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The Y86 Datapath

CSCI 237: Computer Organization
22nd Lecture, Friday, November 1

Kelly Shaw 

Slides originally designed by Bryant and O’Hallaron @ CMU for use with Computer Systems: A Programmer’s Perspective, Third Edition
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Administrative Details

¢ Lab #4 due Thursday at 11pm
¢ Quiz due today at 2:30pm
¢ Read CSAPP Ch. 4.4-4.5
¢ Colloquium today at 2:35 in Wege

§ Water robots!

¢ Some Winter Study classes to consider
§ WSP 32: Making a Better Next Semester
§ CSCI 16: Intro to CS Research Process

¢ Post exam reflection and action plan 
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Last Time: The Y86 Datapath

¢ Memory and clocking
§ How is information stored

¢ Construction a single-cycle datapath for Y86
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Today: The Y86 Datapath

¢ Construction a single-cycle datapath for Y86
¢ Pipelining Concepts

4

https://catalog.williams.edu/WSP/detail/?strm=1252&cn=32&crsid=022872
https://catalog.williams.edu/csci/detail/?strm=1252&cn=16&crsid=022230&req_year=0
https://www.williams.edu/peer-academic-support/files/2024/02/Post-exam-reflection-update.pdf
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Combining Operations

Read Addr     
       Out Data

Inst
Mem

PC

Inst

src1        src1data

src2        src2data
Register File

destreg                 
              

destdata                

code/fun
rA
rB

D

Addr                      
                Out Data

Data Memory

In Data                 

Control 
Unit

addq
mrmovq
rmmovq
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Let’s Build Up More Operations!
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pushq Operation

Read Addr     
       Out Data

Inst
Mem

PC

Inst

src1        src1data

src2        src2data
Register File

destreg                 
              

destdata                

code/fun
rA

Addr                      
                Out Data

Data Memory

In Data                 

Operation rA rB code funct # meaning
pushq 3 F A 0 # M[%rsp+=-8]=%rbx

rsp
-82

%rbx: 3
%rsp: 4
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popq Operation
Operation rA rB code funct # meaning
popq 3 F B 0 # %rbx = M[%rsp]; %rsp+=8

Read Addr     
       Out Data

Inst
Mem

PC

Inst

code/fun
rA

Addr                      
                Out Data

Data Memory

In Data                 

src1        src1data

src2        src2data
Register File

destreg                 
              

destdata                

rsp
+82

%rbx: 3
%rsp: 4
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popq Operation
Operation rA rB code funct # meaning
popq 3 F B 0 # %rbx = M[%rsp]; %rsp+=8

Read Addr     
       Out Data

Inst
Mem

PC

Inst

code/fun
rA

Addr                      
                Out Data

Data Memory

In Data                 

rsp
+82

src1        src1data

src2        src2data
Register File

destreg                 
              

destdata                

What do we do 
with the update 

to rA?

%rbx: 3
%rsp: 4
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popq Operation
Operation rA rB code funct # meaning
popq 3 F B 0 # %rbx = M[%rsp]; %rsp+=8

Read Addr     
       Out Data

Inst
Mem

PC

Inst

code/fun
rA

Addr                      
                Out Data

Data Memory

In Data                 

rsp
+82

src1        src1data

src2        src2data
Register File

destreg                 
              

destdata                

What do we do 
with the update 

to rA?
Add write port

%rbx: 3
%rsp: 4
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popq Operation

Read Addr     
       Out Data

Inst 
Mem

PC

Inst

code/fun
rA

Addr                      
                Out Data

Data Memory

In Data                 

Operation rA rB code funct # meaning
popq 3 F B 0 # %rbx = M[%rsp]; %rsp+=8

rsp
+82

src1

src2

src1data

src2data

dest1
dest1data

dest2

dest2data

%rbx: 3
%rsp: 4
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je Operation

Read Addr     
       Out Data

Inst
Mem

PC

Inst

code/fun
D

Addr                      
                Out Data

Data Memory

In Data                 

Operation D code funct # meaning
je 0x400 7 3 #  if ZF go to 0x400 else PC+=9

src1

src2

src1data

src2data

dest1
dest1data

dest2

dest2data

ZF
SF
OF

?
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call Operation

Read Addr     
       Out Data

Inst
Mem

PC

Inst

code/fun
D

Addr                      
                Out Data

Data Memory

In Data                 

Operation D code funct # meaning
call 0x400 8 0 #goto 0x400; M[%rsp+=-8]=%PC+valP

src1

src2

src1data

src2data

dest1
dest1data

dest2

dest2data

-8
9

rsp
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ret Operation

Read Addr     
       Out Data

Inst
Mem

PC

Inst

code/fun

Operation code funct # meaning
ret 9 0 #  go to M[%rsp]; %rsp += 8

Addr                      
                Out Data

Data Memory

In Data                 

src1

src2

src1data

src2data

dest1
dest1data

dest2

dest2data

1
rsp

+8
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rrmovq Instruction

Read Addr     
       Out Data

Inst
Mem

PC

Inst

code/fun
rA
rB

Operation rA rB code funct # meaning
rrmovq 3 5 2 0 # %rbp = %rbx

src1

src2

src1data

src2data

dest1
dest1data

dest2

dest2data

2
0

%rbx: 3
%rbp: 5
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cmovq Instruction

