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ELAPSED TIME COMPARISION OF THE LFSR PARALLEL AND
SEQUENTIAL OUTPUT GENERATION

The linear feedback shift registers (LFSR) are designed for pseudo-random number
generation. These numbers consist of one and zero sequences and have a repeating period.
LFSR has a maximum repeating period if the unique output bits length is equal to 2n-1. The
LFSR used in encryption and signal processing (CDMA). The time of generation of
LFSR’s output data depends on the required output bit’s length, the longer is the required
output length the more time it will require for generation. If the data or signal is encrypted
with long-length LFSR output data it will require a long time for the receiver to decrypt the
received data as it will first start the local generation of LFSR’s output data and then start
the decryption process. The parallel generation of the LFSR’s output bits allows shorting
the generation time and, based on that, the time for data encryption and decryption is short too.

The output bits of LFSR can be generated in a sequential and parallel manner. In this
article, we will generate the output data in both ways, and calculate and compare the
generation time.

Keywords: LFSR, parallel and sequential generation, Java, encryption, CDMA.

Introduction. For LFSR simulation we are going to use the Java library
from [1]. In this library, we can find all the required tools that are needed for
LFSR’s output generation. The library contains the abstraction of LFSR, which
means that we can create the generic LFSRs with n length and the randomly
positioned feedback values. By default, it is up to the user to specify the algorithm
of generating the output data: can be generated in a sequential manner or parallel.
For sequential generation, we just need to create the required LFSR’s object and
call a “process” method in iteration, where the length of the iteration is the
maximum length of the LFSR [2]. For a parallel generation, we are going to use the
class “ParallelLFSR” [3] which uses a special algorithm that allows parallelizing
the output data generation. The algorithm is based on LFSR’s upcoming state
generation and it defines the upcoming state and starts the output generation from
that state. Before starting the generation time testing, we should note that the
parallel generation method uses recursion as a soft solution which is realized done
using the Java language. The sequential generation uses iteration, and the iteration
in Java working is much faster than the recursion [4]. The solution for parallel
generation shows time advantages when it is implemented in the scheme and not in
a high-level programming language. However, we can measure the speed between
the iteration and recursion on the tested device (computer) and define a coefficient
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of relativity between the time of iteration and recursion that will be equal to y = IT
/ RT where IT is the speed of iteration and the RT is the speed of recursion for the
same number of iterations. After performing the generation testing for the parallel
method, we need to multiply the elapsed time with y to get the corrected elapsed
time related to the iteration method.

Defining the time relativity between iteration and recursion. For defining
the y coefficient we need to run the program that will perform an iteration
of n times and record the elapsed time between the start and end of iteration. Then
we need to run the recursion n times and measure the elapsed time between the
start and end of the recursion process. Let’s run the “RecusionVslteration” [5]
program from the library and define the time relativity for different n values. The
results are displayed in Table .

Table

Iteration and recursion elapse times

n Rr Ir
100 19299 4760
500 97368 7933
1000 166839 11278

5000 742013 43381
8000 1051972 65485

As we can see from Table the iteration process takes much less time than the
recursion. And while measuring the LFSR output generation time we need to
consider this.

LFSR sequential and parallel output data generation. For testing the
output data generation let’s look at the program
“ParallelAndSequential LfsrOutputGeneration” [6] from the library. In the “main”
method, we have defined the LFSR with n = 17, and the feedback positions are f; =
2,L=31=6f1=8f=9fs=17.

After running the program, we can see the elapsed times for each kind of
generation parallel and sequential as shown in Figure.

Sequential 17596273 1, 1; 1; 1, 1, 1, 1, 1; 1, 1, 1; 1,
Parallel 123622027 (1, 1,1, 1,1, 1,1,1,1,1,1,1

e
’ .

’ ’

Fig. LFSR output generation elapsed times in sequential and parallel manner

As we can see, the parallel generation time is much longer than the sequential
generation, because the parallel generation is based on recursion. For equalizing
the recursion effect we need to multiply the parallel generation time with the
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relativity coefficient between recursion and iteration. The tested LFSR’s length is
17 which means it produces 2/’-1 period output data. The algorithm which is based
on the parallel generation will start recursion after every /7 steps, which means that
we need to divide the 2/7-1/17 = 7710 to define the recursion count. The value is
close to n = 8000 from Table 1. The y = Ir/ Rr= 65485/ 1051972 = 0.0622 and
Prreai=Pr *y = 7689290, which is 2.28 times faster than the Pr sequential method.

Conclusion. The article demonstrates LFSR’s parallel and sequential output
data generation and the elapsed time for LFSR with length n = /7 and f; = 2, f> =
3, /3=06 fr =38 f5s =9, fs = 17 feedback positions for each of sequential and
parallel manners.

REFERENCES

1. GPS generator library reference
https://github.com/RobertApikyan/GpsGenerator/tree/parallel and sequential generation

2. John F. Brendle Jr. (2000) Pseudorandom Code Generation for Communication and
Navigation System Application, 17-23.
https://apps.dtic.mil/dtic/tr/fulltext/u2/a336311.pdf

3. ParallelLFSR class reference
https://github.com/RobertApikyan/GpsGenerator/blob/parallel _and sequential generati
on/src/src/main/ParallelLFSR java

4. Recursion vs Iteration article in Medium
https://medium.com/backticks-tildes/iteration-vs-recursion-c2017a483890

5. RecusionVslteration class reference
https://github.com/RobertApikyan/GpsGenerator/blob/parallel and sequential generati
on/src/src/main/RecursionVslteration.java

6. ParallelAndSequentialLfsrOutputGeneration class reference
https://github.com/RobertApikyan/GpsGenerator/blob/parallel and sequential generati
on/src/src/main/ParallelAndSequential LfsrOutputGeneration.java

