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o Evolve algorithms with Genetic Programming.

@ Algorithms = instructions + control flow



http://iao.hfuu.edu.cn/
mailto:tweise@hfuu.edu.cn

Nature Inspired: Computationiand’ = = = .
ApplicationsiLaboratory. University-of:Sciencezand=Technology:efiChina

Introduction

o Evolve algorithms with Genetic Programming.

9 Algorithms = instructions + control flow + memory
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o Evolve algorithms with Genetic Programming.

@ Algorithms = instructions + control flow + memory # Formula
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Introduction

o Evolve algorithms with Genetic Programming.
@ Algorithms = instructions + control flow + memory # Formula

o Exact integer computations
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Introduction

o Evolve algorithms with Genetic Programming.
@ Algorithms = instructions + control flow + memory # Formula

o Exact integer computations: Result is either right or wrong
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o Evolve algorithms with Genetic Programming.
@ Algorithms = instructions + control flow + memory # Formula

o Exact integer computations: Result is either right or wrong
@ Hard for GP
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Introduction

o Evolve algorithms with Genetic Programming.
@ Algorithms = instructions + control flow + memory # Formula

o Exact integer computations: Result is either right or wrong
@ Hard for GP
@ rugged fitness landscape
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Introduction

o Evolve algorithms with Genetic Programming.
@ Algorithms = instructions + control flow + memory # Formula

o Exact integer computations: Result is either right or wrong
@ Hard for GP

@ rugged fitness landscape
9 epistasis, deceptiveness
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Introduction

o Evolve algorithms with Genetic Programming.
@ Algorithms = instructions + control flow + memory # Formula

o Exact integer computations: Result is either right or wrong
@ Hard for GP

@ rugged fitness landscape
9 epistasis, deceptiveness

@ Questions
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Introduction

o Evolve algorithms with Genetic Programming.
@ Algorithms = instructions + control flow + memory # Formula
o Exact integer computations: Result is either right or wrong

@ Hard for GP

@ rugged fitness landscape
9 epistasis, deceptiveness

@ Questions:

@ Can this actually be done with GP?
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Introduction

o Evolve algorithms with Genetic Programming.
@ Algorithms = instructions + control flow + memory # Formula
o Exact integer computations: Result is either right or wrong

@ Hard for GP

@ rugged fitness landscape
9 epistasis, deceptiveness

@ Questions:

o Can this actually be done with GP for non-trivial problems?
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Introduction

o Evolve algorithms with Genetic Programming.
@ Algorithms = instructions + control flow + memory # Formula
o Exact integer computations: Result is either right or wrong

@ Hard for GP

@ rugged fitness landscape
@ epistasis, deceptiveness

@ Questions:

o Can this actually be done with GP for non-trivial problems?
o How can we improve the chance to success?


http://iao.hfuu.edu.cn/
mailto:tweise@hfuu.edu.cn

TR RN

Nature Inspired: Computationiand’ = = = .
ApplicationsiLaboratory. University-of:Sciencezand=Technology:efiChina

Introduction

Evolve algorithms with Genetic Programming.
Algorithms = instructions + control flow + memory # Formula

Exact integer computations: Result is either right or wrong
Hard for GP

@ rugged fitness landscape
@ epistasis, deceptiveness

Questions:

o Can this actually be done with GP for non-trivial problems?
o How can we improve the chance to success?

Contributions
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Introduction

Evolve algorithms with Genetic Programming.
Algorithms = instructions + control flow + memory # Formula

Exact integer computations: Result is either right or wrong
Hard for GP

@ rugged fitness landscape
@ epistasis, deceptiveness

Questions:

o Can this actually be done with GP for non-trivial problems?
o How can we improve the chance to success?

Contributions:
@ Benchmark cases
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Introduction

Evolve algorithms with Genetic Programming.
Algorithms = instructions + control flow + memory # Formula

Exact integer computations: Result is either right or wrong
Hard for GP

@ rugged fitness landscape
@ epistasis, deceptiveness

Questions:

o Can this actually be done with GP for non-trivial problems?
o How can we improve the chance to success?

Contributions:

@ Benchmark cases
o 2technologies, 1 works, 1 doesn’t
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Benchmark Problems

@ A benchmark problem in GP is defined by
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Benchmark Problems

@ A benchmark problem in GP is defined by:
@ the instruction set,
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Benchmark Problems

@ A benchmark problem in GP is defined by:
@ the instruction set,
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Benchmark Problems

@ A benchmark problem in GP is defined by:

@ the instruction set,
@ the objective function f,
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Benchmark Problems

@ A benchmark problem in GP is defined by:
@ the instruction set,
@ the objective function f,
@ the algorithm ¢ that we want to evolve,



http://iao.hfuu.edu.cn/
mailto:tweise@hfuu.edu.cn

TR RN

Nature Inspired: Computationiand’ = = = .
ApplicationsiLaboratory. University-of:Sciencezand=Technology:efiChina

Benchmark Problems

@ A benchmark problem in GP is defined by:

@ the instruction set,

@ the objective function f,

© the algorithm ¢ that we want to evolve (and tc corresponding training
cases t;),
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Instruction Set:
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Instruction Set: +
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Instruction Set: +, -
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Benchmark Problems

Instruction Set: +,-
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Benchmark Problems

Instruction Set: +,-,%,./,%, ¢ € {0,1}
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Benchmark Problems

Instruction Set: +,-,%,/,%, € {0,1}, m; m; m3my; ms
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Benchmark Problems

Instruction Set: +,-,%,/,%, € {0,1}, m; m; m3my; ms, =
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Benchmark Problems

Instruction Set: +,-,%,/,%, ¢ {0,1}, my my m3my ms, =, ;
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Benchmark Problems

Instruction Set: +,-,%,/,%, ¢ {0,1}, my my; m3 my; ms, =, ;, loop
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Benchmark Problems

Instruction Set: +,-,%,/,%, € e {0,1}, my my; m3 my; ms, =, ;, loop

Objective Function: f(x) = Error Rate
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Benchmark Problems

Instruction Set: +,-,%,/,%, € e {0,1}, my my; m3 my; ms, =, ;, loop

__ #training cases t; with p(t;) # x(t;)

Objective Function: f(x)
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Benchmark Problems

Instruction Set: +,-,%,/,%, € e {0,1}, my my; m3 my; ms, =, ;, loop

. With ot .
Objective Function: f(x) __ #1training cases ¢; With o(t:) # x(t:)

total number tc of training cases
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Benchmark Problems

Instruction Set: ~ +,-,*, /}, %, € € {0,1}, m; m, @ @] @4, =, ;, loop

o . __ #training cases t; with p(t;) # x(t;)
Objective Function: f(x) ~ total number tc=100 of training cases

@ o2 i (ts) =t +t7 +2xt;
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Benchmark Problems

Instruction Set: ~ +,-,*, /}, %, € € {0,1}, m; m, @ @] @4, =, ;, loop

__ #training cases t; with p(t;) # x(t;)
~ total number tc=100 of training cases

Objective Function: f(x)

@ o2 i (ts) =t +t7 +2xt;
Q su2": sum of first t; natural numbers
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Benchmark Problems

Instruction Set: ~ +,-,*, /}, %, € € {0,1}, m; m, @ @] @4, =, ;, loop

__ #training cases t; with p(t;) # x(t;)
" total number tc=12 of training cases

Objective Function: f(x)

@ o2 i (ts) =t +t7 +2xt;
Q su2": sum of first t; natural numbers
Q fac"?: ps(t;) = t;!
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Benchmark Problems

Instruction Set:  +,-,*, }}, %, € € {0,1}, m; m, m5 @5 @, =, ;, loop

__ #training cases t; with p(t;) # x(t;)
~ total number tc=100 of training cases

Objective Function: f(x)

@ o2 i (ts) =t +t7 +2xt;

Q su2": sum of first t; natural numbers

Q fac"?: ps(t;) = t;!

@ po3, su3: po2, su2 with 3 memory cells
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Benchmark Problems

Instruction Set:  +,-,*, }}, %, € € {0,1}, m; m, m5 @5 @, =, ;, loop

__ #training cases t; with p(t;) # x(t;)
~ total number tc=100 of training cases

Objective Function: f(x)

@ o2 i (ts) =t +t7 +2xt;

Q su2": sum of first t; natural numbers

Q fac"?: ps(t;) = t;!

@ po3, su3: po2, su2 with 3 memory cells

@ gcd"?: compute greatest common divisor
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Benchmark Problems

Instruction Set:  +,-,*,/,%, € € {0,1}, m: m, ms @ &, =, ;, loop

__ #training cases t; with p(t;) # x(t;)
~ total number tc=31 of training cases

Objective Function: f(x)

@ o2 i (ts) =t +t7 +2xt;

Q su2": sum of first t; natural numbers

Q fac"?: ps(t;) = t;!

@ po3, su3: po2, su2 with 3 memory cells
@ gcd"?: compute greatest common divisor
Q exp:pr(ti) =2"
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Benchmark Problems

Instruction Set:  +,-,*,/,%, € € {0,1}, m: m, ms @ &, =, ;, loop

__ #training cases t; with p(t;) # x(t;)

Objective Function: f(x) total number tc=40 of training cases

@ o2 i (ts) =t +t7 +2xt;

Q su2": sum of first t; natural numbers

Q fac"?: ps(t;) = t;!

@ po3, su3: po2, su2 with 3 memory cells
@ gcd"?: compute greatest common divisor
Q exp:pr(ti) =2"

@ ¢20:return 0iif t; < 20, 1 otherwise
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Benchmark Problems

Instruction Set: +,.,*,/,%, € {0,1}, m: my ms @ @5, =, ;, loop

# training cases t; with (t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

@ o2 i (ts) =t +t7 +2xt;

Q su2": sum of first t; natural numbers

Q fac"?: ps(t;) = t;!

@ po3, su3: po2, su2 with 3 memory cells
@ gcd"?: compute greatest common divisor
Q exp:pr(ti) =2"

@ ¢20:return 0iif t; < 20, 1 otherwise

© prm: returns 1 if t; is prime, 0
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Benchmark Problems

Instruction Set: +,.,*,/,%, € {0,1}, m: my ms @ @5, =, ;, loop

# training cases t; with (t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

@ o2 i (ts) =t +t7 +2xt;

Q su2": sum of first t; natural numbers

Q fac"?: ps(t;) = t;!

@ po3, su3: po2, su2 with 3 memory cells
@ gcd"?: compute greatest common divisor
Q exp:pr(ti) =2"

@ ¢20:return 0iif t; < 20, 1 otherwise

© prm: returns 1 if t; is prime, 0

@ ssqpo(ti) =30, 4
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Benchmark Problems

Instruction Set: +,.,*,/,%, € {0,1}, m: my ms @ @5, =, ;, loop

# training cases t; with (t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

@ o2 i (ts) =t +t7 +2xt;

Q su2": sum of first t; natural numbers

Q fac"?: ps(t;) = t;!

