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Our Contribution in a Nutshell

1. We reveal and address the often-overlooked issue of
disguised procedural unfairness

2. To decouple objectionable data generating components,
we propose value instantiation rule

3. We configure reference points to further satisfy 
requirements of procedural fairness
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A Motivating Example - Model Setup

Causal graph

<latexit sha1_base64="vxoY4nxPoE4J3A62qnYubOrEo4k=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYmOZgLlAEsLs5GwyZHZ2mZkVwpLSykpQEFtfIpUvYeUz+BJOLoUm/jDw8f/nMOccP+ZMadf9spaWV1bX1jMb9ubW9s5udm+/qqJEUqzQiEey7hOFnAmsaKY51mOJJPQ51vz+zTiv3aNULBJ3ehBjKyRdwQJGiTZW+bqdzbl5dyJnEbwZ5K4+RuXvh6NRqZ39bHYimoQoNOVEqYbnxrqVEqkZ5Ti0m4nCmNA+6WLDoCAhqlY6GXTonBin4wSRNE9oZ+L+7khJqNQg9E1lSHRPzWdj87+skeig0EqZiBONgk4/ChLu6MgZb+10mESq+cAAoZKZWR3aI5JQbW5j2+YK3vzOi1A9y3sX+fOymysWYKoMHMIxnIIHl1CEWyhBBSggPMIzvFh968l6td6mpUvWrOcA/sh6/wHhWpEd</latexit>

A
<latexit sha1_base64="AWU+6jU0kLeNs2LRo/fJpf+Wk3w=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzkMYyAXOBZAmzk5NkyOzsMjMrhCWllZWgILa+RCpfwspn8CWcXApN/GHg4//PYc45QcyZ0q77Za2srq1vbGa27O2d3b397MFhTUWJpFilEY9kIyAKORNY1UxzbMQSSRhwrAeD0iSv36NULBJ3ehijH5KeYF1GiTZWpdTO5ty8O5WzDN4ccjcf48r3w8m43M5+tjoRTUIUmnKiVNNzY+2nRGpGOY7sVqIwJnRAetg0KEiIyk+ng46cM+N0nG4kzRPambq/O1ISKjUMA1MZEt1Xi9nE/C9rJrpb8FMm4kSjoLOPugl3dORMtnY6TCLVfGiAUMnMrA7tE0moNrexbXMFb3HnZahd5L2r/GXFzRULMFMGjuEUzsGDayjCLZShChQQHuEZXqyB9WS9Wm+z0hVr3nMEf2S9/wDkZJEf</latexit>

C

<latexit sha1_base64="umzXvbJ7nv+1P1CF4VzY6Z1oLm0=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYGMjJGAukIQwOzmbDJmdXWZmhbCktLISFMTWl0jlS1j5DL6Ek0uhiT8MfPz/Ocw5x485U9p1v6yl5ZXVtfXMhr25tb2zm93br6ookRQrNOKRrPtEIWcCK5ppjvVYIgl9jjW/fz3Oa/coFYvEnR7E2ApJV7CAUaKNVb5tZ3Nu3p3IWQRvBrmrj1H5++FoVGpnP5udiCYhCk05UarhubFupURqRjkO7WaiMCa0T7rYMChIiKqVTgYdOifG6ThBJM0T2pm4vztSEio1CH1TGRLdU/PZ2PwvayQ6KLRSJuJEo6DTj4KEOzpyxls7HSaRaj4wQKhkZlaH9ogkVJvb2La5gje/8yJUz/LeRf687OaKBZgqA4dwDKfgwSUU4QZKUAEKCI/wDC9W33qyXq23aemSNes5gD+y3n8A85aRKQ==</latexit>

M
<latexit sha1_base64="M1leeWCMSGE9bDyxrKX8rGlddxI=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYGNhkYC5QBLC7ORsMmR2dpmZFcKS0spKUBBbXyKVL2HlM/gSTi6FJv4w8PH/5zDnHD/mTGnX/bKWlldW19YzG/bm1vbObnZvv6qiRFKs0IhHsu4ThZwJrGimOdZjiST0Odb8/vU4r92jVCwSd3oQYyskXcECRok2Vvm2nc25eXciZxG8GeSuPkbl74ejUamd/Wx2IpqEKDTlRKmG58a6lRKpGeU4tJuJwpjQPuliw6AgIapWOhl06JwYp+MEkTRPaGfi/u5ISajUIPRNZUh0T81nY/O/rJHooNBKmYgTjYJOPwoS7ujIGW/tdJhEqvnAAKGSmVkd2iOSUG1uY9vmCt78zotQPct7F/nzspsrFmCqDBzCMZyCB5dQhBsoQQUoIDzCM7xYfevJerXepqVL1qznAP7Iev8B8hGRKA==</latexit>

