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“Shed”: 
a space between  

some warps and others

Schacht “Cricket” rigid heddle loom
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heddles

Schacht “Cricket” rigid heddle loom
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17 Schacht “Baby Wolf” four shaft floor loom
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shafts/frames
1

2 3 4

Schacht “Baby Wolf” four shaft floor loom
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pedals... 11 of them? ...why?

Schacht “Baby Wolf” four shaft floor loom
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~tie-up~

Schacht “Baby Wolf” four shaft floor loom
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a weaving draft (“2x2 twill weave”)
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Grant Sanderson, “3blue1brown”
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treadling

threading
tieup
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✕ ✕=
T

threadingtreadling tieup
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T

treadling

tieup
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tieup

treadling
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tieup

=(   x   )+(   x   )+(   x   )+(   x   )  

treadling
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tieup

=(   x   )+(   x   )+(   x   )+(   x   )  
=(1 x 1)+(0 x 1)+(0 x 0)+(0 x 0)

treadling
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tieup

=(   x   )+(   x   )+(   x   )+(   x   )  
=(1 x 1)+(0 x 1)+(0 x 0)+(0 x 0)
=1+0+0+0

treadling
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tieup

=(   x   )+(   x   )+(   x   )+(   x   )  
=(1 x 1)+(0 x 1)+(0 x 0)+(0 x 0)
=1+0+0+0
=1treadling
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tieup

treadling



50

tieup

treadling frames per time step



threading

51

frames per time step



threading

52

frames per time step



✕ ✕=
T
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treadling

threading
tieup



✕ ✕=
T
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(“straight treadling”)

threading (“straight draw”)
tieup

treadling
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unique pattern rows = combinations of frames available
(minus the useless ones)
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1
2
neither
both
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“network drafting”
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the original 1938 
network drafting monograph: 

Brandon and Guiguet's  
Méthode des Initiales:  

Un aspect mathématique  
du tissage à lames
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Olivier Masson & Francois Roussel, 1988:  
Shaft Weaving and Graph Design

Anne Wells, 2000: 
“Weavers Notes & Guide” to Masson & Roussel 
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Alice Schlein, 1994:  
Network Drafting: 
An Introduction
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today1938
1940 1950 1960 1970 1980 1990 2000 20101930192019101900

personal computing,  
and therefore  

computer-controlled  
hand looms

1890
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today25,000 BCE

personal computing,  
and therefore  

computer-controlled  
hand looms
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“any cloth structure which can be woven on an initial threading  
can also be woven on a threading plotted on its associated network.”
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initial

(“straight draw”)
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initial

network
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network 
+ 

pattern line
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network 
+ 

pattern line
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“any cloth structure which can be woven on an initial threading  
can also be woven on a threading plotted on its associated network.”
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1 x 3 twill 2 x 2 twill 3 x 1 twill
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A: 3 x 1 twill

B: 1 x 3 twill

A & B together
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Schlein, page 46
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Schlein, page 38
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Schlein, page 90
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Schlein, page 37
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lealbaugh.github.io/little-loom/

Everyone gets a loom!
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lealbaugh.github.io/little-loom/
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lealbaugh.github.io/little-loom/
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lealbaugh.github.io/little-loom/

Lea Albaugh, @doridoidea

(Thanks especially to:  
William Lovas, Trevor Burns, David Renshaw)
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Warp Lifting Plan of Weaving Calculated with Matrices

By Tadashi Fujita, Member, TMSJ

Shiga Prefectural Junior College, Hikone, Shiga Pref.

Abstract

The author sought to establish the relations among the structural designs of 
weaving, the drawn-in darft, the treadling and the cording plan for warp lifting by 
means of the multiplication of matrices.

If such matrices are used as the elements consist of the marks of the lifting plan, 
it has been possible to clarify mathematically the relations among those items above 
mentioned, and to simplify the drawing of the lifting plan without the sacrifice of 
accuracy.

1. Introduction

Attempts to systematize the structural designs of 
weaving mathematically have been made by T. Renaud 
[1], L. Lejeune and J. Soroge [2], M. Tanaka [3], H. 
Tsukiyama [4], and T. Broggi [5]. Their works are 
all interesting as the basis of the theoretical develop
ment of the weaving designs.

In the conventional warp lifting plan, weaving 
designs are filled with marks in the blank spaces of 
design papers, the drawn-in draft and the treadling 
are written down, and then the cording plan is built 
by tracing the marks of the designs, drawn-in draft 
and treadling.

