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.Assembly Languagesd

processor C++, Java, Perl, Haskell, Dart :Jia ™
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Assembly Languages |

4l 1) aupaill g Jii giue Lle Lai¥ daitibul Guul §<Ig padiuall Lo legi dagaie laily juaii =
(MIPS

Gill dagall e Giadl soiuwall 1) (soiuwall 1aa (po JLEEiMg AL wiyil LaigSt Diliad Laaladind ialy =
danyls egdli lails dulasll 0da LaALTI daic Joduuall g Assemblerd! ()9<u illg Assembling s
(&laalgllg jlaadl) sl Machine codedl Il Assembly Language! (a ag<Il laa

.processor e lasdl duaidlll Il Jad Elld asy @

aclgilg Data Path cldh<all joo

Single Cycle jgall alaf ciliasall yaa 1 I

. T R
alg delus jgu b LA4aiT @iy daglei JS ™
Multi-Cycle ylgadl sasia .2 I
T
<>
dlaya JS (Jalpa duc le 0i1aiT @iy daulei JS
.aalg dclu yoa (0 Ic.l.n""
Pipelined a)lgiall .3 I
-
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MIPS instruction Formats clodeil hlasl
R-type (op=0) *
addrd,rs,rt JSildl ga =
op rs rt rd Shift func

add $9, $8, $7 :Jlia

6 bits 5 bits 5 bits 5 bits 5 bits 6 bits ... add, sub, and, or:cilaleill Laia
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I-type (op #0,2,3) = |

op rs rt immediate addirt,rs,imm JSill ga =

6 bits 5 bits 5 bits 16 bits addi $8,$6, —1 :Jlia

...addi, andi, ori, lw, sw, beq, bne :dlaueill Lmia

J-type *®
: jtarget adress ¢l ga =
op Immediate (target address)
' Label (op = 2) :Jlia
6 bits 26 bits J (op =2)

jal Func (op = 3) :Jlia =

Ui ud )ty Gulil dulnell A4aii aic §6 ol Slheall jan e e jgall Gyl ALl 223 :(j)j0i
$8=6,$9=4,$2=1

sub $2,$8,$9 #$2 «~ $8—-$9=6—-4 =2

subrd,rs,rt #rd <« rs —rt

Instruction
oo | rs | vt | +d Ishamt] funct |
8 9 2
Operation
3
RN1 RN2 WN 6
RD1
2 Register File —_ ¥ Zero
WD
RD2
RegWrite

f
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Data Segment -
Address | Value (+0) | Value (+4) | Value(+8) | Value(+c) | Value (+10)| Value (+14)| Value (+18) | Value (+1c)
0x10010000 5 3 2 1 8 & 0 0|a
0x10010020 0 0 0 0 i 0 0 0l=

1. addi $s0,$zero, 10 #$s0 = 10 (s = 10)
2. addi$tl,$zero,5# $t1 =5

3. loop: lw $t2,0($t0) # load x[i] in $t2

dalall Jac Julis
4. add $t2,%t2,$s0 # $t2 = x[i] + 10

for i=5i>0i=i—1)
5. sw $t2,0($t0) # store $t2 in x[i]

6. addi $t0,$t0,4 #$t2 = $t2 + 4 (next x[ ])

7. addi$t1,$t1, —1#$t1 =$t1 -1

8. bne $t1,%$zero, loop # last loop iteration reached?

Data Segment 101
Address | Value(+0) | Value (+4) | Value(+8) | Value(+c) | Value (+10) | Value (+14)| Value (+18)| Value (+1c)
0x10010000 15 13 12 11 18 8 i 0|a
0x10010020 0 0 0 0 0 0 0 0l=

10 yladas palic 5 Joi 8alijy (09t il gl

CPU performance clallsall clal

CPI
CPUtime =CC -T =1IC T

f = alleall aayi f

aaliysll G Slaslsill sac JC ™

aalipll b &<l jlga¥l sac CC

(Cycles Per Instruction) daudsill ;b (lawgll)olygall sac CPI ®
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MIPS (Million instruction per second) - |
MIPS = _£ 10-°
CPUtime
MFLOP (Million Floating Point Operations per second) = ‘
N(FP operations
mFLOPS = ¢ Cpfltime )« 10-¢
Amdahl's Law = ‘

performance(new)  CPUtime(old)

