01Machine RepresLecture 3CS 61C Machines Fall 00David PattersU.C. Berkeleyc-f00 L3 9/62

From last time: C v. Java¥C Designed for writing systems device ¥C is an efficient language, with lit—Array bounds not —¥C v. Java: pointers and explicmemory allocation and dealloc———on does euse c-f00 L3 9/63

¥Recap: C v. ¥Computer representation of �¥Unsigned Num¥¥Free Food 5PM Thursday, Sept. 7¥Computers at ¥Signed Numbers: search for a ¥¥In Conclusc-f00 L3 9/64

What do computers do?¥Computers te representations of¥What can you represent with N bits?—2N¥Which thin——Depends on what c-f00 L3 9/65

Decimal Numbers: Base 10¥Digits: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9¥3271 =) + (2x1) + (7x10 + (1x100)c-f00 L3 9/66

Numbers: positional nota¥Number Base B => B symbols per digit:—1¥Number represen—d2d1d0 is a —dx B31 + d22d1 x B100¥—1x26 + 0x25432—turns—

02c-f00 L3 9/67 imal Numbers: Base 16¥,8,9, A, B, C, D, E, F—picked alphabet¥Conversion: Binary <-> Hex——s¥:——?—c-f00 L3 9/68 vs. Hexadecimal :1010 1100 0101 (binary)= ? (hex)10111 = 0001 0111 (bin= ? (hex))= ? (binary)13579BDFc-f00 L3 9/69

What to do with representations of¥Just what we do with numbers!—Add them————¥10 + 7 = 17—e can—01111c-f00 L3 9/6

Which base do we use?¥Decimal: great for humans, especiwhen doing a¥Hex: if human looking at long stringsof binary numbers, its much easier toconvert to hex and look 4 bits—say no¥Binary: what computers use;you learn how computers do +,-,*,/—binary—3210== 1000002—Use subscriptc-f00 L3 9/6

¥Grading: fixed scale, not on a curve¥To try to switch sections - emailrequest to ¥Viewing lectures again: tapes in 2¥

Read web page: Intro, FAQ, Sched-—TA assignment—c-f00 L3 9/6

¥Tu/Th section 5-6PM; 18¥�Mark Chew� is most recent TA¥He quit, so ussion in

03c-f00 L3 9/6

Free Food 5PM Thursday, Sept. 7¥"The Importance of Graduate Sc—Professor Katck, UC Berkeley—y——e Student—m. PANEL DISCUSSION,-Packard Audit06 SODA¥5:00 p.mNTS in the Fourth Floor, Soda Hallc-f00 L3 9/6 Bicycle Computer (Embedded)¥P. Brain——on and——8KB data => 33 hours—can be uploadedthrough a seo be analyzedSpeedA

c-f00 L3 9/6

Limits of Computer Numbers¥Bits can represent anyth¥———anguages => 16 bi)¥Logical —=> True¥colors ?¥s / addresses? comm¥but N bits => only 2 thingsc-f00 L3 9/6

¥How do you tell if X > Y ?¥See if X - Y > 0c-f00 L3 9/6

How to Represent Negative Numbe¥So far, unsigned n¥Obvious solution: define leftmost bit to be——¥on called sign and ¥MIPS uses 32-bit integers. would be:

000 0000 0000 0000 0000 0000 0000 0001¥And - 1 in sign and magnitude would be:

000 0000 0000 0000 0000 0000 0000 0001c-f00 L3 9/6

Shortcomings of sign and magnitude?¥Arithmetic circuit more compl—eps depending ware¥Also, Two ze— 0x00000000 = +0— 0x80000000 —¥Sign and magnitude a

04c-f00 L3 9/6

Another try: complement the ¥ 7 = 00111 = 110002¥Called one�s Comp¥Note: postive numbers have leading 0s,negative numbers have leadings

¥What is -00000 ?¥How many positive numbers in N bits?¥How many negative onec-f00 L3 9/6

Shortcomings of ones c¥Arithmetic not too hard¥Still two zeros———¥One�s complement eventually ae another solution was bec-f00 L3 9/6

Search for Negative Number Repres¥Obvious solution didn�t work, find another¥What is result for unsigned numbers if triedto subtract large number from a small oeading 1spick�¥This representation called c-f00 L3 9/6

2�s Complement Number line¥2 non-¥2 nega¥one z¥how many¥¥

012......c-f00 L3 9/6

0. =1110two = 1111two = 0000two = 0001two = 0010two = . = = =¥One zero, 1st bit => >=0 or <0, called sign bit—but one negatten c-f00 L3 9/6

Two�s Complement Formula¥Can represent positive and nnumbers in terms of the bit value times apower of 2:—d31 x x0¥1111 1111 11131 +1x230 +1x229+... 20 29 0¥Note: need to specify width: we use 32

05c-f00 L3 9/6

Two�s complement shortcut: Negation¥Invert every 0 to 1 and every 1 to 0, thenadd 1 to the result——two= -1——¥Example: -4 to +4 to -4x : x�: +1: 0000 0000 0000 0100()�: 1111 1111111 1111 1111 1011+1: 1111 1111 1111 1100c-f00 L3 9/6

Signed . Unsigned Num¥C declaratio—signed number—ent¥C declaratio—unsigned number—ber as unsignedc-f00 L3 9/6

Signed v. Unsigned Compa¥1111 1100¥0000 0000¥Is X > Y?——NO¥Converting to decimal to ——Unsigned comparic-f00 L3 9/6

Numbers are stored at addres¥Memory is a place tostore bits¥A word is a fixednumber of bits (eg,32) at an address—¥Addresses naturally as unsigned numbe11111 = 2k - 1 c-f00 L3 9/6

What if too ¥Binary bit patterns above are simply of numbers¥Numbers really have an infinite nuof digits——eading zeros¥If result of add (or -,*/) cannot berepresented by these rightmost HW bits, is said to have oc

Two�s comp. shortcut: Sign e¥¥2�s comp. positive number has infinite 0s2�s comp. negative number has infinite 1sBit representation hides leading bisign extension restores some of them16-bit -4 to 32-bit:1111 1111 1111 11001111 1111 1111 1111 1111 1111 1111 1100

06c-f00 L3 9/6

And in Conclu¥We represent �things� in computeas particular bit patterns: N bits =>2N—¥Decimal for human calcbinary to undertstand computers, hexto understand binary¥2�s complement universal in: cannot avoid, so le¥Computer operations on theon correspond to realoperations on the real ¥Overflow: numbers infinite butcomputers finite, so errors occur