Nn.4u. UNh43UL

qoU3hL SULUTUMe YUNNY SEUUCUNrdUUL NEShUSPrLENP ELLUSPL
S4Y3uLuErh 4oU3hL 64 RNMULEN 46LEMUSPU3P JUUULULULE P
cuvesuusnruL

Y6wjhu hbunwnwpé Yuwny wnbnwownpddwu nbghunpubpp (3<4SMN) twfuwwnbu-
wd Gu pJugh wwwnwhwlwu hwdwpubiph gbubpughwih hwdwp: Uju hwdwpubpp pwn-
Ywgwd Gu gpnutiphg U dblybphg W nwbu Ypyudwu wwppbpneniu: F<USM-U odndwd |

wnwybiwgnyt Ypludwl wwpptipnuejwdp, Gpl upw sypluynn Gipwjhu phpbiph Gplwpnt-
pintup hwjwuwp £ 2n-1-h: F<YUSM-ubipp oguinwignpdynid Bu wndjwiubph Ynnwynpdwu b

236



wqnwupwuubph dowlydwu hwdwp (CDMA). dwdwuwyp, npu wuhpwdtion £ F<USMN-h G-
pwjhtu myjwiubiph gtubpwghwh hwdwp, ninpn hwdbdwwwywunpbu Ywiujwsd § wuhpw-
dtigin Gipwjht phetiph pwuwyhg. nppwt UGS £ wwhwugdwsd tipwiht phebph pwuwyp,
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Jwd nyjwiutipp Ynnwynpgwsd tu F<USM-nyY, npp pwnyugwsd £ dbd pwuwyh nbghunp-
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QLYSM-h Gipwihtu wyjwiubipp, nphg hGwnn uyunwd £ nynnwynpdwtu wpngbiup: 9<4USH-h
Glpwihtu wnyjwiubiph gniqwhbin gbubpwghwt eny| £ wwjhu wybih Yupé dwdwuwywhwn-
Juénw gbubipuguby Gpwihu wdjwiutpp, W hbwnlwpwp, wybih wpwg Yunmwpbp ndjwiubpp
Ynnwynpnud b nEYnnwynpnid:

QFLYUSM-h bpwihu wndjwiubpp huwpwynp £ gbubpwgub) Gpynt Gnwuwynd' gniguw-
htin U hwonpnwlwu: Ugfuwwmwuph 2nowuwlubpnd hpwlwuwgynid £ Gpynt wmbuwyh qb-
ubpwghw, hwoywpyynw b hwdbdwwnynwd Gu qtubipwgdwt hwdwp unwgywd dwdw-
uwlubipp:

Unwugpuypti punbp. 3<USN, qniquhbin b hwonpnuwu gtubipwghw, Java, Yn-
nwynnpnwd, CDMA:

P.K. AIINKSAH

CPABHEHUE BPEMEH MMAPAJUIEJIbHOW U IUHEVMHOM
T'EHEPAILIMU BBIXOJIHBIX JAHHBIX PETUCTPOB CABUTA C
JIMHEMHOM OBPATHOM CBSI3bIO

Peructpsl cnBura ¢ muHelHo oopaTHO# cBsi3bio (PCJIOC) npeaHa3HaueHBI JJIs Te-
HepaIuK MCeBA0CTyYalHbIX YKiced. DTU YHUCIa COCTOSIT U3 OJHOW M HyJEeBOHM MocieoBa-
TenpHOCTEN U uMeroT nepuo] nosTopeHus. PCJIOC umeer MakcuManbHBIN IEPUO/] TOBTO-
peHHMs, eCcIH JUIMHA BBIXOAHBIX OuTOB paBHa 2n-1. PCJIOC ncnonp3yroTes mpu mudposa-
HuU U 00padoTtke curaanoB (CDMA). Bpems renepanuu BeixogHbix qaHabIX PCJIOC 3aBucuT
OT TpeOyeMoil IITMHBI: YeM OOJIbIIe ITHHA BBIXOIHBIX OUTOB, TeM OOJBIIIE BPEMEHH HE00-
XOIUMO JJIs TeHeparuu. [IpueMHuKY moTpedyeTrcs MHOTO BPEeMEHH I ACUIin(pOBaHHUSA
TIOJYYCHHBIX TaHHBIX, €CIH JaHHBIC 3al(pPOBAaHBI C MCIOJIH30BAHUEM JJIMHHBIX BBIXOI-
HbIX HaHHbIX PCJIOC, mocKonbKy MpHEeMHHK, 10 TOrO Kak HavyaTh MpoLece Nemn(ppoBaHus,
MIPOBOUT JIOKaJbHOE reHepupoBanue BoIxoaHbIX NaHHbIX PCJIOC. IlapaniensHas renepa-
1ust BeIXOMHBIX 0MTOB PCJIOC mMO3BOJIIET COKPATHUTh BPEMs TEHEpAIlMd, a TaKKe BPEMs
mrppoBaHUs U NEIIUPPOBAHHSI.

Beixoausie 0utsl PCJIOC MOryT OBITH CreHEPHPOBAHBI TIOCIICOBATEIILHO U Mapa-
nensHO. B cTraThe creHeprpOBaHbI BRIXOIHBIE JaHHBIE OOOMMH CIIOCO0aMHM, a TaKKe pac-
CYUTAHO ¥ CPABHEHO BpPEeMsI TeHEpalnH.

Knroueewte cnoga: peructp caBura ¢ TMHEHHONW 0OpaTHOM CBSI3BIO, apalIeTbHAS 1
mocJeToBaTebHAs TeHepanyy, Java, mmdposaane, CDMA.
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