Computer Architecture and Organization
Lecture 6

Datapath and controller
of subset ARC

Learning objectives:
- You understand the details of the data path and controller
- You can write a micro program

Topics of this lecture

» Datapath ARC &

» Controller ARC
» Micro controlled
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ARC Instruction Subset

Mnemonic Meaning
Memory B 1d Load a register from memory
st Store a register into memory
B sethi | Load the 22 most significant bits of a register
andcc | Bitwise logical AND
Logic orcc Bitwise logical OR
ornce | Bitwise logical OR of rs1 and the inverse of rs2
srl Shift right (logical)
Arithmetic | | addec | add
call Call subroutine
jmpl Jump and link (return from subroutine call)
be Branch if equal
Control bneg | Branch if negative
bes Branch on carry
bvs Branch on overflow
ba Branch always
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ARC Instruction Formats

29

SETHI Format ‘o' Dl

T
Branch Format ‘O DlO

2

CALL format

i
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. . | op3 | |o‘oooooooo‘ rs2 ‘
Arithmetic L L LT T R T T T LY
Formats rd | op3 | rsi | 1‘ simml3 ‘
P i I Ty I L PRI SRS i R S S R
3 2 1 61514131211
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‘1 l| rd | op3 | rsl |D‘O 000000 O‘ rs2 ‘
Memory Formats T T L S LI L e B L SN S S B
BN EENE 3 \
op Format op2| Inmst. op3 (op=10) op3 (op=11) cond | branch
00| SETHI/Branch 010| branch 010000 addcc 000000 1d 0001 | be
01| CALL 100| sethi 010001 andcc 000100 st 0101 | bes
10| Arithmetic 010010 orcc 0110| bneg
11| Memory 010110 orncc 0111 | bvs
100110 srl 1000| ba
111000 jmpl

8171615
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Topics of this lecture

» Datapath ARC

P Controller ARC&
» Micro controlled
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Timing Relationships for the Registers
» Notice that the book uses the following timing relation
Settling time for slave sections
of registers. Perform ALU
Master sections settle. functions. n, z. v,and c flags
": become stable.
Clock A f
Master sections of Slave sections of
registers loaded on registers loaded on
rising edge falling edge
» We will adopt the style of a synchronous system with
memory element active on the falling edge of the clock
(D-flipflop).
9
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Fy F, F\ F, Operation Changes Condition Codes
0O 0 0 O ANDCC (A, B) yes

00 0 1 ORCC (A, B) yes

0O 0 1 0 ORNCC (A, B) yes —
0O 0 1 1 ADDCC (A, B) yes

0O 1 0 0 SRL, (A, B) no —
O 1 0 1 AND (&, B) no

0O 1 1 0 OR (A, B) no

O 1 1 1 ORN (A, B) no

1 0 0 0 ADD (A, B) no

1 0 0 1 LSHIFT2 (A) no —]
1 0 1 0 LSHIFT10 (A) no —
1 0 1 1 SIMM13 (&) no —
1 1 0 0 SEXT13 (A) no —
1 1 0 1 INC (A) no —
1 1 1 0 INCPC (A) no —
1 1 1 1 RSHIFTS (&) no —]
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AOR NOT B

Shift Right Logical A over B positions

ShiftLeft A over 2 positions
ShiftLeft A over 10 positions
Unsigned extention lower 13 bits
Signed extention lower 13 bits
A+l

A+4
Shift Right A over 5 positions with
sign extension 10

Example: instruction addcc %r4,%r5,%r6

» Bit pattern of instruction addcc %r4,%r5,%r6 is

10 00110 010000 00100 0 00000000 00101

Y |

arithmetic rd=%r6 op3=addcc rs1=%r4 bit13=0

=register

\_Y_/

rs2=%r5
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Decoding of addcc %r4,%r5,%r6

» Bit pattern of instruction addcc %r4,%r5,%r6 is
10 00110 010000 00100 0 00000000 00101

Y |

arithmetic rd=%r6 op3=addcc rs1=%r4 bit13=0
=>register

\_Y_l

rs2=%r5

bit13 determines if immediate or register value is used.
The controller instructs the datapath:
1. On A bus contents of %r4 (A decoder)

o

On B bus contents of %r5 (B decoder)
Instruct ALU to perform add operation
C mux should select output ALU
Result should be stored in %r6 (C decoder)

