


· St. Gabriel's Lihrruj-;Au 

The Fault Tolerance Modification of 
Benes Network 

Presented to 

Dr. Guennadi Vesselovski 

By 

1. Mr. Moutai Settapokin Adm.Code no. 381 6199 
2. Ms. Taminee Shinasharkey Adm.Code no. 381 6293 

This project is a part of the requirement of the course 
Computer Engineering Project II 

CE 4902 

Department of Computer Engineering 
ABAC School of Engineering 

Assumption University 
Date 15/3/99 

' . 

Administrator
Rectangle

lib01
Rectangle



ACKNOWLEDGEMENT 

We could not complete this project without enormous help 
from the others. We have to say "Thank you" for our advisor 
Dr. Guennadi Vessellovski, who trains us to be engineers, for 
Dr. Kittiphan Techakittiroj, who gives us more information 
about our project. For Broadband Telecommunication 
Laboratory (BTL) and Hi-Speed Communication Network 
Laboratory which provide us all equipment that we have to use 
in this project. For our parents who support us in any ways. For 
all our friends and everyone who worked together. Finally, 
thanks to all teachers who teach us and take care us until we can 
stand at this position. 

We sincerely welcome comment, suggestions and tactfully 
stated criticisms from the reader and others that may come into 
contact with this report. 

Mr. Montai Settapokin 
Ms. Taminee Shinasharkey 



ABSTRACT 

This project is about the fault tolerant modification of Benes 
Network. Benes Network is a kind of multistage switching network with 
no blocking, and it's fault tolerant modification guarantee that when there 
is a fault occurs in the network, the data can still reach it's destination 
using an alternate path. 
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CHAPTER 1: 

INTRODUCTION 



INTRODUCTION 

Single instruction stream-multiple data stream (SIMD) 
multiprocessor computing systems have a significant place 
among parallel computing system architectures. In these 
systems, N processors or "processor elements" (PE) execute the 
same instruction with different operands. SIMD computers are 
vector machines with speed currently in the range of billions and 
tens of billions of floating-point arithmetic operations per 
second; the number of processors in the system may reach 
several thousands. One of the main difficulties in SIMD 
computers, as in other parallel systems, is timely delivery of 
data to all the processors. Efficient choice of switching networks 
helps to overcome this difficulty. 

Two basic switching structures are available for SIMD 
computers. In the first structure (Fig. I a), each processor has its 
own individual memory M and is linked by a switching network 
to other identical processors. In the second structure, the 
switching network is interposed between the processors and the 
shared memory modules M of all the processors (Fig. I b ). 

The advantage of the second switching structure compared 
with the first is that each processor has access to the entire 
addressing space of the shared memory. The main shortcomings 
are additional delay introduced by the switching network when 
accessing the memory and the possibility of collision when two 
or more processors try to access the same memory module. 

Sequential switching structures originally used in early 
SIMD computers, e.g., the connection of each PE to four 
neighbors in Illiac, are an obstacle to increasing the performance 
of new-generation systems, while the crossbar switch for a 
system with hundreds and certainly thousands of PEs should be 
prohibitively costly. Literature analysis shows that the design of 
switching systems in these architectures largely relied on 
multistage switching networks (MSN). 
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MSN are designed for both synchronous and asynchronous 
parallel systems with a large number of PEs (hundreds and 
more), where crossbar switching provides the only competitive 
alternative in performance terms. We will show that MSN have 
certain advantages compared to crossbar switching systems -
the hardware costs are lower and the performance is higher, but 
the MSN are more difficult to control. In the last two decades, 
the theory of these networks has made considerable progress 
and some successful implementations are known. 

We consider the main properties and parameter of 
multistage switching networks and perform a comparative 
analysis of various MSN types. We consider the techniques for 
improving their fault-tolerance, and estimate the gain in 
execution time of some standard procedures with MSN 
compared to sequential ring type switching systems. Of the 
enormous variety of multistage switching system configurations, 
we only consider the basic topologies, which have been 
implemented or are reportedly being incorporated in future, 
SIMD supercomputers. 
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CHAPTER2: 

THEORY AND DESIGN 



BASIC TYPES OF DAT A TRANSFER 

The choice of the switching network depends on the 
frequently used types of messages. The attempts to identify the 
main types of data transfer in parallel computing systems are of 
fairly recent origin. The classification of frequently used 
permutations proposed by Lenfant has become quite popular. 
According to this classification, the main types of permutations 
can be grouped into five families. Below we present the main 
results of the classification of transfers for SIMD computers, 
based on actual experience with the PS-2000 computers, which 
supports the validity of this classification. 

Frequently used permutations include arbitrary shifts and 
perfect shuffle. Programming experience on the Illiac IV has 
shown that these permutations occur so frequently in user 
programs that to be acceptable, a switching network must ensure 
efficient implementation of these basic permutations. 

Let n be a positive integer, E1 the set of binary vectors 
x = (xn, Xn_1, ... , x 1) representing the integers := Ix;i-

1 from 0 to 
2n-l - 1. In application to our case, there are the processor 
addresses. Then an arbitrary shift by a implies that any z is 
mapped to (z + a) x mod 2n, where a is an integer. 

Of practical interest are also cyclic shifts of amplitude a 
within the segment 2n-J, i.e. , z --)- (z + a) mod 2n:f. Efficient 
execution of arbitrary shifts primarily requires matrix 
transposition. Matrix transposition is one of the basic procedures 
is statistical analysis of large vectors and matrices, in aero and 
hydrodynamic problems, in linear algebra problems, and m 
some other problems, and it urgently needs hardware support. 

The so-called perfect shuffle permutation is a mapping on 
the component is mapping on the components of the binary 
vector x: 

X = (Xn,Xn- f, ... ,X2,X1) ~ ( Xn-1,Xn-2, ... ,X 1,Xo). 
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Perfect shuffle is useful for fast Fourier transform (FFT), 
for various sorting procedures, for polynomial evaluation, etc. 

A fairly popular permutation of the components of the 
binary vectors x and A, has the form x ~ x • A-, where • is "sum 
mod 2." Like ideal shuffle, this permutation is used in FFT. An 
other useful permutation is "reversal" (reversing the sequence of 
bits in x) in the entire set E1 and in segments of length 2n-j, i.e., 

x = (xn,Xn-11 ... ,X2, X1) ~ ( X1,X2, ... ,Xn_J,xnJ. 

Reversal is also used in FFT. Various segment shuffles are 
also among the frequently used permutations. 

"One-to-many" transfers (with "one-to-all" as a particular 
case) are common in solving systems of differential equations, 
both ordinary and partial. Such transfers are usually called 
non ordinal. 

The finite element method (for solving the equations of 
mathematical physics) and logic circuit modeling use irregular 
(arbitrary) permutations. 
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MULTISTAGE SWICTHING NETWORKS 
WITH BLOCKING 

Multistage switching networks for SIMD computers can 
be provided into two main categories: blocking networks, in 
which certain permutations may lead to collision, and 
nonblocking networks. For blocking networks we obviously 
have C < 1, while for nonblocking networks C = 1. 

Note that blocking networks for SIMD computers usually 
allow self-routing or distributed control, while nonblocking 
networking require centralized control, and the setup of such 
networks is very time consuming. This accounts for the 
considerable "popularity" of blocking networks in SIMD 
computers. 

Typical representatives of blocking networks are the 
omega network and the n-cube network. An 8 x 8-omega 
network is shown in Fig. 2. Each stage in this network 
implements the interconnections by the perfect shuffle scheme. 
This network is defined by two functions: the shuffle function 
and the exchange function. The shuffle function is 

Shuffle (gn_Jgn-2 ... g1go) = gn-2gn_3 .... g1gogn-l· (1) 
The exchange function is defined as 

Exch (gn_Jgn-2 ... g1go) = gn-lgn-2 ... g1go. (2) 
The N x N omega network consists of n = log2N identical 

stages. The network may be realized as "one-to-one" or " one­
to-many" interconnections. The control is by tags. The binary 
representation of the address of the output w to which the input 
v is to be connected is called the destination tag 
w = Wn_1wn_2 ... w 1w 0, and the binary representation of the input 
v = Vn-1Vn-2 ... V1Vo, is called the source tag. When routing the 
network starting with the input v, the first switch connected with 
v is switched to the upper output if Wn-l = 0, and to the lower 
output ifwn-l = 1. The same occurs in the subsequent stages, i.e., 
the switching in stage i is controlled by w;. Figure 2 shows how 
the second input is connected with the sixth output by this 
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algorithm. The omega network does not realize all the 
permutations without collision. Thus, we see in Fig. 2 that a 
collision in second-stage interconnections will occur when we 
attempt to connect simultaneously the zeroth input with the 
zeroth output and the fourth input with the second output. 

There are omega network implementations using elements 
with more than two switchable channels. To establish the 
interconnections in this case, a cyclic left shift by one position is 
applied to the terminal address representation in a system with 
the base equal to the number of switching element inputs. The 
network control algorithm is similarly modified, i.e., the 
switching elements in each stage are controlled by the 
corresponding digit of the destination tag represented in a 
system with the chosen base. 

The n-cube network belongs to the same class as the 
omega network. It derives its names from its geometrical 
interpretation as a n-dimensional cube whose vertices are the 
processor address in binary representation. In what follows, we 
will call this network simply a cube. An 8 x 8 cube network is 
shown in Fig. 3. The synthesis algorithm for the cube network is 
quite simple. If the upper and lower outputs for each switch 
have the same addresses as the upper and lower inputs, then the 
i-th stage pairs on the switch inputs those input lines whose 
addresses differ only in the i-th position ( in the binary 
representations if the terminal addressed ). Functionally, the 
cube is equivalent to the omega network, i.e., it realizes without 
collision the same classes of permutations and has the same 
control algorithm. 

For a network with N = 2n inputs and binary representation 
of the input address in the from gn-1gn_2 .. . g1g0, the cube network 
may be regarded as consisting of n functions: 
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Cube and omega are essentially topological modifications 
of the same network. The same class of networks also includes 
the so-called indirect cube (the full name is "indirect binary n­
cube"). In the direct cube network, the sequence of stages is 
reversed compared to the direct cube (Fig. 4 ). The indirect cube 
is functionally equivalent to the direct cube with all the input 
and output addresses transformed from gn_1 ... g1go to gog1 ... gn-1· 

The indirect cube is useful for PE-to-PE switching (Fig. 
la), because the hardware implementation of a growing 
processor array and its division into subarrays is simpler here 
than omega network, say. 

From the list of frequently used permutations described 
above, the cube network and its modifications realize without 
collisions all the arbitrary shifts, including shifts within 
segments, and the permutations of the form x ---+ x • A., but 
neither ideal shuffle nor reversal can be realized in one pass 
through the network, i.e., these networks fail, in particular, for 
permutations that are useful for efficient FFT algorithms. 

Banyan networks are topologically equivalent to cube 
networks. However, Banyan networks differ from the cube and 
its modifications by their use of the switching elements, which 
have six, and not four, admissible states (we are referring to 2 x 
2 switching elements). 

A fundamental property of the different networks 
considered above is that they all lay a unique path from each 
input to each output. This produces "intersecting" routes and 
may cause collisions in the network. 

Another type of a blocking network is PM2I (Plus-Minus 
2') .An example of a PM2I network is the data manipulator. This 
network consists of n stages with N switches each, and the 
switch j in stage I is connected to three switches in stage I -
1 ;specifically: to the switch (j + 2} mod N, to the switch (j - 2} 
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mod N, and to the switch}, where 0 < j < N and 0 ~ I < n. Note 
that in this context a stage is a column of switching elements 
together with all their outgoing connections (Fig.5). Unlike the 
networks considered above, PM2I uses 3 x 3 switches, and data 
can be transmitted at any given time only from one input to any 
of the three outputs. Different control techniques have been 
proposed for such a network. A network with individual control 
of the switching elements has been terms augmented data 
manipulator (ADM). It can be shown that the ADM is 
functionally superior to the previously considered networks. 
Thus, the ADM can realize all the permutations realized by 
omega plus some additional permutations not realized by 
omega, such as perfect shuffle. In other words, the ADM will 
execute without blocking a greater number of permutations than 
either the cube or the omega, but still it will not execute all N ! 
possible permutations. The price of the greater functional 
capabilities is higher hardware cost and more complex control 
than in the omega network. 

There are also data manipulator modifications using two­
input elements, which are topologically equivalent to omega, 
cube, and other networks. 

Switching networks of this class are used in a number of 
currently available and projected computers, such as STARAN, 
Ultracomputer, RV AP (Reconfigurable Varistructured Array 
Processor), PASM (Partitionable SIMD/MIMD - a Purdue 
University project), the IBM RP3 , some military systems, and 
data flow machines. 

An interesting approach to switching was proposed by 
Burroughs for the NASF system. NASF (Numerical 
Aerodynamics Simulation Facility) is being developed under 
contract to NASA, and its main purpose is to solve aerodynamic 
problems during spacecraft design. Analysis has shown that an 
average problem in this field requires speeds of an order of I 
billion floating-point operations per second. In the NASF 
architecture, Burroughs proposes to solve the access problem by 
means of a certain compromise between Lawrie' s system and 
the BSP solution. (See above) The facility will consist of 512 
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processors, a shared memory field using a prime number of 
memory modules greater than the number of processors, and a 
pair of 1024 x 1024 omega switching networks ("upper" and 
"lower"). Each processor thus can be connected to two ports 
(one by the upper network and one by the lower network). The 
access priorities on the upper network are the reverse of the 
lower-network priorities. If the upper network blocks access to 
memory, and automatic attempt is made to switch through the 
lower network. 

Thus, the choice of a particular blocking network for 
SIMD computers is determined by the need to ensure collision­
free transfers on some classes of frequently used permutations in 
the specific problem-oriented multiprocessor system. 
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THE BENES NETWORK AND ITS 
MODIFICATIONS 

A second class of multistage switching networks that are 
of considerable practical interest are the so-called Clos-Benes 
nonblocking network representing a fairly wide class of network 
topologies. The objective was to develop a multistage network­
realizing crossbar switching functions, i.e., no blocking, yet 
having fewer connection points than in crossbar networks. We 
should especially note the considerable contribution of Soviet 
scientists,in particular, Kharkevich and Neiman, to the theory of 
nonblocking switching networks. 

Below we consider some networks contained in the class 
of networks studied by C. Clos and V. Benes. These networks 
consist of square subnetworks, and are thus of particular interest 
in computer systems. 

Let N = dq, where d and q are integers. Then the N x N 
Clos network is representing by three stages (Fig. 6) The input 
and output stages contain N/d d x d subnetworks each (one of 
the input stage subnetworks can be eliminated - in Fig. 6 this 
subnetwork is enclosed in a broken box). The intermediate stage 
consists of d identical N/d x N/d subnetworks. Such a network is 
usually termed as a base-d network. 

Such networks are fairly efficient in terms of hardware 
costs and are known in the literature as "rearrangeable," because 
in case of blocking there is always a possibility of realizing the 
desired connection by rearranging ("rerouting") some of the 
previously established connections. For these networks, there 
are algorithms for collision free realization of arbitrary 
permutations with simultaneous establishment of all the 
specified connections in the network. This is typical of the class 
of synchronous systems, which includes the SIMD computer 
systems as a particular case. Thus, for rearrangeable networks C 
= 1. 
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The network in Fig. 6 has an iterative structure, and for d = 
2 successive decomposition of the middle stage into three-stage 
structures produces a network implemented using only two­
input elements. The network constructed in such a way is 
usually called Benes network. Figure 7 is a base-2 8 x 8 
network. With N = 2n inputs, the Benes network has 2 log2N ~I 
stages. Its main shortcoming as compared with cube networks is 
the need for centralized control; moreover, it uses a complex 
and essentially sequential algorithm in order to compute the 
collection of signals controlling subnetwork switching (the 
"control vector" in what follows) during the realization of an 
arbitrary permutation. 

We will now describe the so-called looping algorithm, 
which is basic for intersection control in Benes networks. 
Assume that the Benes network shown in Fig. 7 is required to 
realize the permutation p: 0---+ 3, 1 ---+ 7, 2---+ 4, 3 ---+ 0, 4---+ 2, 
5 ---+ 6, 6 ---+ 1, 7 ---+ 5, which is usually represented in the 
compact form the 

p= 01234567 
37402615 

First, this permutation should be described as an 
interconnection map (Fig. 8). The pair of network inputs that 
belong to the same switching element of the output stage defines 
the row address and the pair of network inputs that belong to the 
same switching element of the input stage defines the column 
address. Crosses in the corresponding positions mark pairs of 
input-output connections of the given permutation. Then the 
input into the map is chosen arbitrarily. For example, choosing 
as the starting point the "cross" (we call it the "input" in what 
follows) in rows 23 and column 01, we look for the next input in 
the same row or in the same column so as to form a loop. In Fig. 
8, the input row 23 and column 45 is chosen. The process is 
continued until no loop can be formed because we return to row 
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23 and column 01 . The loop inputs are then alternately named a 
and b. A second loop is formed similarly. Then the input and 
output lines names a are assigned to the subnetwork a, while the 
line name b are assigned to the subnetwork b. The resulting 
control of the input and output switching elements in shown in 
Fig. 9. 

Using the given permutation and the established 
connections in the input and output stages, we can easily 
identify the permutations that should be realized by the 
subnetworks a and b. Then the looping algorithm is recursively 
applied to both subnetworks. 

Such algorithm run in time O(N log2N) . These time 
requirements to compute the control vector are obviously very 
large and may be totally unacceptable in some cases. To avoid 
this difficulty, we can compute the control vectors in advance 
(e.g. , in the compiling stage) and store them in a "control vector 
table." Such tables take up a lot of memory space - not less than 
(2 log2N-l) N/2 bits per control vector for one permutation. 

Another possibility is to focus on the frequently used 
permutations in the classification introduced above. The number 
of frequently used permutations is of order of 2210

g 2 N' which is 
quite small compared with the total number of all permutations 
N ! . Therefore, the permutation name can be encoded within the 
limits of the parameter field of the instruction "Start a frequently 
used permutation." On-line recursive algorithms have been 
proposed for such regular permutations, in which the times to 
compute a control vector does not introduce a noticeable delay 
into switching network operation. Arbitrary permutations, which 
are fairly noticeable delay into switching network operation. 
Arbitrary permutations, which are fairly infrequent in 
applications, should be realized by one of the general 
algorithms. 

14 
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Of considerable interest is the switching network solution 
adopted in the Phoenix system. The final configuration of this 
system will consist of 1040 processors combined into groups of 
65 (one standby processor in each group), ensuring a maximum 
speed of over 10 billion floating-point operations per second 
(GFLOP). One of the major innovations in system architecture 
adopted in this project is the decision to use a switching network 
that allows any possible interconnection of processors. A 
modified Benes network is proposed for this purpose. The 
advantage of this modification is that the distribution proces~ors 
can be spatially divided into groups of close processors together 
with the associated switching network elements interconnected 
by close links (Fig. 10). If the central stages are connected 
"straight," the network is partitionable into independent local 
subnetworks. 

Another example of a rearrangeable switching network is 
used in the GF-11 supercomputer. It consists of 576 processors 
and ensures speeds of up to 11 GFLOP. A nonblocking 
rearrangeable three-stage network interconnects the processors. 
Each stage in this network consists of 24 switching elements of 
24 x 24 each. 
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FAULT-TOLERANT SWITCHING 
NETWORKS 

The examples of switching networks considered above 
show that with a large number of processors (hundreds and 
thousands) these networks are fairly complex devices. The 
switching control algorithms are also fairly complex, especially 
for Benes networks. Since the reliability of a switching network 
has a direct impact on the reliability of the entire system, 
reliability improvement can be achieved by designing networks 
that are fault-tolerant with respect to (usually) single faults. The 
problems of design of a fault-tolerant network are formulated as 
follows. 

1. For single faults in switching elements and their 
interconnections, the network should realize without 
collision the original classes of admissible 
permutations. 

2. A fault-tolerant network should have a sufficiently 
simple algorithm that will rearrange it in case of a fault. 

3. Network control should be capable of partitioning the 
network into subnetworks of equal size, coupled both 
electrically and structurally. The last requirement 
makes it possible to disconnect the faulty half of the 
network for repair, while the nonfaulty half continues 
functioning, emulating the complete switching network 
with performance reduced by a factor of 4. 

Fault-tolerance implies neutralization of the effect of faults 
in the network. This is possible only if we provide static 
redundancy, e.g., masking in · a three-fold majority-voting 
structure, or dynamic redundancy, which pinpoints the fault and 
reconfigures the network or the data flows. In what follows, we 
consider dynamic redundancy techniques. 
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The data transmitted in a single clock cycle through the 
switching network may be one bit, one byte, or one processor 
word. In the last two cases, faults may be detected by appending 
a parity bit or several bits in the Hamming code. However, these 
methods, while signaling the existence of a fault, do not pinpoint 
the fault location in the switching network. It is better to use for 
this purpose special diagnostic tests which are run periodically 
as part of network testing or after a fault has been detected. 

Simple and efficient diagnostic tests are available for the 
class of single stuck-at faults const = 1 (or= 0) on one of the 
information inputs (outputs) or on the control input of the 
switching element in a base-2 switching network. The main idea 
of these tests is the following. Apply an input combination to the 
N network inputs such that each switching element receives the 
signal 01 or 10 on its two inputs, with the same control signal on 
all the elements. As all the input values are inverted in a 
nonfaulty network, each output terminal should successively 
procedure the two values 01 and 10. If this sequence is not 
observed on one of the output terminals, there is a fault in the 
information channel connected with this terminal. Repeating the 
same test for inverted values of the control signal on each 
switching element, we may detect another information channel 
passing through the same faulty component. The fault is in the 
component, which is common to both information channels. 

These tests are similarly applied to check for control signal 
faults. An error in the output signal is detected by comparing the 
output values with a reference. A reference signal is needed 
because if there is a fault in the control signal of the switching 
elements in the last stage, a 1-out-of-2 code will not be violated 
on the network output terminals (unlike the case of such a fault 
in all the other stages), and the output therefore have to be tested 
by comparison with reference values. 

All the above remains valid for cube and omega networks, 
their generalizations and also for Benes networks. 
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Thus, a base-2 switching network can be diagnosed by 
four test combinations, which identify the faulty switching 
element or the faulty component in the transnlission channel. 

The diagnostic results make it possible to move to the next · 
stage of recovery in a faulty switching network - neutralizing 
the effect of the fault. Here two approaches are available. The 
first relies on the introduction of an extra stage in cube 
networks. Because of the extra stage, there are now two paths 
from any source to any destination in the switching network. 

The second approach designs a switching network with a 
given constant number of nonintersecting routes from any 
source to the destination. For blocking network, the ·existence of 
alternative routes is ensured by a special choice of the switching 
element base in the network. Both approaches are considered in 
more detail below. 

In the Benes network, there are more than one 
independent path for each input-output pair, so that in principle 
it is possible to bypass single faults and to realize any given 
permutation in two passes without extra stages. If the first and 
the last stages in the Benes network are augmented with 
multiplexors-demultiplexors (fig. 12), then the modified Benes 
network will be fault-tolerant to single faults. In this case, fault 
tolerance is also accomplished in two passes through the 
network. In the first pass, the data are switched through the 
nonfaulty paths, while in the second pass alternative paths 
switch the remaining connections. Because of the perfect 
symmetry of the two alternative path in the second pass by 
passing the control signals from the switching elements of one 
"storey" of intermediate stages to another "storey" (in Fig. 12, 
the " stories" are enclosed in broken boxes). The control signals 
are generated in advance for the given interconnection list by 
one of the known algorithms, assuming a nonfaulty network. 
The control for the switching elements of the first and the last 
stages participating in the unrealized connection is reversed, i.e. , 
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if one element was initially connected "straight", it ts now 
switched to "exchange," and conversely. 

If the fault is detected in the first or the last stage, then the 
network control is somewhat different. Specifically, if the fault 
is detected in a switching element of the first (last) stage 
connected "straight," then this element is disconnected, the 
bypass multiplexors-demultiplexors are activated, and the 
required switching can be realized even in a single pass, because 
all the other control signals are not altered. If the faulty element 
was realizing the exchange function (connected cross-cross), 
then the fault element, are switched in the first pass, and the 
bypass multiplexors-demultiplexors of the faulty element are 
activated in the second pass, when the control signals from the 
first "storey" of intermediate stages are transferred to the second 
"storey" and conversely, thus exciting two alternative paths 
relative to the initial paths in the faulty network. 

Note that the modified Benes network (Fig. 10) allows 
decomposition of the entire network into two subnetworks of 
equal size, so that the nonfaulty half can emulate the entire 
network. This decomposition is useful during the recovery of the 
faulty half of the network. 

The previously considered approach to fault-tolerance 
relies on explicitly appending ad extra stage to the cube network 
in order to produce an additional route between any input-output 
pair. The alternative approach implicitly uses the redundant 
switching capabilities of the switching elements in order to 
achieve fault-tolerance of the network. These capabilities arise 
when fault-tolerant networks are designed using a base W = 2r 
omega network, where y is an integer grater than 1; the number 
of stages in the network is [logw N], where [x] is the nearest 
integer greater than x. A theorem is proved which claims that for 
a N x N uniform network of this kind, with N = 2n. The number 
of different routes R between input-output pair is given by R = 

win1rr, where ]x[ is the difference between the nearest integer 
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equal to or greater than the real number x and x. Note that N 
should be divisible by W, but for N = W1 the modified omega 
reduces to an ordinary omega network, i.e., a network with a 
unique route for each input-output pair. Figure 15 shows a 
modified base-8 16 x 16 omega network. The network consists 
of two stages. In this case, n = 4, y = 3, N = 24 

= 16, W = 23 
= 8, 

]n/y[ = ]4/3[ = 2/3, and therefore, R = wJn!y[ = 8]413
[ = 8(2/3) = 4. 

The existence of four possible routes for each input-output pair 
essentially improves the fault-tolerance of the network. Thus the 
network shown in Fig. 5 will realize the initial permutation in 
two passes in the presence of any two faults in the 
interconnections between the stages. 
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Circuit Diagram of the address decoder 
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Circuit Diagram of the address decoder 2 

DO DO . . . . . 
PORT D7 D7 PORT 

AO 
A1 - cso 

1 - 2 A2 . 
- . . . . . . . . - CS7 

A1°5 03 CS8 
10K 

f---'\N\r- - A15 
DIP . . 74LS . 

SWIT 
. . . 688 

CH 10K . 
~ --AS 

AO 
~ A1 cso 
~ A2 . . . 

74LS ; . 
155 . . . . 

