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OPCODE OPERANDS

ADD R1, R2, #4

80x486, Pentium.

— add, branch, load/store
multiply, divide, sgrt
— mmx_add

?




“my computer isfaster than yours!”

“my computer is cheaper than yours!”

“my mp3 player is smaller than yours!”
“my machine has more memory than yours!”
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Superpipeline, P4 Netbur st

FSU DEPARTMENT OF COMPUTER SCIENCE

Superpipelined Example

* Simple example with MIPS pipeline.

cycle T B 3 = 5 & 7 B
Tw $1,0064) TF | ID | EX | MEM | WEB

add $3.81,$3 T | D stall EX | MEM WE

sub $7.$2.%53 = stall jis] EX MEM | WB

How would thesg insttuctions proceed
through the following superpipeline?

— 1IF (first half of inst fetch)
— 1S (second half of inst fetch)

— 1D (inst decode, reg fetch occuring
during second half%)f clock cycle)

— ggec(tﬁrst gg}fc f?lfc N ALU oper and

1ve a

— ES (second half of ALU oper and
effective addr calc)

—— MF (first half of data cache access)

— MS (second half of data cache
access

TR R hask Sepgyine during




:movrQ,rl]; addrlr0
ssubrlr2; bge labelO

Register rename, Reorder Buffer, Forwarding
ByPass, Branch Delay Slot , Speculative Execution
Branch Predict(static, dynamic)..

d;£0 , 1 J , d




xy; =2-1=1

dij= - G5 Xij.
=5-4-1=0

VLIW:Crosue,| A-64

Example VLIW Data Path ("C6x)

E On-Chip Program Memory |
R
| Dispatch Unit

2 Independent 32x8=256 hits

Data Paths \
! i "
s e;
R T N N i 4
i [Register File A | .' | Register File B |

$ ' $ .
| On-Chip Data Memory |




Superscalar: , ,

—_l Incstaru:ﬁéion— I—_l Instruction—Feich |_—| Bral]lgll;lﬁ_'erfrget

Instruction—Address | [mamciona]  [mstucion 5]
Translation—Buffer
Register—File Tnstruction
Decoxder
Dispaicher
I
l T T T— T ]
| 1 | 1 |
Load / Stare Tnterger Mul / Div BranchResolve
] Unit Unit Unit Unit
|
T
L '
1] |—‘
Reorder—Buffer Data— Write—
Cache Buffer

© J.Horch

Commit—Unit I
(without data—flow) Data—Address

Translation-Buffer

|Bus—Im;erface—Unit FE%
1
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Inst Bl A T8 |a
= = ) =
Memgqr I$
N =
Rldf R olw I8 |g |6
% \ \ \Y \

Op Fun Rt Rs Rd Immil6

NPC_selRegWrRegDst ExtOpALUSrcALUct MemWr MemtoReg

I I

Equal
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MISP 32 ,
31 26 21 16 1 6 0
— R—typd op | rs | vt | rd | shamt | funct |
6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
31 26 21 16 0
—I-type[ o | s [ ] immediate |
6 bits 5 bits 5 hits 16 bits
It 31 26 0
- ypel op | target address |
6 bits 26 bits
op:
rs, rt, rd: , ,
shamt:
funct: _
address/ immediate:
target address:
31 26 21 16 11 6 0
« ADD, SUB I op | s | rt | rd | shamt| funct]|
—addUrd, rs, rt 6hits 5hits 5Shits  5hits  5hits 6 hits
—subUrd, rs, rt
. ) 31 26 21 16 0
« OR Immediate; L oo | rs [ rt | immediate |
—ori rt, rs,imml6 6bits  5hits 5 hits 16 bits
 LOAD and STORE Word
. 31 26 21 16 0
— lwrt, rs,imm16 L_oo [ s | vt | immediate |
— Sw rt, rs, Imm16 41 BbitSs  Sbits,  5bits 16 bits 0
* BRANCH: Lo | rs | rt | immediate |
6bits  5bhits  5hits 16 bits

— beqgrs, rt, imm16




op|rs|rt|rd|shamt|funct =MEM[ PC]

op|rs|rt| Imml16 =MEM[ PC]

inst Register Transfers

ADDU R[rd] <— R[rs] + R[rt]; PC<-PC+4
SUBU R[rd] <- R[rs] — R[rt]; PC<-PC+4
ORi R[rt] <— R[rs] | zero_ext(Imm16); PC <-PC+4

