berequired to use them simply to produce a tolerably readable oriyaming®

Multiple line weights, while desirable iarigami drawings, are not that important. We nmagisonably
hold aprofessional to higher standards thdéme average folder who Emply sending a moddor a
convention program. The averafpider will be diagramming with a single lineeight, and asoften as
not, using apencil or ball-pointpen. Diagrammerswho draw with a single lineveight distinguish
edgesfrom creasedike this: a crease lineloes not touchthe edges aits end. It alwayshas a gap
between itand theedgethat it ends on. Thexception iswhen a crease lingoesunder anotherayer;
then, and only therdoes it actuallycontact theadge(see figure 4).

ZAEN
N

Figure 4. Crease lines do not
contact the edges that the creases
end upon. They do touch edges
that they go under.

On simpler models, yoshould drawall visible creases orevery step of themodel, as this aids the
reader to orient himself anithe paper. Of course, ihe crease is used as a reference poishauld
definitely bedrawn! Asmodelsgetmore conplicated, however, the dwangs canbecomeclutteredwith
extraneous creases (and of course, sotbhanmodel). In the interest of claritthen, unimportant
creases may bemitted as they cease to bseful. You should be consisterwith omissions, though. A
crease linethat appears, disappears, and reappearatically throughout the folding sequence is
confusing and should fzevoided.

Valley folds

In the panel discussion and foldiggestionnaire | sent out, there was a tremendous variatiama
people said were thistandard” or‘proper” ways of drawing varioufolding maneuvers.Thankfully,
therewas little or nodissention on what constitutesvalley fold. A valley fold is indicated by alashed
line — no ifs,ands, or butsHowever,there isplenty of room for variationbeyondthat! Here is a
choice:should avalley fold start and end on a dash or a space?

® Does anyone use Rapidograph pens any more? Computer drgwimgyams give the user full
control over lines (right down tehether terminations are rounded or squared) dordt leave black
blotches all over youfingers.
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Figure 5. Beginning and ending with

a dash, rather than a space, permits a
more precise description of a fold. This

is especially important when the fold is

not what you might expect it to be; in

the shape on the left, one might be tempted
to fold from corner to corner. In the right
drawing, there is no ambiguity—you don't.

As you can see from figure 5, beginning and ending with a dash permits apmoigedescription of
the location of the fold (whicls, after all, usually determined bifs endpoints). Starting and stopping
on a dash arespeciallyimportant if there is not alefinite reference point for thdold (as I've
purposely done in the figureJhere is another reason fadhering tahis convention; if avalley-fold
does ceasewithout hitting an edge, that will unambiguouslyindicate anunresolved crease (as in
shaping orsome precreasesiowever, ifone is using draftingape with predefinedlashes to make
dashed lines, thegou can usuallyonly get one end of the line to start withdash. The othetands
where it lands, and there is nothing you can do about it.

(The samegoesfor most computer-aided drawingograms,including the one | used to make the
figures for this article. The method | usedggt the lines infigure 5 to startand stop on a dash was
difficult enough to be impractical for regular use. Therefore, moiteofiguresillustrating this series
will only have one end of the dashdites aligned.)

But putting in a dashed line for thalley fold is only half the story in conveying thdold. The other
half is the arrow. The arrow’s importance in communicating adal to thereader cannot be
underestimated. This éspeciallytrue in drawings fothe beginner. Beginners approadblding from
diagramsdifferently from those moreexperienced in thert. The experienced foldewill look at a
figure with a dashed linghrough it andthink “Ah, I must make a crease thains from point A to
point B.” That is, an experienced foldewill think in terms of wherdhe creasemust go. Very few
beginners approacfolding that way.Rather than concentrating on whehe crease is to balaced, a
beginner wants to bring one point to anothad let the crease fall whereniay. In this approach, the
actual location of the crease is natry important. Thereforeyou nmust show an arrow thamdicates
clearly the motion that thpaper undergoes.

What arrow do we use for ealley fold? There is alot of variation in arrows inthe literature: a
sampling is shown here (figuré). If we were to stick toYoshizawa, it would be aleft, filled

arrowhead. Because @$ unmistakability, however, | prefer the symmetric split-headedw used by
Randlett and MontrollHowever, theexactform is not crucial. It's goint of style. What is crucial is
that it besymmetricand that it be either open (asth Randlett) orfilled (as with Yoshizawa), but not
hollow. This is to distinguish it frormountain fold arrows and others that | will get to.

"Ten years after the first computerizéidgrams, and there #ill no easyway to getdashedlines to
always start and stop on a full dash!
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Figure 6. Assorted arrows used for
valley folds. (a) Yoshizawa. (b) Randlett.
(c) Harbin. (d) Kasahara.

In mosttexts,arrows thatindicate motion of thgpaperhave a stenthat is a single linewhile arrows
that indicate an action applied to tpaper(e.g., pressure, inflation, and so forthave a hollowstem
(figure 7). This is a goodstandard to adhere to.

a b
Figure 7. (&) Typical arrows of motion,
arrows that show where the paper moves:
Valley fold, Mountain fold, Turn the paper
over. (b) Typical arrows of action, arrows that
indicate an action performed on the paper:

Push here (Montroll), pull paper out from here
(Weiss/Lang), inflate here (Shall).

Additionally, an arrow that indicates motion dhe paper should nobave acleft tail (figure 8). It
should, infact, have no extrgail atall (in addition to thestem of thearrow). Thetail of an arrow of
motion is often asmportant asthe head.While the head may indicate whether bing the paper
toward you oraway from you (through its symmetry or asymmetry), th&il indicatesprecisely the
reference point ospot undergoing motion. If you are to bripgint A to point B, thetail of the arrow
will touch point A and théhead point B. Ummg a cleft tailreduces the precision of tldgawing andadds
nothing toit.

