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ARCHITECTURE-ALTERING
OPERATIONS



Fall 2003BMI 226 / CS 426 Notes S-2

FINDING THE ARCHITECTURE OF THE
AUTOMATICALLY DEFINED
FUNCTIONS

MANUAL METHODS

e prospective analysis of the problem

e seemingly sufficient capacity (over-
specification)

e affordable capacity

e retrospective analysis of the results of
actual runs

AUTOMATED METHODS

e evolutionary selection of the architecture

e evolution of  architecture  using
architecture-altering operations
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ARCHITECTURALLY DIVERSE
POPULATION

Parent A with an argument map of {3, 2}
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POINT TYPING - STRUCTURE-
PRESERVING CROSSOVER
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GENE DUPLICATION IN NATURE

e Midge Chironomus tentans (Galli and
Wislander 1993)

e 3,959-bases of DNA with accession number
X70063 in GenBank

e One subsequence of 732 bases (called "C.
tentans Sp38—40.A gene') are in DNA
positions positions 918-1,649 and is
expressed as protein of length 244

e A second subsequence of 759 bases (called
"C. tentans Sp38—40.B gene') are in DNA
positions 2,513-3,271 and is expressed as
protein of length 253.

e Both proteins are secreted from the salivary
gland of the insect and form water-insoluble
fibers which are spun into one of two Kinds of
tubes — one for larval protection and feeding
and one for pupation
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MIDGE CHIRONOMUS TENTANS
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MRl KFLWLA
ESSEYEI EVI
EKLDCETKGV
TVKVVKPPKE
KFAKLVQGKQ

PROTEIN SEQUENCE OF "B" PROTEIN

MRI KFLWLA
DSSEYEI EVI
EKLECEKNAT
VI KPPKEKPP

KLVQGKQKKG
AKK

VI CLFAHYAS
KHQKEKTEKK
PAGYKAI FKF
KPPKKLRKEC
KKGAKKAKGG

VI CLLAHYAS
KHQKEKTEKK
PGYKALFEFK
KKPRKECSGE
AKKAKGEKKA

ASGMGEDKKP
EKEKKTHVET
TENEECDWIC
SCGEKVI KFON
KKAAPKPGPK

ASGMGGDKKP
EKEKKAHVE
ESESFCEVEC
KVI KFQNCLV
EPKPGPKPAP

KDAPKPKDAP
KKEVKKKEKK
DYEALPPPPG
CLVKI RGLI A
PGPKQADKPK

KDAPKPKDAP
KKKI KNKEKK
DYEAI PGAKK
Kl RGLI AFGD
KPGPKPAPKP

S-8

PROTEIN SEQUENCE OF "A" PROTEIN

KPKEVKPVKA
Q PCSEKLKD
AKKDDKKEKK
FGDKTKNFDK
DAKK

KPKEVKPVKA
FVPCSEI LKD
DEKKEKKVVK
KTKNFDKKFA
VPKPADKPKD

50

100
150
200
244

50

100
150
200
250
253



Fall 2003BMI 226 / CS 426 Notes S-9

PROTEIN ALIGNMENT OF "A" AND "B"
PROTEINS

First.protein VRl KFLWLA VI CLHAHYAS ASGMGGDKKP KDAPKPKDAP KPKEVKPVKA 50
Second. protein VRl KFLWLA VI CLHAHYAS ASGMVGGDKKP KDAPKPKDAP KPKEVKPVKA 50

m

First.protein
Second. protein

SSEYEI EVI KHQKEKTEKK EKEKK[THVE[l KKEVKKKEKK [ [PCSEKLKD 100
ISSEYEI EVI KHQKEKTEKK EKEKKAHVE] [KKKI [KNKEKK FMWPCSE] LKD) 100

lww )

First.protein EKL KoV [PAGYKA [FME TENEE- [COYEAL PPAP  GAKKDKKEK] 149
Second. protein EKL NAT [Pt IGYKALUFHF KESES ICDYEA - - - P GAKKDHKKEK 146
First.protein VKVWMKPPK EKPPKKLIRKE CSGEKVI KFQ NCLVKI RGLI AFGDKTKNFD 199
Second. protein VKM [KPPK EKPPKKHRKE CSGEKVI KFQ NCLVKI RGLI  AFGDKTKNFD) 196

First.protein KKFAKLVQGK QKKGAKKAKG GKKAWPKPGP KP[EPKE - - - Q M: Pr----- 239
Second. protein KKFAKLVQGK QKKGAKKAKG GKKAHPKPGP KPHPKPGPKP i'KP PKPAD 246

