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Chapter 3

Arithmetic for Computers (continue)
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Administrative Matters
* Homework #3
— due Monday, 10/22
*  Midterm #1
— Wednesday 10/24
— Cumulative
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Multiplication

* More complicated than addition

— accomplished via shifting and addition
* More time and more area
* Let's look at 3 versions

0010  (multiplicand)
x 1011 (multiplier)
0010
0010
0000
0010
0010110
gati convert and iply
— there are better techniques, we won’t look at them

— Therefore, we will always be dealing with multiplying two positive
numbers
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Simple Implementation

Ta. Add muftgicand 1o prockct and
pltca the res in Produc! regiser

Yes: 32 repattions
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An example

5. Shif right Multpler
0= 10 operation
SHI. ot Multpicand
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Second Implementation

+  Only 32 bits ALU and Multiplicand are
needed

+  Multiplier 0011
+  Multiplicand 00000010

+  Product/Multiplier
0000000000000011
0000001000000011 add
0000000100000001 shift
0000001100000001 add
0000000110000000 shift
0000000011000000 shift
0000000001100000 shift
0000000000110000 shift
0000000000011000 shift
0000000000001100 shift
0000000000000110 shift
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Fastest Implementation

Mplor + Mcand  Mpherd « Meand
*  “Loop Unrolling”
— Don’t have to wait for clock
— Can be optimized further

— Parallel multiplier
— 00000010
— 00000100
— 00000110
ol Fiot
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An implementation of Division
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A better Implementation

+ Only 32 bit ALU and Divisor are
needed

» Divide 0111 by 0010

*  Quotient&Remainder

+ 0000011100000000

+ 1110011100000000 sub

+ 0000011100000000 restore

+ 0000111000000000 shift

* 1110111000000000 sub

+ 0000111000000000 restore

+ 0001110000000000 shift

+ 1111110000000000 sub

0001110000000000 restore

0011100000000000 shift

0001100000000000 sub

0011000000000001 shift

+ 0001000000000001 sub

- 001 000003&830&’&1 shift
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Division

1001, Quotient
Divisor 1000,,,, 110010104, Dividend

-1000
10
101
1010
—-1000
104en Remainder
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An example
+  Divide 0111 by 0010 @
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Floating Point Operands in MIPS

« Separate floating point register
— Operations on integer and floating point usually don’t mix
— Double up for double precision

32 floating $f0, $f1, $f2, ..., $F31|MIPS floatingpoint registers are used in pairs for double precision numbers.
point registers I

2% memory words | Memon0),
M

Accessed only by ata transfer instructions. MIPS uses byte addresses, so
temory(4], ..., sequential word addresses differ by 4. Memory holds data structures, such as
Memon(4294967292] arrays, and spilied registers, such as those saved on procedure calls.
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Floating Point Instructions in MIPS

« FP Compare sets condition
* bec1tand betf branch on condition
+ Iwc1, swc1 load/store from co-processor

PP add single _

$74 + $76 | PP add (single precision)

l P subract single §72 = 574 - 36 7 s (sing procison)
| % multly singe $62 = 574 x 376 P muliy (snge precision)
I 7% avide g stz - st / 56 [P divde (sngi procison) |
% add double stz - sta v 36 % 23d Gouble precision)
| P subtract double $72 = $74 - 316 P sub (double precision) |
| P mutiply double mul.d B
i {7 divide double
[Data 1ioad word copr. 1 T = Memory($52 + 1
[vanster | store worgcopr 1 $1.100(352) [Mamon{$52 + 100)= 371 s to memory |
I [branch on P e ~[ificond == 1) go10 PG + 4 + 100 PCrelatve branch PP cond
| cont [oranch on P fose | belf 25 5 goto o
o P compare singe | ¢. 165 $77.574 : )
N (canoionge)
FP compare double | c.1t.d $f2,8f4 ({2 < $14) o FP compare less than
| caneiege) |cona=siosecona=0 | souvepecson |
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Floating Point Example

