Best evaluated relative objective excess

Best evaluated relative objective excess
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10—14

10—16
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1078
10—10
10—12
10—14

10—16

OLS - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

= GALAHAD TRU GALAHAD ARC === CM L-BFGS
S RefDFP —— Ref Newton —— Ref BHHH
== ens L-BFGS = CM BFGS = Ref BFGS
T T T T
100 101
Joint objective/gradient evaluations
OLS - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise
= Ref Newton = ens L-BFGS m—— CM L-BFGS
\— Ref BFGS GALAHAD ARC == Ref BHHH
= GALAHAD TRU = CM BFGS ——— Ref DFP
T T T T
100 101

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10—10
10—12
10714

10—16

10—10
10—12
10—14

10—16

OLS - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

== GALAHAD TRU === Ref Newton  =—— Ref BHHH

= Ref DFP e CM BFGS €@ CM native (endpoint)
= ens L-BFGS m—— CM L-BFGS === Ref BFGS
GALAHAD ARC
— , ale —t o
1074 1073 1072

Instrumented warm-up seconds

OLS - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC
= CM BFGS
== CM L-BFGS

== Ref BHHH
= Ref DFP
’ CM native (endpoint)

= Ref Newton
== Ref BFGS
= GALAHAD TRU
= ens L-BFGS

T T
1073 1072
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

OLS - n=2,000, p=8, stress 0, seed 1 OLS - n=2,000, p=8, stress 0, seed 1

Reference Wolfe 0.9; native controls otherwise Reference Wolfe 0.9; native controls otherwise
(7))
GALAHAD ARC == Ref Newton === CM L-BFGS GALAHAD ARC == Ref BHHH —— CM L-BFGS
1072 A \— GALAHAD TRU ~ =—— Ref BHHH —— Ref DFP § 1072 —— GALAHADTRU —— CM BFGS —— Ref DFP
= ens L-BFGS = CM BFGS = Ref BFGS ) = ens L-BFGS ’ CM native (endpoint) = Ref BFGS
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Joint objective/gradient evaluations Instrumented warm-up seconds
OLS - n=2,000, p=8, stress 0, seed 1 OLS - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise Reference Wolfe 0.1; native controls otherwise
— = Ref BFGS = ens L-BFGS == CM BFGS ﬁ = Ref BFGS = Ref BHHH ’ CM native (endpoint)
102 - GALAHAD ARC = Ref BHHH — RefNewton O 1072 - GALAHAD ARC = Ref DFP —— Ref Newton
= GALAHAD TRU = Ref DFP —— CM L-BFGS O] e GALAHAD TRU === CM BFGS === CM L-BFGS
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Best evaluated relative objective excess

Best evaluated relative objective excess

OLS - n=2,000, p=8, stress 1, seed 0 OLS - n=2,000, p=8, stress 1, seed O

Reference Wolfe 0.9; native controls otherwise Reference Wolfe 0.9; native controls otherwise
2 | = Ref DFP = GALAHAD TRU = Ref Newton ﬁ 2 = Ref DFP = ens L-BFGS = Ref Newton
10 = Ref BHHH = ens L-BFGS = Ref BFGS § 10 == Ref BHHH ’ CM native (endpoint) = Ref BFGS
== CM BFGS GALAHAD ARC e CM L-BFGS () = CM BFGS GALAHAD ARC m—— CM L-BFGS
1074 + N 0 107* ~— GALAHAD TRU
1076 - T 8 i D
a
o
(O]
-8 -8 ]
10 E 10
©
-10 g -10
10 5 10
g
10—12 _ S 10—12 .
©
>
10714 A 2 1014 l
0
_ [a] _
1016_"| T L | T T T LR 1016_' L L | T T T T T T L L |
100 10! 102 103 1074 1073 1072
Joint objective/gradient evaluations Instrumented warm-up seconds
OLS - n=2,000, p=8, stress 1, seed 0 OLS - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise Reference Wolfe 0.1; native controls otherwise
—2 ] = Ref BFGS = GALAHAD TRU = Ref DFP ﬁ -2 ] = Ref BFGS = ans L-BFGS = Ref DFP
10 = CM BFGS = ens L-BFGS = CM L-BFGS § 10 = CM BFGS ‘ CM native (endpoint) = CM L-BFGS
= Ref BHHH GALAHAD ARC = Ref Newton 0} = Ref BHHH GALAHAD ARC = Ref Newton
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Best evaluated relative objective excess

Best evaluated relative objective excess
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1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

OLS - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC = Ref DFP
= Ref Newton

== CM L-BFGS == ens L-BFGS

= Ref BFGS

=== CM BFGS
= GALAHAD TRU
=== Ref BHHH

—_—

10°

10! 102
Joint objective/gradient evaluations

103

OLS - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BHHH
= CM L-BFGS = Ref DFP

= ens L-BFGS

GALAHAD ARC = Ref Newton

= Ref BFGS
= CM BFGS
=== GALAHAD TRU

10°

10!
Joint objective/gradient evaluations
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Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107*
107
1078
10—10
10—12
10—14

10—16

1072
107*
107
1078
10—10
10—12
10—14

10—16

OLS - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

= CM L-BFGS = ens L-BFGS == CM BFGS
GALAHAD ARC = Ref DFP = GALAHAD TRU

’ CM native (endpoint) == Ref BFGS = Ref BHHH

Ref Newton

\.\\W —

1074 1073 1072
Instrumented warm-up seconds
OLS - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref BHHH = ens L-BFGS = Ref BFGS
= CM L-BFGS == Ref DFP == CM BFGS

GALAHAD ARC = Ref Newton = GALAHAD TRU
‘ CM native (endpoint)

1074 1073
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess
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1074
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1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

OLS - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC = ens L-BFGS = Ref Newton
= Ref BHHH = CM L-BFGS == CM BFGS
= GALAHAD TRU = Ref BFGS = Ref DFP
N —

— —r —ry ——
10° 10! 102 10°

Joint objective/gradient evaluations

OLS - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise
GALAHAD ARC = ens L-BFGS = Ref DFP

= Ref Newton = Ref BHHH = Ref BFGS
m=—= GALAHAD TRU === CM L-BFGS = CM BFGS
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Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

10—10
107*
107

10—16

OLS - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC === CM L-BFGS = Ref Newton
= Ref BHHH —— Ref BFGS = CM BFGS
= GALAHAD TRU Q CM native (endpoint) == Ref DFP

= ens L-BFGS

L ‘ T T '. L | T T T L L |
1074 1073 1072
Instrumented warm-up seconds

OLS - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC = Ref BHHH —— Ref DFP
= Ref Newton = CM L-BFGS = Ref BFGS
—— GALAHAD TRU 4 CM native (endpoint) = CM BFGS

= ens L-BFGS

T ‘ T T '.' L . T T T L
1074 1073 1072
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess
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1078
10710
10—12
10714

10—16
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1074
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1078
10—10
10—12
10—14

10—16

OLS - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BFGS = Ref DFP

.

= Ref BHHH = CM L-BFGS
=== GALAHAD TRU == ens L-BFGS

—

GALAHAD ARC

= CM BFGS
= Ref Newton

1 T — 1 T T
10! 102
Joint objective/gradient evaluations

103

OLS - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref Newton

= Ref DFP = Ref BHHH
= GALAHAD TRU m—— CM L-BFGS
= ens L-BFGS

GALAHAD ARC

= Ref BFGS
== CM BFGS

a

10°

LR | T T LI |
10! 102
Joint objective/gradient evaluations
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Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10710
10—12
10714

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

OLS - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BFGS m— CM L-BFGS ’ CM native (endpoint)
= Ref BHHH = ens L-BFGS == CM BFGS

= GALAHAD TRU GALAHAD ARC = Ref Newton

=== Ref DFP

e —

1074

o

T " T T T T L |
1073 1072
Instrumented warm-up seconds

OLS - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

o

——— Ref DFP = CM L-BFGS —— Ref BFGS
= GALAHAD TRU == ens L-BFGS €@ CM native (endpoint)
—— Ref Newton GALAHAD ARC  —— CM BFGS

Ref BHHH

T
1074

T " T o T T T L
1073 1072
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess
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1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

~= GALAHAD ARC == ens L-BFGS = GALAHAD TRU
= Ref BFGS e CM L-BFGS = Ref DFP
m— Ref BHHH = Ref Newton = CM BFGS

T T T ! T T 1
100 101

Joint objective/gradient evaluations

OLS - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC === CM L-BFGS === GALAHAD TRU
\ = Ref BHHH = Ref DFP = Ref BFGS
= ens L-BFGS = Ref Newton = CM BFGS

T T T ! T 1
100 101

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10—10
10—12
10714

10—16

10—10
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

’ CM native (endpoint) === ens L-BFGS

=== GALAHAD TRU

GALAHAD ARC = CM L-BFGS = Ref DFP
= Ref BFGS = Ref Newton = CM BFGS
== Ref BHHH
T F — ‘_
1073 1072

Instrumented warm-up seconds

OLS - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

€@ CMnative (endpoint) === CM L-BFGS

=== GALAHAD TRU

Instrumented warm-up seconds

GALAHAD ARC = Ref DFP = Ref BFGS
w—= Ref BHHH = Ref Newton = CM BFGS
= ens L-BFGS
T F — hH
1073 1072



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

—— CM L-BFGS
—— Ref BHHH
—— Ref DFP

T
10°

Joint objective/gradient evaluations

= Ref BFGS = GALAHAD TRU
~— ens L-BFGS —— Ref Newton
GALAHAD ARC = CM BFGS

T
10!

OLS - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

—— CM L-BFGS
—— Ref BHHH
—— Ref BFGS

\

10°

——— Ref DFP —— GALAHAD TRU
\ —— ens L-BFGS —— Ref Newton
GALAHAD ARC = CM BFGS
T T
10!

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 0, seed 1

Reference Wolfe 0.9; native controls otherwise

= Ref BFGS = Ref Newton = Ref BHHH
= ens L-BFGS e CM BFGS €@ CM native (endpoint)
GALAHAD ARC === CM L-BFGS == Ref DFP

=== GALAHAD TRU

|

e | : : i —_— P
1073 1072
Instrumented warm-up seconds
OLS - n=20,000, p=24, stress 0, seed 1

Reference Wolfe 0.1; native controls otherwise

== Ref DFP = Ref Newton ’ CM native (endpoint)
= ens L-BFGS == CM BFGS = Ref BHHH

GALAHAD ARC m— CM L-BFGS = Ref BFGS
= GALAHAD TRU

|

a | . . . —_— b
1073 1072
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10~

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 1, seed 0

Reference Wolfe 0.9; native controls otherwise

= Ref BHHH === CM BFGS = Ref BFGS
GALAHAD ARC === Ref Newton = CM L-BFGS
== ens L-BFGS === GALAHAD TRU == Ref DFP

\

—0

10t 102 103
Joint objective/gradient evaluations

OLS - n=20,000, p=24, stress 1, seed 0

Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC
= ens L-BFGS
= CM BFGS

== Ref DFP = CM L-BFGS
= GALAHAD TRU = Ref BFGS
= Ref Newton m—= Ref BHHH

10t 102 103
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
107

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 1, seed 0

Reference Wolfe 0.9; native controls otherwise

= Ref BHHH = Ref Newton = CM L-BFGS
GALAHAD ARC == GALAHADTRU 4 CM native (endpoint)
—— ens L-BFGS = Ref BFGS = Ref DFP
—— —— CM BFGS
—
- [ . . S VN
1073 1072

Instrumented warm-up seconds
OLS - n=20,000, p=24, stress 1, seed 0

Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC == GALAHAD TRU 4 CM native (endpoint)
= ens L-BFGS —— Ref Newton = Ref BFGS
—— CM BFGS —— CM L-BFGS —— Ref BHHH
N —— Ref DFP
— T ——
o ® . . —i b
1073 1072

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10712
1074

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

= ens L-BFGS GALAHAD ARC == Ref BFGS
= Ref DFP == CM BFGS = Ref Newton
= Ref BHHH m—— CM L-BFGS = GALAHAD TRU

—

—0

10°

— — .
10! 102 103

Joint objective/gradient evaluations

OLS - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref BFGS

GALAHAD ARC
=== CM BFGS

=== CM L-BFGS
== GALAHAD TRU
=== Ref BHHH

= Ref Newton
= ens L-BFGS
== Ref DFP

10°

— — -
10t 102 103
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10712
107

10—16

1072
10~
1076
1078
10—10
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

= ens L-BFGS
== Ref DFP

m—= Ref BHHH
GALAHAD ARC

== CM BFGS
= CM L-BFGS
’ CM native (endpoint)

