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1-1 Register Transfer Language

Simple digital systems dapull dues )l dalail
Logic
/ Circuits \

[ | | | | | | I T ‘ T 1
e o S CEeE

Asynchronous J_ Synchronous
(Ripple) Counters| Counters

= Combinational and sequential circuits can be used to create simple digital systems.

Aoy dsedy dadail cliv) (abyll (ihiall asesaill 83k (b sl Lliwy il g) sequential g Combinational Jl yilgs plaziwl gSay
* These are the low-level building blocks of a digital computer.
cctwloel) dpwbuwll Sl g yilgall i =

= Simple digital systems are frequently characterized in terms of: dbopull das)ll dabiiVl 332 juei oy Lo B3le
a. The registers they contain. lg; iz Ul OMzull

b. The operations that they perform. #l- z boll - 2ozl Jio) lgs poii (il Slilasll

Microoperation

Microoperation: is an elementary operation performed on the information stored in one or more registers.

Mzl o ST gl a5l b el Slogluall (e )2 aly dgl dilac (b 14815 duloc

Examples of Microoperations

= Shift
* Load
= Clear

" |Increment

Register Transfer Language (RTL): The symbolic notation used to describe the microoperation transfers

among registers.

O Mzl G daws i)l Sldesll Jii Sldee ciog) doaziuall dolll :(RTL)

Internal organization of a computer cuwlxl) (W31l sl

(a) Set of registers and their (b) Microoperations set (¢) Control signals that initiate
functions dagall Slhlasll dogoze the sequence of microoperations
lgailbgg OVl degazo (to perform the functions)
digd | Olkasdl Juusus 1a il @Sl ooy Lio)
(wilbgJl Juaid)
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1-2 Register Transfer

Registers are designated by capital letters, sometimes followed by numbers. .o5)L Gusl deguio « 808 8y>l Mol juoyi ol

= A
= R13
= IR

Often the names indicate function: lgisdsg Jl OVl elawl yuin Lo WLE

* MAR — Memory Address Register
= PC — Program Counter
= IR - Instruction Register

registers J| puy J dalizall § bl
1. Register | R1 |
2. Individual bits 76 543 210
3. Numbering of = 5 i|
bits
. 15 8 7 0
4. Subfields — =T

Register Transfer

Register Transfer: Copying the contents of one register to another.

331 Jzw Wl Jzw Ol gize g & Register Transfer

A register transfer is indicated as: R2 « R1

In this case the contents of register R1 are copied (loaded) into register R2.
R2.Jzull I RL Jzaadl il gio i aiy ] 03 (o
A simultaneous transfer of all bits from the source R1 to the destination register R2, during one clock pulse.
Ba5lg delw dawi JU5 R2 dg2ell Jaudl Wl R1 jaanll Jzudl o Olil guezd gelyiell Jail ai

Note that this is non-destructive, r.e., the contents of R1 are not altered by copying (loading) them to R2.
R2. I g dic paii ¥ RL Olgize of ¢l godo pe Jaill laa ol sy

Example:
A register transfer such as
R3 <« RS
Implies that the digital system has: wle Sgiz wodyll pUaill ol sy

a. The data lines from the source register (RS) to the destination register (R3)
(R3) dgzg)l Jzudl WJ] (RS) juaall Jzudl o DUkl b
b. Parallel load in the destination register (R3)
(R3) dg2g)l Jrull (s 5jlgio Jpocxi

¢. Control lines to perform the action
dulos)l dpdii) pSxill bghs
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Control Function

= Often actions need to only occur if a certain condition is true
(Aol & (o "if" dlaz Jio) dpmuo digme Al Jlid cwils 13] bnds Slely2Vl Baz of iz lo Wle =
* In digital systems, this is often done via a control signal, called a control function.
oSl dabg (oui pS= )Lin) e WLE S Juais oy (dxedyll dobbilll o
= If the signal is 1, the action takes place.
lyoVl by piy o2 ByLaYl Culs 13] =
= This is represented as: (WIS cl> Juiai oy
P: R2 < R1
Which means “if P = 1, then load the contents of register R1 into register R2”

R2 Jzull (JI RT Jzudl Obgize guis péd « P = 1 CilS 3] sy low

if (P = 1) then (R2 « Rl)

Implementation of controlled transfer P: R2 « R1

Notation P:. R2 « R1

¥

: Cortral ¢ _tont oy
] b— clock
Block diagram Circuit e
nblts

Clock _’_I f 1 |_|_

Timing diagram e
Load 1

Transfer occurs here

*  The same clock controls: 6 Obayll Mge yudi pSxiy
o circuits that generate the control function oS=il yilg>
o source register yduoall Jzudl
o destination register dg=gll Jzull

* Registers are assumed to use positive-edge-triggered flip-flops.

