M§ Q⊓⟩⌋‖ R⌉{⌉∇⌉\⌋⌉

F≀∇ ⊣⊑⊣⟩↕⊣⌊⟩↕⟩⊔†⇔ ⊔⌉⌋⟨\⟩⌋⊣↕ ∫⊓√√≀∇⊔⇔ ⊣\⌈ ⌋≀⇕⇕⌉\⊔∫ ⇐⊒⟨⟩⌋⟨ ⊣∇⌉ ⌉∫√⌉⌋⟩⊣↕↕† ⊒⌉↕⌋≀⇕⌉⇒ √↕⌉⊣∫⌉ ⊓∫⌉ ≀\⌉ ≀{ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⇕⌉⊔⟨≀⌈∫ ≀{ ⌋≀\⊔⊣⌋⊔⇔ ↕⟩∫⊔⌉⌈ ⟩\ ≀∇⌈⌉∇ ≀{ √∇⌉{⌉∇⌉\⌋⌉¬ ⌉⇕⊣⟩↕ \⌉⊣↕⌉ℵ∇⊓⌊†↙⊑⌋⊓↙⌉⌈⊓ ⇐⟩\⊔⌉∇\⌉⊔⇒ \⌉⊣↕⌉ℵ⊑⌋⊓⊑⊣§ ⇐⌊⟩⊔\⌉⊔⇒ {⊣§ ∀′△ ∋∞ ▽̸ √⟨≀\⌉ ∀′△ ∀ ̸∀▽∃′ ∫\⊣⟩↕ ⇕⊣⟩↕ M⟩⌋⟨⊣⌉↕ C↙ N⌉⊣↕⌉ D⌉√⊣∇⊔⇕⌉\⊔ ≀{ P∫†⌋⟨⟩⊣⊔∇† B≀§ ∞′ MCV R⟩⌋⟨⇕≀\⌈ VA ∈∋∈∃∀↖′∞′⇔ USA ∇⌉{⌉∇ ⊔≀ M§ ⇕⊣\⊓⊣↕ ⊣∫¬ N⌉⊣↕⌉⇔ M↙C↙ ⇐∞∃∃△⇒↙ M§¬ S⊔⊣⊔⟩∫⊔⟩⌋⊣↕ M≀⌈⌉↕⟩\}↙ B≀§ ∞′ MCV⇔ R⟩⌋⟨⇕≀\⌈⇔ VA ∈∋∈∃∀¬ D⌉√⊣∇⊔⇕⌉\⊔ ≀{ P∫†⌋⟨⟩⊣⊔∇†↙ ∈\⌈ ⌉⌈⟩⊔⟩≀\↙

∞ O⊓⊔↕⟩\⌉ ≀{ M§ S⌋∇⟩√⊔∫ ∞↙∞ S†\⊔⊣§ C≀\⊑⌉\⊔⟩≀\∫ M§ ∇⌉⊣⌈∫ ⊔⟨∇⌉⌉ ⊔⟨⟩\}∫¬ ‖⌉†⊒≀∇⌈∫⇔ √⊣∇⊣⇕⌉⊔⌉∇∫ ⊣\⌈ \⊓⇕⌊⌉∇∫ A ‖⌉†⊒≀∇⌈ ⇕⊓∫⊔ ∫⊔⊣∇⊔ ≀\ ⊣ \⌉⊒ ↕⟩\⌉↙ T⟨⌉ ⊙∇∫⊔ ⊔⊒≀ ↕⌉⊔⊔⌉∇∫ ≀{ ⊣ ‖⌉†⊒≀∇⌈ ⊣∇⌉ ∫⊓∘⌋⟩⌉\⊔ ⊔≀ ⟩⌈⌉\⊔⟩{† ⟩⊔⇔ ⊓\↕⌉∫∫ ⌉§√↕⟩⌋⟩⊔⌉↕† ∫⊔⊣⊔⌉⌈ ≀⊔⟨⌉∇⊒⟩∫⌉↙ P⊣∇⊣⇕⌉⊔⌉∇∫ √⊣∫∫ ⟩\{≀∇⇕⊣⊔⟩≀\ ⊔≀ ⌋≀⇕⇕⊣\⌈∫⇔ ⌉↙}↙ ⊙↕⌉\⊣⇕⌉∫ ≀∇ \⊓⇕⌊⌉∇∫↙ C≀⇕⇕⌉\⊔∫ ⌋⊣\ ⌊⌉ √⊓⊔ ⊣\†↖ ⊒⟨⌉∇⌉ {≀↕↕≀⊒⟩\}