CS7 

-

08 
10K 

AO 
DIP 74LS 

SWIT 688 
CH 10K 

A7 

27 



Circuit Diagram of the Benes Network 
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PCB design for switch 
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PCB design for address decoder 
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PCB design for Benes Network 
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Outputs correspondence to inputs with chosen permutation 
requests 

#include<stdio.h> 
#include<conio.h> 
#include<ctype.h> 
void main( void) 
{ 
int m[21]; 
int a[8],b[8]; 
int al=O,a2=0,a3=0,a4=0; 
int n; 
char high.low; 
clrscr(); printf{"······························•••\n"); 
printft"•• I.Perfect Shuffie ••In"); 
printft"•• 2.Bit Reverse ••In"); 
printft" • • 3 .Flip Permutation **In"); 
printtt••• 4.Cyclic Shift ••In"); 
printf("*••••••••••••••••••••••••••••••••\n"); 
printft"Please choose a number : "); 
scant1:"%d",&n); 

if(n=l) 
{ m[l]=O; m[S]=O; m[9]=0; m[13]=0; m[J7]=0; 
m[2]=0; m[6]=1; m[IO)=I; m[l4]=1; m[IS]=J; 
m[3)=1; m[7]=0; m[J J]=O; m[IS)=J; m[19]=0; 
m[4]=1; m[S]=l; m[J2]=1; m[J6)=0; m[20)=1; 

} 
if(n==2) 
{ m[l]=O; m[5]=0; m[9]=0; m[l3]=0; m[J7]=0; 
m[2]=0; m[6]=0; m[JO]=O; m[14)=0; m[JS)=O; 
m[3]=1; m[7]=0; m[I l)=I; m[J5)=1; m[J9]=1; 
m[4)=1; m[S]=J; m[12)=1; m[J6)=0; m[20]=1; 

} 
if(n=3) 
{ 
clrscr(); 
printft"*******************************\nu); 
printft"** I. IOI **In"); 
printft"•• 2. 011 **In"); 
printtl"•• 3. 010 **In"); 
printft••• 4. 11 I ••In"); printf("****•························••\n"); 
printll"Please choose a number : "); 
scant1:"%d' ,&n); 

if(n=l) 
{ m[J)=J; m[S)=O; m[9)=1; m[J3]=0; m[J7]=0; 
m[2)=1; m[6)=0; m[IO)=l; m[14)=0; m[18]=0; 
m[3)=1; m[7)=0; m[I J]=J; m[JS)=O; m[19]=0; 
m[4)=1; m[S)=O; m[12]=1; m[16]=0; m[20)=0; 

} 
if(n==2) 
{ m[J)=O; m[5)=0; m[9]=0; m[J3)=1; m[l 7]=1; 
m[2)=0; m[6)=0; m[IO]=O; m[14)=1; m[IS]=l; 
m[3)=0; m[7)=0; m[11]=0; m[IS]=I; m[l9]=1; 
m[4]=0; m[8)=0; m[l2]=0; m[J6)=1; m[20]=1; 

l 
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} 

if(n=3) 
{ m[l]=O; m[S]=O; m[9]=0; m[13]=1; m[l7]=0; 
m[2]=0; m[6]=0; m[IO]=O; m[l4]=1; m[l8]=0; 
m[3]=0; m[7]=0; m[l l]=O; m[IS]=l; m[l9]=0; 
m[4]=0; m[8]=0; m[l2]=0; m[l6]=1; m[20]=0; 

} 
if (n 4) 
{ m[l]=O; m[S]=O; m[9]=1; m[13]=1; m[l7]=1; 
m[2]=0; m[6]=0; m[IO]=l; m[l4]=1; m[l8]=1; 
m[3]=0; m[7]=0; m[l l]=l; m[IS]=l; m[19]=1; 
m[4]=0; m[8]=0; m[12]=1; m[l6]=1; m[20]=1; 

} 

if(n 4) 
( clrscrO; 
printfl"Please enter a number[! , 2] : "); 
scanft"o/od",&n); 

if(n=l) 
( m[l]=O; m[S]=O; m[9]=0; m[13]=0; m[l 7]=0; 
m[2]=0; m[6]=1; m(IO]=I; m[l4]=1; m[l8]=1; 
m[3]=1; m[7]=0; m[ll]=O; m[IS]=l; m[l9]=0; 
m[4]=1; m[8]=1; m[l2]=1; m[l6]=0; m[20]=1; 

} 
if(n==2) 
( m[l]=O; m[S]=O; m[9]=0; m(13]=0; m[l 7]=0; 
m[2]=1; m[6]=1; m[IO]=l; m[14]=1; m[l8]=0; 
m[3]=0; m[7]=1; m[l l]=O; m[IS]=O; m[l9]=1; 
m[4]=1; m[8]=0; m[12]=1; m(l6]=1; m[20]=1; 

} 
} 
clrscrQ; 
printf("The controls are as shown below.\n\n"); 
printfl" o/od o/od o/od o/od o/od \n",m[l],m[5],m[9],m(l3],m[l 7]); 
printfl" o/od o/od o/od o/od o/od \n",m[2],m(6],m[IO],m[l4],m[l8]); 
print!(" o/od o/od o/od o/od o/od \n",m[3],m[7],m(ll],m[l5],m(l9]); 
printfl" o/od o/od o/od o/od o/od \n",m[4],m[8],m[l2],m[l6],m[20]); 
printf("\nPlease enter the data. \n"); 
printf("\nThe higher 4 bits of data in HEX = "); 
scanf("o/oc",&high); 
scanf("o/oc",&high); 
printf("The lower 4 bits of data in HEX = "); 
scanf("o/oc",&low); 
scanft"o/oc",&low); 

if (high= 'I') 
al= I; 
else if (high = '2') 
a2 =I; 
else if (high= '3') 
(a2= !;al= I;} 
else if(high = '4') 
a3 =I; 
else if (high= '5') 
( a3 = I; al = I; } 
else if (high = '6') 
{a2= l;a3= I;} 
else if (high = '7') 
( a2 = I; al = I; a3 = I;} 
else if (high= '8') 
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a4= I; 
else if (high = '9') 
{al= I; a4 =I;} 
else if (high= 'A'll high= 'a') 
{a2=1;a4=1;} 
else if (high= 'B'll high= 'b') 
{ a2 =I; a4 =I; al= l;} 
else if(high = 'C'll high= 'c') 
{ a3 =I; a4 =I;) 
else if(high = 'D'll high= 'd') 
{ a3 = I; a4 = l; al = I;} 
else if(high = 'E'll high= 'e1 
{ a3 = I; a4 = I; a2 = l;) 
else if (high = 'F'll high = 't') 
{ a3 =I; a4 =I; a2 =I; al= I;} 

a[I]=al; a[2]=a2; a[3]=a3; a[4]=a4; 0,1 • o; Q2 ' o i Cl? ' o ; GIA 'o ,­
if(low = '11 
al= l; 
else if(low = '2') 
a2= l; 
else if(low = '31 
{ a2 = I; al = I; ) 
else if(low = '4') 
a3=1; 
else if(low = '5') 
{ a3 = l; al= I;) 
else if(low= '6') 
{ a2 = I; a3 = I; } 
else if (low = '7') 
{ a2 = l; al = I; a3 = I;} 
else if (low = '8') 
a4= I; 
else if (low == '9') 
{al= I; a4 =I;) 
else if(low = 'A'll low= 'a') 
{ a2 = I; a4 = l; ) 
else if (low= 'B'll low= 'b') 
{ a2 =I; a4 =I; al= I;} 
else if (low = 'C'll low = 'c') 
{ a3 = I; a4 = I; } 
else if (low = 'D'll low = 'd') 
{ a3 = I; a4 = I; al = I;} 
else if(low = 'E'll low= 'e') 
{ a3 =I; a4 =I; a2 =I;) 
else if (low = 'F'll low = 't') 
{ a3 = l; a4 = I; a2 = I; al = l;} 

a[S]=al; a[6]=a2; a[7]=a3; a[8]=a4; 
if(m[l]=O) 
{ b[l]=a[I]; 
b[2]=a[2]; 

} 
else 
{ b[l]=a[2]; 
b[2]=a[I]; 

} 
if(m[2]=0) 
{ b[3]=a[3]; 
b[4]=a[4]; 
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} 
else 
{ b(3]=a[4]; 
b[4]=a[3]; 

} 
if(m[3]==0) 
( b(S]=a[S]; 
b[6]=a[6]; 

} 
else 
( b[5]=a{6]; 
b[6]=a{5]; 

} 
if(m[4]==0) 
( b[7]=a[7]; 
b[8]=a[8]; 

} 
else 
{ b[7]=a(8]; 

b[8]=a(7]; 
} 
a[l]=b[l]; a{2]=b[3]; a(3]=b[5]; a{4]=b[7]; 
a[S)=b[2]; a[6)=b[4); a{7]=b[6); a[8)=b[8); 
m[l)=m(S]; m[2]=m(6); m[3]=m(7]; m[4)=m[8]; 
if(m[l)==O) 
{ b[l)=a{l]; 
b[2]=a[2]; 

} 
else 
{ b[l)=a{2]; 
b[2)=a[l]; 

} 
if(m[2]==0) 
( b(3]=a(3); 
b(4]=a[4]; 

} 
else 
{ b(3]=a[4]; 
b[4]=a[3]; 

} 
if(m[J]==O) 
{ b[S)=a[S); 
b(6)=a[6]; 

} 
else 
{ b[5]=a[6]; 
b[6]=a[5); 

} 
if(m[4)==0) 
{ b[7]=a[7); 
b[8]=a[8]; 

} 
else 
{ b[7]=a[8); 
b[8]=a[7]; 

} 

a(l]=b[l); a[2]=b[3]; a[3]=b(2]; a[4]=b[4); 
a(S]=b[S]; a[6]=b[7]; a[7]=b[6); a[8]=b(8); 
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m[l]=m(9]; m[2]=m[IO]; m[3]=m[ll]; m(4]=m[l2]; 
if(m[l]=O) 
{ b[l]=a[l]; 
b[2]=a[2]; 

} 
else 
{ b[l]=a[2]; 
b[2]=a[l]; 

} 
if(m[2]=0) 
{ b[3]=a{3]; 

b[4]=a{4]; 
} 
else 
{ b(3]=a[4]; 

b[4]=a(3]; 
} 
if(m[3]=0) 
{ b(S]=a(5]; 
b(6]=a[6]; 

} 
else 
{ b[5]=a{6]; 
b[6]=a{S]; 

} 
if(m[4]=0) 
{ b(7]=a[7]; 
b[8]=a(8]; 

} 
else 
{ b(7]=a{8]; 

b[8]=a{7]; 
} 
a(J]=b[l]; a[2]=b(3]; a[3]=b(2]; a[4]=b[4]; 
a[5]=b[5]; a[6]=b[7]; a[7]=b[6]; a(8]=b[8]; 
m[J]=m[J3]; m[2]=m(14]; m[3]=m[l5); m[4]=m[J6]; 
if(m[l]=O) 
{ b(J]=a{l]; 
b[2]=a(2]; 

} 
else 
{ b[ J ]=a(2]; 
b[2]=a[J]; 

} 
if(m[2]=0) 
{ b[3]=a{3]; 
b[4]=a[4]; 

} 
else 
{ b[3]=a[4]; 
b[4]=a(3]; 

} 
if(m[3]=0) 
{ b[S]=a[5]; 
b[6]=a(6]; 

} 
else 
{ b[5]=a[6]; 
b[6]=a[5]; 

} 
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if(m[4]==0) 
{ b[7]=a[7]; 
b(8]=a[8]; 

} 
else 
{ b(7]=a(8); 

b[8]=a[7]; 
} 
a[l]=b[I); a[2]=b[5); a(3]=b[2); a[4]=b(6]; 
a[5J=b(3); a(6]=b(7]; a[7]=b(4]; a(8J=b(8]; 
m[l)=m[l7]; m[2]=m(l8); m[3]=m(19); m[4]=m(20]; 
if(m[l]==O) 
{ b[l]=a[I); 
b[2]=a[2]; 

} 
else 
{ b[l]=a[2]; 
b[2]=a[I); 

} 
if(m[2)==0) 
{ b[J]=a[J]; 
b(4)=a[4]; 

} 
else 
{ b[3]=a[4); 
b[4]=a[3]; 

} 
if(m[J]=O) 
{ b(S]=a(S]; 
b(6]=a[6]; 

} 
else 
{ b[5]=a[6]; 
b[6]=a[5]; 

} 
if(m(4]=0) 
{ b[7)=a[7]; 
b(8)=a[8]; 

} 
else 
{ b[7]=a(8]; 
b[8]=a[7]; 

} 
printf("lnThe output data is %d%d%d%d%d%do/od%d.",b[8),b[7],b(6],b[5],b[4],b[3],b 

[2],b[I]); 
getchO; 

} 

• 
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#include<stdio.h> 

#include<conio.h> 

#include<ctype .h> 

void main(void) 

int a[9],b[9]: 

int i,c,d; 

clrscr(); 

St. Gabriel's Library, · Au 

printf("The data of the first pass.\n"); 

for (i= 7 ;i>-1 ;i--) 

printf("D%d= ",i); 

scanf("%d" ,&a[i+ 1 ]); 

printf("\nThe data of the second pass.\n"); 

for (i=7;i>-1;i--) 

printf("D%d= ",i); 

scanf("%d" .&b[i+ 1 ]); 

printf("\nThe first error bit ="); 

scanf("%d",&c); 

printf("\nThe second error bit = "); 

scanf("%d" ,&d); 

c++: 

d++: 

a[c]=b[c]: 

a[d]=b[d): 

printf("\nThe correct output is %d%d%d%d%d%d%d%d.",a(8],a[7].a[6],a[5],a[4],a[3].a 

[2],a[1)); 

getch(); 
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Benes Network with no 
fault 

DATA SEGMENT 
PERF DB 'I.Perfect Shuffie$' 
BIT DB '2.Bit Revene$' 
FLIP DB '3.Flip Permutation$' 
SHIF DB '4.Cyclic Shift$' 
CLRF DB 10,13,'$' 
DAT DB? 
MSG I DB 'Please choose a number: 
$' 
MSG2 DB 'Please enter the data: $' 
MSG 13 DB 'Sending controls to 
port .... $' 
MSG3 DB '030 I , the first set of the 
bypass circuits.$' 
MSG4 DB '0302 , the second set of 
the bypass circuits.$' 
MSGS DB '0303 , the first set of the 
switches.$' 
MSG6 DB '0304 , the second set of 
the switches.$' 
MSG7 DB '0305 , the third set of the 
switches.$' 
MSG8 DB '0306 , the third set of the 
bypass circuits.$' 
MSG9 DB '0307 , the forth set of the 
bypass circuits.$' 
MSGIO DB '0300, the data inputs.$' 
MSG 11 DB 'Sending the data to 
port .... $' 
MSG! 2 DB 'Please latch the data 
port.$' 
MSGl4 DB 'I.101$' 
MSGIS DB '2.011$' 
MSGl6 DB '3.010$' 
MSG17DB'4.111$' 
MSG18 DB 'I.Shifted by I position.$' 
MSG19 DB '2.Shifted by 2 
positions.$' 
DATA ENDS 
CODE SEGMENT 
ASSUME CS:CODE, DS:DATA 
START: MOV AX,DATA 

MOVDS,AX 

LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 

INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT2IH 
LEADX,CLRF 
MOVAH,9 
INT2IH 
LEADX,CLRF 
MOVAH,9 
INT2IH 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT2IH 
LEADX,CLRF 
MOVAH,9 
INT2IH 
LEADX,CLRF 
MOVAH,9 
INT2IH 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
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INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,PERF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,BIT 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,FLIP 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEA DX,SlilF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSGI 
MOV AH,9 
INT21H 

MOV AH,1 
INT21H 
MOVBL,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 

>I I 1•1</I\» .. 
.,., ... ,, •f' •• ,~ ,.~ T1 r. ·• " ' 
1 f , a' u• .. 

~ . . ... .. 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSG2 
MOV AH,9 
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INT21H LEADX,CLRF 
MOVAH,9 

MOV AH,! INT21H 
INT21H LEADX,CLRF 
CMPAL,40H MOV AH,9 
JA AF INT21H 
JMPO_N LEADX,CLRF 

MOV AH,9 
AF: SUBAL,40H INT21H 

ADDAL,9 LEADX,CLRF 
MOVCL,4 MOVAH,9 
SHLAL,CL INT21H 
MOVCL,AL LEADX,CLRF 
JMPNEXT MOV AH,9 

INT21H 
O_N: SUB AL,JOH LEADX,CLRF 

MOVCL,4 MOV AH,9 
SHLAL,CL INT21H 
MOVCL,AL LEADX,CLRF 

MOVAH,9 
NEXT: MOV AH, I INT21H 

INT21H LEADX,CLRF 
MOVAH,9 

CMPAL,40H INT21H 
JA AF2 LEADX,CLRF 
JMPO_N2 MOV AH,9 

INT21H 
AF2: SUB AL,40H LEADX,CLRF 

ADDAL,9 MOV AH,9 
MOVCH,AL INT21H 
JMPNEXT2 LEADX,CLRF 

MOVAH,9 
O_N2: SUB AL,JOH INT21H 

MOVCH,AL LEADX,CLRF 
MOV AH,9 

NEXT2: ADD CL.CH INT21H 
MOVAL,CL LEADX,CLRF 
MOVDAT,AL MOV AH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 MOV AL,BL 
INT21H CMP AL,JIH 
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JE PE 
CMPAL,32H 
JE 812 
CMP AL,33H 
JE FL2 
CMPAL,34H 
JE CY2 
JMPEXIT 

812: JMP81 
FL2: JMPFL 
CY2: JMPCY 
PE: LEA DX,CLRF 

MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 

LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX.MSG 13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG3 
MOVAH,9 
INT21H 
MOV AH,1 
INT21H 

MOV AL,89H 
MOV DX,0303H 
OUfDX,AL 

MOV AL,0011001 lB 
MOV DX,0300H 
OUfDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX.MSG 13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
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INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,l 
INT21H INT 21H 

MOV AL,001100118 MOV AL,OOOOIOIOB 
MOV DX,0300H MOV DX,0300H 
OUT DX.AL OUT DX.AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 

LEADX,MSGl3 LEADX,MSG13 
MOV AH,9 MOV AH,9 
INT 21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG5 LEADX,MSG8 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,1 MOV AH,1 
INT21H INT21H 

MOV AL,101011008 MOV AL,OOl IOOl IB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT 21H 

LEADX,MSGl3 LEADX,MSGl3 
MOV AH,9 MOV AH,9 
INT 21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSG6 LEADX,MSG9 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,011010108 MOV AL,0011001 IB 
MOV DX,0300H MOV DX,0300H 
OUT DX.AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSG13 LEA DX.MSG! I 
MOV AH,9 MOV AH,9 
INT21H INT 21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
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INT21H 
LEA DX,MSGIO 
MOY AH,9 
INT21H 
MOY AH,l 
INT21H 

MOY AL,DAT 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSG 12 
MOYAH,9 
INT21H 

MOY AH,l 
INT21H 
JMPEXIT 

BI: LEA DX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSG13 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSG3 
MOY AH,9 
INT21H 
MOY AH,1 
INT21H 

MOY AL,89H 
MOY DX,0303H 
OUTDX,AL 

MOY AL,0011001 IB 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSG 13 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSG4 
MOY AH,9 

INT21H 
MOY AH,l 
INT21H 

MOY AL,0011001 IB 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSG13 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSGS 
MOY AH,9 
INT21H 
MOY AH,1 
INT21H 

MOY AL,10001100B 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSG13 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSG6 
MOY AH,9 
INT21H 
MOY AH,1 
INT21H 

MOY AL,01001100B 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSG13 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSG7 
MOY AH,9 
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INT21H INT 21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,OOOOllOOB MOVAL,DAT 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGIJ LEA DX,MSGl2 
MOVAH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 MOV AH,! 
INT21H INT21H 
LEADx,MSG8 JMPEXIT 
MOVAH,9 
INT21H 
MOVAH,l FL: LEA DX,CLRF 
INT21H MOV AH,9 

INT21H 
MOV AL,OOllOOllB LEADX,MSGl4 
MOV DX,OJOOH MOVAH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,MSGIS 

MOV AH,9 
LEA DX,MSGl3 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,MSGl6 
INT 21H MOV AH,9 
LEADX,MSG9 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
MOV AH,! INT21H 
INT21H LEADX,MSGl7 

MOV AH,9 
MOV AL,OOl IOOl IB INT21H 
MOV DX,OJOOH LEADX,CLRF 
OUTDX,AL MOV AH,9 

INT 21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGI 
LEA DX,MSGI I MOV AH,9 
MOV AH,9 INT21H 
INT21H MOV AH,! 
LEADX,CLRF INT 21H 
MOV AH,9 
INT21H CMPAL,JIH 
LEADX,MSGIO JE Fl 
MOV AH,9 CMPAL,32H 
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JE F22 MOV AH,9 
CMPAL,33H INT 21H 
JE F33 LEADX,CLRF 
CMPAL,34H MOV AH,9 
JE F44 INT21H 
JMPEXIT LEADX,MSGS 

MOV AH,9 
F22: JMPF2 INT21H 
F33: JMPF3 MOV AH,1 
F44: JMPF4 INT21H 

Fl: LEADX,CLRF MOV AL,OOOOllllB 
MOV AH,9 MOV DX,0300H 
INT21H OUfDX,AL 

LEA DX,MSGl3 LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOVAH,9 LEADX,MSGl3 
INT21H MOVAH,9 
LEADX,MSG3 INT21H 
MOVAH,9 LEADX,CLRF 
INT21H MOVAH,9 
MOV AH,1 INT21H 
INT21H LEADX,MSG6 

MOV AH,9 
MOV AL,89H INT21H 
MOV DX,0303H MOV AH,1 
OUfDX,AL INT21H 

MOV AL,OOl IOOl IB MOV AL,OOOOll llB 
MOV DX,0300H MOV DX,0300H 
OUfDX,AL OUfDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGl3 LEADX,MSGI3 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOVAH,9 MOVAH,9 
INT21H INT21H 
MOV AH,1 MOV AH,1 
INT21H INT21H 

MOV AL,OOl IOOl IB MOV AL,OOOOOOOOB 
MOV DX,0300H MOV DX,0300H 
OUfDX,AL OUfDX,AL 

LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSG13 LEA DX,MSGI3 
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MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSGS 
MOV AH,9 
INT21H 
MOV AH,! 
INT21H 

MOV AL,OOllOOl IB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSG13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG9 
MOV AH,9 
INT21H 
MOV AH,! 
INT21H 

MOV AL,OOl IOOl IB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSGll 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSGIO 
MOV AH,9 
INT21H 
MOV AH,! 
INT21H 

MOVAL,DAT 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSGl2 

...• ~ Ll . . :} 
MOV AH,9 
INT 21H 

MOV AH,! 
INT 21H 
JMPEXIT 

F2: LEA DX,CLRF 
MOVAH,9 
INT21H 

LEA DX,MSG13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSGJ 
MOVAH,9 
INT21H 
MOV AH,! 
INT21H 

MOV AL,89H 
MOV DX,0303H 
OUTDX,AL 

MOV AL,OOl IOOl IB 
MOV DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOVAH,9 
INT21H 

LEADX,MSG13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG4 
MOVAH,9 
INT21H 
MOV AH,! 
INT21H 

MOV AL,OOl IOOl IB 
MOV DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSGl3 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
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INT21H INT21H 
LEADX,MSGS LEADX,MSG8 
MOV AH,9 MOV AH,9 
INT 21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,OOOOOOOOB MOV AL,OOI IOOl IB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGIJ LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT2IH INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT2IH INT21H 
LEADX,MSG6 LEADX,MSG9 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,lll!OOOOB MOV AL,OOllOOllB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGl3 LEA DX,MSG 11 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG7 LEADX,MSG!O 
MOVAH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT 21H INT21H 

MOV AL,0000111 IB MOVAL,DAT 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT2IH INT21H 

LEA DX,MSGIJ LEA DX,MSGI2 
MOVAH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 MOV AH,! 
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INT21H 
JMPEXIT 

F3: LEADX.CLRF 
MOV AH,9 
INT21H 

LEA DX.MSG13 
MOV AH,9 
INT21H 
LEADX.CLRF 
MOV AH,9 
INT21H 
LEADX,MSG3 
MOV AH,9 
INT21H 
MOV AH,1 
INT21H 

MOV AL,89H 
MOV DX.0303H 
OUfDX.AL 

MOV AL,0011001 IB 
MOV DX,0300H 
OUfDX.AL 

LEADX.CLRF 
MOV AH,9 
INT21H 

LEA DX.MSG 13 
MOV AH,9 
INT21H 
LEADX.CLRF 
MOV AH,9 
INT21H 
LEADX,MSG4 
MOV AH,9 
INT21H 
MOV AH,l 
INT21H 

MOV AL,0011001 lB 
MOV DX,0300H 
OUfDX,AL 

LEADX.CLRF 
MOV AH,9 
INT21H 

LEA DX.MSG 13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX.MSGS 
MOV AH,9 
INT21H 

MOV AH,l 
INT21H 

MOV AL,OOOOOOOOB 
MOV DX,0300H 
OUT DX.AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX.MSG13 
MOY AH,9 
INT21H 
LEADX.CLRF 
MOY AH,9 
INT21H 
LEADX,MSG6 
MOY AH,9 
INT21H 
MOV AH,l 
INT21H 

MOY AL,llllOOOOB 
MOV DX,0300H 
OUfDX.AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSG 13 
MOV AH,9 
INT21H 
LEADX.CLRF 
MOY AH,9 
INT21H 
LEADX,MSG7 
MOY AH,9 
INT21H 
MOY AH,l 
INT21H 

MOV AL,OOOOOOOOB 
MOY DX,0300H 
OUT DX.AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG 13 
MOV AH,9 
INT21H 
LEADX.CLRF 
MOV AH,9 
INT21H 
LEADX,MSG8 
MOV AH,9 
INT21H 
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MOV AH,! MOV AH,9 
INT21H INT21H 

MOV AL,OOl IOOl IB LEA DX,MSGJJ 
MOV DX,OJOOH MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,MSGJ 

MOV AH,9 
LEA DX,MSGJ3 INT21H 
MOV AH,9 MOV AH,! 
INT21H INT2!H 
LEADX,CLRF 
MOV AH,9 MOVAL,89H 
INT21H MOV DX,0303H 
LEADX,MSG9 OUTDX,AL 
MOVAH,9 
INT21H MOV AL,OOl IOOl IB 
MOV AH,! MOV DX,OJOOH 
INT21H OUTDX,AL 

MOV AL,OOllOOIIB LEADX,CLRF 
MOV DX,OJOOH MOVAH,9 
OUTDX,AL INT2IH 

LEADX,CLRF LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT 21H INT21H 

LEADX,CLRF 
LEA DX,MSGJ I MOV AH,9 
MOVAH,9 INT21H 
INT21H LEADX,MSG4 
LEADX,CLRF MOVAH,9 
MOV AH,9 INT21H 
INT21H MOV AH,! 
LEADX,MSGJO INT21H 
MOV AH,9 
INT21H MOV AL,0011001 !B 
MOV AH,! MOV DX,0300H 
INT21H OUTDX,AL 

MOVAL,DAT LEADX,CLRF 
MOV DX,OJOOH MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF LEADX,MSGl3 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
LEA DX,MSG 12 MOV AH,9 
MOVAH,9 INT21H 
INT21H LEADX,MSGS 

MOV AH,9 
MOV AH,! INT 21H 
INT 21H MOV AH,! 
JMPEXIT INT21H 

F4: LEADX,CLRF MOV AL,OOOOOOOOB 
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MOV DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSGIJ 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSG6 
MOV AH,9 
INT21H 
MOV AH,l 
INT21H 

MOV AL,llllllllB 
MOV DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSGIJ 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSG7 
MOVAH,9 
INT21H 
MOV AH,t 
INT21H 

MOV AL,OOOOll t IB 
MOV DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOVAH,9 
INT21H 

LEADX,MSGIJ 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSG8 
MOV AH,9 
INT21H 
MOV AH,I 
INT 21H 

MOV AL,0011001 IB 

.'"~··· ~~ ~" 

'' 
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MOV DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSGl3 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSG9 
MOVAH,9 
INT21H 
MOV AH,I 
INT21H 

MOV AL,OOl IOOl IB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSGll 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSGIO 
MOVAH,9 
INT21H 
MOV AH,t 
INT21H 

MOVAL,DAT 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSG12 
MOVAH,9 
INT21H 

MOV AH,t 
INT21H 
JMPEXIT 

CY: LEA DX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG18 
MOV AH,9 
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INT21H INT2IH 
LEADX,CLRF LEADX,MSG4 
MOV AH,9 MOV AH,9 
INT2IH INT21H 
LEADX,MSGI9 MOV AH,I 
MOV AH,9 INT2IH 
INT21H 
LEADX,CLRF MOV AL,OOllOOllB 
MOV AH,9 MOV DX,0300H 
INT2IH OUTDX,AL 
LEADX,CLRF 
MOV AH,9 LEADX,CLRF 
INT2IH MOVAH,9 
LEADX,MSGI INT2IH 
MOV AH,9 
INT2IH LEA DX,MSGI3 
MOV AH,I MOV AH,9 
INT2IH INT21H 

LEADX,CLRF 
CMP AL,3IH MOV AH,9 
JE SI INT21H 
CMPAL,32H LEADX,MSG5 
JE S22 MOV AH,9 
JMPEXIT INT 2IH 

MOV AH,I 
S22: JMP S2 INT21H 

SI: LEADX,CLRF MOV AL,IOIOIIOOB 
MOV AH,9 MOV DX,0300H 
INT2IH OUTDX,AL 

LEADx,MSGI3 LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT2IH INT2IH 
LEADX,CLRF 
MOV AH,9 LEA DX,MSGI3 
INT2IH MOVAH,9 
LEADX,MSG3 INT21H 
MOV AH,9 LEADX,CLRF 
INT2IH MOV AH,9 
MOV AH,I INT21H 
INT21H LEADX,MSG6 