Speedup =

per formance(old) = CPUtime(new)

Single &eaill galai allen Jgiil layleill Gegaro Juai glaaiy P1,P2 Julill gualleall lal (S : i
:glbaall ( Jgaaly 83jigll dcludl Slaayi Lle Jllaeg « CPI=3 awsg Multi Cycle Jigaill aazio JAlllg ¢ Cycle

¢ MIPS dauis ,Lei Laanil .1

gal wac cuualg (Guallzall Lo aubiill (o) cuual 3200 = ddiall galipll b Slaudsill aac i Gayds K
e da¥ ol Gaallzall gf sang Wil

1) CPI1 =1
__Ic -6 _ _f —6 .0 Lo ?
ek CPUtime 107 = Pl 1077 :0) plad 1.6 x 10° :
MIPS3) = 1.6 -10°- 1076 = 1.6 x 10° = 1600 e .
2.4 x 10°
MIPS(Z) = T X 107 = 0.8 x 103 = 800 =>[MIPS(1) > MIPS(Z)]
Ic —6 . ic 6
2) MIPS = PUtis X 107 - CPUtime = I X 10
, 3200 _ 3200
CPUtime;y = ——x 107 =2 x 107% (s) CPUtime(y) = X 107% =4 x107°(s)

1600

[ aLipall 134 34815 b LN ol g gad J&i p1 alleall Lo Mbiill (yaj (i Lq]

800

cC
CPUtime = I - CC = f X CPUtime

CCqy = 1.6-10%-2-107° = 3200 (cycles)
CCy = 9600 (cycles)
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;g Slaylell Gl o iy boliy i O s : e
650 ALU operations, 100 stores, 600 loads, 50 branches

J59 5 cycles lmojly 6)S1All 0 JJjAd gi J1oai daulei J& 1 cycle lmojly dylwn dadle’i JS i o)iug
.2 GHz 2llwall 235i i 5)ug « 2 cycles lmojly gai daule]

.CPI Maiill ey caual .1

.CPInew wuual @i Ll gayaaiill causnl whuaill ] Jaaaill Slagleill sae Jul Lisal Gayay .2

. CC  650x1+100X5+600X5+50%2 4250
) CPUtime = — = =
f 2x10° 2x10°

CPI_CC_4250_
T IC T 1400 O

. cc 650%X1+100%X54+300X5+50%2 2750
2) CPUtIMe(pey) = — = o TR = 1375 (ns)

= 2125 (ns)

f 2x109° ~ 2x1079
performance,,, CPUtime,; 2125ns
Speedup = = _ = = 1.54
performance,,; CPUtime,,, 1375ns
CPUtime X
CPl,,, = new X _ 1375n X 2.5

ICpe 1100

.(Single Cycle DataPath) S.C Jgall g:lai MIPS 2llzal L,JL|JI Jlbeall jao Wl Sy (J)ai

(CPI dass & Lo (add, w, sw, j) &llill Silasleill Maih ol il Gayas .1
1 LIS ALl &ieji O Gayhs L=l jga (e cuual .2
Memory access = 10ns, Alu =8 ns, Register file access =5

PCSr
5|
M
Add u
X
AL
4 = Addresult
*
s 3 ALUoperation e ite
Read = register 1 |
| PC [t Read
address Read data 1 MemtoReg
register 2
Instruction je .
Write Read Address  Readl,
i register  data 2 M data M
Instruction . u
memory > g‘gt';e Data X
: Nwirite  memory
Reg\Nnte| data
16 . 32
\ Sign
™ extend MemRead
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sl galaf ¥ CPI =1 (1

:&ia)¥l ggana gad (lw) Lills B9 glleall Laddiy dayls' Jobl cras jgull (aj (2

Mem + R.F + ALU + Mem+ R.F =10+5+8+ 10+ 5 = 38 (ns)