• ⊣↕⊔⌉∇\⊣⊔⟩⊑⌉∫ ⊣∇⌉ ∇⌉√∇⌉∫⌉\⊔⌉⌈ ⌊† • ≀√⊔⟩≀\⊣↕ √⊣∇⊣⇕⌉⊔⌉∇∫ ≀∇ ‖⌉†⊒≀∇⌈∫ ⊣∇⌉ ⌉\↖ ⌋↕≀∫⌉⌈ ⌊† { ⊣\⌈ } • ⟩⊔⌉⇕∫ ⊔≀ ⌊⌉ ∫⊓⌊∫⊔⟩⊔⊓⊔⌉⌈ ⊣⌋⌋≀∇⌈⟩\} ⊔≀ ⊔⟨⌉ ∫√⌉↖ ⌋⟩⊙⌋ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊣∇⌉ ⌉\⌋↕≀∫⌉⌈ ⌊†

• TITLE • DATA¬ ⟩\⌈⟩⌋⊣⊔⌉ }∇≀⊓√ ⊔†√⌉¬ ⌈⊣⊔⊣∝⌋⊣↕⌋⊓↕⊣⊔⟩≀\∝⌋≀\∫⊔∇⊣⟩\⊔ • R⌉⊣⌈⇔ ∫⌉↕⌉⌋⊔ ⊣\† ≀⌊∫⌉∇⊑⌉⌈ ⌈⊣⊔⊣⇔ ↕⊣⌊⌉↕∫ • MATRICES¬ ⌈⌉⊙\⌉ ⊣⊔ ↕⌉⊣∫⊔ ≀\⌉ ⇕⊣⊔∇⟩§ • MODEL¬ ⌈⌉⊙\⌉ ⇕⊣⊔∇⟩§ {≀∇⇕⊓↕⊣¬ ⌋≀⊑⊣∇⟩⊣\⌋⌉∫∝⇕⌉⊣\∫∝⊔⟨∇⌉∫⟨≀↕⌈∝⌋≀⇕√⊓⊔⌉ • S√⌉⌋⟩{† \⊓⇕⌊⌉∇∫ ⊣\⌈ √⊣∇⊣⇕⌉⊔⌉∇∫⇔ ∫⊔⊣∇⊔⟩\} ⊑⊣↕⊓⌉∫⇔ ⌉∐⊓⊣↕⟩⊔† ⌋≀\∫⊔∇⊣⟩\⊔∫ • R⌉∐⊓⌉∫⊔ ⊙⊔ {⊓\⌋⊔⟩≀\∫⇔ ∫⊔⊣⊔⟩∫⊔⟩⌋⊣↕ ≀⊓⊔√⊓⊔ ⊣\⌈ ≀√⊔⟩⇕⟩‡⊣⊔⟩≀\ ≀√⊔⟩≀\∫⇔ ⇕⊓↕⊔⟩√↕⌉ ⊙⊔ ⇕≀⌈⌉⇔ ∫⊣⊑⌉ ⇕⊣⊔∇⟩⌋⌉∫ ⊣\⌈ |≀⌊ ∫√⌉⌋⟩⊙⌋⊣⊔⟩≀\∫ • END

∞

∈ R⌉⊣⌈⟩\} D⊣⊔⊣ ∈↙∞ T⟩⊔↕⌉ L⟩\⌉ T⟨⌉ ⊔⟩⊔↕⌉ ↕⟩\⌉ ⟩∫ √⊓∇⌉↕† {≀∇ ⊔⟨⌉ ⊓∫⌉∇≃∫ ∇⌉{⌉∇⌉\⌋⌉⇔ ⟩⊔ ⟩∫ √∇⟩\⊔⌉⌈ ⊒⟨⌉\ M§ √∇⟩\⊔∫ ⊔⟨⌉ √⊣∇⊣⇕⌉⊔⌉∇ ∫√⌉⌋⟩⊙↖ ⌋⊣⊔⟩≀\∫ ⊣\⌈ ⊔⟨⌉ √⊣∇⊣⇕⌉⊔⌉∇ ⌉∫⊔⟩⇕⊣⊔⌉∫ {≀∇ ⊣ }∇≀⊓√↙ T⟨⌉ ⊔⟩⊔↕⌉ ⟩∫ ∇⌉⌋≀}\⟩‡⌉⌈ ⌊† ⟩⊔∫ ↕≀⌋⊣⊔⟩≀\ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊣ ‖⌉†⊒≀∇⌈ ⊣⊔ ⊔⟨⌉ ∫⊔⊣∇⊔ ≀{ ⊣ ↕⟩\⌉↙