LOAD R[rt] <-MEM[ R[rs] + sign_ext(Imm16)]; PC <-PC +4
STORE  MEM[ R[rs] + sign_ext(Imm16) ] <~ R[rt]; PC <-PC +4

BEQ if (R[rs] == R[rt] ) then PC <— PC + sign_ext(Imm16)] || 00
elsePC<-PC +4

Adder (32 bit) Write Engble
Multiplexer(32 bit) ﬁ

ALU (32 hit) Dataln Data Out
. N N
Register

D

* N- /

Cl

e 0:
e 1:




RW RA RB

* busA or busB

¢ 32 : Write Enable 5)( 5)( 5)(
- 2 ( ): ' busA
busw 3232-bit 3
A B 37 Regisers | )8
- 32 W SIS 3
- RA( ) busA
-~ RB( ) busB
-RW( )
113 1”
. (CLK)




Clk | |

Setup. Hold Setup. Hold
o i Don't Care | -

.Qz%@#

* CycleTime= CLK-t0o-Q + Longest Delay Path + Setup




RTL

— Fetch the Instruction: IR<- mem[PC]

:PC

. <-PC+4
. . PC<- /
o—ab_pc_ ]
»| Next Address
Logic
Address Instruction}Word
Instruction 2
Memory
R-R

clk | J | I
— k— ClktoQ |
PC X ue } X
& |nstructionMemory AccessTime :
gs, 'R;[ Rd, ! Oold Vaue * New Value 1
P, Fune I |1 Delay through Control Logic |
ALUcir | OldVaue 1 ¥ New Vaue |
l ! ] iy
RegW( . Odvaue | A New Vaue Y\
! I 1 Register File Access Time
busA,B. | OldVaue 1t X New Value 1\
| ! +——— AL UDday A\
busw l QldValue * New Vaue !|D’
Rd Rs Rt . .
Reg\Wr 5}/ 5+ ALUctr Register Write
| husA Occurs Here
Rw Ra Rb
> 32 32-hit 32 >>: Reslt
o Registers hush R ‘;J 32
32




31 26 21 16 11
| op | rs | rt | immediate
6 bits 5 bits 5 bits rd? 16 bits
31 16 15 l
I 0000000000000000 | immediate
RegDst [Rd IR JECETE 16 bits
Rd Rs Rt
Mux
B0 S oo '
RegW, I L Uctr
eWr 5l 51 | 5JRw Ra Rb
: 32-ita 32 Reslt
Ral] R i
busw egisters - 32
32 32-BiE 32 '):
32 Regisiers \ /c D
Clk busB
o= 2 z ‘/
rg s
i 1
imm16 g 20
ALUSrc
* R[rf] <- Mem[R[rs] + SignExt[imm16]] Example: lw rt, rs,imm16
31 26 21 16 1 0
|Rd |Rt | op | rs | rt | immediate |
ReaDst - 6 bits 5 bits 5 bits rd 16 bits
u
Rs
Regwlr 5 5/}/ 5/}/ ALUctr
- Rv Ra Rb busA W_Src
v 32 32-bit 2 >
32 Registers c] 32
Ck |~ busB, [ ‘/ MemW
=—0 emwr
— 2 |z | =
m < WrEn Adr
2 |— Dataln P
imm16 —+—> g R 2 Data
16 @ clk Memory
ALUSrc —70




STORE

o Mem[ R[rg] + SignExt[imm16] <- R[rt] ] Example: sw rt, rs,imml16
31 26 21 16 0
| op | rs | rt | immediate |
6 bits 5 bits 5 bits 16 bits
|[Rd R ALUctr  MemWr W_Src
RegDst
Rs Rt
ot o o
Rw Ra Rb|—PusA—
busw . 2
32 32-bit . R
K7 Registers e 32
ANE “E
r><n S i WrEn Adr
= / Dataln 32
imm16 16/ 3| 2 Data
Q Clk \Memory
=—o=
|
ExtOp IALUSrc
31 26 21 16 0
[ op | rs it | immediate |
e beg rsrt,imm16  6hits 5Shits 5Shits 16 hits
— mem[PC]

Equa <- R[rs] == R[]

if (COND eq0)