Operand fetch
Execute
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Set Condition Codes

Outputs to Control Unit from register %ir
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Cy

Data inputs from C Bus

Cy

—

21 3029 28 27 26 2524 23 22212019168 1716151413 121110 9 8

Instruction Register $ir

1

7T & 5 4 3 2 a
| | III|| || | IIIIIIII||| |
Instruction
fields [ | B 1
| I rd op2 rsl ras2
op | I
op3 bit 13
op, op2/op3 and bit13 are used by the controller
17

© 2007 M. Murdocca and V. Heuring



Topics of this lecture

» Exercises
» Datapath ARC

P Controller ARC &
» Micro controlled

18
Micro programmed controller
Incrementer i CSAL)
Micro program in control store
Field COND with PSR determines the next ! 1:5:;?{'-7.‘:“_
micro address.
Micro store address is:
- JUMP ADDR, or
- Incremented value of micro address value, or
- Start address of micro code of an instruction
(“decode instruction”) Lo )
T
L e e T |
- N Control
A B C : branch
M. M M »» logic (CBL)
LU u URW S A
oA X B X C XDR ALU COND JUMP ADDR Soresr
.IIIII T T 1rrir TTr rrir IIIIIIIIIIIII\I. ACKmemOry

19




Settings for the COND Field of the Microword

G, C) Gy Operation

0 0 0 Use NEXT ADDR

0 0 1 Use JUMP ADDR ifn=1

0 1 0 Use JUMP ADDR if z =1

0 1 1 Use JUMP ADDR if v =1

1 0 0 Use JUMP ADDR ifc =1

1 0 1 Use JUMP ADDR if IR [13] =1
1 1 0 Use JUMP ADDR

1 1 1 DECODE
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DECODE Format for Microinstruction Address

20

op op3

| | 1
Start address microprogram ‘1| | | ‘ ‘ | | ‘ |0|0|

IR bits— 31 30|24 23 22|21 20 19
op2
» After the instruction is stored in %ir the microprogram
of that instruction has to be executed.

» The micro program is somewhere in the control store.

» The start address (11 bits) depends on %ir

» The top page 168 illustrates that a SETHI instruction (op=00,
0p2=100) has eight possible start addresses due to random
pattern is field IR[21 ..19].

» To force one unique start address fill the random pattern with
zeros (middle page 168).
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ARC with memory

Contral Store Address
Incrementer (CSAL)

Only three multiplexers
are added (A Mux,..).

00 = Next
01 = Jum,

p
10 = Inst. Dec.

TR

This makes is possible

2048 word x 41 bit Conire

o that rs1 or microword

can select a register.

tetlur

Why the difference in bit

A b
B bus

width of C mux inputs: 5

and 6 bits?

64-t0-32
MUX

Control

C Bus
MUX

branch
logic (CBL)
i

l

Data Out . Dataln
Address Memory ACK
22
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Address Operation Statements Comment
0: R[ir] &« BAND(R([pc],Rlpc]); READ; / Read an ARC instruction from main memory
1: DECODE; / 256-way jump according to opcode
/ sethi
1152: R[rd] <« LSHIFT10({ir); GOTO 2047; / Copy imm22 field to target register
/ eall
1280: R([15] « AND(R[pcl,Rlpcl); 1 Save %pc in %r15
1281: R[temp®] « ADD(R[ir] ,R[ir]); I Shift disp30 field left
1282: Rltemp0] <« ADD(R[tempO],R[temp0]); / Shift again
1283: R[pec] & RDD(R[pc],R[temp0]); / Jump to subroutine
GOTO 0;
/ addec
1600: IF R[IR[13]] THEN GOTO 1602; I Is second source operand immediate?
1601: R[rd] « ADDCC{R[rsl] ,R[rs2]); I/ Perform ADDCC on register sources
@OTO 2047;
1602: R(templ] <« SEXT13(R[ir]); ! Get sign extended simm13 field
1603: R[rd) « ADDCC(R([rsl],R[temp0]); I Perform ADDCC on register/simm13
GOTO 2047; / sources
2047: R[pc] « INCPC(R[pc)); GOTO 0; / Increment %pc and start over
Each line is a micro word in the control store.
You should be able to convert a line to a micro word.
Check the start address for instruction addcc
Notice the use of bit13 (address 1600) to select register or immediate »
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Translating the Microprogram

