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Components Based on Dynamic Programming
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Abstract Pairwise sequence alignment algorithm is a key algorithm in bioinformatics, and it is widely
used in sequence similarity analysis and genomic sequence database searching. The existing study
mainly focuses on the optimization and use of relative alignment algorithms for specific application
problems. To some extent, those studies lack a high-level algorithm framework that not only has led
to the redundancy of the sequence alignment algorithms and the possible errors caused by the artificial
selection algorithm, but also made the structure of algorithm difficult to be understood effectively.
Through in-depth analysis of the dynamic programming-based pairwise sequence alignment algorithms
domain(DPPSAA), a domain feature model and the corresponding algorithm component interactive
model have been established, a DPPSAA component library has been formally implemented by the
PAR platform, and a concrete algorithm has been assembled, thus the reliability of the algorithm for
formal assembly is guaranteed, moreover a valuable reference for the application of sequence similarity
analysis algorithms is provided. Finally, the C++ program generation system of PAR platform is
used to transform the assembly alignment algorithm into C++ program and the running results show
that the dynamic programming-based pairwise sequence alignment algorithm component library has

certain practicability.
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Feature modeling:

Context analysis: Feature select:

Define the boundaries;
Ensure the input/output

Feature relation description; component interaction and
Feature model build formal realization

Domain implementation:
Design the model of domain

Fig. 2 Flow chart of domain analysis
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Fig. 4 Algorithm components interaction model
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define ADT penaltyMatrix (sometype elem) ;

match ;integer;
mismatch :integer;
space ;integer;

enddef.

Hor sometype 24 Apla i & Y S HET, K
E XA & ) match smismatch ,space 53 5
F R il 4345 R v ) DG TE S A3 1R A TG S 0 1 A R
(AT

TEAT o3 FE B v s ol T 91 LX) 45 5 a1 i o 2
PEAT (148 A R e FRATDRE A5 20 2 4 P Y JC R 2 X
N—A ADT. 548 H_ Struct,iZ ADT h & T
AR B value F boolean B B dp direct , i
HRIR 2D FRF WA 08 5 # R R AR o1
HECH P true AR XN 15 73 R I N B, false UK
O I HACH A YT R & LA 5 s .4 D I5HE
AR RAR T R 4 Ie KL 3 TSk &
ENCRYDLLNEC S & 3 S B o DO v &I i
B dp direct TR 01,2 X 5 2H I6 2 K .

#% ADT & LW

define ADT H_Struct (sometype elem) ;

@(i=Lj-1 (i=1,/)

(i,j-1) 1 /)

Fig. 5 Score source of score matrix element

Kl 5 353 AR ICER M50 R IR

value ;integer;
dp direct ;array[ 0:3,boolean |;

enddef.

2) 150 HE M ARAE

AR L — A ADT 2R AL, [H 8 78 AN [H]
() DPPSAA 45 70 JE B ) 46 A 7 sUA[R] A e 7 i
ADT A& T — Mz B FHF Memory _Score _
of Matrix , 31¥ Init_score_matriz J7EAENTE W
Z BV SR A5 02 AL B AT L SR S A B A
[F) 4573 A [ 490 by A J7 XA BE X B30 B 24 48 AN (]
W 7 SRSB4 Tnit _score_matrixc W B3R [B]AS
] ) A5 40 40 W TR B 7E 3% ADT il & 17— S8 ]
AR AT 70 RE R R A o A0 SRR I e KA 70 LR T 3R BUE
A AR 52 4 55

define ADT score _matrix _mani (sometype

elem) ;

procedure apply _memory (length _s : integer,
length _t :integer) ;

procedure Memory Score_of _Matrix (proc
Init _score_matrix ());

function Max _score_of _Matrix :integer;

function the Last _element score ;integer;

function get _wvalue (i:integer;j :integer) :
integer;

procedure set _walue (i:integer; j:integer;
score ;integer) ;

enddef.

Hrpiz ADT 2KBI%Z N score _matriz _mani 5 H.
WA DRSS elemsapply memory 12T 1
P HIAE AR P B W AR B length s 1 length ¢t {8
K score _matriz _mani 32 50 B N 1F 55 (8] 5 bR 2R
Max score _of Matrix ¥ the Last element score
A3 5 2R F B score_matrix _mani H A5 0 e K AE LA
MEJG— N ICE NS ME ;s get _value VL set _value
3 3 R AR BN B score _matrix _mani W IG K AG 53
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fH, () (0<i<length s,0<j<<length t TRt
N IGE M AR, length _s Fl length _t 43 RN L
XF 5 B B

3) AR O7 k4

ZA PR Oz B ADT, AT RS2 F5 R A 1
J7-91) X S50 BT A 1) 2 25 KR A5 43 2L 75 03 B
AT EREZ R TR dp_align_score 3f
SEELL A ADT 2R B Paf (0 55K 2 45 1Y e K
W18 B2 4F max _score _of _char, RELH I 3 4
ZHY I R AN TR R IR 51 3.

define ADT dp_mode (sometype elemMatrix) ;

function max _score _of _char Cup _score :
integer;left _score:integer; diag _score:
integer) :integer;

procedure dp _align _scores (s: String; ¢ :
String; sM : penaliyMatrix ; proc set _and
_remember (sometype elemMatriz ;length
_s:integer;length t:integer));

enddef.