* PC <- PC+ 4+ ( SignExt(imm16) x 4)
- ese
* PC <- PC+4




* beq rs,rt,imml6 2

26

21 16
| op | rs | rt | immediate
6 bits 5 bits 5 bits 16 bits
Inst Address
nPC_sel Rs Rt
g RegWr sl 5 5
22 busA
bUSW Rw Ra Rb
WO 3232t 2 |3
Registers u:cj-
— — Clk o= busB/ .
32
imm13
—
Clk
. (Load )y lw oot rs,imml16
e =PC'sClk-to-Q+ + +ALU 32
+ +
Ideal
Instruction
Memory
5 5/ 5 16
A Data
Rw Ra Rb| 7 2 Address
32 Ideal
232bit | F
/ Regist Data
egisters B Dataln Memory
/\ (I)\ \
J Clk T
x| ! 2 Clk
O




r1<-r 2+r3*16;

ALUc MemWr MemtoReg
tr

ADD r1,r2,[r3,I9#4];

RedDst, 1R Equal
-——X 0;

RﬂV_Vgs 5J(RS5J(Rt

busw Rw Ra Rb
3232-bit 32
32 | Registers 37 J 0
- =
Clk WrEnAdr] [1
immi6 Data [™]
ﬂsmory

ri<-r2+r3*r6;

ALUc MemWr MemtoReg
tr

ADD r1,r2,[r3,d r6];
Equal

32 J 0
=
WrEnAdr] [i
Data [™]
ﬂsmory




nPC_selRegWrRegDst ExtOpALUSrcALUct  MemWr MemtoReg Equal

I I e

Inst 0 & A A A
= = [ = e

MemchM, 0 o 2 R
&) a1 o [5) a1

% \Y \ \ \

Rt Rs Rd Imml6

NPC_selRegWrRegDst ExtOpALUSrcALUct MemWr MemtoReg Equal

I I




CPLD,ROM

S e

* Rs, Rt, Rd, Imed16
* nPC_sel: 0=>PC<-PC+4;

1=>PC <—PC + 4 + SignExt(Im16) || 00

RegDst ALUct MemWr MemtoReg
Rd| Rt Equal r
1 0

R er 5 5rRs §rRt
pbusw| RW Ra Rf
| 3232bit
32| Registers o) 32
~0 4l mung
-
Clk <132, I'WrEn Adr
} Dataln
imm16——=—>|3 Data 8
16 Memory o]
1k =
G
1 =

I
ExtOp  ALUSrc




RegDst
N !Rd! Rt
- 1.0

RegWr 5

SfRS 5th

RegDst:

0=>“rt”:

MemtoReg: 1 =>Mem

Equal

ALUc MemWr MemtoReg

ir

1 = rd”

busw/ Rw Ra Rb
—~—| 3232-bit 32 S
32 Registers 0 37
=0 32 =
Clk m 2—fwrEnadr| 1
imm16—z—18 |32 Data [
2 Clkt ory
| T
ExtOp ALUSIc
ADD R[rd] <— R[rs] + R[rt]; PC<-PC+4

ALUsrc = RegB, AL Uctr =“add”, RegDst = rd, RegWr, nPC_sel = “ +4’

ReagDst d IR Equal AlLUctr MemWr MemtoReg
R
-41 0;
Rs Rt
busA
busw | RW Ra Rb - =
32 32-bit ~_
2 Registers | busB 0 R 0
—0 3 Z =
Clk sl » . S
m >1< 7 WrEn Adr 1
= |—rF>] ain
immi6 ——|S | 2 ¢ Data
16 2 Memory
2 Qi t
T T
ExtOp ALUSc




SUB

ALUsrc=RegB, ALUctr =“sub”, RegDst =rd, RegWr, nPC_sdl

R[rd] <= R[rs] = R[rt];

RegDst
Rd | Rt
- 1.0

R@Wr 5

busw

32

o™=

Equal

PC<-PC+4

AL Uctr

Registers

busB

Rs (Rt
151 5 5
Rw Ra Rb [RS8
32 32-bit 32 >

32

Clk

imml6 ———

16

MemWr

MemtoReg

>

32

e 2

32

Dataln

+—cpwe/

WrEn Adr
Data

C _M mory

=XNN ©

m

x

g
{
|

ExtOp

ALUSc

“yqr

ORI

R[rt] <~ R[rs] or zero_ext(Imm16);