« Converting Fahrenheit to Celsius
float f2c (float fawrvw
return ((5.0/9.0) * (fahr 32.00):
— Load constant 5.0, 9.0, and 32.0 through $gp from heap
— Assume fahr in $f12

Twcl $f16,const5($gp) # $fl6 =

(5.0 in memory)
Twcl $f18,const9($gp) # $f18 = (

9.0 in memory)
div.s $fl6, $fl6, $f18 # $f16 = 5.0 / 9.0

Twcl $f18, const32($gp) # $f18 = 32.0
sub.s $f18, $f12, $f18 # $f18 = fahr - 32.0

mul.s$f0, $f16, $f18 # $f0 = (5/9)*(fahr - 32.0)
jr $ra # return
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A sticky situation for IEEE754

* Rounding is tough for the halfway case
+ 22449 ->224
. 2.2451->225
+ 2.2450? IRS always rounds up
— Not quite fair, since there are 2.2400 to 2.2449 down 2.2451 to
2.2500 up

+ 2.2450001 should be round to 2.25
+ But 2.245000000 by convention rounds to 2.24

+ Sticky bit to break tie
— indication there is something at the end of 0’s

+ 2.245 with sticky set to 1 will round to 2.25
« 2.245 with sticky set to 0 will round to 2.24
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Floating Point Example

. zEx+y
. lwel $f4,x($sp)
.+ lwet $76, y($sp)
+ add.s $f2, $f4, $f6
. swecl $f2, z($sp)
e ctouterunkasrampitone. 14

Guarded digit

+ Use 2 extra bits, one guard one round
«  Without it:

— 2.56 x 10°+ 2.34 x 102
— 0.02x 102+ 2.34 x 102
- 2.36x102

* Using Guard and round
— 2.56 x 10°+2.34 x 102
— =(0.0256+2.3400) x 102
— =2.3656 x 102
— which will round to 2.37 x 102

+ 0-49 rounds down, 51-99 rounds up
— 50 down 49+1 up

« Sticky bit needed to break tie at 50

R ST
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Sticky in action

.+ 5.01x 101 +2.34 x 102
+ (0.0050+2.3400) x 102

+ 2.3450 x 102
— With sticky bit set
— Round to 2.35

+ 5.00x 10"+ 2.34 x 102

+ (0.0050+2.3400) x 102

+ 2.3450 x 102
— With sticky bit not set
— Round to 2.34
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Quick question

« IEEE single prcision standard give
* 1 sign bit

* 8 exponent with 127 bias

« 23 significand with implied 1

« What are the possible number that | can represent?
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The Floating Point Instructions & Operands of the
1A-32

[FIIILD men/S ) [F(TICOM(P) FPATAN
FTIST(P FULISURTRIIDY mem/ST(1) |F(THUCOMIPT{PT jF2XML
mem/ST(i)

LUPI FUIIMULIP) mem/ST(i)  |FSTSH AX/mem | 7COS

FLOL FULICIVIRT (P mem/ST(i) FPIAN

FLD7 FSORT FPREM |
[ FABS FSTH

| | =rupINT FYL2x |
scton oporsas |

FADD " | Both operands in stack; result replaces top of stack. 1
FADD ST(i) ['One source operand s ith register below the top of stack; result

replaces the top of stack.

FADD ST(i), ST One source operand is the top of stack; result replaces ith register
below the top of stack. |

FADD mem32 One source operand is a 32-bit location in memory; result replaces the
top of stack.

FADD mem64 One source operand is a 64-bit location in memory; result replaces the
top of stack.
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1A-32 floating point

» Basically a stack architecture!
— load operands from memory onto stack
— Operation pop operands than push result onto stack
— About 60 floating instruction

« Plus different address mode

« 80 bits floating point on the stack
— Still 32 bit single and 64 bit double in memory

+ SSE2
— Streaming SIMD Extension 2
« Another 144 instructions

« No longer stack architecture, much more like MIPS
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