 These procedures, however, are apt to cause 
errors if the design is complicated. The author 
has developed a system to express the designs and 
the weaving plan by matrices to clarify the relation 
between them by the multiplication of these matrices, 
and to explain the characteristics of the lifting plan 
mathematically.

2. Relation Between Design and Cording Plan

2-1. Calculation of cording plan

Fig.1 indicates the lifting plan of  ?? broken twill. 
The weaving design is shown by A, the drawn-in 
draft by B, the treadling by C and the cording plan 
by D.

Assuming that aik denotes the warp up mark?? I 
in A, then this design can be represented by a matrix 
whose elements are a?k. That is to say :

Fig. 1 Lifting plan of? 2 broken twill

The element 0 of this matrix represents the weft 
up and the element a?k the warp up. The sub-index 
k of the element represents the number of warp yarns 
counted from the left in one repeat ; i, the number 
of weft yarns counted in reverse picking order.

Assume that the points ?? which warp yarn pass 
through the mail of heald at B are represented bik. 
Then, the matrix of the drawn-in draft whose 
elements are buk is as follows :

In this matrix, the sub-index i of the element is 
the heald number; k, the warp number and mail 
number having the same warp.

Assume that the mark ?? in C is represented by 
the element Clk which indicates the matrix of treadling: 
Then, the matrix of treadling is as follows:
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7. Four-end and fve-end initials and their
ossodated networks.

Initial and network
The smallest amount of information necessary

to identify the threading of a weave structure is its
initial. The initial 1, 2, 3, 4, when repeated, forms a
threading for the 4-end twills (1/3, 2/2, 3/1 broken
and straight) and other weaves and is referred to as
the four-end twill or straight network. The five-end
initial 1, 2, 3, 4, 5, when repeated forms the basis of
the five-end satin weaves. Figs. 7 and 10. And there
are yet other initials for other weaves. See Chapter
2, fig. 3, page 12.

The initial is repeated as many times as neces-
sary horizontally to correspond with the desired
length of the threading draft; it is repeated verti-
cally to correspond with the number of shafts on

the loom. See Turtles, snails and fleas" in Chapter
3 for a complete discussion of this issue.

Stars and roses - the diagonal
Imagine a diagonal line drawn through the tie-

up and drawdown areas of a weaving draft. If the
slant of the tie-up parallels this diagonal line and
if the treadling is a mirror image of the threading
along this diagonal, then the drawdown will have a
"star-like" appearance. The star will have a strong
diagonal element which parallels the imaginary di-
agonal. If the slant of the tie-up is perpendicular
to the imaginary diagonal and all other variables
remain the same, then a "rose-like" drawdown will

be the result. Fig. 8. In some drafts the star or rose
image will not be readily apparent, but in all cases
the appearance of the design will be very different
when the slant of the tie-up is changed.

It is important to be aware of other draft ma-
nipulations as well. By convention, many American
weavers (myself included) present their drafts with
the threadings along the top, tie-up in the upper
right corner, and treadling down the right side of
the page. When you weave these drafts, reading from
top to bottom, you are actually weaving in reverse
of what is written, because the cloth builds from

bottom to top as you view it on the loom. Turning
the cloth 180° when it is removed from the loom
will not correct the situation, as the cloth will still

be reversed from right to left. In most cases this
doesn't matter, but if it is important for the cloth to
be oriented exactly as it is written, you must weave
the draft in reverse (from bottom to top).

Drafts can be reversed from right to left as well.
So you see that there are four possible orientations
of a pattern depending on the right-to-left and top-
to-bottom reading of the draft; and if you change
the angle of the tie-up, there are yet four more. If
you practice a bit with drawdowns, these orienta-

tions will become familiar to you and you may ex-
ploit their power to control subtle variations in your
woven designs.
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8. Stars and roses. When an imaginary diagonal bisects the tie-up and drawdown, and the treadffng mirrors the threading otong thfs foe, and
the tie-up parallels this line, then a star.type design is the resufc /f the tie^p is perpendicular to the imaginary diagonal, then a rose-t)^e design
is the resufe.
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9. Turning, reversing, and wrapping
parts of a draft (threading, ti'M/p,
or treadling) are ways of changing
the appearance of a design. These
are a few examp/es. See if you can
discover what has been changed in
each case.
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