[image: image1.png]R-type| 1=Rd 1 X 0=BusB | 0 0 0 0 0 0
addi =Rt 1 1=sign | 1=lmm 0 0 0 0 0 0
slti =Rt 1 1=sign | 1=lmm 0 0 0 0 0 0
andi =Rt 1 0=zero | 1=Imm 0 0 0 0 0 0
ori =Rt 1 0=zero | 1=Imm 0 0 0 0 0 0
xori =Rt 1 0=zero | 1=Imm 0 0 0 0 0 0
Iw 0=Rt 1 1=sign | 1=lmm 0 0 0 1 0 1
sw X 0 1=sign | 1=lmm 0 0 0 0 1 X
beq X 0 X 0=BusB | 1 0 0 0 0 X
bne X 0 X 0=BusB | 0 1 0 0 0 X
j X 0 X X 0 0 1 0 0 X
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[image: image3.png]Instruction Meaning Format

lwc1  $f2, 40($t0) 0x31 | $t0 | $f2 im'6 = 40
Idc1  $f2, 40($t0) 0x35 | $t0 | $f2 im'6 =40
swcl $f2, 40($t0) 0x39 | $t0 | $f2 im'6 =40
sdc1  $f2, 40($t0) 0x3d | $t0 | $f2 im16 = 40




[image: image4.png]Instruction Meaning Format

mfc1  $t0, $f2 0x11 0 $t0 | $f2 0 0
mtc1  $t0, $f2 0x11 4 $t0 | $f2 0 0
mov.s $f4, $f2 0x11 0 0 | $f2 | $f4 6
mov.d $f4, $f2 0x11 1 0 $f2 | $f4 6




[image: image5.png]Instruction Meaning Format

c.eq.s fs, ft cflag = ((fs) == (ft)) 0x11 0 ft | fs° | 0 | 0x32
c.eqd fs,ft cflag = ((fs) == (ft)) 0x11 1 ft5 | fs5 | 0 | Ox32
clts fs, ft cflag = ((fs) < (ft)) 0x11 0 | ft5 | fs°| 0 | Ox3c
cltd fs, ft cflag=((fs)< (ft)) | ox11 | 1 | #5 | 5] 0 | ox3c
cless fs, ft cflag = ((fs) <= (ft)) 0x11 0 | ft5 | fs® | O | Ox3e
cled fs, ft cflag = ((fs) <= (ft)) 0x11 1 ft5 | fs5 | 0 | Ox3e
bc1f  Label branch if (cflag == 0) | 0x11 8 0 im'6

bc1t  Label branch if (cflag == 1) | 0x11 8 1 im16




[image: image6.png]Instruction Meaning Format

add.s fd,fs, ft | (fd)=(fs)+(ft) | Ox11 | O | f5 | fs5 | fd | O
add.d fd, fs, ft |(fd)=(fs)+(ft) | Ox11 | 1 | f5 | fs5 | fd5 | O
sub.s fd,fs, ft | (fd)=(fs)-(ft) | Ox11 | O | f5 | fsp | fd5 | 1
sub.d fd, fs, ft | (fd)=(fs)-(ft) | Ox11 | 1 | f5 | fs5 | fd® | 1
muls fd, fs, ft |(fd)=(fs)x(ft) | Ox11 | O | f5 | fsp | fd5 | 2
muld fd,fs, ft | (fd)=(fs)x(ft) | Ox11 | 1 | f5 | fsp | fds | 2
divs fd,fs, ft | (fd)=(fs)/(ft) | Ox11 | O | f5 | fs5 | fd5 | 3
divd fd,fs, ft | (fd)=(fs)/(ft) | Ox11 | 1 | f5 | fs5 | fd5 | 3
sqrt.s fd, fs (fd) = sqrt (fs) 0x11 0 0 fs5 | fdS 4
sqrt.d fd, fs (fd) = sqrt (fs) 0x11 1 0 fsb | fdS 4
abs.s fd, fs (fd) = abs (fs) 0x11 0 0 fs5 | fd® 5
abs.d fd, fs (fd) = abs (fs) 0x11 1 0 fsb | fdS 5
neg.s fd,fs (fd) = - (fs) 0x11 0 0 fs5 | fdS 7
neg.d fd, fs (fd) = - (fs) ox11 | 1 | 0 | fs5 | fd5 | 7