.Multicycle Data Path Jigalll 2azin MIPS 2lleal Gl Dbl jao lal : )0l

(CPII &ass L, Lo (add, lw, sw, j) &bl clasleil) Jaulusi 34835 @l ail Gayd .1

1 LIS sl &iaji O Gayhs pllsall j9a e cawal .2

Memory access=10 (ns), ALU = 8 (ns). Register file Access = 5

lPCWriLC higher 4 bits of PC
lower 26 bits of instruction bundle
00 ALUSrcA
lerD ,L
I P 0
RegDst RegWrite M
o MemlRead I u
Read Read I: x
M : A ALU M
u [ Address register 1 data 1 "' _hk_b' Zero u
X X
f Read
Write
— 1 Memory IRWrite register 2 Read IE — Result 4 1=
| it data2 L= 1
rite
Write  Mem {;;:gﬂ register : __= 2
" data  Data [20-16] Wit 3
= rie 3
[ [15-11] data Registers g 4 Db
MemWrite Y ource
Instruction] | 1
register
[15-0]
0 ALUSCB
Memo "
datary = q Sign
register extend
2
>
MemToReg

cc 4+4+5+4+3 16
IC 4 4

T = 10 (ns):09<sa 8)SIall dlaya o Liills ;g alleall Loy yas daya Jolal cua jgall (0 (2
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Jo JS pladinl ai,500 MHz 33jiy Jawy alleo o (ualite 2 compilers (tax pio JUinl 2))i :aatkag
$ig Gl CPI cunl :igliall , Jgaall o6 Eatsgall Al le lmad ,jueo aolip Jai go Juoa jiall

S 344l gpwl Gl
Instruction Class CPI  Jg¥ pajyiall @ladiuwly Silaslsill sac L“,.'.L?Jl 2 yiall pladiuly Slagdeill sac
A 1 5% 10° 7 X 10°
B 2 1x10° 1 %106
C 3 2 % 10° 1x10°
CPUtime = CC-T = IC- == 0 pls

-»CC-T=IC-CPI-T

CC =1IC-CPI
CPI ce
= = —
IC
i ~1-(5-109)+2-(1-10%) +3-(2-10°)
M= (5-10%) + (1-106) + (2 - 109)
_5+2+6 13
5+1+2 8
i _1-(7-10%)4+2-(1-10°) +3-(1-10°)
@7 (7-10%) + (1-106) + (1 - 109)
74243 12
9 9
:laddiadii (pa) Ol @ puul Galualuwsill (gl d3ynal
ICl * CP11
CPUtime; — f  _8x1625 13
CPUtime, IC,-CPl, ~ 9x133 1197
f

(=> CPUtime; > CPUtimez)

£l LD Jassal Ol s diag
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sac (l&d « f = 200 MHz el 335 g A oo Lic iy liyeo boliy ) i yop sdayksg

f = 400 MHz 23jill g3 B gllzn lr oapiii aicg MIPS = 50 g dinlai jgun 40=,lall 2lnyleil

CPI = 69 @nygi Jguo 60 = Ll Hlayleill 22c YIS (lidn g3 jio plasiwl)

A lsall dla 58 CP] cuanl 1
Cupauil] &aai Lag alipall A4alli b £paul aallzall gl .2

. B allzall s ,a MIPS dasi cuaal .3

__Ic107° . _ Ic 6 of 1o
MIPS = Ut = CPUtime = ps X 10 Ol ples (1
_ 40 x 106
CPUtime, = T X107 =0.8 (S)

, CPI CPUtime
CPUtlTTle:ICXT:)CPI:fT

200-10°-0.8
40 - 10°

(:> CPI, = 4)

Ladddii (pa) OYLES ¢ el Guallzall gl wibual (2

CPIA=

CPUtime, 0.8 08
CPUtimeg; 60x10°%x6 0.9
400 x 106

9 . . . o e ese . H .
Cg = 1.125 ) &y galiyull 0ai5 88 o gyul A pllrall ding

IC _6 oo 3 .
:Ogalall
CPUtime x 10 U9 9.091444 (3

60 x 10°
= MIPSB = T X 10_6 = 66.67

aooldl) §olal) (S cosLlals

MIPS =
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