


Part I: Tables related to case when true .


	
	Noise scaling (s) on x’s

	c
	0
	0.2
	0.4
	0.6
	0.8
	1
	1.2
	1.4
	1.6
	1.8

	-0.9
	0.993
	0.759
	0.444
	0.251
	0.158
	0.107
	0.076
	0.055
	0.043
	0.030

	-0.8
	0.990
	0.790
	0.484
	0.302
	0.200
	0.140
	0.109
	0.083
	0.069
	0.051

	-0.7
	1.007
	0.826
	0.537
	0.357
	0.250
	0.185
	0.142
	0.115
	0.090
	0.076

	-0.6
	1.007
	0.843
	0.597
	0.415
	0.303
	0.229
	0.179
	0.145
	0.115
	0.097

	-0.5
	1.000
	0.874
	0.640
	0.465
	0.353
	0.268
	0.219
	0.176
	0.143
	0.119

	-0.4
	0.994
	0.892
	0.686
	0.525
	0.411
	0.322
	0.257
	0.207
	0.172
	0.143

	-0.3
	1.000
	0.909
	0.737
	0.578
	0.461
	0.370
	0.292
	0.242
	0.200
	0.167

	-0.2
	1.000
	0.929
	0.792
	0.637
	0.514
	0.415
	0.337
	0.274
	0.227
	0.192

	-0.1
	1.001
	0.950
	0.826
	0.691
	0.564
	0.453
	0.373
	0.305
	0.255
	0.218

	0
	1.001
	0.965
	0.861
	0.734
	0.612
	0.502
	0.408
	0.340
	0.281
	0.239

	0.1
	0.997
	0.975
	0.892
	0.783
	0.651
	0.536
	0.445
	0.370
	0.302
	0.258

	0.2
	1.002
	0.992
	0.914
	0.809
	0.687
	0.571
	0.474
	0.395
	0.328
	0.280

	0.3
	1.001
	0.990
	0.937
	0.833
	0.715
	0.600
	0.501
	0.416
	0.350
	0.298

	0.4
	0.991
	0.991
	0.945
	0.856
	0.736
	0.626
	0.522
	0.436
	0.370
	0.311

	0.5
	0.998
	0.992
	0.953
	0.861
	0.749
	0.641
	0.542
	0.456
	0.382
	0.325

	0.6
	0.988
	0.988
	0.942
	0.862
	0.751
	0.643
	0.550
	0.467
	0.401
	0.339

	0.7
	0.994
	0.989
	0.948
	0.862
	0.755
	0.649
	0.562
	0.476
	0.413
	0.352

	0.8
	1.005
	0.991
	0.931
	0.853
	0.745
	0.657
	0.566
	0.486
	0.414
	0.365

	0.9
	1.001
	0.976
	0.913
	0.832
	0.752
	0.645
	0.571
	0.486
	0.427
	0.367


Table S1: Estimated value of  when true . 