@ po3, su3: po2, su2 with 3 memory cells
@ gcd"?: compute greatest common divisor
Q exp:pr(ti) =2"

@ ¢20:return 0iif t; < 20, 1 otherwise

© prm: returns 1 if t; is prime, 0

@ ssqpo(ti) =30, 4

@ sra:pu(t) =Vt
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Benchmark Problems

Instruction Set: +,.,*,/,%, € {0,1}, m: my ms @ @5, =, ;, loop

# training cases t; with (t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

@ o2 i (ts) =t +t7 +2xt; @ srb: pi2(ti) = L\/EJ
Q su2": sum of first t; natural numbers

Q fac"?: ps(t;) = t;!

@ po3, su3: po2, su2 with 3 memory cells

@ gcd"?: compute greatest common divisor

Q exp:pr(ti) =2"

@ ¢20:return 0iif t; < 20, 1 otherwise

© prm: returns 1 if t; is prime, 0

@ ssqpo(ti) =30, 4

@ sra:pu(t) =Vt
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Benchmark Problems

Instruction Set: +,.,*,/,%, € {0,1}, m: my ms @ @5, =, ;, loop

# training cases t; with (t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

0 po2™: 1 (t:) =t 424 2xt; @ srb: p12(t;) = L\/EJ
@ su2": sum of first ¢; natural numbers @ ila:ld*(y) = {(1)+1d*(1d(y)) gtffefwilse

Q fac"?: ps(t;) = t;!

@ po3, su3: po2, su2 with 3 memory cells
@ gcd"?: compute greatest common divisor
Q exp:pr(ti) =2"

@ ¢20:return 0iif t; < 20, 1 otherwise

© prm: returns 1 if t; is prime, 0

@ ssapio(ts) = 30, i

@ sra:pu(t) =Vt
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Benchmark Problems

Instruction Set: +,.,*,/,%, € {0,1}, m: my ms @ @5, =, ;, loop

# training cases t; with (t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

0 pOZNZ(pl(ti) =t?+t?+2*t¢ @ srb: (plz(ti) = L\/EJ

@ su2": sum of first ¢; natural numbers @ ila:ld*(y) = {(1)+1d*(1d(y)) gtffefwilse
M.2. AR

Q fac! " ps(ts) = ! @ 1sb: least significant bit in the two’s

@ po3, su3: po2, su2 with 3 memory cells complement

@ gcd"?: compute greatest common divisor
Q exp:pr(ti) =2"

@ ¢20:return 0iif t; < 20, 1 otherwise

© prm: returns 1 if t; is prime, 0

@ ssaipuo(t) = i, 4

@ sraipu(t) =Vt
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Benchmark Problems

Instruction Set: ~ +,-, #, 7, %, € € {0,1}, my m, ms @] @, =, ;, loop

# training cases t; with o(t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

@ o2 i (ts) =t +t7 +2xt; @ srb:pia(ts) = | V]
1. i ) . i ) ift; <1
@ su2': sum of first ¢; natural numbers @ ild:ld*(y) = {1+ld*(1d(y)) gust
1.2, ) = ¢ N -
Q fac’ " gs(t) =t @ 1sb: least significant bit in the two’s
@ po3, su3: po2, su2 with 3 memory cells complement
© gcd"?: compute greatest common divisor @ mul: pis5(ts) =tig *tio

@ exp: @r(t;) =2%

@ ¢20:return 0iif t; < 20, 1 otherwise
© prm: returns 1 if t; is prime, 0

@ ssqpo(ti) =30, 4

@ sra:pu(t) =Vt
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Benchmark Problems

Instruction Set: ~ +,-, #, 7, %, € € {0,1}, my m, ms @] @, =, ;, loop

# training cases t; with o(t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

@ o2 i (ts) =t +t7 +2xt; @ srb: pi2(ti) = Y%A

@ su2': sum of first ¢; natural numbers @ ild:d*(y) = {(1)+1d*(1d(y)) gtffefwilse
Q fac! " ps(ts) = ! @ 1sb: least significant bit in the two's
@ po3, su3: po2, su2 with 3 memory cells complement

© gcd"?: compute greatest common divisor @ mul:pis(ts) =tig *tio

Q@ exp: pr(t;) = 2" @ qad: pis(ts) = (ti — 1)(t; +2)

@ ¢20:return 0iif t; < 20, 1 otherwise
© prm: returns 1 if t; is prime, 0

@ ssaipuo(t) = i, 4

@ sra:pu(t) =Vt


http://iao.hfuu.edu.cn/
mailto:tweise@hfuu.edu.cn

Nature'l d C tati d
CAL ASpl:\i;eatgslfs‘rfabgfg;g;a = University-of:Sciencezand=Technology:efiChina

Benchmark Problems

Instruction Set: ~ +,-, #, 7, %, € € {0,1}, my m, ms @] @, =, ;, loop

# training cases t; with o(t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

@ o2 i (ts) =t +t7 +2xt; @ srb:pia(ts) = | V]

@ su2': sum of first ¢; natural numbers @ ild:d*(y) = {(1)+1d*(1d(y)) gtffefwilse
fac: p3(t;) = t;!

Q fac’ " gs(t) =t @ 1sb: least significant bit in the two’s
po3, su3: po2, su2 with 3 memory cells complement

p

© gcd"?: compute greatest common divisor @ mul: pis5(ts) =tig *tio

Q@ exp: pr(ti) =25 @ qad: pis(ts) = (ti — 1)(t; +2)

© ¢20: return 0if t; < 20, 1 otherwise @ mod: 17(t:) = ti1 mod ti

© prm: returns 1 if t; is prime, 0
@ ssaipuo(t) = i, 4
@ sraipu(t) =Vt
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Benchmark Problems

Instruction Set: +,-,%,/,%, € e {0,1}, my my; m3 my; ms, =, ;, loop

# training cases t; with (t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

@ po2: i (t) =t +t7 +2xt; @ srb:pia(ts) = | V]
@ su2': sum of first ¢; natural numbers @ ild:d*(y) = {(1)+1d*(1d(y)) gtﬁeréwilse
.2, N — £,
Q fac’ " ps(t) = ! @ 1sb: least significant bit in the two’s
po3, su3: po2, su2 with 3 memory cells complement
p
@ gcd"?: compute greatest common divisor @ mul: pis5(ts) =tig *tio
Q@ exp: pr(ti) = 2" @ qad: pis(ts) = (ti — 1)(t; +2)
© ¢20: return 0if t; < 20, 1 otherwise @ mod: p17(t:) = ti1 mod t;
© prm: returns 1 if t; is prime, 0 @ mi5: minimum of five

@ ssqpo(ti) =35, 4
@ sraipu(t) =V
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Benchmark Problems

Instruction Set: +,-,%,/,%, € e {0,1}, my my; m3 my; ms, =, ;, loop

# training cases t; with (t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

@ po2: i (t) =t +t7 +2xt; @ srb: pia(ti) = Y%A

@ su2'": sum of first t; natural numbers @ ila:ld*(y) = {(1)+1d*(1d(y)) gtﬁeréwilse
Q fac! " ps(ts) = ! @ 1sb: least significant bit in the two’s
@ po3, su3: po2, su2 with 3 memory cells complement

@ gcd"?: compute greatest common divisor @ mul:gis(ts) =tig *tio

Q exp:pr(ti) =2" @ qad: gis(ts) = (ti — 1)(t:i +2)

© ¢20:return 0if t; < 20, 1 otherwise @ nod: g17(t:) = ti1 mod ti s

Q prm: returns 1 if ¢; is prime, 0 @ mi5: minimum of five

@ ssqpuo(ts) = Y0, 7 @ ma5: maximum of five

Q sra.: Lp11(ti) = \/E
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Benchmark Problems

Instruction Set: +,-,%,/,%, € e {0,1}, my my; m3 my; ms, =, ;, loop

# training cases t; with (t;) # z(t;)

Objective Function: f(x) ~ f{otal number tc=100 of training cases

0 po2™: 1 (t:) =t 424 2xt; @ srb: p12(t;) = L\/EJ
. irst ¢, - _fo ift; <1
@ su2': sum of first ¢; natural numbers @ i1d:ld*(y) = {1+ld‘(1d(y)) ;therwise
2. N — ! . - .
Q fac’ " gs(t) =t @ 1sb: least significant bit in the two’s
po3, su3: po2, su2 with 3 memory cells complement
p
@ gcd"?: compute greatest common divisor @ mul: pis5(ts) =tig *tio
Q@ exp: pr(ti) = 2" @ qad: pis(ts) = (ti — 1)(t; +2)
© ¢20: return 0if t; < 20, 1 otherwise @ mod: p17(t:) = ti1 mod t;
© prm: returns 1 if t; is prime, 0 @ mi5: minimum of five
@ ssapuo(ti) =30, i @ ma5: maximum of five
@ sra:pii(t) =Vt @ sm5: sum of five
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Loop Instructions

o We test six different loop instructions
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Loop Instructions

o We test six different loop instructions

@ cL: execute loop body n times
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Loop Instructions

o We test six different loop instructions
@ cL: execute loop body n times
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Loop Instructions

o We test six different loop instructions

@ cL: execute loop body n times
@ ML: decrease memory cell in each iteration,
stop when 0 is reached
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Loop Instructions

o We test six different loop instructions

@ cL: execute loop body n times

@ ML: decrease memory cell in each iteration,
stop when 0 is reached

© WL: execute until expression becomes 0
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Loop Instructions

o We test six different loop instructions

@ cL: execute loop body n times

@ ML: decrease memory cell in each iteration,
stop when 0 is reached

© WL: execute until expression becomes 0

@ ca: conditional “=” assignment, execute
program as long as variables change
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Loop Instructions

o We test six different loop instructions

@ cL: execute loop body n times e
@ ML: decrease memory cell in each iteration, e e
stop when 0 is reached

© WL: execute until expression becomes 0

@ ca: conditional “=” assignment, execute @ % @ %
program as long as variables change

@ 1L: execute loop body (and program) as long @ @ @ @
as variables change
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Loop Instructions

o We test six different loop instructions

CL: execute loop body n times

ML: decrease memory cell in each iteration,
stop when 0 is reached

WL: execute until expression becomes 0

CA: conditional “=" assignment, execute
program as long as variables change

IL: execute loop body (and program) as long
as variables change

IC:IL @ CA

© 0 60 OO
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on instructions
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on a) instructions and b) their order
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on a) instructions and b) their order
— epistasis!
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on a) instructions and b) their order
— epistasis!
@ Transactional Memory (TM) ™
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on a) instructions and b) their order
— epistasis!
@ Transactional Memory (TM) ™

@ hierarchical TM: each control scope (;, loop) has
two memory records

m =m + 1

m =m, + 2
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on a) instructions and b) their order
— epistasis!
@ Transactional Memory (TM) ™

@ hierarchical TM: each control scope (;, loop) has
two memory records
@ write memory: changes by write instruction =

=
S
|

=m + 1

m =m, + 2
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on a) instructions and b) their order
— epistasis!
@ Transactional Memory (TM) ™
@ hierarchical TM: each control scope (;, loop) has
two memory records 7

