Register Transfersand Datapaths
Instructor: Saraju P. M ohanty

PART 2

eDatapaths

e Arithmetic and Logic Unit
*The Shifter

eDatapath Representation
*The Control Word
*Pipelined Datapath

Sources
*Logic and Computer Design Fundamentals by M. M. Mano and C. R. Kime.

e Computer Organization and Design: The Hardware/Software Interface by
David A. Patterson, John L. Hennessy

*Dr. Valavanis lectures
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Datapaths

e Arithmetic / logic unit (ALU) 1s a shared operation unit that
performs various operation on the data from the source
registers and stores the result back in the destination register.

e The shift operations may or may not be performed through
ALU.

e Datapath: The combination of a set of registers with shared
ALU and interconnecting paths.

e CPU or processor: Has two parts the datapath and the
controller.

e When large number of registers are included in a datapath,
they are most conveniently connected through one or more
buses.
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Datapath .......
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Fig. 7-9 Block Diagram of a Datapath
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Datapaths......

Example: Perform the microoperation, R1 <+ R2+R3

1. A select, to place the contents of R2 onto A data (i.e.
BusA)

2. B select, to place the contents of R3 onto the O input of
MUXB and MB select to put the same data on to Bus B.

3. G select, to provide arithmetic operation A+B.

4. MF select, to place ALU result on the MUXF output.

5. MD select, to put the previous datain Bus D.

6. Destination Select, to select R1 as the destination
register.

/. Load enable to load R1 with the above data.
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Arithmetic/ Logic Unit (ALU)

 ALU 1s a combinational circuit that performs a set of
basic arithmetic and logic microoperations.

e An n-bit ALU combines a n-bit data inputs from A
with n data inputs from B to generate the result of an
operation at the G outputs.

* Mode select distinguishes between arithmetic and logic
operations.

e k-selection lines can specify up to 2K distinct
operations.
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Arithmetic/ Logic Unit (ALU)

Data — _ *© A
input A

Data
input B
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carmy input——| .

Operation Sg
select ar3

Mode selact——s| 8,
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— Data
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— Carry output

Fig. 7-10 Symbol for an n-Bit ALU

S, distinguishes between the
arithmetic and logic operations.

The two function select inputs
Sy and S, specity the particular
arithmetic and logic operations
to be performed.

Four arithmetic and four logic
operations can be selected.

The Carry input and Carry
output  have meaning only
during an arithmetic operation.

NOTE: ALU design in a three step process as going to be discussed .....
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AL

J: Arithmetic Unit

Basic component Is a
paralle adder
constructed with a
number of full-adder
circuits.

One set of Inputs to
the adder controlled
by S, and S,. n Inputs
from B go through the
B input logic to the Y
Inputs of the paralle
adder.

G=X+Y+C,

B Input
lagic

L-.-l *
=
rebil :
paraliz| | Mo g G- X4 + O
acder n
_.-'n;:." W

o Oy

Fig. 7-11 Blodk Diagram of an Arthmetic Circuit

Select Input G=A+Y+Cy,
S, S ¥ C;, =0 C,, =
(0 0 all (1's G = A (transfer) G =A+1 (Increment)
01 B G = A+B (add) G=A+B+1
1 0 B G=A+H8 G=A+B+1 {subtract)
1 1 all 1's (G = A -1 (decrement) & = A (transfer)
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ALU: Arithmetic Unit ....
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Fig. 7-12 8 Input Loz for One Stage of Anthmetic Circunt
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ALU: Arithmetic Unit ....
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Fig. 7-13 Loaic Diagram of a 4-Bit Arnithmetc Circuit
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ALU: Logic circult

5, — 5, 4-Io—1
s, g, MUX
s 5 Outpul Operation
g__ a g o | G=AaAB AN
._Z>_ 1 — % ¢ 4| G-ave | OR
T i 0| G=A@E XOR
’—\D_ 2 1 1| G-% hOT
7
D" a b} Function Tabie
{a) Logic Diagram
Fig. 7-14 Cne Stage of Logic Circuit

* Four logic operations done bitwise.
e Logic operations are performed and appropriate output 1s selected.

* More efficient implementations possible.
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AL U: Combined, Arithmetic/ L ogic Unit
e, - =
M "  cnestage ol
=] - artthme&ic
i cArcut T
O RUE
- =
1
I =
] Oneslage ol
s, . T =R=1lt=01]
31 -
Sz
Fig. ¥-15 One Stage of ALLI
Operation Select
S, 5, S, Ci Operation Function
0 0 o o o= A4 Transfer .A
0 0 0 1 o=.4A+1 Increment A
0 ] 1 o o =A+F Addition
0 0 1 1 o=A+8+1 Add with carry input of 1
0 1 0 o G =A+8 A plus 1's complement of B
0 1 0 1 G =A+F+1 Subtraction
0 1 1 o oo=.4-1 Decrement A
0 1 1 1 &= A Transfer .A
1 ] 0 X o=AnB AND
1 1] 1 X G =AwvE OR
1 1 0 X o =ABR HNOR
1 1 1 X oG =A NOT (1's complement )
Table 7-8 Function Table for ALU
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The Shifter

The shifter shifts the value on Bus B, placing the result on an input of MUX F.
The basic shifter performs one of two main types of transformations on the data:
right and left shift.