Figure 8. Why cleft-tailed arrows are poor for
indicating motion. On the left, the arrow does not
indicate clearly whether the reference point at the top is
the vertical or the slanted crease. The drawing on the
right clearly indicates that it is the intersection of the
slanted crease with the top edge.
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If there aretwo reference points that are to be brought togetiertail of the arrow touches one of
themwhile the head touches thather. (Small gaps may be introduced to distingdisharrow from
the paper). If there is no reference point, then tdieshould start athe “center ofmass” of the
moving part and the head should touch the spot where it ends up.

Nearly always, the flap that is undergoing motion iraley fold is moving out of theplane of thepage.
To indicate this motion, the path of therrow should becurved. It should represent at least
approximately the path along whithe paper is movingTypically, the path is ararc of acircle or a
section ofellipse, tosuggest thérue circular motion of a rotating flap.

When only one okeveral flaps is to be folded, tiail of the arrow may hookaround the moving flap
or flaps to distinguish them fromime remaining ones. Althouglohn Montroll has developed a special
arrow to indicate where to spread layers, it has one major drawback; it easilygoroduced onlywith

a computer orwith Zip-A-Tone gradedhalftone patterns. That makes it impractical fiorost
diagrammers. At any ratéye not yetseen asituation that a simple hookingrrow couldn’tresolve. A
difficult situation to illustrate clearly is where there #&we many layers in atep todraw themall and
still retain clarity (for example, if 4 layers of 8 are moving). In sucltase, a schematic “sidéew”
with a hooking arrow can illustratelearly without detractingfrom the drawing (figure 9). Such
schematicside viewsare already in widespread use in illustrating crinaps pleats,and it is asimple
and intuitive extension to adapt them to this purpose.

Figure 9. Normally, a hooking

arrow is sufficient to distinguish

which of many layers move. If there
are too many layers to draw, however,
a side or top view schematic can
resolve the ambiguity.

The situation may arise in whiamnly a small portion of arease isvisible and there is insufficient
room toget in more than one dash dalot. In this case, tansure thatthe valley fold is seen and
recognized, it is common textend the crease lineeyondthe edge ofthe paper to emphasize its
presence (figurd0).
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Figure 10. When a flap is too
narrow to distinguish a mountain
from a valley fold, extend the fold
line beyond the flap.

So you see, evewith such a simple thing as\alley fold, there are manyays itcan be drawnsome
clearer than others. Mou adhere tahe usagedescribed above, however, yoan be assured of both
clarity and consistency with past efforts.

Mountain folds

Much of what was said abouwialley folds applies equally tonountain folds. Howeverthere is some
disagreement over what constitutesauntain fold line. The oldest controversy imrigami is: do you
use onedot per dash, otwo? Yoshizawaand Randlett usewvo; Harbin uses onel’'ve done both. In
the questionnaire | sent outhe twos wereslightly more popular thanthe ones.Perhapsthis is

avoiding the issue, butrkally don't seethat weneed tosettle onone ortwo dots. (Three, however, is
definitely a no-no). I've neveencountered anyone who was used to one and was confusied diper

("Whoops, | thought that was a mountafoid, but it can’'t be —it's only got one dotper dash.”). So
use whatever you feel like.

On the arrow, however, there iglefinite agreement (more so thawith the valley fold). An arrow
associated with anountain fold has asingle-sided hollow hea¢figures 9 and 10 show examples). It
should be usewhenever the paper felded awayfrom the reader, and to emphasize this motion, the
arrowhead should hook behitlde moving flap if that is th@ppropriate motion ofhe paper. Aswith

the valley fold, hooking the arrow around layers can eliminatgbayuities about whagoeswhere.

Part 1l

More on mountain folds: one dot or two?

In the last section, Wrote of valley and mountainfolds, and the controversy over thiatter'shaving
one ortwo dots per dash. Stephaifeisshas made an exhaustisarvey of his origami library,
counting who usesvhat style of line, and hehas permitted me taeproduce his results here. The
diagrammers fall into three categories: those whoamyg onedot per dash, those who useo, and
those who have used both at different times. The results are tabulated below.
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onedot per dash two dots per dash both
Kenneway Montroll Harbin
Venables Yoshizawa Mason
Wall Kasahara Jackson
Kawai Nakano Uchiyama
Momotani Palacios Lang
Engel Sakoda
D. Shall Brill

Randlett

Takahama

Kawamura

Temko

Harbin, interestingly, usedne dot in the “Key to Symbols” i8ecrets ofOrigami, but usedtwo dots in
almost all of thedrawings.

The moral here is that it doesn't appear ttebebly important whether you use owmet or two. In the
interest of going with the majority, yahould probably usévo dots, but if you're halfwaythrough a
book and have used one-datountain folds, don't startover.

Unfolding

Unfolding the papercorrectlycan beevery bit asimportant asfolding it; you rmust insure that the
proper part othe paper comes unfolded, no more, and no less. The instructions for unfolding are
often coupled with those for folding, for example,precreasing iece ofpaper. | would thinkthat

the symbolfor “unfold,” as in“fold the paper irhalf and then unfold it;” andunfold” as in “unfold

the paper to the first steptiould be thesame within a single author's book. | would be wrong, judging
by the existingorigami literature.Typically the “fold and unfold” command igdicated either by an
absence of any arrows, or by a single arrow going over and back (fijynehile the“unfold existing

folds” command isndicated by a hollow cleft-tailedrrow (figure 12).

) -~

Figure 11. “Fold and unfold” is
indicated in many texts by an
over-and-back arrow.

Figure 12. ...while merely
unfolding is indicated by a
hollow, cleft-tailed arrow.

This distinctiondoesnot make sense. Unfolding is unfolding, whether it occurs insbeye ortwo, and
the samesymbolshould be used ibhoth cases. Fortunately, there is a bright note of consistarmoyng
all of the different diagrams, and that is the approach used by Montroll. He wagbke-sided hollow
arrowhead taignify any unfolding action, as shown in figut&. It clearlysignifies “unfold” when

used hyitself (the tail of the stenshows clearly what poinnoves),and when put athe oppositeend of
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a valleyfold arrow, itclearly indicates tdold and unfold, and shows which points should lbb®ught
together, to boot.

