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Congestion Control Background

Users

Bottleneck Link

Buffer
• N users share a network link
• xn : sending rate of user n
• un(xn) : utility of user n
• C : capacity of bottleneck link
/ buffer draining rate

Goal: Maximize overall utility subject to capacity constraints

loss-based CC adapts the rate according to the experienced losses
delay-based CC adapts the rate according to the experienced delay
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Delay Sensitive Applications

Delay sensitive applications (e.g., VoIP applications) aim at operating
at low delay, therefore they must use a delay-based congestion
control algorithm.

However, delay-based algorithms suffer when competing against
loss-based ones (e.g., TCP)
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Delay Sensitive Applications

Delay sensitive applications (e.g., VoIP applications) aim at operating
at low delay, therefore they must use a delay-based congestion
control algorithm.

However, delay-based algorithms suffer when competing against
loss-based ones (e.g., TCP)
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<latexit sha1_base64="CeUQtUUMansbNai4XkC76iCT9Bc=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgxjLTjS4LbhRcVLAPbIeSyWTa0EwyJBmhDP0LNy4UcevfuPNvzLSz0NYDgcM595B7T5Bwpo3rfjultfWNza3ydmVnd2//oHp41NEyVYS2ieRS9QKsKWeCtg0znPYSRXEccNoNJte5332iSjMpHsw0oX6MR4JFjGBjpcc7qfVFng+H1Zpbd+dAq8QrSA0KtIbVr0EoSRpTYQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1TgmGo/m288Q2dWCVEklX3CoLn6O5HhWOtpHNjJGJuxXvZy8T+vn5roys+YSFJDBVl8FKUcGYny81HIFCWGTy3BRDG7KyJjrDAxtqSKLcFbPnmVdBp1z617941a87aoowwncArn4MElNOEGWtAGAgKe4RXeHO28OO/Ox2K05BSZY/gD5/MHUg+QsA==</latexit><latexit sha1_base64="CeUQtUUMansbNai4XkC76iCT9Bc=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgxjLTjS4LbhRcVLAPbIeSyWTa0EwyJBmhDP0LNy4UcevfuPNvzLSz0NYDgcM595B7T5Bwpo3rfjultfWNza3ydmVnd2//oHp41NEyVYS2ieRS9QKsKWeCtg0znPYSRXEccNoNJte5332iSjMpHsw0oX6MR4JFjGBjpcc7qfVFng+H1Zpbd+dAq8QrSA0KtIbVr0EoSRpTYQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1TgmGo/m288Q2dWCVEklX3CoLn6O5HhWOtpHNjJGJuxXvZy8T+vn5roys+YSFJDBVl8FKUcGYny81HIFCWGTy3BRDG7KyJjrDAxtqSKLcFbPnmVdBp1z617941a87aoowwncArn4MElNOEGWtAGAgKe4RXeHO28OO/Ox2K05BSZY/gD5/MHUg+QsA==</latexit><latexit sha1_base64="CeUQtUUMansbNai4XkC76iCT9Bc=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgxjLTjS4LbhRcVLAPbIeSyWTa0EwyJBmhDP0LNy4UcevfuPNvzLSz0NYDgcM595B7T5Bwpo3rfjultfWNza3ydmVnd2//oHp41NEyVYS2ieRS9QKsKWeCtg0znPYSRXEccNoNJte5332iSjMpHsw0oX6MR4JFjGBjpcc7qfVFng+H1Zpbd+dAq8QrSA0KtIbVr0EoSRpTYQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1TgmGo/m288Q2dWCVEklX3CoLn6O5HhWOtpHNjJGJuxXvZy8T+vn5roys+YSFJDBVl8FKUcGYny81HIFCWGTy3BRDG7KyJjrDAxtqSKLcFbPnmVdBp1z617941a87aoowwncArn4MElNOEGWtAGAgKe4RXeHO28OO/Ox2K05BSZY/gD5/MHUg+QsA==</latexit><latexit sha1_base64="CeUQtUUMansbNai4XkC76iCT9Bc=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgxjLTjS4LbhRcVLAPbIeSyWTa0EwyJBmhDP0LNy4UcevfuPNvzLSz0NYDgcM595B7T5Bwpo3rfjultfWNza3ydmVnd2//oHp41NEyVYS2ieRS9QKsKWeCtg0znPYSRXEccNoNJte5332iSjMpHsw0oX6MR4JFjGBjpcc7qfVFng+H1Zpbd+dAq8QrSA0KtIbVr0EoSRpTYQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1TgmGo/m288Q2dWCVEklX3CoLn6O5HhWOtpHNjJGJuxXvZy8T+vn5roys+YSFJDBVl8FKUcGYny81HIFCWGTy3BRDG7KyJjrDAxtqSKLcFbPnmVdBp1z617941a87aoowwncArn4MElNOEGWtAGAgKe4RXeHO28OO/Ox2K05BSZY/gD5/MHUg+QsA==</latexit>