L

<latexit sha1_base64="2F9Vqncg2YERdyoy9C3TmZxKXPU=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYGOZgLlIsoTZydlkyOzsMjMrhJDSykpQEFtfIpUvYeUz+BJOLoUm/jDw8f/nMOecIOFMadf9spaWV1bX1jMb9ubW9s5udm+/quJUUqzQmMeyHhCFnAmsaKY51hOJJAo41oLe9Tiv3aNULBa3up+gH5GOYCGjRBurfNfK5ty8O5GzCN4Mclcfo/L3w9Go1Mp+NtsxTSMUmnKiVMNzE+0PiNSMchzazVRhQmiPdLBhUJAIlT+YDDp0TozTdsJYmie0M3F/dwxIpFQ/CkxlRHRXzWdj87+skeqw4A+YSFKNgk4/ClPu6NgZb+20mUSqed8AoZKZWR3aJZJQbW5j2+YK3vzOi1A9y3sX+fOymysWYKoMHMIxnIIHl1CEGyhBBSggPMIzvFg968l6td6mpUvWrOcA/sh6/wEF4ZE1</latexit>

Y

Functional causal model
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<latexit sha1_base64="dl36kZ8pLvBUpyPVX+A2wrIiMeY="></latexit>

A ⇠ Bernoulli(pA),

C = ✏C ,

M = ✓MA A+ ✓MC C + ✓M + ✏M ,

L = ✓LAA+ ✓LCC + ✓LMM + ✓L + ✏L,

Y = ✓YAA+ ✓YCC + ✓YMM + ✓YLL+ ✓Y + ✏Y .



A Motivating Example - Illustration of Issue

• Previous proposals
• causal fairness notions focus on causal effect(s) between 𝐴 and 𝑌
• unintentional side-effect on neutral components
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Our Framework - Value Instantiation Rule (1)

• Instead of constraints over model parameters,
we find appropriate input value for local causal modules
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<latexit sha1_base64="vxoY4nxPoE4J3A62qnYubOrEo4k=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYmOZgLlAEsLs5GwyZHZ2mZkVwpLSykpQEFtfIpUvYeUz+BJOLoUm/jDw8f/nMOccP+ZMadf9spaWV1bX1jMb9ubW9s5udm+/qqJEUqzQiEey7hOFnAmsaKY51mOJJPQ51vz+zTiv3aNULBJ3ehBjKyRdwQJGiTZW+bqdzbl5dyJnEbwZ5K4+RuXvh6NRqZ39bHYimoQoNOVEqYbnxrqVEqkZ5Ti0m4nCmNA+6WLDoCAhqlY6GXTonBin4wSRNE9oZ+L+7khJqNQg9E1lSHRPzWdj87+skeig0EqZiBONgk4/ChLu6MgZb+10mESq+cAAoZKZWR3aI5JQbW5j2+YK3vzOi1A9y3sX+fOymysWYKoMHMIxnIIHl1CEWyhBBSggPMIzvFh968l6td6mpUvWrOcA/sh6/wHhWpEd</latexit>

A
<latexit sha1_base64="AWU+6jU0kLeNs2LRo/fJpf+Wk3w=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzkMYyAXOBZAmzk5NkyOzsMjMrhCWllZWgILa+RCpfwspn8CWcXApN/GHg4//PYc45QcyZ0q77Za2srq1vbGa27O2d3b397MFhTUWJpFilEY9kIyAKORNY1UxzbMQSSRhwrAeD0iSv36NULBJ3ehijH5KeYF1GiTZWpdTO5ty8O5WzDN4ccjcf48r3w8m43M5+tjoRTUIUmnKiVNNzY+2nRGpGOY7sVqIwJnRAetg0KEiIyk+ng46cM+N0nG4kzRPambq/O1ISKjUMA1MZEt1Xi9nE/C9rJrpb8FMm4kSjoLOPugl3dORMtnY6TCLVfGiAUMnMrA7tE0moNrexbXMFb3HnZahd5L2r/GXFzRULMFMGjuEUzsGDayjCLZShChQQHuEZXqyB9WS9Wm+z0hVr3nMEf2S9/wDkZJEf</latexit>

C

<latexit sha1_base64="2F9Vqncg2YERdyoy9C3TmZxKXPU=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYGOZgLlIsoTZydlkyOzsMjMrhJDSykpQEFtfIpUvYeUz+BJOLoUm/jDw8f/nMOecIOFMadf9spaWV1bX1jMb9ubW9s5udm+/quJUUqzQmMeyHhCFnAmsaKY51hOJJAo41oLe9Tiv3aNULBa3up+gH5GOYCGjRBurfNfK5ty8O5GzCN4Mclcfo/L3w9Go1Mp+NtsxTSMUmnKiVMNzE+0PiNSMchzazVRhQmiPdLBhUJAIlT+YDDp0TozTdsJYmie0M3F/dwxIpFQ/CkxlRHRXzWdj87+skeqw4A+YSFKNgk4/ClPu6NgZb+20mUSqed8AoZKZWR3aJZJQbW5j2+YK3vzOi1A9y3sX+fOymysWYKoMHMIxnIIHl1CEGyhBBSggPMIzvFg968l6td6mpUvWrOcA/sh6/wEF4ZE1</latexit>