MOVAH,9 
MOV AL,89H INT2IH 
MOV DX,0303H MOV AH,I 
OUTDX,AL INT 2IH 

MOV AL,OOI IOOI IB MOV AL,Ol IOIOIOB 
MOV DX,0300H MOVDX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGI3 LEADX,MSGl3 
MOV AH,9 MOV AH,9 
INT2IH INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOV AH,9 
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INT21H INT21H 
LEADX,MSG7 LEA DX,MSGIO 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,OOOOIOIOB MOVAL,DAT 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSG13 LEADX,MSGl2 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOVAH,9 MOV AH,! 
INT21H INT21H 
LEADX,MSG8 JMPEXIT 
MOV AH,9 
INT21H S2: LEADX,CLRF 
MOV AH,! MOVAH,9 
INT21H INT21H 

MOV AL,OOl IOOl IB LEA DX,MSG13 
MOV DX,0300H MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOVAH,9 
MOVAH,9 INT21H 
INT21H LEADX,MSG3 

MOVAH,9 
LEA DX,MSG13 INT21H 
MOV AH,9 MOV AH,! 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 MOV AL,89H 
INT21H MOV DX,0303H 
LEADX,MSG9 OUTDX,AL 
MOV AH,9 
INT21H MOV AL,OOllOOllB 
MOV AH,! MOV DX,0300H 
INT21H OUTDX,AL 

MOV AL,OOl IOOl IB LEADX,CLRF 
MOV DX,0300H MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF LEADX,MSGl3 
MOVAH,9 MOV AH,9 
INT 21H INT21H 

LEADX,CLRF 
LEADX,MSGll MOVAH,9 
MOVAH,9 INT21H 
INT21H LEADX,MSG4 
LEADX,CLRF MOVAH,9 
MOV AH,9 INT21H 
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MOY AH,1 MOY AH,! 
INT21H INT 21H 

MOY AL,OOl IOOl IB MOY AL,OOOOl IOOB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,MSGl3 LEADX,MSG13 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOYAH,9 
INT 21H INT21H 
LEADX,MSGS LEADX,MSG8 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,1 MOY AH,! 
INT21H INT21H 

MOY AL,Ol IOIOIOB MOY AL,OOllOOllB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,MSG13 LEA DX,MSGl3 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSG6 LEADX,MSG9 
MOY AH,9 MOYAH,9 
INT21H INT21H 
MOY AH,! MOY AH,! 
INT21H INT21H 

MOY AL,10101010B MOY AL,0011001 IB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGl3 LEADX,MSGll 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSG7 LEADX,MSGIO 
MOY AH,9 MOYAH,9 
INT21H INT21H 

54 



MOY AH,I 
INT2IH 

MOYAL,DAT 
MOY DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOYAH,9 
INT21H 

LEADX,MSGI2 
MOY AH,9 
INT 21H 

MOY AH,I 
INT2IH 
JMPEXIT 

EXIT: MOY DX,OJOOH 
MOY AL,00 
OUTDX,AL 

MOY Ax,4COOH 
INT2IH 

CODE ENDS 
END START 
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$t. Gabriel's Libra~y, Ati" 

Benes Network with first 
or last stage fault 

DAT A SEGMENT 
PERF DB 'I.Perfect Shuffle$' 
BIT DB '2.Bit Reverse$' 
FLIP DB '3 .Flip Permutation$' 
SHIF DB '4.Cyclic Shift$' 
CLRF DB 10,13,'$' 
DAT DB? 
MSG 1 DB 'Please choose a number: 
$' 
MSG2 DB 'Please enter the data: $' 
MSG13 DB 'Sending controls-to 
port .... $' 
MSG3 DB '0301 , the first set of the 
bypass circuits.$' 
MSG4 DB '0302 , the second set of 
the bypass circuits.$' . 
MSGS DB '0303 , the first set of the 
switches.$' 
MSG6 DB '0304 , the second set of 
the switches.$' 
MSG7 DB '0305, the third set of the 
switches.$' 
MSG8 DB '0306, the third set of the 
bypass circuits.$' 
MSG9 DB '0307 , the forth set of the 
bypass circuits.$' 
MSGlO DB '0300 , the data inputs.$' 
MSG 11 DB 'Sending the data to 
port .... $' 
MSG12 DB 'Please latch the data 
port.$' 
MSG14 DB '1.101$' 
MSG15 DB '2.011$' 
MSG16 DB '3.010$' 
MSG17 DB '4.111$' 
MSG18 DB 'I.Shifted by 1 position.$' 
MSG19 DB '2.Shifted by 2 
positions.$' 
MSG20 DB 'First or Last Stage 
Fault$' 
MSG22 DB 'I.Straight State.$' 
MSG23 DB '2.Exchange State.$' 
DATA ENDS 
CODE SEGMENT 
ASSUME CS:CODE, DS:DAT A 
START: MOY Ax,DATA 

MOYDS,AX 

FIRST: 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT 21H 

LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT 21H 
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LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEA DX,MSG20 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,PERF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,BIT 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,FLIP 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEA DX,SJilF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSGI 
MOY AH,9 
INT21H 

MOY AH,! 
controls 

INT21H 
MOYBL,AL 

;Get the 

LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
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LEADX,CLRF 
MOY AH,9 MOYAL,BL 
INT21H CMP AL,JIH 
LEADX,CLRF JE PE 
MOY AH,9 CMPAL,32H 
INT21H JE BI2 
LEADX,CLRF CMPAL,33H 
MOY AH,9 JE FL2 
INT21H CMPAL,34H 
LEADX,CLRF JE CY2 
MOY AH,9 JMPEXIT ;Jump to 
INT21H controls 
LEADX,CLRF 
MOY AH,9 BI2: JMPBI 
INT21H FL2: JMPFL 
LEADX,CLRF CY2: JMPCY 
MOV AH,9 PE: 
INT21H LEADX,CLRF 

MOV AH,9 
LEADX,MSG2 INT 21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 

INT21H 
MOV AH,! ;Get the LEADX,CLRF 

data MOYAH,9 
INT21H INT21H 
CMPAL,40H LEADX,CLRF 
JA AF MOV AH,9 
JMPO_N INT21H 

LEADX,CLRF 
AF: SUBAL,40H MOV AH,9 

ADDAL,9 INT21H 
MOVCL,4 LEADX,CLRF 
SHLAL,CL MOVAH,9 
MOVCL,AL INT21H 
JMPNEXT LEADX,CLRF 

MOV AH,9 
O_N: SUB AL,JOH INT21H 

MOVCL,4 LEADX,CLRF 
SHLAL,CL MOV AH,9 
MOVCL,AL INT21H 

LEADX,CLRF 
NEXT: MOV AH,1 MOV AH,9 

INT 21H INT21H 
LEADX,CLRF 

CMPAL,40H MOYAH,9 
JA AF2 INT21H 
JMPO_N2 LEADX,CLRF 

MOV AH,9 
AF2: SUB AL,40H INT21H 

ADDAL,9 LEADX,CLRF 
MOVCH,AL MOY AH,9 
JMPNEXT2 INT21H 

LEADX,CLRF 
O_N2: SUB AL,JOH MOVAH,9 

MOVCH,AL INT21H 
LEADX,CLRF 

NEXT2: ADD CL,CH MOVAH,9 
MOV AL,CL INT21H 
MOVDAT,AL LEADX,CLRF 

58 



MOY AH,9 CMPAL,31H ;Straight 
INT21H or Exchange 
LEADX,CLRF JE PE_S 
MOY AH,9 JMPPE_X 
INT21H 
LEADX,CLRF PE_S: LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 LEADX,MSG13 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,MSG3 
INT21H MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 MOY AH,! 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 MOY AL,89H 
INT21H MOY DX,0303H 
LEADX,CLRF OUTDX,AL 
MOYAH,9 
INT21H MOY AL,00110011B 
LEADX,CLRF MOY DX,OJOOH 
MOYAH,9 OUTDX,AL 
INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 LEA DX,MSG13 
INT21H MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT 21H MOY AH,9 
LEA DX,MSG22 INT21H 
MOY AH,9 LEADX,MSG4 
INT21H MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 MOY AH,! 
INT21H INT21H 
LEA DX,MSG23 
MOY AH,9 MOY AL,llOOllOOB 
INT21H MOY DX,0300H 
LEADX,CLRF OUTDX,AL 
MOY AH,9 
INT21H LEADX,CLRF 
LEADX,CLRF MOY AH,9 
MOY AH,9 INT 21H 
INT21H 
LEADx,MSGI LEADX,MSG13 
MOYAH,9 MOY AH,9 
INT21H INT21H 
MOY AH,! LEADX,CLRF 
INT21H MOYAH,9 

INT 21H 
LEADX,MSG5 
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MOV AH,9 MOV AH,9 
INT21H INT 21H 
MOV AH,I MOV AH,I 
INT21H INT21H 

MOV AL,IOIOllOOB MOV AL,OOllllOOB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGl3 LEA DX,MSGl3 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG6 LEADX,MSG9 
MOV AH,9 M.OV AH,9 
INT21H INT21H 
MOV AH,I MOV AH,I 
INT21H INT21H 

MOV AL,Ol IOIOIOB MOV AL,OOllllOOB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGl3 LEADX,MSGll 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG7 LEADX,MSGIO 
MOVAH,9 MOVAH,9 
INT21H INT21H 
MOV AH,I MOV AH,1 
INT21H INT 21H 

MOV AL,OOOOIOIOB MOVAL,DAT 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGl3 LEADX,MSGl2 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 MOV AH,I 
INT21H INT21H 
LEADX,MSGS JMPEXIT 
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BI: 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEA DX,MSG22 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEA DX,MSG23 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSGI 
MOV AH,9 
INT21H 
MOV AH,1 
INT21H 

CMP AL,3 IH ;Straight 
or Exchange 

JE Bl_S 
JMPBI_X 

BI_S: LEADX,CLRF 
MOVAH,9 
INT21H 

LEADX,MSGIJ 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
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.. 'l 

LEADX,MSGJ INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 
MOY AH,! INT21H 
INT21H LEADX,MSG6 

MOY AH,9 
MOY AL,89H INT21H 
MOY DX,0303H MOY AH,! 
OUTDX,AL INT21H 

MOY AL,OOl IOO! IB MOY AL,OIOOllOOB 
MOY DX,OJOOH MOY DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 

LEADX,MSG13 LEADx,MSGIJ 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOY AH,9 MOYAH,9 
INT21H INT21H 
MOY AH,1 MOY AH,I 
INT21H INT21H 

MOY AL,I 1001 IOOB MOY AL,OOOOJIOOB 
MOY DX,OJOOH MOY DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 

LEADX,MSGIJ LEA DX,MSGIJ 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSGS 
MOYAH,9 MOYAH,9 
INT21H INT21H 
MOY AH,I MOY AH,I 
INT21H INT21H 

MOY AL,IOOOJJOOB MOY AL,llOOllOOB 
MOY DX,OJOOH MOY DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEA DX,MSGIJ LEADX,MSGIJ 
MOY AH,9 MOY AH,9 
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INT 21H MOV AH,9 
LEADX,CLRF INT21H 
MOVAH,9 LEADX,CLRF 
INT21H MOVAH,9 
LEADX,MSG9 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
MOV AH,1 INT21H 
INT21H LEADX,CLRF 

MOV AH,9 
MOV AL,001100118 INT21H 
MOV DX,0300H LEADX,CLRF 
OUTDX,AL MOV AH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
LEADX,MSGll MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,CLRF MOVAH,9 
MOVAH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,MSGlO MOVAH,9 
MOVAH,9 INT21H 
INT21H LEADX,CLRF 
MOV AH,1 MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
MOVAL,DAT MOV AH,9 
MOV DX,0300H INT21H 
OUTDX,AL LEADX,CLRF 

MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 

INT21H 
LEADX,MSGl2 LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 

LEADX,CLRF 
MOV AH,I MOVAH,9 
INT21H INT21H 
JMPEXIT LEADX,CLRF 

MOVAH,9 
INT 21H 

FL: LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT 21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
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MOY AH,9 LEADX,CLRF 
INT 21H MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 

INT21H 
LEADX,MSGl4 LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSGl5 LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSGl6 LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEA DX,MSG 17 LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSGI LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
MOY AH,I LEADX,CLRF 
INT21H MOYAH,9 

INT21H 
CMP AL,JIH LEADX,CLRF 
JE Fl MOYAH,9 
CMPAL,32H INT21H 
JE F22 LEADX,CLRF 
CMPAL,JJH MOYAH,9 
JE FJJ INT21H 
CMPAL,34H LEADX,CLRF 
JE F44 MOY AH,9 
JMPEXIT INT21H 

LEADX,CLRF 
F22: JMPF2 MOY AH,9 
FJJ: JMPFJ INT21H 
F44: JMPF4 LEADX,CLRF 

MOY AH,9 
Fl: INT21H 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT 21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT 21H 
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LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEA DX,MSG22 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEA DX,MSG23 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG! 
MOV AH,9 
INT21H 
MOV AH,! 
INT21H 

CMP AL,3 IH ;Straight 
or Exchange 

IB Fl_S 
JMPFl_X 

Fl_S: LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 

MOV AH,9 
INT2!H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT2!H 
LEADX,CLRF 
MOV AH,9 
INT2!H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT2!H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT2!H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT2!H 
LEADX,CLRF 
MOV AH,9 
INT 2!H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
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MOV AH,9 MOV AL,0000111 IB 
INT21H MOV DX,0300H 

OUTDX,AL 

LEADX,MSGl3 LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSG13 
INT21H MOV AH,9 
LEADX,MSG3 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
MOV AH,1 INT21H 
INT21H LEADX,MSG6 

MOVAH,9 
MOV AL,89H INT21H 
MOV DX,0303H MOV AH,1 
OUTDX,AL INT21H 

MOV AL,00110011B MOV AL,OOOOll llB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGl3 LEADX,MSG13 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,1 MOV AH,1 
INT21H INT21H 

MOV AL,OO! IOOl IB MOV AL,OOOOOOOOB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSG 13 LEA DX,MSG13 
MOV AH,9 MOV AH,9 
INT 21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG5 LEADX,MSGS 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,1 MOV AH,1 
INT21H INT21H 
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MOV AL,llOOIJOOB LEADX,CLRF 
MOV DX,0300H MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOVAH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 

MOV AH,9 
LEADX,MSGl3 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,MSG9 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 
MOV AH,! INT21H 
INT21H LEADX,CLRF 

MOV AH,9 
MOV AL,IJOOllOOB INT21H 
MOV DX,0300H LEADX,CLRF 
OUTDX,AL MOVAH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
LEADX,MSGll MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 
LEA DX,MSG 10 MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 
MOV AH,! MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
MOVAL,DAT MOVAH,9 
MOV DX,0300H INT21H 
OUTDX,AL LEADX,CLRF 

MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 

INT21H 
LEA DX,MSGl2 LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
MOV AH,1 MOVAH,9 
INT21H INT21H 
JMPEXIT LEADX,CLRF 

MOV AH,9 
F2: INT21H 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
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LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 

LEADX,CLRF 
MOY AH,9 
INT21H 
LEA DX,MSG22 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEA DX,MSG23 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSGI 
MOY AH,9 
INT21H 
MOY AH,! 
INT21H 

,• ... 

CMP AL,3 IH ;Straight 
or Exchange 

IB F2_S 
JMPF2_X 

F2_S: LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 

·- "J r · ' .. ,, ::1 

INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
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INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 MOY AH,! 
INT21H INT21H 
LEADX,CLRF 
MOYAH,9 MOY AL,OOOOOOOOB 
INT21H MOY DX,OJOOH 

OUTDX,AL 

LEA DX,MSG13 LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOYAH,9 LEADX,MSGIJ 
INT21H MOYAH,9 
LEADX,MSGJ INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 
MOY AH,! INT21H 
INT21H LEADX,MSG6 

MOYAH,9 
MOY AL,89H INT21H 
MOY DX,0303H MOY AH,! 
OUTDX,AL INT21H 

MOY AL,llOO!lOOB MOY AL,lll!OOOOB 
MOY DX,OJOOH MOY DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEA Dx,MSG 13 LEADX,MSG13 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOYAH,9 
INT21H INT 21H 
LEADX,MSG4 LEADX,MSG7 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,! MOY AH,! 
INT21H INT21H 

MOY AL,!lOO!lOOB MOY AL,000011 llB 
MOY DX,OJOOH MOY DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEA DX,MSG13 LEADX,MSG13 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSG8 
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.St. Gabriel's Libral]l Au 

MOV AH,9 
INT21H F3 : 
MOV AH,l LEADX,CLRF 
INT21H MOV AH,9 

INT21H 
MOV AL,0011001 lB LEADX,CLRF 
MOV DX,0300H MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 

MOV AH,9 
LEA DX,MSG 13 INT21H 
MOV AH,9 LEADX,CLRF • INT21H MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,MSG9 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
MOV AH,l INT21H 
INT21H LEADX,CLRF 

MOV AH,9 
MOV AL,0011001 lB INT21H 
MOV DX,0300H LEADX,CLRF 
OUTDX,AL MOV AH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
LEA DX,MSGl I MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 
LEA DX,MSG 10 MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 
MOV AH,l MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
MOV AL,DAT MOV AH,9 
MOV DX,0300H INT21H 
OUTDX,AL LEADX,CLRF 

MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 

INT21H 
LEA DX,MSG1 2 LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT 2 1H INT21H 

LEADX,CLRF 
MOV AH,l MOV AH,9 
INT 2 1H INT21H 
JMP EXIT LEADX,CLRF 
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MOY AH,9 
INT 21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEA DX,MSG22 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEA DX,MSG23 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSGI 
MOYAH,9 
INT21H 
MOY AH,1 
INT21H 

CMP AL,3 IH ;Straight 
or Exchange 

JE F3_S 
JMPF3_X 

F3_S: LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 

INT 21H 
LEADX,CLRF 
MOYAH,9 
INT 21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT 21H 
LEADX,CLRF 
MOY AH,9 
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INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 

• , .. , ....... •• , ••• 1 r •'l" "'n 
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INT21H 

LEA DX,MSGI3 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG3 
MOV AH,9 
INT21H 
MOV AH,l 
INT21H 

MOV AL,89H 
MOV DX,0303H 
OUTDX,AL 

MOV AL,llOOllOOB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG 13 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG4 
MOV AH,9 
INT~lH 
MOV AH,I 
INT2IH 

MOV AL,110011008 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 

LEADX,MSGS 
MOV AH,9 
INT21H 
MOV AH,l 
INT21H 

MOV AL,000000008 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG6 
MOV AH,9 
INT21H 
MOV AH,l 
INT21H 

MOV AL,111100008 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSGI 3 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG7 
MOV AH,9 
INT21H 
MOV AH,l 
INT21H 

MOV AL,000000008 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG 13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
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INT2IH INT 21H 
LEADX,MSGS JMPEXIT 
MOY AH,9 
INT21H F4: 
MOY AH,1 LEADX,CLRF 
INT21H MOYAH,9 

INT21H 
MOY AL,llOOllOOB LEADX,CLRF 
MOY DX,OJOOH MOY AH,9 
OUTDX,AL INT 21H 

LEADX,CLRF 
LEADX,CLRF MOYAH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 

MOY AH,9 
LEA DX,MSGIJ INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 
LEADX,MSG9 INT21H 
MOYAH,9 LEADX,CLRF 
INT21H MOY AH,9 
MOY AH,1 INT2IH 
INT21H LEADX,CLRF 

MOY AH,9 
MOY AL,llOOllOOB INT21H 
MOY DX,OJOOH LEADX,CLRF 
OUTDX,AL MOY AH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,CLRF 
LEA DX,MSGll MOY AH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,CLRF MOY AH,9 
MOYAH,9 INT21H 
INT21H LEADX,CLRF 
LEA DX,MSG 10 MOY AH,9 
MOY AH,9 INT2IH 
INT21H LEADX,CLRF 
MOY AH,1 MOY AH,9 
INT21H INT 21H 

LEADX,CLRF 
MOYAL,DAT MOY AH,9 
MOY DX,OJOOH INT21H 
OUTDX,AL LEADX,CLRF 

MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 

INT21H 
LEADX,MSG12 LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,CLRF 
MOY AH,1 MOY AH,9 
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INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEA DX,MSG22 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEA DX,MSG23 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,MSGI 
MOYAH,9 
INT21H 
MOY AH,I 
INT21H 

CMP AL,3 !H ;Straight 
or Exchange 

JE F4_S 
JMPF4_X 

F4_S: LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 

LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
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LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,MSGS 
MOV AH,9 MOVAH,9 
INT21H INT 21H 
LEADX,CLRF MOV AH,! 
MOV AH,9 INT21H 
INT21H 
LEADX,CLRF MOV AL,000000008 
MOV AH,9 MOV DX,OJOOH 
INT21H OUTDX,AL 

LEADX,MSGIJ LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSGIJ 
INT21H MOV AH,9 
LEADX,MSGJ INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 
MOV AH,! INT21H 
INT21H LEADX,MSG6 

MOV AH,9 
MOV AL,89H INT21H 
MOV DX,0303H MOV AH,! 
OUTDX,AL INT21H 

MOV AL,110011008 MOV AL, 111111118 
MOV DX,0300H MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGIJ LEA DX,MSG 13 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,I MOV AH,I 
INT21H INT21H 

MOV AL,110011008 MOV AL,000011118 
MOV DX,0300H MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGIJ LEADX,MSGIJ 
MOVAH,9 MOV AH,9 
INT2IH INT 21H 
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LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSG8 
MOYAH,9 
INT21H 
MOY AH,l 
INT 21H 

-.. -. ·;­
"''' '" 

MOY AL,00110011B 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSGl3 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSG9 
MOY AH,9 
INT21H 
MOY AH,l 
INT21H 

MOY AL,00110011B 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT 21H 

LEADX,MSGll 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSGIO 
MOYAH,9 
INT 21H 
MOY AH,! 
INT21H 

MOYAL,DAT 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOYAH,9 
INT21H 

LEADX,MSG12 
MOYAH,9 
INT21H 

' - .. , ~' 
> ' 

CY: 

MOY AH,l 
INT21H 
JMPEXIT 

LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT 21H 
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LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSGl8 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG19 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSGI 
MOV AH,9 
INT 21H 
MOV AH,! 
INT21H 

CMP AL,31H 
JE SI 
CMPAL,32H 
JE S22 
JMPEXIT 

S22: JMP S2 

SI: 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 

LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
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LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEA DX,MSG22 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEA DX,MSG23 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSGI 
MOV AH,9 
INT21H 
MOV AH,! 
INT21H 

CMP AL,3 IH ;Straight 
or E><change 

JE St_S 
JMPS2_X 

Sl_S: LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 

MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
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MOY AH,9 MOY DX,0300H 
INT21H OUTDX,AL 

LEADX,MSGl3 LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT 21H 
LEADX,CLRF 
MOY AH,9 LEA DX,MSGl3 
INT21H MOYAH,9 
LEADX,MSG3 INT21H 

• MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 
MOY AH,! INT21H 
INT21H LEADX,MSG6 

MOY AH,9 
MOY AL,89H INT21H 
MOY DX,0303H MOY AH,I 
OUTDX,AL INT21H 

MOY AL,OOllOOllB MOY AL,Ol IOIOIOB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 

LEA DX,MSGl3 LEADX,MSGl3 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOY AH,9 MOYAH,9 
INT21H INT 21H 
MOY AH,l MOY AH,I 
INT21H INT21H 

MOY AL,llOOllOOB MOY AL,OOOOIOIOB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,MSG13 LEA DX,MSG13 
MOYAH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSG5 LEADX,MSG8 
MOYAH,9 MOY AH,9 
INT21H INT21H 
MOY AH,I MOY AH,I 
INT21H INT21H 

MOY AL,IOIOllOOB MOY AL,OOll llOOB 
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S2: 

MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOYAH,9 
INT21H 

LEADX,MSG!3 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSG9 
MOY AH,9 
INT21H 
MOY AH,! 
INT21H 

,.-," 

MOY AL,OOllllOOB 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSGI I 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSGIO 
MOY AH,9 
INT21H 
MOY AH,! 
INT21H 

MOYAL,DAT 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT 21H 

LEADX,MSG12 
MOY AH,9 
INT21H 

MOY AH,! 
INT21H 
JMPEXIT 

LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 

· 'MoY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT 21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT 21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT 21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
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MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEA DX,MSG22 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEA DX,MSG23 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSGI 
MOV AH,9 
INT21H 
MOV AH,I 
INT21H 

CMP AL,3 IH ;Straight 
or Exchange 

m S2_S 
JMPS2_X 

S2_S: LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 

INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
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INT 21H 
LEADX,CLRF MOY AL,OllO!OIOB 
MOY AH,9 MOY DX,OJOOH 
INT21H OUTDX,AL 

LEADX,MSGIJ LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 LEADX,MSGIJ 
INT21H MOYAH,9 
LEADX,MSGJ INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 
MOY AH,l INT 21H 
INT21H LEADX,MSG6 

MOY AH,9 
MOY AL,89H INT21H 
MOY DX,0303H MOY AH,I 
OUTDX,AL INT21H 

MOY AL,OOllllOOB MOY AL,IOIOIOIOB 
MOY DX,OJOOH MOY DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOY AH,9 
INT21H INT21H 

LEADX,MSGIJ LEADX,MSGIJ 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOY AH,9 
INT 21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOY AH,9 MOYAH,9 
INT21H INT21H 
MOY AH,l MOY AH,l 
INT21H INT21H 

MOY AL,OOl I l IOOB MOY AL,OOOOflOOB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOY AH,9 
INT21H INT21H 

LEADX,MSGIJ LEADX,MSGIJ 
MOYAH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSG5 LEADX,MSGS 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,! MOY AH,1 
INT21H INT 21H 
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INT 21H 
MOY AL,IIOOllOOB 
MOY DX,OJOOH LEA DX,MSGl3 
OUTDX,AL MOY AH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOY AH,9 
INT21H INT21H 

LEADX,MSGJ 
LEADX,MSG13 MOY AH,9 
MOY AH,9 INT21H 
INT21H MOY AH,! 
LEADX,CLRF INT21H 
MOY AH,9 
INT21H MOY AL,89H 
LEADX,MSG9 MOY DX,0303H 
MOY AH,9 OUTDX,AL 
INT21H 
MOY AH,! MOY AL,llOOllOOB 
INT21H MOY DX,OJOOH 

OUTDX,AL 
MOY AL,00110011B 
MOY DX,OJOOH LEADX,CLRF 
OUTDX,AL MOY AH,9 

INT 21H 
LEADX,CLRF 
MOY AH,9 LEADX,MSGIJ 
INT21H MOY AH,9 

INT 21H 
LEADX,MSGll LEADX,CLRF 
MOYAH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,MSG4 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSGIO MOY AH,! 
MOY AH,9 INT21H 
INT21H 
MOY AH,! MOY AL,0011001 IB 
INT21H MOY DX,OJOOH 

OUTDX,AL 
MOYAL,DAT 
MOY DX,OJOOH LEADX,CLRF 
OUTDX,AL MOY AH,9 

INT21H 
LEADX,CLRF 
MOY AH,9 LEADX,MSGl3 
INT21H MOYAH,9 

INT21H 
LEADX,MSGl2 LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,! LEADX,MSG5 
INT21H MOYAH,9 
JMPEXIT INT21H 

MOY AH,! 
INT21H 

PE_X: LEADX,CLRF MOY AL,IOIOOOllB 
MOY AH,9 MOY DX,OJOOH 
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OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSG13 LEA DX,MSG 13 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT 21H INT21H 
LEADX,MSG6 LEADX,MSG9 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,IOOllOJOB MOV AL,llOOOOllB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 

LEADX,MSG13 LEA DX,MSGI l 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG7 LEADX,MSGIO 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,l MOV AH,l 
INT21H INT21H 

MOV AL,OOOOOIOIB MOVAL,DAT 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSG13 LEA DX,MSG12 
MOV AH,9 MOV AH,9 
INT 21H INT21H 
LEADX,CLRF 
MOV AH,9 MOV AH,! 
INT21H INT21H 
LEADX,MSG8 JMPEXIT 
MOV AH,9 
INT21H 
MOV AH,! Bl_X: LEADX,CLRF 
INT21H MOV AH,9 