Combinatorial shifter: S applied to al 4 MUX to select operation type within the
shifter. S=00 causes B to be passed through the shifter unchanged. S=01 causes
aright-shift, S=10 a left-shift.

Bs B By By

aipil 4 stages of the shifter.
oD combinatorial
. ﬁ'.f‘ shifter, signals
Jotem LotEm [oorEw [0 tEm | propagate through the
[ gates  without  the
52 need for a clock

" " " " pulse.

Fig. 7-16 4-Bit Basic Shifter

Dept. of CSEE CDA 4203: Computer System Design USE %

UNIVERSITY OF
SOUTH FLORIDA




Barrel Shifter

A barrel shifter is one form of combinatorial circuit that shifts or rotates input
data bits by the number of bit positions specified by a binary value on a set of
selection lines. The 4-bit version is shown below. Common select lines. Selection
variables determine the number of positions that the input data will be shifted to
the left by rotation. When 00, no shift occurs, input data direct path to output;
when 01 input data is rotated one position with D, going to Y ,....; when 10, two

positions; when 11 three positions.
Dz Dz D Dy

202 1 0 5 Sll2 2 1 0 55|23 2 1 0 5 5g(|a 2 1 0 5 55

)] M ) M
L L Ll L
x X x X

\lg 1'!"2 i1 1'!'.':'

Fig. 7-17 4-Bit Barrel Shifter
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Barrel Shifter ....

select Qutput
Sy Sy Y, Y, Yy Yo DFEI’H“'DH
0 ] [}y D4 N Dy No rotation
I | [} I I [}y Rotate one position
| [ Iy Dy [} [}, Rotate two positions
1 1 i [ [} [}y Rotate three positions
Table 7-9 Function Table for 4-Bit Barrel Shifter

A barrel snifter with 2" input and output lines requires 2"
multiplexers, each having 2" data inputs and n selection inputs.
The number of positions for the data to be rotated is specified
by the selection variables and can be from 0 to 2"-1 positions.
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Datapath Representation
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Fig. 7-18 Block Diagram of Datapath Using the Register File and Function Unit
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Datapath Representation ....

TABLE 7-10
Or Select, H Select, and MF Select Codes Defined
in Terms of FS Codes

IF e H
F5 Select  Select  Select Klicrooperation
(000 0 (000 x F=A
(0001 0 (0] X F=A+1
(010 0 (0 X F=A+8
0011 [ el X F=A++]
ARNAN 0 10 (1l F=A +IJ‘
(10 0 e (1 F=A+8+1
(110 0 110 (1] F=a-1
0111 0 o111 (1] =
(L0 0 [ (X0 0 F=A~1
L0710 0 L 10 10} F=Avih
1100 0 L1000 10} F=A3208
L1160 0 L1160 10} F=A
[ (000 I (000 ) F=05
101100 I 1 (1l F=sr
11000 I [ X0 10} F=xs8

Table 710 & Select, H Select, and MF Select Codes Defined in Terms of F5 Codes

Dept. of CSEE

CDA 4203: Computer System Design

USK G

UNIVERSITY OF

SOUTH FLORIDA



The Control Word

-
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Hus B = e Coabm casd
L L
F =]
- =
g -—-— - -
i i ———— F L B I
Flepg— | T | o F=
2 - y——
- it In
[=] HEock Ciogmm
1615 14 13 12 11 10 = B T = = =4 =] = 1 L=
sl M| R
=B, B [=E T E F= o | e
iEd S ool weord
Fig. ¥-192 Datapath with Control YWariables
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The Control Word ...

TABLE 7-11
Encoding of Control Word Tor the Datapath

DA, AL, BA ME FS rMD =
Function Cade Function Code Function Code  Function Code Function Code
KO e Register 0 =4 Qooo00 - Function 0 Mowrile 0
&1 0] Constant 1 F=A+] Qo1 Data In I Write |
K2 016 F=A+8 Oro10
K3 011 F=A+0+]1 o011
R4 LX) F=4A +E | Qa0
K5 [ (1] F=A+0+1 HRIRNY
R [ 10 F=xA-1 Q1o
R7 111 F=A o111

F=A~R 1000
F=AvH 010710
F=A®HR 01100
F=A 01110
F=H8 [ (000
F=ar B [ (1100
F=a B [ 1000
Table 7-11 Encoding of Control Waord for the Datapath
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The Control Word ...

TABLE 7-12

Fxamples of Microoperations for the Datapath, Using Symbolic Notation
Micro-
operation DA AA BA B F5 WD RW
Rl—R+R3+1 Rl R R Register F=A +B+1  Function  Wrile
R4 sl K k4 — Ri Repisler F=sl8 Function — Wrile
KT RT+1 Kl KT —  Regpster F=A+1 Function — Wrile
Rl R0+12 Rl KD —  Constanl F=A+8 Function — Wrile
Data out+ K3 —  — Ri  Regisler — - No Wrile
R4+ Datain M - — — - Datain  Wrile
R51) Ry RO RO Regster F=A$H Function — Wrile

Table 712 Examples of Microoperations for the Datapath, Using Symbolic Matation
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The Control Word ...