∈↙∈ D⊣⊔⊣ ⌋≀⇕⇕⊣\⌈ S†\⊔⊣§¬

r r↼r − ∞⇒/2 r↼r − ∞⇒/2 r↼r ⇁ 1↽/2 r↼r ⇁ 1↽/2 r × c Number of free elements indicates how many elements should be supplied▷ All changeable el ements of matrices are initialized at zero and are βxed parameters unless the

n▷ Note that none of the equalities may refer to groups that appear after the current group▷ Symbol Matrix quantity Dimensions n Observed cov▷◁data NI n× NI n n Expected cov▷ matrix NI n× NI n n Expected mean vector 1× NI n n Expected proportions NR n× NC n n Function value 1 × ∞

∋↙∈ C≀⊑⊣∇⟩⊣\⌋⌉∫∝M≀⌈⌉↕∝M∈ ⌋≀⇕⇕⊣\⌈ S†\⊔⊣§¬

d / max↼↼r − ∞⇒, ↼c − ∞⇒⇒ ⊣\⌈ ⊔⟨⌉ ⌉↕⌉⇕⌉\⊔∫ ⊣∇⌉ ⊔⟨⌉ ∇≀⊒ ⊣\⌈ ⌋≀↕⊓⇕\ ⊔⟨∇⌉∫⟨≀↕⌈∫ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕†↙ ∋↙▽ M⊣⊔∇⟩§ ≀√⌉∇⊣⊔≀∇∫ ⊣\⌈ {⊓\⌋⊔⟩≀\∫ U\⊣∇† ⊣\⌈ ⌊⟩\⊣∇† ⇕⊣⊔∇⟩§ ≀√⌉∇⊣⊔≀∇∫ ⊣∇⌉ ⊓∫⌉⌈ ⊔≀ √⌉∇{≀∇⇕ ≀√⌉∇⊣⊔⟩≀\∫ ≀\ ≀∇ ⌊⌉⊔⊒⌉⌉\ ⇕⊣⊔∇⟩⌋⌉∫⇔ ⌈⌉↖ ⊙\⌉⌈ ⌊† ⇕⊣⊔∇⟩⌋⌉∫ ⌋≀⇕⇕⊣\⌈↙ O√⌉∇⊣⊔⟩≀\∫ ⊒⟩⊔⟨ ↕≀⊒⌉∇ √∇⟩≀∇⟩⊔† ⊣∇⌉ ⌉⊑⊣↕⊓⊣⊔⌉⌈ ⊙∇∫⊔⇔ ⌉∐⊓⊣↕ √∇⟩≀∇↖ ⟩⊔† ≀√⌉∇⊣⊔⟩≀\∫ ⊣∇⌉ ⌋⊣∇∇⟩⌉⌈ ≀⊓⊔ {∇≀⇕ ↕⌉{⊔ ⊔≀ ∇⟩}⟨⊔↙ P⊣∇⌉\⊔⟨⌉∫⌉∫ ⇕⊣† ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌋⟨⊣\}⌉ ≀∇⌈⌉∇ ≀{ ⌉⊑⊣↕↖ ⊓⊣⊔⟩≀\↙ S†⇕⌊≀↕ O√⌉∇⊣⊔⟩≀\ P∇⟩≀∇⟩⊔† �1_1

⊗ ∋ ÷ ∋

r / c r / c

y Cosine None y Sin None y Tan None e A) None

r or c / 1

r / c r / c r / c r / c r / c yadd h (e.g., sinh) for hyperbolic function

3.6 Putting Numbers in Matrices

3.6.1 Matrix command

Syntax:

3.6.2 Start and Value commands

Syntax:

3.7.1 Specification command

Syntax:

3.7.2 Pattern command

Syntax:

3.7.3 Free, Fix and Equate commands

Syntax:

3.7.4 Boundary command

Syntax:

N 4.3 Statistical Output Options • A√√⌉⊣∇⊣\⌋⌉¬

• S⊓√√∇⌉∫∫⟩\} O⊓⊔√⊓⊔¬

• R⌉∫⟩⌈⊓⊣↕∫¬

• A⌈|⊓∫⊔⟩\} D⌉}∇⌉⌉∫ ≀{ F∇⌉⌉⌈≀⇕¬ • P≀⊒⌉∇ C⊣↕⌋⊓↕⊣⊔⟩≀\∫¬ • C≀\⊙⌈⌉\⌋⌉ I\⊔⌉∇⊑⊣↕∫¬ • S⊔⊣\⌈⊣∇⌈ E∇∇≀∇∫¬ • R⊣\⌈≀⇕⟩‡⟩\} S⊔⊣∇⊔⟩\} V⊣↕⊓⌉∫¬ • J⟩}}↕⟩\} P⊣∇⊣⇕⌉⊔⌉∇ S⊔⊣∇⊔ V⊣↕⊓⌉∫¬