‘/\

Figure 13. Use of a double-sided hollow arrowhead eliminates
inconsistency in “unfold” symbols.

This arrowhead isimpler andlessambiguous thanthe hollowarrow (which, having ecleft tail,
shouldnot beused as an arrow of motion anyhow seePart I1). It is less “busy”than the over-and-
backarrow, which, when there are several “fold-and-unfold” actions in a single drawing, can create a
cluttered drawing. Therefore, it is highly recommended.

X-ray lines

It is always preferable to shoal edgesand creases in a foldinganeuver, but in coplicated models,

that is not always possible. In such cases, usaloftad line to indicate hiddeedges orcreases can be
invaluable. X-raylines may also be used to indicafature or pastpositions, to show arrows going
behind layers, and so forth (figure 14); in fabe x-ray line is one of the mosersatile lines in the

diagrammer's repertoire.

i

Figure 14. Use of x-ray lines.

It is so versatile that overuse is a distipossibility. You should onlyuse enoughx-ray lines toindicate
the current action, atoo many, like too many crease lines, tend to clutter the drawing. And when
using an x-rayline to indicate the location of a crease, if it'salitpossible, extend the lineeyond the
obscuringlayer to identify it as &alley or mountainfold (figure 15).
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Figure 15. extend hidden x-ray
lines to indicate what flavor they
are.

X-ray lines are only suitable forillustrating relatively simple hidden actions, however. Since the x-ray
line may represent edgeseases, mountain anglley folds and arrows, anynoderately complicated
hidden maneuvewill dissolveinto a mass ofandom dots if youtry to illustrate itentirely with x-ray
lines. More comlicatedmaneuvers should be illustratedth a cut-awawiew, adrawing in which the
obscuring layers of paper are removed. This may be shown by drawhiegvsg circle(or arc of a
circle) around the area to be illustrated, and then drawihg hidden layers inside tharcle (figure
16). You may emphasize the discontinuity by offsetédges ashey cross thdeavy circle.

Figure 16. When a hidden
maneuver is too complicated
to illustrate clearly with an
X-ray view, use a circle to
indicate a cut-away view.

In mechanical drawing and in some origami bofik® mine), cut-awayiews are shown as if the
obscuring material were toraway,using a jaggedine (figure 17). Generally, howevausing acircle
or arc of acircle ismore aestheticallypleasing, and there lIsss chance of mistaking “@g” for an
actual feature.

==

Figure 17. Jagged cut-away
views, while consistent with
drafting convention, can be
cluttered-looking.

Manipulations of the paper as a whole: rotations

Often, it becomes necessary to rotate the model in the plane pagdleeluring the course of a mdel.
An example is shown in figure 18. If a gredgal of folding isgoing on before the rotation (particularly
if the model is abstract or geometric at this point), it can be very confusing resither who is trying to
match his paper from orgep to the next. Tdorestall such confusion, it is helpful to addsymbol
betweenthe stepghat indicates thamount of ptation.
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Figure 18. Rotate the paper 1/4 turn
clockwise.

There is currently no commonlgccepted symbofor such a rotation,although a sampling of
responses fronthe diagramming questionnaire is shown in figur@ The lastsymbol — afraction
inside a circle with arrowsnvented byDavid Shall — has the virtue that itésily drawn, is adaptable
to any amount of rotation, and is suggestivitsaneaning. Therefore, it is highly recommended.

Figure 19. Assorted symbols for
rotation. The last is both simple and
general.

Turn the paper over

On the otherhand, there is widespread agreement that to tthra paper over, you use avalley fold
arrow with a loop inits step. Tomake the distinctiobetweenturning the paper over frontop tobottom
and from side toside, orient the long axis of tharrow vertically or horizontally, respectively(figure
20).

~O®

Figure 20. (I) Turn the paper over
from side to side. (r) Turn the
paper over from top to bottom.

It is interesting that ifou follow themotion of such an arrowterally, it actually is telling you tdurn

the paper ovetwice (and consequently, you end wjth what youstartedwith), but no oneeverseems
to interpret it that way.

Enlarged view

Harbin introduced a specific arrow to indicate when the niiew is drawn larger (figure2l). | find it
superfluous inmost circumstances, becauseydu've drawn the diagramsneatly, it is obviouswhen
the drawing has changedcale (and mostpeople won't noticdat, anyhow). The onelace such an
arrow comes in handy is whegrou enlargeonly a small portion of the modeduch asthe head, for
shaping foldsEvenhere, the use of @rcle around the part to be enlarged is sufficientdall attention
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to that part, and a special “enlarggdw” arrow is still unnecessary. (Besides, no bas yet come up
with an acceptable “reduced viewdrrow.)

=

Figure 21. Harbin's “enlarged
view” arrow.

It is an interesting property thaur vision isrelatively insensitive to smallchanges ofscale. If steps
10-20 are drawn, sa$P% larger thansteps1-9, thescalechange is not a distraction, particularly if
the paper undergoes a significant changdoirm.

Part IV

Here we go again: repetitions

Paperfolders are generallypdacid and tolerantlot. Do you use two sheets of paper? It's not a
problem. A few cuts here and there? Don’t worry. Tape and glueifig\teal. Doyou want the folder

to do the same thing on the otlside ofthe paper?LOOK OUT! Eventhe mostgenial diagrammer is
out for blood when it comes to using symbol toindicate this action; | am speaking, of course, of
RobertHarbin’s (in)famousrepeat arrow (figure€2). It consists of a&hort arrowwith a wide cleft
arrowhead and one or moliaes across the stenthe number oflines indicates on how many flaps an
action should be repeated. It was usedHhybin in*“Secrets ofOrigami,” and haseenwidely adopted

by British diagrammers.
(a)i (0) i © f ) %

Figure 22. (a) Repeat once, according to Harbin.
(b) twice. (c) thrice. (d) ten times.

Something about thisymbol brings out strong emotions in folders. In mjagramming survey, it
elicited characterizations ranging from “irreplaceable” to¢dundant abomination!” Is itecessary?