Gl doill 8l Josi Wl g -usld pazia Szl ol y2yia)
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Simultaneous operations disljioll Olaglsill

If two or more operations are to occur simultaneously, they are separated with commas.
o lghas aly oly By b HiST ol plislac a7 ol pyiall go IS 13]

Example

P: R3 < RS, MAR « IR

Here, if the control function P = 1

a. load the contents of RS into R3
b. at the same time (clock), load the contents of register IR into register MAR

By Eng. Emad Mahdy
WhatsApp: +20 11 00 18 4676

https://www.youtube.com/@eng.emadmahdy

https://si-manual.com



Basic symbols for Register Transfers

By Eng. Emad Mahdy

/https://si-manual.com/ courses/computer-architecture

Symbols Description Examples
Capital letters & Register s
numerals Jzw
Parentheses part of a register R2(0-7

J2udl go cj= [ R2(L)
Arvrow transfer of information R2 « R1
351 ol Joeaw Fan
Colon termination of control P
function
Szl daulsg clgil
Comma Separates two A<« B, B« A
microoperations
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4.3 Bus and Memory Transfer

Connecting registers OVl Juogi
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(o pe) OVl Jpogi) Joll ddy ylnll

(281oJ] (p$ dodilunall diy plall) Ol Juogil dulill iy ol

In a digital system with many registers, it is impractical to
have data and control lines to directly allow each register to
be loaded with the contents of every possible other registers.

2o Ozl JS Jwogi (wlasdl pié oo « Ml go sl 4y ey plas (o

il JSiy lpunsy

To completely connect n registers —» n(n-1) lines cost 0(n*)
and this is not a realistic approach to use in a large digital

system.

O(n?) lgialSign(n-1) o bghall e gls — JolSIl OMaw n Juogil
S o) Ui (pd plaziwll Usslg rgi gud 1ag

Instead, take a different approach: zgi glil piy (U3 o Yy
"

Have one centralized set of circuits for data transfer

a.
— the bus
sl - Ll Jai) yilgall oo Baslg d53Spe dcgamo pliiiwl

(bus)
b. Have control circuits to select which register is the

source, and which is the destination.
Jigze)l Jzully yauanll Jzudl 3oz a8zl gy ol il
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Bus and Bus Transfer

A bus is a path (of a group of wires) over which information is transferred, from any of several sources to any
of several destinations.

231 Wl e o ol go «leglaall Jii M5 iy (JMwlll go degazo) Hlue o J5LI

Transfer From a register to bus: Transfer From a bus to a destination register:
BUS <« R R « BUS

Using Multiplexer

Register A Register B Register C Register D
|l|2|3|4| |1|2|3|4| il 213)|4 1 2|3|4|
| Bus lines
Al B C D, Al B, G, D A, D; Al B, C, D, l l 1
P11 PTi 111 1]

L 2 Register R1 | | Register R2 I Register R3 } | Register R4
Axi 4x1 4x1 4x1
’__ MUX F MUX F MUX ’T MUX

select I
l l z Dy D; Dy Dy

~ select [ E (enable)
4-line bus w — 2x4
Decoder

N - number of registers
n - number of bits in each register

S, — number of selection inputs for each Multiplexer

Sn = log,[N] \

y

Size of each Multiplexer = Nx1 ]

\.

Number of Multiplexer = n ]

X Yy Register selected
o o A
o 1 B
1 (o] C
1 1 D
Using Three-State Bus Buffers
A E: Bus line for bit 0
— e
o g
D, 1
select = 2x4 .1) J
s, = De:oder 2
E (enable) ——— 3
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Bus Transfer in RTL

Depending on whether the bus is to be mentioned explicitly or not, register transfer can be indicated as either implicit

or explicit.
20 8l wiaud Sy bo] Jzadl Jii ) 8LiYl pSay Y ol 2 ro JSin (bus) JBLWI S5 aisw oIS 13] Lo (e 2l