.2H�v@#�b2/
<latexit sha1_base64="/+6TeSWvmRp6xoLdga2lHaCXnMU=">AAAB8nicbVC7TsMwFHV4lvIqMLJYVEgsVEkXGCvBAFuR6ENqo8pxnNaqY0f2DVIU9TNYGECIla9h429w2gzQciRLR+fce33vCRLBDbjut7O2vrG5tV3Zqe7u7R8c1o6Ou0almrIOVULpfkAME1yyDnAQrJ9oRuJAsF4wvSn83hPThiv5CFnC/JiMJY84JWClwS0TJLssBoSjWt1tuHPgVeKVpI5KtEe1r2GoaBozCVQQYwaem4CfEw2cCjarDlPDEkKnZMwGlkoSM+Pn85Vn+NwqIY6Utk8Cnqu/O3ISG5PFga2MCUzMsleI/3mDFKJrP+cySYFJuvgoSgUGhYv7ccg1oyAySwjV3O6K6YRoQsGmVLUheMsnr5Jus+G5De+hWW/dl3FU0Ck6QxfIQ1eohe5QG3UQRQo9o1f05oDz4rw7H4vSNafsOUF/4Hz+APBUkQg=</latexit><latexit sha1_base64="/+6TeSWvmRp6xoLdga2lHaCXnMU=">AAAB8nicbVC7TsMwFHV4lvIqMLJYVEgsVEkXGCvBAFuR6ENqo8pxnNaqY0f2DVIU9TNYGECIla9h429w2gzQciRLR+fce33vCRLBDbjut7O2vrG5tV3Zqe7u7R8c1o6Ou0almrIOVULpfkAME1yyDnAQrJ9oRuJAsF4wvSn83hPThiv5CFnC/JiMJY84JWClwS0TJLssBoSjWt1tuHPgVeKVpI5KtEe1r2GoaBozCVQQYwaem4CfEw2cCjarDlPDEkKnZMwGlkoSM+Pn85Vn+NwqIY6Utk8Cnqu/O3ISG5PFga2MCUzMsleI/3mDFKJrP+cySYFJuvgoSgUGhYv7ccg1oyAySwjV3O6K6YRoQsGmVLUheMsnr5Jus+G5De+hWW/dl3FU0Ck6QxfIQ1eohe5QG3UQRQo9o1f05oDz4rw7H4vSNafsOUF/4Hz+APBUkQg=</latexit><latexit sha1_base64="/+6TeSWvmRp6xoLdga2lHaCXnMU=">AAAB8nicbVC7TsMwFHV4lvIqMLJYVEgsVEkXGCvBAFuR6ENqo8pxnNaqY0f2DVIU9TNYGECIla9h429w2gzQciRLR+fce33vCRLBDbjut7O2vrG5tV3Zqe7u7R8c1o6Ou0almrIOVULpfkAME1yyDnAQrJ9oRuJAsF4wvSn83hPThiv5CFnC/JiMJY84JWClwS0TJLssBoSjWt1tuHPgVeKVpI5KtEe1r2GoaBozCVQQYwaem4CfEw2cCjarDlPDEkKnZMwGlkoSM+Pn85Vn+NwqIY6Utk8Cnqu/O3ISG5PFga2MCUzMsleI/3mDFKJrP+cySYFJuvgoSgUGhYv7ccg1oyAySwjV3O6K6YRoQsGmVLUheMsnr5Jus+G5De+hWW/dl3FU0Ck6QxfIQ1eohe5QG3UQRQo9o1f05oDz4rw7H4vSNafsOUF/4Hz+APBUkQg=</latexit><latexit sha1_base64="/+6TeSWvmRp6xoLdga2lHaCXnMU=">AAAB8nicbVC7TsMwFHV4lvIqMLJYVEgsVEkXGCvBAFuR6ENqo8pxnNaqY0f2DVIU9TNYGECIla9h429w2gzQciRLR+fce33vCRLBDbjut7O2vrG5tV3Zqe7u7R8c1o6Ou0almrIOVULpfkAME1yyDnAQrJ9oRuJAsF4wvSn83hPThiv5CFnC/JiMJY84JWClwS0TJLssBoSjWt1tuHPgVeKVpI5KtEe1r2GoaBozCVQQYwaem4CfEw2cCjarDlPDEkKnZMwGlkoSM+Pn85Vn+NwqIY6Utk8Cnqu/O3ISG5PFga2MCUzMsleI/3mDFKJrP+cySYFJuvgoSgUGhYv7ccg1oyAySwjV3O6K6YRoQsGmVLUheMsnr5Jus+G5De+hWW/dl3FU0Ck6QxfIQ1eohe5QG3UQRQo9o1f05oDz4rw7H4vSNafsOUF/4Hz+APBUkQg=</latexit>