XH elemMatriz &=— 2B S50 BREL set
and _remember EIZ W TR dp _align _score BIZ
RIZHZ R B DI RE ML sk E P & TR 1Y
308 LA B A 53 1, mT L) gl T 4% o 3 25 R R
G 1Y B S Ak

4) Ky A A

K e Im T AR (AL T.Co Gy BRI N
DNA J¥ 41, 40 5 Sy HoA 5 51, in A Bz 28 78 57 4 B
AL AR RNA 41 0 G #eoh U Ba]).

procedure check (st :String).

Horp s Ml #8545 1200,

5) LRI kIR

AR IR ICAE Giu ) A5 4 1 SR TR BIVKE G
Ak rh X R Y I 1) AR S KA A true, H A [ B B
B 11 e 91 BE oS 2 R R SCE

procedure rmb_source (i ;integer;j :integer).

6) [l

ZRIE Apla 15 E Ll

procedure traceback (proc print _align () ; proc

print _extrude () =NULL).

8 0] ) 0o A v, — ek R 51 H X DX T [ 3 A
P i 5 L IR0 2 1, HG o T 4 B ok X ] T 8 S R
M2 FRFIL R A 1 A 8 - AF T IR 2 6 DE FE
AR A 45 R 2 T A 5 A DX TE) 97 g o T i 5
HE [l ) D) 3R 7R A SK T AR B0 5 1 A DR C 45 1Y Hi— 1

FAF DX [B] 7y 4 i B S — A PR B EAF R — A
AT B B S5 A A e 906 L AE rackback 12
WP ME prine_align M print _extrude
Fon. I BIEBINTCE T print_extrude =5, B1R
42 JRy L X

RIS EE S

X R ZA R E R — Nz BT R

procedure op _mode (func finally score ():

integer;proc traceback (proc print_align () ;
proc print _extrude ) =NULL)).

TEMZ B FREF 2 U, BB finally _score 3
Al A i A 28 LU X AR 45

8) HLXTHRAE

T REAE S IAT 1 P A b X SR T X
RFE M FEAT N AT PR HORE L X 34 i 55 8
SR —AZ TR PR S Ry S iz
REAE SCRFHE L™ 4 DPPSAA.

procedure align _ manipulation Cop _ mode

(func finally _ score ( ). integer; proc
traceback (proc print _align () ; proc print _
extrude () = NULL)); ADT dp_mode (eM ;
elemMatriz) ; sometype elemMatrix ; result
boolean; eM: elemMatrix; s: String; ¢:
String) ).

R WA align _manipulation T B AL F
ANZH R A E op _mode 171 ) F9 1F
traceback . A E XZ W ADT dp _mode VL F F5 L%t
Feall s e B elemMatrize Tonh— PR SE,
It HJE T 4 A2 SO e ERE T SE AL S EO
i AR B X AR AT AT DL o F TR TR
DAIK 3] 52 AR R F X SRR Y B Y.

3 NWEZRZERSIH

WA 2 TR T LB b T i ) A
DPPSAA U0 4 e ) vy ok 72 i 3R AT TR
TR 1 T2 K 2 TE 5 B R T 4 JRy | XU 81 L R B ik
NW. &5

program para;

const

[ % F5 st BB A %/

procedure Init_score_matrix NW (sometype

elemMatriz) ; )

var
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i,j:integer; H ;elemMatrix ;

begin
foreach (i,j :0<.i,j<length _s,
length _t:++3); )
end;

procedure set_and _remember (length _s .
integer;length it :integer;sometype
elemMatrix) ; ®

var

1,j :integer;

begin
foreach (i ,j :0<li,j<length s,
length _t:++3); @
end;

ADT pM :new penaltyMatrix O ;
ADT struct :new H _struct ()
ADT matrix :new score_matrix_mani (struct)
ADT dp _NW :new dp_mode (matriz) ;
var
dp_g:dp_NW;
begin
dp_g.dp_align_scoreCmatrix sset _and _
remember (sometype elemMatrix ;
length s :integer;length t:integer)); &
end;
procedure align_manipulation (sometype
elemMatrix ; ADT dp_mode(eM :elemMatrix) ;
op_mode (func finally score () :integer;
proc traceback (proc print_align () ;
proc print _extrude () =NULL);
result :boolean;eM :elemMatrizx ;
s : String; 7 : String) ; ©
begin
if Gresult)
write(“The alignment score is:”,
Sfinally _score () ;
else
traceback (print _align , print _extrude) ;

end;