ALUsrc=Im, Extop=“Z", ALUctr =*or”,

PC < PC+4

RegDst Rd IRt Equal AlLUctr MemWr MemtoReg
-—‘1 07
Rs Rt
Re_quI 5 5* 5*
DusA
busw Rw Ra Rb 2 =
32 32-bit ~ 'IE
32 Registers | busB 0 2 0
—o| 32 4l . =
c
Clk m = 22 WrEn Adr | [T
= Dataln
imm16 = g ) Data
D clic Memory

RegDst =rt, RegWr,nPC_sel =“ +4"




R[rt] << MEM[ R[rs] + sign_ext(lmm16)];

ALUsrc=Im, Extop =“Sn”,ALUctr =“ add” ,

PC <PC+4

MemtoReg, RegDst =rt, RegWr,

nPC_sel =" +4"
RegDst Rd |Rt Equal AlLUctr MemWr MemtoReg
- 1 0
el sf of “sf"
busA 0
busw | Rw Ra Rb
32 32-bit &2
2 Registers | busB 0\ 0
—o= 32 z =
Clk g i D:aln WrEn Adr 1
immlBT’ %_ 2 | Data [
foldl, Memory
1 1
ExtOp  ALUSc
STORE MEM[ R[rs] + sign_ext(Imm16)] <—R(rt]; PC<-PC+4

ALUsrc =1m, Extop="“Sn”, ALUctr = “add”, MemWr, nPC_sel =" +4”

RegDst ALUctr MemWr MemtoR
_@_I Rd | Rt Equal MemtoReg
- 1 0
Rs Rt
RQWI’l 5 5/*/ 5/*/
busw | Rw Ra Rb busA
32 32-bit
2 Registers | busB
~O 32
Clk m 32 WrEn Adr
= Dataln
imm16—’;’16 3= Data
D c Memory
I T .
ExtOp ALUSIc




BEQ

if (R[rs] == R[rt] ) then PC <— PC + sign_ext(Imm16)] || 00 else

PC <PC+4 nPC_sel = EQUAL, ALUctr ="“sub”
Dst d IR Equal AlLUctr MemWr MemtoReg
R
1 0
Rs Rt
Rg]WI’l 5 5/*, 5/*,
busA
busw ?2"’3;5 Ro >
-bit
32 Registers | busB 0\ o] % 0
-0 32 z <
Clk g =
m >1< D: | WiEn Adr | |1
X |——] aln
immie———|3 | =4 Data [~
16 C Memory
1 I
ExtOp ALUSrc

t:unc 100000 100010 WeDon't Care:-)
Appendix A op | 000000 000000{001101 100011 101011 000100 000010
add sub ori lw SwW beq jump
RegDst 1 1 0 0 X X X
ALUSrc 0 0 1 1 1 0 X
MemtoReg 0 0 0 1 X X X
RegWrite 1 1 1 1 0 0 0
MemWrite 0 0 0 0 1 0 0
nPCsel 0 0 0 0 0 1 0
Jump 0 0 0 0 0 0 1
ExtOp X X 0 1 1 X X
ALUctr <2:0> | Add |Subtract] Or Add Add _|Subtract] Xxxx
31 26 21 16 11 6 9
Rtype |_op | S | T | I I samt | funct | add, sub
Itype |l——uap | IS | ] immediate ] ori, Iw, sw, beg
J-type l fol] | larget address | jump




op 00 0000 001101100011} 10 101100 0100} 00 0010
R-type ori Iw SW beg | jump
RegDst 1 0 0 X X X
ALUSrc 0 1 1 1 0 X
MemtoReg 0 0 1 X X X
RegWrite 1 1 1 0 0 0
MemWrite 0 0 0 1 0 0
Branch 0 0 0 0 1 0
Jump 0 0 0 0 0 1
ExtOp X 0 1 1 X X
AL Uop<N:0> R-type’ Or Add Add |Subtract] xxx
-t% ALU Al Ur3tr
6; Al Uap (
N
ALU
* ALUop bit :
—(1) “R-type” instructions
- AW “1-type”
e (2) Or, (3) Add, (4) Subtract
. MIPS ,ALU 3 :
- (1) “R-type”
- AW “1-type”
e (2) Or, (3) Add, (4) Subtract,(5) And
R-type ori lw sw beq jump
ALUop (Symbolic) “R-type” Or Add Add |Subtract] xxx
ALUop<2:0> 100 010 000 000 001 XXX




