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Here are formulas of roots square identities:

These identities say that the product of 2 numbers, each of which is a sum of 2" squares, is itself a sum of 2" squares. But, this is not limited to
only ‘numbers’, and this has many applications :)

Brahmagupta—Fibonacci identity / Diophantus identity

(23 +23)(UF +v3) = 21 + 23 (1)
Where,
21 = (z1y1 — 2y2) 21 = (x1y1 + 22y2)
or (2)
22 = (T1y2 + T2y1) 29 = (x1y2 — T2y1)
Euler’s four—square identity
(z}+ a3 +a5+a3) (Wi +us + 95 +vi) =21 + 25 + 23 + 2 (3)
Where,
21 = (T1y1 — T2Y2 — T3Y3 — T4Ya)
29 = (T1Y2 + T2y1 + T3Ya — TaY3) )
23 = (X1y3 — Tays + T3y1 + T4y2)
4 = (T1ya + T2Yy3 — T3Y2 + T4y1)
Degen’s eight—square identity
(@i+ad+af+ai+ai+af+ad+ad) i+ B+ B Ui R R R = A sttt A (5)
Where,
21 = (T1y1 — TaY2 — T3Y3 — Tals — TxYs — TeYe — T7Y7 — TYS)
2o = (x1y2 + 2y + T3Yys — Tay3 + T5Ye — TeYs — TrYs + T8Y7)
23 = (T1y3 — Toys + 3Y1 + Tays + TsYr + TeYs — T7Ys5 — TY6)
24 = (f’fl;’/i + Toys — x3Y2 + T4yl + T5Y8 — TeY7r + TrYe — 338@/5) (6)
25 = (T1Y5 — TaYe — T3Y7 — Tays + Tsy1 + TeY2 + T7y3 + Taya)
26 = (T1Y6 + T2ys — T3Ys + TaY7 — TsY2 + Tey1 — T7Ya + TY3)
27 = (x1y7 + Tays + T3Ys5 — TaYs — T5Y3 + Teya + Try1 — TY2)
28 = (T1Ys — Xay7 + T3Y6 + Talys — TsYa — TeY3 + Try2 + Tsy1)
Pfister’s sixteen—square identity
(@25 +a3+-+ale) W+ +13+ - +yle) =21+ 2 +25 + - + 25 (7)
Where,
21 = 1Yl — T2Y2 — T3Y3 — TalYa — T5Ys5 — TeYs — T7Y7 — TgYs + U1Y9 — UY10 — U3Y11 — U4Y12 — USY13 — UeY14 — UTY1s — URY16
Zo = XToy1 + T1y2 + Tays — T3ys + TeYs — TsYe — Y7 + T7Ys + Uy + U1Y10 + U4Y11 — U3Y12 T UsY13 — UsY14 — USYLs T+ UTY16
Z3 = T3yl — T4Y2 + T1Y3 + T2ys + T7Ys + T8Ys — TsY7r — TeYs + UsYg — u4Y10 + U1Y11 + U2y12 + ury13 + UsY14 — UsY15 — U6Y16
Z4 = T4Y1 + 23Y2 — T2Y3 + X1Ys + X8Ys — TrYe + TeY7 — TEYs + U4Yg + U3Y10 — U2Y11 T U1Y12 + USY13 — UTY14 T UGY15 — U5Y16
25 = T5Y1 — TeY2 — T7Y3 — X8Y4 + T1Ys + ToYs + T3Y7 + T4Ys + UsYg — UsY10 — UTY11l — UsY12 + U1Y13 + U214 + U3Y15 + U4Y16
Z6 = TeYl + Tsy2 — T8Y3 + Trys — Toys + T1Ye — TaY7 + T3Ys + UeY9 + UsY10 — USY11 + UTY12 — U2Y13 + U1Y14 — U4Y15 + U3Y16
27 = Try1 + T8Y2 + T5Y3 — TeY4 — T3Ys + TaYe + T1Y7 — T2Ys + UrYg + UsY10 T UsY11l — UeY12 — U3Y13 + U4Y14 + ULIY15 — U2Y16
Z8 = XYl — T7Y2 + TeYs + T5Y4 — TaYs — T3Ye + T2Y7 + T1Ys + UsY9 — UrY10 + UeY11 + UsY12 — U4Y13 — U3Y14 + U2Y15 + U1Y16 (8)

Z9 = ToY1 — T10Y2 — T11Y3 — T12Y4 — T13Y5 — T14Y6 — T15Y7 — T16Ys T T1Y9 — T2Y10 — T3Y11 — T4Y12 — T5Y13 — TeY14 — T7Y15 — T8Y16
210 = T10Y1 + T9Y2 + T12Y3 — T11Y4 + T14Y5 — T13Y6 — T16Y7 + T15Y8 + T2Y9 + T1Y10 + Tay11 — T3Y12 + TeY13 — T5Y14 — T8Y15 + T7Y16
211 = T11Y1 — T12Y2 + T9Y3 + T10Y4 + T15Y5 + T16Y6 — T13Y7 — T14Ys + T3Y9 — T4Y10 + T1Y11 + T2Y12 + T7Y13 + T8Y14 — T5Y15 — T6Y16
212 = X12Y1 + T11Y2 — T10Y3 + ToY4 + T16Y5 — T15Y6 + T14Y7 — T13Ys + Ta¥Y9 + T3Y10 — T2Y11 + T1Y12 + T8Y13 — T7Y14 + TeY15 — T5Y16
213 = T13Y1 — T14Y2 — T15Y3 — T16Y4 + T9Ys + T10Ye + T11Y7 + T12Y8 + T5Y9 — TeY10 — T7Y11 — T8Y12 + T1Y13 + T2Y14 + T3Y15 + T4Y16
214 = T14Y1 + T13Y2 — T16Y3 + T15Y4 — T10Y5 + T9Ye — T12Y7 + T11Y8 + TeY9 + T5Y10 — T8Y11 + T7Y12 — T2Y13 + T1Y14 — T4Y15 + T3Y16
215 = T15Y1 + T16Y2 + T13Y3 — T14Y4 — T11Y5 + T12Y6 + T9Y7 — T10Ys + T7Y9 + T8Y10 + T5Y11 — TeY12 — T3Y13 + T4Y14 + T1Y15 — T2Y16

216 = T16Y1 — T15Y2 + T14Y3 + T13Y4 — T12Y5 — T11Y6 + T10Y7 + Toys + T8Y9g — T7Y10 + TeY11 + T5Y12 — T4Y13 — T3Y14 + T2Y15 + T1Y16