First.protein - - [KDAKK] 244
Second. protein KHKDAKK 253




Fall 2003BMI 226 / CS 426 Notes S-10

NEW ARCHITECTURE-ALTERING
OPERATORS

SPECIALIZATION — REFINEMENT -
CASE SPLITTING

e Subroutine (branch) duplication
e Argument duplication

e Subroutine (branch) creation

e Argument creation

GENERALIZATION

e Subroutine (branch) deletion
e Argument deletion
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PROGRAM WITH 1 TWO-ARGUMENT
AUTOMATICALLY DEFINED FUNCTION
(ADFO) AND 1 RESULT-PRODUCING
BRANCH - ARGUMENT MAP OF {2}

490 491
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PROGRAM WITH ARGUMENT MAP OF
{2, 23 CREATED USING THE
OPERATION OF BRANCH
DUPLICATION
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PROGRAM WITH ARGUMENT MAP OF
{3) CREATED USING THE OPERATION
OF ARGUMENT DUPLICATION

690 691 696 697
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PROGRAM WITH ARGUMENT MAP OF
2, 3}
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PROGRAM WITH ARGUMENT MAP OF
2, 0
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13! PROGRAM - ARGUMENT CREATION




Fall 2003BMI 226 / CS 426 Notes S-17

AUDIT TRAIL FOR 5-PARITY SOLUTION

Gen
o [ml [wl (o] Lol [l L[] o~
BrDup ADup ADup ADup BrDup ADup ADup
1 [2}] L] M1
BrDup BRC
2 {22} {22} | M2
ADup ADup
3 62| [132] M3
Repro Cross Repro
4 P4 [22 B2 [22] ™4
BRC/BRA  oR¢ BRC BRC
5=l [223) | (221 | [1223) | [1821) | (223} | M5 |®
£ =
o!| BRA Cross ADup BRC I
5 =
6% [223n | [@23] a2 ] [2231) | M6
Repro BRC BRC ADup
7 2231 | [@e231 | [@211 | (2232 | M7
Cross BrDup BrDup
8 2231) M8
BRC P8
9o P Mo
10 M10
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EVEN-3-PARITY PROBLEM - BEST-OF-
GENERATION 0 - RAW FITNESS OF 6
(OUT OF 8)

(progn (defun ADFO ( ARQD)
(val ues (or (AND (NAND AR ARQ) (or
AR ARRD)) (NOR (nor ARG AR®)) (AND
ARG ARXD)))))

(val ues (nor (AND DO(nor D2 D1))
(AND (AND D2 D1)))))
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EVEN-3-PARITY PROBLEM - BEST-OF-
GENERATION 10 - ARGUMENT MAP OF
{2,2,3,2,2} —100%-CORRECT
SOLUTION

(progn (defun ADFO (AR ARGl)
(values ((or (AND ( NAND ARGD ARQ®D) (or
ARGL ARQD)) (nor (nor ARGL ARX) (AND
AR ARGl)))))
(defun ADF1 (ARQ& ARGL)
(values ((or (AND ARGD ARGl) (nor AR
ARGl) )) )
(defun ADF2 (AR ARGL ARR?)
(val ues ((AND ARGL (nor ARGD ARRX2))))
(defun ADF3 (AR ARGL)
(val ues (ARQ))
(defun ADF4 (AR ARGL)
(values ((or (AND ARGD ARGl) (nor AR
ARGL) )) )

(val ues (nor (ADF4 DO(ADF1 D2 D1))
(AND (ADF1 D2 D1) DO))))
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RESULT-PRODUCING BRANCH OF THE
100%-CORRECT BEST-OF-RUN
INDIVIDUAL FROM GENERATION 10 IS
EQUIVALENT TO ...

(NOR (even-2-parity DO(even-2-
parity D2 Dl1))

(AND (even-2-parity D2
D1) DO))
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o po Em @ EW  [EE Mo

ArgDup BrDup BrDup
1 P1 [5. 5 (11 M1
2 P3
3
4
5
Iz
e E
26 2 P6 [6 {111} [6{121}] M6
g & \ Cross
S 7 P7 M7
(O] Cross
8 P8 M8
\ ArgDup BrDup
9 P9.1|623221) 6 {22}| P9.2 61211 [ M9
Cross Repro
10 P10 61211} [M10
Cross
L SUIFTEET 7(211} | M1l
Cross
12 7{1211} M12
BRC
13 P13 7{12112} M13
Cross
14 P14 7(12112) | M14
Cross