= Ref BFGS
= Ref Newton
= GALAHAD TRU

—o

—f
1073
Instrumented warm-up seconds
OLS - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

—— Ref Newton GALAHAD ARC 4 CM native (endpoint)
=== ens L-BFGS === CM BFGS === GALAHAD TRU
== Ref DFP = CM L-BFGS = Ref BHHH

Ref BFGS

—e y y y ————————
1073 1072
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10710
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise
—— Ref DFP

e Ref BHHH
=== GALAHAD TRU

= Ref BFGS
GALAHAD ARC
= Ref Newton

= CM BFGS
m—— CM L-BFGS
= ens L-BFGS

—o
—

10°

1 T T — T
10! 102
Joint objective/gradient evaluations

OLS - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise
= Ref BFGS

= CM BFGS
== CM L-BFGS

= Ref Newton
e GALAHAD TRU
GALAHAD ARC

10°

—

= ens L-BFGS
= Ref DFP
== Ref BHHH

10°

T T T
10t 102 103
Joint objective/gradient evaluations
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Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10710
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 2, seed 0

Reference Wolfe 0.9; native controls otherwise

== Ref DFP

= Ref BHHH

’ CM native (endpoint)
== GALAHAD TRU

= Ref BFGS
GALAHAD ARC
= Ref Newton

= CM BFGS
m—— CM L-BFGS
= ens L-BFGS

—©

1073

1072 107!
Instrumented warm-up seconds
OLS - n=20,000, p=24, stress 2, seed 0

Reference Wolfe 0.1; native controls otherwise

= Ref BFGS
= CM BFGS
=== CM L-BFGS

= ens L-BFGS
= Ref DFP
== Ref BHHH

’ CM native (endpoint)

= Ref Newton

= GALAHAD TRU
GALAHAD ARC

—

1073

— —
1072 107!

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BHHH == CM BFGS

= Ref BFGS

= Ref Newton
= ens L-BFGS

GALAHAD ARC

=== GALAHAD TRU == Ref DFP === CM L-BFGS
———
—
—0
T T T T
10° 10! 102 103

Joint objective/gradient evaluations

OLS - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref BFGS

= GALAHAD TRU
== Ref BHHH

= ens L-BFGS
= Ref DFP
= CM BFGS

= Ref Newton
m—— CM L-BFGS

GALAHAD ARC

10°

T T T
10t 102 103
Joint objective/gradient evaluations
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Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

OLS - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

== Ref BHHH

’ CM native (endpoint)
= Ref BFGS

= GALAHAD TRU

=== CM BFGS
GALAHAD ARC
=== CM L-BFGS

= Ref Newton
= ens L-BFGS
——— Ref DFP

Y

. — .
1073 1072 107!

Instrumented warm-up seconds
OLS - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref BFGS
’ CM native (endpoint)

=== GALAHAD TRU
== Ref BHHH

= ens L-BFGS
= Ref DFP
= CM BFGS

GALAHAD ARC
= Ref Newton
m—— CM L-BFGS

-

Py VN

1072 107!

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess
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1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

Joint objective/gradient evaluations

—— GALAHAD TRU GALAHAD ARC —— CM L-BFGS
S RefDFP —— Ref Newton —— Ref BHHH
= ens L-BFGS == CM BFGS == Ref BFGS
T T T T
100 101

Ridge - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

= Ref Newton = ens L-BFGS
= Ref BFGS GALAHAD ARC
= GALAHAD TRU = CM BFGS

=== CM L-BFGS
e Ref BHHH
== Ref DFP

T T
10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess
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1076
1078
10710
10712
10714

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

= GALAHAD TRU =—— Ref Newton = Ref BHHH

= Ref DFP = CM BFGS €@ CM native (endpoint)
= ens L-BFGS m—— CM L-BFGS = Ref BFGS

GALAHAD ARC

4x107> 6x107° 10~4 2x107% 3x104x10™* 6x107*
Instrumented warm-up seconds

Ridge - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

= Ref Newton GALAHAD ARC == Ref BHHH
= Ref BFGS —— CM BFGS —— Ref DFP
= GALAHAD TRU = CM L-BFGS €@ CM native (endpoint)

ens L-BFGS

4x107> 6x107° 10~4 2x107% 3x104x10™* 6x107*
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess
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1078
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10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC == Ref Newton

== CM L-BFGS

Joint objective/gradient evaluations

= GALAHAD TRU = Ref BHHH = Ref DFP

= ens L-BFGS = CM BFGS = Ref BFGS
L T ———— - ” T
100 101

Ridge - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS = ens L-BFGS
\ GALAHAD ARC e Ref BHHH
= GALAHAD TRU == Ref DFP

== CM BFGS
= Ref Newton
m—— CM L-BFGS

T L
10° 10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess
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1078
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10—12
10—14

10—16

1072
107
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1078
10—10
10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

4%x107° 6x107°

GALAHAD ARC === Ref BHHH = CM L-BFGS
= GALAHAD TRU = CM BFGS = Ref DFP
= ens L-BFGS ’ CM native (endpoint) = Ref BFGS

= Ref Newton

AN\ - - S —
10~4 2x107% 3x104x107* 6x 107
Instrumented warm-up seconds

Ridge - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS —— Ref BHHH ) CM native (endpoint)
GALAHAD ARC = Ref DFP = Ref Newton

e GALAHAD TRU == CM BFGS m—— CM L-BFGS

= ens L-BFGS

a a b . Fy

4%x107° 6x107°

e -
10~4 2x107% 3x10Z%x 107% 6x107*
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

== Ref DFP == GALAHAD TRU
= Ref BHHH = ens L-BFGS
= CM BFGS GALAHAD ARC

= Ref Newton
= Ref BFGS
m—— CM L-BFGS

10°

—— |
10!
Joint objective/gradient evaluations

™
102

Ridge - n=2,000, p=8, stress 1, seed O
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS == GALAHAD TRU
== CM BFGS = ens L-BFGS
= Ref BHHH GALAHAD ARC

—

== Ref DFP
= CM L-BFGS
= Ref Newton

10°

T
10!
Joint objective/gradient evaluations

10

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 1, seed O
Reference Wolfe 0.9; native controls otherwise

= Ref DFP = ens L-BFGS = Ref Newton
= Ref BHHH €@ CMnative (endpoint) === Ref BFGS
—— CM BFGS GALAHAD ARC —— CM L-BFGS

=== GALAHAD TRU

T T T T T T T
1074 1073
Instrumented warm-up seconds

Ridge - n=2,000, p=8, stress 1, seed O
Reference Wolfe 0.1; native controls otherwise

—— Ref BFGS —— ens L-BFGS —— Ref DFP
ﬁ —— CM BFGS €@ CMnative (endpoint)  —— CM L-BFGS
=== Ref BHHH GALAHAD ARC = Ref Newton

=== GALAHAD TRU

W VN
1074 1073
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107*
107
1078
10—10
10—12
10—14

10—16

1072
107*
107
1078
10—10
10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise
m— CM L-BFGS = ans L-BFGS == CM BFGS

GALAHAD ARC = Ref DFP = GALAHAD TRU
= Ref Newton = Ref BFGS == Ref BHHH

- —

T ™ T T T T T T T
10° 10! 102

Joint objective/gradient evaluations

Ridge - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref BHHH = ens L-BFGS = Ref BFGS

= CM L-BFGS = Ref DFP = CM BFGS
GALAHAD ARC === Ref Newton === GALAHAD TRU

— —.

10° 10! 102
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107*
107
1078
10—10
10—12
10—14

10—16

1072
107*
107
1078
10—10
10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

= CM L-BFGS = ens L-BFGS == CM BFGS

GALAHAD ARC = Ref DFP = GALAHAD TRU
’ CM native (endpoint) = Ref BFGS e Ref BHHH
= Ref Newton

1074 1073
Instrumented warm-up seconds
Ridge - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BHHH == ens L-BFGS = Ref BFGS
= CM L-BFGS === Ref DFP = CM BFGS
GALAHAD ARC = Ref Newton === GALAHAD TRU

. CM native (endpoint)

N b . — .

T
1074
Instrumented warm-up seconds

»—-'
o
&



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10710
10—12
10714

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise
GALAHAD ARC

= Ref BHHH
=== GALAHAD TRU

= ens L-BFGS
= CM L-BFGS
= Ref BFGS

= Ref Newton
== CM BFGS
== Ref DFP

10! 102

Joint objective/gradient evaluations

Ridge - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise

10°

GALAHAD ARC === ens L-BFGS == Ref DFP
= Ref Newton = Ref BHHH = Ref BFGS
m=—= GALAHAD TRU == CM L-BFGS = CM BFGS

— —.

T
10! 102

Joint objective/gradient evaluations

10°

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10714

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC
= Ref BHHH
= GALAHAD TRU
= ens L-BFGS

m— CM L-BFGS
= Ref BFGS
’ CM native (endpoint)

= Ref Newton
== CM BFGS
== Ref DFP

1073
Instrumented warm-up seconds

Ridge - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC = Ref BHHH —— Ref DFP
= Ref Newton = CM L-BFGS = Ref BFGS
—— GALAHAD TRU 4 CM native (endpoint) = CM BFGS

= ens L-BFGS

o VN

T
1074
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
10~*
107°
1078
10710
10—12
10—14

10—16

1072
10~*
107°
1078
10—10
10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise
= Ref BFGS

e Ref BHHH
=== GALAHAD TRU

= Ref DFP
m—— CM L-BFGS
= ens L-BFGS

GALAHAD ARC
= CM BFGS
= Ref Newton

10°

10! 102
Joint objective/gradient evaluations
Ridge - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref DFP

= GALAHAD TRU
= Ref Newton

= Ref BHHH
m—— CM L-BFGS
= ens L-BFGS

GALAHAD ARC
= Ref BFGS
== CM BFGS

10°

—— ; ; —
10! 102
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107°
1078
1010
10—12
10—14

10—16

1072
10~
107°
1078
10—10
10—12
10—14

10—16

Ridge - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BFGS
e Ref BHHH
=== GALAHAD TRU
= Ref DFP

A\ AV

m— CM L-BFGS
= ens L-BFGS
GALAHAD ARC

’ CM native (endpoint)
= CM BFGS
= Ref Newton

7 S
1074

1073
Instrumented warm-up seconds
Ridge - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref DFP = CM L-BFGS = Ref BFGS

= GALAHAD TRU = ens L-BFGS ’ CM native (endpoint)
= Ref Newton GALAHAD ARC = CM BFGS

= Ref BHHH

N—)

8
1074
Instrumented warm-up seconds

1073



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC === ens L-BFGS
= Ref BFGS = CM L-BFGS
= Ref BHHH = Ref Newton

N

=== GALAHAD TRU
=== Ref DFP
=== CM BFGS

10°

Joint objective/gradient evaluations

T
10!

Ridge - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC —— CM L-BFGS
S Ref BHHH —— Ref DFP

= ens L-BFGS = Ref Newton

=== GALAHAD TRU
= Ref BFGS
== CM BFGS

10°

Joint objective/gradient evaluations

T T
10!

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
107
107
1078
10—10
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

’ CM native (endpoint) === ens L-BFGS

=== GALAHAD TRU

GALAHAD ARC = CM L-BFGS = Ref DFP
= Ref BFGS = Ref Newton = CM BFGS
= Ref BHHH
—a — b
1073 1072

Instrumented warm-up seconds

Ridge - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

€@ CMnative (endpoint) === CM L-BFGS

=== GALAHAD TRU

GALAHAD ARC = Ref DFP = Ref BFGS
=== Ref BHHH = Ref Newton = CM BFGS
=== ens L-BFGS
—a — b
1073 1072

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

NS

= ens L-BFGS = Ref Newton
GALAHAD ARC == CM BFGS

10°

= Ref BFGS === GALAHAD TRU

—— CM L-BFGS
—— Ref BHHH
—— Ref DFP

Joint objective/gradient evaluations

T T
10!

Ridge - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

\— ens L-BFGS —— Ref Newton
GALAHAD ARC = CM BFGS

= Ref DFP === GALAHAD TRU

—— CM L-BFGS
—— Ref BHHH
—— Ref BFGS

10°

T T
10!