Y

<latexit sha1_base64="ma2aJuljZbYIVfXY3YdRwo28VJY=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9hV1BwDgniMaB6QLGF2MpsMmZldZmaFsOQTPAkK4lU/xF/w5N84eRw0saChqOqmuytMONPG876dldW19Y3N3Ja7vZPf3SvsHzR0nCpC6yTmsWqFWFPOJK0bZjhtJYpiEXLaDIdXE7/5QJVmsbw3o4QGAvclixjBxkp3re5Zt1D0yt4UaJn4c1Ks5j/T0rX7UesWvjq9mKSCSkM41rrte4kJMqwMI5yO3U6qaYLJEPdp21KJBdVBNj11jEpW6aEoVrakQVP190SGhdYjEdpOgc1AL3oT8T+vnZqoEmRMJqmhkswWRSlHJkaTv1GPKUoMH1mCiWL2VkQGWGFibDqua1PwF39eJo3Tsn9RPr+1cVRghhwcwTGcgA+XUIUbqEEdCPThEZ7hxRHOk/PqvM1aV5z5zCH8gfP+A+mUkC0=</latexit>

X3
<latexit sha1_base64="HTf4VmiCvdrRfYRy1cOAyZC8ilg=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9gNqDkGBPEY0TwgWcLsZDYZMjO7zMwKYckneBIUxKt+iL/gyb9x8jhoYkFDUdVNd1eYcKaN5307a+sbm1vbuR13dy+/f1A4PGrqOFWENkjMY9UOsaacSdowzHDaThTFIuS0FY6upn7rgSrNYnlvxgkNBB5IFjGCjZXu2r1Kr1D0yt4MaJX4C1Ks5T/T0rX7Ue8Vvrr9mKSCSkM41rrje4kJMqwMI5xO3G6qaYLJCA9ox1KJBdVBNjt1gkpW6aMoVrakQTP190SGhdZjEdpOgc1QL3tT8T+vk5qoGmRMJqmhkswXRSlHJkbTv1GfKUoMH1uCiWL2VkSGWGFibDqua1Pwl39eJc1K2b8on9/aOKowRw5O4BTOwIdLqMEN1KEBBAbwCM/w4gjnyXl13uata85i5hj+wHn/AegPkCw=</latexit>

X2
<latexit sha1_base64="asftAxZ1xlgPNgRlRuU+TngCkQY=">AAAB63icbVDLSgNBEOyNr7gajXr0MhgCnsKuoOYYEMRjRPOAZAmzk9lkyMzsMjMrhCWf4ElQEK/6If6CJ//GyeOgiQUNRVU33V1hwpk2nvft5NbWNza38tvuzm5hb794cNjUcaoIbZCYx6odYk05k7RhmOG0nSiKRchpKxxdTf3WA1WaxfLejBMaCDyQLGIEGyvdtXt+r1jyKt4MaJX4C1KqFT7T8rX7Ue8Vv7r9mKSCSkM41rrje4kJMqwMI5xO3G6qaYLJCA9ox1KJBdVBNjt1gspW6aMoVrakQTP190SGhdZjEdpOgc1QL3tT8T+vk5qoGmRMJqmhkswXRSlHJkbTv1GfKUoMH1uCiWL2VkSGWGFibDqua1Pwl39eJc2zin9ROb+1cVRhjjwcwwmcgg+XUIMbqEMDCAzgEZ7hxRHOk/PqvM1bc85i5gj+wHn/AeaKkCs=</latexit>

X1

<latexit sha1_base64="hOYdc/bWXVzojMsnMO+30hD6sVg=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9gVHzkGBPEY0TwgWcLsZDYZMjO7zMwKYckneBIUxKt+iL/gyb9x8jhoYkFDUdVNd1eYcKaN5307K6tr6xubuS13eye/u1fYP2joOFWE1knMY9UKsaacSVo3zHDaShTFIuS0GQ6vJn7zgSrNYnlvRgkNBO5LFjGCjZXuWt2zbqHolb0p0DLx56RYzX+mpWv3o9YtfHV6MUkFlYZwrHXb9xITZFgZRjgdu51U0wSTIe7TtqUSC6qDbHrqGJWs0kNRrGxJg6bq74kMC61HIrSdApuBXvQm4n9eOzVRJciYTFJDJZktilKOTIwmf6MeU5QYPrIEE8XsrYgMsMLE2HRc16bgL/68TBqnZf+ifH5r46jADDk4gmM4AR8uoQo3UIM6EOjDIzzDiyOcJ+fVeZu1rjjzmUP4A+f9B+sZkC4=</latexit>

