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Abstract — This paper proposes an optical method to perform a balanced ternary vector-matrix multiplication. Inspired by ternary 
optical computer‘s ability to process ternary information, we study techniques to realize ternary vector-matrix multiplication 
(VMM) based on the work of manipulating binary VMM computation. The principle and specific working flow is described in 
detail and the correctness of this method is verified by experimentation. The advantage of optical VMM and the superiorities of 
ternary VMM are discussed. 
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I. INTRODUCTION  

With the progress made in the fields such as computer 
science, optical fiber communication technology, optical 
storage technology, displaying technology and light source, 
optical computer has been one of the focuses of people’s 
attention. It can break through the limit of the present 
computing speed, and save power energy. The potential 
powerful computing ability and processing speed of optical 
computing technology makes it widely applied to many 
fields, especially to some varied and complicated 
computation in such fields as weather forecasting, biological 
science, and so on. 

Vector-Matrix multiplication (VMM) [1-5] is an 
important and essential computation in fields mentioned 
above. It is suitable for optical method to complete VMM 
owing to optical computing method’s having the ability of 
processing two dimension information, which matches 
VMM’s parallelism and 2-Dimension in nature. A new 
method was put forward to realize binary optical vector-
matrix multiplication (OVMM) and then we test its 
effectiveness by experiment [6-7]. Inspired by the structure 
of the ternary logic optical processor, we keep on studying 
how to finish ternary OVMM, since ternary optical computer 
(TOC) have the ability to denote and dealing with ternary 
information. A new method for completing balanced ternary 
VMM is proposed in this paper by using the new optical 
processor which combines polarization and light intensity to 
express ternary values and takes advantage of liquid crystal 
array to accomplish the transferring among all the balanced 
ternary values. 

II. ONE-BIT TERNARY NUMBER MULTIPLICATION 

A. One-bit Original Ternary Number Multiplication 

As the number system which has the base number of 10 
is call “Decimal number system”, we call the number system 
with the base number of 3 “Ternary number system”. For 
people has been accustomed to using Arabic number to 
express number, number 0, 1 and 2 is used to express value 

in ternary number system, which is called original ternary 
number system[8]. One-bit original ternary number 
multiplication is shown in Table I. 

TABLE I.  ONE-BIT ORIGINAL TERNARY NUMBER MULTIPLICATION 

MULTIPLI

CATOR1 
MULTIPLICATOR2 

0 1 2 

0 0 0 0 

1 0 1 2 

2 0 2 11 

 
From Table I we can see that when 2 multiply 2, carry bit 

comes out, which will bring some difficulties to the optical 
realization of ternary vector-matrix multiplication. We 
propose an optical method to realize one-bit balanced ternary 
VMM. 

B. One-bit Balanced Ternary Number Multiplication 

Balanced ternary number was first put forward by 
Chinese scholar Chen qi-xiang in 1958 [9]. One-bit balanced 
ternary number multiplication is shown in Table II. 

TABLE II.  ONE-BIT BALANCED TERNARY NUMBER MULTIPLICATION 

MULTIPLI

CATOR1 
MULTIPLICATOR2 

-1 0 1 

-1 1 0 -1 

0 0 0 0 

1 -1 0 1 

 
From Table II we can see that there is no carry bit 

coming out in One-bit balanced ternary number 
multiplication. Since it is relatively easy for our optical 
processor to realize, we choose the balance ternary number 
system to complete ternary VMM. 
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III. BALANCED TERNARY NUMBER VECTOR-MATRIX 

MULTIPLICATION 

The ternary logic optical processor was first designed and 
so far the 100-bits ternary optical computer lab system which 
centers around the ternary logic optical processor has been 
already finished and the 1000-bits system are been realizing. 
It comes more and more mature. Inspired by the structure of 
the ternary logic optical processor, we propose taking 
advantage of liquid crystal array to realize balanced ternary 
number vector-matrix multiplication for our ternary optical 
computer has the ability of expressing and processing ternary 
information. 

A. Introduction of The Optical Processor 

The optical processor’s structure is shown in Fig. 1, in 
which section 1 is 2-D light array, section 3, 5 and 7 are 
liquid crystals; section 2, 4, 6 and 8 are polarizers (gray part 
is vertical polarizer and yellow part is horizontal polarizer in 
section 6 and 8). There are total four parts in the processor 
and from left to right they are light array (Section 1 in Fig. 
1), coder (Section 2 to 5 in Fig. 1), calculator (Section 6 to 8 
in Fig. 1) and decoder (Section 9 in Fig. 1). 

Coder and calculator compose the core components of 
this optical processor. All of sections in Fig.1 are thin slices 
of same size and are stuck together closely. All the pixels of 
the liquid crystal arrays are aligned to one another. Light 
beam which passes via a pixel of the liquid crystal array 
represents one balanced ternary bit (-1, 0, 1).  