FUNC

func s
. ALU
0 6 ALUctr
+’p Main ALUo Control +’
6 Control b/ 3
7 (Local)
N
R-type ori lw sw beg jump
AL Uop (Symbolic) “R-type’ Or Add Add Subtract XXX
ALUop<2:0> 100 010 000 000 001 XXX
31 26 21 16 11 0
R-type | op rs rt rd shamt funct I
funct<5:0> Instruction Operation ALUctr AL Uctr<2:0> AL U Operation
10 0000 add 000 Add
10 0010 subtract 001 Subtract
10 0100 and 010 And
10 0101 or 110 or
10 1010 sgt-on-less-than 111 Set-on-less-than
funct<3:0> | Instruction Op.
, 0000 add
ALUop R-type ori lw SW beq / 0010 subtract
(symbolic) | “Rtype’ | or | Add | Add |subtract| |/ 0100 and
ALUop<2:0>| ,100 010 000 | Q00 001 0101 or
// 1010 set-on-less-than

AI;Z/op func / ALU ALUctr
bit<2> bitk1> bit<0> Y bit<3> bit<2> bit<1> bit<0> |/Operation| pit<p> bit<1> bit<0>
o /o 0 X X X Add 0 1 0
0 / X 1 X X X X / Subtract 1 1 0
0 1 X X X X X / Or 0 0 1
1/ x X 0 0 0 o/ Add 0 10
1 X X 0 0 1 0 Subtract 1 1 0
1 X X 0 1 0 0 And 0 0 0
1 X X 0 1 0 1 Or 0 0 1
1 X X 1 0 1 0 Set on < 1 1 1




ALU

(2)

ALUop func
bit<2> bit<1> bit<0> | bit<3> bit<2> bit<1> bit<0> | ALUctr <2>
0 X 1 X X X X 1
1 X X /0\ © 1 0 1
1 X X 1] o 1 0 1
\ This makesfunc<3>adon’'t care
* ALUctr<2> = 'ALUop<2> & ALUop<0> +

ALUop<2> & !func<2> & func<l>

& !func<0>

ALU

D)

ALUop func
bit<2> bit<1> bit<0> | bit<3> bit<2> bit<1> bit<0> | ALUctr <1>
0 0 /O\ X X X X 1
0 X \ 1} X X X X 1
1 X X /o\ o /o\ o0 1
1 X X [o] o [1] o 1
1 X X \1/ o \1/ o 1

ALUctr<1> = 'ALUop<2> & !'ALUop<0> +
ALUop<2> & !func<2> & !func<0>




ALU (0)

ALUop func
bit<2> bit<1> bit<0> | bit<3> bit<2> bit<1> bit<0> | ALUctr <0>
0 1 X X X X X 1
1 X X 0 1 0 1 1
1 X X 1 0 1 0 1

* ALUctr<0> = 'ALUop<2> & ALUop<1>
+ ALUop<2> & !func<3> & func<2> & !func<1>
& func<0>
+ ALUop<2> & func<3> & !func<2> & func<l>
&!func<0>

ALU

o ALUctr<2> = !ALUop<2> & ALUop<0> +
ALUop<2> & !func<2> & func<1> & !func<0>
» ALUctr<1> = !ALUop<2> & !ALUop<0> +
. ALUop<2> & !func<2> & !func<0>
» ALUctr<0> = !ALUop<2> & ALUop<1>
+ ALUop<2> & !func<3> & func<2> & !func<l> & func<0>
+ ALUop<2> & func<3> & !func<2> & func<l> &!func<0>

funcc
6 CALtUI AL Uctr
ALUop, ontrol 7 >
—— (Local) 3

3




*nPC _sd <=if (OP == BEQ) then EQUAL €else 0
s ALUsrc <=if (OP =="Rtype”’) then “regB” else “immed”
 ALUctr <=if (OP=="Rtype’) then funct
elseif (OP == ORi) then “ OR"
elseif (OP == BEQ) then “sub”
else “add”
* ExtOp  <=if (OP == ORi) then “ zero” else“sgn”
s MemWr <= (OP== Store)
 MemtoReg <= (OP == Load)
* RegWr: <=if (OP== Store) || (OP ==BEQ)) thenO else 1
* RegDst: <=if (OP== Load) || (OP==ORi)) thenOelse 1

RegDst
— func
ALUSIC / ALUctr
op 5 6/ ALU

ALUop / ( )