15 mis
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COMPARISON OF FIVE APPROACHES
TO SOLVING THE EVEN-5-PARITY

I(M,x,z)

1.0 300,000,000
] &*=5,025,000 i*=52.3 E=5,025,000)
0.8 - — PM, x) - 250,000,000
] <+ 1M, x,2) (5,025,000, 100%)
= M = 96,000 z = 99% - 200,000,000
é 067 |D=64 R(z)=1
S 1 [8ose N°M - 150,000,000
0.4
] - 100,000,000
027 (3,270,000, 7%) - 50,000,000
B B B \
0.0 v ] v ] v 1 o ) v v X
0 2,000,000 4,000,000 6,000,000
I : : t t t i i
0 10 20 30 40 50 60

PERFORMANCE CURVES WITHOUT
AUTOMATICALLY DEFINED
FUNCTIONS (APPROACH A)
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PERFORMANCE CURVES WITH
EVOLUTIONARY SELECTION OF THE
ARCHITECTURE (APPROACH B)

1.0 = 30,000,000
0.8 M = 96,000 z=99% -
0-%500 - - 20,000,000
0.67 B = 8% X
- Q{* =4,263,000 1"=444E = 4,263,00(Dl_- 15,000,000
0.47
. — PM, x) - 10,000,000
- 1M, x,z I
0-27 — - 5,000,000
1= (97,500, 7%) -
OO v 1 v 1 1 1 X
0 1,000,000 3,000,000 5,000,000
! : $ } } | i
0 10 20 30 40 50

I(M,x,z)
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PERFORMANCE CURVES FOR THE
PROBLEM OF SYMBOLIC REGRESSION
OF THE EVEN-5-PARITY FUNCTION
USING THE ARCHITECTURE-
ALTERING OPERATIONS (APPROACH
)

1.0

|G = 1,789,500 i" = 18.6 E= 1,789,500 7 " 30,000,000
- (1,789,500, 100%)|
- 25,000,000

0.87

- 20,000,000 R
0.6 N

A 3
"% M =96.000 z=99%
= D=4, Rz~ 1| 15,000,000 =
& . = N=25 =
a 0.4 B 8%
. 10,000,000
4 96,000, 4%)
o2 5,000,000
0.0 - : . L x
0 1000000 2000000

C ' t ' '
0 5 10 15 20
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P (Mx)

S-25

PERFORMANCE CURVES FOR THE
FIXED {3, 2} ARCHITECTURE AND
POINT TYPING (APPROACH D)

1.0 30,000,000
. 8_' (1,705,500,(100%) £ 55 000,000
0 ' x*=1,705,500 i* = 17.8 E = 1,705,500 O[" 20,000,000
. n I L
. M = 96,000 z=99%]| }
N R 21| | 15,000,000
0.4 Q=1500 N=26
_ B =8% - 10,000,000
1 L
- 100,500, 3.85% — PM,
0.2 (100,500, 3.85%) ~ 1o |F 5,000,000
0.0 v Y Y T X
0 1,000,000 2,000,000

0 5 10

15

20

i

I(M,x,z)
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PERFORMANCE CURVES FOR THE
FIXED {3, 2} ARCHITECTURE AND
BRANCH TYPING (APPROACH E).

1.0 30,000,000
J & =1,261,500 i  *=13.1 E=1261,500 D)
0.8 - 25,000,000
o (1,261,500, 100%)
=~ o6 M=96000  z=99% |[ 20,000,000
0. D = 64 R(z)=1
E J Q=1500 N =25 - 15,000,000
E« 04 B=8%
o — - 10,000,000
0.2 71 (100,500, 4%) 5,000,000
OO I v 1 v 1 v 1 v 1 v 1 v X
0 500,000 1,000,000 1,500,000

' } } } 1
0 10 20 30 40 50

I(M,x,z)
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Comparison of five approaches to solving

the even-5-parity problem

Approach Numb |Computational | Wallclock time|Average
er of|effort £ W(M.,tz) structural
runs complexity

A - No ADFs 14 5,025,000 36,950 469.1

B - Evolutionary | 14 4,263,000 66,667 180.9

selection of the

architecture

C - Architecture- |25 1,789,500 13,594 88.8

altering operations

D - Fixed |25 1,705,500 14,088 130.0

architecture with

point typing

E- Fixed |25 1,261,500 6,481 112.2

architecture with

branch typing

e E(A)>EB)>E(C)>ED)>EEE)
e W(A)> W(C)> W(E)
*[(A) >E(B, C, D, E)
* (A, B, D, E) > [(C)