#mz2`
<latexit sha1_base64="qcDS95oQkMjn2XV9E3hz4pX2ucg=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBmw0S6C+YDkCHubuWTN3u6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUouMSm5VZgJ9VIk0hgOxrfzP32E2rDlXywkxTDhA4ljzmj1kmtKItj1P1yxa/6C5B1EuSkAjka/fJXb6BYlqC0TFBjuoGf2nBKteVM4KzUywymlI3pELuOSpqgCaeLa2fkwikDEivtSlqyUH9PTGlizCSJXGdC7cisenPxP6+b2fg6nHKZZhYlWy6KM0GsIvPXyYBrZFZMHKFMc3crYSOqKbMuoJILIVh9eZ20atXArwb3tUr9Lo+jCGdwDpcQwBXU4RYa0AQGj/AMr/DmKe/Fe/c+lq0FL585hT/wPn8AsaGPNQ==</latexit><latexit sha1_base64="qcDS95oQkMjn2XV9E3hz4pX2ucg=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBmw0S6C+YDkCHubuWTN3u6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUouMSm5VZgJ9VIk0hgOxrfzP32E2rDlXywkxTDhA4ljzmj1kmtKItj1P1yxa/6C5B1EuSkAjka/fJXb6BYlqC0TFBjuoGf2nBKteVM4KzUywymlI3pELuOSpqgCaeLa2fkwikDEivtSlqyUH9PTGlizCSJXGdC7cisenPxP6+b2fg6nHKZZhYlWy6KM0GsIvPXyYBrZFZMHKFMc3crYSOqKbMuoJILIVh9eZ20atXArwb3tUr9Lo+jCGdwDpcQwBXU4RYa0AQGj/AMr/DmKe/Fe/c+lq0FL585hT/wPn8AsaGPNQ==</latexit><latexit sha1_base64="qcDS95oQkMjn2XV9E3hz4pX2ucg=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBmw0S6C+YDkCHubuWTN3u6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUouMSm5VZgJ9VIk0hgOxrfzP32E2rDlXywkxTDhA4ljzmj1kmtKItj1P1yxa/6C5B1EuSkAjka/fJXb6BYlqC0TFBjuoGf2nBKteVM4KzUywymlI3pELuOSpqgCaeLa2fkwikDEivtSlqyUH9PTGlizCSJXGdC7cisenPxP6+b2fg6nHKZZhYlWy6KM0GsIvPXyYBrZFZMHKFMc3crYSOqKbMuoJILIVh9eZ20atXArwb3tUr9Lo+jCGdwDpcQwBXU4RYa0AQGj/AMr/DmKe/Fe/c+lq0FL585hT/wPn8AsaGPNQ==</latexit><latexit sha1_base64="qcDS95oQkMjn2XV9E3hz4pX2ucg=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBmw0S6C+YDkCHubuWTN3u6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMirTDJtMCaU7ETUouMSm5VZgJ9VIk0hgOxrfzP32E2rDlXywkxTDhA4ljzmj1kmtKItj1P1yxa/6C5B1EuSkAjka/fJXb6BYlqC0TFBjuoGf2nBKteVM4KzUywymlI3pELuOSpqgCaeLa2fkwikDEivtSlqyUH9PTGlizCSJXGdC7cisenPxP6+b2fg6nHKZZhYlWy6KM0GsIvPXyYBrZFZMHKFMc3crYSOqKbMuoJILIVh9eZ20atXArwb3tUr9Lo+jCGdwDpcQwBXU4RYa0AQGj/AMr/DmKe/Fe/c+lq0FL585hT/wPn8AsaGPNQ==</latexit>

