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RISC vs CISC

\
« RISC (Reduced Instruction Set Computer) philosophy X

 fixed instruction lengths

* load-store instruction sets

* limited addressing modes

* limited operations

« RISC: MIPS, Alpha, ARM, ...

e CISC (Complex Instruction Set Computer) philosophy

« | fixed instruction lengths

 |load-store instruction sets

* |limited addressing modes

 |limited operations

« CISC: DEC VAXI1, Intel 80x86, ..
~@9 4
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MIPS R3000 Instruction Set Architecture (ISA)

* Instruction Categories

~
A=
@ Adapted from Computer Organization and Design, Patterson & Hennessy, ® 2005
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Registers
Computational
Load/Store RO - R31
Jump and Branch
Floating Point
* coprocessor
Memory Management Pe
: HI
Special
LO
3 Instruction Formats: all 32 bits wide
OP rs rt rd sa funct | R format
OP rs rt immediate I format
oP jump target J format




MIPS Register Convention, ABI(Application Binary Interface)

Name Register Usage Preserve

Number on call?
$zero 5 The Constant Value O N.A.
$at 1 Assembler Temporary No
$vo - $vi 2-3 Returned Values No
$a0 - %$a3 4-7 Arguments No
$to - $t7 8-15 Temporaries No
$s0 - $s7 16-23 Saved Temporaries Yes
$t8 - $t9 24-25 Temporaries No
$ko - $k1 26-27 Reserved for OS Kernel No
$gp 28 Global Pointer Yes
$sp 29 Stack Pointer Yes
$fp 30 Frame Pointer Yes
$ra 31 Return Address Yes

~
=
@ Adapted from Computer Organization and Design, Patterson & Hennessy, ® 2005
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MIPS Arithmetic Instructions

\
e MIPS assembly language arithmetic statement X

add $to, $s1, $s2
sub $t0, $s1, $s2

= Each arithmetic instruction performs only one operation

= Each arithmetic instruction fits in 32 bits and specifies
exactly three operands

destination <- sourcel op source2

= Operand order is fixed (destination first)

= Those operands are all contained in the datapath’s register
file ($t0,$s1,$s2) — indicated by $

~ "\ ="
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Example (51z&)
\
»f=(g+h)-(i+3)

f.g. h i, jEENnTNLIRE $s0, $s1, $s2, $s3, $s4 [ZE|Y
Fl1+5L95. EORT—FAVRZEONAJILLEZFERODMIPSO
—KIXES1LEBH.

P (CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 8



Answer i\%

e F=(g+h)-(i+3)

f.g. h i, jEENnTNLIRE $s0, $s1, $s2, $s3, $s4 [ZE|Y
Fl1+5L95. EORT—FAVRZEONAJILLEZFERODMIPSO

—RIEXESGTSH D
add $t0, $s1, $s2 # $to = (g + h)
add $t1, $s3, $s4 # $t1 = (i + 7J)
sub $s0, $to, $t1 # f = $to - $t1
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Machine Language - Add Instruction

« Instructions, like registers and words of data, are 32 bits long
« Arithmetic Instruction Format (R format):

op
rs

rt
rd

add $to, $s1,

oP

rs rd sa funct | R format

6-bits
5-bits
5-bits
5-bits

shamt 5-bits
funct 6-bits

=)
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opcode that specifies the operation

register file address of the first source operand
register file address of the second source operand
register file address of the result’s destination
shift amount (for shift instructions)

function code augmenting the opcode

\

10



Example (51z&)

\
o ROMIPSEiTHDHEMEEI—FITESTLH. Zﬁiﬂtléﬁiﬂ’éx
Zracy

add $t0, $sl1, $s2 # $t0 = (g + h)
add $tl1, $s3, $s4 # $t1 = (i + J)
sub $s0, $to, $t1 # f = $to - $t1

~ "\ ="
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Answer

\
o ROMIPSERTIIDHEMEEI—RIEESILDD. 2EREL6EZLT

rcA

add $t0, $s1, $s2 # $to = (g + h)
add $tl1, $s3, $s4 # $t1 = (i + 7J)
sub $s0, $to, $t1 # f = $to - $t1

add $to,

$s1,

OP

rs

rd sa funct

module m_top();
reg [31:0] r_1i1, r_i2, r_i3;
initial begin
r i1 = {6'he, 5'd17, 5'd18,
r_i2 = {6'h0, 5'd19, 5'd20,
r_i3 = {6'he, 5'd8, 5'd9,
$write("il: %b %x¥n", r_il,
$write("i2: %b %x¥n", r_i2,
$write("i3: %b %x¥n", r_i3,
end
endmodule

5'd8, 5'ho, 6'h20};
5'd9, 5'h0, 6'h20};
5'd16, 5'h0, 6'h22};
r_il);
r i2);
r_i3);

il: 00000010001100100100000000100000 02324020
i2: 00000010011101000100100000100000 02744820
i3: 00000001000010011000000000100010 01098022

;\9‘
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Integer (%) Representation

« FELELE, ARERIWTEGL.
« BHZE2EHNTRIETS.

e HIZIE, 11o THNIL, 1011 ELTTFHREVREROD.

o FHRIDEHS-EVFEOTEDHS.

« BEVRTHMNIL, 0~255 MD256{E D3

RYERBTED.