	
	Noise scaling (s) on x’s

	c
	0
	0.2
	0.4
	0.6
	0.8
	1
	1.2
	1.4
	1.6
	1.8

	-0.9
	4.656
	4.521
	4.117
	4.266
	1.772
	1.159
	0.360
	0.140
	0.083
	0.050

	-0.8
	4.058
	3.994
	3.699
	3.218
	2.402
	1.050
	0.438
	0.189
	0.123
	0.080

	-0.7
	3.574
	3.470
	3.239
	2.735
	2.279
	1.056
	0.460
	0.248
	0.154
	0.116

	-0.6
	3.144
	3.024
	2.827
	2.389
	1.942
	1.071
	0.536
	0.295
	0.198
	0.148

	-0.5
	2.761
	2.685
	2.478
	2.172
	1.715
	1.253
	0.581
	0.356
	0.246
	0.182

	-0.4
	2.421
	2.343
	2.176
	1.903
	1.535
	1.035
	0.645
	0.430
	0.300
	0.224

	-0.3
	2.086
	2.031
	1.914
	1.688
	1.397
	1.042
	0.698
	0.494
	0.357
	0.268

	-0.2
	1.769
	1.755
	1.660
	1.490
	1.255
	1.015
	0.763
	0.560
	0.413
	0.318

	-0.1
	1.490
	1.475
	1.426
	1.323
	1.171
	1.043
	0.809
	0.620
	0.476
	0.369

	0
	1.218
	1.211
	1.190
	1.137
	1.102
	0.992
	0.847
	0.694
	0.535
	0.417

	0.1
	0.896
	0.914
	0.924
	1.012
	1.096
	1.043
	0.879
	0.744
	0.582
	0.457

	0.2
	0.520
	0.570
	0.619
	0.767
	0.980
	0.924
	0.928
	0.780
	0.634
	0.509

	0.3
	-0.032
	-0.101
	0.347
	0.550
	3.847
	0.894
	0.932
	0.818
	0.690
	0.556

	0.4
	-1.075
	-0.854
	0.028
	0.746
	0.896
	1.075
	0.917
	0.837
	0.721
	0.585

	0.5
	-3.905
	-1.973
	-4.898
	-3.762
	0.561
	1.002
	1.497
	0.865
	0.720
	0.608

	0.6
	2.417
	-5.822
	7.594
	-1.697
	0.440
	-3.386
	0.998
	0.863
	0.773
	0.640

	0.7
	10.735
	-35.829
	4.309
	0.830
	0.738
	0.574
	1.350
	0.807
	0.777
	0.656

	0.8
	-451.753
	14.238
	8.314
	-7.936
	0.888
	1.813
	0.896
	0.819
	0.750
	0.679

	0.9
	-5.823
	15.199
	15.383
	5.122
	6.265
	1.088
	0.889
	0.794
	0.767
	0.667


Table S2: Estimated value of  when true . 
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Part II: Code to produce all results


##
##	R CODE FOR MONTE CARLO SIMULATION OF TLS&OLS COEFFICIENT BIAS 
##

# CLEAR MEMORY, FORBID SCI NOTATION
rm(list=ls(all=TRUE))				
options(scipen=999)	

# SET RANDOM NUMBER SEED
set.seed(101)

# REGRESSION SAMPLE SIZE; NUMBER OF REPS 
sample = 200
rep = 500	

# TRUE BETA 
beta = 0

# SIGNAL CORRELATION SIGN AND STRENGTH (c IN PAPER)
cs = seq(from=-0.9, to=0.9, by=0.1)

# X NOISE COEFFICIENT (s IN PAPER)
xn = seq(from=0.0, to=1.8, by=0.2)

# TLS FUNCTION
tls = function(w1,w2,y)		{
	v = svd(cbind(w1,w2,y))$v
	b = -v[1,3] / v[3,3]
	return(b)		}


# MATRICES FOR STORING OUTPUT
beta1 = matrix(0,  nrow=rep, ncol=3)		# to hold simulated slope coeffs and corrs
bias.o = matrix(0, nrow=length(cs), ncol=length(xn))		# to hold ols bias estimates 
bias.t = matrix(0, nrow=length(cs), ncol=length(xn))		# to hold tls bias estimates
corrs  = matrix(0, nrow=length(cs), ncol=length(xn))    # to hold corr coeffs

rownames(corrs)=cs
colnames(corrs)=xn
rownames(bias.o)=cs
colnames(bias.o)=xn
rownames(bias.t)=cs
colnames(bias.t)=xn

##
##	SIMULATIONS
##

# Set var(x) = 1
u = 0.5*sqrt(12)				

# Noise scalar on y
noise.y = 1					

# START LOOP ACROSS SIGNAL CORRELATIONS
for (i.corr in 1:length(cs))		{

# START LOOP ACROSS X SIGNAL-NOISE RATIO
for (j.snr in 1:length(xn))		{

# Noise scalar on x
noise.x = xn[j.snr]*noise.y				

# START LOOP ACROSS MC SIMS
for (i in 1:rep)  	{

# GENERATE NOISE TERMS
	u1 = rnorm(sample,0,1) * noise.x	
	u2 = rnorm(sample,0,1) * noise.x
	uy = rnorm(sample,0,1) * noise.y

# Define X, W and Y terms
	x1 = runif(sample,-u,u) 
	x2 = runif(sample,-u,u)/2 + x1*cs[i.corr]	
	y0  = beta*x1 + x2 + uy
	w1 = x1+u1
	w2 = x2+u2
	w1 = w1-mean(w1)
	w2 = w2-mean(w2)
	y0 = y0-mean(y0)
	
