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Digital Design: A Systems Approach 

 

Lecture 15:  Interfaces, Interconnect, and Memory 
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Reading 

• L15: Chapters 22, 24, & 25 

• L16: Course Review 
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Today 

• Interface Timing 

• Interconnect 

• Memory 
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Interface Timing 

• How do you pass data from one module to another? 

– Open loop 

– Flow control 

– Serialized 
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Always Valid Timing 
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Periodically Valid Timing 
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Flow Control 
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Flow-control 

• Valid – Tx has data available 

• Ready – Rx able to take data 

• Push flow control – assume Rx always Ready 

• Pull flow control – assume Tx always Valid 
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Serialization 
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Frame signals start of new serial frame (in this case 4 words) 

Flow control can be at frame granularity or word granularity 
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Serialization with word granularity FC 
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Interconnect 

• Many clients need to communicate 

• Ad-hoc point-to-point wiring or shared interconnect 

• Like a telephone exchange 

(c) 2005-2012 W. J. Dally  
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Bus 
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Verilog for a simple bus interface 

// Combinational Bus Interface 

// t (transmit) and r (receive) in signal names are from the perspective of the bus 

module BusInt(cr_valid, cr_ready, cr_addr, cr_data, // bus rx - to the bus 

              ct_valid, ct_data,                    // bus tx - from the bus 

              br_addr, br_data, br_valid,           // to the bus 

              bt_addr, bt_data, bt_valid,           // from the bus 

              arb_req, arb_grant,                   // the arbiter 

              my_addr) ;                            // address of this interface 

  parameter aw = 2 ; // address width 

  parameter dw = 4 ; // data width 

  input cr_valid, arb_grant, bt_valid ; 

  output cr_ready, ct_valid, arb_req, br_valid ; 

  input [aw-1:0] cr_addr, bt_addr, my_addr ; 

  output [aw-1:0] br_addr ; 

  input [dw-1:0] cr_data , bt_data ; 

  output [dw-1:0] br_data, ct_data ; 

 

  // arbitration 

  wire arb_req = cr_valid ; 

  wire cr_ready = arb_grant ; 

 

  // bus drive 

  // assumes bus ORs these signals with those from other interfaces 

  wire br_valid = arb_grant ; 

  wire [aw-1:0] br_addr = arb_grant ? cr_addr : 0 ; 

  wire [dw-1:0] br_data = arb_grant ? cr_data : 0 ; 

 

  // bus receive 

  wire ct_valid = bt_valid & (bt_addr == my_addr) ; 

  wire [dw-1:0] ct_data = bt_data ;  

endmodule 
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Crossbar Switch 
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Interconnection Networks 
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Interconnection Networks 
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What factors determine which interconnect solution you 

pick? 
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Memory 
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SRAM Primitive 
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DRAM Primitive 
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DRAM Operation 
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What if you need more memory or more bandwidth than 

one primitive? 
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Bit-Slicing 
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Banking 
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Bit slicing & banking 
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Interleaving 
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Avoid head-of-line blocking 
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Copyright (c) 2002-2011 by W.J Dally and R.C. Hart ing, all rights reserved 609

Time Q0 Q1 Q2 Q3 G0 G1 G2 G3

1 0,1,2,3 0,1,2,3 0,1,2,3 0,1,2,3 Q0 – – –

2 1,2,3 0,1,2,3 0,1,2,3 0,1,2,3 Q1 Q0 – –

3 2,3 1,2,3 0,1,2,3 0,1,2,3 Q2 Q1 Q0 –

4 3 2,3 1,2,3 0,1,2,3 Q3 Q2 Q1 Q0

5 – 3 2,3 1,2,3 – Q3 Q2 Q1

6 – – 3 2,3 – – Q3 Q2

7 – – – 3 – – – Q3

Table 24.2: With head of line blocking, the memory system does not have full

throughput . Requests that can be granted are stuck behind requests wait ing

for a over-subscribed resource.

T ime Q0 Q1 Q2 Q3 G0 G1 G2 G3

1 0,1,2,3 0,1,2,3 0,1,2,3 0,1,2,3 Q0 Q1 Q2 Q3

2 1,2,3 0,2,3 0,1,3 0,1,2 Q3 Q0 Q1 Q2

3 2,3 0,3 0,1 1,2 Q2 Q3 Q0 Q1

4 3 0 1 2 Q1 Q2 Q3 Q0

Table 24.3: When the arbiter is able to see requests beyond the head of the full,

the memory system has no head of line blocking. It achieves full throughput .

two memory addresses a0 and a1 will access the same bank if:

∆ a = (a0 − a1) mod (N B ) = 0 (24.1)

For example, consider an 256 × 256 array of double-precision float ing point

numbers (8-bytes each). If we walk down a column of the array, ∆ a = 2048.

Theseaccesseswill all be thesamebank of any interleaved memory system when

NB is a power of 2 less than 4096.

The simplest way to avoid these bank conflicts is to pad the array layout to

give row sizes that are relat ively primewith the number of banks. For example,

if we store our 256× 256 array as if it were a 257× 256 array ∆ a becomes 2056,

and the references will be evenly dist ributed across the banks.

Hardwaresolut ions that involveusing a primenumber of memory bankshave

been proposed to to avoid bank conflicts. However, these solut ions are cost ly

and st ill result in conflicts when the st ride ∆ a is a mult iple of the number

of banks. The software solut ion of padding array sizes — or more generally

avoiding the bad strides— is preferred.

In real memory systems, not all requests have the same priority. Data load

requests, for example, may have a higher priority than data stores. In these

situat ions, we can queue each class of request in a different buffer. Higher

priority requests are then able to bypass lower priority items. This schememay
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Hierarchy 
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Summary 

• Interface timing 

– Convention about when data is transferred 

• When valid, when accepted 

• Open loop – always valid or periodic 

• Ready-valid flow-control, both ways, push, or pull 

– Serialization 

 

• Interconnect 

– Allow any pair of clients to communicate 

– Bus, Crossbar, Network 

 

• Memory 

– Capacity, bandwidth, latency, and granularity 

– SRAM and DRAM primitives 

– Bit-slice bank, or interleave to combine primitives 

– Hierarchy 
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