• n > 0 •

• O⊔⟨⌉∇∫

△↙▽ F⟩⊔⊔⟩\} S⊓⌊⇕≀⌈⌉↕∫ 4.5.1 Multiple Fit Option Syntax:

4.5.2 Drop command Syntax:

4.5.3 Save and Get command Syntax:

4.5.4 Mx command

Syntax:

4.5.5 Draw command

Syntax:

4.5.6 Error Messages

When Mx runs into something it doesn’t understand, it tries to tell you as soon as possible. Sometimes this will be after the error itself, so check the earlier input for warnings & mistakes if the cause is not immediately obvious. The Just WHAT is this command... message usually comes when Mx has been given too many numbers or labels for a matrix. You may get a ”non-numeric characters” warning if you supply too few numbers, or Mx may run into the end of the file in the vain search for enough numbers. By and large, the error messages are supposed to inform and amuse a little to make them less user-hostile. Just one example.... if you really cannot find another reason to use Mx:

63 The matrices you wish to subtract are not conformable for subtraction. If this message doesn’t add up to you, go back to elementary school.

5 Using Mx under di¸erent

Operating Systems

Currently Mx is available for VAX VMS, several unix systems (e.g. Vax BSD4.3, Sun-OS, IBM (RS-6000) AIX, Dec Ultrix, HP), and MSDOS 3.0/ WINDOWS (or higher) for IBM compatible 386SX and above. Porting to other environments presents little di‹culty, since the code is written in standard FORTRAN. Versions for most operating systems can be downloaded via binary ftp to sapphire.gen.vcu.edu

5.1 VAX VMS

We recommend that input ˛les have the naming convention

TITLE: Factor Model
DATA NGroups=1 NInput_vars=3 NObs=100
Cmatrix Symmetric
1.0
 .5 .8
 .4 .2 .7
MATRICES
A Full 3 1
U Diag 3 3 Free
COVARIANCE A*A’ + U /
Specification A
4 5 0
Start .5 A 1 1 - A 2 1
Options ML
END

Model Fitting To Covariances

!_____________________________________
! double cholesky model.
!_____________________________________
This group calculates, no fitting
! Genetic factors
Data Calculation NGroups=5
Matrices
 H Lower 2 2 Free
Compute H*H’ /
End
!_____________________________________
Title 2nd Group also for calculation
Data CA
Matrices
 E Lower 2 2 Free
Compute E*E’ / ! Specific Envt.
End
! Now get to actual data
!_____________________________________
Group 3: Unmatched twins
Data NInput_vars=2 NObservations=449
 KMatrix Symmetric
 1.
 -.22 1.
 ACov File=unm.asy
MAtrices
 G Symm 2 2 = %E1
 E Symm 2 2 = %E2
Covariances (G + E) /
End
!_____________________________________

                                              !_____________________________________
                                              Group 4: MZ twins with cotwins
                                              DAta NInput_vars=6 NObservations=456
                                               CMatrix File=mz.cov
                                               Select 1 2 4 5/
                                              Matrices
                                               G Symm 2 2 = %E1
                                               E Symm 2 2 = %E2
                                              Covariances (g+e | g_
                                                           g | g+e) /
                                              End
                                              !_____________________________________
                                              Group 5: DZ twins with cotwins
                                              Data NInput_vars=6 NObservations=357
                                               CMatrix File=dz.cov
                                               Labels Ex1 Ne1 De1 Ex2 Ne2 De2
                                               Select ex1 ne1 ex2 ne2 /
                                              Matrices
                                               G Symm 2 2 = %E1
                                               E Symm 2 2 = %E2
                                               H Diag 1 1
                                              Covariances
                                               (g+e | h@g _
                                                h@g | g+e) /
                                               Matrix Half .5
                                               Start .5 ALL
                                               Boundary -1 1 All
                                              Options RSiduals Iterations=200
                                              End