@ write memory: changes by write instruction =
o read memory: values returned by variable ac-

m + 1

m =m + 2

Cess 1M
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on a) instructions and b) their order

— epistasis!
@ Transactional Memory (TM) ™
@ hierarchical TM: each control scope (;, loop) has
two memory records
@ write memory: changes by write instruction =
o read memory: values returned by variable ac-

cess m;
o write memory is comitted at end of control scope

m=m + 1
m =m + 2

(commi t)
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on a) instructions and b) their order
— epistasis!
@ Transactional Memory (TM) ™
@ hierarchical TM: each control scope (;, loop) has
two memory records
@ write memory: changes by write instruction =
o read memory: values returned by variable ac-
cess m;
o write memory is comitted to memory of parent
scope at end of control scope
@ Order of instructions becomes less important

m=m + 1

m =m + 2

(commi t)
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on a) instructions and b) their order
— epistasis!
@ Transactional Memory (TM) ™
@ hierarchical TM: each control scope (;, loop) has

two memory records no-m o+ 1
@ write memory: changes by write instruction = C
. : m =m + 2
@ read memory: values returned by variable ac- )
cess m. (commit)
@ write memory is comitted to memory of parent —
scope at end of control scope -
o Order of instructions becomes less important m o= m + 2
@ Can this reduce epistasis? m, =m + 1
(commit)
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Fighting Epistasis: Transactional Memory

@ Program behavior depends on a) instructions and b) their order
— epistasis!
@ Transactional Memory (TM) ™
@ hierarchical TM: each control scope (;, loop) has

two memory records no-m o+ 1
@ write memory: changes by write instruction = C
. : m =m + 2
@ read memory: values returned by variable ac- )
cess m. (commit)
@ write memory is comitted to memory of parent —
scope at end of control scope -
o Order of instructions becomes less important m o= m + 2
@ Can this reduce epistasis? m, =m + 1
(commit)
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f

9 ...but: Is a program z, that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%?
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f

@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%?

o Not necessarily
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f

@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%?

o Not necessarily: deceptiveness, many local optima
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f

@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%?

o Not necessarily: deceptiveness, many local optima
9 But selection is very likely to prefer x;!
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f

@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%?

o Not necessarily: deceptiveness, many local optima
9 But selection is very likely to prefer x;!
@ GP will sooner or later converge.
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f

9 ...but: Is a program z, that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%?
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f

9 ...but: Is a program z, that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%?

@ Prevent convergence: Frequency Fitness Assignment (FFA) "
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f
@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥
o Favour new behaviors instead of “good” ones
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f
@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥
o Favour new behaviors instead of “good” ones
o f defines behavioral semantics (to some degree)
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f
@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥
o Favour new behaviors instead of “good” ones
o f defines behavioral semantics (to some degree)
@ tctraining cases = tc + 1 possible f values
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Fighting Deceptiveness: FFA

@ Genetic Programming minimizes f
@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥
o Favour new behaviors instead of “good” ones
o f defines behavioral semantics (to some degree)
o tctraining cases = tc + 1 possible behaviors
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Fighting Deceptiveness: FFA

@ FFA-Genetic Programming minimizes H
@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥
o Favour new behaviors instead of “good” ones
o f defines behavioral semantics (to some degree)
o tctraining cases = tc + 1 possible behaviors
o Fitness H [f(x)]: How often has a given f value been encountered
during the GP process?



http://iao.hfuu.edu.cn/
mailto:tweise@hfuu.edu.cn

EIENERDRAES

Nature'l d C tati d
CAL ASpl:\L;eat%S.%rEabO?g;g;a = University-of:Sciencezand=Technology:efiChina

Fighting Deceptiveness: FFA

@ FFA-Genetic Programming minimizes H
@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥
o Favour new behaviors instead of “good” ones
f defines behavioral semantics (to some degree)
o tctraining cases = tc + 1 possible behaviors
Fitness H [f(z)]: How often has a given f value been encountered
during the GP process?
high H-value: behavior seen often

©
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Fighting Deceptiveness: FFA

@ FFA-Genetic Programming minimizes H
@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥
o Favour new behaviors instead of “good” ones
f defines behavioral semantics (to some degree)
o tctraining cases = tc + 1 possible behaviors
Fitness H [f(z)]: How often has a given f value been encountered
during the GP process?
high H-value: behavior seen often = not new

©

[
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Fighting Deceptiveness: FFA

@ FFA-Genetic Programming minimizes H
@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥
o Favour new behaviors instead of “good” ones
f defines behavioral semantics (to some degree)
o tctraining cases = tc + 1 possible behaviors
Fitness H [f(z)]: How often has a given f value been encountered
during the GP process?
high H-value: behavior seen often = not new — simple to discover

©
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Fighting Deceptiveness: FFA

@ FFA-Genetic Programming minimizes H
@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥
o Favour new behaviors instead of “good” ones
f defines behavioral semantics (to some degree)
o tctraining cases = tc + 1 possible behaviors
Fitness H [f(z)]: How often has a given f value been encountered
during the GP process?
high H-value: behavior seen often = not new — simple to discover
= uninteresting
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Fighting Deceptiveness: FFA

@ FFA-Genetic Programming minimizes H
@ ...but: Is a program x that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥
@ Favour new behaviors instead of “good” ones
f defines behavioral semantics (to some degree)
o tctraining cases = tc + 1 possible behaviors
Fitness H [f(z)]: How often has a given f value been encountered
during the GP process?
high H-value: behavior seen often = not new — simple to discover
= uninteresting
low H-value: behavior new
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@ FFA-Genetic Programming minimizes H
@ ...but: Is a program x that can solve 60% of the training cases

closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥

*]

o
o
o

Favour new behaviors instead of “good” ones

f defines behavioral semantics (to some degree)

tc training cases = tc + 1 possible behaviors

Fitness H [f(z)]: How often has a given f value been encountered
during the GP process?

high H-value: behavior seen often = not new — simple to discover
= uninteresting

low H-value: behavior new = program does something which may
be worth exploring
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@ FFA-Genetic Programming minimizes H
@ ...but: Is a program x that can solve 60% of the training cases

closer to a solution than a program x- that can solve 10%7?
@ Prevent convergence: Frequency Fitness Assignment (FF2) ¥

*]

o
o
o

[

Favour new behaviors instead of “good” ones

f defines behavioral semantics (to some degree)

tc training cases = tc + 1 possible behaviors

Fitness H [f(z)]: How often has a given f value been encountered
during the GP process?

high H-value: behavior seen often = not new — simple to discover
= uninteresting

low H-value: behavior new = program does something which may
be worth exploring

H is a dynamic fitness function: behaviors get “worse” over time
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Fighting Deceptiveness: FFA

@ FFA-Genetic Programming minimizes H

9 ...but: Is a program z, that can solve 60% of the training cases
closer to a solution than a program x- that can solve 10%?

@ Prevent convergence: Frequency Fitness Assignment (FFA) "

@ Can FFA improve exploration and fight deceptiveness?



http://iao.hfuu.edu.cn/
mailto:tweise@hfuu.edu.cn

R[5 : 2
Nature Inspired: Computationiand’ = = = .
ApplicationsiLaboratory. Universityzef:Science:and=Technology:of:China:

Q Experiments

Experiments


http://iao.hfuu.edu.cn/
mailto:tweise@hfuu.edu.cn

EERIESEPRA

Nature:| red C tat d
CAL ASpl:\l(;eat\rl;SglfabO?g;g;a = University:of:Scienceiand=Technology:cf:Ck

Experiments

@ On each of the new benchmarks, we tested
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Experiments

@ On each of the new benchmarks, we tested 6 setups
@ 6 loop structures
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Experiments

@ On each of the new benchmarks, we tested 6 x 2 setups

@ 6 loop structures
@ 2 memory models
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Experiments

@ On each of the new benchmarks, we tested 6 x 2 x 2 = 24 setups
@ 6 loop structures
@ 2 memory models
9 2 fitness functions
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Experiments

@ On each of the new benchmarks, we tested 24 setups

6 loop structures

2 memory models

2 fitness functions for
100 runs each

o
o
o
o
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Experiments

@ On each of the new benchmarks, we tested 24 setups

@ 6 loop structures
@ 2 memory models

@ 2 fitness functions for
@ 100 runs each

@ population size 1000
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Experiments

@ On each of the new benchmarks, we tested 24 setups

@ 6 loop structures
@ 2 memory models

@ 2 fitness functions for
@ 100 runs each

@ population size 1000
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Experiments

@ On each of the new benchmarks, we tested 24 setups

@ 6 loop structures
@ 2 memory models

@ 2 fitness functions for
@ 100 runs each

@ population size 1000, 100 generations
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Experiments

@ On each of the new benchmarks, we tested 24 setups

@ 6 loop structures
@ 2 memory models

@ 2 fitness functions for
@ 100 runs each

@ population size 1000, 100 generations, tournament selection with 7
contestants
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Experiments

@ On each of the new benchmarks, we tested 24 setups

@ 6 loop structures
@ 2 memory models
@ 2 fitness functions for
@ 100 runs each
@ population size 1000, 100 generations, tournament selection with 7
contestants, 10% mutation
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Experiments

@ On each of the new benchmarks, we tested 24 setups

@ 6 loop structures
@ 2 memory models
@ 2 fitness functions for
@ 100 runs each
@ population size 1000, 100 generations, tournament selection with 7
contestants, 10% mutation, 90% crossover


http://iao.hfuu.edu.cn/
mailto:tweise@hfuu.edu.cn

CRIETR A N

Nature Inspired: Computationiand’ = = = .
ApplicationsiLaboratory. Universityzef:Science:and=Technology:of:China:

Results

@ 48000 runs



http://iao.hfuu.edu.cn/
mailto:tweise@hfuu.edu.cn

CRIETR A N

Nature Inspired: Computationiand’ = = = .
ApplicationsiLaboratory. Universityzef:Science:and=Technology:of:China:

Results

@ 48000 runs by only 5422 (11%) were successful.
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Results

@ 48000 runs by only 5422 (11%) were successful.

@ What factors contribute to success (or failure)?
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Results

@ 48000 runs by only 5422 (11%) were successful.
@ What factors contribute to success (or failure)?