The immediate answads, no, it isn't. However, thesituation is not as simple adl that. Certainly, the
words “repeat on the other sidean conveythe samemeaning as an arrovigut one of the goals of
diagramming standardization is to redube diagram’s dependence arerbalinstructions —ideally,
both verbal instructions and diagrams should stand alone. If our goalisatabiguouslyconvey the
folding sequence with symbols alone, treame symbol is definitely needed.

(True, you could show thpaper turningover,and then repeat the same sequence of drawings for the
other side, but with conplicated and symmetric models, thiapproachcould inflate the length of the
folding sequence by a factor of 5mmrore.)

Still, the repeat arrow adarbin drew itsuffers fromseveral deficiencied he first, albeitminor, one is
that for consistency’s sake, since it is notaarow indicating motion, it should not have anrowhead.
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To be consistent with origanprecedent (seBart | of thisseries),information about a region of the
paper should beagiven with a leader,rather than an arrowAside from the natter of stylistic
consistency, a leader permits mgmeciseindications than an arrow (figui23).

(@) (b)
Repeat

here.

Repeat
here.

Figure 23. Use of a leader (b) permits more
precise indication than the Harbin arrow.

This is still not an optimum symbdadhough, because use tbfe words “repeahere” requires that the

reader know some English, which is countetthi® argument thathe diagrams should bEnguage-
independent.

More significantly, the basic repeat arraes not alwaysconvey sufficient information about the
action to be repeateétor example, figure 24 showsvo possibleinterpretations of a repeat sequence.
Figure 24a repeatthe entire sequencdigure 24b only repeats portion ofit. Normally, figure 24a
would beregarded ashe correcinterpretation, but situations may arise whtre diagrammerwishes

to convey theoccurrence of figure 24b. Some means to distinguisivibas needed.

@@”@
N/ N

Figure 24. If the designer wishes only a portion of a
folding sequence to be repeated, the repeat arrow can
be ambiguous.

Well, aslong as we are modifying the repeat arrow to eliminateatnewhead, we could attach a box to
the stemthat containghe range ofsteps to beepeated (figure 25a). Thisnambiguouslytells the
reader how much to repeat, and is intelligibleen tonon-English-speaking reade(érabic numerals
are used wen inJapanese books).
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Figure 25. (a) Attach the range of steps to be repeated to
the repeat leader. (b) If there are many flaps that undergo
the repetition, include that information in the box.

The method of using hatch marks acrdiss stem is aimple method of showing how martiynes to
repeat a sequence, but it begins to break down with more than fdwe @iaps. Shouldyou beone of
those individuals who likes ive the command, “repeat this smty-fivetimes,” cramming twenty-five
little hatch marks onto thstem of thdeader might get &it cramped. Instead, that information can be
added to the boxthus, “repeatsteps 23-145 tenty-five times on theright” could be indicated by
“23-145,%x25" in the box, as in figure 25b.

Once one begins to repeat entire sequencstepsfor individual flaps, it becomegossible tocram an
extraordinary amount dblding instruction into a singlestep. For example, consider théollowing,
which is anexcerptfrom one step of the verbal directions imexent publication:

As you continue narrowing...undo eafdld as soon agou havemade it. Onceall the creases
have beemmade, you can put thHelds back into place. Repeat stepsabtl 15 onthe left-hand
side ofthe model. On the next flap repeat step 16. Usévtbenarrowing procedurealternately
all the way tothe other end of theaper. Whenyou reachthe opposite facerepeatstep 12.
When you are all done, the modgill be fully symmetrical. All told, youwill perform steps 14
and 15eight times, step 16 stkmes, and step 1Rvice.

Now that's a lot offolding. | leave it as arexercisefor the reader to figure outhe combination of
leaders, boxes, and hatch marks to indicate such & step.

Getting pushy: inside reverse folds

There are actuallywo different procedures thdall under the category of reverse folds: insideverse
folds and outside reverse folds. The reverse fold is a methahaniging the direction of a flaghat is
more permanent than a simple mountairvaliey fold. Whether it is of the inside or outsideriety, a
reverse foldcontains one each ohountain andvalley folds, and, because the flapust be partially
unfolded to incorporate the reverfedd, it is somewhat resistant to comimgpart.

The insidereverse foldelicited the greatestvariation amongthe respondents to myliagramming
guestionnaire; ofhe first tvelve respondents, néwo showed the sameombination of symbols and
arrows. Figure 26hows all thdifferent arrows, lines, and symbols that | received:

® Extra credit: find the model and step I'm quoting (the bodgdkillsn print).
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Figure 26. Symbols that have been used to indicate an
inside reverse fold include (a) a square-tailed hollow
arrow, (b) a cleft-tailed hollow arrow, (c) a solid filled
arrowhead, (d) a valley fold up the spine of the flap, (e)
an S-shaped arrow, (f) a graded-fill arrow, (g) a valley
fold arrow, (h) a valley fold arrow plus x-ray line, (i)
another cleft-tailed hollow arrow. Only (b) and (g) or
(h) are necessary.

So the question is, which of these doneedand which can be dispensed withgéteswithout saying

that one should show thmountainfold on thenearlayer of paper, and ipossible,show theopposite

edgeand a valley fold (which may be extended beyondetigefor clarity). However, at leasbne more

symbolshould be used. First, an arrow should be used to shewnotion of the flap (ashown in

figures 26eand g-i); in addition, it is helpful to show an arrow indicatitihe force applied by the
folder (as shown in figures 26a—c).

The arrow onthe right is anarrow of motion,meaning avalley or mountain fold arrow. Now,
normally, valley fold arrows are used whethe paper noves toward youmountain fold arrows are
used when the paper moves aviiaym you; but in a reverséold, the paper novesneither toward nor
away, but primarily laterally. The accepted convention in this circumstance is tovaieydold arrow
(as in 26g and 26h). Of thwo, 26h, inwhich thearrow converts to an x-raljne when it crosses the
edge ofthe paper, is clearer because it plainly shows thantide of thepaper noves outside théap.
However, 26g, glain valley fold arrow, is alsowidely used and is easier to draw. Itimportant,
however, that if 269 is used, tlsgem of thearrow must not crosthe edge ofthe paper (as would in a
valley fold).