INT21H 
MOV AL, 1100001 IB 
MOV DX,0300H LEA DX,MSGl3 
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.St. Gabriel's Libra1_11·· Au 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 LEA DX,MSG13 
INT21H MOY AH,9 
LEADX,MSG3 INT21H 
MOY AH,9 LEA DX,CLRF 
INT21H MOY AH,9 
MOY AH,l INT21H 
INT21H LEADX,MSG6 

MOY AH,9 
MOY AL,89H INT21H 
MOY DX,0303H MOY AH,l 
OUI'DX,AL INT21H 

MOY AL,llOOllOOB MOY AL,0001001 IB 
MOY DX,0300H MOY DX,0300H 
OUI'DX,AL OUI'DX,AL 

LEADX,CLRF LEA DX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEA DX,MSGI 3 LEA DX,MSG13 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSG4 LEA DX,MSG7 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,l MOY AH,l 
INT21H INT21H 

MOY AL,0011001 IB MOY AL,0000001 IB 
MOY DX,0300H MOY DX,0300H 
OUI'DX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEA DX,MSG13 LEA DX,MSG13 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSG5 LEADX,MSGS 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,1 MOY AH,1 
INT21H INT21H 

MOY AL,0010001 IB MOY AL,0011001 IB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
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MOV AH,9 INT21H 
INT21H LEADX,MSGJ 

MOV AH,9 
LEADX,MSGIJ INT21H 
MOV AH,9 MOV AH,! 
INT21H INT 21H 
LEADX,CLRF 
MOV AH,9 MOV AL,89H 
INT21H MOV DX,0303H 
LEADX,MSG9 OUTDX,AL 
MOV AH,9 
INT21H MOV AL,110011008 
MOV AH,! MOV DX,OJOOH 
INT21H OUTDX,AL 

MOV AL,110011008 LEADX,CLRF 
MOV DX,OJOOH MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
LEADX,MSGll MOVAH,9 
MOVAH,9 INT21H 
INT21H LEADX,MSG4 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H MOV AH,! 
LEADX,MSGIO INT21H 
MOV AH,9 
INT21H MOV AL,110011008 
MOV AH,! MOV DX,OJOOH 
INT21H OUTDX,AL 

MOVAL,DAT LEADX,CLRF 
MOV DX,OJOOH MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF LEA DX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT 21H 

LEADX,CLRF 
LEA DX,MSGl2 MOV AH,9 
MOV AH,9 INT21H 
INT 21H LEADX,MSG5 

MOV AH,9 
MOV AH,! INT21H 
INT21H MOV AH,! 
JMPEXIT INT21H 

Fl_X: LEADX,CLRF MOV AL,000000008 
MOV AH,9 MOV DX,OJOOH 
INT21H OUTDX,AL 

LEADX,MSGIJ LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEA DX.MSG 13 
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MOY AH,9 MOY AH,9 
INT21H INT 21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSG6 LEADK,MSG9 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,! MOY AH,! 
INT21H INT 21H 

MOY AL,0000111 lB MOY AL,OOl IOOl IB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUT DX.AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEA DX,MSG13 LEA DX.MSG 11 
MOYAH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF · 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSG7 LEADX,MSGIO 
MOYAH,9 MOY AH,9 
INT21H INT21H 
MOY AH,! MOY AH,! 
INT21H INT21H 

MOY AL,000011 llB MOYAL,DAT 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,MSGl3 LEADX,MSG12 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOYAH,9 MOY AH,! 
INT21H INT21H 
LEADX,MSG8 JMPEXIT 
MOY AH,9 
INT21H F2_X: LEADX,CLRF 
MOY AH,1 MOY AH,9 
INT21H INT21H 

MOY AL,001100118 LEA DX,MSG 13 
MOY DX,0300H MOY AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOYAH,9 
MOY AH,9 INT21H 
INT 21H LEADX,MSG3 

MOYAH,9 
LEA DX,MSG13 INT21H 
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MOV AH,! INT 21H 
INT21H LEADX,MSG6 

MOV AH,9 
MOV AL,89H INT 21H 
MOV DX,0303H MOV AH,! 
OUTDX,AL INT 21H 

MOV AL,OOllOOllB MOV AL,lll!OOOOB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGIJ LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOVAH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,OOl IOOl IB MOV AL,OOOOOOOOB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 

LEADX,MSG13 LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSGS 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,OOOOl l l IB MOV AL,llOOllOOB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGl3 LEADX,MSGIJ 
MOV AH,9 MOVAH,9 
INT21H INT 21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
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INT21H MOV DX,0303H 
LEADX,MSG9 OUTDX,AL 
MOV AH,9 
INT21H MOV AL,OOllOOllB 
MOV AH,! MOV DX,0300H 
INT21H OUTDX,AL 

MOV AL,llOOl IOOB LEADX,CLRF 
MOV DX,0300H MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF LEADX,MSGl3 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
LEADX,MSGll MOVAH,9 
MOVAH,9 INT21H 
INT21H LEADX,MSG4 
LEADX,CLRF MOVAH,9 
MOV AH,9 INT21H 
INT21H MOV AH,! 
LEADX,MSGIO INT21H 
MOV AH,9 
INT21H MOV AL,OOllOOl!B 
MOV AH,! MOV DX,0300H 
INT21H OUTDX,AL 

MOVAL,DAT LEADX,CLRF 
MOV DX,0300H MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF LEADX,MSG13 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
LEADX,MSG12 MOV AH,9 
MOVAH,9 INT21H 
INT21H LEADX,MSG5 

MOVAH,9 
MOV AH,! INT21H 
INT21H MOV AH,! 
JMPEXIT INT21H 

F3_X: LEADX,CLRF MOV AL,000011 llB 
MOVAH,9 MOV DX,0300H 
INT21H OUTDX,AL 

LEA DX,MSG13 LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSG13 
INT21H MOVAH,9 
LEADX,MSG3 INT 21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
MOV AH,! INT21H 
INT21H LEADX,MSG6 

MOVAH,9 
MOV AL,89H INT21H 
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MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,llllOOOOB MOV AL,OOl IOOl IB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSG13 LEA DX,MSGI I 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG7 LEA DX,MSGIO 

• MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,000011 llB MOVAL,DAT 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGl3 LEA DX,MSGl2 
MOV AH,9 MOV AH,9 
INT21H INT 21H 
LEADX,CLRF 
MOV AH,9 MOV AH,! 
INT21H INT21H 
LEADX,MSG8 JMPEXIT 
MOVAH,9 
INT21H F4_X: LEADX,CLRF 
MOV AH,! MOV AH,9 
INT21H INT21H 

MOV AL,OOl IOOl IB LEADX,MSG13 
MOV DX,0300H MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOVAH,9 
MOVAH,9 INT21H 
INT21H LEADX,MSG3 

MOY AH,9 
LEA DX,MSG13 INT21H 
MOV AH,9 MOV AH,! 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 MOY AL,89H 
INT21H MOY DX,0303H 
LEADX,MSG9 OUTDX,AL 
MOV AH,9 
INT21H MOV AL,OOllOOllB 
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MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGl3 LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,OOllOOllB MOV AL,OOOOOOOOB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGIJ LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSG8 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,OOOOll l IB MOV AL,llOOllOOB 
MOV DX,0300H MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT21H INT 21H 

LEADX,MSGIJ LEADX,MSGl3 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG6 LEADX,MSG9 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL, ll ll l ll IB MOV AL,llOOllOOB 
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MOV DX,OJOOH MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,CLRF 
LEADX,MSGll MOV AH,9 
MOVAH,9 INT 21H 
INT21H LEADX,MSG4 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H MOV AH,! 
LEADX,MSGIO INT21H 
MOV AH,9 
INT21H MOV AL,OOllOOllB 
MOV AH,! MOV DX,OJOOH 
INT21H OUTDX,AL 

MOVAL,DAT LEADX,CLRF 
MOV DX,OJOOH MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF LEADX,MSGIJ 
MOV AH,9 MOVAH,9 
INT21H INT21H 

LEADX,CLRF 
LEADX,MSG12 MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,MSGS 

MOV AH,9 
MOV AH,! INT21H 
INT21H MOV AH,1 
JMPEXIT INT21H 

Sl_X: LEADX,CLRF MOV AL,IO!OOOllB 
MOV AH,9 MOV DX,OJOOH 
INT21H OUTDX,AL 

LEA DX,MSGIJ LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEA DX,MSG 13 
INT21H MOV AH,9 
LEADX,MSGJ INT 21H 
MOVAH,9 LEADX,CLRF 
INT21H MOVAH,9 
MOV AH,! INT21H 
INT21H LEADX,MSG6 

MOVAH,9 
MOV AL,89H INT21H 
MOV DX,OJOJH MOV AH,! 
OUTDX,AL INT21H 

MOV AL,llOO!IOOB MOV AL,IOOllOIOB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
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MOV AH,9 
INT21H 

LEADX,MSGl3 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG7 
MOV AH,9 
INT21H 
MOV AH,! 
INT21H 

MOV AL,OOOOOIOIB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSG13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,MSGS 
MOV AH,9 
INT21H 
MOV AH,! 
INT21H 

MOV AL,110000118 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSG13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG9 
MOV AH,9 
INT21H 
MOV AH,! 
INT21H 

MOV AL,l!OOOOllB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 

MOV AH,9 
INT21H 

LEADX,MSGll 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSGIO 
MOVAH,9 
INT 21H 
MOV AH,! 
INT21H 

MOV AL,DAT 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOVAH,9 
INT21H 

LEADX,MSG12 
MOVAH,9 
INT21H 

MOV AH,! 
INT21H 
JMPEXIT 

S2_X: LEADX,CLRF 
MOVAH,9 
INT21H 

LEADX,MSG13 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSG3 
MOVAH,9 
INT21H 
MOV AH,! 
INT21H 

MOVAL,89H 
MOV DX,0303H 
OUTDX,AL 

MOV AL,110000118 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOVAH,9 
INT21H 

LEADX,MSGl3 

93 



MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,! MOY AH,! 
INT21H INT 21H 

MOY AL,llOOOOllB MOY AL,0000001 IB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,MSGl3 LEADX,MSGl3 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSG8 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,I MOY AH,I 
INT21H INT2IH 

MOY AL,!OOIOIOIB MOY AL,OOllOOIIB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT2IH INT21H 

LEADX,MSGl3 LEADX,MSGI3 
MOYAH,9 MOYAH,9 
INT21H INT2IH 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSG6 LEADX,MSG9 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,I MOY AH,I 
INT21H INT2IH 

MOY AL,IOIOIOIOB MOY AL,IIOOIIOOB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT 21H INT 21H 

LEA DX,MSGl3 LEADX,MSGII 
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MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEA DX,MSGIO 
MOY AH,9 
INT2IH 
MOY AH,! 
INT21H 

MOYAL,DAT 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSGl2 
MOY AH,9 
INT21H 
MOY AH,! 
INT21H 
JMPEXIT 

EXIT: MOY DX,0300H 
MOY AL,00 
OUTDX,AL 

MOY Ax,4COOH 
INT21H 

CODE ENDS 
END START 
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Benes Network with 
middle stage fault 

DATA SEGMENT 
PERF DB 'I.Perfect Shuffle$' 
BIT DB '2.Bit Reverse$' 
FLIP DB '3 .Flip Permutation$' 
SHIF DB '4.Cyclic Shift$' 
CLRFDB 10,13,'$' 
DAT DB? 
MSG I DB 'Please choose a number: 
$' 
MSG2 DB 'Please enter the data: $' 
MSG 13 DB 'Sending controls to 
port .... $' 
MSG3 DB '0301 , the first set of the 
bypass circuits.$' 
MSG4 DB '0302 , the second set of 
the bypass circuits.$' 
MSGS DB '0303 , the first set of the 
switches.$' 
MSG6 DB '0304 , the second set of 
the switches.$' 
MSG7 DB '0305, the third set of the 
switches.$' 
MSGS DB '0306 , the third set of the 
bypass circuits.$' 
MSG9 DB '0307 , the forth set of the 
bypass circuits.$' 
MSGIO DB '0300, the data inputs.$' 
MSG 11 DB 'Sending the data to 
port .... $' 
MSGI 2 DB 'Please latch the data 
port.$' 
MSGl4 DB '1.101$' 
MSGIS DB '2.011$' 
MSGl6 DB '3.010$' 
MSGl7DB '4.111$' 
MSGIS DB 'I.Shifted by I position.$' 
MSGl9 DB '2.Shifted by 2 
positions.$' 
MSG20 DB 'Middle Stages Fault$' 
MSG21 DB 'This is the first pass.$' 
MSG22 DB 'This is the second pass.$' 
DATA ENDS 
CODE SEGMENT 
ASSUME CS:CODE, DS:DATA 
START: MOV Ax,DATA 

MOVDS,AX 

LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOVAH,9 

INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
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INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 

LEA DX,MSG20 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 

LEADX,PERF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,BIT 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,FLIP 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,SIDF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSGI 
MOY AH,9 
INT21H 

MOY AH,I 
INT21H 
MOYBL,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 

MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
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MOY AH,9 CMPAL,34H 
INT21H JE CY2 
LEADX,CLRF JMPEXIT 
MOY AH,9 
INT21H BIZ: JMPBI 
LEADX,CLRF FL2: JMPFL 
MOY AH,9 CY2: JMPCY 
INT21H PE: LEADX,CLRF 
LEADX,CLRF MOY AH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 

MOY AH,9 
LEADX,MSG2 INT21H 
MOYAH,9 LEADX,CLRF 
INT21H MOY AH,9 

INT21H 
MOY AH,1 LEADX,CLRF 
INT21H MOY AH,9 
CMPAL,40H INT21H 
JA AF LEADX,CLRF 
JMPO_N MOYAH,9 

INT21H 
AF: SUBAL,40H LEADX,CLRF 

ADDAL,9 MOYAH,9 
MOYCL,4 INT21H 
SHLAL,CL LEADX,CLRF 
MOYCL,AL MOY AH,9 
JMPNEXT INT21H 

LEADX,CLRF 
O_N: SUB AL,30H MOY AH,9 

MOYCL,4 INT21H 
SHLAL,CL LEADX,CLRF 
MOYCL,AL MOY AH,9 

INT21H 
NEXT: MOY AH,1 LEADX,CLRF 

INT21H MOY AH,9 
INT21H 

CMPAL,40H LEADX,CLRF 
JA AF2 MOY AH,9 
JMPO_N2 INT21H 

LEA DX,CLIW 
AF2: SUB AL,40H MOY AH,9 

ADDAL,9 INT21H 
MOYCH,AL LEADX,CLRF 
JMPNEXT2 MOY AH,9 

INT21H 
O_N2: SUB AL,30H LEADX,CLRF 

MOYCH,AL MOY AH,9 
INT21H 

NEXT2: ADD CL,CH LEADX,CLRF 
MOYAL,CL MOYAH,9 
MOYDAT,AL INT 21H 

LEADX,CLRF 
MOYAL,BL MOYAH,9 
CMP AL,31H INT21H 
JE PE LEADX,CLRF 
CMPAL,32H MOY AH,9 
JE BIZ INT21H 
CMPAL,33H LEADX,CLRF 
JE FL2 MOYAH,9 
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INT21H INT21H 
LEADX,CLRF 
MOV AH,9 MOV AL,0011001 IB 
INT 21H MOV DX,OJOOH 
LEADX,CLRF OUTDX,AL 
MOV AH,9 
INT21H LEADX,CLRF 
LEADX,CLRF MOVAH,9 
MOV AH,9 INT21H 
INT21H 
LEADX,CLRF LEA DX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,MSGS 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF MOV AH,! 
MOV AH,9 INT21H 
INT21H 
LEADX,CLRF MOV AL,IO!OllOOB 
MOV AH,9 MOV DX,OJOOH 
INT21H OUTDX,AL 

LEADX,MSGIJ LEADX,CLRF 
MOV AH,9 MOV AH,9. 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSGIJ 
INT21H MOVAH,9 
LEADX,MSGJ INT21H 
MOV AH,9 LEADX,CLRF 
INT 21H MOV AH,9 
MOV AH,l INT21H 
INT21H LEADX,MSG6 

MOV AH,9 
MOV AL,89H INT21H 
MOV DX,OJOJH MOVAH,l 
OUTDX,AL INT21H 

MOV AL,0011001 IB MOV AL,OllOIOIOB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGIJ LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOVAH,9 MOVAH,9 
INT21H INT21H 
MOV AH,l MOV AH,! 
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INT21H INT21H 

MOV AL,OOOOIOIOB MOVAL,DAT 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT 21H INT21H 

LEADX,MSG13 LEA DX,MSG12 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG8 LEADX,MSG21 
MOVAH,9 MOV AH,9 
INT21H INT21H 
MOV AH,1 MOV AH,1 
INT21H INT21H 

MOV AL,00110011B LEADX,CLRF 
MOV DX,0300H MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT2!H LEADX,CLRF 

MOVAH,9 
LEADX,MSG13 INT21H 
MOV AH,9 LEADX,CLRF 
INT 21H MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,MSG9 INT 21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
MOV AH,1 INT21H 
INT21H LEADX,CLRF 

MOV AH,9 
MOV AL,0011001 IB INT21H 
MOV DX,0300H LEADX,CLRF 
OUTDX,AL MOVAH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 

LEADX,CLRF 
LEA DX,MSGl 1 MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,MSGlO MOV AH,9 
MOV AH,9 INT 21H 
INT21H LEADX,CLRF 
MOV AH,1 MOVAH,9 
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INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT 21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSG13 
INT21H MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,MSG4 
INT21H MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 MOV AH,l 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 MOV AL,0011001 IB 
INT21H MOV DX,0300H 
LEADX,CLRF OUTDX,AL 
MOV AH,9 
INT21H LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOVAH,9 INT21H 
INT21H 
LEADX,CLRF LEADX,MSG13 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,MSGS 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF MOV AH,1 
MOV AH,9 INT21H 
INT21H 

MOV AL,10100011B 
LEADX,CLRF MOV DX,0300H 
MOV AH,9 OUTDX,AL 
INT21H 
LEADX,MSG13 LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSG13 
INT21H MOVAH,9 
LEADX,MSG3 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 
MOV AH,1 INT 21H 
INT21H LEADX,MSG6 

MOVAH,9 
MOV AL,89H INT21H 
MOV DX,0303H MOV AH,1 
OUTDX,AL INT21H 

MOV AL,0011001 IB MOV AL,lOOllOlOB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 
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LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOYAH,9 
INT21H INT21H 

LEADX,MSGIJ LEADX,MSGll 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSG7 LEADX,MSGJO 
MOY AH,9 MOYAH,9 
INT21H INT21H 
MOY AH,! MOY AH,I 
INT21H INT21H 

MOY AL,OOOOOIOIB MOYAL,DAT 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,MSGJ3 LEA DX,MSG!2 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSG8 LEA DX,MSG22 
MOY AH,9 MOYAH,9 
INT21H INT21H 
MOY AH,1 
INT21H MOY AH,I 

INT21H 
MOY AL,OOl IOOl IB JMPEXIT 
MOY DX,0300H 
OUTDX,AL BI: LEADX,CLRF 

MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 

INT21H 
LEADX,MSGIJ LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT2JH INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSG9 LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,I LEADX,CLRF 
INT21H MOY AH,9 

INT21H 
MOY AL,OOllOOl IB LEADX,CLRF 
MOY DX,0300H MOY AH,9 
OUTDX,AL INT21H 
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LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,MSG3 
INT21H MOYAH,9 
LEADX,CLRF INT 21H 
MOY AH,9 MOY AH,! 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 MOY AL,89H 
INT21H MOY DX,0303H 
LEADX,CLRF OUTDX,AL 
MOY AH,9 
INT2JH MOY AL,0011001 JB 
LEADX,CLRF MOY DX,0300H 
MOY AH,9 OUTDX,AL 
INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOYAH,9 LEADX,MSG13 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,MSG4 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 MOY AH,1 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 MOY AL,0011001 IB 
INT21H MOY DX,0300H 
LEADX,CLRF OUTDX,AL 
MOYAH,9 
INT21H LEADX,CLRF 
LEADX,CLRF MOY AH,9 
MOY AH,9 INT21H 
INT21H 
LEADX,CLRF LEADX,MSG13 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT 21H 
LEADX,CLRF LEADX,MSG5 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF MOY AH,1 
MOYAH,9 INT 21H 
INT21H 
LEADX,CLRF MOY AL,JOOOJ lOOB 
MOY AH,9 MOY DX,0300H 
INT21H OUTDX,AL 

LEADX,MSG13 LEADX,CLRF 
MOYAH,9 MOY AH,9 
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INT21H INT21H 

LEA DX,MSGl3 LEADX,MSG13 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG6 LEADX,MSG9 
MOVAH,9 MOV AH,9 
INT21H INT21H 
MOV AH,1 MOV AH,! 
INT21H INT21H 

MOV AL,OIOOl IOOB MOV AL,0011001\B 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSG13 LEADX,MSGll 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG7 LEADX,MSGIO 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,I MOV AH,! 
INT21H INT21H 

MOV AL,OOOOllOOB MOVAL,DAT 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSG13 LEADX,MSGl2 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSGS LEADx,MSG21 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,! MOV AH,I 
INT21H INT21H 

MOV AL,OOl IOOl IB LEADX,CLRF 
MOV DX,0300H MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT 21H 



LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 
INT21H LEADX,MSGIJ 
LEADX,CLRF MOY AH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,CLRF MOY AH,9 
MOY AH,9 INT21H 
INT21H LEADX,MSGJ 
LEADX,CLRF MOYAH,9 
MOYAH,9 INT21H 
INT21H MOY AH,I 
LEADX,CLRF INT21H 
MOY AH,9 
INT21H MOYAL,89H 
LEADX,CLRF MOY DX,0303H 
MOY AH,9 OUTDX,AL 
INT21H 
LEADX,CLRF MOY AL,OOllOOllB 
MOYAH,9 MOY DX,OJOOH 
INT21H OUTDX,AL 
LEADX,CLRF 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 
INT21H LEADX,MSGIJ 
LEADX,CLRF MOY AH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,CLRF MOYAH,9 
MOY AH,9 INT21H 
INT21H LEADX,MSG4 
LEADX,CLRF MOY AH,9 
MOY AH,9 INT21H 
INT 21H MOY AH,I 
LEADX,CLRF INT21H 
MOY AH,9 
INT21H MOY AL,OOllOOllB 
LEADX,CLRF MOY DX,OJOOH 
MOY AH,9 OUTDX,AL 
INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 LEA DX,MSGIJ 
INT 21H MOYAH,9 



INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSG8 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,I MOV AH,1 
INT 21H INT21H 

MOV AL,0010001 !B MOV AL,OO! IOOl IB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT 21H 

LEADX,MSGIJ LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT21H INT 21H 
LEADX,MSG6 LEADX,MSG9 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,l MOV AH,I 
INT21H INT21H 

MOV AL,0001001 IB MOV AL,OOl IOOl IB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSG13 LEA DX,MSGI I 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT 21H INT21H 
LEADX,MSG7 LEA DX,MSG!O 
MOVAH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,0000001 IB MOVAL,DAT 
MOV DX,0300H MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT 21H INT21H 

LEADX,MSG13 LEADX,MSGJ2 
MOV AH,9 MOV AH,9 
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INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEA DX,MSG22 
MOY AH,9 
INT21H 
MOY AH,! 
INT21H 
JMPEXIT 

FL: LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 

MOY AH,9 
INT 21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT 21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 

LEADX,MSG14 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSGIS 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,MSG16 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,MSG17 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSGI 
MOYAH,9 
INT21H 
MOY AH,! 
INT21H 



CMP AL,31H 
JE Fl 
CMPAL,32H 
JE F22 
CMPAL,33H 
JE F33 
CMPAL,34H 
JE F44 
JMPEXIT 

F22: JMPF2 
F33: JMPF3 
F44: JMPF4 

Fl: LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 

;) 

MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 

LEADX,MSGl3 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,MSG3 
MOV AH,9 
INT21H 
MOV AH,1 
INT 21H 

MOVAL,89H 
MOV DX,0303H 
OUTDX,AL 

MOV AL,OOllOOllB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSGl3 
MOVAH,9 
INT21H 
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LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

. LEA DX,MSG4 LEADX,MSG7 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,l MOY AH,l 
INT21H INT21H 

MOY AL,0011001 IB MOY AL,OOOOOOOOB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEA DX,MSG 13 LEA DX,MSGI3 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSG8 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,l MOY AH,l 
INT21H INT21H 

MOY AL,0000111 IB MOY AL,0011001 IB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEA DX,MSG 13 LEA DX,MSG13 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSG6 LEADX,MSG9 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,l MOY AH,l 
INT21H INT21H 

MOY AL,0000111 IB MOY AL,0011001 IB 
MOY DX,0300H MOY DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOY AH,9 
INT21H INT21H 

LEA DX.MSG 13 LEA DX,MSGI I 
MOY AH,9 MOY AH,9 
INT21H INT21H 
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LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSGIO LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,! LEADX,CLRF 
INT21H MOVAH,9 

INT21H 
MOVAL,DAT LEADX,CLRF 
MOV DX,0300H MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 

MOV AH,9 
LEA DX,MSGl2 INT 21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,MSG21 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 

INT21H 
MOV AH,! LEADX,CLRF 
INT21H MOVAH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT 21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H LEA DX.MSG 13 
LEADX,CLRF MOV AH,9 
MOVAH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,CLRF MOVAH,9 
MOV AH,9 INT21H 
INT21H LEADX,MSG3 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT 21H 
INT21H MOV AH,! 
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INT21H LEADX,MSG6 
MOV AH,9 

MOVAL,89H INT21H 
MOV DX,0303H MOV AH,l 
OUTDX,AL INT21H 

MOV AL,OOl IOOl IB MOV AL,000011 llB 
MOV DX,0300H MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGIJ LEADX,MSG13 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MQV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,l 
INT21H INT21H 

MOV AL,OOllOOllB MOV AL,000011 llB 
MOVDX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSG13 LEADX,MSG13 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG5 LEADX,MSG8 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,1 MOV AH,l 
INT21H INT21H 

MOV AL,OOOOOOOOB MOV AL,OOllOOllB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGIJ LEA DX,MSG13 
MOVAH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
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LEADX,MSG9 
MOYAH,9 
INT21H 
MOY AH,l 
INT21H 

MOY AL,OOllOOllB 
MOY DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEADX,MSGll 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSGIO 
MOYAH,9 
INT21H 
MOY AH,1 
INT21H 

MOYAL,DAT 
MOY DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOYAH,9 
INT21H 

LEA DX,MSGl2 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEA DX,MSG22 
MOYAH,9 
INT21H 

MOY AH,l 
INT21H 
JMPEXIT 

F2: LEA DX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT 21H 

LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
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LEADX,CLRF MOV AH,! 
MOVAH,9 INT21H 
INT21H 
LEADX,CLRF MOV AL,OOOOOOOOB 
MOV AH,9 MOV DX,OJOOH 
INT21H OUTDX,AL 

LEADX,MSGIJ LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSGIJ 
INT21H MOV AH,9 
LEADX,MSGJ INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 
MOV AH,! INT21H 
INT21H LEADX,MSG6 

MOVAH,9 
MOV AL,89H INT21H 
MOV DX,0303H MOV AH,! 
OUTDX,AL INT21H 

MOV AL,OOllOOllB MOV AL,llllOOOOB 
MOV DX,0300H MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGIJ LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOVAH,9 MOVAH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,OOl IOOl IB MOV AL,000011 llB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGl3 LEADX,MSGl3 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSGS 
MOV AH,9 MOVAH,9 
INT21H INT21H 
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MOY AH,I 
INT21H MOY AH,I 

INT21H 
MOY AL,0011001 IB 
MOY DX,0300H LEADX,CLRF 
OUTDX,AL MOY AH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,CLRF 
LEADX,MSGl3 MOY AH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,CLRF MOYAH,9 
MOY AH,9 INT 21H 
INT21H LEADX,CLRF 
LEADX,MSG9 MOY AH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 
MOY AH,I MOYAH,9 
INT21H INT21H 

LEADX,CLRF 
MOY AL,OOl IOOl IB MOYAH,9 
MOY DX,0300H INT21H 
OUTDX,AL LEADX,CLRF 

MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 

INT21H 
LEADX,MSGll LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSGIO LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
MOY AH,I LEADX,CLRF 
INT21H MOYAH,9 

INT21H 
MOYAL,DAT LEADX,CLRF 
MOY DX,0300H MOY AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOYAH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 