X4

<latexit sha1_base64="vxoY4nxPoE4J3A62qnYubOrEo4k=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYmOZgLlAEsLs5GwyZHZ2mZkVwpLSykpQEFtfIpUvYeUz+BJOLoUm/jDw8f/nMOccP+ZMadf9spaWV1bX1jMb9ubW9s5udm+/qqJEUqzQiEey7hOFnAmsaKY51mOJJPQ51vz+zTiv3aNULBJ3ehBjKyRdwQJGiTZW+bqdzbl5dyJnEbwZ5K4+RuXvh6NRqZ39bHYimoQoNOVEqYbnxrqVEqkZ5Ti0m4nCmNA+6WLDoCAhqlY6GXTonBin4wSRNE9oZ+L+7khJqNQg9E1lSHRPzWdj87+skeig0EqZiBONgk4/ChLu6MgZb+10mESq+cAAoZKZWR3aI5JQbW5j2+YK3vzOi1A9y3sX+fOymysWYKoMHMIxnIIHl1CEWyhBBSggPMIzvFh968l6td6mpUvWrOcA/sh6/wHhWpEd</latexit>

A
<latexit sha1_base64="AWU+6jU0kLeNs2LRo/fJpf+Wk3w=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzkMYyAXOBZAmzk5NkyOzsMjMrhCWllZWgILa+RCpfwspn8CWcXApN/GHg4//PYc45QcyZ0q77Za2srq1vbGa27O2d3b397MFhTUWJpFilEY9kIyAKORNY1UxzbMQSSRhwrAeD0iSv36NULBJ3ehijH5KeYF1GiTZWpdTO5ty8O5WzDN4ccjcf48r3w8m43M5+tjoRTUIUmnKiVNNzY+2nRGpGOY7sVqIwJnRAetg0KEiIyk+ng46cM+N0nG4kzRPambq/O1ISKjUMA1MZEt1Xi9nE/C9rJrpb8FMm4kSjoLOPugl3dORMtnY6TCLVfGiAUMnMrA7tE0moNrexbXMFb3HnZahd5L2r/GXFzRULMFMGjuEUzsGDayjCLZShChQQHuEZXqyB9WS9Wm+z0hVr3nMEf2S9/wDkZJEf</latexit>

C

<latexit sha1_base64="2F9Vqncg2YERdyoy9C3TmZxKXPU=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYGOZgLlIsoTZydlkyOzsMjMrhJDSykpQEFtfIpUvYeUz+BJOLoUm/jDw8f/nMOecIOFMadf9spaWV1bX1jMb9ubW9s5udm+/quJUUqzQmMeyHhCFnAmsaKY51hOJJAo41oLe9Tiv3aNULBa3up+gH5GOYCGjRBurfNfK5ty8O5GzCN4Mclcfo/L3w9Go1Mp+NtsxTSMUmnKiVMNzE+0PiNSMchzazVRhQmiPdLBhUJAIlT+YDDp0TozTdsJYmie0M3F/dwxIpFQ/CkxlRHRXzWdj87+skeqw4A+YSFKNgk4/ClPu6NgZb+20mUSqed8AoZKZWR3aJZJQbW5j2+YK3vzOi1A9y3sX+fOymysWYKoMHMIxnIIHl1CEGyhBBSggPMIzvFg968l6td6mpUvWrOcA/sh6/wEF4ZE1</latexit>

Y

<latexit sha1_base64="ma2aJuljZbYIVfXY3YdRwo28VJY=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9hV1BwDgniMaB6QLGF2MpsMmZldZmaFsOQTPAkK4lU/xF/w5N84eRw0saChqOqmuytMONPG876dldW19Y3N3Ja7vZPf3SvsHzR0nCpC6yTmsWqFWFPOJK0bZjhtJYpiEXLaDIdXE7/5QJVmsbw3o4QGAvclixjBxkp3re5Zt1D0yt4UaJn4c1Ks5j/T0rX7UesWvjq9mKSCSkM41rrte4kJMqwMI5yO3U6qaYLJEPdp21KJBdVBNj11jEpW6aEoVrakQVP190SGhdYjEdpOgc1AL3oT8T+vnZqoEmRMJqmhkswWRSlHJkaTv1GPKUoMH1mCiWL2VkQGWGFibDqua1PwF39eJo3Tsn9RPr+1cVRghhwcwTGcgA+XUIUbqEEdCPThEZ7hxRHOk/PqvM1aV5z5zCH8gfP+A+mUkC0=</latexit>

X3
<latexit sha1_base64="asftAxZ1xlgPNgRlRuU+TngCkQY=">AAAB63icbVDLSgNBEOyNr7gajXr0MhgCnsKuoOYYEMRjRPOAZAmzk9lkyMzsMjMrhCWf4ElQEK/6If6CJ//GyeOgiQUNRVU33V1hwpk2nvft5NbWNza38tvuzm5hb794cNjUcaoIbZCYx6odYk05k7RhmOG0nSiKRchpKxxdTf3WA1WaxfLejBMaCDyQLGIEGyvdtXt+r1jyKt4MaJX4C1KqFT7T8rX7Ue8Vv7r9mKSCSkM41rrje4kJMqwMI5xO3G6qaYLJCA9ox1KJBdVBNjt1gspW6aMoVrakQTP190SGhdZjEdpOgc1QL3tT8T+vk5qoGmRMJqmhkswXRSlHJkbTv1GfKUoMH1uCiWL2VkSGWGFibDqua1Pwl39eJc2zin9ROb+1cVRhjjwcwwmcgg+XUIMbqEMDCAzgEZ7hxRHOk/PqvM1bc85i5gj+wHn/AeaKkCs=</latexit>