@ Let’s look at the success rates. ..
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Setup po2 su2 po3 su3 fac gcd exp f20 prm ssq sra srb ild lsb mul gad mod mi5 ma5 sm5| All

DIR 0.10 0.10 0.05 0.05 0.07 0.29 0.03 0.66 0.00 0.02 0.06 0.00 0.03 0.01 0.12 0.01 0.03 0.10 0.13 0.06|0.10
FFA 0.18 0.11 0.09 0.07 0.13 0.41 0.03 0.86 0.01 0.01 0.08 0.02 0.02 0.01 0.17 0.09 0.05 0.20 0.24 0.07 | 0.14
SM 0.16 0.12 0.09 0.07 0.07 0.48 0.05 0.87 0.01 0.02 0.08 0.02 0.03 0.01 0.23 0.07 0.07 0.20 0.23 0.04|0.15
T™ 0.12 0.09 0.05 0.05 0.13 0.22 0.00 0.65 0.00 0.01 0.06 0.00 0.02 0.01 0.06 0.04 0.01 0.09 0.14 0.09|0.09

SM-DIR-CL | 0.14 0.03 0.04 0.01 0.01 0.37 0.20 0.93 0.00 0.00 0.01 0.00 0.00 0.00 0.44 0.07 0.22 0.04 0.07 0.11]0.13
SM-DIR-ML | 0.18 0.66 0.08 0.32 0.27 0.36 0.11 0.70 0.00 0.21 0.08 0.00 0.01 0.00 0.63 0.01 0.13 0.00 0.00 0.04|0.19
SM-DIR-WL | 0.11 0.00 0.08 0.00 0.00 0.42 0.00 0.51 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.07|0.06
SM-DIR-CA|0.11 0.00 0.08 0.00 0.00 0.55 0.00 0.93 0.01 0.00 0.14 0.01 0.13 0.03 0.00 0.00 0.00 0.40 0.50 0.00|0.14
SM-DIR-IL|0.09 0.01 0.11 0.01 0.00 0.10 0.00 0.81 0.00 0.00 0.04 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00|0.06
SM-DIR-IC|0.04 0.03 0.00 0.00 0.00 0.68 0.00 0.88 0.01 0.00 0.13 0.02 0.05 0.02 0.01 0.00 0.00 0.43 0.55 0.02|0.14
SM-FFA-CL |0.32 0.03 0.16 0.00 0.03 0.41 0.19 1.00 0.00 0.00 0.01 0.07 0.00 0.00 0.72 0.41 0.31 0.19 0.17 0.05|0.20
SM-FFA-ML | 0.14 0.57 0.15 0.46 0.45 0.47 0.12 0.92 0.02 0.05 0.05 0.00 0.00 0.00 0.89 0.30 0.15 0.00 0.00 0.06|0.24
SM-FFA-WL | 0.32 0.00 0.17 0.02 0.04 0.46 0.00 0.90 0.01 0.00 0.01 0.01 0.05 0.01 0.00 0.00 0.00 0.00 0.02 0.06|0.10
SM-FFA-CA | 0.17 0.00 0.05 0.00 0.02 0.80 0.00 0.97 0.02 0.00 0.22 0.06 0.02 0.01 0.00 0.00 0.00 0.64 0.74 0.00|0.19
SM-FFA-IL|0.21 0.03 0.11 0.00 0.00 0.42 0.01 0.93 0.01 0.00 0.15 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.05|0.10
SM-FFA-IC|0.12 0.02 0.01 0.03 0.00 0.76 0.00 0.90 0.05 0.00 0.16 0.03 0.01 0.01 0.01 0.00 0.00 0.72 0.74 0.04|0.18
TM-DIR-CL|0.12 0.07 0.07 0.03 0.01 0.00 0.00 0.81 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.05 0.04 0.00 0.00 0.13|0.08
TM-DIR-ML | 0.17 0.27 0.04 0.14 0.43 0.01 0.00 0.30 0.00 0.01 0.18 0.00 0.08 0.00 0.03 0.00 0.01 0.00 0.00 0.14|0.09
TM-DIR-WL|0.15 0.00 0.07 0.00 0.00 0.11 0.00 0.24 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.03 0.08|0.04
TM-DIR-CA | 0.04 0.05 0.04 0.08 0.05 0.83 0.00 0.66 0.00 0.00 0.11 0.01 0.06 0.01 0.04 0.01 0.00 0.24 0.30 0.10|0.13
TM-DIR-IL|0.03 0.01 0.02 0.00 0.00 0.04 0.00 0.75 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.00]0.05
TM-DIR-IC|0.04 0.03 0.00 0.01 0.09 0.05 0.00 0.45 0.00 0.00 0.04 0.00 0.08 0.02 0.00 0.00 0.00 0.05 0.15 0.06|0.05
TM-FFA-CL|0.20 0.04 0.12 0.06 0.01 0.00 0.02 1.00 0.00 0.00 0.00 0.00 0.01 0.00 0.34 0.32 0.07 0.00 0.00 0.09|0.11
TM-FFA-ML | 0.24 0.28 0.09 0.13 0.58 0.00 0.00 0.72 0.00 0.03 0.05 0.00 0.01 0.00 0.07 0.09 0.04 0.00 0.00 0.12|0.12
TM-FFA-WL | 0.17 0.00 0.15 0.00 0.00 0.17 0.00 0.74 0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.08 0.16 0.16|0.08
TM-FFA-CA|0.15 0.14 0.01 0.06 0.21 0.87 0.00 0.76 0.01 0.02 0.12 0.01 0.00 0.04 0.03 0.00 0.00 0.45 0.63 0.12|0.18
TM-FFA-IL|0.03 0.06 0.03 0.02 0.02 0.42 0.00 0.76 0.00 0.00 0.09 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.01 0.04|0.08
TM-FFA-IC|0.05 0.14 0.00 0.04 0.15 0.09 0.01 0.66 0.01 0.00 0.05 0.01 0.00 0.01 0.00 0.00 0.00 0.29 0.44 0.01]0.10

All 0.14 0.10 0.07 0.06 0.10 0.35 0.03 0.76 0.01 0.01 0.07 0.01 0.02 0.01 0.14 0.05 0.04 0.15 0.19 0.06|0.12
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Setup po2 su2 po3 su3 fac gcd exp 20 prm ssq sra srb ild lsb mul gad mod mi5 ma5 sm5|| All

DIR 0.10 0.10 0.05 0.05 0.07 0.29 0.03 0.66 0.00 0.02 005\0320.03 0.01 0.12 0.01 0.03 0.10 0.13 0.06 |0.10
FFA 0.18 0.11 0.09 0.07 0.13 0.41 0.03 0.86 0.01 0.01 0.08 O 0.02 0.01 0.17 0.09 0.05 0.20 0.24 0.07 |0.14
SM 0.16 0.12 0.09 0.07 0.07 0.48 0.05 0.87 0.01 0.02 0.08 0.02 ﬁ“ﬂﬁ\?g 0.23 0.07 0.07 0.20 0.23 0.04 |0.15
T™ 0.12 0.09 0.05 0.05 0.13 0.22 0.00 0.65 0.00 0.01 0.06 0.00 0.02 1 0.06 0.04 0.01 0.09 0.14 0.09 | 0.09
SM-DIR-CL [0.14 0.03 0.04 0.01 0.01 0.37 0.20 0.93 0.00 0.00 0.01 0.00 0.00 0.00 . 0.22 0.04

SM-DIR-ML | 0.18 0.66 0.08 0.32 0.27 0.36 0.11 0.70 0.00 0.21 0.03 0.00 0.01 0.00
SM-DIR-WL [0.11 0.00 0.08 0.00 0.00 0.42 0.00 0.51 0.00 0.00 0.01 0.00 0.00 0.01
SM-DIR-CA|0.11 0.00 0.08 0.00 0.00 0.55 0.00 0.93 0.01 0.00 0.14 0.01 0.13 0.03
SM-DIR-IL[0.09 0.01 0.11 0.01 0.00 0.10 0.00 0.81 0.00 0.00 0.04 0.00 0.01 0.01
SM-DIR-IC|0.04 0.03 0.00 0.00 0.00 0.68 0.00 0.88 0.01 0.00 0.13 0.02 0.05 0.02
SM-FFA-CL [0.32 0.03 0.16 0.00 0.03 0.41 0.19 1.00 0.00 0.00 0.01 0.07 0.00 0.00
SM-FFA-ML | 0.14 0.57 0.15 0.46 0.45 0.47 0.12 0.92 0.02 0.05 0.05 0.00 0.00 0.00
SM-FFA-WL [0.32 0.00 0.17 0.02 0.04 0.46 0.00 0.90 0.01 0.00 0.01 0.01 0.05 0.01
SM-FFA-CA | 0.17 0.00 0.05 0.00 0.02 0.80 0.00 0.97 0.02 0.00 0.22 0.06 0.02 0.01
SM-FFA-IL|0.21 0.03 0.11 0.00 0.00 0.42 0.01 0.93 0.01 0.00 0.15 0.01 0.03 0.00
SM-FFA-IC|0.12 0.02 0.01 0.03 0.00 0.76 0.00 0.90 0.05 0.00 0.16 0.03 0.01 0.01
TM-DIR-CL|{0.12 0.07 0.07 0.03 0.01 0.00 0.00 0.81 0.00 0.00 0.00 0.00 0.00 0.00
TM-DIR-ML | 0.17 0.27 0.04 0.14 0.43 0.01 0.00 0.30 0.00 0.01 0.18 0.00 0.03 0.00
TM-DIR-WL|0.15 0.00 0.07 0.00 0.00 0.11 0.00 0.24 0.00 0.00 0.00 0.00 0.02 0.00
TM-DIR-CA | 0.04 0.05 0.04 0.08 0.05 0.83 0.00 0.66 0.00 0.00 0.11 0.01 0.06 0.01
TM-DIR-IL|0.03 0.01 0.02 0.00 0.00 0.04 0.00 0.75 0.00 0.00 0.02 0.00 0.00 0.02
TM-DIR-IC|0.04 0.03 0.00 0.01 0.09 0.05 0.00 0.45 0.00 0.00 0.04 0.00 0.03 0.02
TM-FFA-CL|0.20 0.04 0.12 0.06 0.01 0.00 0.02 1.00 0.00 0.00 0.00 0.00 0.01 0.00
TM-FFA-ML | 0.24 0.28 0.09 0.13 0.58 0.00 0.00 0.72 0.00 0.03 0.05 0.00 0.01 0.00
TM-FFA-WL | 0.17 0.00 0.15 0.00 0.00 0.17 0.00 0.74 0.01 0.00 0.01 0.00 0.02 0.00
TM-FFA-CA|0.15 0.14 0.01 0.06 0.21 0.87 0.00 0.76 0.01 0.02 0.12 0.01 0.00 0.04
TM-FFA-IL|0.03 0.06 0.03 0.02 0.02 0.42 0.00 0.76 0.00 0.00 0.09 0.00 0.03 0.04
TM-FFA-IC|0.05 0.14 0.00 0.04 0.15 0.09 0.01 0.66 0.01 0.00 0.05 0.01 0.00 0.01

All 0.14 0.10 0.07 0.06 0.10 0.35 0.03 0.76 0.01 0.01 0.07 0.01 0.02 0.01
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Setup po2 su2 po3 su3 fac gcd exp 20 prm ssq sra srb ild lsb mul gad mod mi5 ma5 sm5|| All