The bus is implicit The is explicitly indicated (former case)
R2 < R1 BUS < R1, R2 < BUS
Lail> doadiuall diiy ol (53 (Godziuo yig) drouwyll &)yl
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Memory (RAM)

= Memory (RAM) can be thought as a sequential circuit containing some number of registers.
Mzl g 33 wle $ging dluwlui 8,128 (RAM) 8,811 jlicl oSey =
* These registers hold the words of memory.
BySI1 OlalSy Baing OMawd] 0d @
* Each of the r registers is indicated by an address.
-oledsy v Mzl go 35lg US ) ByLisdl piy =
» These addresses range from O to r-1
-1 WO go uolisdl 03 zglyii =
* Each register (word) can hold n bits of data.
Sl go g Bdizy gl (elS) Jow JSI oSy

Assume the RAM contains r = 2¥ words.
It needs the following:

* n—> data input lines
= n— data output lines
» k— address lines

= Read control lines.

= Write control line

Data input lines
n
Address lines

|I> RAM Unit

Read !
Write =

2XB

n Data output lines

Mewmory Transfer

»  the memory is viewed at the register level as a device, M.
M oy 528 Jzudl Seime e 5,11 Wl il 4y ©

* Since it contains multiple locations, we must specify which address in memory we will be using, and this is

done by indexing memory references.

BySIl (08 dodziiuniaw S| Glgisd] 3oz lidle azy (B3astio @lge wle $oixi lgil lay o
ByS1301 Wl ShLo)l duwygd Gayb oo U alng
»  Memory is usually accessed in computer systems by putting the desired address in a special register, the
Memory Address Register (MAR, or AR)
welball olgisll o9 Giyb g Wewll dabiil b 8)S13l I Jguogll iy o 3ole  ©
(AR g MAR) 8)S13JI glgic Jzuw womy yols Jzw b
»  When memory is accessed, the contents of the MAR get sent to the memory unit’s address lines.
8)SIAl 8259 b uolisdl behs I (MAR) 5,811 plgic Jzuw Olgize Jluyl aiy 8)SIl Wl Jguosll sie o

address
Memo
maR 2 Unitry

— Write

Data ou@ ﬁData in

Data Reg. (DR)

Memory Read Memory Write
RTL notation: R1 « M[MAR]
M[MAR] « R1
read a value from a location in memory and load it into a register write a value from a register to a location in memory
J2w ol lghiaxig 8)SIl (o6 8890 (o doud Bel)d 8)SIAI (pd BBg0 (] S (o dagd LS
This causes the
following to occur: || a. The contents of the MAR get sent to the memory address lines. a. The contents of the MAR get sent to the memory address lines.
B)SIl puglic bghs (Jl (MAR) 8,SI3l glgic Jzw Sl gize Jlwyl ais B)S13l puglic bghs ol (MAR) 8)SI3l glgic Jzw Sl gize Jlwyl aiy
b. A Read = 1 gets sent to the memory unit b. A Write = 1 gets sent to the memory unit
88131 Bazg ol 1 = Belys 8yl Jluwy! iy B)S13Jl 8a>g oIl 1 = S 8)Li] Jluy) aiy
¢.  The contents of the specified address are put on the memory’s ¢ The values in register R1 get sent over the bus to the data input lines of
output data lines. the memory.
B)SIUL dolil 2,3l Slily bgbs (e 3azall glgisdl Gl gine gidg ail dolall Sl Jss] bebs Jl sl pe RL Jzudl b 83g280)l asill Jlwyl @iy
d. These get sent over the bus to be loaded into register R1 ByS1AL
R2.Jzudl Jl lghoz pid S e SULWI 03 Jluy] ol d. The values get loaded into the specified address in the memory
BySIAI 31 dazall gleisdl (b puil] Jsaxi iy
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Summary of Register Transfer Microoperations

Transfer Microoperation Description
A<B Transfer content of reg. B into reg. A
Adzull I B Jzudl Shgize Jii
AR « DR(AD) Transfer content of AD portion of reg. DR into reg. AR
ARzl JI DR Jzudl o AD 2l Slgize Ji
A <« constant Transfer a binary constant into reg. A

Adzudl Jl iyl dous Jii
ABUS « R1 , R2 « ABUS Transfer content of R1 into bus A and, at the same time, transfer
content of bus A into R2

