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Hard-Disk Drive (HDD) 

• Revolving disks, magnetic media 

• Invented 1956 (IBM) 
• Size: two refrigerators 

• # disks: 50 

• Capacity: 4MB 

• Capacity today: 8TB 

– Scaling with media and head technologies 

 

 

 



HDD Access 

• 1D view 

track 

sector 
512B or 4KB 

track 



HDD Access 

• 2D view 

track 

sector 



HDD Access 

• 3D view 
cylinder 

sector 

head 1 

head 2 

head 3 

head 4 

PBA = (Cylinder, Head, Sector) – CHS address 



Access Time 

T(Read) = T(write) = T(cyl. switch) + T(head switch) + T(rot) 

(1) (2) (3) 

seek time 



Random Access 

Define:  

Access request   Req(L_addr,rw) 
Req(L_addr,R) 

Req(L_addr,W) 

Definition:  

A device is called random access if any sequence 

of requests Req1, Req2,… 

 

is allowed, and all such sequences exhibit a similar 

response behavior. 

t 

HDD Read/Write ordering 

• HDD R/W switch time 

 



Seek Times 

c c’ 

T c → 𝑐′ = 𝜏
|𝑐 − 𝑐′|

#𝑐𝑦𝑙𝑠 − 1
 

𝛾 =
𝑐

#𝑐𝑦𝑙𝑠 − 1
 

Normalized cylinder addresses: 

𝛾′ =
𝑐′

#𝑐𝑦𝑙𝑠 − 1
 

T c → 𝑐′ = 𝜏 |𝛾 − 𝛾′| 

full-seek time 



Seek-Time Distribution 

• Max  

– all possible 𝛾′ 

– all possible 𝛾, 𝛾′ 

 

• What is the expected seek time? 

 

max T γ = 

E T =? 

max T = 

max [𝜏𝛾, 𝜏(1 − 𝛾)] 

𝜏 



Expectation given origin 𝛾 

• Expectation given 𝛾 (uniform 𝛾′) 

 
E T γ = 𝜏 𝛾2 − 𝛾 +

1

2
 



Overall Expectation 

• Expectation (uniform 𝛾, 𝛾′) 

 
E T = E {E T γ } = 

𝜏

3
 



Access Time 

T(Read) = T(write) = T(cyl. switch) + T(head switch) + T(rot) 

(1) (2) (3) 

cylinder mode serpentine mode 

or 



Access Time 

T(Read) = T(write) = T(cyl. switch) + T(head switch) + T(rot) 

(1) (2) (3) 

rotational 

latency 



Rotational Latency 

 

 

 

• Max rotational latency 

 

• Expectation 

 

S 

S’ 

T S → 𝑆′ = 𝑇𝑟𝑒𝑣  
𝑆 −  𝑆′

#𝑠𝑒𝑐𝑡𝑜𝑟𝑠/𝑟𝑒𝑣
 

rot 

current 

max T = 

E T = 

𝑇𝑟𝑒𝑣 

𝑇𝑟𝑒𝑣
2

 



Command Queueing 

• HDD manages command queues 

• Allowed out-of-order execution 

 

 

• Optimal choice of next:  

 

• Expected latency with N-queue 

  

S [S1, S2,…,SN] 

current reqs in queue 

S → 𝑆𝑖 ∶  𝑖 = arg min
𝑗∈1,…𝑁

𝑇[S → 𝑆𝑗] 

E 𝑇𝑁 = 𝐸[ min
𝑗∈1,…𝑁

𝑇[S → 𝑆𝑗]]=? 
𝑇[S → 𝑆𝑗]~𝑈[0, 𝑇𝑟𝑒𝑣] 



Conventional Recording 

Track 1 

Track 2 

Track 3 

Track 4 

Track 5 



Shingled Magnetic Recording 

head  
motion 

corner 
head 

progressive 

    scans 

downtrack 

cross- 
 track 
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head field contours 

track layout for shingled-recording 



Shingled Recording 

Track 1 

Track 2 

Track 3 

Track 4 

Track 5 



Shingled Recording – No 

Random Write 

Track 1 

Track 2 

Track 3 

Track 4 

Track 5 

Write Erase 



Performance with Shingling 

1 2 3 4 5 6 



Shingled Drive Tradeoff 

Observed 

Performance 

Excess Capacity 

Non-shingled 

   Heads / 

media 

shingled drive 