X1

<latexit sha1_base64="hOYdc/bWXVzojMsnMO+30hD6sVg=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9gVHzkGBPEY0TwgWcLsZDYZMjO7zMwKYckneBIUxKt+iL/gyb9x8jhoYkFDUdVNd1eYcKaN5307K6tr6xubuS13eye/u1fYP2joOFWE1knMY9UKsaacSVo3zHDaShTFIuS0GQ6vJn7zgSrNYnlvRgkNBO5LFjGCjZXuWt2zbqHolb0p0DLx56RYzX+mpWv3o9YtfHV6MUkFlYZwrHXb9xITZFgZRjgdu51U0wSTIe7TtqUSC6qDbHrqGJWs0kNRrGxJg6bq74kMC61HIrSdApuBXvQm4n9eOzVRJciYTFJDJZktilKOTIwmf6MeU5QYPrIEE8XsrYgMsMLE2HRc16bgL/68TBqnZf+ifH5r46jADDk4gmM4AR8uoQo3UIM6EOjDIzzDiyOcJ+fVeZu1rjjzmUP4A+f9B+sZkC4=</latexit>

X4

<latexit sha1_base64="HTf4VmiCvdrRfYRy1cOAyZC8ilg=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9gNqDkGBPEY0TwgWcLsZDYZMjO7zMwKYckneBIUxKt+iL/gyb9x8jhoYkFDUdVNd1eYcKaN5307a+sbm1vbuR13dy+/f1A4PGrqOFWENkjMY9UOsaacSdowzHDaThTFIuS0FY6upn7rgSrNYnlvxgkNBB5IFjGCjZXu2r1Kr1D0yt4MaJX4C1Ks5T/T0rX7Ue8Vvrr9mKSCSkM41rrje4kJMqwMI5xO3G6qaYLJCA9ox1KJBdVBNjt1gkpW6aMoVrakQTP190SGhdZjEdpOgc1QL3tT8T+vk5qoGmRMJqmhkswXRSlHJkbTv1GfKUoMH1uCiWL2VkSGWGFibDqua1Pwl39eJc1K2b8on9/aOKowRw5O4BTOwIdLqMEN1KEBBAbwCM/w4gjnyXl13uata85i5hj+wHn/AegPkCw=</latexit>

X2

<latexit sha1_base64="vxoY4nxPoE4J3A62qnYubOrEo4k=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYmOZgLlAEsLs5GwyZHZ2mZkVwpLSykpQEFtfIpUvYeUz+BJOLoUm/jDw8f/nMOccP+ZMadf9spaWV1bX1jMb9ubW9s5udm+/qqJEUqzQiEey7hOFnAmsaKY51mOJJPQ51vz+zTiv3aNULBJ3ehBjKyRdwQJGiTZW+bqdzbl5dyJnEbwZ5K4+RuXvh6NRqZ39bHYimoQoNOVEqYbnxrqVEqkZ5Ti0m4nCmNA+6WLDoCAhqlY6GXTonBin4wSRNE9oZ+L+7khJqNQg9E1lSHRPzWdj87+skeig0EqZiBONgk4/ChLu6MgZb+10mESq+cAAoZKZWR3aI5JQbW5j2+YK3vzOi1A9y3sX+fOymysWYKoMHMIxnIIHl1CEWyhBBSggPMIzvFh968l6td6mpUvWrOcA/sh6/wHhWpEd</latexit>

A
<latexit sha1_base64="AWU+6jU0kLeNs2LRo/fJpf+Wk3w=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzkMYyAXOBZAmzk5NkyOzsMjMrhCWllZWgILa+RCpfwspn8CWcXApN/GHg4//PYc45QcyZ0q77Za2srq1vbGa27O2d3b397MFhTUWJpFilEY9kIyAKORNY1UxzbMQSSRhwrAeD0iSv36NULBJ3ehijH5KeYF1GiTZWpdTO5ty8O5WzDN4ccjcf48r3w8m43M5+tjoRTUIUmnKiVNNzY+2nRGpGOY7sVqIwJnRAetg0KEiIyk+ng46cM+N0nG4kzRPambq/O1ISKjUMA1MZEt1Xi9nE/C9rJrpb8FMm4kSjoLOPugl3dORMtnY6TCLVfGiAUMnMrA7tE0moNrexbXMFb3HnZahd5L2r/GXFzRULMFMGjuEUzsGDayjCLZShChQQHuEZXqyB9WS9Wm+z0hVr3nMEf2S9/wDkZJEf</latexit>