mb2`b
<latexit sha1_base64="zl+j5djl0sZJ+UgwZIBGAeiZLUI=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc5EjiRW+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Es2eXlvZnbmhakUBl332yltbe/s7pX3KweHR8cn1dOzjkkyzbjPEpnoXkgNl0JxHwVK3ks1p3EoeTec3i787hPXRiTqEWcpD2I6ViISjKKV/MxYb1ituXV3CbJJvILUoEB7WP0ajBKWxVwhk9SYvuemGORUo2CSzysDOzalbErHvG+pojE3Qb5cdk6urDIiUaLtU0iW6u+OnMbGzOLQVsYUJ2bdW4j/ef0Mo2aQC5VmyBVbfRRlkmBCFpeTkdCcoZxZQpkWdlfCJlRThjaDig3BWz95k3Qadc+tew+NWuu+iKMMF3AJ1+DBDbTgDtrgAwMBz/AKb45yXpx352NVWnKKnnP4A+fzBx3djuM=</latexit><latexit sha1_base64="zl+j5djl0sZJ+UgwZIBGAeiZLUI=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc5EjiRW+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Es2eXlvZnbmhakUBl332yltbe/s7pX3KweHR8cn1dOzjkkyzbjPEpnoXkgNl0JxHwVK3ks1p3EoeTec3i787hPXRiTqEWcpD2I6ViISjKKV/MxYb1ituXV3CbJJvILUoEB7WP0ajBKWxVwhk9SYvuemGORUo2CSzysDOzalbErHvG+pojE3Qb5cdk6urDIiUaLtU0iW6u+OnMbGzOLQVsYUJ2bdW4j/ef0Mo2aQC5VmyBVbfRRlkmBCFpeTkdCcoZxZQpkWdlfCJlRThjaDig3BWz95k3Qadc+tew+NWuu+iKMMF3AJ1+DBDbTgDtrgAwMBz/AKb45yXpx352NVWnKKnnP4A+fzBx3djuM=</latexit><latexit sha1_base64="zl+j5djl0sZJ+UgwZIBGAeiZLUI=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc5EjiRW+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Es2eXlvZnbmhakUBl332yltbe/s7pX3KweHR8cn1dOzjkkyzbjPEpnoXkgNl0JxHwVK3ks1p3EoeTec3i787hPXRiTqEWcpD2I6ViISjKKV/MxYb1ituXV3CbJJvILUoEB7WP0ajBKWxVwhk9SYvuemGORUo2CSzysDOzalbErHvG+pojE3Qb5cdk6urDIiUaLtU0iW6u+OnMbGzOLQVsYUJ2bdW4j/ef0Mo2aQC5VmyBVbfRRlkmBCFpeTkdCcoZxZQpkWdlfCJlRThjaDig3BWz95k3Qadc+tew+NWuu+iKMMF3AJ1+DBDbTgDtrgAwMBz/AKb45yXpx352NVWnKKnnP4A+fzBx3djuM=</latexit><latexit sha1_base64="zl+j5djl0sZJ+UgwZIBGAeiZLUI=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc5EjiRW+YWCCBhmyXLWzYbpvdqQlp+A1ePGiMV3+QN/+NC/Sg4Es2eXlvZnbmhakUBl332yltbe/s7pX3KweHR8cn1dOzjkkyzbjPEpnoXkgNl0JxHwVK3ks1p3EoeTec3i787hPXRiTqEWcpD2I6ViISjKKV/MxYb1ituXV3CbJJvILUoEB7WP0ajBKWxVwhk9SYvuemGORUo2CSzysDOzalbErHvG+pojE3Qb5cdk6urDIiUaLtU0iW6u+OnMbGzOLQVsYUJ2bdW4j/ef0Mo2aQC5VmyBVbfRRlkmBCFpeTkdCcoZxZQpkWdlfCJlRThjaDig3BWz95k3Qadc+tew+NWuu+iKMMF3AJ1+DBDbTgDtrgAwMBz/AKb45yXpx352NVWnKKnnP4A+fzBx3djuM=</latexit>