3/




op 00 0000 001101} 100011} 10 1011} 00 0100} 00 0010
R-type ori Iw SwW beq jump

RegDst 1 0 0 X X
ALUSrc 0 1

MemtoReg 0 0 1 X X X
MemWrite 0 0 0 1 0 0
Branch 0 0 0 0 1 0
Jump 0 0 0 0 0 1
ExtOp X 0 1 1 X X
AL Uop (Symbolic) “R-type” Or Add Add _|Subtract] Xxxx
AL Uop <2> 1 0 0 0 0 X
AL Uop <1> 0 1 0 0 0
AL Uop <0> 0 0 0 0 1

RegWrite

op 00 0000 001101} 100011} 10 1011} 00 0100§ 00 0010
R-type ori Iw sw beq jump
RegWrite | 1 1 1] 0 0 0

» RegWrite = R-type + ori + lw
=lop<5> & lop<4> & lop<3> & lop<2> & lop<1> & lop<0> (R-type)
+ lop<5> & lop<4> & 0p<3> & 0p<2> & !op<l> & op<0>  (ori)
+ 0p<5> & lop<4> & '0p<3> & 'op<2> & op<l>& op<0>  (Iw)

op<5> ops5> op<5> op<5> 0ps5> <5>
<p> > > <p> > " "op<0>

R_typ Ok Lo SAAL ka}l Ji”mr' Z\ .




op<5> op<bt> op<5> op<5> op<bt> p<5>
i p> 1i<p> i > [ > 1i<p> "p<0>
R-type, ori sw| begq jump : .
"
A
— I o
® Pmdnst_’
l M
& Mem\A/rite
Branch
@ 'Illmp
® S D_Ex.r.ap_.
PN Al Ilnln 2
Al Ilnp<1>
T ¢ Al Uap<0>
ALUop / ALU
/ ALUctr
RegDst 3 func | control F——/—
LAl Main T Instr<5:0> 6 3
6 Control c
Instr<31:26> . Instruction<31:0>
nPC_sel . >
————— Instruction S 1A |2 |a
. o
Fetch Unit 5 U2 |1& |2
ReaD Rd_ | Rt Ck—a>= g |7 |9 ¥
Rt Rs Rd Imml6
Rs Rt
RegWy 5t s} "sf
Zero | Memwr MemtoReg
Rw ‘Ra Rb
busw . 32
pos 3232-bit ~ 0
Registers |busBa—sl0 2
-CLLO 32 =
m j/ - WrEn Adr
2 | aln |
immi6— g |22 f = pela
Instr<15:0> o Llk—=Memory
¢ ALUSrc
T

ExtOp




MIPS

\deal Control
Instruction Control Signals  conditions
Memory
Y 5 5 5
A Data
P Data
p |RVFRa RO R Address Ideal Out
O 32 32-hit > Dat _
T Registers a
B Dataln /\M emory
A _e._
) Clk 7
o | 2 Clk
O
Datapath
’

: Cyclel I Cycle2 :
Cikl [ _| J —
Singﬁe Cycle Implementation: 5

i L oad | 5 Store V\Zastef

Cycle 1 i Cycle 2 i Cycle 3 i Cycle 4 i Cycle 5 iCycle 6 i Cycle 7 i Cycle 8 i Cycle9 Cycl el0

ch_I_I_I_I_I_I_I_I_I_!_I_I_I_I_I_I_I_I_I_I_

Multiple Cycle Implementation: H
L oad : : Store R-type
| Ifetchl Reg I Exec I Mem I Wr I Ifetchl Reg I Exec I Mem I Ifetchl
Plpel;ne Implementation:

Load] Ifetchl Reg I Exec I Meml Wr [

Storei Ifetchl Reg I Exec I Meml Wr I

R-typel Ifetchl Reg || Exec || Mem || Wr I







| CPU RTL VHDL |

v
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| ¢
| |
e
| . |
< _I:Lo_f
I—AJ Yes
Yes
\
Trandation HDL /
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Mapping




Cell (AND2_3) {

area: 8.000;

pin (Y){
direction : output;
timing ()
related_pin: “A”;
timing_sense: postive unate;
rise_propagation (drive 3 table 1){
values =(0.2616,0.2608...)

}
function: “(A & B)";

pinA->pinY

pin (A) {
direction : input;
capacitance: 0.012000;

}.
pin (BY
direction : input;

capacitance: 0.010000;
}
}