C

<latexit sha1_base64="2F9Vqncg2YERdyoy9C3TmZxKXPU=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYGOZgLlIsoTZydlkyOzsMjMrhJDSykpQEFtfIpUvYeUz+BJOLoUm/jDw8f/nMOecIOFMadf9spaWV1bX1jMb9ubW9s5udm+/quJUUqzQmMeyHhCFnAmsaKY51hOJJAo41oLe9Tiv3aNULBa3up+gH5GOYCGjRBurfNfK5ty8O5GzCN4Mclcfo/L3w9Go1Mp+NtsxTSMUmnKiVMNzE+0PiNSMchzazVRhQmiPdLBhUJAIlT+YDDp0TozTdsJYmie0M3F/dwxIpFQ/CkxlRHRXzWdj87+skeqw4A+YSFKNgk4/ClPu6NgZb+20mUSqed8AoZKZWR3aJZJQbW5j2+YK3vzOi1A9y3sX+fOymysWYKoMHMIxnIIHl1CEGyhBBSggPMIzvFg968l6td6mpUvWrOcA/sh6/wEF4ZE1</latexit>

Y

<latexit sha1_base64="ma2aJuljZbYIVfXY3YdRwo28VJY=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9hV1BwDgniMaB6QLGF2MpsMmZldZmaFsOQTPAkK4lU/xF/w5N84eRw0saChqOqmuytMONPG876dldW19Y3N3Ja7vZPf3SvsHzR0nCpC6yTmsWqFWFPOJK0bZjhtJYpiEXLaDIdXE7/5QJVmsbw3o4QGAvclixjBxkp3re5Zt1D0yt4UaJn4c1Ks5j/T0rX7UesWvjq9mKSCSkM41rrte4kJMqwMI5yO3U6qaYLJEPdp21KJBdVBNj11jEpW6aEoVrakQVP190SGhdYjEdpOgc1AL3oT8T+vnZqoEmRMJqmhkswWRSlHJkaTv1GPKUoMH1mCiWL2VkQGWGFibDqua1PwF39eJo3Tsn9RPr+1cVRghhwcwTGcgA+XUIUbqEEdCPThEZ7hxRHOk/PqvM1aV5z5zCH8gfP+A+mUkC0=</latexit>

X3
<latexit sha1_base64="HTf4VmiCvdrRfYRy1cOAyZC8ilg=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9gNqDkGBPEY0TwgWcLsZDYZMjO7zMwKYckneBIUxKt+iL/gyb9x8jhoYkFDUdVNd1eYcKaN5307a+sbm1vbuR13dy+/f1A4PGrqOFWENkjMY9UOsaacSdowzHDaThTFIuS0FY6upn7rgSrNYnlvxgkNBB5IFjGCjZXu2r1Kr1D0yt4MaJX4C1Ks5T/T0rX7Ue8Vvrr9mKSCSkM41rrje4kJMqwMI5xO3G6qaYLJCA9ox1KJBdVBNjt1gkpW6aMoVrakQTP190SGhdZjEdpOgc1QL3tT8T+vk5qoGmRMJqmhkswXRSlHJkbTv1GfKUoMH1uCiWL2VkSGWGFibDqua1Pwl39eJc1K2b8on9/aOKowRw5O4BTOwIdLqMEN1KEBBAbwCM/w4gjnyXl13uata85i5hj+wHn/AegPkCw=</latexit>

X2
<latexit sha1_base64="asftAxZ1xlgPNgRlRuU+TngCkQY=">AAAB63icbVDLSgNBEOyNr7gajXr0MhgCnsKuoOYYEMRjRPOAZAmzk9lkyMzsMjMrhCWf4ElQEK/6If6CJ//GyeOgiQUNRVU33V1hwpk2nvft5NbWNza38tvuzm5hb794cNjUcaoIbZCYx6odYk05k7RhmOG0nSiKRchpKxxdTf3WA1WaxfLejBMaCDyQLGIEGyvdtXt+r1jyKt4MaJX4C1KqFT7T8rX7Ue8Vv7r9mKSCSkM41rrje4kJMqwMI5xO3G6qaYLJCA9ox1KJBdVBNjt1gspW6aMoVrakQTP190SGhdZjEdpOgc1QL3tT8T+vk5qoGmRMJqmhkswXRSlHJkbTv1GfKUoMH1uCiWL2VkSGWGFibDqua1Pwl39eJc2zin9ROb+1cVRhjjwcwwmcgg+XUIMbqEMDCAzgEZ7hxRHOk/PqvM1bc85i5gj+wHn/AeaKkCs=</latexit>