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BFGS = Ref Newton

= ens L-BFGS == CM BFGS
GALAHAD ARC == CM L-BFGS
=== GALAHAD TRU

= Ref BHHH
’ CM native (endpoint)
= Ref DFP

|

T
1073
Instrumented warm-up seconds

1072

Ridge - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

&

== Ref DFP = Ref Newton
= ens L-BFGS == CM BFGS

GALAHAD ARC m— CM L-BFGS
= GALAHAD TRU

’ CM native (endpoint)
= Ref BHHH
== Ref BFGS

T
1073
Instrumented warm-up seconds

1072



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
10~*
107°
1078
10—10
10—12
10714

10—16

1072
10~*
107°
1078
10—10
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

== Ref BHHH == CM BFGS
GALAHAD ARC = Ref Newton
= ens L-BFGS = GALAHAD TRU

—— Ref BFGS
—— CM L-BFGS
—— Ref DFP

10°

T T T T T T T
10! 102

Joint objective/gradient evaluations

Ridge - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC == Ref DFP
= ens L-BFGS e GALAHAD TRU
= CM BFGS = Ref Newton

—

—— CM L-BFGS
—— Ref BFGS
—— Ref BHHH

10°

T
10!
Joint objective/gradient evaluations

102

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107°
1078
10—10
10—12
10~

10—16

1072
1074
107°
1078
10—10
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

= Ref BHHH = Ref Newton
GALAHAD ARC e GALAHAD TRU
= ens L-BFGS = Ref BFGS

== CM BFGS

= CM L-BFGS
’ CM native (endpoint)
= Ref DFP

1073
Instrumented warm-up seconds

Ridge - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise

’ CM native (endpoint)

GALAHAD ARC === GALAHAD TRU
= ens L-BFGS = Ref Newton = Ref BFGS
== CM BFGS m—— CM L-BFGS == Ref BHHH
== Ref DFP
'.I - T T
1073 1072

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107*
107
1078
10—10
10—12
10—14

10—16

1072
107*
107
1078
10—10
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 1, seed 1

Reference Wolfe 0.9; native controls otherwise

= ens L-BFGS
= Ref DFP
== Ref BHHH

GALAHAD ARC
= CM BFGS
== CM L-BFGS

= Ref BFGS

= Ref Newton
= GALAHAD TRU

10°

10! 102
Joint objective/gradient evaluations
Ridge - n=20,000, p=24, stress 1, seed 1

Reference Wolfe 0.1; native controls otherwise

= Ref BFGS
GALAHAD ARC
== CM BFGS

= Ref Newton
= ens L-BFGS
=== Ref DFP

=== Ref BHHH

—

== CM L-BFGS
== GALAHAD TRU

10°

10! 102
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107*
107
1078
10—10
10—12
10—14

10—16

1072
107*
107
1078
10—10
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

= ens L-BFGS

== Ref DFP

m—= Ref BHHH
GALAHAD ARC

== CM BFGS
= CM L-BFGS
’ CM native (endpoint)

= Ref BFGS
= Ref Newton
= GALAHAD TRU

—

- a . . —i b
1073 1072
Instrumented warm-up seconds

Ridge - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

—— Ref Newton GALAHAD ARC 4 CM native (endpoint)
\— ens L-BFGS === CM BFGS === GALAHAD TRU
== Ref DFP = CM L-BFGS = Ref BHHH
—— Ref BFGS
- ' : : : S — oS
1073 1072

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107°
1078
10710
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise
= Ref DFP = Ref BFGS = CM BFGS

= Ref BHHH GALAHAD ARC e CM L-BFGS
= GALAHAD TRU = Ref Newton = ens L-BFGS

T T T T T T T T T T L |
10° 10! 102

Joint objective/gradient evaluations

Ridge - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise
= Ref Newton = Ref BFGS = ens L-BFGS

== GALAHAD TRU = CM BFGS == Ref DFP
GALAHAD ARC === CM L-BFGS === Ref BHHH

— —_— ; —_—
10° 10t 102
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10710
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

== Ref DFP = Ref BFGS
‘T~ —— Ref BHHH GALAHAD ARC
’ CM native (endpoint) = Ref Newton
== GALAHAD TRU

= CM BFGS
m—— CM L-BFGS
= ens L-BFGS

T
1073
Instrumented warm-up seconds

Ridge - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise

’ CM native (endpoint) === Ref BFGS
= Ref Newton == CM BFGS
= GALAHAD TRU m—— CM L-BFGS
GALAHAD ARC

= ens L-BFGS
= Ref DFP
m— Ref BHHH

T
1073
Instrumented warm-up seconds

1072



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

== Ref BHHH = Ref Newton
= Ref BFGS = ens L-BFGS
== GALAHAD TRU == Ref DFP

=== CM BFGS
GALAHAD ARC
== CM L-BFGS

10°

T
10!
Joint objective/gradient evaluations

T
102

Ridge - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS = ens L-BFGS
= GALAHAD TRU = Ref DFP
e Ref BHHH = CM BFGS

—

GALAHAD ARC
= Ref Newton
m—— CM L-BFGS

10°

T
10!
Joint objective/gradient evaluations

102

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Ridge - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BHHH —— Ref Newton
I~ ’ CM native (endpoint) == ens L-BFGS
=== Ref BFGS ——— Ref DFP

=== GALAHAD TRU

Al 6

== CM BFGS
GALAHAD ARC
=== CM L-BFGS

T
1073
Instrumented warm-up seconds

1072

Ridge - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS = ens L-BFGS
\ ’ CM native (endpoint) = Ref DFP
= GALAHAD TRU = CM BFGS

=== Ref BHHH

al 6

GALAHAD ARC
= Ref Newton
m—— CM L-BFGS

T
1073
Instrumented warm-up seconds

1072



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
107%°
10—12
10714

10—16

1072
1074
107
1078
10—10
10712
10714

10—16

Logit - n=2,000, p=8, stress 0, seed 0

Reference Wolfe 0.9; native controls otherwise

=== GALAHAD TRU GALAHAD ARC
= Ref DFP = Ref Newton
=== ens L-BFGS == CM BFGS

—— CM L-BFGS
—— Ref BHHH
—— Ref BFGS

10°

T
10!
Joint objective/gradient evaluations

Logit - n=2,000, p=8, stress 0, seed 0

Reference Wolfe 0.1; native controls otherwise

= Ref Newton = ens L-BFGS
= Ref BFGS GALAHAD ARC
= GALAHAD TRU = CM BFGS

10°

—— CM L-BFGS
—— Ref BHHH
—— Ref DFP

10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10710
10—12
10714

10—16

1072
107*
107
1078
10—10
10712
10714

10—16

Logit - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

—— GALAHAD TRU = Ref Newton = Ref BHHH
== Ref DFP = CM BFGS €@ CM native (endpoint)
== ens L-BFGS m—— CM L-BFGS == Ref BFGS
GALAHAD ARC

1074 1073
Instrumented warm-up seconds
Logit - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

= Ref Newton GALAHAD ARC === Ref BHHH

== Ref BFGS = CM BFGS = Ref DFP

e GALAHAD TRU m—— CM L-BFGS ’ CM native (endpoint)
= ens L-BFGS

1074 1073
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Logit - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise
GALAHAD ARC - Ref Newton = CM L-BFGS

= GALAHAD TRU = Ref BHHH = Ref DFP
= ens L-BFGS = CM BFGS = Ref BFGS

T T T T T T T
10° 10!

Joint objective/gradient evaluations

Logit - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref BFGS m— ens L-BFGS = CM BFGS

GALAHAD ARC === Ref BHHH = Ref Newton
=== GALAHAD TRU == Ref DFP == CM L-BFGS

T T T T T T
10° 10!

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
10~
1076
1078
10—10
10—12
10—14

10—16

1072
10~
1076
1078
10—10
10—12
10—14

10—16

Logit - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC === Ref BHHH

== CM L-BFGS

1074

= GALAHAD TRU = CM BFGS = Ref DFP
= ans L-BFGS ’ CM native (endpoint) = Ref BFGS
= Ref Newton

/. o -

T
1073
Instrumented warm-up seconds

Logit - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS = Ref BHHH
GALAHAD ARC = Ref DFP

= GALAHAD TRU = CM BFGS

== ens L-BFGS

10~%

’ CM native (endpoint)
= Ref Newton
m—— CM L-BFGS

1
1073
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

Logit - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

= Ref DFP === GALAHAD TRU === Ref Newton
== Ref BHHH = ens L-BFGS = Ref BFGS
=== CM BFGS GALAHAD ARC === CM L-BFGS

10°

T
10!
Joint objective/gradient evaluations

Logit - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise
= Ref BFGS

= CM BFGS
== Ref BHHH

== GALAHAD TRU
= ens L-BFGS
GALAHAD ARC

= Ref DFP
= CM L-BFGS

10°

= Ref Newton

10!
Joint objective/gradient evaluations

10?

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

Logit - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

. Ref DFP

== Ref BHHH
=== CM BFGS
=== GALAHAD TRU

== ens L-BFGS
’ CM native (endpoint)
GALAHAD ARC

= Ref Newton
= Ref BFGS
m— CM L-BFGS

— — )\ ala A
1074 1073
Instrumented warm-up seconds
Logit - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise
= ens L-BFGS == Ref DFP

" = Ref BFGS

=== CM BFGS
=== Ref BHHH
=== GALAHAD TRU

= CM L-BFGS
= Ref Newton

’ CM native (endpoint)
GALAHAD ARC

A\l

1
1073
Instrumented warm-up seconds

1074



Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

Logit - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

= CM L-BFGS = ens L-BFGS
GALAHAD ARC = Ref DFP
= Ref Newton = Ref BFGS

10°

=== CM BFGS
== GALAHAD TRU
== Ref BHHH

T
10!
Joint objective/gradient evaluations

Logit - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

== Ref BHHH = ens L-BFGS
== CM L-BFGS = Ref DFP
GALAHAD ARC = Ref Newton

10°

= Ref BFGS
= CM BFGS
=== GALAHAD TRU

10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
10~
107
1078
10—10
10—12
10—14

10—16

Logit - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

— CM L-BFGS == ens L-BFGS

GALAHAD ARC = Ref DFP
’ CM native (endpoint) == Ref BFGS
= Ref Newton

1074

== CM BFGS
= GALAHAD TRU
=== Ref BHHH

1073
Instrumented warm-up seconds

Logit - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

——‘ = Ref BHHH = ens L-BFGS
= CM L-BFGS = Ref DFP
GALAHAD ARC = Ref Newton

. CM native (endpoint)

L |
1074

1073
Instrumented warm-up seconds

= Ref BFGS
= CM BFGS
=== GALAHAD TRU



Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

Logit - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise
GALAHAD ARC = ens L-BFGS = Ref Newton

e Ref BHHH = CM L-BFGS = CM BFGS
=== GALAHAD TRU == Ref BFGS = Ref DFP

: —_—t : —_—
100 10! 102
Joint objective/gradient evaluations
Logit - n=2,000, p=8, stress 2, seed 0

Reference Wolfe 0.1; native controls otherwise
GALAHAD ARC = ans L-BFGS = Ref DFP

= Ref Newton = Ref BHHH = Ref BFGS
m—==_ GALAHAD TRU == CM L-BFGS = CM BFGS

T T T T T L |
10° 10t
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

Logit - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

—

GALAHAD ARC === CM L-BFGS — Ref Newton
= Ref BHHH = Ref BFGS — CM BFGS
= GALAHAD TRU 0 CM native (endpoint) === Ref DFP

= ens L-BFGS

1074

1073 1072
Instrumented warm-up seconds

Logit - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise

\ GALAHAD ARC == Ref BHHH = Ref DFP

= Ref Newton m— CM L-BFGS = Ref BFGS
= GALAHAD TRU €@ CMnative (endpoint) = CM BFGS
= ens L-BFGS

1
1074

T
1073
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

Logit - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise
= Ref BFGS

e Ref BHHH
=== GALAHAD TRU

= Ref DFP
m—— CM L-BFGS
= ens L-BFGS

GALAHAD ARC
= CM BFGS
= Ref Newton

102

10!
Joint objective/gradient evaluations

10°

Logit - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref DFP = Ref BHHH GALAHAD ARC
§:— GALAHAD TRU m—— CM L-BFGS = Ref BFGS
= Ref Newton = ens L-BFGS = CM BFGS

102

10!
Joint objective/gradient evaluations

10°

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

Logit - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

= CM L-BFGS
= ens L-BFGS
GALAHAD ARC

’ CM native (endpoint)
= CM BFGS
= Ref Newton

—_— Ref BFGS
e Ref BHHH

=== GALAHAD TRU
= Ref DFP

T T T "' T T
1074 1073 1072
Instrumented warm-up seconds
Logit - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise
——mmy ——— Ref DFP = CM L-BFGS = Ref BFGS
= GALAHAD TRU = ens L-BFGS ’ CM native (endpoint)
= Ref Newton GALAHAD ARC == CM BFGS
e Ref BHHH
T T T T T T T T T T T .__. T T T T A_V'

1073
Instrumented warm-up seconds

1074



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107*
107
1078
10—10
10—12
10—14

10—16

1072
107*
107
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise
GALAHAD ARC = ens L-BFGS = GALAHAD TRU

= Ref BFGS m—— CM L-BFGS = Ref DFP
== Ref BHHH = Ref Newton = CM BFGS

T T T T T T
10° 10!