A Al Sl gize Jii il yudi by« Adlsll (I RL Jzudl Ol gize Jii

R2 |
AR Addvress register
o olisdl Jauw
DR Data register
Sl Jzew
M[R] Memory word specified by reg. R
Rzl dawwlgs 53320l ,S13J dals
M Equivalent to M[AR]
M[AR]Jsly
DR « M Mewmory read operation: transfers content of memory word specified by
AR into DR
DRJI AR dlauwlgy 5332l 8)SI3JI dalS &l gize Jiis :8)SI31 8elyd dulac
M < DR Memory write operation: transfers content of DR into memory word

specified by AR
ARy 83a2all 5,813l dalS JI DR Slgine Jiis :8)SI31 &S dulac
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1.4 Arithmetic Microoperations
Microoperations

Computer system microoperations are of four types:
= Register transfer microoperations.
= Arithmetic microoperations
= Logic microoperations

= Shift microoperations

LB Arithmetic
Transfer
43 o

— m m “ n n s s e m

The basic arithmetic microoperations are:
= Addition

= Subtraction

= [ncrement

= Decrement

The additional arithmetic microoperations are:
» Add with carry.
*» Subtract with borrow.
*» Transfer/Load

= ete. ...

Summary of Typical Arithmetic Microoperations

Microoperation Description

R3 < R1 + R2 Contents of R1 plus R2 transferred to R3
R3 < R1- R2 Contents of R1 minus R2 transferved to R3
R1 « R2 Complement the contents of R2

R2 « R2+1 2's complement the contents of R2 (negate)
R3 « R1+RZ+1 subtraction

R1 « R1+1 Increment

R1 « R1-1 Decrement
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Circuit Block Diagram
. B, A B, A B, A B A
Binary Adder [ S WY S S [
l——{ A =] rm |={ rmA =] F |~
I i i i
c, s, s, s, S,
B, A B A B, A B A
| | I | N-{D,':":
Binary Adder-Subtractor _‘
[ S Fa [ R S R 2
T i i 1
c, S; S; 8, Su
Binary Incrementor
Cin
81
S0 I
A0 X0 co
_g; FA Do
* — = e —
3
Complete Arithmetic a1 xt o
Ci it — 3 FA — X
wreut B1 1 Y1 c2
— > z MUX I
3
A2 X2 c2
=" n
B2 1 Y2 c3
> ‘12] N?SX I
3
A3 X3 Cc3
_ga FA D3
B3 0 ax ¥3 c4
> 1 Mux
az I— Co
ID ;

0 0 0 A B |D=A+B Add

0 0 1 A B |D=A+B+1 |Add with carry

0 1 0 A B’ |D=A+PB Subtract with borrow
0 1 1 A B’ |D=A+B+1 |Subtract

1 0 0 A 0 D=A Transfer A

1 0 1 A 0 D=A+1 Increment A

1 1 0 A 1 D=A-1 Decrement A

1 1 1 A 1 D=A Transfer A
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1.5 Logic Microoperations

Reg el Arithmetic Logic Shift
Transfer
43 44 45 46
1 1 1
| 1 1 1 | 1 1 1 | 1 1
- - _ Complemen . . . . Arithmetic
Addition Subtraction Increment Decrement AND XOR A Logical shift Circular shift shift

= Logic microoperations are bit-wise operations, i.e., they work on the individual bits of data
= useful for bit manipulations on binary data
= useful for making logical decisions based on the bit value.

There are, in principle, 16 different logic functions that can be defined over two binary input variables
However, most systems only implement four of these:

= AND (n)

* OR(V)

«  XOR (@)

=  Complement/NOT(")

The others can be created from a combination of these.

Hardware Implementation of Logic Microoperations

A
B, v
| >1 4x1
F;
—5 > MUX
s
s, J
SO
S1 So F Microoperation
[} o F=AAB AND
o 1 F=AVB OR
1 o F=A®B XOR
1 1 (F=4 Complement A
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Operation Example
[ 1 ol 3eoYl oglll oSloVl Jgau ]
Selective-set A<A+B
1100 A,
1010 B
1110 A, (A « A + B)
[ 0 (I 302Vl yollly oSloVl Jgi ]
Selective-clear A<A.B
1100 A
0101 B
0100 A, (A< A.B)
(bds yaoVl sl Wl pSLoVIl (8) 22ly (I o JS 9 yauo Wl 22lg US Js= ]
Selective-complement
A< A @ B 1100 A,
1010 B
0110 A (A < A @ B)
[ o oS 5SLloVl (sl eyl g dinmo oSlol b )l g ]
Insert A<A.B+C o
+ s::r::s: you wanted to introduce 1010 into the low order four bits of A:
1101 1000 1011 0001 A (Original)
1101 1000 1011 1010 A (Desired)
1101 1000 1011 0001 A (Original)
1111 1111 1111 0000 Mask (AND}
1101 1000 1011 0000 A (Intermediate)
0000 0000 0000 1010 Added bits (OR)
1101 1000 1011 1010 A (Desired)
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1.6 Shift Microoperation
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Register Transfer
4.3