[image: image7.png]Instruction Meaning Format

cvt.s.w fd, fs 0x11 0 0 fs5 | fd5 | 0x20
cvt.s.d fd, fs 0x11 1 0 fs5 | fd®> | 0x20
cvt.d.w fd, fs 0x11 0 0 fs5 | fd5 | 0x21
cvt.d.s fd, fs 0x11 1 0 fs® | fd5 | Ox21
cvtw.s fd, fs 0x11 0 0 fs5 | fd5 | 0x24
cvtw.d fd, fs 0x11 1 0 fs5 | fd° | 0x24
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[image: image9.png]Speedup(E) = m





[image: image10.png]ExTime with E = ExTime before  (f/ s + (- f))
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[image: image14.png]Time = Instruction Count x CPI x cycle time




[image: image15.png]CPU cycles = Instruction Count x CPI





[image: image16.png]CPU Execution Time = CPU cycles x cycle time =

CPU cycles
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[image: image18.png]Double-Precision

Fraction = 52

Exponent = 11

Normalized Number 1 to 2046 Anything + (1.F), x 2E-1023
Denormalized Number 0 nonzero + (0.F), x 271022
Zero 0 0 +0
Infinity 2047 0 t
NaN 2047 nonzero NaN




[image: image19.png]Exponent! Fraction52

(continued)





[image: image20.png]Single-Precision

Exponent = 8

Fraction =23

Normalized Number 1to 254 Anything 1 (1.F)y x 26177
Denormalized Number 0 nonzero 1 (0.F), x 27126
Zero 0 0 +0
Infinity 255 0 o
NaN 255 nonzero NaN
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. Comparethe exponents ofthe two numbers. Shiftthe
smaller numberto the right until its exponentwould match
thelarger exponent.

i

. Add/ Subtractthe significandsaccordingto the sign bits.

'

. Normalize the sum, either shiftingright andincrementing
the exponentor shifting leftand decrementing the exponent

i

. Roundthe significandto the appropriate number of bits,
andrenormalize if rounding generates a carry

yes

no





[image: image23.png]=

. Addthe biased exponents ofthe two numbers, subtracting
the bias fromthe sumto get the new biased exponent

¥

. Multiply the significands. Setthe result sign to positive if
operands have same sign, and negative otherwise

i

. Normalize the productif necessary, shifting its significand
rightand incrementingthe exponent

¥

. Roundthe significandto the appropriate number of bits,
andrenormalize if rounding generates a carry





[image: image24.png]Signal

Effect when ‘0’

Effect when ‘1’

RegDst Destination register = Rt Destination register = Rd
. Destination register is written with
RegWrite | None the data value on BusW
ExtOp 16-bit immediate is zero-extended 16-bit immediate is sign-extended
ALUSrc Second ALU operand comes from the | Second ALU operand comes from
second register file output (BusB) the extended 16-bit immediate
Data memory is read
MemRead | None Data_out < Memory[address]

. Data memory is written
MemWrite | None Memory[address] < Data_in
MemtoReg | BusW = ALU result BusW = Data_out from Memory

PC « Branch target address
Beq, Bne |PC—PC+4 If branch is taken
J PC—PC+4 PC «— Jump target address








Clock cycle = 1/Clock rate;     Clock rate = Cycles per second











Round to Nearest Even: default rounding mode 


Increment result if: r s = “11” or (r s = “10” and fl = ‘1’)


Otherwise, truncate result significand to 1. f1 f2 … fl 


Round toward +∞: result is rounded up


Increment result if sign is positive and r or s = ‘1’


Round toward –∞: result is rounded down


Increment result if sign is negative and r or s = ‘1’


Round toward 0: always truncate result











Floating Point Multiply





Floating Point Add/Subtract