Joint objective/gradient evaluations

Logit - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise
GALAHAD ARC m—— CM L-BFGS = GALAHAD TRU

= Ref BHHH = Ref DFP = Ref BFGS
= ens L-BFGS = Ref Newton = CM BFGS

T T T T T
10° 10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107*
107
1078
10—10
10—12
10—14

10—16

1072
107*
107
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

~—

’ CM native (endpoint) === ens L-BFGS

1073

=== GALAHAD TRU

GALAHAD ARC = CM L-BFGS = Ref DFP
= Ref BFGS = Ref Newton = CM BFGS
== Ref BHHH
D

1
1072
Instrumented warm-up seconds

Logit - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

@ CMnative (endpoint) === CM L-BFGS

GALAHAD ARC = Ref DFP = Ref BFGS
=== Ref BHHH = Ref Newton = CM BFGS
== ens L-BFGS
%
= - D

=== GALAHAD TRU

1073

T
1072
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise
= Ref BFGS

= ens L-BFGS
GALAHAD ARC

== GALAHAD TRU
= Ref Newton
= CM BFGS

=== CM L-BFGS
e Ref BHHH
== Ref DFP

10°

T
10!
Joint objective/gradient evaluations

Logit - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref DFP === GALAHAD TRU === CM L-BFGS

N__ >~ —— ens L-BFGS
GALAHAD ARC

e Ref BHHH
== Ref BFGS

= Ref Newton
= CM BFGS

10°

T
10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BFGS

= ens L-BFGS
GALAHAD ARC

= GALAHAD TRU

= Ref BHHH
’ CM native (endpoint)
=== Ref DFP

= Ref Newton
== CM BFGS
m—— CM L-BFGS

5

1073

1072
Instrumented warm-up seconds
Logit - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

107t

== Ref DFP

= ens L-BFGS
GALAHAD ARC

= GALAHAD TRU

= Ref Newton
== CM BFGS
m— CM L-BFGS

’ CM native (endpoint)
—— Ref BHHH
= Ref BFGS

58—

T
1072 107!

Instrumented warm-up seconds

1073



Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise
= Ref BHHH == CM BFGS = Ref BFGS

GALAHAD ARC === Ref Newton = CM L-BFGS
== ens L-BFGS === GALAHAD TRU = Ref DFP

10°

10!
Joint objective/gradient evaluations

Logit - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC == Ref DFP = CM L-BFGS
= ens L-BFGS e GALAHAD TRU = Ref BFGS
== CM BFGS = Ref Newton == Ref BHHH

10°

T
10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

T Ref BHHH = Ref Newton == CM L-BFGS

GALAHAD ARC === GALAHAD TRU 0 CM native (endpoint)
—— ens L-BFGS = Ref BFGS —— Ref DFP
= CM BFGS

1073

: . —_—
1072 1071
Instrumented warm-up seconds

Logit - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise

\

1073

GALAHAD ARC === GALAHAD TRU ’ CM native (endpoint)
= ens L-BFGS = Ref Newton = Ref BFGS
= CM BFGS m—— CM L-BFGS == Ref BHHH
== Ref DFP
1072 1071

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

== ens L-BFGS GALAHAD ARC
=== Ref DFP = CM BFGS
=== Ref BHHH == CM L-BFGS

= Ref BFGS
= Ref Newton
== GALAHAD TRU

10°

T
10!
Joint objective/gradient evaluations

Logit - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref Newton = Ref BFGS
= ens L-BFGS GALAHAD ARC
= Ref DFP = CM BFGS

== CM L-BFGS
= GALAHAD TRU
== Ref BHHH

10°

T
10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

—

= ens L-BFGS == CM BFGS = Ref BFGS
== Ref DFP = CM L-BFGS = Ref Newton
e Ref BHHH ’ CM native (endpoint) = GALAHAD TRU

GALAHAD ARC

1073

T
1072
Instrumented warm-up seconds

— ah
107!

Logit - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref Newton GALAHAD ARC
s = ens L-BFGS = CM BFGS
== Ref DFP == CM L-BFGS

=== Ref BFGS

1073

’ CM native (endpoint)
= GALAHAD TRU
= Ref BHHH

T
1072
Instrumented warm-up seconds

107t



Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

= Ref DFP = Ref BFGS = CM BFGS
== Ref BHHH GALAHAD ARC m—— CM L-BFGS
== GALAHAD TRU = Ref Newton = ens L-BFGS

10! 102

10°
Joint objective/gradient evaluations
Logit - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise
= Ref Newton = Ref BFGS = ens L-BFGS
= GALAHAD TRU = CM BFGS == Ref DFP
GALAHAD ARC m—— CM L-BFGS e Ref BHHH
100 10! 107

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

e —— Ref DFP = Ref BFGS

= Ref BHHH GALAHAD ARC
’ CM native (endpoint) = Ref Newton
= GALAHAD TRU

= CM BFGS
m—— CM L-BFGS
= ens L-BFGS

1073

1072
Instrumented warm-up seconds

Logit - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise

——— ’ CM native (endpoint) === Ref BFGS

= Ref Newton = CM BFGS
= GALAHAD TRU = CM L-BFGS
GALAHAD ARC

1073

= ens L-BFGS
= Ref DFP
== Ref BHHH

1072
Instrumented warm-up seconds




Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise
= Ref BHHH = Ref Newton = CM BFGS

= Ref BFGS = ens L-BFGS GALAHAD ARC
=== GALAHAD TRU == Ref DFP == CM L-BFGS

10° 10t 102
Joint objective/gradient evaluations

Logit - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS == ens L-BFGS GALAHAD ARC
§: == GALAHAD TRU = Ref DFP = Ref Newton
== Ref BHHH == CM BFGS == CM L-BFGS

10° 10! 102
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

Logit - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

—_

== Ref BHHH = Ref Newton
’ CM native (endpoint) = ens L-BFGS
= Ref BFGS == Ref DFP
= GALAHAD TRU

=== CM BFGS
GALAHAD ARC
=== CM L-BFGS

1073

1072
Instrumented warm-up seconds

Logit - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

—_—

= Ref BFGS = ens L-BFGS
CM native (endpoint) = Ref DFP
= GALAHAD TRU = CM BFGS

== Ref BHHH

GALAHAD ARC
= Ref Newton
m—— CM L-BFGS

1073

1072
Instrumented warm-up seconds




Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10712
10714

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

== GALAHAD TRU GALAHAD ARC === CM L-BFGS
% = Ref DFP = Ref Newton = Ref BHHH
=—=_ens L-BFGS = CM BFGS = Ref BFGS
T T
100 101

Joint objective/gradient evaluations

Poisson - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise
= ens L-BFGS

GALAHAD ARC
== CM BFGS

—— CM L-BFGS
—— Ref BHHH
—— Ref DFP

= Ref Newton
= Ref BFGS
== GALAHAD TRU

10°

T T
10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107
1076
1078
10—10
10712
1074

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

= GALAHAD TRU
% = Ref DFP
== ens L-BFGS
GALAHAD ARC

= Ref BHHH
’ CM native (endpoint)
= Ref BFGS

= Ref Newton
== CM BFGS
= CM L-BFGS

T T
107*
Instrumented warm-up seconds

Poisson - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise
GALAHAD ARC

= CM BFGS
== CM L-BFGS

= Ref BHHH
= Ref DFP
’ CM native (endpoint)

= Ref Newton
== Ref BFGS
= GALAHAD TRU
= ens L-BFGS

T T
1074
Instrumented warm-up seconds




Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
107*
107

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC == Ref Newton
§§ = GALAHAD TRU == Ref BHHH
= ens L-BFGS == CM BFGS

=== CM L-BFGS
= Ref DFP
== Ref BFGS

10°

Joint objective/gradient evaluations

10!

Poisson - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS = ens L-BFGS
GALAHAD ARC = Ref BHHH
== GALAHAD TRU == Ref DFP

== CM BFGS
= Ref Newton
m—— CM L-BFGS

10°

T T
10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
107
107

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

— GALAHAD ARC === Ref BHHH = CM L-BFGS
§— GALAHAD TRU = CM BFGS = Ref DFP
= ens L-BFGS ’ CM native (endpoint) = Ref BFGS
= Ref Newton

T T
1074
Instrumented warm-up seconds

Poisson - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS —— Ref BHHH € CM native (endpoint)
% GALAHAD ARC == Ref DFP = Ref Newton

= GALAHAD TRU == CM BFGS m—— CM L-BFGS

= ens L-BFGS

T T
1074
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10712
10714

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

o o
=4

= Ref DFP == GALAHAD TRU === Ref Newton
m Ref BHHH === ens L-BFGS = Ref BFGS
== CM BFGS GALAHAD ARC === CM L-BFGS

| SN

10° 10t 102
Joint objective/gradient evaluations

Poisson - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise

o o
A =4

= Ref BFGS === GALAHAD TRU == Ref DFP
== CM BFGS = ens L-BFGS = CM L-BFGS
=== Ref BHHH GALAHAD ARC = Ref Newton

10° 10t 102
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107
1076
1078
10—10
10712
1074

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

# = Ref DFP = ens L-BFGS = Ref Newton

= Ref BHHH <> CM native (endpoint) == Ref BFGS
== CM BFGS GALAHAD ARC m— CM L-BFGS
= GALAHAD TRU

T T T L R R |
1074 1073
Instrumented warm-up seconds
Poisson - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise

ﬁ— Ref BFGS —— ens L-BFGS —— Ref DFP
= CM BFGS <> CM native (endpoint) = CM L-BFGS
=== Ref BHHH GALAHAD ARC = Ref Newton
= GALAHAD TRU

1074 1073
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
107
10714

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

o
A4

o
A4

= CM L-BFGS = ens L-BFGS
GALAHAD ARC = Ref DFP
= Ref Newton = Ref BFGS

10°

=== CM BFGS
== GALAHAD TRU
=== Ref BHHH

T
102

Joint objective/gradient evaluations

10!
Joint objective/gradient evaluations
Poisson - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise
S © = Ref BHHH = ans L-BFGS = Ref BFGS
= CM L-BFGS = Ref DFP == CM BFGS
GALAHAD ARC = Ref Newton = GALAHAD TRU
T T *— T
10° 10! 102

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10712
10714

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

%— CM L-BFGS = ens L-BFGS == CM BFGS
GALAHAD ARC = Ref DFP = GALAHAD TRU
’ CM native (endpoint) == Ref BFGS e Ref BHHH
= Ref Newton

- —A
1074 1073
Instrumented warm-up seconds
Poisson - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise
== Ref BHHH = ens L-BFGS = Ref BFGS
= CM L-BFGS = Ref DFP == CM BFGS
GALAHAD ARC = Ref Newton = GALAHAD TRU
‘ CM native (endpoint)

Al

1073
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10712
10714

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

o o
©

GALAHAD ARC = ens L-BFGS = Ref Newton

== Ref BHHH = CM L-BFGS = CM BFGS

== GALAHAD TRU = Ref BFGS = Ref DFP
T T T
10° 10! 102 103

Joint objective/gradient evaluations

Poisson - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise

= GALAHAD ARC m—=ens L-BFGS == Ref DFP
= Ref Newton == Ref BHHH = Ref BFGS
m=—= GALAHAD TRU == CM L-BFGS = CM BFGS
LI | LI | IA_V_V_V_|_L T T T T T AL |
10° 10! 102 103

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
10~*
1076
1078
10—10
10712
1074

10—16

1072
10~*
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC
= Ref BHHH
== GALAHAD TRU
= ens L-BFGS

= CM L-BFGS
= Ref BFGS
<> CM native (endpoint)

