
CSCI 145 Problem 5: Can We Run a Fitted Line Backward?

October 27, 2026

Submission Instructions

Please upload your work to Gradescope by 11:59pm on Wednesday, September 23.

• Turn in a single PDF of handwritten solutions. Typed (including LATEX) solutions will not be
accepted.

• A complete, good-faith attempt earns submission credit. The grader may select any recent
assigned problem for a brief conversation, so keep your work and be prepared to explain each
solution and answer a related question. Scheduling details will be announced in class.
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Problem 5: Can We Run a Fitted Line Backward?

Two engineers use the same calibration measurements (xi, yi), i = 1, . . . , n, to predict x from y.
Engineer A first fits y = wx+ b by minimizing

1

n

n∑︂
i=1

(︁
yi − wxi − b

)︁2
,

then rearranges the fitted line to predict x = (y − b)/w. Engineer B directly fits x = ay + c by
minimizing

1

n

n∑︂
i=1

(︁
xi − ayi − c

)︁2
.

Assume the x values are not all equal, the y values are not all equal, and both fitted slopes are
nonzero.

1. Find the optimal parameters (w, b) and (a, c), and write each engineer’s resulting prediction
rule for x as a function of y.

2. What geometric condition on the measurements makes these rules agree for every input y?
Prove that your condition is both necessary and sufficient.

Hint: The reading’s formula for the least-squares slope and intercept.
Write x̄ = 1

n

∑︁
i xi and ȳ = 1

n

∑︁
i yi. Define the centered vectors xcentered,ycentered ∈ Rn by

(xcentered)i = xi − x̄, (ycentered)i = yi − ȳ.

For nonzero vectors x,y, you may use

⟨x,y⟩ = cos(θ)∥x∥2∥y∥2,

where θ is the angle between the vectors.

Takeaway: A line fitted to predict y from x does not usually give the best fit when used back-
ward. Fitting in the other direction minimizes a different error. The two rules agree only when all
measurements lie on one line.
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