MOYAH,9 
LEADX,MSGl2 INT21H 
MOYAH,9 LEADX,CLRF 
INT21H MOY AH,9 
LEADX,CLRF INT 21H 
MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 
LEA DX,MSG21 INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 
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INT21H MOV DX,OJOOH 
LEADX,CLRF OUTDX,AL 
MOV AH,9 
INT21H LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H 
LEADX,CLRF LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,MSGS 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF MOV AH,! 
MOV AH,9 INT21H 
INT21H 
LEADX,CLRF MOV AL,OOOO!l l IB 
MOVAH,9 MOV DX,OJOOH 
INT21H OUTDX,AL 

LEA Dx,MSG 13 LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSGIJ 
INT21H MOVAH,9 
LEADX,MSGJ INT21H 
MOVAH,9 LEADX,CLRF 
INT21H MOV AH,9 
MOV AH,! INT21H 
INT21H LEADX,MSG6 

MOVAH,9 
MOV AL,89H INT21H 
MOV DX,0303H MOV AH,! 
OUTDX,AL INT21H 

MOV AL,001100118 MOV AL,111100008 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGl3 LEADX,MSG!3 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT 21H 

MOV AL,OOl IOOl IB MOV AL,000000008 
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MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT 21H 

LEADX,MSG13 LEA DX,MSGl2 
MOV AH,9 MOV AH,9 
INT21H INT 21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSGS LEA DX,MSG22 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,! 
INT21H MOV AH,1 

INT21H 
MOV AL,OOllOOllB JMPEXIT 
MOV DX,OJOOH 
OUTDX,AL FJ: LEADX,CLRF 

MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 

INT21H 
LEADX,MSG13 LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOVAH,9 
INT21H INT21H 
LEADx,MSG9 LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,1 LEADX,CLRF 
INT21H MOV AH,9 

INT21H 
MOV AL,0011001 IB LEADX,CLRF 
MOV DX,OJOOH MOVAH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 

MOVAH,9 
LEA DX.MSG! 1 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,MSGIO INT21H 
MOV AH,9 LEADX,CLRF 
INT 21H MOV AH,9 
MOV AH,1 INT21H 
INT21H LEADX,CLRF 

MOVAH,9 
MOVAL,DAT INT21H 
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LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSGl3 
INT21H MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,CLRF INT21H 
MOVAH,9 LEADX,MSG4 
INT21H MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 MOV AH,I 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 MOV AL,0011001 IB 
INT21H MOV DX,0300H 
LEADX,CLRF OUTDX,AL 
MOV AH,9 
INT21H LEADX,CLRF 
LEADX,CLRF MOVAH,9 
MOVAH,9 INT21H 
INT21H 
LEADX,CLRF LEADX,MSG13 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,MSGS 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF MOV AH,I 
MOV AH,9 INT21H 
INT21H 
LEADX,CLRF MOV AL,OOOOOOOOB 
MOVAH,9 MOV DX,0300H 
INT21H OUTDX,AL 

LEADX,MSGl3 LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSG13 
INT21H MOV AH,9 
LEADX,MSG3 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
MOV AH,1 INT21H 
INT21H LEADX,MSG6 

MOV AH,9 
MOV AL,89H INT21H 
MOV DX,0303H MOV AH,I 
OUTDX,AL INT21H 

MOV AL,OOl IOOl IB MOV AL,llllOOOOB 
MOV DX,0300H MOV DX,0300H 
OUT DX.AL OUTDX,AL 
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LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,MSGl3 LEA DX,MSGI I 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSG7 LEADX,MSGIO 
MOY AH,9 MOYAH,9 
INT21H INT21H 
MOY AH,I MOY AH,I 
INT21H INT21H 

MOY AL,OOOOOOOOB MOYAL,DAT 
MOY DX,OJOOH MOY DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,MSGIJ LEADX,MSGl2 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSG21 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,1 
INT21H MOY AH,1 

INT21H 
MOY AL,OOllOOllB 
MOY DX,OJOOH LEADX,CLRF 
OUTDX,AL MOY AH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 

LEADX,CLRF 
LEADX,MSGl3 MOYAH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,CLRF MOYAH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,MSG9 MOY AH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 
MOY AH,I MOY AH,9 
INT21H INT21H 

LEADX,CLRF 
MOY AL,0011001 IB MOY AH,9 
MOY DX,0300H INT21H 
OUTDX,AL LEADX,CLRF 

MOY AH,9 
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INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,MSGJ 
INT21H MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 MOY AH,1 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 MOY AL,89H 
INT21H MOY DX,OJOJH 
LEADX,CLRF OUTDX,AL 
MOY AH,9 
INT21H MOY AL,OOJIOOllB 
LEADX,CLRF MOY DX,OJOOH 
MOY AH,9 OUTDX,AL 
INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOYAH,9 LEADX,MSGIJ 
INT21H MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,MSG4 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 MOY AH,1 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 MOY AL,0011001 IB 
INT21H MOY DX,OJOOH 
LEADX,CLRF OUTDX,AL 
MOY AH,9 
INT21H LEADX,CLRF 
LEADX,CLRF MOYAH,9 
MOY AH,9 INT21H 
INT21H 
LEADX,CLRF LEADX,MSGIJ 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,MSG5 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF MOY AH,I 
MOY AH,9 INT21H 
INT21H 
LEADX,CLRF MOY AL,000011118 
MOY AH,9 MOY DX,OJOOH 
INT21H OUTDX,AL 

LEADX,MSGl3 LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT 21H 
LEADX,CLRF 
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LEADX,MSG13 ·s; 
MOY AH,9 
INT 21H 
LEADX,CLRF 
MOYAH,9 
INT 21H 
LEADX,MSG6 
MOY AH,9 
INT21H 
MOY AH,I 
INT21H 

MOY AL, 1111 OOOOB 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSG 13 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSG7 
MOY AH,9 
INT21H 
MOY AH,I 
INT21H 

MOY AL,OOOOll !IB 
MOY DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSG 13 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSG8 
MOY AH,9 
INT21H 
MOY AH,I 
INT 21H 

MOY AL,OOllOOllB 
MOY DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

, . r • ;LEA DX,MSGl3 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSG9 
MOY AH,9 
INT21H 
MOY AH,I 
INT21H 

MOY AL,OO!IOOllB 
MOY DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEADX,MSGll 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,MSGIO 
MOY AH,9 
INT21H 
MOY AH,! 
INT21H 

MOYAL,DAT 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEADX,MSGl2 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEA DX,MSG22 
MOYAH,9 
INT21H 

MOY AH,I 
INT21H 
JMPEXIT 

F4: LEADX,CLRF 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
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LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 LEADX,MSGl3 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,MSG3 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 MOY AH,1 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 MOYAL,89H 
INT21H MOY DX,0303H 
LEADX,CLRF OUTDX,AL 
MOY AH,9 
INT21H MOY AL,0011001 IB 
LEADX,CLRF MOY DX,0300H 
MOY AH,9 OUTDX,AL 
INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 LEADX,MSGl3 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,MSG4 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOYAH,9 MOY AH,I 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 MOY AL,0011001 IB 
INT21H MOY DX,0300H 
LEADX,CLRF OUTDX,AL 
MOY AH,9 
INT21H LEADX,CLRF 
LEADX,CLRF MOY AH,9 
MOY AH,9 INT21H 
INT21H 
LEADX,CLRF LEADX,MSGl3 
MOY AH,9 MOY AH,9 
INT21H INT21H 
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LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSG8 
MOV AH,9 MOV AH,9 
INT 21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,OOOOOOOOB MOV AL,0011001 IB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSG13 LEA DX,MSGl3 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSG6 LEADX,MSG9 
MOVAH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,I 
INT21H INT 21H 

MOV AL,llllllllB MOV AL,OOllOOllB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSG 13 LEA DX,MSGI I 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSG7 LEA DX,MSGIO 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,1 MOV AH,! 
INT21H INT21H 

MOV AL,OOOOll l IB MOVAL,DAT 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSG13 LEA DX,MSGl2 
MOV AH,9 MOV AH,9 
INT21H INT21H 
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LEADX,CLRF INT2IH 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,MSG21 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 

INT21H 
MOV AH,! LEADX,CLRF 
INT21H MOV AH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT 21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSG13 
INT21H MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,MSG3 
INT21H MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 MOV AH,! 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 MOV AL,89H 
INT21H MOV DX,0303H 
LEADX,CLRF OUTDX,AL 
MOV AH,9 
INT21H MOV AL,OOl IOOl IB 
LEADX,CLRF MOV DX,0300H 
MOV AH,9 OUTDX,AL 
INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEA DX,MSG 13 
INT21H MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,MSG4 
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MOV AH,9 
INT21H 
MOV AH,l 
INT21H 

•tf'~f' .... ,.. t .,.. .... , .. , .. ~"r . , .... ~._ •. ,. , r,....,. "I.\. \.. .. 
fl;\:,I ' • • • • •' MOV AH,9 

MOV AL,0011001 lB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG 13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG5 
MOV AH,9 
INT21H 
MOV AH,l 
INT21H 

MOV AL,0000111 lB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG6 
MOV AH,9 
INT21H 
MOV AH,l 
INT21H 

MOV AL, 1111111 lB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG 13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG7 

INT21H 
MOV AH,1 
INT21H 

MOV AL,OOOOOOOOB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG13 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG8 
MOV AH,9 
INT21H 
MOV AH,l 
INT21H 

MOV AL,0011001 lB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG13 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG9 
MOV AH,9 
INT21H 
MOV AH,l 
INT21H 

MOV AL,00110011B 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG 11 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEA DX,MSG 10 

124 



MOV AH,9 
INT21H 
MOV AH,! 
INT21H 

MOVAL,DAT 
MOV DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,MSG12 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEA DX,MSG22 
MOV AH,9 
INT21H 

MOV AH,1 
INT21H 
JMPEXIT 

CY: LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 

LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 
LEADX,CLRF 
MOVAH,9 
INT21H 

LEADX,MSG18 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSG19 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,MSGI 
MOVAH,9 
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INT21H LEADX,CLRF 
MOY AH,! MOY AH,9 
INT21H INT21H 

LEADX,CLRF 
CMPAL,31H MOY AH,9 
JE SJ INT21H 
CMPAL,32H LEADX,CLRF 
JE S22 MOY AH,9 
JMPEXIT INT 21H 

LEADX,CLRF 
S22: JMP S2 MOYAH,9 

INT21H 
SI: LEADX,CLRF LEADX,CLRF 

MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOYAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 LEADX,MSGl3 
INT21H MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,MSG3 
INT21H MOY AH,9 
LEADX,CLRF INT 21H 
MOY AH,9 MOY AH,! 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 MOY AL,89H 
INT21H MOY DX,0303H 
LEADX,CLRF OUTDX,AL 
MOYAH,9 
INT21H MOY AL,OOl JOOl IB 
LEADX,CLRF MOY DX,0300H 
MOY AH,9 OUTDX,AL 
INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF 
MOY AH,9 LEADX,MSGJ3 
INT21H MOYAH,9 
LEADX,CLRF INT 21H 
MOY AH,9 LEADX,CLRF 
INT2JH MOY AH,9 
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INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOV AH,9 MOV AH,9 
INT21H INT 21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,OOl IOOl IB MOV AL,OOOOIOIOB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGIJ LEADX,MSG13 
MOV AH,9 MOV AH,9 
INT21H INT 21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSG8 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,IOIOllOOB MOV AL,OOllOOllB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSGIJ LEA DX,MSG13 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSG6 LEADX,MSG9 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,l MOV AH,! 
INT21H INT21H 

MOV AL,OllOIOIOB MOV AL,0011001 IB 
MOV DX,0300H MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOV AH,9 
INT21H INT 21H 

LEA DX,MSGIJ LEADX,MSGll 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
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. . ~ ' -, .... ~ ' :-:·~ r' 

INT21H INT21H 
LEA DX,MSGJO LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,I LEADX,CLRF 
INT21H MOVAH,9 

INT21H 
MOV AL,DAT LEADX,CLRF 
MOV DX,0300H MOV AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOV AH,9 
MOV AH,9 INT21H 
INT21H LEADX,CLRF 

MOVAH,9 
LEA DX,MSGl2 INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 
LEADX,MSG21 INT21H 
MOVAH,9 LEADX,CLRF 
INT21H MOV AH,9 

INT21H 
MOV AH,1 LEADX,CLRF 
INT21H MOVAH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 LEADX,MSGl3 
INT21H MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOVAH,9 
LEADX,CLRF INT21H 
MOV AH,9 LEADX,MSG3 
INT21H MOV AH,9 
LEADX,CLRF INT21H 
MOV AH,9 MOV AH,! 
INT21H INT21H 
LEADX,CLRF 
MOV AH,9 MOVAL,89H 
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MOV DX,0303H MOV AH,! 
OUTDX,AL INT21H 

MOV AL,00110011B MOV AL,IOOllOIOB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEA DX,MSG13 LEADX,MSG13 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOVAH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,001100! !B MOV AL,OOOOOIOIB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSG13 LEADX,MSG13 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSG5 LEADX,MSG8 
MOV AH,9 MOV AH,9 
INT21H INT21H 
MOV AH,! MOV AH,! 
INT21H INT21H 

MOV AL,IOIOOOllB MOV AL,OO!IOOllB 
MOV DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSG13 LEADX,MSG13 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG6 LEADX,MSG9 
MOVAH,9 MOV AH,9 
INT21H INT21H 
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MOV AH,l 
INT2IH 

MOV AL,OOllOOl lB 
MOV DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT2IH 

LEA DX,MSGI I 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT2IH 
LEADX,MSGIO 
MOV AH,9 
INT2IH 
MOV AH,l 
INT2IH 

' MOV AL,DAT 
MOV DX,OJOOH 
OUTDX,AL 

LEADX,CLRF 
MOV AH,9 
INT21H 

LEA DX,MSG12 
MOV AH,9 
INT2IH 
LEADX,CLRF 
MOV AH,9 
INT2IH 
LEA DX,MSG22 
MOV AH,9 
INT2IH 

MOV AH,l 
INT21H 
JMPEXIT 

S2: LEA DX,CLRF 
MOV AH,9 
INT2IH 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT2IH 

LEADX,CLRF 
MOV AH,9 
INT2IH 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT2IH 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT21H 
LEADX,CLRF 
MOV AH,9 
INT2IH 
LEADX,CLRF 
MOV AH,9 
INT 21H 
LEADX,CLRF 
MOV AH,9 
INT2IH 
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LEADX,CLRF MOV AL,OllOJOJOB 
MOV AH,9 MOV DX,OJOOH 
INT21H OUTDX,AL 

LEADX,MSGJJ LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT2JH INT21H 
LEADX,CLRF 
MOV AH,9 LEA DX,MSGJJ 
INT21H MOV AH,9 
LEADX,MSGJ INT21H 
MOV AH,9 LEADX,CLRF 
INT21H MOV AH,9 
MOV AH,l INT21H 
INT21H LEADX,MSG6 

MOV AH,9 
MOV AL,89H INT21H 
MOV DX,OJOJH MOV AH,l 
OUTDX,AL INT21H 

MOV AL,OOl IOOJ IB MOV AL,JOIOIOJOB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGJJ LEADX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOVAH,9 MOV AH,9 
INT21H INT21H 
MOV AH,l MOV AH,1 
INT21H INT21H 

MOV AL,OOllOOJIB MOV AL,OOOOIJOOB 
MOV DX,OJOOH MOV DX,OJOOH 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGIJ LEA DX,MSGIJ 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,MSGS LEADX,MSG8 
MOV AH,9 MOVAH,9 
INT21H INT21H 
MOV AH,l MOV AH,J 
INT 21H INT21H 
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MOY AL,OOllOOllB 
MOY DX,0300H LEADX,CLRF 
OUTDX,AL MOY AH,9 

INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 

LEADX,CLRF 
LEADX,MSGl3 MOY AH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,CLRF MOY AH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 
LEADX,MSG9 MOY AH,9 
MOY AH,9 INT21H 
INT21H LEADX,CLRF 
MOY AH,! MOY AH,9 
INT21H INT21H 

LEADX,CLRF 
MOY AL,OOl IOOl IB MOY AH,9 
MOY DX,0300H INT21H 
OUTDX,AL LEADX,CLRF 

MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 

INT21H 
LEA DX,MSGl 1 LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
LEADX,MSGIO LEADX,CLRF 
MOY AH,9 MOY AH,9 
INT21H INT21H 
MOY AH,1 LEADX,CLRF 
INT21H MOY AH,9 

INT21H 
MOYAL,DAT LEADX,CLRF 
MOYDX,0300H MOY AH,9 
OUTDX,AL INT21H 

LEADX,CLRF 
LEADX,CLRF MOY AH,9 
MOYAH,9 INT21H 
INT21H LEADX,CLRF 

MOYAH,9 
LEA DX,MSG12 INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 
LEADX,CLRF INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOY AH,9 
LEADX,MSG21 INT21H 
MOY AH,9 LEADX,CLRF 
INT21H MOYAH,9 

INT21H 
MOY AH,1 LEADX,CLRF 
INT21H MOYAH,9 
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INT21H LEADX,CLRF 
LEADX,CLRF MOY AH,9 
MOYAH,9 INT21H 
INT21H 
LEADX,CLRF LEADX,MSGl3 
MOY AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,MSGS 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF MOV AH,! 
MOVAH,9 INT21H 
INT21H 
LEADX,CLRF MOV AL,IOOIOIOIB 
MOY AH,9 MOY DX,0300H 
INT21H OUTDx,AL 

LEADX,MSG13 LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 
LEADX,CLRF 
MOVAH,9 LEADX,MSGl3 
INT21H MOV AH,9 
LEADX,MSG3 INT21H 
MOVAH,9 LEADX,CLRF 
INT21H MOV AH,9 
MOY AH,! INT21H 
INT21H LEADX,MSG6 

MOVAH,9 
MOV AL,89H INT21H 
MOVDX,0303H MOV AH,! 
OUTDX,AL INT 21H 

MOV AL,OOl IOOl IB MOV AL,IOIOIOIOB 
MOY DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 

LEADX,CLRF LEADX,CLRF 
MOV AH,9 MOV AH,9 
INT21H INT21H 

LEADX,MSGl3 LEADX,MSG13 
MOV AH,9 MOY AH,9 
INT21H INT21H 
LEADX,CLRF LEADX,CLRF 
MOYAH,9 MOVAH,9 
INT21H INT21H 
LEADX,MSG4 LEADX,MSG7 
MOY AH,9 MOVAH,9 
INT21H INT21H 
MOY AH,! MOV AH,! 
INT21H INT21H 

MOY AL,OOl IOOl IB MOY AL,0000001 IB 
MOY DX,0300H MOV DX,0300H 
OUTDX,AL OUTDX,AL 
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st. Gabriel's Library~ Au· 

LEADX,CLRF 
MOY AH,9 
INT2IH 

LEA DX,MSG13 
MOY AH,9 
INT2IH 
LEADX,CLRF 
MOY AH,9 
INT2IH 
LEADX,MSG8 
MOY AH,9 
INT2IH 
MOY AH,l 
INT21H 

MOY AL,0011001 lB 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT2IH 

LEA DX,MSG13 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOY AH,9 
INT2IH 
LEADX,MSG9 
MOY AH,9 
INT21H 
MOY AH,1 
INT21H 

MOY AL,0011001 lB 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT21H 

LEA DX,MSG 11 
MOY AH,9 
INT21H 
LEADX,CLRF 
MOYAH,9 
INT21H 
LEA DX.MSG 10 
MOY AH,9 
INT2IH 
MOY AH,1 
INT21H 

MOY AL,DAT 
MOY DX,0300H 
OUTDX,AL 

LEADX,CLRF 
MOY AH,9 
INT2IH 

LEA DX,MSG 12 
MOY AH,9 
INT 21H 
LEADX,CLRF 
MOY AH,9 
INT21H 
LEA DX,MSG22 
MOY AH,9 
INT2IH 

MOY AH,l 
INT2IH 
JMPEXIT 

EXIT: MOY DX,0300H 
MOY AL,00 
OUTDX,AL 

MOY Ax,4COOH 
INT21H 

CODE ENDS 
END START 
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CHAPTER4: 

TEST, EXPERIMENTS AND 
EQUIPMENT 



Perfect Shuftle 
01234567 
02461357 

0 1 : 2 3 : 4 5 : 6 7 0 0 0 0 
0 ' ' ' 

1 1 1 

0 ~x ---r- -=s- ~ l ' ' a 
' ' ' ' ' X I 2 2 2 2 . ~ : ~ ·'l : 2 ~ 3 3 3 3 
' ' ' -s 

~ b : : : c. 
3 x ., E % .. -- -~-
4 : x 4 0 0 4 0 :·L : ' 5 1 1 5 
5 ' ' \x'l --------·:- ---;-:-
6 

: I> : b 
' 6 2 2 6 7 x 

' • 7 3 3 7 

0 l 2 3 
0213 

0 
0 2 3 

0 

l~ ! I, 0 0 0 l 

- -;+-x-1-- 1 0 l 
2 

bt ! a 2 2 0 l 
3 ' x 

3 3 l 0 ! 

0123 
1302 

I 

0 1 I 2 3 
0 I 

I 0 l 
I !•bXl 

0 0 
0 1 0 l a I 

t~ . 2 0 l 
2 I Xa 2 

I 
3 3 l 0 b: j 

3 x • 
! 

0 0 
1 

0 0 0 0 0 
2 2 

0 I I I l 3 3 

4 4 

l 0 0 l 0 5 5 

l 6 6 l l 0 l 7 7 
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Bit Reversal 
01234567 
04261537 

l,~' ,~~·-' 
I I X 1 

- ' ---- - --- -1----- --~--b _____ :_ -----

2 
' 8 I I 

: x ' ' 
' ' ' i I I b 

4 
b : : : 

' ' x : 
1 O 11 I 

-----·· ;- --- -:---- ----: ---- -

e : bx ; i 
7 

I 

0 
0 

0 1 2 3 
0 123 

2 

o ax i 

ct: x : 

3 

-------L-------
2 : xa :ob 3 I X 

I 

I 

0 
0 

0 123 
2 3 01 

I 

1 l 2 
I 

3 

o 18 x 

i t +b 
: x 

-------L-------
2 ax I 

O bi 
3 X I 

I 

0 0 0 0 

0 0 0 0 

1 0 1 1 

I 1 I 0 

x, 

0 

0 

I 

1 

0 

2 
3 

4 
5 

6 
7 

0 0 0 
1 1 1 

a 
2 2 2 

:l 3 3 3 
~ c. 
.s 

4 0 
5 1 

6 2 
b 

7 3 

0 -!--!---+--+----+---+-- 0 
1-r---1~ 

2 ~<---1--2 

3 -!--!---+--+----+---+-- 3 

2 
3 

0 

1 

~;---1--2 

"'!----+--+- 3 

~t---+--2 

r-+--+--3 

~ 
% 

...-r--4 0 
.--l-~ '-4----- 5 

0 1 
0 1 

0 1 
0 1 

0 1 
1 0 

0 1 
1 0 

----' 

-1 

0 
1 

2 
3 

4 
5 

6 
7 
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SHIFT 1 
01234567 
02461357 

' ' ' ' ' ' 
0 1 : 2 3 : 4 5 6 7 

0 ' ' ' ' 

···; · L.[ ... [ .··T · ·-· 
3 x ' .. · · - ------- 1------- r-------1----- --

0 

0 

4 

6 

0 
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2 3 
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I 
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I 
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2 ' xa 

I 
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' 
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l I I 0 

0 

1 
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1 

0 
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3 

4 

5 
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3 
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1 

2 
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a. 

3 

E 
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5 
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7 
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0 
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7 
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SHIFT2 
01234567 
04152637 

0 1 : 2 3 : 4 5 : 6 7 0 0 0 0 
0 

' 
1 1 

-- ·------}------·---+-- ---~-----
0 ax _ , , , 

t.-n . . a 
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- --+:-1-- 0 l 
2 bx ' t : a 2 2 0 l 
3 ' x 3 3 l 0 ! 

0 l 2 3 
203 l 

0 2 3 
0 0 l 

tx ! J 
0 0 

0 
0 l 

·, f .J 2 2 0 l 
2 x ' 

' 3 3 l 0 t f x 3 
! a 

0 0 

0 0 0 0 0 

2 2 

l l l l 0 3 3 

0 l 0 0 l 4 4 
5 5 

1 0 1 1 1 
6 6 
7 7 
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FLIP (010) 
0 1 234567 
230 1 6745 

0 0 0 0 
0 1 : 2 3 ', 4 5 : 6 7 1 

0 

0 :·D., a 
' x ' 2 2 2 2 

------- - - - - ; _ - --~~-
J'l 3 3 3 3 

2 ., - j • , 0 
0. .., 

3 t_,: E % '' r-- - - - 4 0 0 4 0 4 :,ax+ 
5 1 1 5 

5 : L, 
' ' 

6 ..... i'i_ l: b 
6 2 2 6 

7 ' x ' 
I b ~ 7 3 3 7 

0 123 
1 0 3 2 

0 
0 2 3 

0 0 0 1 
0 

~ 
I 
I 1 0 1 I 
I x• I 
I 

-------~-------
I 2 2 0 1 2 
i rx 3 3 

0 1 
3 : x.J 

!• 

0 123 
103 2 

0 2 3 
0 0 1 0 0 

0 

~ 
I 

0 1 I 
I 
I x• I 
I 

-------~------- 0 1 I 2 2 2 
I rX ij 3 3 0 1 

3 I X 
1a 

0 0 
0 0 0 1 0 - __ _J 1 

0 0 0 I 0 2 2 
3 3 

0 0 0 1 0 4 4 
5 5 

--- ' 

0 0 0 I 0 
6 6 
7 7 
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0 

0 

FLIP (011) 
01234567 
32107654 

' 
' 

0 1 : 2 

' : rx : : .Jb: 
' ' ' x ' I 8 4 ! 

_ _____ _ .., --- - _ .__ _ _____ j ------· 

2 1:(1 \ \ 
3 X~ I I I 

' ' ' -- - - - - - - - - ~ - - --- - - ~ -- -- - - - :- - - - - - -b-

4 I ! I rX 
5 

6 

I 

0 

0 

2 

3 

I 
0 

0 

2 

3 

0 

0 

0 

0 

: : : x~ 
' ' ' 

------- ~ - -- ---- L - ----• --- --
1 : xb: 
: :.r1 : 

I X._J I 

: : 

0123 
103 2 

0 2 

rbx 
t 
t 
t 

x~ t 
t 
t 

3 

-------'---------t 
t 
rx t 

t 
t 
x.J t 

ta 

0123 
103 2 

0 2 3 

rbx 
t 
t 
t 

xa.J 
t 
t 
t 

------- '---------t 
t 

Ll t 
t 
t 
t 
ta 

0 0 

0 0 1 

0 0 1 

0 0 1 

1 

1 

1 

0 

2 
3 

4 
5 

6 
7 

0 0 
1 1 

a 
2 2 

~ 
3 3 

a. 
5 

4 0 
5 1 

6 2 
b 

7 3 

2 - 1-----4--1 

3 -t---t-------1f------1f.-----l~ 

2 ~'"----+--.J 

3 - 1--r---+---+---¥ 

0 
1 

2 
3 

0 
1 

2 
3 

0 

2 

3 

0 

2 

3 

0 

2 
3 

~ 
_g. 

4 0 
5 

6 
7 

0 1 
0 1 

0 1 
0 1 

0 1 
0 1 

0 1 
0 1 

0 

2 
3 

4 
5 

6 
7 
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FLIP (101) 
01234567 
54761032 

~ 
' 0 0 0 0 1 : 2 3 : 4 5 6 7 

1 1 1 
-- --;-- -: r-;. 

a : x_J 2 2 2 2 ~b __ -

2 J!J 3 3 3 3 
~ J!J "-3 E ~ 

-- - - - -- ' - % 
4 " 4 0 0 4 0 Ix 
5 x_J: 5 1 1 5 

b : - - - -- -;-- Xa 
6 :CJ b 
7 ' x 6 2 2 6 ,, 

7 3 3 7 

0 123 
2301 

I 
0 2 3 

0 

0 :ax 
:Ob 0 0 0 1 
: x 1 0 -------L-------

2 ax : 

ob: 2 2 0 1 
3 X I 

3 3 1 0 ! 