= Ref Newton
== CM BFGS
——— Ref DFP

=

1073 1072

Instrumented warm-up seconds

T
1074

Poisson - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC = Ref BHHH —— Ref DFP
= Ref Newton = CM L-BFGS = Ref BFGS
= GALAHAD TRU > CM native (endpoint) = CM BFGS

= ens L-BFGS

—

N P

1072

l.ﬁ
1073
Instrumented warm-up seconds

1074



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
107
10714

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BFGS
e Ref BHHH
=== GALAHAD TRU

= Ref DFP
m—— CM L-BFGS
= ens L-BFGS

GALAHAD ARC
== CM BFGS
= Ref Newton

—

o
A~ A4

- L

. ———— R0 —
10° 10! 102 10°

Joint objective/gradient evaluations

Poisson - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref DFP
= GALAHAD TRU
= Ref Newton

= Ref BHHH
m—— CM L-BFGS
= ens L-BFGS

GALAHAD ARC
= Ref BFGS
=== CM BFGS

—

o
A~ A4

. ——— e —— —
10° 10! 102 10°

N

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10712
10714

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

Poisson - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise
= Ref BFGS

—— Ref BHHH
—— GALAHAD TRU

= CM L-BFGS
= ens L-BFGS
GALAHAD ARC

<> CM native (endpoint)
= CM BFGS
= Ref Newton

= Ref DFP
‘o
O
T T T LR | 2, 'L. LR |
1074 1073 1072
Instrumented warm-up seconds
Poisson - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref DFP m—— CM L-BFGS = Ref BFGS
e GALAHAD TRU = ens L-BFGS <> CM native (endpoint)
= Ref Newton GALAHAD ARC == CM BFGS
= Ref BHHH
1 ‘o
&
L
L T — 8 2 T T T
1074 1073 1072

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
10~*
107°
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
107%
10714

10—16

E = Ref BFGS

Poisson - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC === ens L-BFGS
= CM L-BFGS

= Ref Newton

=== GALAHAD TRU
=== Ref DFP

== Ref BHHH == CM BFGS

10°

10!

Joint objective/gradient evaluations

Poisson - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise
GALAHAD ARC

= Ref BHHH
= ens L-BFGS

= CM L-BFGS
= Ref DFP
= Ref Newton

=== GALAHAD TRU
= Ref BFGS
== CM BFGS

10°

10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
10~*
107°
1078
10—10
10—12
10—14

10—16

1072
10~
1076
1078
10—10
107
107

10—16

Poisson - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

@ CMnative (endpoint) = ens L-BFGS == GALAHAD TRU

GALAHAD ARC = CM L-BFGS = Ref DFP
== Ref BFGS = Ref Newton = CM BFGS
= Ref BHHH
— _ e

1
1073
Instrumented warm-up seconds

1072

Poisson - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

Q CM native (endpoint) === CM L-BFGS === GALAHAD TRU

GALAHAD ARC = Ref DFP = Ref BFGS
=== Ref BHHH = Ref Newton = CM BFGS
== ens L-BFGS
([
— —— —
1073 1072

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
107*
107

10—16

1072
1074
107
1078
10—10
107*
10~

10—16

Poisson - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

g = Ref BFGS
== ens L-BFGS

== GALAHAD TRU
= Ref Newton
= CM BFGS

—— CM L-BFGS
—— Ref BHHH

GALAHAD ARC == Ref DFP

10°

10!

Joint objective/gradient evaluations

Poisson - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref DFP

= ens L-BFGS
GALAHAD ARC

== GALAHAD TRU
= Ref Newton
= CM BFGS

—— CM L-BFGS
—— Ref BHHH
—— Ref BFGS

10°

10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107
107
1078
10—10
107
107

10—16

1072
107
107
1078
10—10
107
107

10—16

Poisson - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BFGS

= ens L-BFGS
GALAHAD ARC

=== GALAHAD TRU

= Ref BHHH
’ CM native (endpoint)
= Ref DFP

= Ref Newton
== CM BFGS
m— CM L-BFGS

1
1073
Instrumented warm-up seconds

1072

Poisson - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

=== Ref DFP

= ens L-BFGS
GALAHAD ARC

== GALAHAD TRU

= Ref Newton
== CM BFGS
m— CM L-BFGS

’ CM native (endpoint)
== Ref BHHH
== Ref BFGS

1
1073
Instrumented warm-up seconds

1072



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
10~*
107°
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
107%
1074

10—16

Poisson - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

S © = Ref BHHH === CM BFGS = Ref BFGS
GALAHAD ARC === Ref Newton = CM L-BFGS
== ens L-BFGS === GALAHAD TRU == Ref DFP

h

10°

o ha
10! 102
Joint objective/gradient evaluations

Poisson - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise

o o
A =4

GALAHAD ARC
m— ens L-BFGS
= CM BFGS

= Ref DFP
= GALAHAD TRU
= Ref Newton

N

—— CM L-BFGS
—— Ref BFGS
—— Ref BHHH

10°

1 1
10! 102
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107°
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
107
107

10—16

Poisson - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

= Ref BHHH
GALAHAD ARC

= ens L-BFGS

= CM BFGS

= CM L-BFGS
<> CM native (endpoint)
= Ref DFP

= Ref Newton
e GALAHAD TRU
= Ref BFGS

1

1072 1071
Instrumented warm-up seconds

1073

Poisson - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC == GALAHAD TRU <> CM native (endpoint)
= ens L-BFGS = Ref Newton = Ref BFGS
== CM BFGS m— CM L-BFGS == Ref BHHH
= Ref DFP

]

—— —
1072 107!

Instrumented warm-up seconds

1073



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
107*
107

10—16

1072
1074
107
1078
10—10
107*
10~

10—16

Poisson - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

o o
A4

= ens L-BFGS
= Ref DFP
= Ref BHHH

GALAHAD ARC
== CM BFGS
=== CM L-BFGS

= Ref BFGS
= Ref Newton
= GALAHAD TRU

10°

L

10t 102
Joint objective/gradient evaluations
Poisson - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

S S = Ref Newton === Ref BFGS == CM L-BFGS
== ens L-BFGS GALAHAD ARC === GALAHAD TRU
= Ref DFP === CM BFGS == Ref BHHH

“\1
T T T
10° 10! 102

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
10~*
107
1078
10—10
107
107

10—16

1072
10~*
107
1078
10—10
107
107

10—16

Poisson - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

= ens L-BFGS
= Ref DFP

w—= Ref BHHH
GALAHAD ARC

= CM BFGS
= CM L-BFGS
<> CM native (endpoint)

= Ref BFGS
= Ref Newton
= GALAHAD TRU

1072 1071
Instrumented warm-up seconds

1073

Poisson - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref Newton GALAHAD ARC <> CM native (endpoint)
m— ens L-BFGS = CM BFGS = GALAHAD TRU
= Ref DFP m—— CM L-BFGS == Ref BHHH
= Ref BFGS
\

T T
1072 1071
Instrumented warm-up seconds

1073



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
107%
1074

10—16

Poisson - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

o o
<

== Ref DFP
e Ref BHHH
=== GALAHAD TRU

= Ref BFGS
GALAHAD ARC
= Ref Newton

= CM BFGS
e CM L-BFGS
= ens L-BFGS

10°

10t 102 103
Joint objective/gradient evaluations

Poisson - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise

o o
o

= Ref BFGS
= CM BFGS
= CM L-BFGS

= ens L-BFGS
= Ref DFP
m—= Ref BHHH

= Ref Newton
= GALAHAD TRU
GALAHAD ARC

10°

1 P T T T
10t 102 103
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
10~*
1076
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
107
107

10—16

Poisson - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

s Ref DFP

= Ref BHHH

<> CM native (endpoint)
== GALAHAD TRU

= Ref BFGS
GALAHAD ARC
= Ref Newton

= CM BFGS
m—— CM L-BFGS
= ens L-BFGS

— A

1072 1071
Instrumented warm-up seconds

1073

Poisson - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise
= Ref BFGS

== CM BFGS
=== CM L-BFGS

= ens L-BFGS
= Ref DFP
= Ref BHHH

<> CM native (endpoint)
= Ref Newton

= GALAHAD TRU
GALAHAD ARC

=P y ——
1072 1071
Instrumented warm-up seconds

1073



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
107*
107

10—16

1072
1074
107
1078
10—10
107*
10~

10—16

Poisson - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

o o
<

= Ref BHHH
= Ref BFGS
=== GALAHAD TRU

=== CM BFGS
GALAHAD ARC
== CM L-BFGS

= Ref Newton
= ens L-BFGS
= Ref DFP

10°

— —

10t 102 103
Joint objective/gradient evaluations

Poisson - n=20,000, p=24, stress 2, seed 1

Reference Wolfe 0.1; native controls otherwise

o o
<

= Ref BFGS == ens L-BFGS GALAHAD ARC

m= GALAHAD TRU === Ref DFP = Ref Newton
=== Ref BHHH == CM BFGS == CM L-BFGS
®
T T = T
10° 10! 102 10°

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
10~*
107
1078
10—10
107
107

10—16

1072
10~*
107
1078
10—10
107
107

10—16

Poisson - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

e Ref BHHH

<> CM native (endpoint)
= Ref BFGS

=== GALAHAD TRU

== CM BFGS
GALAHAD ARC
== CM L-BFGS

= Ref Newton
= ens L-BFGS
== Ref DFP

-
1072
Instrumented warm-up seconds

e
107t

1073

Poisson - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS
<> CM native (endpoint)
= GALAHAD TRU

= Ref BHHH

= ens L-BFGS
= Ref DFP
= CM BFGS

GALAHAD ARC
= Ref Newton
m—— CM L-BFGS

— .
1072 107!

Instrumented warm-up seconds

1073



Best evaluated relative objective excess

Best evaluated relative objective excess

IV-GMM - n=2,000, p=8, stress 0, seed 0 IV-GMM - n=2,000, p=8, stress 0, seed 0

Reference Wolfe 0.9; native controls otherwise Reference Wolfe 0.9; native controls otherwise
». = Ref BFGS e GALAHAD TRU = Ref Newton ﬁ = Ref BFGS s GALAHAD TRU - Ref Newton
10—2 - = ens L-BFGS = CM L-BFGS == Ref DFP § 10—2 E = ens L-BFGS = CM L-BFGS == Ref DFP
GALAHAD ARC == CM BFGS O} GALAHAD ARC == CM BFGS ’ CM native (endpoint)
(O]
1074 + = 1074 1
g
107% - '-g‘ 107°
(O]
1078 - E 108 -
O
I
10710 4 = 10710 -
(0]
b
10-12 A S 10-12 A
S
10_14 1 3 10—14 .
0n
(O]
10716 4— . . . . m10-16-, — 1l a a a . i Y A
100 10! 1074 1073
Joint objective/gradient evaluations Instrumented warm-up seconds
IV-GMM - n=2,000, p=8, stress 0, seed 0 IV-GMM - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise Reference Wolfe 0.1; native controls otherwise
\— ens L-BFGS m—— CM L-BFGS = Ref DFP ﬁ m— ens L-BFGS e CM L-BFGS = Ref DFP
10—2 - GALAHAD ARC = CM BFGS = Ref Newton § 10—2 E GALAHAD ARC = CM BFGS ’ CM native (endpoint)
e GALAHAD TRU == Ref BFGS () e GALAHAD TRU == Ref BFGS = Ref Newton
107 - 2 1074
6 g 6
107° A+ '8 107° 1
(O]
-8 > -8
10 5 10
O
I
10710 4 = 10710 -
(O]
-12 4‘%’ -12 |
10 > 10
©
>
10_14 1 3 10—14 .
n
(]
10716 4— . . . . m10-16-, —_— a Fy e i Y A
100 10! 1074 1073

Joint objective/gradient evaluations Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

IV-GMM : n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

= = Ref Newton === CM BFGS == CM L-BFGS
= ens L-BFGS GALAHAD ARC == Ref BFGS

=== GALAHAD TRU = Ref DFP

100 101
Joint objective/gradient evaluations

IV-GMM : n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

w. = ens L-BFGS = Ref DFP = CM L-BFGS
= Ref BFGS = CM BFGS = Ref Newton
= GALAHAD TRU GALAHAD ARC

100 101
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

IV-GMM : n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

—— Ref Newton ——— CM BFGS ’ CM native (endpoint)
= ens L-BFGS GALAHAD ARC = CM L-BFGS

—— GALAHAD TRU —— Ref DFP —— Ref BFGS
6x107° 104 2x107% 3x1074x10™% 6x107*

Instrumented warm-up seconds

IV-GMM - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise
—— ens L-BFGS —— Ref DFP ’ CM native (endpoint)

= Ref BFGS = CM BFGS = CM L-BFGS
=== GALAHAD TRU GALAHAD ARC == Ref Newton

. . —\a Y e . . e o A&
6x107° 10~4 2x107% 3x1074x10™* 6x107*

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

IV-GMM - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

== Ref DFP GALAHAD ARC = Ref Newton
= ens L-BFGS m—— GALAHAD TRU — CM L-BFGS
= Ref BFGS = CM BFGS

10° 10l

102
Joint objective/gradient evaluations

IV-GMM - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise

= ens L-BFGS m== GALAHAD TRU === CM L-BFGS
GALAHAD ARC = CM BFGS = Ref DFP
= Ref BFGS = Ref Newton
WL
100 10!