b?�`2/ #QiiH2M2+F
<latexit sha1_base64="wNc1Dah+M7prH2AwCauW9cJijA4=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKzEAluR6ENqo8pxblqrjh3ZDqgK/RQWBhBi5UvY+BvcNgO0HMnS0Tn36F6fMOVMG8/7dkobm1vbO+Xdyt7+weGRWz3uaJkpCm0quVS9kGjgTEDbMMOhlyogScihG06u5373AZRmUtybaQpBQkaCxYwSY6WhW9VjoiDCoTQ2K4BOhm7Nq3sL4HXiF6SGCrSG7tcgkjRLQBjKidZ930tNkBNlGOUwqwwyDSmhEzKCvqWCJKCDfHH6DJ9bJcKxVPYJgxfq70ROEq2nSWgnE2LGetWbi/95/czEV0HORJoZEHS5KM44NhLPe8ARU0ANn1pCqGL2VkxtFYQa21bFluCvfnmddBp136v7d41a87aoo4xO0Rm6QD66RE10g1qojSh6RM/oFb05T86L8+58LEdLTpE5QX/gfP4AbV+UHA==</latexit><latexit sha1_base64="wNc1Dah+M7prH2AwCauW9cJijA4=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKzEAluR6ENqo8pxblqrjh3ZDqgK/RQWBhBi5UvY+BvcNgO0HMnS0Tn36F6fMOVMG8/7dkobm1vbO+Xdyt7+weGRWz3uaJkpCm0quVS9kGjgTEDbMMOhlyogScihG06u5373AZRmUtybaQpBQkaCxYwSY6WhW9VjoiDCoTQ2K4BOhm7Nq3sL4HXiF6SGCrSG7tcgkjRLQBjKidZ930tNkBNlGOUwqwwyDSmhEzKCvqWCJKCDfHH6DJ9bJcKxVPYJgxfq70ROEq2nSWgnE2LGetWbi/95/czEV0HORJoZEHS5KM44NhLPe8ARU0ANn1pCqGL2VkxtFYQa21bFluCvfnmddBp136v7d41a87aoo4xO0Rm6QD66RE10g1qojSh6RM/oFb05T86L8+58LEdLTpE5QX/gfP4AbV+UHA==</latexit><latexit sha1_base64="wNc1Dah+M7prH2AwCauW9cJijA4=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKzEAluR6ENqo8pxblqrjh3ZDqgK/RQWBhBi5UvY+BvcNgO0HMnS0Tn36F6fMOVMG8/7dkobm1vbO+Xdyt7+weGRWz3uaJkpCm0quVS9kGjgTEDbMMOhlyogScihG06u5373AZRmUtybaQpBQkaCxYwSY6WhW9VjoiDCoTQ2K4BOhm7Nq3sL4HXiF6SGCrSG7tcgkjRLQBjKidZ930tNkBNlGOUwqwwyDSmhEzKCvqWCJKCDfHH6DJ9bJcKxVPYJgxfq70ROEq2nSWgnE2LGetWbi/95/czEV0HORJoZEHS5KM44NhLPe8ARU0ANn1pCqGL2VkxtFYQa21bFluCvfnmddBp136v7d41a87aoo4xO0Rm6QD66RE10g1qojSh6RM/oFb05T86L8+58LEdLTpE5QX/gfP4AbV+UHA==</latexit><latexit sha1_base64="wNc1Dah+M7prH2AwCauW9cJijA4=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCVdYKzEAluR6ENqo8pxblqrjh3ZDqgK/RQWBhBi5UvY+BvcNgO0HMnS0Tn36F6fMOVMG8/7dkobm1vbO+Xdyt7+weGRWz3uaJkpCm0quVS9kGjgTEDbMMOhlyogScihG06u5373AZRmUtybaQpBQkaCxYwSY6WhW9VjoiDCoTQ2K4BOhm7Nq3sL4HXiF6SGCrSG7tcgkjRLQBjKidZ930tNkBNlGOUwqwwyDSmhEzKCvqWCJKCDfHH6DJ9bJcKxVPYJgxfq70ROEq2nSWgnE2LGetWbi/95/czEV0HORJoZEHS5KM44NhLPe8ARU0ANn1pCqGL2VkxtFYQa21bFluCvfnmddBp136v7d41a87aoo4xO0Rm6QD66RE10g1qojSh6RM/oFb05T86L8+58LEdLTpE5QX/gfP4AbV+UHA==</latexit>