|
Arithmetic
4.4

Increment —— XOR el Complement A

Logical shift &g Circular shift

Arithmetic shift [

Type of shift Right Left
Logical shift =R I S 1 S S
shr — logical shift right shl - logical shift left.
Example: Example:
" R2 « shr R2 * R3 « shl R3
Circular shift

- i B

cir - cireular shift right cil = civeular shift left.

Example: Example:
" R2 « cir R2

=" R3 « cil R3

Arithmetic shift

-ﬁlllllll

ashr — arithmetic shift right

An arithmetic right shift divides a signed number by two

two
Example:

* R2 « ashr R2
Example:

2 Iy oy I B o B e

ashl — arithmetic shift left.

An arithmetic left shift multiplies a signed number by

* R3 « ashl R3

The main distinction of an arithmetic shift is that it must keep the sign of the number the same as it performs the multiplication or division

Note: A left arithmetic shift operation must be checked for the overflow

0
Before the shift, if the leftmost two
bits diffe,the shif wil resuit in an
Shift Type Symbolic designation Description
Logical Shift R « shl R Shift-left register R
R « shr R Shift-right register R
Circular Shift R « cil R Circular shift-left register R
R « cir R Circular shift-right register R
Arithmetic Shift R « ashl R Arithmetic shift-left R
R « ashr R Arithmetic shift-right R
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Hardware Implementation of Shift Microoperations
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0 for shift right (down)

Serial Select 4 or shift left
input (1) or shift left (up)
s
o Mux
1
A0
A1 —18
o Mux
A2 1
A3
==
o Mux
1
I s
o Mux
11

Serial
input (1)

HO

H1

H2

H3
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1.7 Arithmetic Logic Shift Unit
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s3
s2 c i
S1
s0 5
—— Arithmetic L
Circuit
Select
1 0 4x1
Cin 1 Mux
2
— d
! Logic Ei
Bi Circuit
Aj
shr
Ajet shi
A

i-1
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S, 2 S S, Operation Function
o 0 0 0 0 F=A Transfer A

[ 0 0 0 1 F=A+1 Increment A

[} 1) 0 1 ) F=A+B Addition

[} 0 0 1 1 F=A+B+1 Add with carry

[} 0 1 0 0 F=A+B Subtract with borrow
[} 0 1 0 1 F=A+B+1 Subtraction

[} 0 1 1 0 F=A-1 Decrement A

[} 0 1 1 1 F=A Transfer A

[} 1 0 L] X F=A.B AND

[} 1 0 1 X F=AvB OR

[} 1 1 L] X F=A&B XOR

[} 1 1 1 X F=A Complement A
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R —

. Microoperation Description
Symbols Descl Examples ‘ - -
T B R3 < R1 + R2 Contents of R1 plus
e R transforred to 23 P ————
pe regeter R3 < R1- R2 Contents of R1 minus 0 0 | F=AAB AND R « shlR Shift-left register R
letters & 0 1 F=AvB OR
numerals — R2 transferved to R> 1 0 | F=A®B XOR R < shrR Shift-right register R
ST 5 part ry—— RZ00=7) R1 « R2 Complement the 1 1 F=A Complement A = T { .
ren: ( art of a register : < Civcular shift-left register R
0 R2(L) contents of R2 J
p RZ R « cirR i Pt i, i
Arvow - | transfer of R2 « R1 R2 « R2+1 2's complement the Cireular shift-right register R
information contents of R2 R « ashlR Avithmetic shift-left R
Colon : termination of P: _ (negate) R « ashrR Arithmetic shift-right R
control function R3 < R1+R2+1 subtraction
Comma , , Separates two A< BB <A RL < RI+1 Increment
microoperations RL < RI-1 Decrement
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Operation Function
F=A Transfor A
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