0: R[ir] € AND(R[pc],R[pc]); READ; -- fetch instruction
A B C
M M M
U U URW
A X B X C XDR ALU COND JUMP ADDR
L T 171 L Ty rryrrrrnTrrTrrrd
100000|j0jl2100000(0)100101|0]1|C]J01 0100000000 CO0O00OD0O
L 1 1 1 T | I | T N T (N I N Oy Ay |
PC is stored in %r32 and %ir is %r37
symbolic

| R[pc] |O| R[pc] |O| R[ir] |O|1|O| and |next| -

-1s don’t care

The ALU operation can be any operation since the A-bus is connected with the
the address of the memory. The book uses AND (but the field can also be don’t care)

24
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Translating the Microprogram

1: DECODE; /256-way jump according to opcode

A B C
M M M
U U URW
A X B X C XDR ALU COND JUMP ADDR
I —— L T T T T T [ T T [ T T T T T T T 1771
0O00O0OO0OOQI0JCOOQO0OOO|0jJCCOOOO|OfO[CICL01J2111|100000000000
I | Ll L Ll L1 Ll 1 Ll N S Iy |

[T R _[o[ofo] - [decode] :

- is don’t care

Why are C and CMUX not don’t care?

25
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A B c
Microstore M M M
Address v v URW
X B X C XDR ALU COND  JUMP ADDR

Oftoooo0o0jojtooo000f0fto0101f0j1fojo101[00000000000000
1|joooooojojJooo00OO|0jo000O0O|0[0[0]0101{111{00000000000
1152 |1oo1o01f0joo000O0[0jo0OOOOfL[0j0[1010/1210/22221111111
1280 [1oo0000[0ojt0O000O0|0/001111f0[0[0/0101{000/00000C000DOD0
1281 |10o0101f0jr00101|0j100001f0f0jo[1000/00000000000000
1282 [100001{0j]100001|0[L100001f0[0[0[1000[00C0j000000C0O00DODO
1283 [Loo0000[0jLtO0001|0/L100000Of0[0[0jL1000[110/000000000D0 D0
1600 [oooooojojoooooojojooo0o0o0fofof0[0101(101j/1100100001 0|
1601 [oooooofljooo00O0|1jc00000OfL|000011{110/11111111111]
1602 [1oo101jojoooooofojroo001fofojojlr100f0o00j00000000OOO
1603 [oooooojlftoo001j0jco000OfL|000011{110/11111111111]
1604 [oooooojojoooooofojoooooofofojojorto1fro1fr1001000110
Assembled ARC 1605 [oooooo|ijoooooolijocoooofifololoocojiioii111111111]
1606 |[Loo1o01fojoo0000|0jL00001L[0f0j0[21011j000/00000000000
H 1607 [ooooooflftooo001|0joc000OfL|0/0j0000[110/11111111111]
MICrOprOgram 1608 JoooooofojJooo00O|0jo000OO[0[0jO[01 0110112001001 010
1609 [oooooojljooooo00|1foc00000fL[00/0001(110/11111111111]
1610 [100101fojo00000|0[L100001f0f0[0[1011{000/000000QQ0D0DO
1611 [oooooo0f1f100001(0j00000O0/L[0[0[0001|110/21111111111
1624 loooooojojooooo0Ojojoo000Of0[000101{101/11001011010|
1625 [oooooojijoooooojifjooco000fLfo0/0010[110/11111111111]
1626 [Loo101{ojoo0000|0[L00001f0[0[0[1011{00C0j000000000DO0DO
1627 [oooooojiftooo001jojoc0000fL|00/0010[110/11111111111]
1688 [oooooojojoooo00|0joo000O[0[00j0101{000/11010011010|
1689 Joooooofijooo000[1j0o00000fL|0j0f0100/110/21111111111
1690 [Ltoo101fojoo0000|0[L00001f0[0[0/1011{000j000000000DODO
1691 Joooooofijro0001{0j0o0000OfL[0jof0o100/1210/212121212111111
1760 [oooooofojoooo000|0joo0000[0f00/0101{101/11011100010|
1761 [000000|1{000000(1|L100000]0[00[1000|L10/000000000C00
1762 [100101{0jo00000|0[L00001|0[0[0[1100[000/000000C000DODO
1763 [ooooo0ofl{fr00001|0/100000f0f0[0[L1000[110/0000000QQ0O0 O
1792 [000000[1/000000[1|100001{0[0|0]21000[101j1110000001 0|
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Other instructions

» Other instructions .. Try it yourself!