;\9‘
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Integer (%) Representation X
\

o FFEDEHEXIE (sigh and magnitude) FRIH
e 11o THNIL, 1011 ELTTFHRIEVRERDD.
o ==L, ZEEEYFERAVWTHSZERT (FEEVR. FEEVR0THN
ILIEH, ITHNIEERHLET S.
o Bof-EvrZO0THEDS.
e BEYRTHMNIL, - 127 ~127 £FTOD 255D EBHZRINTED

+1110 © 1 0606|606 1|6 |11

- 1110 11 06,0606 1|6 |1 1

+127 +0

-0 -127

~ "\ ="
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Integer (%) Representation

o 2% (two's complement) IZk5F

0000
0000
0000

0111
0111
0111

=)
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EHDOEYNERESE, 1Z2MALDEEHETS.

8EVRTHMNIL, - 128 ~127 £THDH 255{END?

00002
00012
00102

11012
111602
1111>

0~127MIE%K

+010
+110

+210

+12510
+12610
+12710

1111
1111
1111

1000

1000
1000

11112
11162
11012

00102
00012
00002

-010
-110

-210

-12510
-12610
-12710

0~127TDEHNDE YR EL

(1DHHERIE)
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RHERBTED

S ERORIR

1111 11112 = -1l1e
1111 11102 = -210
1000 00112 = -12510
1000 00102 = -12610e
1000 00012 = -12710
1000 00002 = -12810e

EVvhRERIC1FMATHLIEAH

\
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Integer (2%4) Representation x
\

o 2MDFEH (two's complement) RITDHFEK
« ETHEYIERERSETIZEMASE, EEINRETS.

« REMEYMMIFIEYREKIEN, OTHNIXIES, 1THNIZELK
o fFEYL5E(sign extension)EMFIEINSEVNRZEOTULEIL, /5
EvtEERLTHET NI KLY
X+X=-1
X +1=-x
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Example (51z&)

\
o 16EVrD2HERD 210& 207 32EVMD2ERICEBE L. I X
SII2DHMBTRBFSNT VD ET B.

P (CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 17



Answer

\
o 16EVrD2HERD 210& 207 32EVMD2ERICEBE L. I 3%
SII2DHMBTRBFSNT VD ET B.

16EYFMD2EED 210 0000 0000 00O 0010
16EvhD2EED -210 1111 1111 1111 1110

32EVRMD2ERD 210 0000 0000 0000 0000 OOOO 0ORO 0000 0010
32EVRD2EHD -20 1111 1111 1111 1111 1111 1111 1111 1110

~ "\ ="
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Verilog HOLC2D##MFIREL TR T

o TAVEDEBTNDEEZE wire signed &35 ET, 201

DEHELTHROLNS.

module m_top();
reg [15:0] r_data = 16'b1111111111111110;
wire signed [15:0] w_data = r_data;

initial #1 begin
$write("%6d¥n", r_data);
$write("%6d¥n", w_data);
end
endmodule

65534

;\9‘
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Verilog HDL T2 D= D 75 Hh ik

o FFEHLER(sign extension)EMFEIEINLHE VR REFIE T INE
VBB L THIET NIEKL.

o« 20DHMRITDI6E YFDEE

(X, F

HZr32EVDEBEYIZEERIT D5

module m_top();

initial #1 begin

end
endmodule

wire signed [15:0] w_datal
wire signed [31:0] w_data2

16'b1111111111111110;

$write(“%5d %32b¥n", w _datal, w datal);
$write("%5d %32b¥n", w_data2, w data2);

{{16{w_datal[15]}}, w _datal};

-2

1111111111111110

-2 111111171117117171171711717117171111111110
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Adder and Subtractor

3
* 4-bit Ripple Carry Adder
_ 9 -4 . 1
S a+b lcin[e] S a b lcin[e]
a[@]— a[0] —
FAO | —s[o] FA® | s[o]
ble]— b[@]— >0
{cin[1] lcin[1]
a[:l-]_> a[l]—»
FAL |,
b[1]— s[1] or1] FAL | ~s[1]
ycin[2] lcin[2]
a[2]_’ a[2]—’
FA2 —s[2] FA2 | 2]
bl2]= b[2]—{>o—
jcinl3] cin[3]
a[3]— a[3]—
FA3 —s[3] FA3 |~ s[3]
b3 b[3]—{>o—
= 1cin[4] lcin[4]

49‘
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Sample Circuit 1

™

module m_main (w_clk, w_pc);
input wire w_clk;
output wire [31:0] w_pc;
reg [31:0] r_pc = 0;

assign w_pc = r_pc;

wire [31:0] w_npc = w_pc + 4;

always@(posedge w_clk) r_pc <= w_npc;
endmodule

Asrai"

\
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r_pc

w_npc
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Sample Circuit 2

module m_main (w_clk, w_ifpc);
input wire w_clk;

output wire [31:0] w_ifpc; 4 —>

reg [31:0] r_pc = 0; +

reg [31:0] r_ifpc = 0; W_npc
W_pc

assign w_pc = r_pc;

assign w_ifpc = r_ifpc;

wire [31:0] w_npc = w_pc + 4;

always@(posedge w_clk) r_pc <= w_npc;

always@(posedge w_clk) r_ifpc <= w_pc;
endmodule PA >
w_ifpc

r_pc r_ifpc
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