It is also helpful to use an arrow that indicaties pushing actionBoth Yoshizawaand Randlet{and
other authors aswell) use a hollowcleft-tailed arrow (similar to 26b, which is Montroll's version) to
indicate the application gfressure; and ipractice, when it points atfalded edge, imeans that the
edgeshould be reversed. This interpretation eliminates needfor an additionalvalley fold running
down the spine of the fold (26d), which is imprediesides.

Severalother variations: Montroll also uses a shaded ar{28f) to indicatewhere the layershould

be spread to fornthe reverse fold; however, tterow of motion, if properly drawnalready carries
this information. Harbindefined a nevarrow (actually, an arrowhead) signify the sink fold (26c),
then used itilly-nilly to indicate reverse folds. hls notation is unprecedented and should also be
avoided.

To summarize: a propeconsistent, andufficient way to show an inside reversild is shown in
figure 27a (the x-rayine is optional).Always show themountain fold on thenear layer of paper; if
possible, show thealley fold on thefar layer of paper. Use aollow, cleft-tailed arrow toindicate
“push here;” use a valley fold arrow to show the motion of the ftaqt preferablyextend thestem of
the flap beyond thedgewith an x-ray line.
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Figure 27. (a) The proper way to show an inside reverse
fold (although the x-ray line on the arrow isn't necessary).
(b) When multiple layers are present, use a schematic of
the edge to show the disposition of the layers.

This notation is clear and sufficient for simple insi@®erse folds, but magtill run into problems
when theflap to befolded has multiple layers. If there are eight layers on the spleEnwheredoes the
reverse fold go? Between layers 2 and 3? 4 and 5? Ordinarily, the vialdit try toarrangethe layers
as symmetrically as possible, but tesigner may not want that. #l layers cannot be showsuch
guestions can beesolved byuse of anedge view — amall schematic drawing dhe disposition of the
edges located next the folds inquestion (figure27b). Wewill encounteredge viewsagain, when we
begin to deal with crimps and pleats.

PartV

Outside reverse folds

As you may recall, in the last issue we investigated the 23 differygthere are to show aimside
reverse foldand, bydetailedexamination,discovered theone trueblessedset oflines and synhols to
unambiguously indicate one. You might expect a simitaiety among the diagrammingfraternity as
to how to indicate an outside revefstl. If so, you wouldnot be disappointed. In theesponses to my
diagrammingsurvey, there were typicallycreases showinthe location of thefold, arrows wrapping
around the edges, a pusirrow, and/or an arrow showing the moti@yl. four are shown here:

Figure 28. Four different arrows
that can be of use in indicating a
reverse fold.

The differencebetweenthe inside reverséold melange and this one is thall of the arrows shown
here, with thepossible exception of thpush arrow, areactually desirable at one time another.
Hooking the tails of the paired ountain- andvalley-arrows indicates clearljat the front and back
layers move in opposite directions. The convexity ofutpper arrow tends timdicate that the tip of the
point remains inthe plane of thg@age(if it were concaveupward, it would suggestvalley fold), and in
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those ineitable circumstances wheneoth edges or bothooking arrows cannot be showtie push
arrow can still indicate an outside revefslel. However, the use dll four arrows simultaneously can
get pretty confusing. | would recommeneither of thetwo combihations shown in figure 29, but not all
at the saméime:

Figure 29. Two useful methods of indicating
an outside reverse fold.

You're crimping my style, man...

Crimps andpleatsare terms used to descrilotosely spaced parallel or nearly parallel creases.
Although there is some disagreement about what is a crimp versus whatleat,athe moswidely
accepted definition is: a pleat canfnade bysuccessivesalley and mountainfolds, while acrimp has
some reverse-fold action associated with it. pleated flapall of the layersare folded together as one,
while in acrimp some of the layers go mppositedirections. These differences, andeas examples,
are illustratedoelow:

Figure 30a. A pleat. Figure 30b. A crimp.

Figure 30c. More crimps.

Figures 30a and 30b are distinguishabldgheyarrangement othe layers, visible at the bottom e&ch
figure. However, when flattened so that #dges alcoincide, they loolexactlythe same. | showed the
difference in my drawings by exaggeratitite gapsbetweenthe raw edges. Quite often irigami
diagrams, one cannetsilyshow the raw edges to distinguish between a crimp and a pleat. If there are
more thantwo exposed edges, it is frequeniippractical to showall of them. Fortunately, there is a
widely understood symbol used to indicate toafiguration ofthe edges. Wevere introduced to iwith

inside reverse folds: it is thedgeview, which for crimps takes théorm of a set of zigzag linesthat

show therelative placement of the layers. Aedgeview clearly indicates the disposition of tedges, and
hence, whether a crimp @ieat isrequired.
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Figure 31. Use an edge view symbol (the black zig-zag line) to indicate
the locations of layers in crimps and pleats.

Sinks

Sinks are a classic example tife introduction of newfolding techniques that cannot keasily
described with conventional symbols. Back in the 19806sn Yoshizawa'snotation was beingpread
throughout theéWest, there was only one kind afink in use (and notery widespread use at that); it
was what we nowcall the open sink, in which thesunk corner may bentirely flattened halfway
through the maneuver (figu@).

Figure 32. The open sink, indicated by a mountain fold line and a
push arrow, can be opened flat halfway through the maneuver.

A closely related maneuveoes bythe name ofspread squash{which isredundant), “Lover’sKnot
move” (which is parochial and inapplicable to three- or eight-sided pofstp)ash sink,” or “spread
sink,” (which is elegantly descriptive, and nfgvorite term). The relatiorbetweenthe two is illustrated
below (figure 33).