0123 
2301 

I 

0 1 I 2 3 I 0 I 0 I 
I aX 

0 0 
0 

1 :ob I 0 
: x 

-------L------- 0 I 
2 

8 x r 2 2 

ob: 3 3 I 0 
3 X I 

! 

0 0 
1 

I 0 1 0 0 

2 2 
I 0 1 0 0 3 3 

I 0 1 0 0 4 4 
5 5 

1 0 I 0 0 
6 6 
7 7 
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0 

0 

2 

3 

4 

5 

6 

I 

0 

0 

2 

3 

I 
0 

0 

2 

3 

0 

0 

0 

0 

FLIP (111) 
01234567 
76543210 

0 1 : 2 3 ' 5 : 6 7 

,., .. 
" ,_,_: 

--------------'---- '-----
' : r'· ,.J 

- - - - - - - + -- - -- __ :.!> __ -
' r'· ,.J : 

- - - - - 1- -- ____ ; ~- -- - - --:- -

i rxa 
;bx.J 

r;;r- - -,--

,U ': 

0 123 
3210 

0 2 3 

xb 

,0 
'a 

-------~-------I 

1.21 
I 
I 
I 
I x• I 

! 

0 I 2 3 
3 2 1 0 

0 2 3 

xo 

,LJ 
'a 

-------~-------
b' rx \ x.J : 

a ! 

0 1 1 1 

0 I I I 

0 1 1 1 

0 I I I 

0 
1 

2 
3 

4 
5 

6 
7 

0 
1 

2 

~ 
3 

c. 
E 

4 
5 

6 
7 

2 --tf----t~ 
3-~----+~ 

2 -t--~;--' 

3 -!-----------

0 

2 
3 

0 
1 

2 
3 

0 

a 

b _,,__5 
L-----l/ 'J__ 7 

0 
1 

2 

3 

0 

2 

3 

0 1 
1 0 

0 1 
1 0 

0 1 
1 0 

0 I 
I 0 

0 
1 

2 
3 

4 
5 

6 
7 
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Perfect Shuffle 
01234567 
02461357 

0 --~---------+--- 0 

1 1 

2 2 
3 3 
4 4 
5 5 
6 6 
7 7 

Bit Reversal 
01234567 
04261537 

0---f---------~f----Q 

1 1 

2 2 
3 3 

4 4 
5 5 
6 6 

7 7 
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Flip Permutation (010) 
01 2 34567 
23 0167 4 5 

0 -----+---

1 -----+---

2 ----+---

3 ----1---
4 ----1----
5 ----t---

6 ------4---

7 -----+---

Flip Permutation (011) 
01 23 4 5 67 
32 1076 5 4 

--+---- 0 

--+---- 1 
---i---- 2 

--+---- 3 

--r----- 4 

--r---- 5 
---i---- 6 

---i---- 7 

0 ---f--.._ 0 

; ===t===?~~~=c== ; 
3 3 

4 4 
5 5 

6 6 
7 7 

1.44. 



Flip Permutation (101) 
01234567 
54761032 

0 ----+--

1 ----+~ 
2 ----t-,. 

3 -------r~ 
4 ><:::>< 

5-----Y 

6 -----+----
7 ----I' 

Flip Permutation (111) 
01234567 
76543210 

A----0 

~---1 

A----2 

_.....r---3 
><::::>< 4 

'i----5 
--+----6 
""4----- 7 

0 ----1-.. 0 

1 ------t-._ 1 

2---+~ 2 

! ==J===~~~ ~:::::....--1-- ! 
5 5 
6 6 
7 7 
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Cyclic Shift 1 
01234567 
02461357 

0 ---+---------+----- 0 . 

1 1 
2 2 
3 3 

4 4 
5 5 
6 6 

7 7 

Cyclic Shift 2 
01234567 
04152637 

0---+---------+----0 

1 1 

2 2 
3 3 

4 4 
5 5 

6 6 
7 7 



St. Gabriel's Library~ Au 

The Equipment 

1. 8255a Programmable Parallel Port 
2. DIP Switches 
3. 7 4 LS04 Inverter gates 
4. 74LS08 AND gates 
5. 74LS32 OR gates 
6. 74LS688 Comparators 
7. 74LS373 Data Latches (8 bits) 
8. 74LS155 Demultiplexers 
9. 74LS 157 Multiplexers 
10. LEDs 
11. Resistors 3300 
12. Resistors pack lOkQ 
13. ISA Card (for computer interface) 

1 
6 
23 
20 
21 
4 
9 
9 
8 
16 
16 
6 
1 
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\ Fault - Tolerant in First and Last Stage \ 



Perfect Shuffle 
01234567 
02461357 

I 

o\ L 

1 

5 

6 

7 

Switch No. 
1 
2 
3 
4 
5 
6 
7 
8 

5 

0 

1 

3cn -:J .e-
40 
5 

6 

7 

State 
Straight 
Straight 

Exchange 
Exchange 
Straight 

Exchange 
Straight 

exchange 

148 



Bit Reversal 
01234567 
04261537 

0 

1 

2 

J!?3 
:J 
a. 
c: 
- 4 

5 

6 

7 

Switch No. 
1 
2 
3 
4 
5 
6 
7 
8 

5 

0 

1 

2 

3(/) -:J 
a. -4:J 
0 

5 

6 

7 

State 
Straight 
Straight 

Exchange 
Exchange 
Straight 
Straight 

Exchange 
Exchange 
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FLIP (010) 
01234567 
23016745 

2 

J!l3 
::J 
a. 
c 
-4 

5 

6 

7 

Switch No. 
1 
2 
3 
4 
5 
6 
7 
8 

5 

0 

1 

2 

3J!l 
::J 
a. -4:::i 
0 

5 

6 

7 

State 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
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FLIP (101) 
01234567 
54761032 

5 

0 
0 

1 
1 

2 
2 

J!l3 
3(J) -:::J :J Q. 

Q. -c: 4=> -4 0 

5 
5 

6 
6 

- }-7 7 

Switch No. State 
1 Exchan!!e 
2 Exchange 
3 Exchan!!e 
4 Exchange 
5 Straight 
6 Straight 
7 Straight 
8 Straight 
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FLIP (011) 
01234567 
32107654 

0 

1 

.l!l3 
:::> a. 
.!: 

4 

5 

6 

7 

,:_._ ' 'i ;', 

Switch No. 
1 
2 
3 
4 
5 
6 
7 
8 

' ' ,., .. , .. , 

0 

1 

2 

3., -:::> a. -4" 0 

5 

6 

7 

State 
Strahrht 
Strahrht 
StraiQht 
Straight 

Exchan12:e 
Exchan12:e 
Exchan12:e 
ExchanQe 

15~ 



FLIP (111) 
01234567 
76543210 

Switch No. 
1 
2 
3 
4 
5 
6 
7 
8 

5 

State 
Straight 
Straight 
Straight 
Straight 

Exchan!.!:e 
Exchan!.!:e 
Exchange 
Exchange 

15~ 



SHIFT 1 
01234567 
02461357 

1 

0 

1 

2 

£l3 
:J 
a. 
c: 
-4 

5 

6 

7 

Switch No. 
l 
2 
3 
4 
5 
6 
7 
8 

5 

[~: 
6 

2 

3w 
:; 
.8-

4"' 0 

6 

7 

State 
Straight 
Straight 

Exchange 
Exchange 
Straight 

Exchange 
Straight 

Exchani?:e 

15~ 



SHIFT 2 
01234567 
04152637 

0 

1 

2 

23 
:J 
a. 
.s 

4 

5 

6 

7 

· ~ .. •·· r"I L1" 'I\"'" i ;S!\ •fll1I' : I' ·: , H • ,,,., ... 

Switch No. 
1 
2 
3 
4 
5 
6 
7 
8 

5 
0 

1 

2 

3(/) -:J 
a. 

4"5 
0 

5 

6 

7 

State 
Straight 

Exchange 
Straight 

Exchange 
Straight 
Straight 

Exchange 
Exchange 

15~ 



Fault - Tolerant in Middle Stage 



Perfect Shuffle 
01234567 
02461357 

0 

2 

23 
:J 
a. 
E 4 

5 

6 

7 

Fault on switch No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

2 

32 
:J 
a. 

}-48 
5 

6 

7 

Error on outputs 
0, 4 
3, 7 
2,6 
1, 5 
0,7 
3,4 
2,5 
6, 1 
0,3 
4, 7 
2, 1 
5 ,6 



Bit Reversal 
01234567 
04261537 

9 

0 
0 

1 
1 

~:~ 
2 

3cn -:J :J a. a. -E 
4 

4"' 0 

5 
5 

6 
6 

7 
7 

Fault on switch No. Error on outputs 
1 0,2 
2 

' 
5, 7 

3 4,6 
4 1, 3 
5 0, 5 
6 2, 7 
7 3,4 
8 1, 6 
9 0, 2 
10 5, 7 
11 1, 3 
12 4,6 

15". 



FLIP (010) 
01234567 
23016745 

0 

1 

2 

<1>3 :; 
c.. 
c: 

4 

5 

6 

7 

Fault on switch No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 

2 

3<1> -::::J c.. -46 

6 

7 

Error on outputs 
0,2 
4, 6 
1, 3 
5, 7 
2,6 
0, 4 
3, 7 
1, 5 
0,2 
4,6 
1, 3 
5, 7 
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FLIP (011) 
01234567 
32107654 

2 

s3-{ 
a. 
.f: 

4 

6 

7 

Fault on switch No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

5 

1 

2 

3<JJ -::J a. -4 ::J 
0 

5 

6 

Error on outputs 
1, 3 
5, 7 
0,2 
4,6 
3, 7 
1, 5 
2,6 
0,4 
1, 3 
5, 7 
0,2 
4, 6 

15,9 



FLIP (101) 
01234567 
54761032 

0 

2 

J!l3 
::J c. 
c: 
-4 

5 

6 

7 

Fault on switch No. 
1 
2 
3 
4 
5 
6 
7 
8. 
9 
10 
11 
12 

0 

1 

~:~ 
c. 

}-~ 

5 

6 

7 

Error on outputs 
4,6 
0,2 
5, 7 
1, 3 
0,4 
2,6 
1, 5 
3, 7 
0,2 
4,6 
1, 3 
5, 7 
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FLIP (111) 
01234567 
76543210 

1 

5 

6 

7 

Fault on switch No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I 1 
12 

0 

1 

2 

3cn -:J 
c. -4" 0 

5 

6 

Error on outnuts 
5, 7 
1, 3 
4,6 
0,2 
3, 7 
1, 5 
2,6 
0,4 
1, 3 
5, 7 
0,2 
4,6 
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SHIFT 1 
01234567 
02461357 

0 

1 

2 

5 

6 

7 

Fault on switch No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

0 

2 

3J!l 
:i 
Q. -4:i 
0 

5 

6 

7 

Error on outputs 
0,4 
3, 7 
2, 6 
1, 5 
0, 7 
3, 4 
2,5 
1, 6 
0, 3 
4, 7 
1, 2 
5,6 
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SHIFT2 
01234567 
04152637 

0 

1 

2 

!13 
:::I 
a. 
c 
-4 

5 

6 

7 

Fault on switch No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

0 

1 

2 

311) -:::I a. 
4'5 
0 

7 

Error on outputs 
0, 5 
2, 7 
1, 4 
3,6 
0, 7 
2, 5 
1, 6 
3,4 
0,2 
5, 7 
1, 3 
4,6 
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CHAPTERS: 

CONCLUSION AND 
RECOMMENDATION 



Conclusion and Recommendations 

Conclusion: 

In this project, we have successfully constructed a fault tolerant Benes 
network. The network is able to recover from not only the faulty switch, but 
also the wire connection in the network. The input data was able to reach the 
destination according to the chosen permutation request with and without 
inserting the fault. 

The calculation program was able to function correctly according to 
the chosen permutation request and also the input data and shown the correct 
output. Also the programs written in assembly was able to control all the 
bypassing circuits and the switches which then produce the correct output 
with and without inserting the fault. 

The eight bits of data which we assume that each bit represents a data 
packet were able to reach their destinations without blocking one another. 
There is always an alternate path for each data bits in case that one of the 
switch went down or broken, or there is an ·error in the link between two 
switches. 

Recommendations: 

After constructed the first Benes network (without the circuit on the 
ISA card) and tested the controls, we find that the latches ( 74LS373 ) can't 
latch the data inputting to it. We knew from A.Voraport that the wires we 
used to connect the addresses from the ISA card to the address decoder 
circuit have produced a lot of resistance and delay, so the chip select signal 
arrived slower than the data inputs which cause the data latches unable to 
latch the data inputs. 

We have solved the problems by design a 8255a Programmable 
Parallel Port circuit as our data outputs, so the outputs will be latched on the 
8255a output port. And we used two DIP Switches as our 16 bits addresses 
instead of the addresses from the ISA card. So each time we want to send 
controls to each latch, we have to manually set the DIP Switches to the 
address corespondent to the latch address. 
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After we connected the whole circuit to the computer and switch on, 
the computer hangs and shows the word "Divide overflow". We knew from 
Dr.Kittiphan that the output latch of the network has something wrong, and 
it outputs something to the computer and make the computer hang. 

We have solved this problem by connected the outputs from the latch 
to the 8255a Programmable Para11e1 Port and wish to input the data to the 
computer via this TC. But for some reasons, the 8255a won't take the data 
into it's port although the data was there. So, we have to disconnect it from 
the 8255a and show the output on the Leds. 

We have tested our programs and found out that when we use the 
program of the fault tolerant in the middle stage, we will get two outputs 
since we have to pass the data for two passes. So the correct output will not 
appear on the Leds. We have written a program to ask for the two outputs 
and the error bits, then calculate and show the correct output on the 
computer screen instead. 

In this project, we didn't have time to write another program to check 
for the faulty switch on it own without asking the user. It is possible to do 

· so, if we send first the testing data through the network with a certain 
permutation request and then check the output data to find the faulty switch. 
But in the real world, each switch will have a protocol, and when one switch 
is broken, the switches connected to it will know that there is a fault, and it 
wi11 automatica11y send the data packet through an alternate path. 

The program written in assembly is very long since we didn't write it 
in looped form, but we use copy/paste method instead. 
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APPENDIX 



HEX INVERTER 

Vee 

iUARANTEED OPERATING RANGES 

Symbol Parameter 

Vee Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

loL Output Current - Low 

GND 

54 
74 

54 
74 

54, 74 

54 
74 

FAST AND LS TIL DATA 

5-1 

Min 

4.5 
4.75 

-55 
0 

SN54/74LS04 

HEX INVERTER 
LOW POWER SCHOlTKY 

JSUFFIX 
CERAMIC 

eASE632-08 

N SUFFIX 
PLASTIC 

CASE646-06 

DSUFFIX 
SOIC 

CASE 751A-02 

ORDERING INFORMATION 

SN54LSXXJ 
SN74LSXXN 
SN74LSXXD 

Typ 

5.0 
5.0 

25 
25 

Ceramic 
Plastic 
SOIC 

Max 

5.5 
5.25 

125 
70 

-0.4 

4.0 
8.0 

Unit 

v 

oc 

mA 

mA 



IC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

Llmlta 

Symbol Parameter Min Typ Max 

V1H Input HIGH Voltage 2.0 

54 0.7 
Yte~" 1~~~·· 

o1' ' .; I·._,, ~ L _... $. 74 0.8 

V1K Input Clamp Diode Voltage - 0.65 - 1.5 

54 2.5 3.5 g- PV-J ~mtt~'·"'··· _1, 1~ .1.l 
74 2.7 3.5 

54, 74 0.25 0.4 
~(1.~''"'" ~W~M!l~'f"" . ,f~:,~ 

74 0.35 0.5 

20 ur· !Ml~!~f'.t~M--: '4.t~. I ' (; ~"J. · • ~l 1.ii~ 0.1 

IL Input LOW Current - 0.4 

OS Short Circuit current (Note 1) - 20 - 100 

Power Supply Current 

~ 
Total, Ou~e_~, ':,f lGH 2.4 

V:.; .... 
'-"l'?'i,n.Jt.:. 

Total, Output LOW 6.6 

e 1: Not more than one output should be shorted at a time, nor for more than 1 second. 

: CHARACTERISTICS (TA = 25°C) 

iYint>o1 · Parameter 

'LH Turn-Off Delay, Input to Output 

'HL Turn-On Delay, Input to Output 

Limits 

Min Typ Max 

9.0 15 

10 15 

FAST AND LS TIL DATA 

5-2 

'Unit .. fest con<11t100. 

v Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for v r.,)<• All Inputs · ' ' ~ .... ' ' •·• " · ......... 

v Vee= MIN, l1N =-18 mA 

v Vp,p, = MIN, l~J:l, = MAX, V~~ "' V1H 
• ':J ''Yf',.'> t t f" ff~ J"l.:'P, {".:-H',\...,.".~.;£1"~~ 

v or f[p~r ru le ., . ' 

v 'oL = 4.0 mA H.·~.· YI ~ v IOL = 8.0mA 'per ru able··· 

µA Vee = MAX, V1N = 2.7 v 
mA Vee"' MAX, V1N .. 7.0 v 
mA Vee= MAX. V1N = 0.4 v 
mA Vcc = MAX 

mA ., ....... ~ ~~~~A~,r.: 

'u'nh· tesrcoild1ti'ons 
ns vcc=-s.o v 
ns bt'J•"fg pF 



® MOToRoLA. 

QUAD 2-INPUT AND GATE 

Vee 

iUARANTEED OPERATING RANGES 

Symbol Parameter 

Vee Supply Voltage 

TA Operating Ambient Temperature Range 

ioH Output Current - High 

IOL Output Current - Low 

54 
74 

54 
74 

64, 74 

64 
74 

FAST AND LS TIL DATA 

5-1 

Min 

4.5 
4.75 

-55 
0 

SN54/74LS08 

QUAD 2-INPUT AND GATE 

LOW POWER SCHOTTKY 

14~ 

J SUFFIX 
CERAMIC 

CASE632-0B 

NSUFFIX 
PLASTIC 

CASEB46-06 

DSUFFIX 
SOIC 

CASE 751A-02 

ORDERING INFORMATION 

SN54lSXXJ 
SN74lSXXN 
SN74lSXXD 

l'yp 

5.0 
5.0 

25 
25 

Ceramic 
Plastic 
SOIC 

Max 

5.5 
5.25 

125 
70 

-0.4 

4.0 
8.0 

UnH 

v 

oc 

mA 

mA 



SN54/74LS08 

IC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

. $ymii01 

¥1i'l'2'' 

V1K 

~··· 

1tt···,, .. 

IL 

OS 

Piir'ameter 

Input HIGH Voltage 

~~····· 

Input Clamp Diode Voltage 

Input LOW Current 

Short Circuit Current (Note 1) 

Power Supply Current 
Total, Output HIGH 

Total, Output LOW 

54 

74 

54 

74 

Um Its 

Min Typ Max Untt 

2.0 

0.7 

0.8 

-0.65 -1.5 

2.5 3.5 

2.7 3.5 

v Guaranteecl Input HIGH Voltage for 
All Inputs 

Guaranteecl input LOW Volla~ for 
All lnpuls ·'"'··" ·• •..•. ,, ... ' 

v Vcc=MIN,i1N=-18mA 

54, 74 0.25 

74 0.35 

1--....i.--1---1--0

0

_ .. 4

5

-1._vv_-1-1_o_L_=_4._o_m_A__. .~pev v MIN;· 

IOL = a.o mA 6."Tf nft'f:'faJrJ""" 
20 µA Vcc=MAX,V1N=2.7V 

0.1 

-0.4 mA Vee= MAX. V1N = 0.4 v 

-20 -100 mA Vee= MAX 

4.8 

8.8 

.e 1: Not more than one output should be &horted at a time, norformor&than 1 second. 

: CHARACTERISTICS (TA = 25°C) 

iyiiibOI Parameter 

'LH Turn-Off Delay, Input to Output 

'HL Turrt-On Delay, Input to Output 

Limits 

Min Typ Max 

8.0 15 

10 20 

FAST AND LS TTL DATA 
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Uiitt .. THI cont111loris 

ns vcc.~s.ov 
ns CL"~·Y5pF 



@MOTOROLA 

DUAL 1-0F-4 DECODER/ 
DEMULTIPLEXER 

The SN54/74LS15b and SN54/l1LS156 are high speed Dual 1-of-4 
Decode~/Den1ul1iplex&rs. These devices have hrvo decoders wiH1 cornmon 
2-bit AdcJress inputs and separate gated Enable inputs. Decoder "a" has an 
Enable gate with one active HIGH and one active LOW input. Decoder· ·'b"has 
two active LOW Enable inputs. If the Enable functions arc satisfied, one 
output of each decoder will be LOW as selecled by the address inpuls. The 
LS156 has open collec1or outputs for \rvired-OR {DOT-AND) decoding and 
function gene1·ator applications. 

The LS155 and LS156 are fabricated '"vitt1 the Scho1tky ba1·rier diode 
pr·ocess for high speed and a(e cornp!etely cornpatible wiH1 all Moto1·01a TTL 
tarnifies. 

• Scho11ky Process for High Speed 

• Multifunction Gapabi/i1y 

• Comrnon Address Inputs 

• True or Cornplernent Data Demultiplexing 

• Input Clamp Diodes Limit High .Speed Termination Effects 

• ESD > 3500 Volts 

CONNECTION DIAGRAM DIP (TOP VIEW} 

PIN NAMES 

NOTES 

- - ·- -

01a Ooa 01\D 

Address Inputs 
t:nable (Active LOW) lr:put'.,; 
EnablA (Active HIGH) l11µut 
A·,:tive LO~V Outµuts (Note b) 

<.1) I lTL lJ'1,t LOd(; (U.L.) "''10 ~.A h!GH'f.6 :~1A !_OW. 

NOIE: 
Tile Ftatpilk. version 
has t11e silmc p111ou!:> 

\C01)r1CCl;QJ) Dtagn:tm) LIS 
tlie Dua1 lri-ln;e Package. 

LOADING (Note a) 

HIGH 

0.5 U.L 
0.5 U.L. 
0.5 U.L. 
10 U.L 

LOW 

0.25 UL 
0.25 U.L. 
0.25 U.L. 

5 (2.5) U.L. 

'.~)-!"ill' Ou\~<u\ LO'N (IJ'V'.: ticl0r ,,, }.~ u L. br M1Ltary i'.i·1) afl(i G U.L for Ct: 1'1'11'2fC.1_;)', (74) 

rempu;,ture fl<i•)Qes. Tl1" HIGH icvcl rir1v0 for ti1e LS!tiCi 1'T'ust ~e e~tal!l1s11ec1 l)y cu1 r.xtcrna~ 

res1s!or. 

FAST AND LS TTL DATA 
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SN54/74LS155 
SN54/74LS156 

DUAL 1-0F-4 DECODER/ 
DEMULTIPLEXER 

LS156-0PEN-COLLECTOR 
LOW POWER SCHOTTKY 

dllll 
,l'fl1Hl! ~Ii 

J SUFFIX 
CERAMIC 

CASE 620·09 

N SUFFIX 
PLASTIC 

CASE 648-08 

D SUFFIX 
SOIC 

CASE 7518-03 

ORDERING INFORMATION 

SN54LSXXXJ 
SN74LSXXXN 
SN74LSXXXD 

Ceracnic 
Plastic 
SOIC 

LOGIC SYMBOL 

E 

OECODEn ~ 

lfc;r,-' Pl\11G 
GtJJ "" Pl~~ 8 

C'ECODEf1 b 

'0 11 12 



LOGIC DIAGRAM 

Vcc;::PfN16 
GND=PIN B 

SN54/74LS155 • SN54/74LS156 

0 © ® ® 
Ooa 01a 02<1 D3a Doo 010 02b 03b 

Q =PIN ~WM BEAS 

FUNCTIONAL DESCRIPTION 

The LS155 and LS156 are Dual 1-of-4 Decoder/Demulti­
plexers wtth common Address inputs and separate gated 
Enable inputs. When enabled, each decoder section accepts 
1he binary weighted Address inputs (Ao...81) filld provides four 
mutually exclusive active LOW outputs{Oo-03). If the Enable 
requirernents ot each decoder a1·e not met, all outputs of that 
decoder are HIGH. 

AND the rninterm functions by tying outputs togethe1·_ Any 
number of terms can be wired-AND as shown below. 

I~(~+ AQJ A1). (E +Ao+ A1). (E +Ao+ A1). 
(E+Ao+A1) 

where E:: Ea + Ea; E:: Eb+ Eb 

Each decoder section has a 2-input enable gate. The 
enable gate for Decoder "a" re_quires one active HIGH input 
and one active LOW input (Ea•Ea). In demultiplexing applica­
tions, Decoder "~( can accept either true or complemented 
data by using1he Ea or Ea inputs respectively. The...&n@fegate 
for Decoder "b~ requires two ac1ive LOW inputs {Eb•Eb). The 
LS155 or LS156 can be used as a 1-of-8 Decoder/Demulti­
plexerbytying Ea tu._Eb and_relatJeling the cornrnon connection 
as (A2}. The other· Eb and Ea are connec1ed together to form 
the common enable. 

The LS155 and LS156 can be used to generate all four 
rnintetlns of two variables. These four n1intern1s are useful in 
sorne applications replacing multiple gate functions as shown 
in Fig. a. The LS156hasthefurther advantage of being able1o 

TRUTii TABLE 

ADDRESS ENABLE "a" OUTPUT "a" ENABLE "b" 

Ao A1 Ea 

x x L 
x x x 
L L H 
H L H 
L H H 
H H H 

H =HIGH Vol!<'lge Levei 
L = LO!i-V Vo·tagc Level 
X =Dort"\ Care 

Ea Oo 

x H 
H H 
L L 
L H 
L H 
L H 

01 02 03 Eb 

H H H H 
H H H x 
H H H L 
L H H L 
H L H L 
H H L L 

FAST AND LS TTL DATA 
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Eb 

x 
H 
L 
L 
L 
L 

Figure a 

OUTPUT "b" 

Oo 01 02 

H H H 
H H H 
L H H 
H L H 
H H L 
H H H 

03 

H 
H 
H 
H 
H 
L 



SN54/74LS155 

GUARANTEED OPERATING RANGES 

Symbol Parameter Min Typ Max Unit 

Vee Supply Voltage 54 4.5 5.0 5.5 v 
74 4.75 5.0 5.25 

TA Oper<iting Atnbient Temperature Range 54 -55 25 125 ··e 
74 0 25 70 

loH Output Current -- High 54, 74 -0.4 rnA 

loL Output Current --- Low 54 4.0 rnA 
74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

Limits 

Symbol Parameter Min Typ Max linlt · Test Conditions 

VtH Input HIGH Voltage 2.0 v Guaranteed Input HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
VrL Input LOW VoJt~ge_ v All Inputs 74 0.8 

VtK Input Clamp Diode Voltage -0.65 -1.5 v Vee= MIN, ltN = -1BrnA 

54 25 3.5 v Vee= MIN, IOf~ =MAX, VjN = VtH 
VoH Output HIGH Voff~ge · 

74 3.5 v or V1L per Truth Table 2.7 

54, 74 0.25 0.4 v loL =- 4.01nA Vee= Vee MIN, 
VoL Ou~iut LOW Voltqge VtN =VtL-0tV1H 

74 0.35 0.5 v IOL"' B.01nA per Truth iable 

20 µA Vee= MAX, VtN = 2.7 v 
llH lnputH_IGH Current 

mA Vee= MAX, V1N = 7.0 v 0. 1 

l1L Input LOW Current --0.4 mA Vee dAAX, V1N = 0.4 v 

los Short Ciretiit Current (Nate 1) -20 -100 mA Vee= MAX 

tee rower Supply Current 10 mA Vee=MAX 

Nole 1. No! rnore fl1an one Oufput Should be s11artea al a tirne, 11or for rTit'Jre 1!1<:111 1 Sf'lconl'.f. 