DIR 0.10 0.10 0.05 0.05 0.07 0.29 0.03 0.66 0.00 0.02 005\0220.03 0.01 0.12 0.01 0.03 0.10 0.13 0.06 |0.10

FFA 0.18 0.11 0.09 0.07 0.13 0.41 0.03 0.86 0.01 0.01 0.08 O 0.02 0.01 0.17 0.09 0.05 0.20 0.24 0.07 |0.14

SM 0.16 0.12 0.09 0.07 0.07 0.48 0.05 0.87 0.01 0.02 0.08 0.02 w 0.23 0.07 0.07 0.20 0.23 0.04 |0.15

T™ 0.12 0.09 0.05 0.05 0.13 0.22 0.00 0.65 0.00 0.01 0.06 0.00 0.02 1 0.06 0.04 0.01 0.09 0.14 0.09 | 0.09
I-DTR-CL]0.14 0.03 0.04 0.01 0.01 0.37 0.20 0.93 0.00 0.00 0.01 0.00 0.00 0.00 . 0.22

JM-DTR-ML10.18 0.66 0.08 0.32 0.27 0.36 0.11 0.70 0.00 0.21 0.03 0.00 0.01 0.00
M- -wi)0.11 0.00 0.08 0.00 0.00 0.42 0.00 0.51 0.00 0.00 0.01 0.00 0.00 0.01
SM-DIR-CA[0.11 0.00 0.08 0.00 0.00 0.55 0.00 0.93 0.01 0.00 0.14 0.01 0.13 0.03
M- -11,10.09 0.01 0.11 0.01 0.00 0.10 0.00 0.81 0.00 0.00 0.04 0.00 0.01 0.01
SM-DIR-IC[0.04 0.03 0.00 0.00 0.00 0.68 0.00 0.88 0.01 0.00 0.13 0.02 0.05 0.02
M-FEA-CL]0.32 0.03 0.16 0.00 0.03 0.41 0.19 1.00 0.00 0.00 0.01 0.07 0.00 0.00
SMeEEAML 1014 057 0.15 0.46 0.45 0.47 0.12 0.92 0.02 0.05 0.05 0.00 0.00 0.00
SM-FEA-WL 1032 0.00 0.17 0.02 0.04 0.46 0.00 0.90 0.01 0.00 0.01 0.01 0.05 0.01
SMeFEA-CA10.47 0.00 0.05 0.00 0.02 0.80 0.00 0.97 0.02 0.00 0.22 0.06 0.02 0.01
M-FEA-1,10.21 0.0 0.11 0.00 0.00 0.42 0.01 0.93 0.01 0.00 0.15 0.01 0.03 0.00
SMerEA-TC10.42 0.02 0.01 0.03 0.00 0.76 0.00 0.90 0.05 0.00 0.16 0.03 0.01 0.01
,10.12 0.07 0.07 0.03 0.01 0.00 0.00 0.81 0.00 0.00 0.00 0.00 0.00 0.00
10.17 0.27 0.04 0.14 0.43 0.01 0.00 0.30 0.00 0.01 0.18 0.00 0.03 0.00

N 0.00 0.00 0.11 0.00 0.24 0.00 0.00 0.00 0.00 0.02 0.00
0.08 0.05 0.83 0.00 0.66 0.00 0.00 0.11 0.01 0.06 0.01
0.00 0.00 0.04 0.00 0.75 0.00 0.00 0.02 0.00 0.00 0.02
0.01 0.09 0.05 0.00 0.45 0.00 0.00 0.04 0.00 0.03 0.02
0:06 0.01 0.00 0.02 1.00 0.00 0.00 0.00 0.00 0.01 0.00

D.00 0.72 0.00 0.03 0.05 0.00 0.01 0.00
SetupS D00 0.74 0.01 0.00 0.01 0.0 0.02 0.00
calo. ] D.00 0.76 0.01 0.02 0.12 0.01 0.00 0.04
IFra-11.0.03 006 003 0.02 0.02 042 000 076 0.00 0.00 0.09 0.00 003 0.04

4P A-1C)0.05 0.14 0.00 0.04 0.15 0.09 0.01 0.66 0.01 0.00 0.05 0.01 0.00 0.01
All 0.14 0.10 0.07 0.06 0.10 0.35 0.03 0.76 0.01 0.01 0.07 0.01 0.02 0.01

I-F AL 1017 0.00 015 0O
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Setup

po2

su2 po3 su3 fac gcd exp (20 prm ssqg

sra

srb ild 1sb

mod

mi5

DIR
FFA

0.10 0.10
0.18 0.11

0.05
0.09

0.05 0.07
0.07 0.13

0.29
0.41

0.03 0.66 0.00
0.03 0.86 0.01

0.02
0.01

0.

0 0.00 0.03 0.01
08 0182 0.02 0.01

0.03
0.05

0.10
0.20

0.12 0.09 0.07 0.07 0.48 0.05 0.87 0.01 0.02

0.08

0.02

aggregated results:
@ with FFA (and f directly DIR)

@ with TM (and simple memory SM)

A 0.01
.00 0.02 1

0.07
0.01

0.20
0.09

.00 0.00 0.00
.00 0.01 0.00
.00 0.00 0.01
.01 0.13 0.03
.00 0.01 0.01
.02 0.05 0.02

0.16
0.15
0.17
0.05
0.11
0.01
0.07
0.04
0.07
0.04

0.00
0.46
0.02
0.00
0.00
0.03
0.03
0.14
0.00

0.03
0.45
0.04
0.02
0.00
0.00
0.01
0.43
0.00
0.05
0.00
0.09 0.05
0.01 0.00

' D.00
setups p.oo
D.00

0.02 0.02 0.42 0.00
0.04 0.15 0.09 0.01

0.41
0.47
0.46
0.80
0.42
0.76
0.00
0.01
0.11
0.83
0.04

0.19
0.12
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.00
0.92
0.90
0.97
0.93
0.90
0.81
0.30
0.24
0.66
0.75
0.45
1.00
0.72
0.74

0.00
0.02
0.01
0.02
0.01
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01

0.00
0.05
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.02
0.00
0.00

0.15 0

0.01
0.05
0.01
0.22
0.15
0.16
0.00
0.18
0.00
0.11
0.02
0.04
0.00
0.05
0.01
0.12
0.09
0.05

0.07 0.00 0.00
0.00 0.00 0.00
0.01 0.05 0.01
0.06 0.02 0.01
0.01 0.03 0.00
0.03 0.01 0.01
0.00 0.00 0.00
0.00 0.03 0.00
0.00 0.02 0.00
0.01 0.06 0.01
0.00 0.00 0.02
0.00 0.03 0.02
0.00 0.01 0.00
0.00 0.01 0.00
0.00 0.02 0.00
0.01 0.00 0.04
0.00 0.03 0.04
0.01 0.00 0.01

0.22

0.06 0.10 0.35 0.03 0.01

0.07

0.01 0.02 0.01
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Setup po2 su2 po3 su3 fac gcd exp 20 prm ssq sra srb ild lsb mul gad mod mi5 ma5 sm5|| All

DIR 0.10 0.10 0.05 0.05 0.07 0.29 0.03 0.66 0.00 0.02 0 0.00 0.03 0.01 0.12 0.01 0.03 0.10 0.13 0.06 0.10
FFA 0.18 0.11 0.09 0.07 0.13 0.41 0.03 0.86 0.01 0.01 0.08 O 0.02 0.01 0.17 0.09 0.05 0.20 0.24 0.07| 0.14
SM > 0.12 0.09 0.07 0.07 0.48 0.05 0.87 0.01 0.02 0.08 0.02 ﬁ‘ﬂ\&g 0.23 0.07 0.07 0.20 0.23 0.04|/0.15
T™ 0.1 .00 0.02 1 0.06 0.04 0.01 0.09 0.14 0.09| 0.09
SM-DIR-CL] 0.1 aggregated reSUItS .00 0.00 0.00
) . . .00 0.01 0.00
with FFA (and f directly DIR) 00 000 001
. . .01 0.13 0.03
with TM (and simple memory SM) |.oo 0.01 0.01
& R ! .02 0.05 0.02
M-FEA-C110.32 0.08 0.16 0.00 0.03 0.41 0.19 1.00 0.00 0.00 0.01 0.07 0.00 0.00

SMeEEAML 1014 057 0.15 0.46 0.45 0.47 0.12 0.92 0.02 0.05 0.05 0.00 0.00 0.00
SM-FEA-WL 1032 0.00 0.17 0.02 0.04 0.46 0.00 0.90 0.01 0.00 0.01 0.01 0.05 0.01
SMFEA-CAL047 0.00 0.05 0.00 0.02 0.80 0.00 0.97 0.02 0.00 0.22 0.06 0.02 0.01
SM-FEA-15L10.21 0.03 0.11 0.00 0.00 0.42 0.01 0.93 0.01 0.00 0.15 0.01 0.03 0.00
SMeFEA-TC1042 0.02 0.01 0.03 0.00 0.76 0.00 0.90 0.05 0.00 0.16 0.03 0.01 0.01
,10.12 0.07 0.07 0.03 0.01 0.00 0.00 0.81 0.00 0.00 0.00 0.00 0.00 0.00
10.17 0.27 0.04 0.14 0.43 0.01 0.00 0.30 0.00 0.01 0.18 0.00 0.03 0.00

4 0.07 0.00 0.00 0.11 0.00 0.24 0.00 0.00 0.00 0.00 0.02 0.00

M-DIR-CA| 0. 0.04 0.08 0.05 0.83 0.00 0.66 Of

I

I

I A

I 0.10|[0.13
IM-DIR-IL|0.03 O. 0.00 0.00 0.04 0.00 0.75 0 aggregated results: 0.00| 0.05
DR 10| 0.04 0.03 008_0.01 0.09 0.05 0.00 0.45 0| 0.06|| 0.05
[MFEA-CL | 0.20 0.04 012 0:06 0.01 0.00 0.02 1.00 0] @ over benchmark instances 0.09|| 0.11
nrra|0.24 0.28 0.09 D.00 0.72 0 0.12]/ 0.12
IM-FFA-NL | 017 0.00 015 0 SetUpS p00 074 o Q@ over setups 0.16/ 0.08
nirracal045 044 0.01 0 b.00 0.76 0 0.12|[0.18
MEEa-1L|0.03 0.06 0.03 0.02 0.02 0.42 0.00 0.76 0T—TTT— U U UUS UWA— T T T T UUo—UTo—UuT 0.04(| 0.08
I

J-FFA-1C)0.05 0.14 0.00 0.04 0.15 0.09 0.01 0.66 0.01 0.00 0.05 @01 0.00 0.01 0.00 0.00 0.00 0.29 0.44 0.01}/0.10
All 0.14 0.0 0.07 0.06 0.10 0.35 0.08 0.76 0.01 0.01 0.07 0.
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Setup po2 su2 po3 su3 fac gcd exp f20 prm ssq sra srb ild lsb mul gad mod mi5 ma5 sm5| All