Y

Figure 33. The spread-sink, or squash-sink, can be collapsed to form
a conventional open sink.

Robert Harbin coined a smablack arrowhead tandicate asink fold, which he also used iodicate
reverse foldsand generally, toapply pressure. This wasanfortunate, because the hollowleft-tailed
arrow used by Yoshizawa, Randlethhd others wasufficient for all of thesepurposes. It istill used
widely in Britain, less widely inAmerica (you’ll find it in two of my books,however),but its useshould
be discouraged.
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The difficulty has arisen in recent years with the frequencgpgafearance of aewtype of sink, called

a “closed sink.”You will find many examples in Peter Engelding the Universemy Complete
Book of Origamj and JohnMontroll's and my upcomingOrigami Sea Lifg but scattered examples
haveappeared throughout the pastlie origami literature. The hallmark of @dosedsink is that the
paper cannot be flattened oehtirely during the maneuver;instead, it must be “poppedfrom
convexity to concavity. fis property makes closed sinks malificult than conventionabpen sinks; it
also makes theraspeciallysuitablefor locking folds.

Closed sinks and open sinkavetheir creases iexactly thesame location, anthe visible creases are
identical. The differenceslike those betweencrimps andpleats,lie in the hidden creaseand in the
distribution of layers in the finished modé&lowever,unlike crimps andbleats, there are neveisible
edgesthat can be used to distinguish the two. Therefore, it is imperative that there be some difference in
the symbols used to indicate tharious kinds of sinks. In oupook, Origami Zoq StepherWWeiss and

I hit upon the idea ofindicating openand closedsinks by hollowand filled Harbinesque sinlarrows,
respectively. Ahough it solved our problem, tharns out not to be thdestsolution, becausbesides

open and closed sinks, there may alsederalintermediate forms (illustratelelow), which (for lack

of a better term) | have dubbed “mixed sinks.” A mixed sink is one that is open csideraad closed

on the other, and is possible whenever a poa#t four or morexdges.

The best solution | have seenttos conundrum was proposed byvid Shall. The “closed-ness” of a
closedsink comes from layers being held together at one or neoreers ofthe sink. Using a
conventional push arrow for awpen sink, we can indicateixed and closedsinks by adding aot at
any corner where layers are held together (fi#e

Figure 34. The difference between open,
mixed, and closed sinks can be indicated by
putting a dot at any corners that are to be held
together while making the sink.

It must berecognized, however, that it will always be possibledastruct pathological mixed sinkbat
defy simple description; for example, “sink ttig of a Frog Base, bukeeptogether layers 1-3 on the
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left side and layersl-2 and 3—4 (separately) on theght.” (Even thisverbal descriptionremains
ambiguous.) For such cases, there may behuice but to show three-dimensionaperspectiveview
of the sink inprogress.However,for the vast majority of cases, simglembinations ofmountain-fold
symbols, push arrows, and dots at corneitssuffice.

Part VI

Rabbit ears/incorporating reverse folds

The rabbit ear fold isypically composed of threealley folds and onemountain fold. Usually, but not
always, thethree valley folds are the three angle bisectors oft@angular flap. Normally you would

show all four creases usinghe appropriatelines (dashed forvalley, dot-(dot)-dash formountain).
There is someambiguity, however, over the placementaofows, since three differentegions of the
paper move in three different directions. The three most impaataoivs —labeled a, band c in the
figure — show three important motions. a anghow the motion of movingaperrelative to the
stationary portion; ¢ showthe motion of thetip of the flap (which is the point of thexercise). You
might also use arrow (d) rather th&) — but you must make sure it is pointing the rigltection. In
figure 35, theleft side of thetop flap is turning over, and sothe arrow should emanate frorit; the

right side swings down, but remains white side up. Whether you use @yaw (d), however, | would
recommend strongly that you stick to one vergimroughout any given publication.

Figure 35. Two alternate ways of showing a rabbit ear. Arrow
(c) is technically redundant—it carries the same information as
(a)—but it coveys the overall motion of the step. Arrow (d), if
used, should always point the same direction as the flap is
moving.

As an interesting aside, a common maneuver is shown in fBfrehich StephenNeissand | called
“incorporating aeverse fold” in our bookQrigami Zoo An examination othe crease pattershows
that it is actually a rabbit ear of sorts — the differenceha the mountain fold, rather thanthe valley
fold, runs tothe tip of the flap.
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Figure 36. This maneuver, resembling a
combined reverse fold and valley fold, has
the same creases as a rabbit ear. The only
difference is in which creases go to a point
and which go to an edge.

Hold here

At times the folder may bealled upon to hold a model inparticular place.This may be for an action
model, in which you must hold the head and tagdtthe bird to flap. It might also be for @articular
step,such aghe stretch move to form a stretched Bird Base. When the foldst graspthe model in
a particularplacefor a maneuver tavork properly, then yowshould ndicate preciselyhere tohold
the paper.ldeally, one would draw a picture showingpair of handsholding the paper, but not
everyone can draw a good pairtagnds. Inlieu of apair of hands,you can indicate the precispoints
to hold with an open aite (figure 37); if there is some sort of motiagmvolved, then youcan add an
arrow extending fronthe circle, asvell.

( )

Figure 37. Indicate “hold here” with
an open circle; attach arrows to show
the direction of pull.

Equal distances

Frequently, &old must beplaced sothat the distancebetweentwo points somewhere othe model
comes out equal to the distance between two other points. In those cases, we borrow feymbihis
draftsman and geometer to indicate equal distances.

The standard drafting technique for indicatihg length of arobject is to sethe dimensionoff to one
side of theobjectusing dimensiorines, arrows, andthe exact distancesinvolved (figure 38a). This
approach requires that thielder have a ruler handy — which is undesirable usually (foexaeption,
see mySkunk in Origami Zog. The geometric notation todicate thatwo lines are equal(congruent

is the technical term) is to mark each of a groupehtical edges with a smdilash mark as in figure
38b. If there are several groups of differing lengths, then one greisone hash mark,one getstwo,
and so forth. This is the sort eymbolism we need, but mrigami notation, adding a hash mark to an
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edgecould beconfusing,since we alreadyave ahost oflittle dashes floatingaround. Therefore, we
combine the notation of thdraftsman and geometer ¢get aclear indication thatwo edgesare equal,
as shown in figure 38c. This notation has begtely adoptedvithin the diagramming community.

