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COMPUTER
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oS CPU
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CPU  Addrss D o [LITIIT
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cru Write 1O Module
cfeY Address > M Ports
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Operation Repertoire: How many and which operations to provide, and how
complex operations should be. |
Data Types: The various types of data upon which operations are performed.
Iustruction Format: Instruction length (in bits), number of addresses, size of
various fields, and so on.

Registers: Number of CPU registers that can be referenced by instructions, and
their use. . |

Addressing: The mode or modes by which the address of an operand is speci-
" fied. |

CPU Actions For Various Types of Operations
Data Transfer Transler data from one location to another
il memory is involved:
Determine memory address
Perform virtual-to-actual-memory address transfor-
mation
Check Cache
Initiate Memory Read/Write
Arithmetic May involve data transfer, belore and/or after
Perform function in ALU
Set condition codes and flags

Logical Same as arithmetic

Conversion : Similar to arithmetic and logical. May involve special
logic to perform conversion

Transfer of Control Update program counter. For subroutine callfreturn,
manage parameler passing and linkage

o Issue command to O module

If memory-mapped /O, determine memory-mapped
address '




o5

TC2111

SIMILAR TO TC1101 SEEN IN CSI1101

DESCRIPTION
www.site.uottawa.ca/ftppub/coutses/Fall/csi2111
where

tc2111.txt info6n TC2111 vio el prfe -
tc2111.pas lator for CPU of TC2111 See (o
min.dat

CHARACTERISTICS

16-bit registers

Signed integers in 2's CF

Hexadecimal representation $SHH where H stands for an hexadecimal digit
Instruction's opcode is 16 bits ¢ 4HHH

Instruction's opaddr is 16 bits ¢ pH##

IR has a length of 32 bits £ hHHY HRUH

CPU ARCHITECTURE

MAR . MEMORY ADDRESS REGISTER — 1£ b
MDR : MEMORY DATA REGISTER — 16
IR : INSTRUCTION REGISTER — 39 »
PC : PROGRAM COUNTER — 1L
A : ACCUMULATOR e

pC holds B memoyy addvers £ Te ot inctochin Yo ke

CKLC -

A

<TOETMZ

i MAR |- cPU
e M?R Rl A .
}
< F } '
oy
- A Lol - o
ol | ir{ OpCode |Opadd | -
H g * H
N | :
BRI PC :
. !
Control ‘“__“_.___2_‘ _ o
Uit N :




INSTRUCTION CYCLE

Let's assume two types of Instructions

op code

op code

op addr

Let's consider the following instruction set

36

et} cla (* Clear (set to zero) the Accumulator *)
(te) inc (* Increment (add 1 to) the Accumulator *)
cp2 (* (2's) Complement the Accumulator *)
(6y) hlt (* Halt *) -
(q;) lda X (*Load the Accumulator from memory *)
(29) Sta X (* Store the Accumulator into memory *)
~(ya) add X (* Add to the Accumulator *) -
(i5) jmp X (* Jump ("goto ") *)
py) jz X (* Jump if the Zero  status bit is TRUE *)
(19) Jn (* Jump if the Negative status bit is TRUE *)
(or) dsp X (* Display (write on the screen) *)
Let's consider the following CPU
al{ MAR | CPU
M Y .
;3‘ g Jp M}?)R - R |
= . l
M — { ir] OpCode |Opaddr |-l | A [m--f--n
E IT ! ') ¥ | !
M bl ;
-0 L f* _____ o PC ]
v :
Y Control | g g §«. o
N o
— e — ;
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e

___,.»-*"'
/ Assembly Language OPCODE\DATA COPERAND's ADDRESS/
/ MSB LSB MSE LSB/
‘ JMP (1] / $00 $15 $00 508
X / $14
Y / 509
Min 4 $00
unused (80007} / $00
{ 1} bhAa X / 00 %91 500 S04
cp2 / $60 560 -
ADD ¥ / SO0 599 $00 S$05
JN {21} / S00 819 S00 $1iA
JME [3) / 800 $15 500 8§26
[ 2 1LDA Y / $00 591 500 §05
STA Min / $00 $39 $00 S06
oaMP (4] / $00 418 $00 SZE
f 3 LbA X / $00 $91 S$00 $04
STA Min / $00 $39 300 3506
[ 4] DSP Min / 500 501 S00 $06
HLT / $00 %64
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11 (Interrupt) / ccr \ 00 {Fetch}

10 {Expcute) Ot UUndirect)
b | -
Kandie Hawdl Fetch
Interrupt Op Code? ‘Xﬂéxn%\; Instruction
1 1
: Execut
e -0 lnxsi::c:ion =10 No / Indirsts Yes
: ] Addressing? '
¥ 1
ICC= 10 ICC = 0%
ICC = 11 1CC = 00
1 Y E ¥
Flowchart for instruction cycle
RTL (Register Transfer Language)
«— Transfers a copy of the right hand side to the left hand side

- comma  Separates simultaneous transfers
M[ ] Specifies the memory location whose address is given within [ ]

R( ) Specifies the part of a register R which is identified within ( )
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