DIR 010 010 005 005 007 029 003 066 000 0

|FFA 0.18 0.11 0.09 0.07 0.13 0.41 0.03 0.86 0.01 0.01 0.08 0.02 0.02 0.01 0.17 0.09 0.05 0.20 0.24 0.07 |0.14
SM 0.16 0.12 0.09 0.07 0.07 0.48 0.05 0.87 0.01 0.02™\Q.08 0.02 0.03 0.01 0.23 0.07 0.07 0.20 0.23 0.04|0.15
T™ 0.12 0.09 0.05 0.05 0.13 0.22 0.00 0.65 0.00 0.01 0. 0.00 0.02 0.01 0.06 0.04 0.01 0.09 0.14 0.09 | 0.09

SM-DIR-CL | 0.14 0.03 0.04 0.01 0.01 0.37 0.20 0.93 0.00 0.00 0.01 ®QO 0.00 0.00 0.44 0.07 0.22 0.04 0.07 0.11]0.13
SM-DIR-ML | 0.18 0.66 0.08 0.32 0.27 0.36 0.11 0.70 0.00 0.21 0.08 0.0M0.01 0.00 0.63 0.01 0.13 0.00 0.00 0.04|0.19
SM-DIR-WL [0.11 0.00 0.08 0.00 0.00 0.42 0.00 0.51 0.00 0.00 0.01 0.00 0 0.01 0.00 0.00 0.00 0.00 0.00 0.07|0.06
SM-DIR-CA|0.11 0.00 0.08 0.00 0.00 0.55 0.00 0.93 0.01 0.00|0.14

SDIRIL|009 0.01 041 0.01 000 040 0.00 081 ood FEA iNCreases success rate | oo oos

SM-DIR-IC|0.04 0.03 0.00 0.00 0.00 0.68 0.00 0.88 0.01 b 400/ 0.02|0.14
SM-FFA-CL |0.32 0.03 0.16 0.00 0.03 0.41 0.19 1.00 0.0( y o 0.05|0.20
SM-FFA-ML | 0.14 0.57 0.15 0.46 0.45 0.47 0.12 0.92 0.02—vvo—voo oo vov—vov—oTo—o oo 0.06 | 0.24

SM-FFA-WL | 0.32 0.00 0.17 0.02 0.04 0.46 0.00 0.90 0.01 0.00 0.01 0.01 0.05 0.01 0.00 0.00 0.00 0.00 0.02 0.06|0.10
SM-FFA-CA | 0.17 0.00 0.05 0.00 0.02 0.80 0.00 0.97 0.02 0.00 0.22 0.06 0.02 0.01 0.00 0.00 0.00 0.64 0.74 0.00|0.19
SM-FFA-IL|0.21 0.03 0.11 0.00 0.00 0.42 0.01 0.93 0.01 0.00 0.15 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.05|0.10
SM-FFA-IC|0.12 0.02 0.01 0.03 0.00 0.76 0.00 0.90 0.05 0.00 0.16 0.03 0.01 0.01 0.01 0.00 0.00 0.72 0.74 0.04|0.18
TM-DIR-CL|0.12 0.07 0.07 0.03 0.01 0.00 0.00 0.81 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.05 0.04 0.00 0.00 0.13|0.08
TM-DIR-ML | 0.17 0.27 0.04 0.14 0.43 0.01 0.00 0.30 0.00 0.01 0.18 0.00 0.08 0.00 0.03 0.00 0.01 0.00 0.00 0.14|0.09
TM-DIR-WL|0.15 0.00 0.07 0.00 0.00 0.11 0.00 0.24 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.03 0.08|0.04
TM-DIR-CA | 0.04 0.05 0.04 0.08 0.05 0.83 0.00 0.66 0.00 0.00 0.11 0.01 0.06 0.01 0.04 0.01 0.00 0.24 0.30 0.10|0.13
TM-DIR-IL|0.03 0.01 0.02 0.00 0.00 0.04 0.00 0.75 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.00]0.05
TM-DIR-IC|0.04 0.03 0.00 0.01 0.09 0.05 0.00 0.45 0.00 0.00 0.04 0.00 0.08 0.02 0.00 0.00 0.00 0.05 0.15 0.06|0.05
TM-FFA-CL|0.20 0.04 0.12 0.06 0.01 0.00 0.02 1.00 0.00 0.00 0.00 0.00 0.01 0.00 0.34 0.32 0.07 0.00 0.00 0.09|0.11
TM-FFA-ML | 0.24 0.28 0.09 0.13 0.58 0.00 0.00 0.72 0.00 0.03 0.05 0.00 0.01 0.00 0.07 0.09 0.04 0.00 0.00 0.12|0.12
TM-FFA-WL | 0.17 0.00 0.15 0.00 0.00 0.17 0.00 0.74 0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.08 0.16 0.16|0.08
TM-FFA-CA|0.15 0.14 0.01 0.06 0.21 0.87 0.00 0.76 0.01 0.02 0.12 0.01 0.00 0.04 0.03 0.00 0.00 0.45 0.63 0.12|0.18
TM-FFA-IL|0.03 0.06 0.03 0.02 0.02 0.42 0.00 0.76 0.00 0.00 0.09 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.01 0.04|0.08
TM-FFA-IC|0.05 0.14 0.00 0.04 0.15 0.09 0.01 0.66 0.01 0.00 0.05 0.01 0.00 0.01 0.00 0.00 0.00 0.29 0.44 0.01]0.10

All 0.14 0.10 0.07 0.06 0.10 0.35 0.03 0.76 0.01 0.01 0.07 0.01 0.02 0.01 0.14 0.05 0.04 0.15 0.19 0.06|0.12
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Setup

ssq sra srb ild lsb mul gad mod mi5 maS sm5

DIR

[rEa

0.08 0.02

0.02

—

SM-DIR-CL
SM-DIR-ML
SM-DIR-WL
SM-DIR-CA
SM-DIR-IL
SM-DIR-IC
SM-FFA-CL
SM-FFA-ML
SM-FFA-WL

SM-FFA-CA | 0.

SM-FFA-IL

SM-FFA-IC | 0.

TM-DIR-CL
TM-DIR-ML
TM-DIR-WL
TM-DIR-CA
TM-DIR-IL
TM-DIR-IC
TM-FFA-CL
TM-FFA-ML
TM-FFA-WL
TM-FFA-CA
TM-FFA-IL
TM-FFA-IC

0.01
0.03 0.0
0.01_0.00

0.00

0.00
0.01
0

*|by 40%

FFA increases success rate

0.00 0.01 0.01
2 0.06
5 0.01
6 0.03
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.01

of TM decreases success rate

gi on 17 out of 20 benchmarks

0.15
0.04
0.03
0.04
0.20
0.24
0.17
0.15
0.03
0.05

0 OO
0.05
0.01
0.03
0.04
0.28
0.00
0.14
0.06
0.14

0 07
0.04
0.02
0.00
0.12
0.09
0.15
0.01
0.03
0.00

O 00
0.08
0.00
0.01
0.06
0.13
0.00
0.06
0.02
0.04

O 00
0.05
0.00
0.09
0.01
0.58
0.00
0.21
0.02
0.15

0 11
0.83
0.04
0.05
0.00
0.00
0.17
0.87
0.42
0.09

0 OO
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.01

0 24
0.66
0.75
0.45
1.00
0.72
0.74
0.76
0.76
0.66

O 00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.01

O 00
0.00
0.00
0.00
0.00
0.03
0.00
0.02
0.00
0.00

O OO
0.11
0.02
0.04
0.00
0.05
0.01
0.12
0.09
0.05

0.05
0.02
0.03
0.01
0.00
0.03
0.02
0.06
0.00
0.03
0.01
0.01
0.02
0.00
0.03
0.00

0.01
0.01
0.00
0.01
0.00

0.00
0.01

0.02
0.00

0.00
0.04

0.01

0.00
0.00
0.00
0.01
0.26

0.00
0.00
0.00
0.00
0.05

0.00
0.00
0.00
0.00
0.04

0.00
0.64
0.00
0.72
0.00

0.02
0.74
0.00
0.74
0.00

0.00
0.04

0.00
0.01

0.00
0.00

0.01
0.24

0.03
0.30 0.13
0.00
0.34

0.00
0.32

0.00
0.07

0.05
0.00

0.15
0.00

0.05
0.11
0.12
0.08
0.18
0.08
0.10

0.00
0.03

0.00
0.00

0.00
0.00

0.08
0.45

0.16
0.63

0.00 0.00 0.00 0.29 0.44

All

0.14 0.10 0.07 0.06 0.10 0.35 0.03 0.76 0.01 0.01 0.07 0.01

0.02

0.01

0.14 0.05 0.04 0.15 0.19 0.12



http://iao.hfuu.edu.cn/
mailto:tweise@hfuu.edu.cn

CAL

Nature Inspired: Computationiand’
Applicationsil:aboratory:

e NN

University-of:Sciencezand=Technology:efiChina

SM-DIR-CL

SM-DIR-ML

SM-DIR-WL

SM-DIR-CA

SM-DIR-IL

SM-DIR-IC

SM-FFA-CL

S FA-ML

SM-FFA-CA

SM-FFA-IL

SM-FFA-IC

TM-DIR-CL

TM-DIR-ML | 0. . . b 5 b 4
TM-DIR-WL | 0.15 0.00 0.07 0.00 0.00 0.03 0.08|0.04
TupTRCA 004 005 0.04 008 005 @ Best Setup: SM-FFA-ML 030 0.100.13
TM-DIR-IL |0.03 0.01 0.02 0.00 0.00 0.01 0.00{0.05
TM-DIR-IC|0.04 0.03 0.00 0.01 0.097UUS UUU U45 UUU UUU UUF UUU UUS UUZ UU0 UU0 Uoo UUs 0.15 0.06 | 0.05
TM-FFA-CL | 0.20 0.04 0.12 0.06 0.01 0.00 0.02 1.00 0.00 0.00 0.00 0.00 0.01 0.00 0.34 0.32 0.07 0.00 0.00 0.09|0.11
TM-FFA-ML | 0.24 0.28 0.09 0.13 0.58 0.00 0.00 0.72 0.00 0.03 0.05 0.00 0.01 0.00 0.07 0.09 0.04 0.00 0.00 0.12|0.12
TM-FFA-WL | 0.17 0.00 0.15 0.00 0.00 0.17 0.00 0.74 0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.08 0.16 0.16|0.08
TM-FFA-CA |0.15 0.14 0.01 0.06 0.21 0.87 0.00 0.76 0.01 0.02 0.12 0.01 0.00 0.04 0.03 0.00 0.00 0.45 0.63 0.12|0.18
TM-FFA-IL |0.03 0.06 0.03 0.02 0.02 0.42 0.00 0.76 0.00 0.00 0.09 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.01 0.04|0.08
TM-FFA-IC |0.05 0.14 0.00 0.04 0.15 0.09 0.01 0.66 0.01 0.00 0.05 0.01 0.00 0.01 0.00 0.00 0.00 0.29 0.44 0.01|0.10
All 0.14 0.10 0.07 0.06 0.10 0.35 0.03 0.76 0.01 0.01 0.07 0.01 0.02 0.01 0.14 0.05 0.04 0.15 0.19 0.06 |0.12
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SM-DIR-CL

