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Using Combinational Circuitsfor Control Purposes

Maher A. Nabulsi and Mohammed A.F. Al-Husainy
Department of Computer Science, Faculty of Scieaoelsinformation Technology,
Al-Zaytoonah University of Jordan, Amman, Jordan

Abstract: Problem statement: Combinational circuits are used in computers fenegating binary
control decisions and for providing digital compotge for data processing\pproach: The use of
combinational circuits and logic gates to contrtilen circuits was discussed. Different systems that
use logic gates, multiplexers, decoders and ensddecontrol different circuits were presented.sThi
study presented a design and implementation of som#inational circuits such as a decoder, an
encoder, a multiplexer, a bus system and read/wriamory operationsResults. When we
connected some types of combinational circuits he tnputs/outputs of digital circuit, these
combinational circuits can help us to manage aod fk different types of control signals through a
large digital circuit.Conclusion: Many combinational circuits had a good functioniahhcan be used
for controlling different parts of any digital sgst and they produce a suitable way to transfer a
control signals between different digital composesftany large digital system.
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INTRODUCTION specific digital functions commonly needed in the
design of digital systems.
Logic circuits for digital systems may be Some combinational circuits, such as decoders,

combinational or sequential. A combinational citcui encoders and multiplexers, can be used to conthero
consists of logic gates whose outputs at any tine a devices such as decoder circlits three-state
determined from the present combination of inpats. bufferd®¥, register circuitd, bus circuits, read / write
combinational circuit performs an operation thah ca memory operatiodd and others. Decoder and other
be specified logically by a set of Boolean funcion combinational circuits can be used in mobile system
Sequential circuits such as registers, counters angireless networks and can be applied for othertedla

memories employ storage elements in addition teclog communication systerfi!. Decoder logic is essential
gates. Their outputs are a function of the inputd a for control units and memori€s

the state of the storage elements. The state cdgeo
elements, in turn, is a function of previous mpwts a MATERIALSAND METHODS
consequence, the outputs of a sequential circuit

depend not only on present values of inputs, bso al ) G2
on past inputs and the circuit behavior must be Here, we use asimple control to generate

specified by a time sequence of inputs and internafontrol signals, which can be used to control dffi
states. devices illustrated in our examples. The controit un
A combinational circuit consists of input variahle contains an Instruction Register (IR) to store the
logic gates and output variables. The logic gategpt  instruction code which is read from memory, (4x16)
signals from the inputs and generate signals to th@ecoder to decode a 4-bit operation code, havirlg on
outputs. This process transforms binary informationone output (control signal) active at any givenetim
from the given input data to a required output data(either Oy or D; or ...or Dig) and some control logic
There are several combinational circuits that aregates.
employed extensively in the design of digital syste We can use a multiplexer to control a register
These circuits are available in integrated circaitel  circuit. For example, we use two multiplexers totcol
are classified as standard components. They perform 2-bit register constructed from two D flip-flops
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seen in Fig. 1. This register circuit is controlled a S, and S will be equal (00) out of the (4x2) encoder,
common selection line of multiplexers (LD): RA will be transferred to the bus lines, the LD ubpf
RB will be active out of the (2x4) decoder, RB will
* If LD = 0 (when O is not active), then fand A receive information from the bus lines and thetfirs
are transferred to D flip-flops and we have a no-+ransfer is performed (® RB ~ RA). All other
change state (no loading of new information) transfers will be performed in the same manner as
« If LD =1 (when Ly is active with operation code shown in Table 2.
0000), thendand | are transferred to D flip-flops

and we have a loading state of new information. IR

This situation is shown in Table 1 [1Jop code]  Address |

A decoder, an encoder and a multiplexer can be [#x16 decoder
used to control some transfers through a bus system [ b Q . Ay
Suppose, for example, it is required to perform the =il P v I
following four transfers through the bus system
constructed from multiplexers:

P Lu 1 Q4

Dl' RB RA Ije—1 MUX| —pC
D, RC - RB e
Dy RA —~ RD Fig. 1: Two multiplexers with one common selection

) ) line to control a 2 bit register
Where, RA, RB, RC, RD are 4 bit registers angd D,

Ds, D, are control signals. Figure 2 shows the bus systeMape 1: pata inputs selected for D flip-flops ks LD control

and the control of the required transfers. In gxample, input

the operation code for the first transfer is (0QCdy D selection

the second is (0010), for the third is (0011), floe Op code active input: LD Output: D Operation
fourth is (0100) and the other operation codesfare Any Op code except 0000D, 0 A Unchanged
other operations in the system. If the operatiodecis  state

(0001), then Pwill be active out of the (4x16) decoder, 0000 D 1 ' loading

IR

4x16 decoder ]il_ne'l‘
o . L’.n::'
| o foc’
Dis D;
D: 42 51 > 4x1 3_1’ 4x1 SL,_ 4x1 Si, 4x1
D | Encoder S MUX; S MUX, b=t MUX; S MUK,
E o )
D 3210 3210 3210 3210
Tt Tt R T 1
D; C5 Bs A D2 Ty By A Dy Cp B A Dy Cp By Ag
ED RC EE FA
LD LD LD LD
| D:polp] —Elclalel FEERE] oRAddalal
LA [T
Decoder
=3