�<latexit sha1_base64="uvJizRaysdV6x8b4Y3sNBlVU+38="></latexit><latexit sha1_base64="uvJizRaysdV6x8b4Y3sNBlVU+38="></latexit><latexit sha1_base64="uvJizRaysdV6x8b4Y3sNBlVU+38="></latexit><latexit sha1_base64="uvJizRaysdV6x8b4Y3sNBlVU+38="></latexit>

"<latexit sha1_base64="ibmtoigIiCVDC0bl8W2W80sRnjY="></latexit><latexit sha1_base64="ibmtoigIiCVDC0bl8W2W80sRnjY="></latexit><latexit sha1_base64="ibmtoigIiCVDC0bl8W2W80sRnjY="></latexit><latexit sha1_base64="ibmtoigIiCVDC0bl8W2W80sRnjY="></latexit>

LTS4 - EPFL 2



Rate-Delay Tradeoff for Delay-based CC

single link with capacity C and buffer siye QMAX

Single User vs Loss-based vs Delay-based
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Which equilibrium point should be picked?

• define utility to model the communication: u(x, d)
• pick the equilibrium point that maximizes this metric

LTS4 - EPFL 3



Rate-Delay Tradeoff for Delay-based CC

single link with capacity C and buffer siye QMAX

Single User vs Loss-based vs Delay-based
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Which equilibrium point should be picked?

• define utility to model the communication: u(x, d)
• pick the equilibrium point that maximizes this metric

LTS4 - EPFL 3



Network Sensing
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How to sense the network:
• fix sending rate – might
degrade network service

• fix delay at equilibrium –
might degrade user
satisfaction

• fix rate-delay sensitivity by
discounting the experience
delay by dbl – good tradeoff

Update Sending Rate

Delay-based CC

• Estimate network response 
• Select CC rate-delay sensitivity
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Network Response Model

Goal: infer the network response from point-wise observations

0 50 100 150 200

sensitivity [ms]

0.0

0.5

1.0

1.5

2.0

2.5

ra
te

[M
b

p
s]

0 100 200 300 400 500

sensitivity [ms]

0

100

200

300

400

500

600

d
el

ay
[m

s]

true network response

samples

xeq = min(θm
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d ,min(θm
d dbl + θq

d, θ
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By assuming a prior belief on the parameters θx (and θd) after
observing an equilibrium point, we can infer the posterior belief

p(θ|xobs, dbl)
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Bandit Problem

maximize
dbl

u(xeq(dbl;θx), deq(dbl;θd)) if we know θ

maximize
dbl

Ep(θ) [u(xeq(dbl;θx), deq(dbl;θd))]︸ ︷︷ ︸
U(dbl,p(θ))

for a single step

maximize
π

Ep
(
{xt

obs,d
t
obs}|{π(pt(θ))}

) [∑∞
t=0 γ

tU
(
π(pt(θ)), pt(θ)

)]

Receding horizon approximation
look one step ahead in the future:

maximize
dt
bl

U(dt
bl, pt(θ)) + γ

1−γ
Ept

(
xobs,dobs|dt

bl

) [U?
(
pt(θ|xt

obs, dt
obs, dt

bl)
)]

LTS4 - EPFL 6

exact problem,
too complex
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Implementation