AC CHARACTERISTICS iTA =WC) 

Limits 

Symbol Parameter Min Typ Max u"nit Test Conditions 

IPLH Propagali.Qf1 De@y 10 15 
Figure 1 

IPHL Address. Ea or Eb to Output 19 :iO 
ns 

IPLH Propagation Delay 17 26 
Figt;re 2 

Vee= 5.ov 
trHL Address to Outµu! 19 30 ns 

CL"°15pF 

IPLH Propagation Delay 18 27 
Figure 1 ns 

'PHL Ea to Output 18 27 

AC WAVEFORMS 

VtNt~• ·_, J_v ____ Jf 1.:l V 

kJJ>i, ·- lrHL. !...----~ lPLH 
' I 

VQJT - 1.3 v :-1.:l \j Vour _1_1_3v . 1.3 v 

Figure 1 Figure 2 

FAST AND LS TTL DATA 
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SN54/74LS156 

GUARANTEED OPERATING RANGES 

Symbol Parameter Min Typ Max Unit 

Vee Supply Vol tage 54 4.5 5.0 5.5 v 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 - 55 25 125 "C 
74 0 25 70 

VoH Output Voltage - High 54. 74 5.5 v 

loL Output Current - l ow 54 4.0 mA 
74 8.0 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless olherwise specified) 

limits 

Symbol Parameter Min Typ Max linit · 

V1H Input HIGH Voltage 2.0 v 

54 0.7 
V1L Input LOW Vol~ge v 

74 0.8 

V1K Input Q amp Diode Voltage - 0.65 - 1.5 v 
toH Output HIGH Current 54. 74 100 rtA 

54. 74 0.25 0.4 v 
VOL Output LOW Voltage 

74 0.35 0.5 v 

20 rtA 
l1H Input HIGH Current 

0. 1 mA 

l1L Input LOW Current - 0.4 rnA 

ice Power Supply Current 10 mA 

AC CHARACTERISTICS (TA = 25°e) 

limits 

Symbol Parameter Min Typ Max ·u n1i 

IPLH PropagatiQ11 Del.iw 25 40 

lPHL Address. Ea or Eb to Output 34 51 
ns 

tPLH 
tPHL 

trLH 
IPHL 

Propagation Delay 
Address to Output 

Propagatirn 1 Delay 
Ea lo Output 

V i~J -'- 1.3 V 

~-i :r HL 

Vour - 1.3 v 
I 

Figure 1 

31 46 
34 51 

32 48 
32 48 

AC WAVEFO RMS 

1.3 v 
I 

l.'=t, tPLH 

- 1.3 v 

FAST AND LS TTL DATA 
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ns 

ns 

Test Conditions 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

Vee= MIN. l1N = - 18 rnA 

Vee = MIN. VoH =MAX 

IOL = 4.0 mA Vee = Ve e MIN. 
V1N =VIL m VIH 

IOL = 8.0 mA per Truth Table 

Vee = MAX. V1N = 2.7 v 
Vee = MAX. V1N = 7.0 v 

Vee= MAX. V1N = 0 .4 v 

Vcc = MAX 

Test Conditions 

Figure t 

vcc=s.o v 
Figura 2 CL = 15pF 

RL •2.0 kO 

Figure 1 

Figure 2 



®_MOTOROLA 

QUAD 2-INPUT MULTIPLEXER 
The LSTTLI MSI SN54/74LS157 isa high speed (Juad 2-lnpul Multiplexer. 

Fou:· bits of data f1·om two sou(ces can be selected using the cornrnon Selec1 
ano Enable inputs. The four buttered outputs present the selected data in the 
tr"ue (non-inverted} fo:-rn. The LS157 can '3!so be used to generaft' any four 
of the 16 differt"'!lf tunc1\ons oi two variables. The LS157is1abricated wi1h the 
Schottky ba1·rier diode process tor high speed anti is completely compatible 
with all Motorola TTL fan1i!ies. 

• Schottky Process for High Speed 
• Multifunction Capability 
• Non-Inverting Outputs 

• Input Clan1p Diodes Umi1 High Speed Termination Effects 

• Special Circuitry Ensures Glitch Frc~e Multlp!exfng 
• ESD > 3500 Volts 

CONNECTION DIAGRAM DIP (TOP VIEW) 

Vee 
16 

1 

s 

E l1c Zc lod 

13 12 11 

6 

foa l:d Za lob ho 

PIN NAMES 

s 
E 
loa-fod 
l1a--f1d 
zH "zd 

NOTES 

Common Select Input 
Enable (Active LOW) Input 
Data Inputs irorn Source O 
Data Inputs from Source 1 
/IAultiplexerOutputs (Note b) 

il) 1 rTL uri.f LOi'td (U.l.) ~ 40 jtA HfGHfJ.61r>A LO~V. 

NOTF..; 
Tue Ffafpak vers1011 has 
lhe sar'rle p111outs 
(Co1V1ect101' D:tigrarn) as 
(he Duar lr1-L111e Paekage. 

LOADING (Note a) 

HIGH 

1.DU.L. 
1.0U.L. 
O.SUL 
O.SUL 
10 UL 

LOW 

0.5UL 
0.5\JL 

0.25 U.L. 
0.25 U.L. 

5 (2.5) U.L. 

o) TllG Out1,ut LOW r~r1ve factor is 2.5 U.l. for Mtl1taiy (54) i"ln~! () U.L for Con,r11erc:1;i', (74) 

TC!mperaturn Ranges. 

LOGIC DIAGRAM 

E S 

0 

SN54/74LS157 

QUAD 2-INPUT MULTIPLEXER 

LOW POWER SCHOTTKY 

J SUFFIX 
CERAMIC 

CASE 620-09 

N SUFFIX 
PLASTIC 

CASE 648-08 

D SUFFIX 
SOIC 

CASE 751 B-o:~ 

ORDERING INFORMATION 

SN54LSXXXJ Cerarnic 
SN74LSXXXN Plastic 
SN74LSXXXD SOJC 

LOGIC SYMBOL 

15 2 3 5 6 14 13 ·11 10 

s 

z, 

Vcc=Pl>\•G Vcc"'P1rJ1·.i 
GND"" Pl~J a G~1~0 :: Pl\! 8 

Q ~ Pl,'J ~JdiJBEFS 

FAST AND LS TTL DATA 
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SN54/74LS157 

FUNCTIONAL DESCRIPTION 

The LS157 is a Quad 2-lnput Multrplexer fabricated wittJ the 
Schottky barrier diode process tor high speed. It selects four 
bits of data from two sourr.es undecJhe corrt1·oJ of a common 
Select Input (S). The Enable Input (E) is active LOW When E 
is HIGH, all otthe outpu1s (Z) are forced LC)W regardless of all 
other inputs. 

The LS157 is Hie logic implementation of a 4-pole, 
2-position swi1ch where the position of the switch is deter­
rnined by !he logic levels supplied to the Select Input. The logic 
equations tor the outputs are: 

Z3 0E·(l1wSt IQa·S) Zb 0 E·(l1b·S+lob·S) 

Zc o E · (11c ·St IQc · S) Zd" E · (11d · S + IQcl · S) 

A comrnon use of the LS157 is tt1e moving of datri from two 
groups of registers to tou1· common output busses. The pariic­
ular register tron1 which the da1a comes is deterrnined by 1he 
state of the Select lnpu1. A less obvious use is as a function 
generator. The LS157 can generate any four of the 16 different 
functions of two variables with one variable common. This is 
useful tor implementing highly irregular logic. 

TRUlli TABLE 

ENABLE 

E 

H 
L 
L 
L 
L 

H =HIGH Voltage level 
l = LOW Voltage Level 
:X"' DOr\lGncl'l 

SELECT 
INPUT 

s 
x 
H 
H 
L 
L 

INPUTS 

lo 11 

x x 
x L 
x H 
L x 
H x 

GUARANTEED OPERATING RANGES 

Symbol Parameter 

Vee Supply Voltage 

TA Operati1lg Ambient Temperature Range 

loH Output Current --·High 

IQL Output Current --- Low 

54 
74 

54 
74 

54, 74 

54 
74 

FAST AND LS TTL DATA 
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OUTPUT 

z 
L 
L 
H 
L 
H 

Min Typ Max Unit 

4.5 5.0 5.5 v 
4.75 5.0 5.25 

-55 25 125 oc 
0 25 70 

-0.4 mA 

4.0 mA 
8.0 



SN54/7 4LS157 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (1,nless othe~visespeGified) 

Limits 

Symbol Parameter Min Typ Max 

V1H lnpu: HIGH Volmge 2_r) 

54 0.7 
V1L !rput LOW Voltagp,. 

74 0.8 

VIK Input Cla1np Diode Voltage -0.65 -1.5 

54 2.5 3.5 
VoH Output HIGH Voffage · 

74 2.7 3.5 

54, 74 0.25 0.4 
VOL Output LOW Voltage 

74 0.35 0.5 

Input HIGH Current 

lg. '1 20 

IJH E.S 40 

J,i. 11 0.1 
E,S 0.2 

Input LOW Current 

l1L Io. 11 -0.4 
E,S -0.B 

las Short Circuit Current {Note 1) --20 --100 

ice Power Supply Current 16 

Nole 1: Nol 111om 111an or1e outpul shDuld be shcrtecl tit ti t•r't1e, r1or for more 1hiln 1 set.Orld. 

AC CHARACTERISTICS (TA• 2s0 e) 

Limits 

Symbol Parameter Min Typ Max 

IPLH Propagation Delay 9.0 14 
1PHL Data 10 Oulpur 9.0 14 

1PLH Propagation Delay 13 20 

"PHL Enable to 011tput 14 21 

t·PLH Propagation De-Jay 15 23 

lPHL Select to Output 18 27 

AC WAVEFORMS 

Vir·.J --{~--~-- 1.~\f 
~- -~-

t... ---..-1-- TP''4'... \---- -1 rrLH 

Vou1 ~v 

Figure 1 

------·----------
FAST AND LS TTL DATA 
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Unit Test Con dltions 

v 
GuBranteed !11put HIGH Voltnge for 
Alt Inputs 

GuaranteecJ Input LOW Voltage for v All Inputs 

v Vee" MIN. l1N" -18 mA 

v Vee" MIN. loH" MAX. V1N "V1H 

v or VIL per Truth Table 

v loL ""4.0 mA Vee" Vee MIN. 
VfN "'V1L or VIH 

v loL = B.01nA per Truth Table 

pA Vee" MAX. V1N "2.7 v 

mA Vee" MAX. V1N" 70 v 

n1A Vee. MAX. V1N" 0.4 v 

mA Vee. MAX 

mA Vee= MAX 

linii Test Conditions 

ns Figon~ 2 

Figure 1 
Vee=. 5.0 v 

ns 
CL=15pF 

ns Figure 2 

Figure 2 



@MOTOROLA 

OCTAL TRANSPARENT LATCH 
WITH 3-STATE OUTPUTS; 
OCTAL D-TYPE FLIP-FLOP 
WITH 3-STATE OUTPUT 

The SN54/74LS373 consists of eight latches with 3-state outputs for bus 
organized system applications. The flip-flops appear 11·anspa1·ent to the data 
(data changes asynchronously) when Latch Enable (LE) is HIGH. When LE is 
LOW, the data that meetsttIB setup times is latched. Data appears on the bus 
when the Outpu1 Enable (OE) is LOW. When OE is HIGH the bus output is in 
the high impedance state. 

The SN54 /7 4LS374 is a high·speed, low-power Octal D-type Flip-Flop lea"' 
tu ring sepa1·ate 0-type inputs for each flip-flop and 3-state ou1puts for bus ori­
ented applications. A buffered Clock (CP} and Output Enable (OE} is common 
to all fHp-flops. The SN54/74LS374 is manufactured using advanced Low . 
Power Schottky technology and is compatible with all Motorola TTL families. 

• Eight Latches in a Single Package 
• 3-State Outputs for Bus lntertacing 
• Hysteresis on Latdt Enable 
• Edge·Triggered D·Type Inputs 
• Buffered Positive Edge·Triggered Clock 
• Hysteresis on Clock Input to Improve Noise Margin 

• Input Clamp Diodes Urnit High Speed Termination Effects 

PIN NAMES 

Do-D7 
LE 

~J: 
OE 
Oo~07 

NOTES. 

Data Inputs 
Lrilch Enable (Active HIGH) Input 
Clock (Active HIGH going edge) Input 
Outpu: Enable (Active LOW) Input 
Outputs {Note b) 

a) 1 fTL Units Ula cl (U.L.) '"'40 µA H!GHf1.6 mA LO'vV. 

LOADING (Note a) 

HIGH LOW 

0.5U.L. 
0.5 u .L. 
0.5 U.L. 
0.5U.L. 

65 (25) U.L. 

0.25 U.L. 
0.25 tJ.L. 
0.25 U.L. 
0.25 tJ.L. 

15 (7.5) U.L. 

I)) lhc Output LOW clr1ve factor :s 7.5 U.L. for M1l1lary (54) a1lCI 25 U.L. tor Co1nrnarc1al 
(74) f"emf'ler<Jlurn Rarlg!ls. The Ou!pul HIGH Clnve Jae/or 1s25 U.l. for M1lr!ary (G4) and 
05 U.l.. ror Comriierc1al (7·1) Tempp,ra!urp, Ranges. 

SN54/74LS373 
CONNECTION DIAGRAM DIP (TOP VIEW) 

NOTE 
rt1e F:atpak ve1!;1on 
IB$ t11e S<lr'rle p"rnuts 
!ConrWGb<';ll D:dgfi!rTI) ,:i,;­

tllC Ooa'1 ! tl L1~1e f--' a G'<<ige. 

FAST AND LS TTL DATA 
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SN54/74LS373 
SN54/7 4LS37 4 

OCTAL TRANSPARENT LATCH 
WITH 3-STATE OUTPUTS; 

OCTAL D·TYPE FLIP·FLOP 
WITH 3-STATE OUTPUT 

LOW POWER SCHOTIKY 

J SUFFIX 
CERAMIC 

CASE 732·03 

N SUFFIX 
PLASTIC 

CASE738·03 

DWSUFFIX 
sore 

CASE 751 0·03 

ORDERING INFORMATION 

SN54LSXXXJ Cerarnic 
SN74LSXXXN Plastic 
SN74LSXXXDW SOIC 

SN54174LS374 



SN54/74LS373 • SN54/74LS374 

LS373 

On LE 

H H 

L H 

x L 

x x 
H -=HIGH Voltage Level 
L - tow Vol!age Level 
X = lmm::ile.r1al 

L __,High lm1H1clance 

TRUTH TABLE 

OE On On 

L H H 

L L L 

L Oo x 
H z· 

·Note. Contents of 1111)-fil'.lps 11ni'.lflec:lec1 l1y (!le state of l~e Outpu! Enrible 1n1)ut (OE'). 

LOGIC DIAGRAMS 

SN54LS/74LS373 

(i)OE 

Oo o, o, 03 04 05 

© 0 © © © ® 

SN54LS/74LS374 

0 0 0 @) 
® Do o, o, D4 

CP 
CP D D c D 
l] Q Q Q Q 

OE 

(i) Do 01 o, 03 04 

0 0 © 0 @ ® 

GUARANTEED OPERATING RANGES 

Symbol Parameter Min 

Vee Supply Vo!t<lge 54 4.5 
74 4.75 

TA Opermi11g Ainbient Te1npera1ure Range 54 -55 

r 
74 0 

loH Output Current -- Hi~Jh 54 
74 

IQL O!Jtput Curren~ --Low S4 
74 

FAST AND LS TTL DATA 
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LS374 

LE OE 

~ L 

~ L 

x H 

05 o, 
® ® 

® ® 
D5 05 

D D 
Q Q 

05 05 

® 

Typ 

5.0 
5.0 

25 
25 

On 

H 

L 

Z' 

Vcc"PIN2D 
GND" PIN 10 

Q" PIN NUMBERS 

® 
07 

0 
Q 

07 

® 

Max Unit 

5.5 v 
5.25 

125 ·c 
70 

_, 1.0 mi\ 
-2.6 

12 mA 
24 



SN54/74LS373 • SN54/74LS374 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless o1tiecwise specified) 

Limits 

Symbol Parameter Min Typ Max u"nit. Test Conditions 

VtH lnpu~ HIGH Voltage 2.0 v Guaranteed tr~put HIGH Voltage for 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage for 
V1L Input LOW -Vohqge v AU Jriputs 74 0.8 

V1K Input Cla1np Diode Voltage -0.65 --1.5 v Vee.:: MIN. l1N.:: -18 rnA 

54 2.4 3.4 v Vee= MIN, IOH =MAX, V1N = V1H 
Vof! Output H.lGH Voltage 

74 2.4 3.1 v or Vil per Truth Table 

54. 74 0.25 0.4 v loL"'" 121nA Vcc=VccMIN. 
VoL Output LOW Voltage V1N =Vil or VIH 

74 0.35 0.5 v IOL o::: 24mA per Truth Table 

lozH Output Off Current HIGH 20 µA Vee= MAX. VouT = 2.7 v 

lozL Output Off Current LOW -·20 µA Vee= MAX. v 0 ur = o.4 v 

20 µA Vee= MAX. V1N = 2.7 v 
l1H lf1put.HIGH Cu~rent 

0.1 mA Vee= MAX. V1N = 7.0 v 

IJL Input LOW Current -0.4 mA Vee= MAX. V1N = 0.4 v 

los Short Circuit Current (Not?. 1) -30 -130 mA Vcc=MAX 

Ice Power Supply Current 40 mA Vce=MAX 

Note 1: Not more t11a11 one oulpul should be si1orted at a t1r'tle, nor for more tha(I 1 set.ond. 

AC CHARACTERISTICS (TA= 25°C, Vee= 5.0 V) 

Limits 

LS373 LS374 

Symbol Parameter Min Typ Max Min Typ Max Unit- Test Conditions 

IMAX Maxirnu1n Clock Frequency 35 50 MHz 

IPLH Propagaiion Delay. 12 18 
1PHL Orita to Outµut 12 18 

ns 

CL~~l>pF. 
--

lPLH Clock or Enable 20 30 15 28 RL""667Q 
1PHL lo Output 18 30 19 28 

ns 

lPZH Output Enable Time 
15 28 20 28 

trzL 25 36 21 28 
ns 

lPHZ Output Disable Tirne 
12 20 12 20 

CL= 5.0pF 
tpu 15 25 15 25 

ns 

AC SETUP REQUIREMENTS (TA" 25'·C. Vee" 5.0 V) 

Limits 

LS373 LS374 

Symbol Parameter Min Max Min Max -unit 

tw Clock Pulse Width 15 15 tlS 

ls Setup Ti1ne 5.0 20 ns 

le Hold Time 20 0 ns 

DEFINmON OF TERMS 

SETUP TIME (18}- is defined as the rninimum tirnc r·equiced 
for the coi"rect logic level to be present at the logic inpu1 prior to 
LE transition horn HIC~H-to-LOW in 01·dertobe recognized and 
t:-ansfeffed to tt1e outputs 

HC)LO TIME (tri/ -is defined as the rninirnurn tirne fo/fowing 
the LE transition frorn HK:1-H-to-LC)\A/ that the logic; level rnust 
be rnaintained at the inpu1 in o:·dG•· 1o ens.u1·c0 confinueo 
recogr1ition 

FAST AND LS TTL DATA 

5-3 



TO OUTPUT 
UNDER TEST~ 

. '~ ·: ,. ··.- .. i 

SN54/74LS373 

AC WAVEFORMS 

1- tw ---1...---- ~4 --1 
cE /uv \ ;( 

I ,, -r----1-+ 'h I 
o,,~ ~ F'LH ---1 IPHLe_--

DUTPUT ! _ 
Figure 1 

Figure 2 Figure 3 

AC LOAD CIRCUIT 

SWITCH POSITIONS 

SYMBOL SW1 

SW1 IPZH Open 

lpzL Closed 

IPLZ Closed 

'PHZ Closed 

5.o kn 

SW2/ 

Figure 4 

FAST AND LS TTL DATA 

SW2 

Closed 

Open 

Closed 

Closed 



SN54/74LS374 

AC WAVEFORMS 

twH --f'-:j-- ~vL-j,~--
CP 1Jv -·.3v i.3V 

IPLH -t-1 lpHL --±---:-1 
OUTPUT ' 1· I \l < ___ _,_1 __ - 1.3V I '-2..3V 

Figure 5 

Figure 7 

AC LOAD CIRCUIT 

SW1 

TO OUTPUT 
UNDERTEST --1-i<l-t>-M-.i .. h 

s.o kQ 

Figure B 

FAST AND LS TTL DATA 

5-5 

;:;E-\luv ~ 
v -~t-----1) 1;3V. 

IPZL--i..=:( ~-·-IPLZ 

Vo\~V -~ ~1.3V 
_:::r Vol 

0.5 v 
Figure 6 

SWITCH POSITIONS 

SYMBOL SW1 SW2 

tpzH Open Closed 

lPZL Closed Open 

lPLZ Closed Closed 

1PHZ Closed Closed 



SN54LS6B2, SN54LS6B4. SN54lS685, SN54LSUB7, SN54LS68B. 

SDLSOO(l 

• Compart'!$ Two·8·Bii Word"£. 

O Cho lee of Totem-Pole or Open·Collector 
01-1tp1,,1t~ 

• Hysteresis at P and Q Inputs 

• 'LS982. has 20-kO Pu!h..ip R~slstors on ~he Q 

Inputs 

• SN74LS6SS and 'LSG87 .. JT ond NT 
2.4-Pin, 300·Mil Pack~ges 

TYPE 

' ··~· ·-· -- .,.- ·; -· ---· - _.. -··· --

[ p • a f P>(i: QU'fPV1' OIJ'!'PlJT 
J i ~ ENAR~_.£ONFIGIJRA_~ 

vc-; yes · l1Q t>item-po!e 

\~~ yes no 1i.,11:1m·µclto .,.,, 
"'' ves 

op~-.;:0!19<..!Q• 

IO!ffrn·tH'.llP. 

ijpln toll()CtO~ 

totl!m-pole 

SN54LSfiB7 .• , JT PACKAGF. 

20·kD 

PlflL\JP 

Y!!a 

ro 

SN74lSBBfi, SN74LS6S7 .•. 'OVJ OR NT PACKAGE 

rroP VIEW~ 

P>c.J '.?-t[j :!CC 
G1 uf'l Ci1 
Pfl :n5 r;G 
oo 1 nlJ cu 
l'I Q,-, ~oQ P7 

01 rJi; 19~ NC 
NC rl, 1su as 
P2 [Je ·r•\ P6 
01 C-ll \(;tl ru; 
P3 OH~ \!',1~ P!' 
<U Cn 1c[5 04 
GND~P<I 

$NS4LSe87 ... fl{ PACK.ACF 

tTOP VIEWi 

'"·''-··'•-' 
.'\ J 'J I ;;o~.} J ?{, 

25 t Ql 
:-.'\ P7 

1'.i r "IC: 

" 
·~c 

Qi,; 
Fv 
05 

I;• l l 14 ''O '(· l I 'p 
pr-c,o"J.Co.C:J, ..• 

28@tZ3£ ,, 

SN74l$682, SN74LS684 THRU SN74LS6B8 
8-BIT MAUNITUDEllDENTITV COMPARATORS 

02617. JANL~ARY ~9fl1-l~ll/i~1-U MAFfCH :9913 

SN54J..$6ti2. 5N54LS684. SN5G.LSGSS ... J f"ACKA~t 
SN74LS682. SN74LS&84, SN74LS68!'.i . ow on N PACKAGE 

(TOP VIEVJ1 

r:·:>O 
ru 

"" "' Pl 

O• " GO 
f'2 [ 6 1 ,. 

02 
P3 ' ., 
QJ ' o• 

GND •o " l P4 

SN54LSG$2.. SNS4l.SG84, $NS4LS6B5 _ .. FK PA::KAGE 

:roP VIEW) 

SliJ54LSV88 ••• J PACKAG!t 
SN74L$668 ..• DI// ORN PACKAGL 

ITOP VifWI 

SNS4lS6fJS: ..• !"-If. PACKAGE 

ITOP VIC~V) 

Pi'l.l.!OU!:TIO~i D.li TA 1foc~1mir.t~ c~n!nb inform~tk-1 
~HrP.rit '1lt. o1 ~u~:ic.atiori f1~t~. Pr1Jin~1s ~D.1foro.1 \I' 
~.~ftiii~Jti!I,'~ ritr 1~2 12·n·.s ol THas !r:n·v:1.-na 
stan~r:rri_Wl!.'fMJf'I Pr11c:1nm11 prnt:~s~inu 'kf'~ nnt 
ni'.ces~~n:1 ;ric:vdc :Btlni; ct Ji: ·'"'rafl1~rnr~ 

TEXAS lJ,} 
INSTRUMFNTS 



SN54LS6B2, SN54LS604, SN54LS635, SN5lllS637, Sl\154LS6Bll 
SN74lS61l2, SN74LS604 THRU SN74lS68!l 
8-BlT MAGNITUOElll.lENTITY COMPARATORS 

description 

Tt\l:!Se r1anriitur.!e comi:aratot.1 p!!~fo~m c:>moarison:oi cf 

twQ eight·btt binary or BCD wo1ds. All tywe.s p-Ov•de 
r;-:;-o: IJV!>JUI~ <.Hld <iii <lXCSPt ·!..s668 pruvid? 

p-;-;s '.H..«:p:.HS .e:l well. The 'L.5662. 't5G84, 'U3566. l!('!::.j 

'LS8B8 have to'lem-po!a 01Jtputa.. wl'>il:i tha 'LS68tl ~.-.u 

'L.S6S7 hi:ve cp.sn-~ollectnr outj'Af'hl.. Trio 'LSEB2 fnat1i~0i; 

20·kH p.ullup 'HHminnt;or, resistors_ on: the Q :rpi.;ts fer 

1;1n~!cg or $\"Ji!ch data. 

lo9ic oymbols t 

'LSSR2, 'LSfl:S4 'lS6R5 

,, 
""O n11.. p;zj 

" nz 
QO <3) Uu 
01 

fSl 

17} 
;..::;.(_J 

(1) 
r70 

Q 

o• 
0' 

fUNCT!Of\I lAB\.E 

c-----·----~ ···-------. 
I, INPUTS- \ OUTPllT6 
t·--O--A-T-A-~--,-N-A_O_L-E5 ___ l 

' --ii P. Q ij, ?ff , GZ: 

NOi l:S.: l. The last 1hrec. line~ of 'tha ~11nl!tion tn.bla DP[lli:J-£ o"!V 
to th~ Cevi:::es hav;nq Cili:iU:tl trwlitli, i.e., •t,S!.;66 
1hru 'LSf!88. 

2. Thn r:c-ri. furi..:.tion CBrl l:le gr.nf:>fa~ed b'f apl}!yinq 
lh~ P--Q. and P->(i tn1ipl.lU to a 2·input NANO 
gate. 

3. fot 0 LS6B6 and 'LSC>B7. 01 er,~bles ~<ind G2 
enai;;'.e$ P>U:. 

-(Tl-'!<$~ ~\lrnh<";I.') <lff' h <i<::r.arflance w1:!-i 1~·4~Pl!EEf. ~rd ::t··~3B4 l)nd IE.I'.': fl·Jbln::a\ior. 617·12. 
CTi:"\ n~mber!. i;~o.•.n am for D\.-V, J, JT, N. 3fld NT pack;.;ges. 

"TEXAS~ 
]NSTRUMENTS 



SN54lS602, SN54lS684. SN54LS685, Sill54lS6fl7, Sill51JLS6BB, 
SN74LS6B2, Sl\174LS6B4 THRU 3N74LS688 

B·BIT MAGNITUOEl!DENTIT'I COMPARATORS 

l.ogh'.l syrnhols t (continued} 

"LS687 "L.SSSS 

" 
" 1'4 tlll 

ro;~ 
N:i [Ill 

r1-E.2!. 

QC~ 
c·-161 
o:;:_i~: 

Q' 
(11) 

01 (14-t 

ll~ 

a• (101 

01~" 

GI 

IT'' 

.:'1. 

p 

2!' ·U 0 
11) 

0 

ro 

no.EL n0· 
r.nJ-~l-
01..!lt 

rn1 

tr!'l!!~c ~,,..~b.it;; .:ui> in a:::cnrd<tl".-;o;: w•;h A!..lSf1rEfC Std 91·1904 ~nd ieC P\io:•.r::C1tiQ116"17·12. 
P,n nurr.ber;i ~hown ~rn f<Jr OW, J, JT, N. and NT pack:i:gn-t 

schematics of inputs and ou1puf.s 

£QUIVALENT ov"EACH Q INf'UT EOU!VAl.t:'ITTOfAt.L. TYPIC:AL. 01• UUTPU"iS or 

a 

OF 'LS681. l)t~l y QTHERJNPUTS 'lS6e:z, 'LS6ll4, 'UiGOG. 'l$til1S 

Vee -rio•r 2 kDNOM Vee --3,;. ;;n~;~ -~~;~ Vee 
NOM 

'""1~1 
I . -f:~-< il'JPUr ~~ 

I t~-OUTPUT 
lo .. -- t--r1-- ---ii; ' 
~ . 