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
10~*
107°
1078
10—10
10—12
10—14

10—16

1072
10~*
107°
1078
10—10
10—12
10—14

10—16

IV-GMM - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise
’ CM native (endpoint) = Ref BFGS == CM BFGS

= Ref DFP GALAHAD ARC = Ref Newton
== ens L-BFGS === GALAHAD TRU === CM L-BFGS

. o ea | A
1074 1073
Instrumented warm-up seconds
IV-GMM - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise
’ CM native (endpoint) = Ref BFGS = Ref Newton

= ens L-BFGS == GALAHAD TRU = CM L-BFGS
GALAHAD ARC == CM BFGS == Ref DFP

— o ; ; —
1074 1073
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

IV-GMM : n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC = Ref Newton = GALAHAD TRU
= ens L-BFGS = Ref BFGS == Ref DFP
= CM L-BFGS = CM BFGS
100 10l

102
Joint objective/gradient evaluations

IV-GMM : n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC == Ref BFGS == CM BFGS
= ens L-BFGS = Ref DFP = GALAHAD TRU
m—— CM L-BFGS = Ref Newton
T L
100 10!

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107*
107
1078
10—10
10—12
10—14

10—16

1072
107*
107
1078
10—10
10—12
10—14

10—16

IV-GMM : n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC == Ref Newton = CM BFGS
m— ens L-BFGS = Ref BFGS = GALAHAD TRU
e CM L-BFGS ’ CM native (endpoint) == Ref DFP

—p 5\\\\\\\5\\\¢-::;\\\\\\\\\T
1073

1074
Instrumented warm-up seconds

IV-GMM : n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC == Ref BFGS = Ref Newton
\ m— ens L-BFGS = Ref DFP == CM BFGS
e CM L-BFGS ’ CM native (endpoint) = GALAHAD TRU
W
. — e . . . — e
1074

1073
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

IV-GMM - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

10°

e AL |
10! 102

GALAHAD ARC === ens L-BFGS == CM BFGS
= Ref DFP = CM L-BFGS = Ref BFGS
== GALAHAD TRU = Ref Newton

lq_'_'

= Ref BFGS
= CM BFGS

Joint objective/gradient evaluations
IV-GMM - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC = ans L-BFGS

= Ref Newton m—— CM L-BFGS

= GALAHAD TRU = Ref DFP

T —
10° 10!

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

IV-GMM : n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC = ans L-BFGS = Ref Newton
—— Ref DFP = CM L-BFGS —— CM BFGS
—— GALAHAD TRU ) CM native (endpoint) = Ref BFGS

1074 1073 1072
Instrumented warm-up seconds

IV-GMM - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC == ens L-BFGS = Ref DFP
= Ref Newton = CM L-BFGS = Ref BFGS
= GALAHAD TRU €@ CMnative (endpoint) = CM BFGS

\ | |
4

Instrumented warm-up seconds

10 1073



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

IV-GMM - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise
= Ref BFGS

—— GALAHAD TRU
—— Ref DFP

= ens L-BFGS
= CM L-BFGS
GALAHAD ARC

=== CM BFGS

= Ref Newton

10! 102

Joint objective/gradient evaluations

IV-GMM - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref DFP

= GALAHAD TRU
= Ref Newton

= ens L-BFGS
= CM L-BFGS
GALAHAD ARC

10°

—
10!
Joint objective/gradient evaluations

y ——i SR

= Ref BFGS
= CM BFGS

102

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107
1076
1078
10—10
10—12
10—14

10—16

1072
107
1076
1078
10—10
10—12
10—14

10—16

IV-GMM - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise
= Ref BFGS

= GALAHAD TRU
== Ref DFP

= ens L-BFGS
= CM L-BFGS
GALAHAD ARC

’ CM native (endpoint)
= CM BFGS
= Ref Newton

la - 9
1074 1073
Instrumented warm-up seconds
IV-GMM - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref DFP = ans L-BFGS = Ref BFGS
= GALAHAD TRU = CM L-BFGS ’ CM native (endpoint)
= Ref Newton GALAHAD ARC == CM BFGS
o
10 -4 1073

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

IV-GMM - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

~ GALAHAD ARC === CM L-BFGS
= Ref DFP = Ref Newton

= Ref BFGS
= CM BFGS

== ens L-BFGS === GALAHAD TRU

10°

Joint objective/gradient evaluations

IV-GMM - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC = ens L-BFGS
= Ref DFP = CM L-BFGS
= Ref Newton = Ref BFGS

10!

=== GALAHAD TRU

= CM BFGS

10°

Joint objective/gradient evaluations

10!

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

IV-GMM - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

’ CM native (endpoint) === ens L-BFGS

=== GALAHAD TRU

GALAHAD ARC = CM L-BFGS = Ref BFGS
= Ref DFP = Ref Newton = CM BFGS
_Tq T T T l"_‘—
1073 1072

Instrumented warm-up seconds

IV-GMM - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

’ CM native (endpoint) === Ref Newton = Ref BFGS
GALAHAD ARC = ens L-BFGS = GALAHAD TRU
== Ref DFP m—— CM L-BFGS == CM BFGS
_Tq T T T l"_‘—
1073 1072

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

IV-GMM - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

= ens L-BFGS = Ref Newton
GALAHAD ARC == CM BFGS
= GALAHAD TRU = CM L-BFGS

= Ref DFP

= Ref BFGS

10°

Joint objective/gradient evaluations

IV-GMM - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

<« = Ref Newton GALAHAD ARC
= Ref DFP = GALAHAD TRU
= ens L-BFGS = CM BFGS

10!

== CM L-BFGS

= Ref BFGS

10°

Joint objective/gradient evaluations

10!

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

IV-GMM - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

|

1073

= ens L-BFGS = Ref Newton
GALAHAD ARC == CM BFGS
= GALAHAD TRU m—— CM L-BFGS

== Ref DFP
’ CM native (endpoint)
= Ref BFGS

T
1072
Instrumented warm-up seconds

IV-GMM - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

|

= Ref Newton GALAHAD ARC === CM L-BFGS
== Ref DFP = GALAHAD TRU ’ CM native (endpoint)
= ens L-BFGS = CM BFGS = Ref BFGS
T
1073 1072

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

IV-GMM - n=20,000, p=24, stress 1, seed 0

Reference Wolfe 0.9; native controls otherwise

=== CM BFGS = Ref Newton == CM L-BFGS

GALAHAD ARC === GALAHAD TRU == Ref BFGS
= ens L-BFGS = Ref DFP
T T LI
10° 10! 102

Joint objective/gradient evaluations
IV-GMM - n=20,000, p=24, stress 1, seed 0

Reference Wolfe 0.1; native controls otherwise

= CM BFGS
GALAHAD ARC
= ens L-BFGS

ANY

=== GALAHAD TRU
= Ref Newton
== Ref DFP

== CM L-BFGS
= Ref BFGS

10°

T T
10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
107*
1076
1078
10—10
10—12
10—14

10—16

1072
1074
1076
1078
10—10
10—12
10—14

10—16

IV-GMM - n=20,000, p=24, stress 1, seed 0

Reference Wolfe 0.9; native controls otherwise

= CM BFGS = Ref Newton = CM L-BFGS
GALAHAD ARC == GALAHADTRU 4 CM native (endpoint)
= ens L-BFGS == Ref DFP == Ref BFGS
T T T T T T T T T T I‘V_V'
1073 1072

Instrumented warm-up seconds
IV-GMM - n=20,000, p=24, stress 1, seed 0

Reference Wolfe 0.1; native controls otherwise

= CM BFGS
GALAHAD ARC
= ens L-BFGS

== GALAHAD TRU
= Ref Newton
=== Ref DFP

= CM L-BFGS
’ CM native (endpoint)
= Ref BFGS

ol

T T T T T LI |
1073 1072
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

IV-GMM - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

—— Ref BFGS —— CMBFGS  —— Ref Newton
—— ens L-BFGS —— CML-BFGS —— GALAHAD TRU
GALAHAD ARC = Ref DFP
N :
100 10!

102
Joint objective/gradient evaluations

IV-GMM - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

== Ref DFP == CM BFGS === GALAHAD TRU
= ens L-BFGS = CM L-BFGS = Ref BFGS
GALAHAD ARC = Ref Newton
‘n\ , .
100 10!

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
107
107
1078
10—10
10—12
10—14

10—16

IV-GMM - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

—— Ref BFGS —— CM BFGS @ CM native (endpoint)
=== ens L-BFGS = CML-BFGS = Ref Newton
GALAHAD ARC == Ref DFP = GALAHAD TRU

1073

A —
1072
Instrumented warm-up seconds

IV-GMM - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref DFP = CM BFGS - Ref Newton
= ens L-BFGS = CM L-BFGS = GALAHAD TRU
GALAHAD ARC 4 CM native (endpoint) = Ref BFGS
| & & — oS
1073 1072

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

IV-GMM - n=20,000, p=24, stress 2, seed 0 IV-GMM - n=20,000, p=24, stress 2, seed 0

Reference Wolfe 0.9; native controls otherwise Reference Wolfe 0.9; native controls otherwise
= Ref DFP GALAHAD ARC e CM L-BFGS = Ref DFP GALAHAD ARC == CM BFGS
10—2 - = GALAHAD TRU = Ref Newton = ens L-BFGS 10—2 E = GALAHAD TRU = Ref Newton = CM L-BFGS
= Ref BFGS == CM BFGS = Ref BFGS ’ CM native (endpoint) = ens L-BFGS
1074 + 1074 ~

—0
1076 \ \

10—8 .

10—10 .

—9
107° ~ '
1078 :
10—10_
10—12_
10—14_
([ L L.

10—12 .
10—14 .
T
10° 10t 102 103 1073 1072

Best evaluated relative objective excess

Joint objective/gradient evaluations Instrumented warm-up seconds
IV-GMM - n=20,000, p=24, stress 2, seed 0 IV-GMM - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise Reference Wolfe 0.1; native controls otherwise
= Ref Newton GALAHAD ARC = ens L-BFGS ﬁ = Ref Newton GALAHAD ARC m—— CM L-BFGS
10—2 - == Ref DFP = CM BFGS = Ref BFGS § 10—2 . == Ref DFP ’ CM native (endpoint) = ens L-BFGS
e GALAHAD TRU m—— CM L-BFGS () e GALAHAD TRU == CM BFGS = Ref BFGS

10 - 2 1074
g

1076 - '-g 107°
(O]

1078 - E 108 -
O

-10 @ -10

10710 A 5 10710 4
g

10712 1 S 10712 A
[

10714 A 2 1014 L
n

~16 b g —-16 m IL.. ° i
10 _"| T LI L B R B R | T L L B R R R | T 'q_" 10 T T T T T T T L B B B R | T T T ""_"
100 10! 102 1073 1072

Joint objective/gradient evaluations Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

IV-GMM -

n=20,000, p=24, stress 2, seed 1

Reference Wolfe 0.9; native controls otherwise

—— GALAHAD TRU = Ref Newton GALAHAD ARC
—— Ref DFP —— ens L.BFGS = CM L-BFGS
—— Ref BFGS —— CM BFGS
N A
T T T T
100 10! 102 103

Joint objective/gradient evaluations

IV-GMM - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise
= Ref Newton = ens L-BFGS == Ref DFP
= GALAHAD TRU = CM BFGS = CM L-BFGS
= Ref BFGS GALAHAD ARC
‘\ ¢
— — — ; ;
10° 10! 102