SM-DIR-ML

SM-DIR-WL

SM-DIR-CA

SM-DIR-IL

SM-DIR-IC

SM-FFA-CL

S. FA-ML

SM-FFA-CA

SM-FFA-IL

SM-FFA-IC (0. I L I b Y b
TM-DIR-CL | 0.12 0.07 0.07 0.03 0.01 . 0.00 0.13]0.08
TM-DIR-ML |0.17 0.27 0.04 0.14 0.43 o Best Setup- SM-FFA-ML 0.00 0.14|0.09
TM-DIR-WL | 0.15 0.00 0.07 0.00 0.00) 0.03 0.08 | 0.04
TM-DIR-CA [0.04 0.05 0.04 0.08 0.05 @ Best Ioop structures: ML, and CA 0.30 0.10]0.13
TM-DIR-IL | 0.03 0.01 0.02 0.00 0.00) 0.01 0.00|0.05
TM-DIR-IC |0.04 0.03 0.00 0.01 0.09) (16°/o sSuccess rate) 0.15 0.06 | 0.05
TM-FFA-CL | 0.20 0.04 0.12 0.06 0.01 0.00 0.09|0.11
TM-FFA-ML | 0.24 0.28 0.09 0.13 0.58'— - —— - - - —— —e ot 0.00 0.12[0.12
TM-FFA-WL | 0.17 0.00 0.15 0.00 0.00 0.17 0.00 0.74 0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.08 0.16 0.16 |0.08
TM-FFA-CA |0.15 0.14 0.01 0.06 0.21 0.87 0.00 0.76 0.01 0.02 0.12 0.01 0.00 0.04 0.03 0.00 0.00 0.45 0.63 0.12|0.18
TM-FFA-IL | 0.03 0.06 0.03 0.02 0.02 0.42 0.00 0.76 0.00 0.00 0.09 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.01 0.04|0.08
TM-FFA-IC|0.05 0.14 0.00 0.04 0.15 0.09 0.01 0.66 0.01 0.00 0.05 0.01 0.00 0.01 0.00 0.00 0.00 0.29 0.44 0.010.10
Al 0.14 0.10 0.07 0.06 0.10 0.35 0.03 0.76 0.01 0.01 0.07 0.01 0.02 0.01 0.14 0.05 0.04 0.15 0.19 0.06]0.12
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DIR 0.10 0.10 0.05 0.05 0.07 0.29 0.03 0.66 0.00 0.02 0.06 0.00 0.03 0.01 0.12 0.01 0.03 0.10 0.13 0.06|0.10
FFA 0.18 0.11 0.09 0.07 0.13 0.41 0.03 0.86 0.01 0.01 0.08 0.02 0.02 0.01 0.17 0.09 0.05 0.20 0.24 0.07 | 0.14
SM 0.16 0.12 0.09 0.07 0.07 0.48 0.05 0.87 0.01 0.02 0.08 0.02 0.03 0.01 0.23 0.07 0.07 0.20 0.23 0.04|0.15
T™ 0.12 0.09 0.05 0.05 0.13 0.22 0.00 0.65 0.00 0.01 0.06 0.00 0.02 0.01 0.06 0.04 0.01 0.09 0.14 0.09|0.09

SM-DIR-CL | 0.14 0.03 0.04 0.01 0.01 0.37 0.20 0.93 0.00 0.00 0.01 0.00 0.00 0.00 0.44 0.07 0.22 0.04 0.07 0.11]0.13
SM-DIR-ML | 0.18 0.66 0.08 0.32 0.27 0.36 0.11 0.70 0.00 0.21 0.08 0.00 0.01 0.00 0.63 0.01 0.13 0.00 0.00 0.04|0.19
SM-DIR-WL | 0.11 0.00 0.08 0.00 0.00 0.42 0.00 0.51 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.07|0.06
SM-DIR-CA|0.11 0.00 0.08 0.00 0.00 0.55 0.00 0.93 0.01 0.00 0.14 0.01 0.13 0.03 0.00 0.00 0.00 0.40 0.50 0.00|0.14
SM-DIR-IL|0.09 0.01 0.11 0.01 0.00 0.10 0.00 0.81 0.00 0.00 0.04 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00|0.06
SM-DIR-IC|0.04 0.03 0.00 0.00 0.00 0.68 0.00 0.88 0.01 0.00 0.13 0.02 0.05 0.02 0.01 0.00 0.00 0.43 0.55 0.02|0.14
SM-FFA-CL |0.32 0.03 0.16 0.00 0.03 0.41 0.19 1.00 0.00 0.00 0.01 0.07 0.00 0.00 0.72 0.41 0.31 0.19 0.17 0.05]0.20

S FA-ML

SM-FFA-CA b
SM-FFA-IL|0.21 0.03 0.11 0.00 0.00 0.00 0.05|0.10
SM-FFA-IC|0.12 0.02 0.01 0.03 0.00| . 0.74 0.04|0.18
TM-DIR-CL{0.12 0.07 0.07 0.03 0.01 o BeSt Setup SM-FFA-ML 0.00 0.130.08
TM-DIR-ML | 0.17 0.27 0.04 0.14 0.43] 0.00 0.140.09

meprrL 045 000 007 000 000 @ Bestloop structures: ML and CA 0.03 0.08 | 0.04
TM-DIR-CA|0.04 0.05 0.04 0.08 0.05 o 0.30 0.10|0.13
TM-DIR-IL [0.03 0.01 0.02 0.00 0.00 (16 Yo SUCCESS rate) 0.01 0.000.05
TM-DIR-IC|0.04 0.03 0.00 0.01 0.09 0.15 0.06 | 0.05
TM-FFA-CL [0.20 0.04 0.12 0.06 0.01 @ Worst |oop structures: I, and WI, |o0.00 0.09]o0.11
IM-FFA-ML | 0.24 0.28 0.09 0.13 0.58 000 0.12|0.12
IM-FFA-WL | 0.17 0.00 0.15 0.00 0.00) 0.16 0.16 | 0.08
IM-FFA-CA|0.15 0.14 0.01 0.06 0.21 0.87 0.00 0.76 0.01 0.02 0.12 0.01 0.00 0.04 0.03 0.00 0.00 0.45 0.63 0.12|0.18
TM-FFA-IL|0.03 0.06 0.03 0.02 0.02 0.42 0.00 0.76 0.00 0.00 0.09 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.01 0.04]0.08
TM-FFA-IC|0.05 0.4 0.00 0.04 0.15 0.09 0.01 0.66 0.01 0.00 0.05 0.01 0.00 0.01 0.00 0.00 0.00 0.29 0.44 0.01]0.10

All 0.14 0.10 0.07 0.06 0.10 0.35 0.03 0.76 0.01 0.01 0.07 0.01 0.02 0.01 0.14 0.05 0.04 0.15 0.19 0.06|0.12
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Setup po2 su2 po3 su3 fac gcd exp (20 prm ssq sra srb ild lsb mul gad mod mi5 ma5 sm5| All

DIR 0.10 0.10 0.05 0.05 0.07 0.29 0.03 0.66 0.00 0.02 0.06 0.00 0.03 0.01 0.12 0.01 0.03 0.10 0.13 0.06|0.10
FFA 0.18 0.11 0.09 0.07 0.13 0.41 0.03 0.86 0.01 0.01 0.08 0.02 0.02 0.01 0.17 0.09 0.05 0.20 0.24 0.07 | 0.14
SM 0.16 0.12 0.09 0.07 0.07 0.48 0.05 0.87 0.01 0.02 0.08 0.02 0.03 0.01 0.23 0.07 0.07 0.20 0.23 0.04|0.15
T™ 0.12 0.09 0.05 0.05 0.13 0.22 0.00 0.65 0.00 0.01 0.06 0.00 0.02 0.01 0.06 0.04 0.01 0.09 0.14 0.09|0.09

SM-DIR-CL | 0.14 0.03 0.04 0.01 0.01 0.37 0.20 0.93 0.00 0.00 0.01 0.00 0.00 0.00 0.44 0.07 0.22 0.04 0.07 0.11]0.13
SM-DIR-ML | 0.18 0.66 0.08 0.32 0.27 0.36 0.11 0.70 0.00 0.21 0.08 0.00 0.01 0.00 0.63 0.01 0.13 0.00 0.00 0.04|0.19
SM-DIR-WL | 0.11 0.00 0.08 0.00 0.00 0.42 0.00 0.51 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.07|0.06
SM-DIR-CA|0.11 0.00 0.08 0.00 0.00 0.55 0.00 0.93 0.01 0.00 0.14 0.01 0.13 0.03 0.00 0.00 0.00 0.40 0.50 0.00|0.14
SM-DIR-IL|0.09 0.01 0.11 0.01 0.00 0.10 0.00 0.81 0.00 0.00 0.04 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00|0.06
SM-DIR-IC|0.04 0.03 0.00 0.00 0.00 0.68 0.00 0.88 0.01 0.00 0.13 0.02 0.05 0.02 0.01 0.00 0.00 0.43 0.55 0.02|0.14
SM-FFA-CL |0.32 0.03 0.16 0.00 0.03 041 0.19 1.00 0.00 0.00 0.01 0.07 0.00 0.00 0.72 0.41 0.31 0.19 0.17 0.05|0.20

Easiest prOblemS: (20, gcd, mab 05 0.01 0.00 0.00 0.00 0.00 0.02 0.06|0.10

TFFEACA[U.T7 UUU UUS UUU U.UZ UBU UUU U997 UUZ UUU U.2Z Uue 0.02 0.01 0.00 0.00 0.00 0.64 0.74 0.00|0.19
SM-FFA-IL|0.21 0.08 0.11 0.00 0.00 0.42 0.01 0.93 0.01 0.00 0.15 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.05|0.10
SM-FFA-IC |0.12 0.02 0.01 0.08 0.00 0.76 0.00 0.90 0.05 0.00 0.16 0.03 0.01 0.01 0.01 0.00 0.00 0.72 0.74 0.04|0.18
TM-DIR-CL | 0.12 0.07 0.07 0.03 0.01 0.00 0.00 0.81 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.05 0.04 0.00 0.00 0.13|0.08
TM-DIR-ML | 0.17 0.27 0.04 0.14 0.43 0.01 0.00 0.30 0.00 0.01 0.18 0.00 0.03 0.00 0.03 0.00 0.01 0.00 0.00 0.14|0.09
TM-DIR-WL | 0.15 0.00 0.07 0.00 0.00 0.11 0.00 0.24 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.03 0.08|0.04
TM-DIR-CA | 0.04 0.05 0.04 0.08 0.05 0.83 0.00 0.66 0.00 0.00 0.11 0.01 0.06 0.01 0.04 0.01 0.00 0.24 0.30 0.10|0.13
TM-DIR-IL |0.03 0.01 0.02 0.00 0.00 0.04 0.00 0.75 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.00|0.05
TM-DIR-IC |0.04 0.03 0.00 0.01 0.09 0.05 0.00 0.45 0.00 0.00 0.04 0.00 0.03 0.02 0.00 0.00 0.00 0.05 0.15 0.06 | 0.05
TM-FFA-CL | 0.20 0.04 0.12 0.06 0.01 0.00 0.02 1.00 0.00 0.00 0.00 0.00 0.01 0.00 0.34 0.32 0.07 0.00 0.00 0.09|0.11
TM-FFA-ML | 0.24 0.28 0.09 0.13 0.58 0.00 0.00 0.72 0.00 0.03 0.05 0.00 0.01 0.00 0.07 0.09 0.04 0.00 0.00 0.12|0.12
TM-FFA-WL | 0.17 0.00 0.15 0.00 0.00 0.17 0.00 0.74 0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.08 0.16 0.16|0.08
TM-FFA-CA |0.15 0.14 0.01 0.06 0.21 0.87 0.00 0.76 0.01 0.02 0.12 0.01 0.00 0.04 0.03 0.00 0.00 0.45 0.63 0.12|0.18
TM-FFA-IL |0.03 0.06 0.03 0.02 0.02 0.42 0.00 0.76 0.00 0.00 0.09 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.01 0.04|0.08
TM-FFA-IC |0.05 0.14 0.00 0.04 0.15 0.09 0.01 0.66 0.01 0.00 0.05 0.01 0.00 0.01 0.00 0.00 0.00 0.29 0.44 0.01|0.10