TABLE 7-13

Examples of Microoperations from Table 7-11, Using Binary Control Words
Micro-
operation DA AR BA [E FS D RW
Rl—R2I-R3 0] o010 o1 0 (oLl () I
R4+ sl Ri 100 ooo 110 0 | 100X () I
RT+—HT +] 111 111 g 0 (el (0 I
Rl RO+ ol oo0 mon (0010 () I
Datacul— K3 00 000 011 0 (00 () (
fd«—Datain 100 000 00 0 (000 I I
R+ 01 oo oo 0 (L0 () I

Table 7-13 Examples of Microoperations from Table 7-11, Using Binary Contral Words
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Pipelining: Laundry Example

 Ann, Brian, Cathy, Dave
each have one load of ciothes

to wash, dry, and fold ﬁﬁ&é

e Washer takes 30 minutes '

o

-

o

* Dryer takes 30 minutes

e “Folder” takes 30 minutes

e “Stasher” takes 30 minutes
to put clothes into drawers
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Pipelining: Sequential Laundry

6 |PM 7 38 9 10 11

12 1 2AM
>

| | | | | | | | | | | | | | I
30'30'30'30'30'30'30'30'30'30'30'30" 30'30" 30I 30

E.@A Time
S L SR A
b= §5: A

e Sequential laundry takes 8 hours for 4 loads

e If they learned pipelining, how long would laundry take?
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Pipelined Laundry: Start work ASAP

6 IPI\/I ! 38 ) 10 11 12 1 2AM
I >
||

T 3030 30 30 30 30 30 Time
2| B @) A

k| O = ,_

5 & SNl

0T SIE

d

e

I

 Pipelined laundry takes 3.5 hours for 4 loads!
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Pipelining: L essons

38

9

~ n O —

Dept. of CSEE

I

Time

I

>

Pipelining doesn’t help latency of
single task, it helps throughput of
entire workload

Multiple tasks operating
simultaneously using different
resources

Potential speedup = Number pipe
stages

Pipeline rate limited by slowest
pipeline stage

Unbalanced lengths of pipe stages
reduces speedup

Time to “fill” pipeline and time to
“drain” 1t reduces speedup

e Stall for Dependences
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Pipelining: The Five Stages of L oad

CycleléCycIeZ Cycle3§CyC|e4 ?Cyc|e5

N EE [ A SN I O B

Load| Ifetch IReg/DecI Exec I Meml WB

e [fetch: Instruction Fetch
—Fetch the instruction from the Instruction Memory
e Reg/Dec: Registers Fetch and Instruction Decode
e Exec: Calculate the memory address
 Mem: Read the data from the Data Memory
« WB: Write the data back to the register file
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Conventional Pipelined Execution
Representation

Time

IFetchIDcd IExeC II\/Iem IWB

IFetchIDcd IExec IMem IWB

IFetchIDcd IExec IMem IWB

IFetchIDcd IExeC II\/Iem IWB

v Program Flow

IFetchIDcd IExeC II\/Iem IWB
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- Single Cycle, Multiple Cycle, vs. Pipeline

Clk CI o1 | |___
. < cle § :
Single Cyclel mplementatl)gn: ‘ Cycle2 "
L oad l Store EWaste

 Cyde 1} Cyde 2] Cyde 3} Cyde 4 CydeS5; Cycle 6; Cycle 7: Cycle8; Cycle9Lydl¢ 10

Clk | I I I I | I I I _ I

MuItEpIeCycIeImplementation: : 5
L oad Store R-type
. Ifetchl Reg I Exec I Mem I Wr I Ifetchl Reg I Exec I Mem I | fetch

Pi peline | mplementation:

L oad Ifetchl Reg IExec IMem I Wr

Store Ifetchl Reg IExec IMem I Wr

R-type Ifetchl Reg I Exec I Mem I Wr
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Pipelined Datapath: 3 stage

i‘ i‘ ZkEck
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(&) Cormentonal b} Plpelnsd
Fig. 7-21 Datapath Timing
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Pipelined Datapath: 3 stage ....

I:b;::gs—lﬂl
A8 —m AdricEdala = B&
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uc-
A —- O
s —i- et
Bba =TI
as ooty
Fig. 723 Block Diagram of Pip=lhned Datapath
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Pipelined Datapath: 3 stage Execution

Fi+« HZ-F3 1
Fd« sIRG 2
A7« RT+1 3
Ai~ RO+2 4

Cataoul « B3 &
Rd+« [alan &

Ra 0 7
Merooperation

Fig. 7-24 Fipeling Execution Pattem for Microoperation Sequence in Table 7-13

Clock cycke
{f 2 @ 4 & & 7 @ @

CF | EX | WB

oF | EX | WEB
_II.'F EX | WB
aF | EX | WE
OF | EX | WE
aF EJ{E
oF | EX [ W8
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