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

1072
1074
107
1078
10—10
10—12
10—14

10—16

1072
1074
107
1078
10—10
10—12
10—14

10—16

IV-GMM - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

’ CM native (endpoint) === Ref BFGS

== CM BFGS

= GALAHAD TRU = Ref Newton GALAHAD ARC
= Ref DFP = ens L-BFGS m—— CM L-BFGS
—0
T -U—. L
1073 1072

Instrumented warm-up seconds

IV-GMM - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

1073

’ CM native (endpoint) === Ref BFGS

GALAHAD ARC

= Ref Newton = ens L-BFGS = Ref DFP
= GALAHAD TRU = CM BFGS m—— CM L-BFGS
o
T —
1072

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

NLS - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

= Ref Newton GALAHAD ARC === CM BFGS
g === GALAHAD TRU == Ref DFP s Ref BHHH

== ans L-BFGS m—— CM L-BFGS = Ref BFGS

10°

10!
Joint objective/gradient evaluations
NLS - n=2,000, p=8, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

=== GALAHAD TRU GALAHAD ARC == Ref Newton
§ ;— Ref DFP = CM L-BFGS e Ref BHHH

=== ens L-BFGS == CM BFGS == Ref BFGS

10°

T
10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

NLS - n=2,000, p=8, stress 0, seed 0

Reference Wolfe 0.9; native controls otherwise

= Ref Newton GALAHAD ARC
== GALAHAD TRU = Ref DFP
= ens L-BFGS m—— CM L-BFGS

1074

NLS - n=2,000, p=8, stress 0, seed 0

1073

Instrumented warm-up seconds

== CM BFGS
e Ref BHHH
== Ref BFGS

Reference Wolfe 0.1; native controls otherwise

= GALAHAD TRU GALAHAD ARC
§ = Ref DFP = CM L-BFGS
== ens L-BFGS = CM BFGS

1074

= Ref Newton
= Ref BHHH
= Ref BFGS

1073

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

NLS - n=2,000, p=8, stress 0, seed 1

Reference Wolfe 0.9; native controls otherwise

== = Ref Newton = CM BFGS
< = ens L-BFGS GALAHAD ARC

=== GALAHAD TRU === Ref BHHH

== CM L-BFGS
= Ref DFP
== Ref BFGS

!

10°

10!
Joint objective/gradient evaluations

NLS - n=2,000, p=8, stress 0, seed 1

1

Reference Wolfe 0.1; native controls otherwise

— = ens L-BFGS e Ref BHHH
<S = Ref DFP = CM BFGS
= GALAHAD TRU GALAHAD ARC

= Ref BFGS
= Ref Newton
m— CM L-BFGS

10°

T
10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

NLS - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref Newton === CM BFGS == CM L-BFGS
= ens L-BFGS GALAHAD ARC === Ref DFP
=== GALAHAD TRU === Ref BHHH == Ref BFGS

1074 1073
Instrumented warm-up seconds

NLS - n=2,000, p=8, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

= ens L-BFGS = Ref BHHH = Ref BFGS
== Ref DFP = CM BFGS = Ref Newton
= GALAHAD TRU GALAHAD ARC m—— CM L-BFGS

1074 1073
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

NLS - n=2,000, p=8, stress 1, seed 0 NLS - n=2,000, p=8, stress 1, seed 0

Reference Wolfe 0.9; native controls otherwise Reference Wolfe 0.9; native controls otherwise
103 A 103 4
=) \ = CM BFGS = ens L-BFGS = Ref Newton ﬁ = CM BFGS = ens L-BFGS = Ref Newton
= Ref DFP e Ref BHHH = Ref BFGS § == Ref DFP e Ref BHHH = Ref BFGS
]_00 - e GALAHAD TRU GALAHAD ARC e CM L-BFGS () ]_00 - e GALAHAD TRU GALAHAD ARC m—— CM L-BFGS
S P 5
=
].0_3 b 8 10—3 ]
g
107° 1 2 1076
©
I
1079 5 1079 1
g
3
10—12 _ g 10—12 .
0 15 E 0 15
10715 A 10715 4 L l
[an]
T T T T T L L | i T T L L | T T T T L L | T T T T L._' T T T T L L |
100 10! 102 103 1074 1073 1072 107!
Joint objective/gradient evaluations Instrumented warm-up seconds
NLS - n=2,000, p=8, stress 1, seed 0 NLS - n=2,000, p=8, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise Reference Wolfe 0.1; native controls otherwise
103 A 103 4
© m—= CM BFGS = ens L-BFGS = Ref BHHH ﬁ == CM BFGS m—ens L-BFGS = Ref BHHH
= Ref BFGS GALAHAD ARC = CM L-BFGS § = Ref BFGS GALAHAD ARC = CM L-BFGS
]_00 - e GALAHAD TRU == Ref DFP = Ref Newton () ]_00 - e GALAHAD TRU m Ref DFP = Ref Newton
(O]
Vo2 |
].0_3 b 8 10—3 ]
g
107° 1 2 1076
©
I
1079 5 107° 1
g
3
10—12 _ g 10—12 .
0 15 E 0 15
1071 A 1071 A
T T ol T T — A ""_'_'m T T T L""‘V’L‘." """LI T — =
100 10! 102 103 1074 1073 1072 107t

Joint objective/gradient evaluations Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

103

10°

1073

107

107°

107*

10—15

103

10°

1073

107

107°

107*

10—15

NLS - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

o
<

= Ref DFP = Ref Newton
\_ m—— CM L-BFGS = ens L-BFGS
GALAHAD ARC = Ref BFGS

== CM BFGS
= GALAHAD TRU
=== Ref BHHH

Joint objective/gradient evaluations

Y
T T T "i"'l T
100 10! 102 103
Joint objective/gradient evaluations
NLS - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise
(©] e CM L-BFGS m— ens L-BFGS = Ref DFP
GALAHAD ARC e Ref BHHH = CM BFGS
= Ref BFGS = Ref Newton === GALAHAD TRU
T T T T A AR |
100 10! 102 103

Best evaluated relative objective excess

Best evaluated relative objective excess

10°

10°

10°°

107°

107

10—15

10°

10°

10°°

107°

107

10—15

o
=

NLS - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

== Ref DFP = Ref Newton
m—— CM L-BFGS m— ens L-BFGS
GALAHAD ARC = Ref BFGS

== CM BFGS
= GALAHAD TRU

=== Ref BHHH
—

1074

1073 1072

Instrumented warm-up seconds

107t

NLS - n=2,000, p=8, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

m— CM L-BFGS = ens L-BFGS
GALAHAD ARC == Ref BHHH
= Ref BFGS = Ref Newton

)

= Ref DFP
= CM BFGS
=== GALAHAD TRU

\

1074

L_V_"‘._‘
1073
Instrumented warm-up seconds

1072



Best evaluated relative objective excess

Best evaluated relative objective excess

NLS - n=2,000, p=8, stress 2, seed 0 NLS - n=2,000, p=8, stress 2, seed 0

Reference Wolfe 0.9; native controls otherwise Reference Wolfe 0.9; native controls otherwise
(e] X GALAHAD ARC = GALAHAD TRU = Ref Newton ﬁ GALAHAD ARC e GALAHAD TRU = Ref Newton
101 4 R = Ref BFGS —— ens L-BFGS e CM BFGS Q 10? - i Si sé = Ref BFGS = ens L-BFGS e CM BFGS
1 ~, === Ref BHHH m— CM L-BFGS == Ref DFP () 1 == Ref BHHH m— CM L-BFGS == Ref DFP
107 1 e v 107" 1
=
1073 ~ @ 1073 -
S
_5 | -5
107° o 10
=
1077 © 1077 1
g
1079 A - 1079 A
g
‘©
10_13 1 5 10—13 .
0
10—15 . ﬁ ] 10—15 .
[an]
L | T T L T T L L | T A"""I T T T L T T T T L.' T """IA T T L
100 10! 102 103 1074 03 1072 107t
Joint objective/gradient evaluations Instrumented warm-up seconds
NLS - n=2,000, p=8, stress 2, seed 0 NLS - n=2,000, p=8, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise Reference Wolfe 0.1; native controls otherwise
(©] GALAHAD ARC = Ref Newton = Ref BHHH ﬁ (@) < GALAHAD ARC = Ref Newton = Ref BHHH
1 = ans L-BFGS = Ref BFGS = CM BFGS 0} 1 = ans L-BFGS == Ref BFGS == CM BFGS
107 1 v 107" 1
=
1073 ~ @ 1073 -
S
1075 o o 1075
=
1077 © 1077 1
g
1079 A - 1079 A
g
‘©
10_13 1 5 10—13 .
0
10715 - l 2 107 A L
T T T T T T L] T T T T T T T T T L T T T T T T L T T T T

10° 10! 102 1074 1073
Joint objective/gradient evaluations Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

10°

10

107!

1074

1077

10—10

10—13

107

10°

102

107!

1074

1077

10—10

10—13

107

o
<

NLS - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

—— Ref BHHH

= Ref BFGS
=== GALAHAD TR

[\

= Ref DFP

= ens L-BFGS

u

== CM L-BFGS

GALAHAD ARC
= CM BFGS
= Ref Newton

Joint objective/gradient evaluations

—\ o

T T 'ﬂ'_'_L""I '$' T T

10° 10! 102 103 104
Joint objective/gradient evaluations
NLS - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

o = Ref Newton = ens L-BFGS = Ref DFP

= GALAHAD TRU = CM L-BFGS = Ref BFGS

e Ref BHHH GALAHAD ARC == CM BFGS
AL | LA | ll'_'_L_'_'_'ll l.lllll AL |

10° 10! 102 103 104

Best evaluated relative objective excess

Best evaluated relative objective excess

10°

102

1071

1074

1077

10—10

10—13

107t

10°

102

1071

1074

1077

10—10

10—13

107t

NLS - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BFGS

=

e Ref BHHH = Ref DFP
= ens L-BFGS == CM BFGS
m—= GALAHAD TRU === CM L-BFGS = Ref Newton

GALAHAD ARC

N

1074

©

VL N

T i
1073 1072

1071

Instrumented warm-up seconds

NLS - n=2,000, p=8, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref Newton = ans L-BFGS = Ref DFP
e GALAHAD TRU m—— CM L-BFGS = Ref BFGS
e Ref BHHH GALAHAD ARC = CM BFGS

-

1074

— .
1073 1072

107t

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

NLS - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC === ens L-BFGS === GALAHAD TRU
§§— Ref BFGS = CM L-BFGS === Ref DFP

== Ref BHHH = Ref Newton = CM BFGS

\

- SR

10° 10!
Joint objective/gradient evaluations
NLS - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise
e Ref BFGS === ens L-BFGS === Ref Newton
GALAHAD ARC = CM L-BFGS = GALAHAD TRU
= Ref BHHH == Ref DFP = CM BFGS
I ' m ' 'L
10° 10!

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

NLS - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.9; native controls otherwise

GALAHAD ARC == ens L-BFGS = GALAHAD TRU
= Ref BFGS m—— CM L-BFGS = Ref DFP
== Ref BHHH = Ref Newton = CM BFGS

1073 1072
Instrumented warm-up seconds
NLS - n=20,000, p=24, stress 0, seed 0
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS = ens L-BFGS = Ref Newton
GALAHAD ARC m— CM L-BFGS = GALAHAD TRU
= Ref BHHH = Ref DFP == CM BFGS

— 4 -
1073 1072
Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

100 -

10—2 -

10—6 .
10—8 .
10—10 .
10—12 .

10—14 _

NLS - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BFGS == GALAHAD TRU
‘kﬁ— ens L-BFGS = Ref Newton

GALAHAD ARC === CM BFGS

—— CM L-BFGS
—— Ref BHHH
—— Ref DFP

|

1071 <

100 -

107° 1
1078 +
1010
10—12 .

10—14 _

10°

T
10!
Joint objective/gradient evaluations

.