Delay-based CC

Equilibrium 
Detector

Rate Network Response 
InferenceOne-step 

Optimal 
Learning

Adaptive Controller

Delay Network Response 
Inference
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<latexit sha1_base64="wrYRrS9nqr2/jTKdHNfdRLtLB0k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbQhrLZTtq1m03Y3Ygl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/Vbj6g0j+WdGSfoR3QgecgZNVZqPvXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Og/PivDsf89aCk88cwh84nz9UTYzP</latexit><latexit sha1_base64="wrYRrS9nqr2/jTKdHNfdRLtLB0k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbQhrLZTtq1m03Y3Ygl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/Vbj6g0j+WdGSfoR3QgecgZNVZqPvXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Og/PivDsf89aCk88cwh84nz9UTYzP</latexit><latexit sha1_base64="wrYRrS9nqr2/jTKdHNfdRLtLB0k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbQhrLZTtq1m03Y3Ygl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/Vbj6g0j+WdGSfoR3QgecgZNVZqPvXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Og/PivDsf89aCk88cwh84nz9UTYzP</latexit>d

<latexit sha1_base64="493iywG9k3VTthaAR+vadVA7SLQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDabSbt2swm7G6GU/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLM8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxzeTv3WEyrNU3lvRhkGCe1LHnNGjZWaUa9SdWvuDGSZeAWpQoFGr/LVjVKWJygNE1TrjudmJhhTZTgTOCl3c40ZZUPax46lkiaog/Hs0Ak5tUpE4lTZkobM1N8TY5poPUpC25lQM9CL3lT8z+vkJr4KxlxmuUHJ5oviXBCTkunXJOIKmREjSyhT3N5K2IAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA2EYy7</latexit><latexit sha1_base64="493iywG9k3VTthaAR+vadVA7SLQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDabSbt2swm7G6GU/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLM8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxzeTv3WEyrNU3lvRhkGCe1LHnNGjZWaUa9SdWvuDGSZeAWpQoFGr/LVjVKWJygNE1TrjudmJhhTZTgTOCl3c40ZZUPax46lkiaog/Hs0Ak5tUpE4lTZkobM1N8TY5poPUpC25lQM9CL3lT8z+vkJr4KxlxmuUHJ5oviXBCTkunXJOIKmREjSyhT3N5K2IAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA2EYy7</latexit><latexit sha1_base64="493iywG9k3VTthaAR+vadVA7SLQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDabSbt2swm7G6GU/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLM8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxzeTv3WEyrNU3lvRhkGCe1LHnNGjZWaUa9SdWvuDGSZeAWpQoFGr/LVjVKWJygNE1TrjudmJhhTZTgTOCl3c40ZZUPax46lkiaog/Hs0Ak5tUpE4lTZkobM1N8TY5poPUpC25lQM9CL3lT8z+vkJr4KxlxmuUHJ5oviXBCTkunXJOIKmREjSyhT3N5K2IAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA2EYy7</latexit>

Network

xQ#b
<latexit sha1_base64="qAe5rb8MWLC4+FZnjNLuSHRbLjM="></latexit><latexit sha1_base64="qAe5rb8MWLC4+FZnjNLuSHRbLjM="></latexit><latexit sha1_base64="qAe5rb8MWLC4+FZnjNLuSHRbLjM="></latexit><latexit sha1_base64="qAe5rb8MWLC4+FZnjNLuSHRbLjM="></latexit>

dQ#b
<latexit sha1_base64="j6WMxTQoC2n3383iEA0narcndvI="></latexit><latexit sha1_base64="j6WMxTQoC2n3383iEA0narcndvI="></latexit><latexit sha1_base64="j6WMxTQoC2n3383iEA0narcndvI="></latexit><latexit sha1_base64="j6WMxTQoC2n3383iEA0narcndvI="></latexit>
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Results - I

Single user scenario – self inflicted delay for different values of
capacity C
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the proposed method is able to achieve a low self-inflected delay for
wide range of capacity values
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Results - II

Competing against a TCP flow - sharing ratio for different values of
capacity C and buffer siye QMAX
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the proposed method can reach a fair rate allocation in all the
different scenarios
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Conclusions

Main advantages:

• model explicitly the communication utility
• estimate a ”global” network response
• take actions to maximize long term utility

Future directions/open problems:

• investigate performance in more complex network/scenarios
• investigate theoretical guarantees regarding equilibrium point
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Questions?

S. D’Aronco and P. Frossard
stefano.daronco@epfl.ch

Signal Processing Laboratory (LTS4)

stefano.daronco@epfl.ch