T

|

|

> 1|1 | — 1 —1—1—
a b c
Figure 38. Marking off equal distances. (a) how draftsmen do
it; (b) how geometers do it; (c) how origami diagrammers do
it.

| —t— | —H—|

The “equal divisions notation” isften used to indicatéhat a distance must livided upinto thirds,
fourths, fifths, or more equalivisions. Athough (as | suggested ithe CompleteBook of Origam)
these divisiongan be measured, your readevll appreciate it if yowcan give a method of deriving
these divisions purely by foldingSimple methodsexist for dividing into 3 through 9divisions and
methods exist for deriving more cplitatedproportions(seeBritish Origami Magazine#129-131 for
some examples). If your folding tendsnimeteenths, your readewsill love you themore if you show
them how to getnineteenths byolding.

Equal angles

Just asyou can divide alength into equal distancegpu night alsocall upon the reader todivide an
angle into equal parts agell. In this case you wouldse the samenotation as for equal distances,
except that your dimension lingguld becomearcs of eircle.

Figure 39. Measure off equal
angles with arcs similar to the
equal distances marks.

Fold over and over
When a flap is to béolded overand over, you can simplify the notation by using a single arrothat
touches down in morthan one place. However, if the fold to be repeatedasimmediately obvious, it

would be helpful to show the first iteratimompletedand then usdhe over-and-ovearrow for the
remainder.
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Figure 40. The fold Figure 41. For more complicated
over and over arrow over-and-over moves, it is helpful to show the
touches down once first crease separately.

for each fold.

Next view from here

For somethindike 1500 years, origami was flat; it hativo sides, thetop and the bottom,and to get
from one to the other, all you had to do vimm the paperover. Then alongcamethree-dimensional
models. They caused rend of trouble. How dgou tell the reader when aiew is from a different

angle —like the side of anodel?

It is common inoptical systendesign to indicate the position of the observer by a ssigikzed eye.
This symbol isalso useful in origami fothe samepurpose.

T— e

D )

Figure 42. To indicate a side (or top or bottom)
view of a three-dimensional model, use a stylized
eye to indicate the location of the observer.

Part VII

Numbering

In general, drawings should be numbemmsecutivelywith Arabic numbersd.g., 1,2,3,and soforth)

as theyare understood ball languages(even those with differentalphabets, such as Russian or
Japanese). Thelace for lettered drawings (e.g., 5a, 5b, 5¢, and so forth) is when a sequence of
drawings is used to break a singlep downinto two or more substeps. byumbering this way, the
diagrammerallows the experiencerkader to continuéollowing the main sequencahile the novice
may take “theeasypath” of substeps. Substeps should not be usedhi®mmain sequence — that’s

what themain numbers are for.
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1. Fold a rabbit ear. 1a.To do this, 1b. Fold in the 1c. Flatten. 2.Done.
first fold and right side and
unfold at each  bring the top point
corner... down.

Figure 43. Lettered substeps should only be used to elaborate on a single step, rather than to show
portions of the main folding sequence.

Verbal terms

One of the strengths ofthe diagrammatic approach to origami instruction is tlugiite often,
foreigners can follow origami instruction withouhderstandinghe words. Indeed, thishould be the
goal oforigami diagrammersthat the vardsand pictures should each stand alone.

That said, while it is often difficult to make thediagrams stand alone, it approachepossibility for
the words testand alone forrcomplex models. An@ven if it is possible toexactly describe a fold in
words, you may not wanb. In astep inwhich youbring togethetten ortwenty creases at once, you
cannot describe in mere wordlse location of each creasPue tothe difficulty of unambiguously
identifying referencepoints, even asimple valley fold may not be describable withouinwieldy
constructions like:

“On the rightside,somewhateft of center and just undehe point youinverse-rabbit-
eared instep 10, thehird layer backgets folded across thavo pleatedpanels (theones
you pleated in step 20, not step 21) toititersection of the creaseu made instep 30
with the creaseleft behind whenstep 23was unfolded that connects tioe frontmost
corner of thesquare...”

How much easier it wuld be to say;Fold point Q to point R,’and leave it at hat, even if such
instructions do not stand by themselves. If you leters tolabel points, creases, and other parts, you
should be careful to be consistent in labelingpant labeled “A” should not reappearlater in the
model as pointP,” and you should not re-use “A” for anotheoint. (If youneed to labemore than

26 points,you should start using doubletters, e.g., poinfAA, AB, and so forth, and iffou design
models that need tabeled withmore thanthe 702 pointghat this approactallows, youare probably

in the wrong field.)

Given that purely verbalnstructions may not bgossible, oneshould still strive to make them as
thorough aspossible. To this end, some clarifyimgles may bedescribedthat reduce ambiguity in
verbal drawings.

It is helpful to consistently make a distinctibatween adjectives dbcation (e.g., “the outer flap”) and
adverbs of direction (“fold it outward”). Use “-ward” tmdicate motion. Ambiguity arises from
collisions betweeradjectivestell where the flags, and adverbgelling where it shouldgo. Consider the
following:

“Fold the pointunder the flap over therease.”

Now, doesthis mean, “Fold [the point that lies] under the flap fbat itlies] over thecrease,” ordoes
it mean, “Fold the point [so that lies] under the flap [thatlies] over thecrease?” Use of &ew more
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words would clear up the ambiguity. | will also point out again that the whole issue corddobed by
saying “Fold point C to crease D,” at thiss of some completeness.