The calculator’s structure is designed according to 
decrease radix principle [10]. The feature of reconfiguration 
is one of its superiorities. By combining different 
polarization of polarizer 6 and 8 with the rotary feature of 
liquid crystal 7, it can accomplish 19683 ternary logic 
operations. The balanced ternary VMM is realized with it. 

 

 
Figure 1.  The structure of optical processor 

B. Analysis of Theory 

The multiplication of 1×m vector A and m×n matrix B 
is shown in formula (1). C is the result vector. aj, bji and ci 
separately denote element of  A, B and C. 

1

( 1, 2,..., )
m

i j ji

j

c a b i n


   

The principle of balanced ternary VMM by liquid crystal 
array is as Fig. 2 shown.  



 

Figure 2.  The principle of balanced ternary VMM by liquid crystal array 

The light beams emitted from light array pass through 
two groups of vertical polarizer and liquid crystal Ⅰ and Ⅱ, 
then form three-state light. That is, “no light”, “vertical 
polarizing light” or “horizontal light”, which respectively 
denote “0”, “1”, “-1”. When three-state light is used to 
express ternary vector A, actually the NO. j (j=1, … , m) 
element, aj, is expressed. That is, if aj is 0, use “no light”; if 
aj is 1, use “vertical polarizing light”; if aj is -1, use 
“horizontal light”. Liquid crystal Ⅲ and a vertical polarizer 
are combined to input Matrix B. In fact, the element bji of 
the matrix is expressed by the means that the light passes 
through: when the polarizing light passes and keep the same 
polarization, it denotes “1”; when the polarizing light passes 
and change to the opposite polarization, it denotes “-1”; 
when the polarizing light can’t pass, it denotes “0”. 

When it works, the VMM can be completed only if all 
pixels on row j of the vector A’s liquid crystal are to output 
aj of A and then those light beams pass through the matrix 
B’s liquid crystal, thus, each ajbji comes out. All the ajbji 
light beams cast on the detector. The detector judge the 
ternary value by the three-state light of “no light”, 
“horizontal light”, “vertical polarizing light”. Then we get 
the result vector C by calculating all the units of every 
column of the detector. So far, Vector-Matrix multiplication 
is finished. 

C. Realization of Balanced Ternary VMM 

The Working steps are as following: 
Firstly, input vector aj (j=1,…,m) of Vector A by the flat 

light source and two liquid crystal array Ⅰ and Ⅱ .  
If  aj (j=1,…,m) is ‘0’:  
Input of vertical polarizer is light beams emitted from 

the light source and outputs vertical light beams. When 
giving a rotary control signal on the pixels of the NO. j row 
in liquid crystalⅠ, and those pixels will turn vertical light 
beams into horizontal ones which can’t go through vertical 
polarizer. Then, “no light” of the pixels on NO. j row, which 
means aj  (j=1,…,m) is ‘0’, is got. 

If aj (j=1,…,m) is ‘1’: 
When giving a no-rotary control signal on the pixels of 

the NO. j row in liquid crystalⅠand those pixels will output 
vertical light beams which just go through first vertical 
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polarizer. When giving another no-rotary control signal on 
the pixels of the NO. j row in liquid crystalⅡand those 
pixels will also output vertical light beams which also go 
through second vertical polarizer. Then “vertical light” of 
the pixels on the NO. j row, which means aj (j=1,…,m) is 
‘1’ , is got. 

If  aj (j=1,…,m) is ‘-1’: 
When giving a no-rotary control signal on the pixels of 

the NO. j row in liquid crystalⅠand those pixels will output 
vertical light beams which just go through first vertical 
polarizer. Next when giving a rotary control signal on the 
pixels of the NO. j row in liquid crystalⅡand those pixels 
will turn vertical light beams into horizontal ones. Then 
“horizontal light” of the pixels on the NO. j row, which 
means aj (j=1,…,m) is ‘1’ , is got. 

On the second step, input element bji (j=1,…,m; i=1,…,n) 
of Matrix B by liquid crystal array Ⅲ.  

Due to the limitation of components, the input of matrix 
B by liquid crystal array is somewhat different with the 
process demonstrated in sub-section B. Here the concept of 
time slice in electric computer is utilized. We use two time 
slices T1 and T2 to complete the input of matrix B. 

(1) If bji (j=1,…,m; i=1,…,n) is ‘0’: On time slice T1, 
control signal (no rotate) are casted on the (j, i) pixel. On 
time slice T2, still, control signal (no rotate) are casted on 
the (j, i) pixel. 

If vector is “0” (that is “no light”), under the control 
signal of no rotate at T1, the (j, i) pixel on the detector is 
“no light” and under the control signal of no rotate at T2, 
still the (j, i) pixel on the detector is “no light”.  

If vector is “1” (that is “vertical polarization light”), 
under the control signal of no rotate at T1, the (j, i) pixel on 
the detector is “has light” and under the control signal of no 
rotate at T2, the (j, i) pixel on the detector is “has light”.  