                                              Categorical Data Analysis

                                              PACE MODEL: MZ twins
                                              Data Ninput_vars=2 NGroups=3
                                              CTable 2 2
                                              30 20
                                              19 60
                                              Matrices
                                              A Full 2 6
                                              B Full 2 2
                                              I Iden 2 2
                                              P Symm 6 6
                                              T Full 2 1
                                              Thresholds T /
                                              Covariances (I-B)~*A*P*A’*(I-B)~/
                                              Specify A
                                              1 2 3 0 0 0
                                              0 0 0 1 2 3
                                              Labels Row A At1 Ct1 Et1 A2 C2 E2
                                              Labels Col A Pt1 Pt2
                                              Labels Row P At1 Ct1 Et1 A2 C2 E2
                                              Labels Col P At1 Ct1 Et1 A2 C2 E2
                                              Start .6 A 1 1 - A 2 6

Specification T 4 5
Pattern B
0 1
1 0
Equate B 2 1 B 1 2
Boundary -.99 .99 6
Matrix P
1
0 1
0 0 1
1 0 0 1
0 1 0 0 1
0 0 0 0 0 1
Options RSidual
End

DZ twins in PACE model
Data Ninput_vars=2
CTable 2 2
30 30
29 50
Matrices
A Full 2 6 =A1
B Full 2 2 =B1
I Iden 2 2
P Stand 6 6
T Full 2 1 =T1
Thresholds T /
Covariances (I-B)~* A*P*A’* (I-B)~ /
Value .5 P 4 1
Value 1 P 5 2
Options RSiduals
End

Constraint group: a*a+c*c+e*e=1
Data Constraint Ninput=1
Matrices
S Full 1 3
I Identity 1 1
Constraint I - S*S’ /
Specification S
1 2 3
Options Multiple None Iterations=300
End
Save pace.mxs
! No common environment
Drop 2
End
! No interaction
Get pace.mxs
Value 0 B 1 1 1 - B 1 2 2
Options NAG=30
End

                                              Variable Pedigree Size ML Example

                                              Estimate means and cholesky
                                              Data NInput_vars=3 NGroups=1
                                              VLength File=[neale]unbalanced.raw
                                              Matrices
                                              M Full 1 3 FRee
                                              S Lower 3 3 FRee
                                              Means M / ! Means model
                                              Covariances S*S’ /
                                              Start .7 s 1 1 - s 3 3
                                              Options RM MX%E=unbal.cov THard=-1
                                              End

                                              First few lines of unbalanced.raw
                                              2
                                              1 2 0.5550 -1.1114
                                              3
                                              1 2 3 1.6442 -0.1728 3.69
                                              2
                                              1 3 -0.2145 5.01

                                              Index

                                              Asymptotic Covariances, 2.4 Matrix command, 3.6.1
                                              Asymptotic Variances, 2.4 Matrix Functions, 3.5
                                                                      Matrix Operators, 3.5
                                              Boundary command, 3.7.4 Mean Vector, 2.7
                                              Building Models with Matrices, 3 Means/M1 command, 3.3
                                                                      Model command, 3.2
                                              Calculation group, 2.2 Multiple Fit Option, 4.5.1
                                              Compute command, 3.2 MX command, 4.5.4
                                              Constraint group, 2.2
                                              Contigency Tables, 2.6 Operating Systems, 5
                                              Correlation Matrices, 2.3 Optimization Parameters, 4.4
                                              Covariance Matrices, 2.3 Options command, 4.1
                                              Covariances/M2 command, 3.2 Outline of Mx Scripts, 1
                                                                      Output command, 4.1
                                              Data command, 2.2 Output Options, 4
                                              Draw command, 4.5.5
                                              Drop command, 4.5.2 Pattern command, 3.7.2
                                                                      Putting Numbers in Matrices, 3.6
                                              End command, 4.1 Putting Parameters in Matrices, 3.7
                                              Equate command, 3.7.3
                                                                      Reading Data, 2
                                              Fit Functions, 4.2 Raw Data, 2.5
                                              Fitting Submodels, 4.5
                                              Fix command, 3.7.3 Save command, 4.5.3
                                              Free command, 3.7.3 Select command, 2.8
                                                                      Speci↓cation command, 3.7.1
                                              Get command, 4.5.3 Start command, 3.6.2
                                                                      Statistical Output Options, 4.3
                                              Identi↓cation Codes, 2.5 Syntax Conventions, 1.1

                                              Job Structure, 1.2 Threshold command, 3.4
                                                                      Title Line, 2.1
                                              Labels command, 2.8
                                                                      Value command, 3.6.2
                                              Matrices command, 3.1 Variable Length Data, 2.5