X1

<latexit sha1_base64="hOYdc/bWXVzojMsnMO+30hD6sVg=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9gVHzkGBPEY0TwgWcLsZDYZMjO7zMwKYckneBIUxKt+iL/gyb9x8jhoYkFDUdVNd1eYcKaN5307K6tr6xubuS13eye/u1fYP2joOFWE1knMY9UKsaacSVo3zHDaShTFIuS0GQ6vJn7zgSrNYnlvRgkNBO5LFjGCjZXuWt2zbqHolb0p0DLx56RYzX+mpWv3o9YtfHV6MUkFlYZwrHXb9xITZFgZRjgdu51U0wSTIe7TtqUSC6qDbHrqGJWs0kNRrGxJg6bq74kMC61HIrSdApuBXvQm4n9eOzVRJciYTFJDJZktilKOTIwmf6MeU5QYPrIEE8XsrYgMsMLE2HRc16bgL/68TBqnZf+ifH5r46jADDk4gmM4AR8uoQo3UIM6EOjDIzzDiyOcJ+fVeZu1rjjzmUP4A+f9B+sZkC4=</latexit>

X4

<latexit sha1_base64="vxoY4nxPoE4J3A62qnYubOrEo4k=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYmOZgLlAEsLs5GwyZHZ2mZkVwpLSykpQEFtfIpUvYeUz+BJOLoUm/jDw8f/nMOccP+ZMadf9spaWV1bX1jMb9ubW9s5udm+/qqJEUqzQiEey7hOFnAmsaKY51mOJJPQ51vz+zTiv3aNULBJ3ehBjKyRdwQJGiTZW+bqdzbl5dyJnEbwZ5K4+RuXvh6NRqZ39bHYimoQoNOVEqYbnxrqVEqkZ5Ti0m4nCmNA+6WLDoCAhqlY6GXTonBin4wSRNE9oZ+L+7khJqNQg9E1lSHRPzWdj87+skeig0EqZiBONgk4/ChLu6MgZb+10mESq+cAAoZKZWR3aI5JQbW5j2+YK3vzOi1A9y3sX+fOymysWYKoMHMIxnIIHl1CEWyhBBSggPMIzvFh968l6td6mpUvWrOcA/sh6/wHhWpEd</latexit>

A
<latexit sha1_base64="AWU+6jU0kLeNs2LRo/fJpf+Wk3w=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzkMYyAXOBZAmzk5NkyOzsMjMrhCWllZWgILa+RCpfwspn8CWcXApN/GHg4//PYc45QcyZ0q77Za2srq1vbGa27O2d3b397MFhTUWJpFilEY9kIyAKORNY1UxzbMQSSRhwrAeD0iSv36NULBJ3ehijH5KeYF1GiTZWpdTO5ty8O5WzDN4ccjcf48r3w8m43M5+tjoRTUIUmnKiVNNzY+2nRGpGOY7sVqIwJnRAetg0KEiIyk+ng46cM+N0nG4kzRPambq/O1ISKjUMA1MZEt1Xi9nE/C9rJrpb8FMm4kSjoLOPugl3dORMtnY6TCLVfGiAUMnMrA7tE0moNrexbXMFb3HnZahd5L2r/GXFzRULMFMGjuEUzsGDayjCLZShChQQHuEZXqyB9WS9Wm+z0hVr3nMEf2S9/wDkZJEf</latexit>

C

<latexit sha1_base64="ma2aJuljZbYIVfXY3YdRwo28VJY=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9hV1BwDgniMaB6QLGF2MpsMmZldZmaFsOQTPAkK4lU/xF/w5N84eRw0saChqOqmuytMONPG876dldW19Y3N3Ja7vZPf3SvsHzR0nCpC6yTmsWqFWFPOJK0bZjhtJYpiEXLaDIdXE7/5QJVmsbw3o4QGAvclixjBxkp3re5Zt1D0yt4UaJn4c1Ks5j/T0rX7UesWvjq9mKSCSkM41rrte4kJMqwMI5yO3U6qaYLJEPdp21KJBdVBNj11jEpW6aEoVrakQVP190SGhdYjEdpOgc1AL3oT8T+vnZqoEmRMJqmhkswWRSlHJkaTv1GPKUoMH1mCiWL2VkQGWGFibDqua1PwF39eJo3Tsn9RPr+1cVRghhwcwTGcgA+XUIUbqEEdCPThEZ7hxRHOk/PqvM1aV5z5zCH8gfP+A+mUkC0=</latexit>

X3
<latexit sha1_base64="HTf4VmiCvdrRfYRy1cOAyZC8ilg=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9gNqDkGBPEY0TwgWcLsZDYZMjO7zMwKYckneBIUxKt+iL/gyb9x8jhoYkFDUdVNd1eYcKaN5307a+sbm1vbuR13dy+/f1A4PGrqOFWENkjMY9UOsaacSdowzHDaThTFIuS0FY6upn7rgSrNYnlvxgkNBB5IFjGCjZXu2r1Kr1D0yt4MaJX4C1Ks5T/T0rX7Ue8Vvrr9mKSCSkM41rrje4kJMqwMI5xO3G6qaYLJCA9ox1KJBdVBNjt1gkpW6aMoVrakQTP190SGhdZjEdpOgc1QL3tT8T+vk5qoGmRMJqmhkswXRSlHJkbTv1GfKUoMH1uCiWL2VkSGWGFibDqua1Pwl39eJc1K2b8on9/aOKowRw5O4BTOwIdLqMEN1KEBBAbwCM/w4gjnyXl13uata85i5hj+wHn/AegPkCw=</latexit>