procedure NW :new align_manipulation (score_

matrix _mani, dp _g.op _mode ( print _

align)); @)
begin

check (sst);
matrix.apply _memory (s.length O,
t.length (O));
matrix .Memory_Score_of Matrix (Init _
score_matrixNW Gnatrix)) ;
NW (false,matrix s +t);
end.
1 bR R D S A4 0 R 4R R R
[7] 52 ) 4k 7 s AR RS B @ Fn @ H T 45 43 96 [ ) i Ak
b A R R R PRI -+ R 5 i B O W il s
FORT A5 538 LA S A543 o I8 1 52 4k s © ) R 7R NW
TR 2l 25 LR 531 1 92 Ak iz B T AR T ©
TR O HIML NW 53 Xt G2 iF P30 B 2k
AT BB A 18] 1 SC IR #84E s © LT A Bl &£
FEIY.

4 KWRESERSH

HHi, BT Apla i 5 TR TE PAR 5 EH#
BAT AT PAR V& CH+RFEMRG ¥
2% NW Bk # v BT a5 19 Apla 57248 1 AR 4%
8 Ry AR R Y C ARG

Apla AUT b H A0 & Bl i 01 /9 ADT 53544 1
PeFE oy CH+ P ISR, W penaltyMatrix VA
M H Struct %, H45 58K

struct penaltyMatrix

{

int match ;
int mismatch ;
int space;

}s

struct H _Struct

{

int value ;
bool dp_direct™ ;

I8
A 5 A 5L R ADT DU ey
CH-+ REC B9 25, W score _matric _mani,dp _
mode 55, Fo o R A 5 A 98 I 5 R OR BRI, H
Sequence 2 2 A 1F Fo X 7 HIAE by FL AR B 51 . H:
e Ao A A3 45 R L 6 o,

[ R o Apla fGRD 932 B 5 7 17 Az A0 pR K 45
WA Sy C - vh oy ST % 2 B B3 o B, 6 IR AR 78 1)
HOF i e G L LN SN ISE S EE IR SR Lk 4 SPRITE 2 el ]
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R Ry CH+ H i R AR 5, BDF iz 7 5
By EH R B E A R B S BN AR A S
Apla F2)J7 R FE I 2 B RHE, A0 traceback 2 1
BP0y CH+ s L an & 7 fon.

I Apla B uk R R AX T B 4 80T POAT Y
CHAUI , fe 5 A #6460 5 m S A PR e AT 2 T2
it NW Bk (RPB IR Ss align_mani pulation 554K
FERBOWIE 8 Frn, Itfi ih AU AR 9 fros.

class Score_matrix_mani

{

: public Segquence

public:
void apply memory() {..-.}
void Memory_ Score_of Matrix( void (Init_score_matrix::*Init_score_matrix NW) (H_Struct*¥*,penaltyMatrix ,int, int),
H_Struct** H,penaltyMatrix pM,int length s, int length t) {--..}
const int the_Last_element_score() {-...}
const int Max_score_of Matrix() {...}
void set_vwvalue( int i, int j, const int score) const {...}
int get_value( int i, int j) const {...}

Score_matrix_mani (const std::string& s, const std::string& t) : Sequence(s, t) {...}
~Score_matrix_mani() {...}
void print_Matrix() {...}

}:

class dp_mode

{

public:

int max score_of_ char(int up_score, int left_score, int diag_score) {...}

void dp_align_score(char s_a, char t_b, int i, int j, penaltyMatrix pM, Score_matrix mani smm,
void (set_and_ remember::*set_and_ remember_ NW) (int, int,int,Score_matrix mani,const bool¥*,dp_ score)) {...}

void align_and_score (Score_matrix_mani smm, void (set_and_remember::*set_and_ remember NW) (int, int,int,
Score_matrix_mani,const bool*,dp_score)) {...}

dp_mode () {..-}

~dp_mode () {}

Fig. 6 Result of ADT transformation
Bl 6 ADT 42k

class Op_mode
{
public:
void op mode (Score_matrix mani smm,Traceback tb, const int (Score_matrix mani::*finally score) ())

bi
Fig. 7 Result of generic program transformation
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int main ()

string = = "ACTAG";

string t = "ACTTCG";

Check () .check_dna (s, t);

Score_matrix mani matrix(s,t);

matrix.apply memory () ;

matrix.Memory Score_of Matrix(&Init_ score matrix::Init score matrixl,matrix.get Matrix(),
matrix.getPenaltyMatrix(),matrix.get_length_s(),matrix.get_length t());

dp_mode dp_ NW;

dp_NW.align_and_score (matrix, &set_and_remember: :set_and rememberl) ;

matrix.print Matrix();

Traceback tb(&Print_ align::print_align);
Cp_mode () .op_mode {matrix, tb, &Score_matrix_mani : :the_TLast_element_score);
Fig. 8 C—++ assembly process of NW
~ Sk .
B8 NW Iy CH++2eucid e

2}
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Fig. 9 NW alignment result
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