Read Addr     
       Out Data

Inst
Mem

PC

Inst

2

code/fun
rA
rB

Operation rA rB code funct # meaning
cmovq 3 5 2 3 #if ZF %rbp = %rbx

src1

src2

src1data

src2data

dest1
dest1data

dest2

dest2data

ZF
SF
OF

?

0

control

%rbx: 3
%rbp: 5
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And now… without further ado…

17
18

Seq Datapath

Read Addr     
       Out Data

Inst
Mem

PC c/f
rA
rB
D

Addr                      
                Out Data

Data Memory

In Data                 

src1

src2

src1data

src2data

dest1

dest1data

dest2

dest2data

ZF
SF
OF

?

isize C

Entire instruction takes 1 cycle
rsp
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Today: The Y86 Datapath

¢ Construction a single-cycle datapath for Y86
¢ Pipelining Concepts
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Our goals for a better processor design:

¢ Faster clock rate
¢ Use machine more efficiently
¢ No longer execute only one instruction at a time

In order to claim we’ve made 
an “improvement”, we need a 

way to measure success
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Performance Measurements

¢ Cycle Time:  Time in between clock ticks
¢ Latency:  Time to finish a complete job, start to finish 
¢ Throughput:  Average jobs completed per unit time 
¢ CyclesPerJob:  Number of cycles between finishing jobs.
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Pipelining Example: Laundry

¢Laundry-o-matic washes, dries & folds
¢Wash: 30 min
¢Dry: 40 min
¢Fold: 20 min
¢It switches them internally with no delay
¢How long to complete 1 load? ______
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Pipelining Example: Laundry

¢Laundry-o-matic washes, dries & folds
¢Wash: 30 min
¢Dry: 40 min
¢Fold: 20 min
¢It switches them internally with no delay
¢How long to complete 1 load? 90 min
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Laundry-o-Matic - SingleCycle

Minutes

Load

1

2

3

0    30    60   90 120 150 180 210 240 270

24
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Laundry-o-Matic - SingleCycle

Minutes

Load

1

2

3

0    30    60   90 120 150 180 210 240 270

W FD
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Laundry-o-Matic - SingleCycle

Minutes

Load

1

2

3

0    30    60   90 120 150 180 210 240 270

W F
W D F

D
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Laundry-o-Matic - SingleCycle

Minutes

Load

1

2

3

0    30    60   90 120 150 180 210 240 270

W F
W D F

W FD

D
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Laundry-o-Matic

¢ Cycle Time:  Clothing is switched every ____ minutes
¢ Latency:  A single load takes a total of ______ minutes 
¢ Throughput:  A load completes each ______ minutes
¢ CyclesPerLoad:  Every ____ cycles, a load completes
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Laundry-o-Matic

¢ Cycle Time:  Clothing is switched every 90 minutes
¢ Latency:  A single load takes a total of ______ minutes 
¢ Throughput:  A load completes each ______ minutes
¢ CyclesPerLoad:  Every ____ cycles, a load completes
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Laundry-o-Matic

¢ Cycle Time:  Clothing is switched every 90 minutes
¢ Latency:  A single load takes a total of 90 minutes 
¢ Throughput:  A load completes each ______ minutes
¢ CyclesPerLoad:  Every ____ cycles, a load completes
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Laundry-o-Matic

¢ Cycle Time:  Clothing is switched every 90 minutes
¢ Latency:  A single load takes a total of 90 minutes 
¢ Throughput:  A load completes each 90 minutes
¢ CyclesPerLoad:  Every ____ cycles, a load completes
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Laundry-o-Matic

¢ Cycle Time:  Clothing is switched every 90 minutes
¢ Latency:  A single load takes a total of 90 minutes 
¢ Throughput:  A load completes each 90 minutes
¢ CyclesPerLoad:  Every 1 cycles, a load completes

32



9

33

Laundry-o-matic 2.0: Pipelined Laundry

¢ Suppose we could split the laundry-o-matic unit into a separate 
washer, dryer, and folder (what a novel concept!!!)