If vector is “-1” (that is “horizontal polarization light”), 
under the control signal of no rotate at T1, the (j, i) pixel on 
the detector is “no light” and under the control signal of no 
rotate at T2, still the (j, i) pixel on the detector is “no light”. 

(2) If bji (j=1,…,m; i=1,…,n) is ‘1’: On time slice T1, 
control signal (no rotate) are casted on the (j, i) pixel. On 
time slice T2, control signal (rotate) are casted on the (j, i) 
pixel. 

If vector is “0” (that is “no light”), under the control 
signal of no rotate at T1, the (j, i) pixel on the detector is 
“no light” and under the control signal of rotate at T2, still 
the (j, i) pixel on the detector is “no light”.  

If vector is “1” (that is “vertical polarization light”), 
under the control signal of no rotate at T1, the (j, i) pixel on 
the detector is “has light” and under the control signal of 
rotate at T2, the (j, i) pixel on the detector is “no light”.  

If vector is “-1” (that is “horizontal polarization light”), 
under the control signal of no rotate at T1, the (j, i) pixel on 
the detector is “no light” and under the control signal of 
rotate at T2, still the (j, i) pixel on the detector is “has light”. 

(3) If bji (j=1,…,m; i=1,…,n) is ‘-1’:On time slice T1, 
control signal (rotate) are casted on the (j, i) pixel. On time 

slice T2, control signal (no rotate) are casted on the (j, i) 
pixel 

If vector is “0” (that is “no light”), under the control 
signal of rotate at T1, the (j, i) pixel on the detector is “no 
light” and under the control signal of no rotate at T2, still 
the (j, i) pixel on the detector is “no light”.  

If vector is “1” (that is “vertical polarization light”), 
under the control signal of rotate at T1, the (j, i) pixel on the 
detector is “no light” and under the control signal of no 
rotate at T2, the (j, i) pixel on the detector is “has light”.  

If vector is “-1” (that is “horizontal polarization light”), 
under the control signal of rotate at T1, the (j, i) pixel on the 
detector is “has light” and under the control signal of no 
rotate at T2, still the (j, i) pixel on the detector is “no light”. 

On the third step, complete VMM. 
T1 and T2 time slices are combined to complete the 

balanced ternary vector matrix multiplication.  
During the completion process of balanced ternary 

VMM, “0” is appointed as “no light”, “1”is appointed as 
“has light”. Negative is appointed as “no light” and positive 
is appointed as “has light”. 

When the system works, the light emitted from light 
source passes two liquid crystal array Ⅰ and Ⅱ, and forms 
the three-states light. Matrix B is input at T1 by setting 
every pixel on liquid crystal array Ⅲ  according to the 
configuration in Fig. 2. The light beams expressing Vector 
A pass the liquid crystal array Ⅲ , finally arrive at detector 
array and get ajbji1.If (j, i) pixel is “has light” then ajbji1 is 
“1”. If (j, i) pixel is “no light” then ajbji1 is “0”. At T2, 
every pixel on liquid crystal array Ⅲ is reset according to 
the configuration in Fig. 2, and get ajbji 2. If (j, i) pixel is 
“has light” then ajbji 2 is “1”. If (j, i) pixel is “no light” then 
ajbji 2 is “0”. 

ajbji 1 gotten at T1 is to account the positive or negative 
attribute of ajbji and “no light” denotes negative, “has light” 
denotes positive. Both ajbji 1 and ajbji 2 are combined to 
express ajbji. All the ajbji are added to get ci. So far the 
balanced ternary VMM is finished. 

 

IV. DISCUSSION 

Two layers of loops are used to implement the 
multiplication among all vector elements and matrix 
elements when VMM is completed in general computer. All 
the multiplications can be finished concurrently when VMM 
is completed by using the optical method here, which is 
equivalent to having as many processors as the matrix 
elements to process data concurrently. For example, to 
complete VMM which is vector of 100 elements 
multiplying matrix of 100 × 100 elements, 104 
multiplications that general processor will complete can be 
finished by this optical method at the same time. The 
concurrency of this method has potency in dealing with 
problems with a large quantity of computation which can be 
paralleled.  
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V. CONCLUSION 

A new method of realizing balanced ternary VMM by 
using liquid crystal array is proposed on the base of 
completing binary VMM, Which has important significance 
to push forward the studies of TOC from theory research to 
application research. 

The principle and steps of this method are demonstrated 
in details. Although it is more complex to perform balanced 
ternary VMM than binary VMM in hardware aspects (e.g. 
another liquid crystal array is needed), ternary notation has 
more powerful data expression ability than binary notation. 
Thus when expressing the same digital values, balanced 
ternary notation shortens the length of data expression and 
decreases the complexity of data management which may 
simplifies the data encryption question and the likes relating 
to big data processing.  
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