NLS - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref DFP == GALAHAD TRU
= ens L-BFGS = Ref Newton
GALAHAD ARC == CM BFGS

—— CM L-BFGS
—— Ref BFGS
—— Ref BHHH

1071 <

10°

T
10!
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

NLS - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BFGS == GALAHAD TRU
= ens L-BFGS = Ref Newton
GALAHAD ARC = CM BFGS

== CM L-BFGS
e Ref BHHH
= Ref DFP

T
1073
Instrumented warm-up seconds

1072

NLS - n=20,000, p=24, stress 0, seed 1
Reference Wolfe 0.1; native controls otherwise

== Ref DFP = GALAHAD TRU
= ens L-BFGS = Ref Newton
GALAHAD ARC = CM BFGS

=== CM L-BFGS
= Ref BFGS
=== Ref BHHH

T
1073
Instrumented warm-up seconds

1072



Best evaluated relative objective excess

Best evaluated relative objective excess

103

10°

1073

10°°

107°

10—12

10—15

103

10°

1073

10°°

107°

10—12

10—15

NLS - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

o
A =4

Joint objective/gradient evaluations

© = Ref BHHH == CM BFGS = Ref BFGS
\_ GALAHAD ARC == Ref Newton = CM L-BFGS
== ens L-BFGS === GALAHAD TRU === Ref DFP
T T T T l T T
10° 10! 10 10°

NLS - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC == Ref BFGS

= ens L-BFGS = GALAHAD TRU
= CM BFGS = Ref Newton

== CM L-BFGS
=== Ref DFP
== Ref BHHH

10°

— —,
10! 102
Joint objective/gradient evaluations

10°

Best evaluated relative objective excess

Best evaluated relative objective excess

103

10°

1073

107°

1072

10—15

103

10°

1073

107°

1072

10—15

NLS - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.9; native controls otherwise

= Ref BHHH == CM BFGS = Ref BFGS
GALAHAD ARC === Ref Newton = CM L-BFGS
= ens L-BFGS === GALAHAD TRU == Ref DFP

1073

) S

1072 107! 10°

Instrumented warm-up seconds

NLS - n=20,000, p=24, stress 1, seed 0
Reference Wolfe 0.1; native controls otherwise

GALAHAD ARC = Ref BFGS

== CM L-BFGS

m— ens L-BFGS = GALAHAD TRU == Ref DFP
= CM BFGS = Ref Newton m—= Ref BHHH

L

1073

1072 107! 10°

Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

10°

10°

1073

107

107°

10—12

10—15

10°

10°

1073

107

107°

10—12

10—15

NLS - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise

o
A4

= ens L-BFGS
= Ref DFP
GALAHAD ARC

== CM BFGS = Ref BFGS
m—— CM L-BFGS = Ref Newton

== Ref BHHH === GALAHAD TRU

—

10°

10! 102 103
Joint objective/gradient evaluations
NLS - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.1; native controls otherwise

o
<

= Ref DFP
= Ref BFGS
= ens L-BFGS

GALAHAD ARC
= CM BFGS
== CM L-BFGS

= Ref Newton
= GALAHAD TRU
= Ref BHHH

10°

— — .
10! 102 103

Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

10°

10°

1073

10°°

107°

10—12

10—15

10°

10°

1073

10°°

107°

10—12

10—15

NLS - n=20,000, p=24, stress 1, seed 1
Reference Wolfe 0.9; native controls otherwise
= CM BFGS

= CM L-BFGS
=== Ref BHHH

—

= Ref BFGS
= Ref Newton
== GALAHAD TRU

= ens L-BFGS
= Ref DFP
GALAHAD ARC

T T T T

1073 1072 1071 10°
Instrumented warm-up seconds

NLS - n=20,000, p=24, stress 1, seed 1

Reference Wolfe 0.1; native controls otherwise
GALAHAD ARC

= CM BFGS
== CM L-BFGS

= Ref Newton
=== GALAHAD TRU
== Ref BHHH

= Ref DFP
= Ref BFGS
= ens L-BFGS

1072 107!

Instrumented warm-up seconds

1073



Best evaluated relative objective excess

Best evaluated relative objective excess

NLS - n=20,000, p=24, stress 2, seed 0 NLS - n=20,000, p=24, stress 2, seed 0

Reference Wolfe 0.9; native controls otherwise Reference Wolfe 0.9; native controls otherwise
103 - © —— Ref BHHH —— Ref DFP —— CM BFGS ﬁ 103 - —— Ref BHHH —— Ref DFP —— CM BFGS
= Ref BFGS GALAHAD ARC = CM L-BFGS § = Ref BFGS GALAHAD ARC = CM L-BFGS
o e GALAHAD TRU = Ref Newton = ens L-BFGS O} 0 = GALAHAD TRU = Ref Newton = ans L-BFGS
i o 4
10 E 10
. A \
1077 A o 107° A
o
2
107 S 1076 1
©
(O]
1079 1 g 107° 1
©
=]
10—12 _ g 10—12 .
(0]
-15 4‘3 -15
10715 1 & 1071
LA | T T L | T L | T T L T T T T L T T T T T L T T L
100 10! 102 103 1073 1072 107t 100
Joint objective/gradient evaluations Instrumented warm-up seconds
NLS - n=20,000, p=24, stress 2, seed 0 NLS - n=20,000, p=24, stress 2, seed 0
Reference Wolfe 0.1; native controls otherwise Reference Wolfe 0.1; native controls otherwise
103 o =—— Ref Newton = Ref BFGS =—— ens L-BFGS ﬁ 103 - =—— Ref Newton = Ref BFGS =—— ens L-BFGS
= GALAHAD TRU = CM BFGS == Ref DFP § = GALAHAD TRU = CM BFGS == Ref DFP
0 GALAHAD ARC m—— CM L-BFGS e Ref BHHH () 0 GALAHAD ARC m—— CM L-BFGS e Ref BHHH
10° _g 10° +
-3 8 -3
1077 A o 107° A
o
g
107 S 1076 1
©
(O]
1079 1 g 107° 1
©
=]
10—12 _ g 10—12 .
(0]
-15 E -15
107 A -L @ 1077 A l
UL | T T T T T T T T T T LA |

10° 10! 102 103 1073 1072 107! 10°
Joint objective/gradient evaluations Instrumented warm-up seconds



Best evaluated relative objective excess

Best evaluated relative objective excess

103

10°

1073

10°°

107°

10—12

10—15

103

10°

1073

10°°

107°

10—12

10—15

NLS - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

© = Ref BFGS = Ref Newton === CM BFGS
e Ref BHHH = ens L-BFGS GALAHAD ARC
=== GALAHAD TRU == Ref DFP == CM L-BFGS

— 05

10°

1 1 T — T
10! 102 103
Joint objective/gradient evaluations

NLS - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

o
A =4

= Ref BFGS == ens L-BFGS GALAHAD ARC
m= GALAHAD TRU === Ref BHHH = Ref Newton
= Ref DFP == CM BFGS == CM L-BFGS

10°

L R |
10! 102 103
Joint objective/gradient evaluations

Best evaluated relative objective excess

Best evaluated relative objective excess

103

10°

1073

10°°

107°

10—12

10—15

103

10°

1073

10°°

107°

10—12

10—15

NLS - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.9; native controls otherwise

= Ref BFGS = Ref Newton == CM BFGS
e Ref BHHH = ens L-BFGS GALAHAD ARC
=== GALAHAD TRU == Ref DFP == CM L-BFGS
AN ¢

—o

1073

1072 1071 10°
Instrumented warm-up seconds

NLS - n=20,000, p=24, stress 2, seed 1
Reference Wolfe 0.1; native controls otherwise

= Ref BFGS == ens L-BFGS GALAHAD ARC
m== GALAHAD TRU === Ref BHHH = Ref Newton
= Ref DFP == CM BFGS == CM L-BFGS

1073

T T T T T L |
1072 1071 10°
Instrumented warm-up seconds



Best evaluated FW gap

1072
1074
107
1078
10—10
10—12
10—14

10—16

SCM - n=100, p=12, stress 0, seed 0

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

SCM : n=100, p=12, stress 0, seed 0
Native controls

—_— ’ CM native (endpoint) === ens Frank-Wolfe ’ GALAHAD QPB (endpoint)

1074

1073 1072 1071
Instrumented warm-up seconds



Best evaluated FW gap

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

SCM - n=100, p=12, stress 0, seed 1

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

SCM : n=100, p=12, stress 0, seed 1
Native controls

’ CM native (endpoint) === ens Frank-Wolfe ’ GALAHAD QPB (endpoint)

1074 1073 1072 107!
Instrumented warm-up seconds



Best evaluated FW gap

1072
1074
107
1078
10—10
10—12
10—14

10—16

SCM - n=100, p=12, stress 1, seed 0

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

1072
10~*
107
1078
10—10
107
107

10—16

SCM : n=100, p=12, stress 1, seed 0
Native controls

—_— ’ GALAHAD QPB (endpoint) ’ CM native (endpoint) === ens Frank-Wolfe
(o]
T T T T L | T T T L | T T T LI |
1074 1073 1072 107t

Instrumented warm-up seconds



Best evaluated FW gap

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

SCM - n=100, p=12, stress 1, seed 1

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

SCM - n=100, p=12, stress 1, seed 1
Native controls

~ ’ GALAHAD QPB (endpoint) === ens Frank-Wolfe ’ CM native (endpoint)

1074 1073 1072 107!
Instrumented warm-up seconds



Best evaluated FW gap

1072
10~*
107
1078
10—10
10—12
10—14

10—16

SCM - n=100, p=12, stress 2, seed 0

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

1072
1074
107°
1078
10—10
10—12
10—14

10—16

SCM - n=100, p=12, stress 2, seed 0
Native controls

e = ens Frank-Wolfe ’ CM native (endpoint) ’ GALAHAD QPB (endpoint)

1074 1073 1072 107!
Instrumented warm-up seconds



Best evaluated FW gap

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

SCM - n=100, p=12, stress 2, seed 1

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

10°
1072
10~*
1076
1078
10—10
10—12
10—14

10—16

SCM - n=100, p=12, stress 2, seed 1
Native controls

’ CM native (endpoint) ’ GALAHAD QPB (endpoint) === ens Frank-Wolfe

1074 1073 1072 107!

Instrumented warm-up seconds



Best evaluated FW gap

10°
1072
1074
10°°
1078
10—10
10—12
10—14

10—16

SCM : n=500, p=50, stress 0, seed 0

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

SCM - n=500, p=50, stress 0, seed 0
Native controls

~—— — ens Frank-Wolfe ’ CM native (endpoint) ’ GALAHAD QPB (endpoint)

T T "' LA | T T T LR | T T T T
1074 1073 1072 1071
Instrumented warm-up seconds



Best evaluated FW gap

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

SCM - n=500, p=50, stress 0, seed 1

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

10°
1072
1074
107
1078
10—10
10—12
10714

10—16

SCM - n=500, p=50, stress 0, seed 1
Native controls

—— ens Frank-Wolfe ’ CM native (endpoint) ’ GALAHAD QPB (endpoint)

T T ’ T L | T T T L | T T T L |
1074 1073 1072 1071
Instrumented warm-up seconds



Best evaluated FW gap

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

SCM - n=500, p=50, stress 1, seed 0

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

10°
1072
10~*
1076
1078
10—10
10—12
10—14

10—16

SCM : n=500, p=50, stress 1, seed 0
Native controls

’ GALAHAD QPB (endpoint) === ens Frank-Wolfe ’ CM native (endpoint)

T
1074
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1073 1072 107!

Instrumented warm-up seconds



Best evaluated FW gap

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

SCM - n=500, p=50, stress 1, seed 1

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

10°
1072
10~*
107
1078
10—10
10—12
10—14

10—16

SCM - n=500, p=50, stress 1, seed 1
Native controls

—_— ’ GALAHAD QPB (endpoint) === ens Frank-Wolfe ’ CM native (endpoint)

1074

1073 1072 1071
Instrumented warm-up seconds



Best evaluated FW gap

10°
1072
1074
107
1078
10—10
10—12
10—14

10—16

SCM : n=500, p=50, stress 2, seed 0

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

10°
1072
10~*
107
1078
10—10
10—12
10—14

10—16

SCM - n=500, p=50, stress 2, seed 0

Native controls

’ GALAHAD QPB (endpoint) = ans Frank-Wolfe

’ CM native (endpoint)

T
1074

»

T T 1T T ol
1073 1072
Instrumented warm-up seconds

107t



Best evaluated FW gap

1072
1074
107
1078
10-10
10-12
10-14

10—16

SCM - n=500, p=50, stress 2, seed 1

Native controls

== ens Frank-Wolfe

10°

T
10!

L | T T L
102 103
Joint objective/gradient evaluations

104

Best evaluated FW gap

10°
1072
1074
1076
1078
10—10
10—12
10—14

10—16

SCM - n=500, p=50, stress 2, seed 1
Native controls

—_— ’ GALAHAD QPB (endpoint) ’ CM native (endpoint) === ens Frank-Wolfe

1074

‘ L | T T T L | T T L |
1073 1072 1071
Instrumented warm-up seconds