¢ Moving the laundry from one to another takes 6 minutes
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Pipelined Laundry

Minutes

Load

1

2

3

0    30    60   90 120 150 180 210 240 270

W FD

What’s the deal 
with these red 

boxes?W FD
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Pipelined Laundry

Minutes

Load

1

2

3

0    30    60   90 120 150 180 210 240 270

W FD

We have to include 
time to switch 

stages
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Pipelined Laundry

Minutes

Load

1

2

3

0    30    60   90 120 150 180 210 240 270

W FD
W FD
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Pipelined Laundry

Minutes

Load

1

2

3

0    30    60   90 120 150 180 210 240 270

W FD
W FD

Two loads can not 
be in Dryer at the 

same time.

Two loads can not 
be in Dryer at the 

same time.
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Pipelined Laundry

Minutes

Load

1

2

3

0    30    60   90 120 150 180 210 240 270

W F
W

Switch all loads at 
the same time

D
D F
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Pipelined Laundry

Minutes

Load

1

2

3

0    30    60   90 120 150 180 210 240 270

W F
W
D

D F
W D F
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Pipelined Laundry

¢ Cycle Time:  Clothing is switched every ____ minutes
¢ Latency:  A single load takes a total of ______ minutes 
¢ Throughput:  A load completes each ______ minutes
¢ CyclesPerLoad:  Every ____ cycles, a load completes
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Pipelined Laundry

¢ Cycle Time:  Clothing is switched every 46 minutes
¢ Latency:  A single load takes a total of ______ minutes 
¢ Throughput:  A load completes each ______ minutes
¢ CyclesPerLoad:  Every ____ cycles, a load completes
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Pipelined Laundry

¢ Cycle Time:  Clothing is switched every 46 minutes
¢ Latency:  A single load takes a total of 138 minutes 
¢ Throughput:  A load completes each ______ minutes
¢ CyclesPerLoad:  Every ____ cycles, a load completes
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Pipelined Laundry

¢ Cycle Time:  Clothing is switched every 46 minutes
¢ Latency:  A single load takes a total of 138 minutes 
¢ Throughput:  A load completes each 46 minutes
¢ CyclesPerLoad:  Every ____ cycles, a load completes
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Pipelined Laundry

¢ Cycle Time:  Clothing is switched every 46 minutes
¢ Latency:  A single load takes a total of 138 minutes 
¢ Throughput:  A load completes each 46 minutes
¢ CyclesPerLoad:  Every 1 cycles, a load completes
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Single-Cycle vs Pipelined

¢ _________  has the higher cycle time
¢ _________  has the higher clock rate
¢ _________ has the higher single-load latency
¢ _________ has the higher throughput
¢ _________ has the higher CPL (Cycles per Load)
¢ More stages makes a _______ clock rate
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Single-Cycle vs Pipelined

¢ Single  has the higher cycle time
¢ _________  has the higher clock rate
¢ _________ has the higher single-load latency
¢ _________ has the higher throughput
¢ _________ has the higher CPL (Cycles per Load)
¢ More stages makes a _______ clock rate
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Single-Cycle vs Pipelined

¢ Single  has the higher cycle time
¢ Pipelined  has the higher clock rate
¢ _________ has the higher single-load latency
¢ _________ has the higher throughput
¢ _________ has the higher CPL (Cycles per Load)
¢ More stages makes a _______ clock rate

47
48

Single-Cycle vs Pipelined

¢ Single  has the higher cycle time
¢ Pipelined  has the higher clock rate
¢ Pipelined has the higher single-load latency
¢ _________ has the higher throughput
¢ _________ has the higher CPL (Cycles per Load)
¢ More stages makes a _______ clock rate
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Single-Cycle vs Pipelined

¢ Single  has the higher cycle time
¢ Pipelined  has the higher clock rate
¢ Pipelined has the higher single-load latency
¢ Pipelined has the higher throughput
¢ _________ has the higher CPL (Cycles per Load)
¢ More stages makes a _______ clock rate
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Single-Cycle vs Pipelined

¢ Single  has the higher cycle time
¢ Pipelined  has the higher clock rate
¢ Pipelined has the higher single-load latency
¢ Pipelined has the higher throughput
¢ Neither has the higher CPL (Cycles per Load)
¢ More stages makes a _______ clock rate
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Single-Cycle vs Pipelined

¢ Single  has the higher cycle time
¢ Pipelined  has the higher clock rate
¢ Pipelined has the higher single-load latency
¢ Pipelined has the higher throughput
¢ Neither has the higher CPL (Cycles per Load)
¢ More stages makes a Higher clock rate
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