Here is an origami vocabulary for verbal directions.
in, inner, central toward the center line (lateral motion)
out, outer, out to the sidetoward theedges
up, upper toward thetop of the page
down, lower toward the bottom
near, toward you toward the reader
far, awayfrom you, behindaway fromthe reader
raw edge the originaledge ofthe paper (not a folded edge)
folded edgeobvious.Edge may indicate a folded edge; raw edgbsuld always bequalified.
ply: an individual thickness of paper (Waterboivdse has 4 plies on each side)
layer. a separable thickness (a Waterbomb Base has two layers on each side [igsfour
into the interior. hiding a flap

With animals, if you talkabout “forelegs” and “hindegs”, youwill avoid confusion that arises when
you talk about “front legs” and “back legs,” e.g., “Fold the fr@ags backand thebacklegs forward.”

Base Names

There are also several standardized names for bases, which should be adhered to.
Preliminary Fold

Unfortunately, while most of the familiar bases are indeechlled a“base,” what should be the
“Preliminary Base” (and haalsobeen called théDiamond Base,” which makesven more sense,
since by definitionall bases are preliminary) wasidely popularized by RoberHarbin and Sam
Randlett as théPreliminary Fold.” Thejustification for this is obscure (the original idea what
since you could derive two bases — the Birdd Frog bases from it— that it didn’t warrant thtature
of a full-fledged “Base.” Since¢he Frog Base may also bderivedfrom the Waterbomb Baséwhich
was actually the way | learned it first), tiameargumentsshould apply tothe Waterbomb Base, but
don’t.) While this naming convention does not make senseydérswidespreadand inthe interest of
universalityshould beused. (Although if anyone wants to starpetition torename the Preliminary
Fold, | would be one of thérst signers.)

Waterbomb Base

Although occasionally known as tH&riangle Base,” this usage is nearly universal.
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Preliminary Fold Waterbomb Base

Figure 44. The Preliminary Fold and its
dual, the Waterbomb Base.

Classic Bases
The terminologyclassic bases” is relatively new, sinceaquired the definition dbts of new bases for
there to be a need for the tefielassic” (which alsomakes me wonder if there is a “Bird Bakite”

out there somewhere — one-thifelver creases than our regulBird Base).However, thefour bases
themselvesare widely known by theirconcisenames ofKite Base, Fish BaseBird Base,and Frog
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Kite Base Fish Base Bird Base Frog Base

Figure 45. The four classic bases.

Throughout the 1960s, éhost of indignitieswere perpetrated on thevarious classic bases (most
commonly the Bird Base), includingstretching (two types), blintzing, offsetting and other
modifications, leading to such monstrositiesthe “Blintzed Stretched Offsddalf-Bird, Half-Frog,
Base.” Obviously, once you have modified a base to this extent, théhategou have folded the model
from a “Base” of any sort becomes suspect. Such a name is not a base; it is a description of a folding
sequence. One is often asked the question, “Was¢ isthat from?” when a®ften as not, no classic
base iemployed aall. | think John Montroll haghe besianswer tahese questiondVhen someone
asks himwhat base highinoceros is made from, heays, “the Rhinoceros Base.” The squirrel is
made fromthe Squirrel Base. Thdox from the Fox Base. The moral is thaather thantrying to
pigeon-hole models kyefining bases for everything, tkikagrammer shouldtick tothe smallnumber
of well-known bases as a convenient shorthand for describfiegr eommonfolds, and dispenseavith
the inventionand naming of new bases.

(A few variations that are reasonably widespread: Stret&iet Baseand Blintzed (anything) Base.
No more, however. Because it permeatesmaah of hiswork, I'd also be inclined tacceptJohn
Montroll's Dog Basetoo.)

Wing Folds, Dirty Rohm Tricks, and others

One is oftentempted tccoin a new name for a new ocommon procedure. Some tfe names | have
run acrossare, lce Cream Cone FoldKite Fold, Book Fold, Airplane Fold, Cupboard Foldirty
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Rohm Trick, Minor Miracle Wing Fold (by three different foldersmeaningthree different things),
and my ownentry, the Un-(Closed Sink) FofdWhile many of these have eanings within small
groups, theyare by no means universal and are rageifficient in themselves to describe the action
(does a Bookold mean todld like closing a book, or tourn onelayer like turning the pages of a
book?). And some of thentike the Dirty Rohm Trick, rely on inside jokes. Use of the lattershould
always be avoided, asdarrieswith it a disturbing elitism (if you were part of the true inner circle of
origami, you would haveknown what that meant). Ifou nmust use an uncommorterm — and
sometimes th@eed doesrise — you should define it at the outset, or at the time ofudgage (and in
the beginning of a book, if that is where it appears).

Epilogue

| finish this serieshortly after completing thdiagrams for darger-than average mode{212 steps

and 47 pages) in whichdpplied many ofthe ideas I've talke@bout here. I'dlike to thank the many

peoplewho contributed, either by answering my questionnaire, or sending me informatiotheind
thoughts directly. Because, aftal, it isn't astandard if nobody uses it.

Epilogue 2000

In editing this for re-publication on th&eb (the original appeared in thdewsletterof the Friends of
the Origami Center oAmerica now OrigamiUSA), | was pleasantly surprised that mostvbfat | said
has remainedelevant, and wasvenmore pleasantlysurprised toseethat many of my suggestions
have been adopted by tbhegami community ovethe past decade. Of course, the greatbsinge has
been thewidespread adoption of computer-aided origatidgramming(CAOD). Hard tobelieve, but
in 1990, CAOD was highly controversial: now it e standard. It has broughhe ability to draw
reasonable-quality diagrams wirtually anyone with the desire tdiagram. Asthe juggernaut of
computer technologgontinues to roll, bringinghew forms of communications tthe desktop —
animation,video,and more — therewill undoubtedly be newneans toconvey origami instruction
(alreadyvideo instruction has found solid place inthe origami repertoire) Whatever themedium,
however, the same basic principles diigram apply: keep it simple, keep it clear, and keep it
consistent!

Robert J. Lang, August, 2000

° The “unclosed sink” now seems to have caught on antlomgnore masochisticrigami designers.
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