All 0.14 0.10 0.07 0.06 0.10 0.35 0.03 0.76 0.01 0.01 0.07 0.01 0.02 0.01 0.14 0.05 0.04 0.15 0.19 0.06|0.12
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Setup po2 su2 po3 su3 fac gcd exp (20 prm ssq sra srb ild lsb mul gad mod mi5 ma5 sm5| All

DIR 0.10 0.10 0.05 0.05 0.07 0.29 0.03 0.66 0.00 0.02 0.06 0.00 0.03 0.01 0.12 0.01 0.03 0.10 0.13 0.06|0.10
FFA 0.18 0.11 0.09 0.07 0.13 0.41 0.03 0.86 0.01 0.01 0.08 0.02 0.02 0.01 0.17 0.09 0.05 0.20 0.24 0.07 |0.14
SM 0.16 0.12 0.09 0.07 0.07 0.48 0.05 0.87 0.01 0.02 0.08 0.02 0.03 0.01 0.23 0.07 0.07 0.20 0.23 0.04|0.15
T™ 0.12 0.09 0.05 0.05 0.13 0.22 0.00 0.65 0.00 0.01 0.06 0.00 0.02 0.01 0.06 0.04 0.01 0.09 0.14 0.09|0.09

SM-DIR-CL|0.14 0.03 0.04 0.01 0.01 0.37 0.20 0.93 0.00 0.00 0.01 0.00 0.00 0.00 0.44 0.07 0.22 0.04 0.07 0.11]0.13
SM-DIR-ML | 0.18 0.66 0.08 0.32 0.27 0.36 0.11 0.70 0.00 0.21 0.08 0.00 0.01 0.00 0.63 0.01 0.13 0.00 0.00 0.04|0.19
SM-DIR-WL|0.11 0.00 0.08 0.00 0.00 0.42 0.00 0.51 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.07|0.06
SM-DIR-CA|0.11 0.00 0.08 0.00 0.00 0.55 0.00 0.93 0.01 0.00 0.14 0.01 0.13 0.03 0.00 0.00 0.00 0.40 0.50 0.00|0.14
SM-DIR-IL{0.09 0.01 0.11 0.01 0.00 0.10 0.00 0.81 0.00 0.00 0.04 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00]0.06
SM-DIR-IC|0.04 0.03 0.00 0.00 0.00 0.68 0.00 0.88 0.01 0.00 0.13 0.02 0.05 0.02 0.01 0.00 0.00 0.43 0.55 0.02|0.14
SM-FFA-CL|0.32 0.03 0.16 0.00 0.03 0.41 0.19 1.00 0.00 0.00 0.01 0.07 0.00 0.00 0.72 0.41 0.31 0.19 0.17 0.05|0.20

Easiest problems: 20, gcd, ma5 05 0.01 0.00 000 0.00 000 0.02 006 |0.10

. p.02 0.01 0.00 0.00 0.00 0.64 0.74 0.00 |0.19

Hardest prObIemS- prm, 1sb, srb, sS hos 000 000 000 000 0.00 000 005|010
TFFEA-IC [U.TZ U.UZ UUT UUS UUU U.76 UUU U90 U.US UUU U.T6 Uus 0.01 0.01 0.01 0.00 0.00 0.72 0.74 0.04 |0.18
TM-DIR-CL | 0.12 0.07 0.07 0.03 0.01 0.00 0.00 0.81 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.05 0.04 0.00 0.00 0.13|0.08
TM-DIR-ML | 0.17 0.27 0.04 0.14 0.43 0.01 0.00 0.30 0.00 0.01 0.18 0.00 0.03 0.00 0.03 0.00 0.01 0.00 0.00 0.14|0.09
TM-DIR-WL | 0.15 0.00 0.07 0.00 0.00 0.11 0.00 0.24 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.03 0.08|0.04
TM-DIR-CA |0.04 0.05 0.04 0.08 0.05 0.83 0.00 0.66 0.00 0.00 0.11 0.01 0.06 0.01 0.04 0.01 0.00 0.24 0.30 0.10|0.13
TM-DIR-IL | 0.03 0.01 0.02 0.00 0.00 0.04 0.00 0.75 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.00|0.05
TM-DIR-IC |0.04 0.03 0.00 0.01 0.09 0.05 0.00 0.45 0.00 0.00 0.04 0.00 0.03 0.02 0.00 0.00 0.00 0.05 0.15 0.06 | 0.05
TM-FFA-CL | 0.20 0.04 0.12 0.06 0.01 0.00 0.02 1.00 0.00 0.00 0.00 0.00 0.01 0.00 0.34 0.32 0.07 0.00 0.00 0.09|0.11
TM-FFA-ML | 0.24 0.28 0.09 0.13 0.58 0.00 0.00 0.72 0.00 0.03 0.05 0.00 0.01 0.00 0.07 0.09 0.04 0.00 0.00 0.12|0.12
TM-FFA-WL | 0.17 0.00 0.15 0.00 0.00 0.17 0.00 0.74 0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.08 0.16 0.16|0.08
TM-FFA-CA |0.15 0.14 0.01 0.06 0.21 0.87 0.00 0.76 0.01 0.02 0.12 0.01 0.00 0.04 0.03 0.00 0.00 0.45 0.63 0.12|0.18
TM-FFA-IL |0.03 0.06 0.03 0.02 0.02 0.42 0.00 0.76 0.00 0.00 0.09 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.01 0.04|0.08
TM-FFA-IC |0.05 0.14 0.00 0.04 0.15 0.09 0.01 0.66 0.01 0.00 0.05 0.01 0.00 0.01 0.00 0.00 0.00 0.29 0.44 0.01|0.10

All 0.14 0.10 0.07 0.06 0.10 0.35 0.03 0.76 0.01 0.01 0.07 0.01 0.02 0.01 0.14 0.05 0.04 0.15 0.19 0.06|0.12
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Summary

@ Evolution of non-trivial exact integer algorithms is possible
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Summary

@ Evolution of non-trivial exact integer algorithms is possible

9 ...but a hard problem
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Summary

@ Evolution of non-trivial exact integer algorithms is possible
9 ...but a hard problem

@ Search for novel behaviors ® " (via FFA ") = good
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Summary

@ Evolution of non-trivial exact integer algorithms is possible
9 ...but a hard problem
@ Search for novel behaviors® " (via FFA ) = good

@ Transactional memory idea = not good
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Summary

@ Evolution of non-trivial exact integer algorithms is possible
9 ...but a hard problem
@ Search for novel behaviors® " (via FFA ) = good

@ Transactional memory idea = not good
@ Benchmark set: will hopefully be interesting for a long time
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CL-SM program for srb

@ Computes square root of a number
@ Contains the same code twice ... remove one copy and it stops

working for the single input 5
Listing 1: Manual Translation to Java

static int srb(int m0) {
int m2 = 0, t = 0;

for (int i = m0; i > 0; i-—-) {
t =m0 / (1 + m2);
m2 = (1 + m2 - ((¢t !'=0) , (m2 / t) , m2));
t =m0 / (1 + m2);
m2 = (1 +m2 - ((¢ '=0) , (m2 / t) , m2));

return m2;
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CA-TM program for 1sb

Listing 2: Manual Translation to Java

static int gpLSB(int m0) ( @ Calculates value of least
int ml = 0, m2 = 0, tm0 = m0, tm2 = m2; R . .
significant bit

for (;;) { ¢ 0 =>m
if (m0 !=( o 5 o Faster for larger inputs (probably
tm2 = (ml - mO); . .
m o= 1; utilizes integer overflow. . .)
if (m2 != 0) {
tm2 = (m2 - m0);
if (tm2 != 0) tm0 = (m0 % tm2);
}
}
if ((tm0 == m0) && (tm2 == m2))
return m2;
m0 = tm0;
m2 = tm2;
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CL-TM program for gad

@ Calculates (mg — 1)(mg — 2) without multiplication

Listing 3: Manual Translation to Java

static int gad(int m0) {
int m1 = 0, t = (m0O - 1), tml = 0;

t =m0 - 1;

for (int 1 = t; 1 > 0; i--) {
tml (ml + mO);
t m0 + mO + ml - 1;
ml tml;

}

return (m0 - (1 - t));

}
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CA-TM program for gcd

Listing 4: Manual Translation to Java

static int gcd(int m0, int ml) {
int m2 = 0, tm0 = 0, tml = 0, tm2 = 0;

for (;;) {

if (ml !'= 0)

tml = mO0;

9@ Calculates value of greatest
tm0 = (m0 '= 0) , (ml % mO0) , ml;
common divisor

if ((m0 !'= 0) && (ml != 0) && ((ml % m0) == 0))

tm2 = mO0;
if ((m0 == tm0) && (ml == tml) && (m2 == tm2))

return m2;

m0 = tm0;
ml = tml;
m2 = tm2;
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IC-SM program for mi5

Listing 5: Manual Translation to Java

static int mi5(int mO, int ml, int m2, int m3, int m4) {

int t;
for(;;) | o :
£ = ma; o Calculates minimum of five
if (m4 > m0) m4 = mo; variables in a “serial” fashion
if(m4d > m2) m4d = m2;
if((m4d == t) && (m2 == ml) &&
(ml == m3)) return m4;
m2 = ml;
ml = m3;
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WL-SM program for 120

@ Checks if a number is less than 20, without having any constant
larger than 1

@ (the constants in the listing are simplified results of calculations)

Listing 6: Manual Translation to Java

static int 120 (int m0) {
int t = ((m0 - 2) / 3) / 3; // integer division!
if (t < 2) return 1;
else return O;
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P4 !

Thank you very much for
your kind attention.

Any questions?

email: tweise@ustc.edu.cn
web: http://www.it-weise.de/
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