' i n. 
'· 

'J" ..lj:& 

I 
EXAS V 

NSIR\JMENTS 

TYPICAL OF UUl'PUT3 Of 
'LSSf.lS, 'l.S&9J 

- --~OCT!'IJ 
,f 

" 



SN54LS6B2. SN54LS6B4. Sl\154lSIHl5. SN54lS687, srrn4lS6BR 
SN74LS6!l2, Sl\174LS6B4 TllRU SN74LS68!1 
8-IHT IDENTITY COMPARATORS 

'LS6S8 iog!c diagram tpo!l-itivc lcgie) 

02__!!_) 

J4J _ _f,;.....,._ 
Pl ·-----1.\Y''L. 

01~ 
,.,\ 

QO--'"-"-"-lrnn--' 

~bsoluto n1uximurn ratings over operating free-air temperature range tuntess otherwise noted} 

Supµ!y voltage, Vee {~co r-Juto 1 i ...... , ..... , .. 
:r:pu~ voltage: Cl inputs ot ':....S682 .... . 

AH other inputs 
Off-state <dutput volt<:1g€: 'LS685, 'LSOB7 .. , .... 
Operc.-t:nn fre@·air ternperature range: 

SNfJ4LSG82, SN6~LS68tl, SN~4LS685, SN54LS687, SN!>4LSfl88 
Si·J74LS682. SN74LSC84 thiu Sf'J74LS688 .. 

Storage terr-.peni1urn ~;1nyc> • , . 

TEXAS~ 
INSTRUMENTS 

} v 
5.5 v 

7V 
7V 

-G5°Cto125°C 
Oc,C IU 10"2 

-GG <'.'·c to 1 so 0 c 



SN54lS682, SN54LS684, SN5l!LS6B8 
SN711LS682. SfJ74LSBll4, SN74LS6B6, SN74LS688 

ll-lllT MACNITUDEllOENTITY COMPARATORS WITH TOTEM-POLE OUTPUTS 

recornmended operat~ng condltlonG: 

electrical charactorh.:tici; ovar rvcommondatl operating free·air toniperature range {unfess: otherwise 
notsd) 

PARAMETER T£S1 CONDITIONSl 
SN54LS' SN74LS' i UN II 

Mll"J TIP'* l''1AX ~ f<.'.IP~ Tvrt MAX -- ·-·~·-

Hi~!l':fevei lrior..1t vo!ta~0 2 ! 'v'111 z v 
\/p l.;-w-level inpvt VQ[ti'!glj 0.7 08 v 
VT .... - Vr- Hysten.u:ls I P or a input:s Ve~ ""Ml~I Q.4 0.4 ! v 
V!K lr1put clamp 11olta!,lG Vee ""Ml,'\!, ,, . -18'T1A -1 5, 1.5 I v 

VoH Hf\jh·l0\li;ll 01.llPWt volt8!,l-if 
Vee =MIN. V~H ~ 2 v. v 2.S 2."I 
V1t =- V1Lmt1K, l~u " -400 uA 

Vee "'MIN. •ot " '12 mA 0.25 0.4 0.15 C.4 
VQL low-lflv!!\ 01,11p1,1t voltage V1H ""2 v, v 

r,-· VJL -V:trnel< 10L ''" 24 rri.\ 0.35 0.5 

Input ~rrr.ro.t j Q lnpw.£. 'LS582, 
-- - ·~-----···- ·-··--

Vc,c ,..,, MAX.. v, ' 8.P V 
at m<1xrm1J1T1 . 0.1 Q.1 "A 

lnpu! vo!t~ge j Alf ath1v iriouts Vee • .-~ MAX, v, .,,,- 7 v 
11~ Hlgh-ll!_':':_i .!.11.put~~~-;;-f-Vcc ... M~X. V: . 1."} v 10 ?O ,A 

.. -· 
:IL 

Law-!~vnr -·la i.'lr.mt~, 'LS587 -0.4 -o . .-;. 
fTi.~ 

lnpt.1t c.urro;!nt IA.Ii t;.thc-r in:iuts Ve~ ""' MAX, v, ""0.1 v 
0.2 -0.2 

:os9 $hr;e1-clri.':11it uu!_put Gurro!'l Vee"'" MA:<, Vo -o - 20 -100 -20 -100 mA 

'LS602 •·2 70 '2 7{J --
' I 'l..$6'J4 .,, 05 40 65 
I 'cc Suppjy cuuant V<.:c.: ·""'MAX, See No10 ' "'' ) I 

'LSGSG •4 75 44 75 
'l£68~ 40 65 4G 

.,, 
1 l"or C<l'1j•tn:;ru; !>hown O!; M!N Qr MAX, rnrn o·,!'! ,1p-propr:atc ·1r.lutt!l SD{)cmcc under recoT,rn~f!O~:::I oper<r'.los:: condiLion.s 
-1 A!I typ!c~l VJIJe~ arE at Vee "' 5 v. TA ... 25 "C. 
§ NO<t mw..;:. th.Q.J\ ono .;i;,ifp-"t 2l1oulO b\:' 12hort"'rJ <ii: e ti•ne, and d>.1riltn;i•1 of 1.h'<l tihurt-c;r~uit ;t\huuld 1"11 1'1'1<.Cr:<;'d orie Jtetof"ld, 
NOT~ 1 ~ Ice 1(0 rr.0es1.1rP.d wlth .:my \.f innuts grcunrled. ali G'hcr ir:;xit:> 11t .i..5 \'. 15nd all ou1p·1ts l/fJf:I'\, 

TEXAS~ 
INSTRUMENTS 



S~J54LS6B2, SN54LS1iB4, SN54LS6!111 
SN74LS6BZ. Sl\l74LS6Bll, SN141SB86, SN74LS588 
IHUT MAGNITUDEllDEl\ITITV COMPARATORS WITH TOTEM-POLE OUTPUTS 

svJitching charactetisti.cs, \'CC ,..,,, 6 V, TA qi 2.5 °c 
-----·-·~- ·--- 'LSGas 'lSBB8 ~ ~·-1------i FROM TO T~ST 'LSGBl 'lfi8B4 

PAA.Al'/,E.TERt -·----- .. -· ---
Mi~;TvPMAX ~iNTYP-MAxt·r4iiN "T1fp·-~'iAX'. U~IT l fl~PCTS) iOUTFUTl CONDITIONS MIN TV~ MAX 

~:.-J::___ 1J 2!.'. '. !; .lf• 13 .l~ i 12 18' i p p"Q - - l}r. I 
tfHl. 15 w 17 2.5 ''° ".trt- 17 2~i I 

fPi,.H p;;l) 
14 ?5 1 (i 25 13 15 --,2~-1 

0 ! n~ I 
IPHL ;5 26 -,s ,. 21 JOI 17 2'.~_J 

"' " 66-7 0, 
11 201 12 73! I ff1LH t·, G1 !=Ci Ci,, - t: 5 pF~ 
19 30! 20' "' I tp:.-it, 13 

-~-·~ Ail C•the:· 
.101 

' "' I 
fPt..1-i· 

l'>\l 
10 30 22 30 19 r lnputp; 100·1, 

'?Hl 1 '5 30 17 30 15 io·, ±:1 ~,ne :\lote 'J 
18 30[ _1.r~ ~~ P>G 

,, 30 « 30 ··-· Q 
1~;..fl 

-~ -~-~-
19 3() 20 30 t9 30[ --: 

1-. tp Lt!___ 21 ~;1 G2 ff>Q -i nS I t 
·-~· 

,. 
t tpu; ~ t)~ope;.i:;a.tiQn de:ey timet, iow·to-htgh-le~el outpJJt&; 1PHL. !!: prop&gl:\liofl delay tim6, i·righ~to·lo...-i·f~\'ai outp~it. 
NOl'F,; .?.: Load dr~l..li\Jl. 6n'OI vo\1;,g-: waveforms are !>hown in &ctio.'l 1. 

TEXAS~ 
INSTRUMENTS 



St~54LS685, Sl\!li4LS6!!7 
SN74LS6B5, SN74LS687, SN74LS688 

il·BIT MAGNITUOEllDENTITY COMPARATORS WITH TOTEM·POLE OUTPUTS 

recornrn.ended operating conditions 

___ S!_~-'-----i.-- - -~~!~L:c___ UNIT 

~S_v_o_?l_v--.o-,-.. -"·-.-, -V-c-~----------------------1--:-·'.~-~--N-0-·-:-M:,~ \ ;~ NE>!:;~~ v·--
higi"1·Lln/GI ou~p!.rt curro11N, VoH 5.5; 5.5 v 

electrical characteristics over recommended operating free~air temperature range (unless otherwise 
no1ed) 
-

PARA.METER I TEST COND!TlONSl 
SN!54LS' 5N74lS' 

MIN TYP MAX I-JUN TVP MAX -- --
'JIH H;9h-h!.vu', ii"lpot \l<'.lllag<! I 2 2 

_\~.!~---· Low-t3~·P.! 'nput voltmge 

I 
0., 0.8. - ---

VT+ - VT- Hyster err:!"' \ p or a in;i~its Vee ""M!N 0.4 0,4 

Vn<. Input d;;mp volt11gi:; V!<[; "'M1N, •1 . -18 111A -L5 1 "· 

Migh-levft! output vo!tas;ie vcc ""Ml~-.1. V1H " 2 v. 
~00 IQH 260 

V1L . V1unax, Voh . 5.S V 

Vee .., MIN, 
IOL ~ 12 mA 0.2b 0.4 0.25 (),4 

Vot low-!c-..~I ~utput valt~e: V11-j - :l. v, 
V1~1lm:iit: lot . 24 mA C.35 0.5 

- --·-L..... 
11 vc0 • MAX . v, " 7V Q.1 0.1 

..'lli___, ·--~t_1:l1:"'.el ir1i)\tl c;urr".'nl Ver. . MAX, v, -. ?:.7 v 20 ;:.ll 
-·· - ---.--

liL L1'W·i&ve1 lr:~t.1t currant I Vee . MAX. Vt = Q.4 v -0.2 -0.2 

5upi;ly I 'tS685 40 BS 40 61.) 
ice Vee . MAX, $111e ~-Jote : 

c:urre.-:t I '1..S'587 44 :1b 44 75 
~. 

f1·or concition:i :;!"owns.~ MIN or MAX. ug.;i the aporopti.ete vatues specifiM under mcomrr.erided l)Peti'.ltirttJ c::;dl:lons. 
::Aflt;p!calvstuos:.an.1-.otVcc "'QV, Tp, "'2o~c. 
NOT!;~,: ice is ml';~sure witr ar."'· ~ ·n;iut.'.l grouni::!o~, a'! ether inpi.1t::a 1H 4.?'i v, and an ::llrtpulll open. 

TEXAS 'J.!l. 
INSTRUMENTS 

! l,.H'JIT 

v 
v --v 
v 

,A 

v 

-· mA 
,A ---m,, 

mP 



ieneral 
iescription 

ua Corporation 

a82,55 
Programmabfe Peripherar 

l"""'"'""'-4'""' l\...t.--~,... .. II"'"' IQ'°'" l"'lUUiJll." I 

~ a .8 2 5 5 !l.1:eg.aCore h.t.r>.d:-~on Uc.~pJ.ementing .:.1 progranm> ... 1h!e 

periphera~ i11to-face ad.apter 
gg Optimized for FLEX~ and !vi:AX:<t· architectures 
as: 24 programmable inputs/outputs 
~ Static read/write or handshakin?; modes 
~ Direct bit set I reset capability 
~ Syo£.h.rcn.·\ous d_~s\gt'_ 

~ Uses approximately 194. FLEX !ogic e.!en->..ent& {LEs) 
~- - · Fundi·onaUy based on the Intel 8255A and Harris 82C55A devices, 

I I \ o 1"\ 1 : -, I • I • r , .~ .. ' "• O 1 :: • ' excepc as noceu u 1 cne v .!!"mr;i:;;;::, ~.::: c:.! !"if;;_·.!:!:">n:-: ~;t';,,T;.i::;;;_ c•J; 

The a82 SS MegaCor~ functio}1 implements a programmable peripheral 
i.nterfaceadapter {see .::· .;~:;; . .:.:t: ;). The a8255 has 241/0si.gnab that can be 
programmed in two groups of 12: This l\tiegaCore fw1ct"ion operates in the 
foffowfng three modes: 

Si'.- Mode 0: &ls.ic lnpHt/Oldpl1t-Po:rt A, po:rt B; and po:rt C (upper and 
lmver) can be independently configured as inputs(}{" outputs .to read. 
or hold static data. Outputs are registered; inputs are not registered. 

~ Mode 1: Strobe.? Input/Output-Port A a11d port B can be 
independently configured as strobed input or output buses. Signals 
from port Care dedicated as control signals for data handshaking. 

as: Mode 2: Bidirectional Bus-Port A can be configured as a bidirectional 
bus with the majority of port C providing the control signals. In this 
con.figurnt.i.<n\. pmt B can sti.ll Lmplement mode 0 0r mode 1. 

Figure 1. a8255 Symbol 

A8255 

CLK 
nCS 
nRD 
nWR 
RESEI 
Af1..0} 
DlN{7 .. 0l 
PAin[7 .. 0l 
PBin[7 .. 0j 
PCin[7 .. 0] 

PAEN 
PBEN 

DOtJT{7 .. 0J 
PAOlJTf7 .. D} 
PBOLl1F .. O} 

PCEN[7 .. Gl 
PCOUT(7 .. 0l 

45 



a8255 Programmable Peripheral Interface Adapter Data Sheet 

i.:bh' : describes the input and output ports of the aBJ 55. 

Table 1. a8255Ports 

Name Type Polarity Description 

elk Input - Clock. 

nc.s Input Low Chip select. When ncs is asserted, the a8255 is selected and read 

and write 1ransaclions 10 internal registers are possible. 

nrd Input Low Read control. When nra' is asserted and the a82 55 is selected, read 

transactions from internal registers are possible. 

n\'JY Input Low Write control. When nwr is asserted and thea8255 ls selected, write 

1ransaclions to internal registers are possible. 

reset Input High Reset. Initializes the control and port C output registers, ancf sets the 
port A, B, and C registers to input mode. 

a [ l .. 0 J Input High Register address bus. This bus selects one of the internal registers. 

din[7 .. OJ Input High Data input bus. The CPU writes data to the internal control, port A, 

port B, or port C register via the din [ 7 .. a J bus. 

pain[7 .. OJ Input High Port A input data bus. 

pbin[7 .. OJ Input High Port B input data bus. 

pcin [7 .. OJ Input High Port C input data bus. 

pa en Output High Port A data enable. Output enable for the part A output data bus. 

pben Output Hlgh Port B data enable. Output enable for the port B output data bus. 

dout[7 .. 0] Output High Data output bus. The CPU reads data from the internal control, 

port A, port B, or part C register via the dout [ 7 •• OJ bus. 

paout [7 .. OJ Output High Port A output data bus. 

pbout [7 .. OJ Output High Port B output data bus. 

pcen[7 .. OJ Output High Port C data enable bus. Output enable for each bit of the port C 
output data bus. 

pcout[7 .. OJ Output High Port C output data bus. 
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cunctional 
)escription 

;::g:J.'<" '."'shows a block diagram of the a82 55. 

~igure 2. a8255 Block Diagram 
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Register Address Map 

.:.·.~bl{':.? shows the register address map for the a82 5 5. 

Table 2. Register Address Map 

a1 ao Register 

0 0 Port A data (all modes) 

0 1 Port B data (all modes) 

1 0 Port C data (mode 0) and status (modes 1 and 2) 

1 1 Control register mode definition and port C bit set/reset 

Registers 

This section describes the following a82 55 registers: 

~ Control 
Ir* Port A, B & C 

Control Register 

The control register sets the mode and signal direction for the three 8-bit 
I/O ports. Control of the I/O ports is split into two groups. Group A 
consists of port A and the upper four bits of port C; group B consists of 
port Band the Lower four bits of port C. Group A can be set to mode 0, 
mode 1, or mode 2, but group B can be set to only mode 0 or mode 1. 

Writing to the control register address with bit 7 set is the mode definition 
format, which allows control of the mode and direction of the three I/O 
ports (see ·.:.·«"tl:·lt· :'._l). Writing to the control register address with bit 7 reset 
is the port C_bit set/reset format, which allows single-bit control of port C 
(see !';;;b;f~ 10. The CPU reads the control register using the mode 
definition format. 
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Table 3. Control Register Mode Definition Format 

Bit Description 

0 Port C (lower) 110 direction: 

1 =input 

0 =output 

1 Port B 1/0 direction: 

1 =input 

0 =output 

2 Group B mode select: 

1=mode1 
0 =mode 0 

3 Port C (upper) 1/0 direction: 

1 =input 
0 =output 

4 Port A 110 direction: 

1 =input 

0 =output 

6 .. 5 Group A mode select: 

00= modeO 
01=mode1 

1X =mode 2, ..'\'af;: ("i} 

7 1 when writing = mode definition format 

Always 1 when reading the control register 

Note: 
(1) The X indicates "don't care." 

Table 4. Port C Bit Sel/Reset Format fl}(,![(· (i) 

Bit Description 
0 Bit set/reset: 

1 =set 
0 =reset 

3 .. 1 Bit select address 

6 . .4 xxx. ;\1f:.,l'i:J (2j 

7 0 when writing =port C bit set/reset format 

Notes: 
(1) For example, to reset bit 3 of port C, bit 7 is reset to indicate that the write is in the 

port C bit set/reset format. Bits 6 through 4 arc "don't care." Bil' 3 through 1 arc 
011 to address bit 3, and bit 0 is() to indicate a reset operation. The complete data 
word is OXXXO!lO. 

(2) The X indicates "donft care." 
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Port A, B & C Registers 

Depending on the configured input and output directions that are set in 
the control register, the microprocessor either reads or writes data 
to/from the port A, B, or C registers. Ports A and B have separate input 
and output registers. 

In mode 0, the port C register functions identically to the port A and B 
registers. In modes I and 2, the port C register has a specialized role; a 
write to port Chas no effect-the register bits must be altered individually 
using the port C bit set/ reset format. Reading the port C status bits in 
modes I or 2 provides the CPU with the status of the control signals and 
flags, as shown in T;;i_i!,:·>: ". r.i::·o~:gh 7. However, the modes and port 
directions can be mixed in more combinations than these tables illustrate. 

Table 5. Port C Status Bits with Ports A & Bin Mode 1 Input f~iii{f.,1 (1) 

Bit Signal Description 

0 intrb Port B interrupt request 

1 ibfb Port B input buffer full flag 

2 inteb Port B interrupt enable 

3 intra Port A interrupt request 

4 intea Port A interrupt enable 

5 ibfa Port A input buffer full flag 

6 1/0 rV~!!e (.::.:,· 

7 1/0 r\J~.·!e ('::.'.; 

Notes: 
(1) These bits arc defined in T<.l•k ''· 
(2) Bits 6 and 7 effectively operate in mode 0. The l/O direction is dependent on bit 3 

of the control register. 
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Table 6. Port C Status Bits with Ports A & Bin Mode 1 Output IL'l'li(• !i; 
' " .. : '; 

Bit Signal Description 

0 intrb Port B interrupt request 

1 nobfb Port B output buffer full flag 

2 inteb Port B interrupt enable 

3 intra Port A interrupt request 

4 1/0 /·/,;ff! (~~; 

5 1/0 !Vi·;ff! (/; 

6 in tea Port A interrupt enable 

7 nob fa Port A output buffer full flag 

Notes: 
(1) These bits arc defined in foblc '.'. 
(2) Bits 4 and 5 effectively operate in mode 0. The l/0 direction is dependent on bit 3 

of the control register. 

Table 7. Port C Status Bits with Port A in Mode 2 /• .. hJi'i! (/) 

Bit Signal Description 

0 - (·.kJ{!'f (4~; 

1 - !Y1·;f~ {~~; 

2 - /Y,-;fff ('/i 

3 intra Port A interrupt request 

4 inte2 Interrupt enable 2 

5 ibfa Port A input buffer full flag 

6 in tel Interrupt enable 1 

7 no bf a Port A output buffer full flag 

Notes: 
(l) These bits arc defined in reek ; ) . 
(2) Depending on the lower three bits of the control register, bits 0 thrmtgh 2 either 

operate in n1odc 0 or function as status bits for port Bin n1odc 1. 

The a 8 2 5 5 operates in the following three modes: 

l!i! Mode 0: basic input/output 
llfi: Mode 1: strobed input/output 
ii: Mode 2: strobed bidirectional bus 
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Mode 0: Basic Input/Output 

Mode 0 is used to perform simple reads or writes of relatively static 
signals, such as switches or status displays. Port A, port B, port C (upper), 
and port C (lower) can be independently configured as inputs or outputs 
without requiring handshake signals. Data written by the CPU to a port 
configured as an output is registered; data read by the CPU from a port 
configured as an input is not registered. 

Mode 1: Strobed Input/Output 

Mode 1 is used to perform reads or writes of data controlled by handshake 
signals. Ports A and Bare the data ports, configured independently as 
either inputs or outputs. Port C provides the three handshaking signals 
for each of the data ports. Both input and output data are registered. 

';';;b:,; io shows how the handshaking signals are configured for mode I 
input. 

Table 8. Handshaking Signal Configuration (Mode 1 lnpuf) 

Name Signal Description 
Type 

nstb Input Strobe. Enable for input register. 

ibf Output Input buffer full flag. When set, indicates that data has been 

loaded into the input register. Set by ns tb going low, and 
reset by the rising edge of the nrd input. 

in tr Output Interrupt request. Can be used as the interrupt signal to the 

CPU. Set on the rising edge of nstb when inte is high. 
Reset by the falling edge of nrd. 

inte Internal Interrupt enable. Set by bit set to PC4 for port A and PC2 for 

control port B. 

bit 
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L:~·c•:: ";shows how the handshaking signals are configured for mode 1 
output. 

Table 9. Handshaking Signal Configuration {Mode 1 Output) 

Name Signal Description 
Type 

no bf Output Output buffer full flag. Indicates that data has been written to 

the port. Goes low on the rising edge of nwr, and returns high 

when nack is asserted. The rising edge of nobf should be 

used to latch data into the peripheral. 

nack Input Acknowledge. Indicates the peripheral is ready to latch the 

output data. 

in tr Output Interrupt request. Can be used as the interrupt signal to the 

CPU, which indicates that the peripheral device has latched 

the data. Reset on the falling edge of nwr; set on the rising 

edge of nack when inte is high. 

inte Internal Interrupt enable. Set by bit set to PC6 for port A and PC2 for 

control port B. 

bit 

fab!,; l i) summarizes the configuration of port C when both port A and 
port Bare configured as mode 1. 

Table TO. Port C with Port A & Port B Both Configured as Mode 1 tr.!<.·{°i? ( 1) 

Bit Mode 1 Input Mode 1 Output Description 

PCO intrb intrb Always output. 

PC1 ibfb nobfb Always output. 

PC2 nstbb nackb Always input. 

PC3 intra intra Always output. 

PC4 nstba 1/0 1/0 direction configured by bit 3 of the control register in "mode 1 

output." 

PCS ibfa 1/0 1/0 direction configured by bit 3 of the control register in "mode 1 

output." 

PC6 1/0 nacka 1/0 direction configured by bit 3 of the control register in "mode 1 

input." 

PC? 1/0 nob fa 1/0 direction configured by bit 3 of the control register in "mode 1 

input." 

te: 
The interrupt enable control bits (int ea and inteb) arc stored in the output register bits PC2, PC4, and PC6. 
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Mode 2: Strobed Bidirectional Bus 

Mode 2 is used to perform reads and writes of data over a bidirectional 
bus controlled by handshake signals. Port A is the only data port capable 
of mode 2 operation, while port C provides the five control signals for this 
data port. Both input and output data are registered. :A··I<' ; l shows the 
configuration for the bidirectional bus. 

Table 11. Bidirectional Bus Configuration 

Name Signal Type Description 

nstb Input Strobe. Enable for input register. 

nack Input Acknowledge. Indicates that the peripheral is ready to latch the output data. Acts 
as the tri-state enable for port A. 

ibf Output Input buffer full flag. When set, indicates data has been loaded into the input 
register. Set by ns tb going low, and reset by the rising edge of the nrd input. 

no bf Output Output buffer full flag. Indicates that data has been written to port A. Reset on the 
rising edge of nwr, and set when nack goes low. 

intr Output Interrupt request. Can be used as the interrupt signal to the CPU that indicates 
the peripheral has latched the data. Reset on the falling edge of nwr or falling 
edge of nrd. Set on the rising edge of nack when in tel is high, or on the rising 
edge of ns tb when in te2 is high. 

in tel Internal Interrupt enable 1. Set by bit set to PC6. 
control bit 

inte2 Internal Interrupt enable 2. Set by bit set to PC4. 
control bit 

Tobi<: 1:!. summarizes the configuration of port C in mode 2. 

Table 12. Port C Configuration in Mode 2 

1/0 Mode2 Description 

PCO 110 Dependent on group B configuration 

PC1 110 Dependent on group B configuration 

PC2 1/0 Dependent on group B configuration 

PC3 intra Output 

PC4 nstba Input 

PCS ibfa Output 

PC6 nacka Input 

PC? no bf a Output 
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'"iming 
l\/aveforms 

F!~~ir;;-:- ?·and 4 shows the fLmctional timing waveforms for the a82 55 . 

lgure 3. a8255 Mode O and Mode 1 Functional Timing Waveforms 
111ode 0: Basic Input 

ncs, a[1 .. OJ ___ __,X~_A_d_dr_e_ss_V_a_li_d _____________________ _ 

pain[7 .. 0], pbin[7 .. 0], -------------.X Inputs Valid pcin[7 .. 0] ...___,__ ________________ _ 

dout{7 .. 0] -------------------~X~_D_a_ta_va_li_d _______ _ 

lode 0: Basic Output 

ncs, a[1 .. OJ 

nwr 

din[7 .. 0) 

aout[7 .. 0) , pbout(7 .. 0], 
pcou[7 .. 0J 

ode 1: Strobed Input 

nstb 

intr 

nrd 

.ta from 
ripheral 

1de 1: Strobed Output 
nwr 

nack 

Valid Data 

paout, ~---------.~-------------------------­
pbout ---------~~-------------------------~ 
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~igure 4. a8255 Mode 2 Functional Timing Waveforms 

\.lode 2: Bidirectional Bus 

nwr 

nobf 

intr 

nack 

nstb 

ibf --------------~.; ;:>\ 
eriph~~a~ --------------<(~~~at~a_!!fr~om~P~er:!fip~he~r~a1J)---{_!(D~a~ta~ff!!ro~m~a~8~2~55~~f---(/ __ ======= 

nrd \__J 

·ariations & 
larifications 

The following characteristics distinguish the Altera a8255 from the 
Intel 8255A and Harris 82C55A devices: 

1111 To allow synchronous design, a elk input was added as a system 
clock to the a82 55. This capability requires that all strobes (nrd, nwr, 
nstb, and nack) have a minimrnn pulse width of one elk cycle. 

Ill! In the a8255, the reset input resets the port A, B, and C registers. 
In the Intel 8255A and Harris 82C55A devices, the port A, B, and C 
registers are W1affected by the reset input. 

1111 · ·The bidirectional buses in the Intel 8255A and Harris 82C55A devices 
(d, pa, pb, and pc) are split into input, output, and enable signals in 
the Altera a82 5 5. 

1111 The a8255 has no "bus hold" passive pull-ups on port signals. 
Because the port I/O signal is usually tied to the I/O of the Altera 
device, pull-ups or pull-downs can be added. 

1111 In the a82 55, the control register can be read. The control register can 
be read on the Harris 82C55A device, but the Intel 8255A device does 
not have this capability. 

IS In the a82 5 5, the reset signal initializes the control register such 
that all ports are set to mode 0 inputs. Reading the control register 
after initialization will return the value of 9B in hexadecimal. 

Ill! After initialization in mode 1, the pertinent control signals in the 
port C register should be configured via the port C bit set/ reset 
commands. 

11! In mode 2, every read or write of port A resets the intra interrupt 
signal. 

1111 ·The Intel and Harris data sheets state that output registers and status 
flipflops should be reset in the event of a mode change. This feature 
was not included in the a8255. 
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