Math373 Homework 2 Due Wed, Jan. 25, 2023

Directions: Solve the following problems. Show your work. All written work must be your own.
See the course syllabus for detailed rules.

1.

2.

Prove that if a | b and a | ¢, then a | b+ c.

[JJJ 1.{9,10}.c] Let d = gcd(16261,85652). Use the extended Euclidean algorithm to find
integers u and v such that 16261u + 85652v = d.

. Are there integers  and y such that 14z + 35y = 67 Either find such integers x and y or

show that no such integers exist.
Extended Euclidean Algorithm

(a) Implement the Extended Euclidean Algorithm EEA(a,b) in a programming environment
(such as python) that supports arbitrarily large integers. The function EEA(a,b) should
compute three integers (d,u,v) such that d = ged(a,b) and au + bv = d. Submit your
code. (It should be fairly short.)

(b) Let a and b be the following integers, printed with 70 digits per line.

a =2025185487137959423540508380772562680927973512456311300849096944471748
5505766726772707930366549369422613411801280325983886891104728535909893
3801419072872779764693343761793224836462411923645494891165738965986387
9107316214146791748458147856209314460348398362605891740199807133532045
2617699014777368404297975378813885221405067529734456424079570500304517
2755760422978065138058849279208453857066742161325742568958532634610269
8398035254128974089635912788568550620877070262953630120327420284532115
0468512464911322239610529382349997239265386342588817797852386964955150
352716499841015630050055767016274138742773664518669806471

b =1339300348729585555209286950897530524327055732306198908722346825714945
5422176226806777638639227377341493059265211131045036933580545130529193
1862856205212767871670892434675830616349424347432208438131751842346613
7524658406492957735167919734867656837096806158107930141867074972509046
9388096800321761480711435989167119769655987176566801234660338210660113
2116085293552473375257715388013350044629767692028057376633282332295356
6241447335340880208523672763456966367752953969399611082967141225940559
9214323596401633880110711650100894637685146090199413385825195891767738
947950323438323786725310141554801844830154285581664262783

Both a and b have 617 decimal digits; written in binary, a and b have 2048 and 2047
digits respectively. Using EEA(a,b), find three integers (d, u,v) such that d = ged(a, b)
and d = au + bv. Hint: d is a prime number with 309 decimal digits.
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Comment: The number

RSA-2048 =2519590847565789349402718324004839857142928212620403202777713783604366
2020707595556264018525880784406918290641249515082189298559149176184502
8084891200728449926873928072877767359714183472702618963750149718246911
6507761337985909570009733045974880842840179742910064245869181719511874
6121515172654632282216869987549182422433637259085141865462043576798423
3871847744479207399342365848238242811981638150106748104516603773060562
0161967625613384414360383390441495263443219011465754445417842402092461
6515723350778707749817125772467962926386356373289912154831438167899885
040445364023527381951378636564391212010397122822120720357

also has 617 digits. Like our numbers a and b, the number RSA-2048 is the product of
two large primes. Up until 2007, the security company RSA Laboratories offered $200,000
to anyone who could factor RSA-2048. An efficient method of factoring would break the
RSA cryptosystem (which is still widely used). To date, no one has publicly announced a
factorization of RSA-2048. Even though factoring large numbers like RSA-2048 seems difficult,
finding the greatest common divisor of two large numbers is comparatively easy.