X2
<latexit sha1_base64="asftAxZ1xlgPNgRlRuU+TngCkQY=">AAAB63icbVDLSgNBEOyNr7gajXr0MhgCnsKuoOYYEMRjRPOAZAmzk9lkyMzsMjMrhCWf4ElQEK/6If6CJ//GyeOgiQUNRVU33V1hwpk2nvft5NbWNza38tvuzm5hb794cNjUcaoIbZCYx6odYk05k7RhmOG0nSiKRchpKxxdTf3WA1WaxfLejBMaCDyQLGIEGyvdtXt+r1jyKt4MaJX4C1KqFT7T8rX7Ue8Vv7r9mKSCSkM41rrje4kJMqwMI5xO3G6qaYLJCA9ox1KJBdVBNjt1gspW6aMoVrakQTP190SGhdZjEdpOgc1QL3tT8T+vk5qoGmRMJqmhkswXRSlHJkbTv1GfKUoMH1uCiWL2VkSGWGFibDqua1Pwl39eJc2zin9ROb+1cVRhjjwcwwmcgg+XUIMbqEMDCAzgEZ7hxRHOk/PqvM1bc85i5gj+wHn/AeaKkCs=</latexit>

X1

<latexit sha1_base64="hOYdc/bWXVzojMsnMO+30hD6sVg=">AAAB63icbVDLSgNBEOz1GVejUY9eBkPAU9gVHzkGBPEY0TwgWcLsZDYZMjO7zMwKYckneBIUxKt+iL/gyb9x8jhoYkFDUdVNd1eYcKaN5307K6tr6xubuS13eye/u1fYP2joOFWE1knMY9UKsaacSVo3zHDaShTFIuS0GQ6vJn7zgSrNYnlvRgkNBO5LFjGCjZXuWt2zbqHolb0p0DLx56RYzX+mpWv3o9YtfHV6MUkFlYZwrHXb9xITZFgZRjgdu51U0wSTIe7TtqUSC6qDbHrqGJWs0kNRrGxJg6bq74kMC61HIrSdApuBXvQm4n9eOzVRJciYTFJDJZktilKOTIwmf6MeU5QYPrIEE8XsrYgMsMLE2HRc16bgL/68TBqnZf+ifH5r46jADDk4gmM4AR8uoQo3UIM6EOjDIzzDiyOcJ+fVeZu1rjjzmUP4A+f9B+sZkC4=</latexit>

X4
<latexit sha1_base64="2F9Vqncg2YERdyoy9C3TmZxKXPU=">AAAB6XicbZC7SgNBFIbPeo3rLWopyGIQrMKuoKYzYGOZgLlIsoTZydlkyOzsMjMrhJDSykpQEFtfIpUvYeUz+BJOLoUm/jDw8f/nMOecIOFMadf9spaWV1bX1jMb9ubW9s5udm+/quJUUqzQmMeyHhCFnAmsaKY51hOJJAo41oLe9Tiv3aNULBa3up+gH5GOYCGjRBurfNfK5ty8O5GzCN4Mclcfo/L3w9Go1Mp+NtsxTSMUmnKiVMNzE+0PiNSMchzazVRhQmiPdLBhUJAIlT+YDDp0TozTdsJYmie0M3F/dwxIpFQ/CkxlRHRXzWdj87+skeqw4A+YSFKNgk4/ClPu6NgZb+20mUSqed8AoZKZWR3aJZJQbW5j2+YK3vzOi1A9y3sX+fOymysWYKoMHMIxnIIHl1CEGyhBBSggPMIzvFg968l6td6mpUvWrOcA/sh6/wEF4ZE1</latexit>

Y



Our Framework - Value Instantiation Rule (2)

6

Value instantiation option: 
Reference point configuration

Value instantiation option: 
Downstream of reference point(s)

Value instantiation option: 
Original value in data set



Our Framework - Value Instantiation Rule (3)

7

Value instantiation option: 
Reference point configuration

Value instantiation option: 
Downstream of reference point(s)

Value instantiation option: 
Original value in data set



Our Framework - Value Instantiation Rule (4)

8

Value instantiation option: 
Reference point configuration

Value instantiation option: 
Downstream of reference point(s)

Value instantiation option: 
Original value in data set



Our Framework - Value Instantiation Rule (5)
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Value instantiation option: 
Reference point configuration

Value instantiation option: 
Downstream of reference point(s)

Value instantiation option: 
Original value in data set



Our Framework - Overall Pipeline

• The overall pipeline utilizes reference point configurations that are 
to the greatest benefit of the least advantaged individuals
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Summary

1. We reveal and address the often-overlooked issue of
disguised procedural unfairness

2. To decouple objectionable data generating components,
we propose value instantiation rule

3. We configure reference points to further satisfy 
requirements of procedural fairness
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Thank you!
Our Paper Our Code Repository
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