# REGRESSIONS
	beta1[i,1] = lm(y0  ~ 0+w1+w2)$coef[1]
	beta1[i,2] = tls(w1,w2,y0)
	beta1[i,3] = cor(w1,w2)
			} # END MC RUN

# TABLE beta1 CONTAINS #rep ROWS OF OLS & TLS ESTIMATES
bias.o[i.corr,j.snr] = mean(beta1[,1])
bias.t[i.corr,j.snr] = mean(beta1[,2])
corrs[i.corr,j.snr]  = mean(beta1[,3])

} # END SIGNAL-NOISE STEPS
} # END CORRELATION STEPS




colors=c("gray0","gray20","gray40","gray60","gray80","red",
         "darkorange","khaki1","lightgreen","dodgerblue")

## FIG 3: GRAPH BIAS AGAINST CORRELATIONS
# Only if true beta=0
if(beta==0) {
#
# SELECT ELEMENTS FOR GRAPHING
bias.1 = matrix(0, nrow=length(cs), ncol=length(xn))		
for (i.corr in 1:length(cs))		{
  for (j.snr in 1:length(xn))		{
    bias.1[i.corr,j.snr]=bias.t[i.corr,j.snr]*(corrs[i.corr,j.snr]< -0.2)
  }
}
bias.1[bias.1 == 0] = NA
yy=5
pdf('bias.v.corr.pdf', width=6, height=6)
plot(bias.1[,1]~corrs[,1], type="l",lty=1,lwd=2,col=colors[1], ylim=c(-2,yy), xlim=c(-.9,0), 
     xlab="Correlation between w's", ylab="Bias", main="TLS Bias")
for (i in 2:10) {
  par(new=TRUE)
  colr=paste("gray",i*10, sep="")
  plot(bias.1[,i]~corrs[,i], type="l",lty=1,lwd=2,col=colors[i],ylim=c(-2,yy), xlim=c(-.9,0), xaxt="n", yaxt="n", xlab="", ylab="")
}
abline(h=0,lty=2)
abline(h=1,lty=2)
legend("topright",legend=xn,col=colors,lty=1,lwd=2,ncol=2,
       bty="o",title="noise factor s", bg="white")
dev.off()
}




## FIG 1 OR 2: GRAPH MAIN COMPARISON
filename = paste("TLS.v.OLS.",beta,".pdf", sep="")
pdf(filename, width=6, height=6)
# TLS
par(mfrow= c(1,2))
par(mar=c(5,5,5,0.5))
yy=5
plot(bias.t[,1]~cs, type="l",lty=1,lwd=2,col=colors[1], ylim=c(-yy,yy), xlab="X correlation term c", ylab="Beta", 
     main="TLS")
for (i in 2:10) {
  par(new=TRUE)
  colr=paste("gray",i*10, sep="")
  plot(bias.t[,i]~cs, type="l",lty=1,lwd=2,col=colors[i], ylim=c(-yy,yy), xaxt="n", yaxt="n", xlab="", ylab="")
}
abline(h=0,lty=2)
abline(h=1,lty=2)
abline(v=0,lty=3)

# OLS
par(mar=c(5,0.5,5,5), yaxt="n")
plot(bias.o[,1]~cs, type="l",lty=1,lwd=2,col=colors[1], ylim=c(-yy,yy), xlab="X correlation term c", ylab="", 
     main="OLS")
for (i in 2:10) {
  par(new=TRUE)
  colr=paste("gray",i*10, sep="")
  plot(bias.o[,i]~cs, type="l",lty=1,lwd=2,col=colors[i], ylim=c(-yy,yy), xaxt="n", yaxt="n", xlab="", ylab="")
}
abline(h=0,lty=2)
abline(h=1,lty=2)
abline(v=0,lty=3)
legend("bottom",legend=xn,col=colors,lty=1,lwd=2,ncol=2,
       bty="o",title="noise factor s", bg="white")
dev.off()


## SAVE RESULTS TO FILES
write.csv(bias.o, file= paste("bias.b", beta,".ols.csv",sep=""))  
write.csv(bias.t, file= paste("bias.b", beta,".tls.csv",sep=""))  
write.csv(corrs,  file= paste("corrs.b",beta,".csv",sep=""))  
round(bias.o,3)
round(bias.t,3)
round(corrs,3)





2