Fig. 2: Using a decoder, an encoder and a muliplexcontrol some transfers through a bus system
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Table 2: Four transfers through the bus systemdoasesome control inputs

Op. code D active 1S S Selected Reg. LD active Operation
0 0 0 1 o 0 0 Bus— RA LD of RB RB ~ RA
0 0 1 0 D 0 1 Bus—~ RB LD of RC RC-~ RB
0 0 1 1 R 1 0 Bus—~ RC LD of RD RD~ RC
0 1 0 0 D 1 1 Bus—~ RD LD of RA RA - RD
Table 3: Read and write operations on memory Table 4: The control of some inputs of a registdR(and CLR)
Op. code D active Enabled decoder Operation The active control
0101 [} Decoder 1 Write Opcode D active AC test input of PC
0110 DY Decoder 2 Read 0111 D AC (15)=0 INR
1000 o AC(15)=1 INR
LD 1001 D AC=0 INR
e 1010 Do AC = FFFF CLR
oo D, b elb bl | - ,

address address

0

664 664
decoder 2 Memory unit decoder 1|
Dss 26=64 Dss
E |— locations each —
of §bits

0

E

Read

Write ’ D 5 1>

Fig. 3: Two decoders for read and write operations
memory

Fig. 4: The implementation of control and executidn
some instructions

Data items to be stored (write) in memory or which  Ajso, we can use some logic gates such as AND,
are retrieved (read) from memory to be used inyAND, OR, NOR, NOT and others to control and
calculation are sent along the data bus. The asldnes eyecyte some instructions. In this example, we have
which that data item is to be stored, or from whitcls  16.pjit processor register (accumulator: AC) and a
to be retrieved, is sent along the address bus. Alhrogram counter (PC) to hold and calculate the esidr
activity within - the microcomputer, including the of instructions. Here, we show how to control the
storage and retrieval of data items, is initiatgdthe  fo||owing instructions: SPA (skip next instructiéAC
microprocessor but managed by the control bus.thé  js positive), SNA (skip next instruction if AC is
responsibility of the control bus, for examplesteitch  negative), SZA (skip next instruction if AC is zgmnd
the direction of travel on the data bus depending ocoa (clear PC if AC is all 1's). We specify these
whether a data item is to be stored or retrievethfr jnsiryctions with the control signals {DDg, Ds, Dio)
memory. . and micro-operations as following:

For controlling purposes, we can use two decoders
for write to memory and read from memory operationsSPA D;: if (AC (15) = 0), then PG- PC + 1
as shown in Fig. 3. In this example, we have a nmigmo )
unit of 64 locations, each location of 8 bits, domsted ~ SNA Dg: if (AC (15) = 1), then PG- PC + 1
from flip-flops with a 6-bit address bus. Here,tlie . _
operation code is (0101), thery Will be active out of SZA Dg:if (AC = 0), then PG— PC +1
the (4x16) decoder.dIs connected to the enable input coA D,y if (AC = FFFF), then PG- 0
of Decoderl for the write to memory operation and D
is connected to the enable input of Decoder2 fer th The implementation of these instructions is seen i
read operation through three-state buffers. Thidmig. 4. The conditions necessary to set the reduire
situation is shown in Table 3. control input of PC are shown in Table 4.
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RESULTS

Some combinational circuits such as a decoder, a2.
encoder and a multiplexer were used to controlrothe
devices:

3.
» Using multiplexers to control the load operation of

a register
« Using a decoder, an encoder and a multiplexer td.

control some transfers through the bus system
e Using two decoders to control the read and write

operations on memory
* Using some logic gates to control the INR and
CLR inputs of a register

DISCUSSION

This study tries to focus on the usefulness ofesom
common combinational circuits (i.e., a decoder, an
encoder and a multiplexer) in controlling many7-
different components and operations (register, nigmo
bus, and execution of instructions) of a digital
computer. Through Fig.1 to Fig. 4, a novel suggesti
of hardware connections between a set of decoders,
encoders and multiplexers with different componémts
a digital computer is presented. These connections
helped the system generate many control signals to
perform different operations. This demonstratiordsh 9.
light on the importance of these combinational it
in control. We recommend employing these
combinational circuits in controlling other compote
of computer systems (like the Arithmetic Logic Unit 10.
(ALU), input/output units, etc.) and communication
systems.

11.

CONCLUSION

In this study, a small architecture of decoder,
encoder and multiplexer for register, bus system anl12.
memory operations was presented. We conclude that
the use of these combinational circuits can help th
designer of the digital computers to generate wifie
types of digital signals for controlling many
components in the digital computer.
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