» Branch instructions are implemented a little bit tricky.
Many jumps (=clock cycles =» delay!) are made in the

control store.

27




Branch Decoding

Decoding tree for
branch instructions
shows corresponding
microprogram lines:

be

Line 14 | bcs

Line 8 —» IR
0

IR[27] -— Line9

PN

[28]

Line 12

IR[26] -€«— Line 13

Line 10
0 1

IR[25]

Line 17 |bneg

bvs

© 2007 M. Murdocca and V. Heuring

ba

<«— Line 16

AN

Line 19

cond
28 27 26 25| branch
0O 0 0 1 be
0O 1 0 1 bcs
0O 1 1 o bneg
0O 1 1 1 bvs
1 0 0 © ba

28

Start address of instruction in control store

IR bits—>

op op3

CLLT LT LT L Tofo]

op2

31 30|24 23 22|21 20 19

» The distance between two start addresses of an

instruction is

4.

» As a consequence there are only 4 consecutive

addresses available for the micro program.

» If an instruction needs more space the addresses from 2
until 1023,,(0111111111,) can be used.

29




Example: Add the subcc Instruction

Add instruction subcc (subtract) to the ARC instruction set. subcc uses the Arithmetic
format and op3 = 001100. What is the start address in control store?

1584:  R[temp0] €SEXT13(R[ir]) ; / Extract rs2 operand
IF IR[13] THEN GOTO 1586; / Is second source immediate?
1585:  R[temp0] €R[rs2]; / second operand in register file
1586:  R[temp0] € ORN (R[0], R[temp0]);  / one’s complement of R[temp0]
1587:  R[temp0] € INC(R[tempQ]); /add 1 (two’s complement)
GOTO 1603 / goto “addition (see page 165)
A B C
M M M
u u URW
A X B X C XDR ALU COND JUMP ADDR
1584 R[ir] 0 - -| R[tempO] [0|0|0| sext | ir[13] 1586
1585 R[0] 0 - 1| R[tempO] |0|0[{0| add next -
1586 R[O] 0| R[tempO] [0| R[tempO] |0|0|0| orn next -
1587 R[temp0] |0 - -| R[tempQ] |0[0|0| inc jump 1603
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Example: Add the subcc Instruction

Add instruction subce (subtract) to the ARC instruction set. subcc uses the Arithmetic
format and op3 = 001100. What s the start address in control store?

R[temp0] €SEXT13(R[ir]) ;
IF IR[13] THEN GOTO 1586;

1584:

1585:
1586:
1587:

R[temp0] €R][rs2];

R[temp0] €< ORN (R[0], R[tempQ]);
R[temp0] €< INC(R[tempQ]);

GOTO 1603

A

C
M

/ Extract rs2 operand

/'Is second source immediate?

/ second operand in register file
/ one’s complement of R[temp0]
/add 1 (two’s complement)

/ goto “addition (see page 165)

URW

XDR ALU COND

JUMP ADDR

1584 [100101
L1 1 1

M
U
X
0

B
M
U
X
0

0

T 1 UL LN
0j0jJ1100/101]1211000110010
L1 | L1 T R A

1585000000
L1

0

1

0

T T 1
O|0jJro000 0000000000000
L1 L1

1586 100001

0

0

T T T I N N N N B
0|0j0111/000]00000000000

1587 100001

0

0

T T T T T T T T T T T 11
o|0j1101j110211001000011
L1l N I I N A |
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What next?

Make the exercises (and Thursday afternoon)!
Friday at 8.45 Q&A session
Friday at 13.45 Q&A session
Monday a diagnostic test:
» Closed book
» Simple calculator is allowed

» Take with you a copy of the “documentation_ARC.pdf”’ (4 pages)
(at the exam you get it from us)

v v v Vv
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